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FOREV;ORD 

Mosquitoes  have  generally  been  credited  as  the  worst  pests  of 
man  and  ajiimals,  but  ticks,  in  spite  of  their  lack  of  wings,  could 
truly  be  considered  to  run  them  a  close  second  both  as  pests  and  as 
vectors  of  an  even  wider  variety  of  diseases  of  man  and  animals. 
Because  of  the  varied  habits  of  different  species  of  ticks,  of  first 
importance  to  an  xmderstanding  of  the  problems  they  create  is  an  ac- 

curate knowledge  of  their  taxonomy  and   biology. 

Among  the  continents,  Africa  in  particular  is  burdened  with 
more  than  its  share  of  species.  This  first  in  a  series  of  volumes, 
with  emphasis  on  the  Svidanese  tick  faiina,  will  provide  the  basic 
systematic  and  biological  information  that  can  safely  be  ssdd  to 
bear  in  a  major  way  on  the  entire  continent.  Majiy  of  these  species 
occur   far  beyond  the  region  under  discussion. 

It  will  be  evident  to  the  specialized  reader  that  the  author 
not  only  has  a  scholarly  command  of  the  pertinent  literature  based 
on  exhaustive  library  work  and  liaison  with  competent  authorities, 
but  an  unusual  field  experience  of  personal  collecting  in  Africa 
and  elsewhere  in  the  world.  More  thsin  this,  he  has  been  able  to 
straighten  out  a  number  of  knotty  problems,  particularly  in  the 
genera  Argas,  Ornithodoros,  Haemaphysalis ,  and  Hyalomma,  which  con- 

tain important  disease  carrying  species,  through  study  of  his  own 
and  of  various  museums'  extensive  collections.  This  expansion  of 
our  knowledge  of  African  ticks  will  be  a  major  contribution,  and 
provide  authoritative  reference  work  for  years  to  come.  For  exam- 

ple, here  for  the  first  time  is  brought  together  the  extensive 
literature  on  Ornithodoros  moubata,  the  relapsing  fever  tick,  noto- 

rious since  Livingstone's  vividly  described,  evil  encounters  with 
it  in  the  Congo. 

Host  of  the  important  species  of  African  ticks  are  found  in  the 

S\idan.  The  few  that' are  not,  plus  such  aspects  as  relationships  to 
disease,  will  be  treated  in  companion  volumes  to  follow  so  that  the 
future  student  of  any  phase  of  the  entire  continental  tick  fauna 
will  undubitably  resort  to  these  elegant  contributions  as  his  major 
reference. 
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I 

NTRODUCTION 

OBJECT  AND  SCOPE  OF   THIS  AND  RELATED  PROJECTS 

The  primary  objective  of  Volume  I  of  this  series  of  studies 
is  to  present  our  research  on  Sudanese  ticks,  incliiding  a  critical 
svirvey  of  published  worldwide  information  concerning  each  species. 
This  has  been  attempted  with  reference  to;  (a)  distribution  in  the 
Sudan  auid  elsewhere,  (b)  hosts,  (c)  biology,  and  (d)  identifica- 

tion. The  secondary  objective  is  to  provide  a  suitable  background 
for  subsequent  volumes  presently  in  preparation.  These  studies 
will  include  all  economically  important  tick  species  of  Africa  and 
all  diseases  and  inj\iries  associated  with  them. 

The  present  report  is  intended  to  seirve  the  tyro  and  specialist 
alike,  and  should  provide  a  sound  sovirce  of  information  for  those 
who  compile  textbooks  and  review  literature.  Special  attention  is 
invited  to  the  introductory  paragraphs  in  section  IV,  pages  U3    to 
47  f   in  which  presentation  methods  and  handling  of  data  are  eluci- 

dated, and  to  the  fact  that  mention  of  disease  relations  herein 
are  merely  cross-referencing  for  subseqxient  volumes. 

It  should  be  stressed  that  most  tick  species  of  known  or  poten- 
tial medical  or  veterinary  importance  of  the  Ethiopian  Faunal  Region 

(see  Figure  l)  are  found  in  the  Sudan  smd  are  treated  in  the  present 
report.  Those  few  species  that  do  not  occur  in  the  Sudan  will  be 

treated  in  a  forthcoming  voltune,  entitled  '"The  Economically  Iraportant 
Ticks  of  Africa,**  Therefore,  pertinent  facts  concerning  all  known 
species  of  medical  and  veterinary  importance  of  continental  Africa 
will  be  Tnclvided  in  these  two  reports.  Also  included  in  the  forth- 

coming volvune  will  be  maps  of  the  distribution  of  each  species  in 
the  Sudan,  as  well  as  in  other  African  regions  and  elsewhere  in  the 

world.  Subsequent  volumes  will  be  entitled:  '"Human  Tick-Borne 
Diseases  and  Injuries  in  the  Ethiopian  Faunal  Regiori*  and  '"The 
Biological  Relationships  of  African  Ticks  and  Veterinary  Diseases,'" 
Since  a  year  or  more  will  probably  elapse  between  the  publication 
of  each  volume,  additional  material  concerning  species  previoxisly 
treated  will  be  presented  in  each  new  section  in  an  effort  to  bring 
the  pertinent  information  up-to-date, 
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The  primary  purpose  of  the  report  on  veterinary  diseases, 
mentioned  above,  is  to  present  the  biological  relationships  of 
ticks  to  these  diseases  in  order  to  provide  a  better  working 
knowledge  for  basic  research  in  hviman  diseases.  It  is  also  in- 

tended that  this  section  will  be  of  use  to  veterinarians  in  the 
area  concerned. 

Possibly  one  of  the  greatest  general  criticisms  of  contem- 
porary literature  on  African  ticks  is  that  the  reader  obtains  the 

impression  that  specialists*  knowledge  is  usually  more  or  less 
complete  with  respect  to  identification,  biology,  hosts,  and  dis- 

tribution. When  first  considering  the  study  of  African  ticks,  I 
was  told  by  several  scientists  that  these  parasites  were  so  well 
known  and  so  easily  identified  that  there  would  be  little  to  do 
that  could  not  be  accomplished  in  short  order J  Quite  the  contrary 
proved  to  be  true;  and  it  was  soon  realized  how  much  specialized 
and  practical  information  on  African  ticks  is  lacking.  The  best 
expectation  for  this  undertaking  is  that  the  numerous  indications 
for  existing  queries,  problems,  and  lacunae  in  o\ir  information  on 
African  ticks  will  stimulate  readers  to  seek  out  additional  data. 

It  is  also  hoped  that  this  work  will  provide  a  useful  body  of 
information  for  authors  of  textbooks  and  teaching  manuals.  To- 

wards these  ends,  every  effort  has  been  made  to  present  and  re- 
view data  as  correctly  as  possible.  Should  errors  occur,  it  will 

be  appreciated  if  readers  call  them  to  my   attention  for  inclusion 
in  errata  in  subsequent  volumes. 

HISTORY  OF  THIS  PROJECT 

This  project  commenced  in  19^8  with  a  small  tick  collection 
made  mostly  in  Equatoria  Province  of  the  Sudan,  and  also  in  other 

parts  of  East  Africa  and  I-Iadagascar,  I  was,  at  that  time,  a 
member  of  the  Naval  Medical  Science  Group  accompanying  the  Uni- 

versity of  California  African  Expedition,  Subsequently,  between 

October  19A9  and  April  1950,  when  assigned  by  NA1-KU_3  to  Torit, 
in  Equatoria  Province,  for  study  of  elephant  shrew  malaria 
(Hoogstraal,  Huff,  and  Lawless  1950,  Hoogstraal  1950,1951, 1953A, 
1955A),  a  larger  tick  collection  was  accumulated.  This  was  as- 

sembled, however,  chiefly  as  an  avocational  pursuit. 
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Upon  the  retiirn  of  our  party  to  Cairo  in  1950,  study  of  these 
collections  comnenced.  Diiring  the  course  of  the  literatiore  review 
necessary  for  this  work,  it  became  apparent  that  much  data  was  so 
scattered  as  to  be  of  little  use,  that  a  certain  amount  of  earlier 
inaccuracy  or  vagueness  was  frequently  ttncritically  quoted  and  re- 

ported, and  that  our  specimen  material  contributed  no  little  amount 
of  new  information  on  African  ticks.  Interestingly  enough,  though 
much  new  data  were  obtained,  only  two  completely  undescribed  spe- 

cies and  a  few  previously  erroneously  recognized  species  were  in- 
cluded in  the  collection.  This  would  indicate  that  the  skeleton 

of  knowledge  of  East  African  ticks  is  rather  complete  but  that  the 
covering  body  of  supporting  data  is  still  much  in  need  of  develop- 
ment. 

In  the  light  of  these  observations,  it  was  decided  to  add  a 
literature  survey  to  the  Sudan  tick  report  ajid  to  commence  the  re- 

view of  Africaji  tick- borne  diseases.  This  latter  report  is  an 
outgrowth  of  attempts  to  firxi  details  of  African  tick-borne  diseases 
in  current  textbooks  on  medical  entomology.  Suffice  it  to  say  that 
the  study  of  these  textbooks  was  most  disappointing  with  respect 
to  accuracy,  weight  of  controversial  information,  and  evaluation 
of  important  factors  in  relation  to  each  disease. 

In  order  to  make  the  already-available  tick  collection  more 
broadly  representative  of  the  overall  composition  of  the  local 
tick  faiina,  a  collecting  trip  in  the  Sudan  was  undertaken  during 
December  1951  and  January  1952.  The  Sudan  Government  collections 
at  Wad  Medani  were  also  studied,  and  additional  information  on 
tick  distribution  in  the  Siidan  was  incorporated  into  the  present 
report.  At  the  same  time,  the  Sudan  Veterinary  Service  requested 
its  staff  in  various  Provinces  to  collect  and  send  specimens  for 
determination.  These  latter  collections  added  valuable  data  on 

distribution  of  ticks  infesting  domestic  animals,  which  are  often 
also  those  most  important  in  relation  to  hunan  diseases.  Subse- 

quently, other  collections  were  also  identified  for  the  Sudan 
National  Museum  and  for  Gordon  College,  Khartoum,  and  their  data 
recorded. 

During  the  coiirse  of  these  studies,  a  number  of  taxonomic 
problems,  background  questions,  and  literature-evaluation  uncer- 

tainties have  arisen.  Opinions  of  specialists  in  various  parts 
of  the  world  have  been  widely  solicited  in  order  to  settle  these 
matters  so  far  as  possible, 
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The  magnificent  tick  collection  in  the  British  Museum  (Natural 
History)  was  studied  during  the  stunmers  of  1951  and  1952  and  early 
in  1955  fiirther  to  investigate  taxonomic  problems  and  to  extract 
pertinent  unpublished  data  (Hoogstraal  195-40).  Africsin  collections 
have  also  been  identified  for  the  Chicago  Natioral  History  Museum, 

Museum  of  Comparative  Zo'Slogy  at  Harvard  University,  and  several 
other  institutions.  During  the  sumnBr  of  1952,  visits  were  made 
to  the  following  institutions  for  the  purpose  of  checking  and  ac- 

quiring information:  Museum  of  Comparative  Z.oologj',  United  States 
National  Musetun,  and  Rocky  Mountain  Laboratory  at  Hamilton,  Ibntana, 

Another  visit  to  Equatoria,  Bahr  El  Ghazal,  Blue  Nile,  and 
Khartoum  Provinces  was  made  in  November  and  December  of  1952  to 
search  for  Ornithodoros  ticks  and  to  collect  living  ticks  and  human 
blood  sera  for  comparative  virus  and  rickettsial  investigations. 

In  February  of  1953,  I  visited  the  Sudan  Veterinary  Servicers  "'Jur 
Narrows  game  eviction  project'"  in  the  GaluaL-Nyang  forest  area  of 
Bahr  El  Ghazal  Province  and  obtained  a  number  of  valuable  records 
from  this  area. 

During  the  winter  of  195A-1955,  I  was  fortunate  to  be  able  to 
visit  a  ntunber  of  institutions  for  final  studies  and  conferences  in 

connection  with  the  preparation  of  this  report.  Chief  among  these 
were:  The  Rocky  Mountain  Laboratory;  Camp  Dietrick,  14aryland; 
Animal  Parasite  Laboratory  of  the  United  States  Department  of  Agri- 

culture at  Beltsville;  Zoology  Department  of  the  University  of  Mary- 
land; United  States  National  Ifuseum;  Bureau  of  Medicine  and  Surgery 

of  the  Navy  Department  at  Washington,  D.C.;  British  Ituseura  (Natural 

History);  London  School  of  Hygiene  and  Tropical  Medicine;  King's 
College  of  the  University  of  London;  and  Tring  Museum. 

At  variovis  times  throi:ighout  this  period  of  study   I  have  been 
privileged  by  the  United  States  Navy  to  visit  other  areas  for  ob- 

taining comparative  materials  for  this  study.  In  addition  to  ex- 
tensive searching  in  Egypt,  including  Sinai  and  the  Sudaxi  frontier, 

trips  for  this  purpose  have  been  undertaken  in  Kenya,  Uganda,  Tanga- 
nyika, Belgian  Congo,  Eritrea,  French  Soraaliland,  Yemen,  and  Turkey, 

A  U.S.  Navy-Smithsonian  Institution  collaborative  project  is  at 

present  -underway  in  Lib^-a. 

A  brief  preliminary  report  of  this  work  has  been  published 
(Hoogstraal  1954B)  and  three  new  species  found  in  the  Sudan  during 
this  survey  have  been  described  (Hoogstraal  1955B,1956A,  ). 
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I.  WEST  AFRICAN  SUBRBGION 

A—  Gtiinean  Forest  Province 

1.  Upper  Guinea  Forest  District   2.  Lower  Gioinea  Forest  District 

B._  Guinean  Savanna  Province 

3.  Upper  Giiinea  Savanna  District  5.  Southern  Congo  Savanna  District 
U.     Ubangi-Uelle  Savanna  District  6.  Uganda-Unyoro  Savanna  District 

II.  EAST  AND  SOUTH  AFRICAN  SUBREGION 

C  —  Humid  Montane  District 

7.  Cameroons  Montane  District     8.  Eastern  Montane  District 

D—  Sudanese  Province 

9.  Sudanese  Arid  District       10.  Sudanese  Savanna  District 

E._  Northeast  African  Province 

11.  Abyssinian  Highland  District   12.  Somali  Arid  District 

F.-  Eastern  and  Southern  Province 

13,  East  African  Highland  District  16.  Southeast  Veld  District 
H.  Rhodesian  Highland  District  17.  Southwest  Arid  District 
15.  East  African  Lowland  District 

Figure  1 

SUBDIVISIONS  OF  THE  ETHIOPIAN  FAUNAL  REGION 

As  suggested  by  the  range  of  many  species  and  races  of  birds. 
These  prove  rather  satisfactory  for  mammals  and  some  other  terres- 

trial animals. 

From  Chapin  (1932),  with  the  author's  permission. 

PLATE  1 
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POLITTCAL  DIVISIONS  OF  AFRICA  AND 
ADJACEIJT   AREAS 

PLATE  II 
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Figure  3 
THE  SUDAN.      PROVINCES  AI\1D  PRINCIPAL  COLLATING 

SITES  OF  TICKS  REPORTED  HEREIN 

(For  additional  Equatoria  Province  collecting  localities 
see  Figures  321  and  322) 
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SPECIES  ATTRIBUTED  IN  ERRCR  TO  THE  SUDAN 

(RNITHCDCIIOS  I^OJINI  (D\iges)  (now  Otobius  megnini).  Balfour  (1906) 
stated:  "Mrs,  Broiui  ....  recognized  the  spinose  nymph  of  the 
ear  tick,  Ornithodoms  Megnini  from  the  Sudari*. 

There  is  little  doubt  that  this  was  an  erroneoiis  identi- 

fication, 0.  megnini,  listed  for  the  Sudan  (King  1911),  was 

considered  an  "error  by  King  (1926),  Nevertheless,  the  possi- bility that  this  species  may  be  introduced  into  the  Sudan 
should  be  considered,  A  tick  infesting  the  ears  of  cattle, 
it  has  been  introduced  into  South  Africa  (Bedford  1925,1932B) 
from  America,  It  has  also  established  itself  in  Nyasaland 
(Wilson  1950B),  Northern  Rhodesia  (Morris  1933),  Southern 
Rhodesia  (Jack  19A2),  southern  Belgian  Congo  (Schoenaers  1950, 
1951A),  and  on  Madagascar  (Ef&ck  1948B,  Hoogstraal  1953E). 

AMBIZaflA  HEBRAEUM  Koch,  18^.  listed  for  the  Sudan  (King  1911) 
but  later  deleted  (King  1926), 

This  species  does  not  occur  in  the  Sudan,  EM(l'ffl)  files 
contain  records  of  A,  hebraeum  from  the  S\idan  (H.  H.  King 
legit,  1911),  but  corresponding  specimens  cannot  be  located 
in  the  collection,  A  specimen  tube  in  the  same  institution 
contains  material  of  both  A.  variegatum  and  A,  hebraeum  and 

a  label  (in  Hirst *s  handwriting )   identif ying^them  as  such. 
Another  almost  illegible  label  in  the  vial  reads  "Taufikia, 
Sudan,  1909,  H.  H.  King"",  There  is  a  remote  chance  that  the 
A,  hebraeum  specimens  were  removed  from  imported  cattle  but 
it  is  more  likely  that  these  are  South  African  specimens 
that  were  somehow  mixed  with  Sudan  specimens.  Museum  records 
show  that  the  specimens  were  presented  by  members  of  the 
Committee  for  Entomological  Research, 

A  note  by  Nuttall  in  his  collection  logbook  states  that 
the  A,  variegatum-hebraeum  df  King  (1911 )  is  A.  lepidum. 

AFONOtm  lAEVE  Neumann,  1899,  Listed  from  the  Sudan  by  King  (1911 
Si3  1926;,  This  is  a  non-African  species  name  (Theiler  195^B), 
The  species  in  the  Stidan  is  actually  A,  latum  (Koch,  18^4). 
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BOOPHILDS  AUSTRALIS  (Ftdler,  1899).  Listed  from  the  Sudan  by  BaL. 
four  (1911HJ  and  King  (1911 ).  This  narae,  a  synonym  of  B, 
micro plus  (Canestrini,  1888),  which  is  not  known  from  the 
Sudaxi,  probably  refers  to  misidentified  material  of  B. 

decoloratus.  It  is  less  likely  that  it  refers  to  B,~aJinulatus. 

HAEl^lAPHYSALIS  CAICARATA  Neumann,  1902,  was  reported  from  Roseires, 
Blue  Nile  Province,  by  Neumann  (191 QA.).  From  his  description 
and  figttre  it  is  evident  that  this  material  represents  H. 
houyi  Nuttall  and  Warburton,  1915  (Hoogstraal  1955D).  King 
(1^6)  did  not  list  H,  calcarata  in  his  reports  on  Sudan  ticks, 
and,  although  he  collected  specimens  of  H.  houyi,  they  had 

been  identified  as  H,  leachii.        ~ 

HAEMAPHYSALIS  ERINACEI  Pavesi,  188^,  which  was  reported  from  the 
Sudan  (Hoogstraal  1954B)  was  later  (1955C)  deleted.  This  re- 

cord was  due  to  an  early  erroneous  identification, 

HYALCM4A  AEGYPTITJM  (Linnaeus,  1758).  All  Sudan  Hyalomma  ticks  pre- 
viously  have  been  lumped  under  this  name  by  King  (1911,1926), 

O'Farrell  (1913A,B),  and  others.  This  species  does  not  occur 
in  the  Sudan, 

RHIPICEPHAUJS  BURSA  Canestrini  and  Fanzago,  1877.  The  report  by 
Weber  (1943),  from  8700  feet  elevation  in  the  Imatong  Mountains 
of  Equatoria  Province,  is  based  on  material  (kindly  loaned  by 
Dr.  J.  Bequaert)  that  Dr,  Theiler  and  I  have  found  to  be  R. 

kochi,  
" 

RHIPICEPHALUS  CAPENSIS  Koch,  18U.  I  have  been  unable  to  find  evi- 

dence  to  support  Zumpt*s  (19A2B)  statement  that  this  tick  oc- 
curs in  the  Sudan, 
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PREVIOUSLY  REPCRTED  NAMES  USED  IN  ERROR, 

GHAI^GSD,  OR   SYNONYMIZED. 

This  is  not  a  list  of  synonyms  of  names  now  used;  these  may 
be  found  in  taxonomic  papers  cited  throvighout  this  report.  It  is 
rather  a  list  of  names  that  have  appeared  in  earlier  papers  on 
Sudan  ticks  or  for  which  the  S\adan  has  been  listed  as  the  source, 
but  that  subsequently  have  been  changed  or  synonymized  under  names 
appearing  in  the  present  report, 

ARQAS  MINIATUS  Koch,  IS^A,  mentioned  by  Balfour  (1906)  from  Khartoxim, 
is  a  synonym  of  Argas  persicus  (Oken,  1818), 

M^IZCMIA  PETERSI  Karsch,  1878,  is  believed  by  Schulze  (1932A)  to  be 
synonymous  with  A.  rhinocerotis  (de  Geer,  1778),  King  (1926) 
and  almost  all  other  previous  authors  have  applied  the  name 

petersi  to  this  species.  Schulze 's  findings  are  tentatively 
accepted  in  the  present  work,  though  specialists  are  not  in 
complete  agreement, 

AMBLYCT^IA  WERNERI  WERNER  I  Schulze,  1932A,  said  to  originate  from 
Kordofan,  is  synonymized  under  A,  nuttalli  Donitz,  1909. 

DERMACENTOR  RHINOCEROTIS  (de  Geer,  1778),  was  vised  by  previoiis  au- 
thors ,  including  King  (1911,1926),  probably  in  error  for 
Dermacentor  rhinocerinus  Denny,  1843,  The  species  rhinocero- 

tis described  by  de  Geer  is  actually  an  Amblyomma  according 
to  SchTilze  (1932A),  whose  decision  is  tentatively  accepted 
here,  though  specialists  are  not  in  complete  agreement, 

HAEMAPHYSALIS  sp,  nov,  Hoogstraal  (19$4B),  Later  described  as  H, 

bequaerti  Hoogstraal,  1956(A).  ~ 

HYAL0Ii4A  BRUI^PTI  Delpy,  19^6,  Listed  by  Hoogstraal  (195^)  but 

herein  chajiged  to  H,  impeltatum  Schulze  and  Schlottke,  1930, 
on  the  basis  of  iiiTormation  resulting  from  examination  of 
type  material. 
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RHIPIlCEPHAIgS  FMCATUS  Neumann,  1908,  is  a  synonym  of  R.  longus 
Nexunann,  1907  (Zumpt  19^426, 195QA.).  R.  fsacatus  was  listed  by 
King  (1926)  from  the  Sijdaii,  Specimens  in  Sudan  Government 

collections  identified  as  this  species  by  "King  refer  actuaL. 
ly  to  R.  longiis,  R.  super tritus,  R.  simus  senegalensis ,  and 

R,  san'juineus  sanguineus.  R.  falcatus  was  originally  rather 
vaguely  described  for  the  complex  group  in  which  it  faLLls, 
and  frequently  the  name  heis  been  used  indiscriminately, 

RfflPICEPHAUJS  UMJIATUS  Neumann,  1907.  This  name  was  losed  (Hoog- 

straal  195AB;  on  the  basis  of  Santos  Dias»  (195CD,1952C) 
assertion  that  this  is  a  valid  species,  distinct  from  R, 

tricuspis  Donitz,  1906,  Dr.  G,  Theiler,  however,  has  "studied this  question  so  thoroughly  (1955  correspondence)  and  con- 
firmed her  earlier  findings  (1947)  so  convincingly  that  R, 

lunulatus  is  herein  used  in  synonyny  under  R.  tricuspis," 

RHIPICEPHAUJS  MACROPIS  Schulze,  1936(C)  is  a  synor^nn  of  R.  san, 
guineus  sanguineus  Latreille,  1806,  according  to  Ztimpt 
1(195  QA  J,  The  original  specimens  of  R.  macro  pis  came  from 

dogs  in  Port  Svdan  (Svdan)  ajid  Aden  "(Arabia/, 

RHIPICEPHA3JJS  PUMSTATISSIMUS  Gerst'^cker,  1873,  is  a  synonym  of 
R.  sanguineus  sanguineus  Latreille,  1806,  according  to 
2umpt  (195QAJ.  R.  punctatis simus  was  listed  by  King  (1908, 
1911)  from  the  Sudani  Santos  Dias  (1952H,1953A,B)  considers 
this  to  be  a  subspecies  of  R.  sanguineus,  and  to  be  the  same 
as  R,  sulcatus,  but  he  has  not  examined  type  material  or 
reared  series, 

(?)  RHIPICEPHALPS  SHIPIEYI  Neumann,  1902.  Type  locality:  '•Soudan" 
possibly  meaning  Anglo-Egyptian  Svidan  (or  '"French  Soudeiri*, 
i,e,  French  Eq\iatorial  Africa),  Zumpt  (194.3A,195QA)  has 
synonymized  R,  shipleyi  under  R,  s,   simus  Koch,  18^4, 

RHIPICEPHAIPS  SUICATUS  Neumann,  1908.  The  material  on  which  King's 
(1926 j  report  of  this  species  in  the  Sudan  was  based  has  pro- 

ven upon  comparison  with  Dr.  Theiler *s  reared  series  of  R. 
sulcatus  and  large  numbers  of  other  specimens  to  be  heavily 
punctate  individuals  of  R.  s.  sanguineus.  R.  sulcatus  is 

known,  however,  by  a  few''more  recent  specimens  from  the  Svidan, 
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NAMES  HEREIN  CHANGED,  SYNONYMIZED ,  CR  PROPOSED, 

*AI-1BLY0MMA  WERI'IERI  WERNERI  Schulze,  1932(A)  is  synonymized  iinder 

A.  nuttalli  D'(Snitz,  19Q9» 

»AP0N(M4A  HALLI  Tendeiro,  1950,  is  synonymized  tmder  A.  exornatum 
^IfcSh,  L8U). 

BOOPHILLfS  CONGOIENSIS  Minning,  193A,  is  synonymized  tinder  B.  annu- 
latus  (Koch,  18U)« 

HAEMAPHYSALIS  lEACHII  HUMEROSOIDES ,  a  subspefcies  tentatively  siig- 
gested  by  Theiler  (19A.3BJ,  is  an  elongate  form  of  H.  leachii 
leachii,  so  far  as  now  demonstrable, 

HAEMAPHYSALIS  I'lUHSAMI  Santos  Dias,  195A(E),  is  a  subspecies  of  H. 
leachii, 

*»^mkWmk   SCUFENSE'"  SchTLLze,  1919,  appears  from  Soviet  works  to 
have  distinct  biological  characteristics  and  minor  morphological 
characteristics  intergrading  with  H,  detrittm;  it  is  therefore 

indicated  as  a  '"foriri"  of  yet  vinknown  taxonomic  statvis, 

HYALOMMA  IMFELTATUM  Schulze  and  Schlottke,  1930,  is  considered  to 
have  priority  over  H,  brumpti  Delpy,  194-6,  H,  erythraevim 

Tonelli-Rondelli ,  1*^32,  is  also  considered  to  be  a  synonym  of H,  impeltatum, 

HYALOMMA  MARGINATUM  Koch,  18^-,  is  said  by  Pomerantzev  (1950)  to  be 
a  synonym  of  H.  plumbeum  (Panzer,  1795).  This  matter  should 
be  investigated  by  independent  workers. 

*The  fact  that  these  names  have  been  modified  or  are  considered 
synonyms  has  been  mentioned  in  the  preliminary  publication  on  Sudan 
ticks  (Hoogstraal  195AB),  but  the  reasons  for  these  changes  are  pre- 

sented only  in  the  present  report, 

**Non_Sudanese  species, 
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HYALCMMA  LEtflSI  Schulze,  1936,  is  a  synonym  of  H.  truncatum,  not 
of  H.  excavattim  as  stated  by  Delpy  (1949B)T 

**HYALCMMA  ABGYPTIUM  PUNCTATA  Schulze,  1919,  is  considered  as  a 

synonym  of  H.  aegyptium.' 

»»HYALCMMA  ALBIPARMATUM  Schulze  and  Schlottke,  1930,  is  raised 
from  the  status  of  a  synonym  of  H.  marginatum  (=  H.  savignyi) 

(Delpy  19A9B)  and  of  H.  truncatum  (Feldman_Muhsam"l95/k;  io 
ftill  species  rank;  H.""impressum  brunneiparmatum  S.  and  S., 
1930,  is  considered~as  a  synonym  of  H.  albiparmatum,  not  of H.  trvmcatum  as  stated  by  Feldman-MiiEsam  (195A^. 

*»HYALCMMA  HUSSAINI  Sharif,  1928,  is  treated  as  a  valid  species 
(not  a  synonym  of  H.  excavatum  _  cf .  Delpy,  19A.9B)  and  most 
probably  the  proper  type  species  of  the  subgenus  Hyalommina, 
the  previously  designated  type  species  of  which  (H»  rhipi^ 
cephaloides  Neumann,  1901)  is  no  more  than  a  misformed  H. 

excavatum.  
~ 

*»HYALCMMA  TURANICUM  Pomerantzev,  1946,  is  raised  to  full  species 
rank  and  considered  to  be  the  same  as  H.  rufipes  glabrum 
Delpy,  1949. 

HYALCMMINA  (Subgenus):  See  H.  hussaini  above. 

MARGAROPUS  REIDI  SP.  NOV.  is  described  from  males,  females,  and 
nymphs . 

*RHIPICEPHALUS  CUSPIDATUS  Neumann,  1906,  is  shown  to  be  actually 
different  from  the  tick  described  and  illustrated  under  this 

name  by  Zumpt  (1950A)  in  his  review  of  this  genvjs. 

RHIPICEPHALUS  PSEUDQLONGUS  Santos  Dias,  1953(D)  is  a  synonym 
of  R.  longtis  Neumann,  1907. 

*The  fact  that  these  names  have  been  modified  or  are  considered 
synonyms  has  been  mentioned  in  the  preliminaiy  publication  on 
Svidan  ticks  (Hoogstraal  1954B),  but  the  reasons  for  these  changes 
are  presented  only  in  the  present  report. 

**Non-Sudanese  species. 
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PALPUS 

SEGMENT  4..   

SFOMENT  3 

SEGMENT  2 
SEGMENT  I 

  3ASIi  CAPI  rULI' 
  CORNUA 

SCAPULA 

/..  ij  n.r' '-r   •  ;■;    -   -.CERVICAL  nT 
'tf    .'    .  ■   '  VV'SX   ~   C=i-'VICAL  r;';c 

'■'      '-li  \   -''^ A^.-^.   \ PUNCTATIONS 

LATERAL  GROOVE 

POSTEROMEDIAN  GROOVE 

  PARAMEDIAN  GROOVE 

^ 

i'iODVg 

PRETARSUS 

TARSUS 

PAD  (PUL VILLUS) 

LAW 

.  JHYPOSTOME 

SPIRACULAR  PLATB ANUS 

ANAL  GROOVE 

ACCESSORY  SHIELD 
AD  ANAL  SHIELD 

SUBANAL  SHIELD 

"POSTANAL  MEDIAN  GROOVE 

Figures  U   and  5»  cf,  dorsal  eind  ventral  views 

Figiires  6  and  7,  9,  dorsal  and  ventral  views 
KEY  MCBPHOLOGICAL  CHARACTERS 

HYPOTHETICAL  cf  and  9  ticks,  FAMILY  EtCDIDAE 

(Characters  used  in  keys  in  this  report,  except  for  self-explanatory 
terms,  such  as  "caudal  appendage"  of  certain  Boophilus  males.  Addi- 

tional characters  used  in  fuller  descriptions  of  individual  species 
are  explained  where  they  first  occur) . 

PLATE  IV 
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KEY  TO  FAMILIES  AND  GENERA  OF  ADULTS* 

MALES  AND  FEMAIES 

A.  Dorsum  covered  by  leathery  integiiment 
lacking  scutum.  Mouthparts  ventral.  Eyes 
absent,  or  present  in  lateral  folds.  Spi- 
racular  plates  small,  anterior  of  coxa  IV. 

CSof t  ticks'"  ).....   .FAIRLY  ARGASIDAE 
Tigures  8  to  63 

Body  periphery  flattened  and  usually 
structurally  different  from  dorsiim; 

lateral  suture  usually  present**. 
(From  birds,  bats,  or  their  resting 
places;  only  A.  brumpti  from  mammals 
or  lizards ).  .7   .ARGAS 

Figures  13  to  38 

Body  periphery  undifferentiated; 
lateral  suture  absent,   (Thick, 
leathery  ticks  from  houses,  corrals, 
burrows ,  or  retreats  )   .aRNITHCDaROS 

Figures  8  to  12,   39  to  63 

B.  Dorsum  completely  covered  by  scutum  (cS:?) 

or  anteriorly  covered  by  scutxam  ($9).  Mouth- 
parts  anterior.  Eyes  absent,  or  present  near 
lateral  margin  of  scutiim.  Spiracular  plates 

large,  posterior  of  coxa  IV.   ("Hard  ticks'")   .FAI^HIZ  LCCDIDAE 

Figures  U   to  7,  6'^I^T5 

^Characters  in  this  key  do  not  necessarily  apply  to  species  within 
the  same  genera  from  areas  outside  of  the  Sudan.  Two  other  genera, 

Otobius  (Argasidae)  and  Rhipicentor  (ixodidae),  occiu*  in  the  Ethiopian 
Faunal  Region  outside  of  the  Sudan  and  are  not  listed  in  this  key, 
A  few  other  genera  occur  in  other  faunal  regions.  Another  family, 
Nuttalliellidae ,  is  known  only  from  Southwest  Africa. 

**The  peripheral  differentiation  of  A.  boixeti  and  A.  confusus  is 

only  slight  and  these  species  lack  a''lateral  suture. 
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1.  Anal  groove  distinct,  extending 
anteriorly  around  anus.  Scutum 
without  eyes,  festoons,  or  oma». 
mentation,  dt?  with  seven  shields 
adhering  to  ajid  almost  entirely 
covering  ventral  surface.   (Rare 
in  the  Sudan)   IXODES 

Figures  212  to  235 

Anal  groove  distinct  or  indistinct 
but  never  extending  anteriorly  around 
anus,  ct?  with  fewer  (2  to  6)  or  no 
ventral  shields,  these  partially  non- 

adherent and  only  circumanal   2 

2.  Without  eyes.   (Basis  capituli  rec- 
tangular dorsally)   3 

With  eyes   k 

3.  Palpi  narrow,  elongate;  segment  2  at 
least  twice  as  long  as  wide.   (Rep- 

tile parasites )   APONOMMA 
Figures  9b  to  103 

Palpi  conical,  short;  segment  2  about 
twice  as  wide  as  long.   (Mammal  or 
bird  parasites)   HAMAPHYS&LIS 

Figures  128  to  157 

4.  Palpi  as  wide  as  or  wider  than  long   5 

Palpi  longer  than  wide  (Common, 
usually  large  ticks  )   8 

5.  Large  ticks  with  colored  ornamentation. 
Basis  capituli  rectangular  dorsally. 
(Rare  in  Sudan,  parasites  of  elephant 
and  rhinoceros ;   DERMACENTOR 

Figures  120  to  127 

Small  or  moderated-sized,  imornamented , 
common  ticks.  Basis  capituli  usually 
hexagonal  dorsally   6 
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6.  Anal  grooves  faint  or  obsolete. 
Festoons  absent,  Spiracular  plates 
roiind  or  oval,  c^  very  small   7 

Anal  grooves  distinct.  Festoons 
present.  Spiracular  plates  with 
a  taiL-like  protrusion.  d& 
noderate  size   JIHIFICEPHAIUS 

Figures  2^0  to  316 

7.  Palpi  ridged  dorsally  and  lateraL- 
ly.  dtf  with  normal  legs.  (Common 
chiefly  on  domestic  cattle  and 
equines  )   BOOPHIIUS 

Figures  104  to  119 

Palpi  not  ridged  and  somewhat  more 
elongate,  c^  with  massive,  beady 
leg  segments.   (Rare  in  Sudan,  known 
only  from  giraffes  )   .MARGAROPUS 

Figures  236  to  239 

8.  Scutum  without  colored  ornajnentation. 

CS5'  with  adeinal  and  subanal  shields. 
Palpal  segment  2  at  least  twice  as 
long  as  segment  3.  Festoons  ir- 

regular, partially  coalesced   HYALCMIA 
Figures  158  to  211 

Scutum  with  colored  ornamentation*. 
d&  without  adanal  or  subanal  shields . 

Palpal  segment  2  less  than  twice  as 
long  as  segment  3.  Festoons  regular, 
not  coalesced   .AMBLYdlMA 

Figures  64  to  95 

*Ornamentation  is  often  not  extensive  in  the  elephant  tick,  A. 

tholloni.  Ornamentation  may  be  more  or  less  faded  in  poorly~pre- served  specimens . 
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KEY  TO  DEVELOFMEI'lTAL  STA(SS 

With  scutiom   Family  Ixodidae 

Without  scutum   Family  Argasidae 

Family  Argasidae 

1.  Six  legs   Larvae 

Eight  legs   2 

2,  Genital  aperture  undeveloped;  in 
large  nymphs  may  be  indicated  by 
a  small,  otherwise  undifferentiated 
depression   .Nymphs 

Genital  aperture  clearly  developed 
as  a  differentiated  area   ..Adults 

Family  Ixodidae 

1.  Six  legs   Larvae 

Eight  legs   2 

2.  Genital  aperture  undeveloped.  Scutum 

of  5  type  but  basis  capituli  lacking 
porose  areas   .Nymphs 

Genital  aperture  developed.  Scutum 
of  cf  or  $  type  and  basis  capituli  of 
5  with  two  porose  areas  (Figure  6  )   Adults 
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SPEC  I ES  RECORDS 

MAMER  OF   DATA  PRESENTATION 

EQUATCRIA  PROVINCE  RBCCRDS 

On  the  following  pages  all  available  EQUATCRIA  PROVINCE  RECORDS 
for  each  species  are  listed  according  to  numbers  of  specimens  of 
each  stage  and  sex,  locality  within  the  Province,  host,  and  month 
of  collection.  The  mainnialian  hosts  are  described  by  Setzer  (1956b) 

in  his  '"Mamraals  of  the  Anglo-Egyptian  Sudan'".  Domestic  animals  and 
wild  birds  or  reptiles  are  listed  following  wild  mammals.  Where 
human  beings  have  served  as  hosts,  the  records  precede  those  from 
animals.  Different  collections  from  one  kind  of  host  are  listed 
geographically  from  eeist  to  west. 

If  two  or  more  collections  have  been  made  from  a  single  kind  of 
host  in  the  same  locality  during  one  month,  the  data  have  been  coL. 
lated  on  one  line  and  the  number  of  collections  noted  in  parentheses 

immediately  following  the  month.  The  '"number  of  collections'"  are 
statistically  unreliable  since  they  may  refer  to  one  day's  collec- 

tion or  to  a  collection  from  one  herd  of  domestic  animals.  However, 
every  collection  from  a  single  wild  animal  host  is  considered  as  a 
single  collection. 

It  will  be  noted  that  most  specimens  were  taken  dxiring  the  dry 
season,  November  to  April.  This  has  no  significance  except  to  indi- 

cate that  much  of  my  tick  collecting  in  Equatoria  Province  was  ac- 
complished during  this  season.  >bst  Sudan  material  presented  by 

other  persons  has  also  been  gathered  during  this  period  when  travel 
is  easier  and  most  officials  have  returned  from  home  leave. 

The  great  bulk  of  records  in  the  Equatoria  Province  section  are 
from  my  collection  and  are  not  otherwise  noted.  Any  data  froa  other 
sources  are  indicated  by  initials  in  parentheses  following  the  month 
of  collection:   (SVS)  for  Sudan  Veterinary  Service,  (SQC )  for  Siidan 
Government  Collections,  (BMNH)  for  British  l-fuseum  (Natural  History), 
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or  (CNm)  for  Chicago  Natural  History  Museiun  collections.  Since 

King's  (1926)  review,  only  two  literature  references  for  ticks  from 
definite  localities  in  Bquatoria  Province  have  been  published  and 
these  have  been  noted,  following  the  month  of  collection,  in  the 
usual  literature  reference  manner. 

Most  Equatoria  Province  collecting  localities  may  be  located 
in  Figure  317.  Common  names  of  hosts  may  be  found  in  Chapter  V. 

The  situation  of  a  few  of  King's  early  collecting  localities  can- 
not now  be  definitely  ascertained,  but  they  are  all  close  to  the 

present  Uganda  border. 

Reasons  for  special  reference  to  Bqviatoria  Province  are  several. 
My  Sudan  collection  is  largely  from  this  Province,  and  it  is  from 
here  that  most  of  the  new  data  presented  in  this  report  have  been 
obtained.  Also,  Bquatoria  Province  represents  the  northern  limits 
of  a  n\jmber  of  truly  tropical  African  species.  Of  these,  a  few  un- 

doubtedly range  into  Bahr  El  Ghazal  and  Upper  Nile  Provinces, 
though  they  are  not  yet  recorded  from  these  areas. 

Ticks  now  known  from  the  Sudan  nxmber  62  identifiable  species 
plus  two  additional  subspecies.  Of  this  total  of  64.  identifiable 
forms,  52  occur  in  Bquatoria  Province.  Twenty-five  are  presently 
recorded  only  from  Bquatoria  Province  and  five  are  known  only  from  « 
Bahr  El  Ghazal  Province.  Two  uncertsdn  forms  are  also  listed. 

DISTRIBUTION  IN  THE  SUDAN 

Under  DISTRIBUTION  IN  SUDAN  all  known  collecting  localities 
have  been  listed  for  each  species  by  Province,  with  the  exception 
of  course,  of  Equatoria  Province,  which  is  separately  considered. 
Besides  my  own  collections,  the  chief  source  of  this  information 
has  been  the  collections  of  the  Stidan  Government,  for  which  H.  H. 
King,  R.  Cottam,  W.  Ruttledge,  D.  J.  Lewis,  and  a  few  other  persons 
have  been  largely  responsible. 

Specimens  submitted  to  me  for  identification  by  the  Sudan  Vet- 
erinary Service  have  been  important  for  data  on  species  parasitizing 

domestic  animals.  British  Museum  (Natural  History)  collections  have 
contributed  additional  information  for  areas  outside  of  Bquatoria 
Province.  Almost  no  other  Sudan  data  have  appeared  in  literature, 
except  for  a  few  papers  by  King,  one  or  two  by  Ruttledge,  and  brief 
notes  by  Balfour  and  a  few  other  persons. 
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DISTRIBUTION 

Under  the  heading,  DISTRIBUTION,  all  available  pertinent  lit- 
erature records  for  each  political  territory  of  Africa  have  been 

listed.  I  have  attempted  to  select  critically  each  reference  for 
accxiracy  of  species  identification  sind  to  incliide  only  references 
based  on  actiially  known  specimens  in  relation  to  distribution, 
disease,  control,  biology,,  availability  for  taxonomic  study,  etc. 
Authoritative  taxonomists  •  lists  have  been  inclijded  especially 
where  localities  are  involved  and  where  questions  of  species  iden- 

tity in  any  territory  exist.  Also  noted  are  references  by  experi- 
mental workers  who  have  indicated  the  source  of  their  material; 

biological  variations  within  populations  presently  considered  as 
identical  species  may  subsequently  prove  to  be  of  the  utmost  im- 

portance in  evaluating  results  of  laboratory  experiments. 

While  I  personally  am  concerned  with  these  data  in  the  inter- 
ests of  geo medical  knowledge,  it  is  intended  that  these  lists  should 

be  a  usefvil  guide  to  interested  persons  in  the  territories  concerned. 
Otherwise,  this  listing  is  chiefly  for  advanced,  specialized  stu- 

dents with  some  knowledge  of  the  literatiore,  who  should  be  able, 
by  consulting  the  reference  titles  in  the  bibliography,  to  locate 
subjects  of  interest.  After  serious  consideration,  it  is  felt  that 
further  breakdown  of  these  references  into  subject  groups  would  be 
too  unwieldy  and  cumbersome. 

Maps  showing  tick  distribution  in  Africa  will  be  presented  in 
subsequent  volumes  of  this  work. 

Every  attempt  has  been  made  to  provide  as  complete  a  list  of 
useful  references  as  possible.  Probably,  all  really  important  works 
have  been  seen  and  noted  but  if  any  has  been  missed  it  will  be  much 
appreciated  if  readers  will  call  ny  attention  to  it. 

HOSTS 

The  object  of  the  HOSTS  section  has  been  to  indicate  the  chief 
references  to  kinds  of  animals  on  which  each  species  feed  in  each 
life  stage  and  to  give  a  brief  statement  concerning  the  preferred 
host  or  hosts.  The  references  following  each  host  do  not  necessarily 
include  all  reports  in  which  the  animal  has  been  mentioned.  Fvcrther 
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pertinent  host  stirveys  may  be  inclvded  in  the  section  entitled  BIOLOGY, 
of  which  the  host  list  should,  of  course,  be  considered  an  integral 
part.  The  common  neune  of  non-Svidanese  hosts  may  be  found  in  Allen's 
(1939^  checklist  of  African  mammals.  After  serious  consideration  of 
several  sviggestions  that  the  scientific  name  of  each  kind  of  host  be 
provided,  it  has  been  decided  to  do  so  only  where  the  common  name 

might  frequently  be  confused,  as  for  the  '"wild  dog*"  or  '"hunting  dog"*, 
lycaon  pictus . 

BIOIjOCT 

All  available  references,  including  data  on  BIOLOGY  of  species 
discussed  herein,  have  been  summarized  in  more  or  less  detail,  de- 

pending on  the  weight  of  their  importance.  It  is  hoped  that  this  sec- 

tion will  be  especially  -useful  in  indicating  further  research  problems. 

DISEASE  RELATIONS 

DISEASE  RELATIONS  with  which  each  species  has  been  incriminated 
are  usually  merely  listed  by  common  name  and  etio logic  agent.  This 
section  is  intended  only  as  a  cross  reference  to  subject  chapters  in 

the  subsequent  volume  on  ̂ sea^e  relations.  Unpublished  resiilts  o7" work  undertaken  in  the  virology  and  bacteriology  laboratories  of 
NAMIU3  on  Sudan  ticks  are  also  inclvided  in  this  section. 

REMARKS 

Miscellaneous  REMARKS  are  included  here.  This  section  preceeds 
that  on  identification  if  most  of  the  notes  are  taxonomic  or  else 

follows  that  on  biology  if  mostly  other  subjects  are  involved. 

IDENTIFICATION 

Diagnostic  criteria  in  addition  to  key  characters  are  provided 
for  IDENTIFICATION  by  the  average  reader.  Where  Siodan  material  or 
special  studies  modify  previously  accepted  diagnostic  features  or 
are  of  other  importance,  greater  detail  is  provided.  Otherwise,  no 
attempt  has  been  made  to  present  a  full  description  of  each  species 
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since  this  falls  in  the  province  of  more  complete,  overall  taxonomic 
studies.  For  serious  studies,  specimens  rather  than  vrritten  descripi. 
tions  are  almost  invariably  required, 

A  word  of  explanation  is  due  concerning  the  absence  of  species 
diagnosis  for  immature  stages  of  ticks  treated  in  this  report.  Often, 
when  collections  are  made  from  hosts  of  smaller  size,  the  only  ticks 
on  them  are  immature  and  the  difficulty  or  impossibility  of  identic 
fying  them  is  most  discoxiraging.  Larvae  and  nymphs  of  about  half  the 
Sudan  tick  species  have  been  described,  but  those  of  even  fewer  spe- 

cies can  be  distinguished  from  all  others  with  any  degree  of  confix 
dence.  The  inclusion  of  what  we  do  know  would  be  of  little  practical 
value,  except  to  a  very  few  most  highly  specialized  students.  Any- 

one favorably  situated  in  this  area  with  resources  for  rearing  pro- 
geny from  known,  isolated  female  ticks  can  make  valuable  contribiu 

tions  in  this  respect.  At  the  present  time.  Dr.  Theiler  and  I  are 
gathering  data  on  this  subject  which  will  be  published  as  soon  as 
we  have  sufficient  information  to  make  a  utilitarian  report. 

In  morphological  terminology,  I  have  followed  almost  entirely 
the  usage  of  Cooley  (19^6)  and  Cooley  and  Kohls  (19A^),  except  that 

I  have  substituted  the  word  '"segment'"  for  '"article'*  as  used  by  these 
authors.  Where  Kohls  has  recently  modified  some  designations,  I 
have  followed  his  lead.  Cooley  and  Kohls'  terras  have  not  been  ex:- 
tensive  enough  for  adequate  description  of  Rhipicephalus  species, 
and  I  have  been  forced  to  add  to  them.  Unfortunately,  some  termi— 
nology  used  by  British,  American,  and  other  workers  differs  or  con- 

flicts. An  International  Committee  needs  be  called  to  decide  a 

standard  set  of  morphological  terms  for  the  gross  description  of 
ticks.  The  problem  is  reasonably  simple  and  coxild  easily  be  settled. 
Consideration  should  also  be  given  to  standardizing  insofar  as  possi- 

ble the  morphological  terms  used  for  mites  and  ticks.  Reference  to 
terras  appearing  in  this  report  is  provided  in  various  text  fig\ares. 
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FAMILY  ARGASIDAE 

INTRODUCTION 

Argasid  ticks  Cfamily  Argasidae)  are  called  haim  (  p— -r^  )  in 
Stttiani  Arabic,  They  are  leathery  or  ""soft'"  ticks  that  secrete 
themselves  in  soil  or  in  crevices,  come  oirt  to  feed  for  a  short 
while,  ajid  then  retreat  to  their  hiding  place.  Two  of  the  several 
argasid  genera,  Argas  and  Ornithodoros ,  are  common  in  Africa,  The 
term  argasid  should  riot  be  construed  to  refer  to  the  genus  Argas 
alone.  The  sole  African  representative  of  a  third  argasid  genus, 
Otobius ,  an  ear  tick,  has  been  introduced  from  America  into  South 
Africa,  Madagascar,  and  parts  of  Central  and  East  Africa,  but  is 
not  known  to  occur  in  the  Sudan.  A  variety  of  argasids  occur  through- 

out most  of  the  tropics  and  subtropics  of  the  world.  Fewer  species 
live  in  temperate  areas  and  very  few  inhabit  arctic  climes.  Two  spe- 

cies presently  are  distributed  widely  as  a  resvilt  of  human  transpor- 
tation of  domestic  fowls, 

Argasid  eggs,  deposited  at  intervals  in  small  batches  and  total- 
ling only  a  few  hundred,  are  laid  in  niches  where  females  seek  shel- 
ter. Chances  that  hatching  larvae  will  find  a  favoiirable  host  near- 

by are  reasonably  good.  Larvae  of  the  two  Ornithodoros  species  in 
the  Sudan  are  nonmotile  and  do  not  feed;  this  feature  of  their  life 
cycle  is  unique  in  the  genus.  Larvae  of  Argas  feed  on  birds  or  bats, 
or  less  commonly  on  other  animals,  and  remain  on  the  host  for  several 
days  to  several  weeks.  Nymphs  and  adults  of  both  genera  feed  for 
only  a  few  minutes  to  a  few  hours  at  most,  in  marked  contrast  to  the 
longer  attachment  time  of  most  nymphal  and  adult  ticks  of  the  family 
Ixodidae,  There  are  at  least  two  and  sometimes  as  majiy  as  six  or 
more  nymphal  instars.  Argasid  adults  take  several  blood  meals,  each 
of  which  is  usually  followed  by  a  rest  for  digestion  and,  in  the 
female,  for  oviposition.  The  genus  Otobius,  mentioned  above,  has 
more  highly  specialized  feeding  habits . 

Argasid  ticks  are  of  considerable  economic  and  medical  impor- 
tance in  many  parts  of  the  world.  However,  at  the  present  time  they 

are  apparently  of  less  importance  in  the  Sudan  thaji  in  many  other 
parts  of  Africa.  As  transportation  facilities  improve  and  urban 
areas  become  larger  smd  more  settled,  it  is  to  be  expected  that  Or- 

nithodoros moubata  will  become  more  widely  established  in  human  "Eabi- tations  of  southern  Sudan, 
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It  should  be  noted  that  argasid  ticks  in  general  are  xerophilic 
animals.  Many  students  of  their  life  cycle  have  failed  to  recognize 
this  important  fact.  Although  in  localities  of  extremely  low  rela. 
tive  humidity  argasids  may  seek  a  somewhat  more  humid  microhabitat, 
these  niches  are  seldom  those  with  a  significantly  high  relative 
humidity.  The  few  species  extending  into  the  humid  tropics  choose 
dry  niches  in  dry  habitats  ajid  do  not  thrive  away  from  these  re- 

treats. Within  this  range,  individual  species  have  varying  degrees 
of  tolerance. 

Examination  of  bird  nests,  caves,  bat  roosts,  animal  lairs, 
burrows,  rodent  nests,  hyrax  dens,  and  big  game  resting  and  rolling 
areas  in  the  Sudan  will  undoubtedly  reveal  vinrecorded  or  possibly 
even  \indescribed  argasid  species,  Althovigh  of  considerable  medical 
importance  and  zoological  interest,  these  ticks  are  not  frequently 
collected  because  specialized  efforts  and  techniques  are  necessary 
to  obtain  them.  Sifting  of  soil  or  sand  in  animal  burrows,  caves, 
or  dens  is  often  most  f^uitf^ll,  Examination  of  rock  interstices  and 

searching  under  stones  is  also  important  in  some  situations.  In- 
vestigation of  bird  nests,  especially  those  of  larger  birds,  should 

yield  much  interesting  data.  There  is  little  doubt  that  at  least 
one  Argas  parasite  of  birds,  eind  Ornithodoros  erraticus  remain  to 

be  found  in  the  Sudan,  in  addition  to  0,  delajio'Si  and  some  member 

of  the  0,  tholozani  group,  ~ 
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Leg  I 

Leg  a 

L,eg  E 

Leg  51 

Poipus 

Hypostome Basis    capituii 
Ocrnerosfome 

$  genitoi  aperture 

Preonol    groove 
Anus 

Vedian    ' groove 

Figttres  8  and  9,  9,  slightly  engorged,  dorsal  and  ventral  views 

KEY  MCRPHOLOGICAL  CHARACTERS,  FAMILY  ARGASIDAE 

Ornithodoros  savignyi   (EgyP'tian  specimen) 

PUTE  V 
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'< —  Oorsoventral  groove 

Spiracle Suprocoxcl  fold 

Dorsal  humps 
Subopicai  dorsal 
profuDeronce 

Figure  10,  cf,  genital  area 
Figure  11,  $,  greatly  engorged,  lateral  view  (sketch) 
Figtcre  12,  5,  slightly  engorged,  lateral  view 

KEY  MCRPHOLOGICAL  CHARACTERS,  FAMnZ  ARGAS3DAE 

Ornithodoros  savignyi  (Egyptian  specimens) 

PIATE  VI 
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ARGAS 

INTRCDUCTION 

Six  Argas  species  occxir  in  the  Sudan,  Four  or  possibly  five 
other  rare  kinds  have  been  recorded  elsewhere  in  Africa,  All  the 
Siidan  species  may  bite  man,  and,  except  possibly  for  the  bat  para- 

sites, all  may  cause  more  or  less  painfiil  sequelae.  Insofar  as 
our  present  knowledge  goes,  Argas  ticks  are  rarely  known  to  trans- 

mit human  disease.  Birds  and  bats  are  the  chief  hosts  of  most 
Argas  species.  The  more  widely  spread  species  that  parasitize 
domestic  fowls  are  often  serious  pests  and  importajit  vectors  of 
avian  diseases.  The  bat-infesting  species  eQ.so  range  rather  widely 
and  may  possibly  disseminate  pathogenic  organisms  among  their  hosts, 

Xarval  Argas  ticks,  in  contrast  to  the  two  well— known  African 
argasids,  Ornithodoros  moubata  and  0,  savignyi ,  are  all  active,  suck 
blood,  and  often  may  be  observed  feeding  on  their  hosts,  Argas 
nymphs  and  adults,  like  those  of  Ornithodoros ,  are  usxially  found 
only  by  careful  searching  in  niches  and  concealed  resting  places  in 
the  immediate  habitat  of  their  favorite  host. 

Ticks  of  the  genus  Argas,  unless  recently  engorged,  are  usual- 
ly flatter  in  profile  than  Ornithodoros ,  and  can  in  most  instances 

be  easily  distinguished  from  them  by  the  presence  of  some  morpholog. 
ical  differentiation  of  the  peripheral  integument  of  the  body, 

Argas  ticks  are  still  surprisingly  poorly  known  in  most  parts 
of  the  world  and  considerably  larger  collections,  more  data  on  their 
life  history,  and  more  exact  collecting  data  are  necessary  before 
the  biology  and  systematics  of  this  genus  can  be  finally  settled. 

The  other  species  of  Argas  known  to  occur  in  Africa,  some  of 
which  undoubtedly  will  be  found  in  the  Sudan,  are  the  following; 

A,  aequalis  (Neumann,  1901)  from  Tanganyika,  The  host  is  iinknoim 

~    and  apparently  only  the  original  collection  is  known,  OriginaL- ly  described  in  the  genus  Ornithodoros  but  subsequently  referred 
to  Argas  (Neumann  1908BJ, 
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A.  hermanni  (Aiidoiiin,  1827)  from  Egypt,     Neumann  (l896)  noted  material 

~    from  Ethiopia  and  Hoogstraal  (1952A)  from  bird  nests  in  Egypt, 
We  are  still  stvidying  material  referable  to  this  species  in  view 
of  its  possibly  vinsatisf  actory  taxonomic  criteria  and  species 
statiis . 

A.  striatus  Bedford  (l932A,193ii.)  from  weaver  bird  nests.  Cape  Prov- 

"        ince,  South  Africa,  This  species  is  said  to  be  closely  related to  A,  aequalis ,  but  both  axe  in  need  of  comparative  biological 

and~morphological  studies, 

A,  transgariepinus  (White,  I846)  from  South  Africa.  A,  kochi  (Neu- 

~    mann,  1901 J  from  Basutoland  possibly  is  a  synonym,  Berlese (1913)  reported  specimens  biting  a  child  ard  walking  on  the 
wall  of  a  bank  in  Italy.  Hoogstraal  (1952A)  described  biology 
in  Egyptian  bat  caves,  Hoogstraal  (195AC)  noted  presence  in 
Spain,  A  report  on  a  stvidy  of  the  life  cycle,  biology,  and 
morphology  of  each  stage  will  be  presented  in  a  forthcoming 

paper, 

Subgeneric  classifications  are  not  included  for  other  groups  in 
this  work  because  their  status  is  still  moot.  The  issue  has  been 

forced  in  the  genus  Argas  by  the  necessity  for  deciding  whether  to 
refer  to  some  species  generically  as  Carios,  Ogadenus ,  or  Argaa, 
Studies  on  this  subject  are  presently  under  way  and  will  be  reported 
more  fully  elsewhere. 
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Figures  13  and  1/.,  5,  Pfypothetical  Argas  species 

KEY  MCEPHOLOGICAL  CHARACTHIS,  GENUS  ARGAS 

PLATE  XII 
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*     KEY  TO  SUDAN  SPECIES  OF  ARGAS 

MAIES  AM)  FEMAIES 

1,  Pair  of  transverse,  slitlike  organs 

situated  just  posterior  of  anvis.  Body- 
outline  generally  subcircular  or  wider 
than  long.  (Bat  parasites)   2 

Ventral  paired  organs  Isicking.  Body- 
outline  oblong,  considerably  longer  than 
wide.   (Not  bat  parasites)   4 

2,  Legs  as  long  as  or  longer  than  body. 
Hood  present,  Periphersil  differentia- 

tion of  integument  and  lateral  suture 
lacking   A.  BOlffiTI 

Figures  2372^,33,34 

Legs  shorter  than  body   3 

3,  Body  outline  considerably  wider  than 
long.  Hood  present.  Peripheral  dif- 

ferentiation of  integument  and  lateral 
suttire  lacking   A.  CONFUSUS 

Figures  ̂ 5,26,35,36 

Body  outline  generally  subcircular  or 
circular,  never  as  wide  as  A.  confusus. 
Hood  absent.  Peripheral  integument 
striated  and  lateral  suture  present   A.  VESPERTILIONIS 

Figures  21,^^, 37, 3a 

4,  Dorsum  with  large,  depressed  polygonal 

eireas.     Size  large   (l5  mm.  -to  22  ram. 
long).      (Adults  parasitic  on  mammals)   A.   ERUMPTI 

Figures  1^,20,31,32 

Dorsvua  finely  wrinkled.     Size  moderate 
(10  mm,  long,  iisually  less).      (Fowl 
parasites  ).   5 
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Dorsal  and  ventral  periphery  of  distinct  * 

quadrangular  "cells".     Postpalpal  hairs 
present.      (Chicken  parasite,  common  in 
Sudan)   A.  PEF.SICUS 

Figures  T5,l&>27,28 

Dorsal  and  ventral  periphery  finely 
wrinkled.     Postpalpal  hairs  absent. 
(Pigeon  parasite,  very  rare  in  Sudan)   A.  REFLEKUS 

Figures  17,13,29,30 

Figures  15  and  16,  Argas  persicus   Figures  21  and  22,  Argas  vespertilionis 
Figures  17  and  13,  Argas  reflexus   Figures  23  and  21,,   Argas  boueti 
Figures  19  and  20,  Argas  brumpti    Figures  25  and  26,  Argas  confusus 

DORSAL  PHIIPHHIAL  DIFFEaMTIATION  (odd  numbered  figures)  AND  LATERAL 
INTEGU>1©JT  (even  numbered  figures)  OF  ARGAS  SPECIES. 

Note  especially  the  presence  of  a  lateral  suture  in  Figures  16,18,20  and  22 
*  and  its  absence  in  Figures  2^.  and  26. 
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28 30 

Figtires  27  and  28,  Ar^as  persicus,  9,  dorsal  and  ventral  views 
Figures  29  and  30,  Argas  reflexus,  $,  dorsal  and  ventral  views 

ARGAS   (ARGAS)  FERSICUS  and  ARGAS   (ARGAS )  KEFIEXUS 

Egyptian  Specimens 

PLATE  IX 
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ARGAS  (ARGAS)  FERSICUS  (Oken,  1818). 

(Figures  15,16,27  and  28) 

THE  POUI/TRY  ARGAS  CR  FCWL  TICK*. 

N   Q   cf     EQUATCEIA  PROVINCE  RECORDS 

1 Kapoeta domestic  chicken Jul  (SQC) 

19 Torit domestic  chickens Dec 
(M 

96 
Iraurok domestic  chickens Jan 

48 
2 Juba domestic  chickens Dec 

17 11 9 Torit poultry  house 
Dec 

12 
u 2 Juba poTiltry  house 

Aiig 

DISTRIBUTION  IN  THE  SDDAN 

'■Throughout  the  Sudan*  (King  1926).  In  addition  to  the  above- 
listed  Equatoria  Province  records,  two  localities  have  been  published 
in  the  literature  and  I  have  seen  specimens  from  the  following  places; 

Upper  Nile;  Malakal  (HH). 

Bahr  El  Ghazal;  Wau  (SVS;  HH). 

Blue  Nile;  Kosti,  Wad  el  Nail  near  Singa,  Wad  Medani  (all  SQC). 

'•Blue  ̂ iile  tiistricts"  (Archibald  1923). 

Kassala;  Suakin  (SX). 

Kordofan;  Delami  (SQC). 

Darfur;  Fasher  (SVS). 

Khartoxm;  KhartoTim  (SQC,  SVS,  Gordon  College  collection,  HH), 
Ondurman  (HH).  See  also  Balfour  (1906,1907, 1908B,19O9,1910,1911A, 
B,C,D,E,G,1912)  for  spirochete  studies  on  A.  persicus  from  Khartoum. 

Northern;  Dongola  (Neumann  1901).  Wadi  Haifa,  Abu  Hamed,  At- 
bara,  Ed  Damer  (HH), 

»In  South  Africa,  called  '"The  Fowl  Tampan!"  (Theiler  1952A,B), 
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DISTRIBUTION 

A,  persicus  is  now  established  in  most  parts  of  the  world 
between  4,0ON.  and  4CPS.  as  a  result  of  transportation  of  poultry. 

In  Siberia,  this  tick  occurs  even  farther  north  than  55°^.  (Olenev 
1926.1927).  In  Argentina,  380S.  is  its  southern  limit  (Roveda 
19A.0;.  As  an  example  of  the  fowl  tick's  long  range  spread,  it  is 
said  to  have  been  introduced  into  New  Zealand  from  America,  Its 

initial  appearance  in  many  parts  of  the  world  is  believed  to  have 
been  during  early  Persian  conquests  though  the  species  did  not 
necessarily  originate  in  Persia  (Robinson  and  Davidson  1913A). 

Once  introduced,  the  fowl  tick  often  spreads  quickly  and 
widely,  as  it  has  done  in  Argentina  where  it  becajne  a  common  pest 
within  sixteen  years  after  first  reported  (Lahille  and  Joan  1931, 
Roveda  1940,  Lucas  1940).  In  the  United  States,  after  having  first 
been  collected  in  1872  in  southwestern  Texas,  its  dispersion  has 

been 'gradual  and  orderly"  (Parman  1926).  In  other  areas  it  occurs 
only  sporadically.  For  instance,  in  l-Iada^ascar,  A.  persicus  is 
said  to  be  restricted  to  the  western  coastal  lowlajids  and  absent 

from  the  central  uplands  (^k  1935,1948A,G).  In  Mauritius  it  is 
not  common  or  widely  spread  and  seldom  appears  in  large  numbers 
(Moutia  and  I'lamet  1947;. 

The  following  records  are  for  Africa,  Arabia,  and  outlying 
islands  only. 

NORTH  AFRICA;  EGYPT  (Savignyi  1826.  Audouin  1827.  Taschen- 
berg  15^.  t^eumann  1901,1911.  Nut  tall  et  al  1908.  Hirst  19U. 
Mason  1916.  Carpano  1929A,B,1935.  El  Dardiry  1945.  Said  1948. 
Fahny  1952.  Hoogstraal  1952A.  Floyd  and  Hoogstraal  1956.  Hurlbut 
1956.  Taylor,  Work,  Hurlbut,  and  Rizk  1956).  LIBYA  (ZLanon  1919. 
Franchini  1926,1929E.  Tonelli-Rondelli  1932A,D.  Gaspare  1933. 
Stella  19380).  TUNISIA  (Galli-Valerio  1909A,1911B,1914.  Comte 
and  Boiiquet  1909.  Blaizot  1910.  Neumann  1911.  Langeron  1912, 
1921).  ALGERIA  (Neumann  1901,1911.  Brumpt  and  Foley  1908.  Edm. 
Sergent  and  Foley  1910,1922,1939.  Hindle  1912.  Robinson  and 
Davidson  1913A.  Donatien  1925.  Catanei  and  Parrot  1926.  Foley 

1929.  Clastrier  1936).  MCROCCO  (Delano'S  1923.  Delano'S  and Lelaurin  1923). 

WEST  AFRICA;  NIGERIA  (Absence  of  A.  persicus:  Macfie  and 

Johnston  ifU.  Presence  of  this  tick:  "Mettam  1943).  GOID  COAST 

-  60_ 



(Stewart  1933,193^).     FRENCH  WEST  AFRICA   (Bouet  1909.     Brumpt 

1909B.     Rousselot  1951,1953B).     /"LIBERIA:     Absence  of  A.   persicus, Bequaert   (1930).  7    PORTUGESE  GUINEA   (Tendeiro  1951C,1952A,C  ^, 
1953,195/V). 

CENTRAL  AFRICA;     CA^EROONS   (I'fohn  1909.     Rageau  1953B).     BEL- 
GIAN CONGO  and  RUANDA-URUND I    (Ghesquiere  1919, 192U,B,  1922, 1928. 

Schwetz  1927A,B.     Beqiiaert  1930A,B,1931.     Gillaln  1935.     Schoenaers 
1951A).     No  records  seen  from  French  Equatorial  Africa, 

EAST  AFRICA:     SUDAN    (Neumann  1901.     As  A.  miniatus ;     Balfour 
1906.     Balfour  1906, 1907, 1908B, 1909, 1910,1911A,B,C,D,E,G, 1912. 
Nuttall  et  al  1908.     King  1908,1911,1921,1926.     Archibald  1923. 
Tonelli-RorSelli  1930A.     de  Beaurepaire  Aragao  1936.     Kirk  1938B. 
Hoogstraal  195AB). 

ETHIOPIA   (Neumann  1911).     ERITREA    (Franchini  1929E.     Niro 
1935.     Stella  1938A,1939A,19A0.     Ferro-Luzzi  19^8).     BRITISH  SOMALI- 
LAND    (Drake-Brockraan  1913B,1920.     Stella  1940).     ITALIAN  SOMALILAND 
(Brumpt  1909A.     Paoli  1916.     Franchini  1925,192gE.     Niro  1935. 
Stella  193 aA, 193 9A, 1940). 

KENYA   (Ajiderson  19/^2A,B.     Lewis  1931C,1939A.     Piercy  1948. 
Wiley  1953).     UGANDA   (Mettam  1932  stated  that  A.   persicus  was  then 

not  yet  reported,   but  Wilson  1950C  lists  it  as~present).     /"TANGA- NYIKA:    ?No  records. _7 

SOUTHERN  AFRICA:     ANGOLA  (Howard  1908.     Absence  in  San  Salvador: 
Gamble  1914.     Sousa  Dias  1950.     Bacelar  1950.     Santos  Dias  19503). 
MC£A14BIQUE    (Howard  1908,19090,1910.     Theiler  1943B.     Santos  Dias 
1953B,1954H). 

'•RHCDESIA'"    (Robinson  and  Davidson  1913A).     /"NCETHERN  RHCDESIA: ?No  records.  7    SOUTHERN  RHCDESIA   (Little  1919,1920.     Jack  1921, 

1928,1937,19158,1942.     Cooper  1944).     NYASAIAND    (De  Meza  1918A. Wilson  195OB). 

SOUTHWEST  AFRICA   (Tromsdorff  19U.     Sigwart  1915.     Warburton 

1921.     Mitscherlich  1941.     Schulze  1941).     BECHUANALAND    (As  '"tam. 
pans'":     '"J.G.'"   1943).     UNION  OF  SOUTH  AFRICA   (Lounsbury  1895,1899B, 
C,19OOA,B,C,1903B,1904D.     Donitz  190X,1910B.     Howard  1908,19090, 
1910.     Nuttall  et  al  1908.     Bourlay  1909.     Jowett  1910.     Neumann 
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1911.     Robinson  and  Davidson  1913A.     Bedford  1920,1926, 1927, 1932B, 
193^.     Du  Plessis  1932.     Robinson  and  Coles  1932.     Bedford  and 
Coles  1933.     Bedford  and  Graf  193^,1939.     Monnig  and  Coles  1934-, 
1936,1939,1940.    Coles  1933,194-5.    Cooley  1934.     des  Ugneris 
1939.     Mitscherlich  1941.     R.  du  Toit  1942B,C,1947A,B.     Gericke 
sind  Coles  1950.     Annecke  and  Quinn  1952). 

OUTIZE'IG  I3IAI03;     MURITIUS   (As  A.  mauritianus :     Guerin_ 
Meneville  1829-1843.     Neumann  1911.     De  Charmoy  1914,1915,1925. 
Moutia  and  Mamet  1947).     MADAGASCAR   (Recorded  by  Bf&ck  1935,1948A, 
C,1949.     Millot  1948  states  that  A.  persicus  does  not  occur  on 

Madagascar  but  ̂ {Ick  seems  to  have~deiinite  evidence  tnat  it  does, Hoogstraal  1953E).     REUNION   (Gillard  1947,1949).     SEYCHEUES 

(Millot  1948).    /"ZANZIBAR:     ?No  records ._7 
ARABIA;     YE>EN   (Hoogstraal,  ms.). 

HOST& 

A.  persictis  in  all  stages  is  chiefly  a  parasite  of  chickens. 
Ducks7  geese,  turkeys,  and  infrequently  pigeons,  are  attacked. 
This  parasite  often  becomes  so  numerous  in  fowl  houses  that  the 
birds  die  from  exsanguination.  Canaries  are  sometimes  attacked, 
ajid  in  South  Africa  young  ostrichs  have  been  killed  from  the  voL. 
urae  of  blood  lost  to  these  ticks. 

Wild  birds  may  be  infested  if  they  construct  large,  nvtmerous, 
or  fairly  permajient  nests  in  the  vicinity  of  human  activities. 
The  qxiestion  of  infestation  of  other  wild  birds  and  of  mammals  is 
a  most  uncertain  one.  Although  the  fowl  argas  does  parasitize  man 
on  occasion,  the  frequency  and  fierceness  of  these  attacks  have 
been  fancifully  exaggerated  and  enhanced  to  the  point  that  it  might 
even  seem  advisable  to  exterminate  Africa's  chickens  rather  than 

subject  mankind  on  this  continent  to  the  scourge  of  his  fowls* 
argasid  parasite. 

Wild  bird  hosts 

Rookeries  of  the  buff-backed  heron,  Bubulcu^  ibis  ibis, in 
parks  in  and  near  Cairo  (Hoogstraal  1952A^  and  heron  rookeries  in 
South  Africa  are  heavily  infested  (Theiler,  correspondence).  In 
the  Nile  Barrage  Park  near  Cairo,  literally  tens  of  thousands  of 
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fowl  ticks  in  all  stages  can  be  foiind  in  crevices  and  tinder  bark 
of  any  large  fig  tree  in  which  herons  roost  and  nest. 

In  Pakistan,  Abdxissalam  and  Sarwar  (1953)  foiind  freqiient  para- 
sitism of  vultures  and  common  herons  in  sixteen  kinds  of  trees  in 

which  these  birds  nest.  Other  birds  and  palm  squirrels  also  perch 
in  these  trees,  but  only  a  young  kite  was  found  infested,  (Whether 
smaller  birds  and  squirrels  were  examined  for  ticks  is  not  clear 
from  the  report).  On  trees  with  relatively  snooth  bark  and  few 
cracks,  ticks  extended  down  the  tnank  almost  to  the  ground,  but 
on  those  with  cracked  bark  they  concentrated  chiefly  in  the  upper 
branches  near  the  perches  of  their  hosts,   (in  the  Cairo  area, 
roiigh-barked  trees  harbor  tremendous  tick  populations  from  near 
the  roots  to  the  crown).  The  incidence  of  ticks  in  trees  harboring 
vultures  and  herons  was  much  higher  than  it  was  in  nearby  chicken houses. 

Specimens  have  occasionally  been  reported  from  isolated  nests 
of  wild  birds  and  on  groiond  birds  such  as  quail.  Howard  (1908) 
recorded  the  secretary  bird  and  Bedford  (193A.)  the  gtiinea  fowl  as 
wild  hosts.  Theiler  (unpublished)  informs  me  of  the  following  South 
African  records:  wattled  crane,  hadada  ibis,  and  pelican.  King 
(1926)  reported  the  guinea  fowl,  buff- backed  heron,  and  crow  as 
wild  hosts  of  the  larval  stage  in  the  Sudan.  Speciiosns  from  gviinea 
fowl  at  Khartoum  (SGC)  probably  came  from  zoological  garden  hosts. 

Identification  of  larvae  from  wild  birds  that  construct  iso- 
lated nests  and  that  do  not  live  close  to  human  habitations  should 

be  regarded  with  suspicion  if  these  larvae  have  not  been  identified 
by  a  contemporary  expert  in  argasids.  Larvae  of  related  species 
closely  resemble  those  of  A.  persicus.  Wild  bird  parasites  are  so 
poorly  known  that  the  presence  of  argasid  larvae  on  them  shoxad  be 
a  hint  to  consider  rare  or  poorly  known  tick  species  before  con- 

cluding definitely  that  those  found  are  A,  persicus.  The  mouthparts 
of  larvae  pulled  from  birds  are  usually  "Broken  unless  extreme  cau- tion is  exercised  and  the  body  characters  are  frequently  obscured 
by  engorgement  so  that  it  is  difficult  to  identify  the  material. 

Wild  Mammal  Hosts 

Apparently  the  only  authentic  report  for  the  fowl  tick  from  a 
wild  mammal  is  a  note  of  three  adults  from  a  Texas  jack  rabbit 
shot  in  19O6  (Hooker,  Bishopp,  and  Wood  1912). 
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Domestic  Maimnal  Hosts 

Howell,  Stiles,  and  Moe  (19A-3)  believe  that  A,  persicus  may 
feed  on  cattle  ncre  coraraonly  than  is  generally  suspected  but 

reasons  for  this  assumption  are  not  presented.  This  tick  has  been 

vaguely  reported  from  Persian  animals  (Alviimov  1935)  and,  on  the 
basis  of  a  museum  specimen  label,  from  cattle  in  the  Congo  (Schwetz 

1927B),  Hoffman  (1930),  apparently  from  personal  information,  sta- 

ted that  in  Mexico  A.  persicvis  may  bite  animals  and  man  in  the  ab. 

sence  of  fowls.  In~the  United  Provinces  of  India,  Sen  (1938) 
listed  this  species  '"off  dog"".  Various  workers  have  reported  that 

they  were  unable  to  induce  the  fowl  argas  to  feed  on  laboratory  or 

domestic  animals,  or,  if  some  blood  was  taken,  the  meal  was  only 
a  partial  one. 

Human  Hosts 

Authentic  records  of  A.  persicus  attacking  man  in  almost  all 

instances  stress  the  infreqviency  of  such  experiences.  Reports  in 

certain  textbooks  of  nedical  entomology  that  the  fowl  tick  is  an 

important  pest  of  man  or  even  '"a  veritable  scourge     in  the 
Sudan  and  South  Africa'"  (I)  are  without  the  slightest  foundation 
(see  below). 

In  the  Svidan,  King  (1926)  reported,  A.  persicus  rarely  bites 

man.  Several  nymphs  and  adults  in  Sudan  Government  collections 

are  labelled  '»from  Yemenese  man,  Suakin,  7-3-09,  0.  Atkey".  The 
inference  is  that  the  specimens  were  taken  on  the  person.  The 

numerovis  Kosti  specimens  already  mentioned  in  Sudan  records  arouse 

suspicion  that  this  species  have  been  a  pest  in  houses  there  at 

one  time.  My  own  inquiries  in  many  parts  of  the  Sxidan  and  from 

reading  a  considerable  number  of  travel,  medical,  and  natural 

history  reports  of  the  Sudan  have  failed  to  reveal  any  indication 

that  A.  persicus  is  known  as  a  human  pest  anywhere  in  the  Sudan. 

In  South  Africa,  Bedford  (1934-)  wrote,  A.  persici:is  seldom  at- 

tacks man,  Lounsbury  (19003,19038)  recorded~a  severe  bite  on  a 
person  in  Graaff-Re inert,  and  stated  that  he  had  heard  of  two  other 

persons  who  were  bitten,  but,  especially  in  the  former  paper,  he 

minimized  the  importance  of  A.  persicus  as  a  pest  of  people,  as  did 

Behr  (1899)  for  California.  "Howard  (1909C),  however,  heard  of  a South  African  cart  that  had  been  stored  in  an  old  infested  chicken 

house;  '"no  one  was  able  to  ride  in  it  afterwards'*.  In  Southern 
Rhodesia,  A.  persicus  is  pre-eminently  a  fowl  parasite  (Jack  1921), 
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Drake-Brockman  (1913B,1920;  stated  that  this  tick  is  found  in 
or  near  huts  in  British  Somaliland  but  that  it  does  not  bite  man 
there.  From  the  United  Provinces  of  India,  Sen  (1938)  noted  A. 
persicus  '"on  bed  (presumably  can  infest  man>".  '"This  species~was reported  from  Quetta  (India)  where  it  was  stated  to  infest  houses 
and  to  bite  human  beings'"  (Warburton  1907).  As  stated  above, 
Hoffman  (1930),  remarked  that  in  Mexico  A.  persicus  may  bite  man 
and  animals  in  the  absence  of  fowls,  but"details  were  not  provided. In  Korea,  Kbbayashi  (1925)  '"examined  certain  specimens  of  Argas 
persicus   said  to  have  stung  meri".  —  — 

Old  Iranian  (Persian)  reports  that  A,  persicus  is  such  a  pest 
of  human  beings  that  whole  villages  have'had  to  be  mjved,  so  wide- ly quoted  from  Nuttall  et  al  (1908)  who  reviewed  the  earlier  liter- 

ature, hardly  bear  contemporary  repetition.  The  evidence  in  all 
cases  is  circumstantial  and  based  on  hearsay.  That  these  fables 
should  have  gained  the  stature  of  serious  fact  in  mast  books  of 
medical  entomology  is  a  reflection  on  methods  of  textbook  fact- 

finding. One  writer  has  even  gone  so  far  as  to  throw  in  for  good 
measure  a  large  part  of  the  African  continent  as  a  scourged  area. 
Since  1890  there  has  been  hardly  a  single  published  eyewitness  or 
corroborated  report  of  Argas  persicus  biting  human  beings  that  has 
not  referred  merely  to  is^lSted  instances.  Though  some  bites  have 
been  described  as  painful,  only  one  or  two  have  been  shown  to  cause other  sequelae. 

Twentieth  century  Iran  has  not  provided  evidence  to  corrobo- 
rate the  early  apparent  misrepresentations  concerning  the  fowl 

tick.  Carre  (1909),  in  reporting  on  the  frequency  of  larval  at- 
tacl^  on  chickens  in  Teheran  did  not  mention  that  man  is  attacked. Harold  (1922)  expressed  the  belief  that  Ornithodoros  lahorensis 
Neumann  is  actually  responsible  for  paini'ul  bUes  attribuiec!  io  A. 
persicus  in  Iran /-cf.  also  Harold  (1920)/.  Dr.  Baltazard,  Dire"^ tor  oT^he  Pasteur  Institute  in  Teheran,-an  outstanding  student of  argasid  ticks  and  of  their  disease  relations,  informs  me  that he  knows  of  no  troubles  from  A.  persicus  in  Iran  so  far  as  human 
beings  are  concerned.  Delpy  Tl9^%)  observed  large  numbers  of  A. 
|ersicus  and  0.  lahorensis  in  and  around  peasant  houses  and  sta^Bles 
near  I'ersepolis  m  Iran  but  he  did  not  mention  bites  of  either  spe- 

cies.^ Delpy  and  Kaweh  (1937),  however,  record  an  actual  observaT^ 
no+o/«  ?^        ̂    laboratory  person  who,  when  washing  his  hands, noted  a  large  nymphal  fowl  tick  biting  him.  The  bite  was  painless 

SLtal^StterbJTS'att^ac^^^'  ''   ̂ ^^^'  de^ns
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In  Palestine,  Nicholson  (1919)  and  Dunlop  (1920)  attributed 

human  relapsing  fever  to  bites  of  A.  persicus.  Their  reports 

were  based  entirely  on  circumstantial  evidence  ̂ cf .  also  Balfoiir 

(1920A,B),  Woodcock  (1920),  MacKenzie  (l920),  etc_.7.  Experimental 
evidence  negates  this  probability. 

Members  of  my  staff  and  I  on  several  occasions  have  questioned 

people  who  spend  much  time  in  heavily  infested  parks  and  houses  in 
and  near  Cairo  without  finding  anyone  who  acknowledged  being  bitten. 

Apparently  reliable  accoimts  of  A.  persicus  infesting  human 

huts  in  which  chickens  are  also  kept, "and  not  infrequently  biting 
persons,  are  those  of  Sergent  and  Foley  (1910,1922,1939)  from  kL. 

geria.  Natives  there  refer  to  fleas  and  to  the  fowl  argasid  by 

the  same  name.  Although  the  ticks  are  frequently  associated  with 

cases  of  human  relapsing  fever,  they  were  proven  by  these  observers 

to  have  a  negative  role  in  the  transmission  of  spirochetes  causing 
the  disease. 

There  are  a  few  scattered,  apparently  authentic  reports  of  A. 

persicus  biting  man  outside  of  Africa.  One  such,  a  vivid  descrip- 

tion  enhanced  by  illustrations  of  the  tick  and  of  dark  weals  where 

the  human  victim  was  bitten,  has  been  reported  from  Romania  by 

Ciurea  and  Stephanescou  (1929).  The  attacks  occurred  inexplicably 

in  the  upper  stories  of  a  new  concrete  apartment  house  and  no 

chickens  or  pigeons  were  known  to  have  been  associated  with  the 
buildings. 

With  regard  to  the  lively  accomt  of  attacks  by  "A.  persicus" 
on  indigent  persons  in  Chile  (Porter  1928),  see  A.  reflexus,  p.  77. 

Reptile  and  Amphibian  Hosts 

Although  A.  persicus  always  shows  a  predilection  for  avian 

blood,  it  will"feed  on  toads  if  the  skin  of  these  animals  is  warmed, 
according  to  Galli- Valeric  (1911B).  The  blood  is  probably  toxic 
for  the  ticks  die  afterwards. 

The  record  of  A.  persicus  from  a  tortoise  in  Iran  (l-lichael 

1899)  is  most  probably  based  on  misidentification  or  incorrect 

or  incomplete  specimen  labelling. 
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Infestation  of  Human  Habitations  (Africa) 

African  records  of  A.  persicxxs  in  huts  of  indigenous  people 
(inferred  presence  of  chickens  in  some  huts)  are:  Annecke  and 
Ciuinn  (1952)  for  South  Africa,  Drake-Brockman  (1913)  for  SomalL. 
land,  Sergent  and  Foley  (1919,1922,1939^  for  Algeria,  and  Sudan 
records  above.  Lounsbury  (19038)  stated  that  the  fowl  tick  seldom 
occurs  in  South  African  houses  unless  chickens  are  kept  close  by. 

BIOLOGY 

Life  Cycle 

Among  the  many  references  to  some  phase  or  other  in  the  life 
cycle  of  A,  persicus,  some  of  the  more  important  are:  Lounsbury 
(1903B)  for  South  Africa,  Nuttall  et  al  (1908)  for  laboratory 

observations,  Olenev  (l92aA)  for  t"ne  Saratov  area  of  Russia,  Roveda (1940,1950)  for  Argentina,  Bodenheimer  (1934)  on  temperature  and 
humidity  tolerance,  and  Zuelzer  (l920A,B,192l)  on  feeding,  excre- 

tion, and  life  cycle.  Hooker,  Bishopp,  and  Wood  (1912)  contributed 
a  detailed  study  of  the  life  cycle  in  southern  United  States  and 
reviewed  earlier  literature.  These  authors  also  provided  data  on 
growth  and  size  of  the  fowl  tick. 

The  life  cycle  in  general  under  favorable  conditions  requires about  four  months. 

Larvae  attach  usually  to  the  base  of  the  host's  wing.  They 
feed  there  for  five  to  ten  days  before  dropping  from  the  host  and 
seeking  shelter.  Nymphs  and  adults  become  satiated  in  from  five 
minutes  to  two  hours  and  then  seek  a  sheltered  place  iri  the  build- 

ing, yard,  or  tree  in  which  they  secrete  themselves.  Feeding  is 
usually  done  at  night,  sometimes  in  subdued  light,  seldom  if  ever in  strong  light. 

Coxal  fluid  is  emitted  within  a  few  minutes  after  engorgement 
is  complete  and  often  while  the  tick  is  stationary  or  moving  about 
the  host,  but  only  infrequently  while  the  ncuthparts  aj-e  still  ia. 
serted  in  the  host's  skin. 
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Digestion  is  extremely  slow  and  fowl  blood  may  be  identified 
by  the  precipitin  test  for  at  least  23  months  after  ingestion 
(Gozony,  Hindle,  etnd  Ross  1914). 

The  following  notes  are  chiefly  from  Hooker,  Bishipp,  and 
Wood  (1912).  Many  more  details  may  be  found  in  their  report. 

Usually  females  oviposit  after  each  meal,  which  may  number 
up  to  six  or  seven  in  a  lifetime.  Under  exceptional  conditions, 
a  female  may  require  two  blood  meals  before  laying  eggs.  The 
greatest  number  of  eggs  deposited  after  the  first  few  blood  meals 
increases  progressively  from  195  to  646,  but  decreases  after  sub- 

sequent feedings  to  as  few  as  47  eggs  following  the  seventh  or 
last  feeding.  The  average  nvimber  of  eggs  laid  after  each  engorge- 

ment was:  first,  131;  second,  159;  third,  133;  fourth,  110;  fifth, 

97;  sixth,  95;  seventh,  47.  Eggs  are  laid  in  the  adult  tick's retreat, 

Ovi position  generally  commences  four  to  ten  days  after  feeding, 
in  stimmer  sometimes  as  early  as  the  third  day.  In  winter  or  in  the 
absence  of  males,  egg  laying  may  be  delayed  for  weeks  or  months, 
Oviposition  of  moderately  large  batches  continues  over  a  six  to  ten 
day  period  but  only  three  days  are  required  for  depositing  a  small 
niimber  of  eggs.  In  nature  it  appears  that  the  fowl  argas  seldom 
engorges  and  oviposits  more  than  five  times,  unless  females  com- 

mence feeding  early  in  the  spring. 

Incubation  of  eggs  extends  over  an  eight  to  eleven  day  period 
in  warm  summer  weather,  but  in  cooler  climates  or  seasons  this  pe- 

riod is  extended  to  three  weeks  or  even  longer. 

As  stated  above,  larvae  generally  feed  for  from  five  to  ten 
days,  but  they  may  complete  engorgement  in  three  or  four  days,  and 
Rohr  (1909)  recorded  two  days.  There  is  some  indication  that  qviiet, 
setting  hens  allow  the  greatest  number  of  lai;^ae  to  thrive,  and 
that  different  breeds  of  hosts  exert  no  influence  on  larval  deveL- 

opment.  In  NA1'EU_3  laboratories,  Dr,  Herbert  S.  Hurlbut  (unpub- 
lished J  is  finding  that  only  a  moderate  number  of  larvae  kills 

chickens  used  in  his  experiments,  apparently  not  doing  so  by  trana- 
mission  of  pathogenic  orgamsms  or  by  exsanguination.  Nymphs  and 
adults  resvilting  from  these  larvae  have  no  observable  deleterious 
effect  on  their  hosts.  Reasons  for  this  exceptional  larval  toxic- 

ity have  not  yet  been  ascertained, 
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Larvae  survive  tinfed  for  over  five  months  in  cool  weather,  but 
in  Texas  during  midsummer  they  succumb  in  about  two  months.  At  30^C, 
and  1%   R.H.,  unfed  Egyptian  larvae  survive  for  up  to  thirty  days 
(H.  S.  Hurlbut,  personal  communication). 

Larvae  molt  to  nymphs  in  warm  summer  weather  about  four  days 
following  completion  of  feeding. 

Nymphs  usually  feed  twice,  in  a  matter  of  half  an  hour  (some- 
times two  hoxurs)  and  molt  a  week  or  two  (sometimes  longer)  after- 

wards. Some  nymphs  \indergo  a  third  molt  before  reaching  adulthood; 
this  phenomenon  cannot  be  correlated  with  sex,  food  supply,  or 
climatic  conditions.  Unfed  second  instar  nymphs  survive  up  to  a 
year  but  first  instar  nymphs  are  known  to  live  for  only  up  to  nine 
months . 

Female  feeding  has  been  discussed  above.  Copulation  is  simi— 
lar  to  that  described  for  0,  moubata  (page  134) • 

Adults  may  live  as  long  as  three  years  without  food  (LabovO— 
bene  1881 )  but  this  appears  to  be  exceptional.  Unfed  adiilts  gen- 

erally succumb  more  rapidly  than  engorged  adults,  which  normally 
appear  to  live  from  five  to  thirteen  months,  but  which  may  on  oc- 

casion survive  longer. 

Besides  being  a  particularly  intriguing  sttidy  for  some  workers, 
the  ability  of  the  fowl  tick  to  withstand  starvation  for  long  pe- 

riods no  doubt  axjcoxmts  in  part  for  its  wide  distribution  ajid  large 
numbers.  Observations  made  by  Newman  (1924.)  on  longevity  without 
food  were  summarized  as  follows:  Test  1:  An  isolated  female  lived 

two  years  and  three  months,  (2)  it  produced  fertile  eggs  four  months 
after  isolation,  and  (3)  larvae  lived  for  three  months.  Test  2; 
(l)  MELles  died  four  months  after  isolation,  (2)  first  female  died 
after  two  years  and  four  months,  (3)  two  females  lived  three  years, 
(4)  three  females  lived  fovu:  years,  and  (5)  the  maximum  time  a  fe- 

male lived  was  four  years  and  five  months.  Removal  of  fowls  from 
a  hotise  or  yard  is  in  Itself  of  little  use  in  ridding  the  premises 
of  ticks. 

Larval  survival  without  food  for  228  days  at  22°C.  to  26°C. 
and  90^  to  10Q&  relative  humidity  was  reported  by  Roveda  (194-0), 

At  temperatures  of  37°C ,  to  38*^ ,  and  at  relative  humidities  of 
Z'Sja   to  10Q&  larval  survival  was  reduced  to  an  average  of  50  days, 
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Ecology 

All  stages  congregate  on  walls,  in  crevices,  or  between  boards 
of  poultry  houses.  Around  Cairo  we  find  literally  tens  of  thousands 
under  loose  bark,  in  crevices,  and  on  the  trunks  of  trees  in  city- 
park  heron  rookeries.  Trees  in  which  chickens  roost  are  frequently 
reported  as  hiding  places  for  A.  persicus.  Other  habitats  have 
been  discussed  under  HOSTS  above. 

The  ability  of  eggs,  larvae,  nymphs  and  adults  to  withstajid  a 
wide  range  of  temperature  and  humidity  conditions  has  been  sttodied 
by  Bodenheimer  (l93/k).  Fifty-nine  observations  of  nymphs  and  adults 

in  temperature  gradients  ranging  from  2°C,  to  ̂ 7,7°C.  failed  to  ex- 
hibit a  significant  response  to  changing  temperature  stimuli.  While 

the  vital  optimum  of  the  egg  stage  is  2CPC,  and  8C^  relative  hvimid- 
ity,  the  tolerance  to  fluctuating  climatic  factors  is  remarkably 
great.  Even  at  2Q6  relative  humidity,  mortality  is  only  slightly 
greater  than  at  optimum  conditions  of  environmental  moisture.  The 
thermal  constant  for  the  egg  stage  is  316  day-degrees.  At  temper- 

atures of  from  33°C,  to  180C.,  eggs  hatch  in  from  10,5  days  to  33.3 
days  (from  highest  to  lowest  temperature),  Temperatxrres  of  15°C, 
and  below  inhibit  egg  hatching.  At  high  temperature  (33°C.),  a 
relative  hxomidity  of  at  least  6Q&  is  necessary  for  hatching.  At 

noderate  temperature  (l8°C,  to  27°G,),  there  is  little  difference 
in  numbers  of  larvae  hatching  from  eggs  maintained  at  varioiis  per- 

centages of  relative  hiimidity  ranging  from  twenty  to  a  hundred. 

The  ability  of  A,  persicus  to  withstand  desiccation  and  high 
temperatures  has  been  studied  by  Lees  (1947)  in  his  excellent  re- 

search on  transpiration  aiid  epicuticle  structure  in  ticks. 

In  Argentina,  the  optimum  temperature  for  egg  hatching  is  said 
to  be  between  22°G.  and  38°C,  with  relative  humidity  from  90^  to 
10Q6,  Mortality  increased  from  U»^%   under  the  above  conditions 

to  22, U%   at  370c.  and  806  to  9555  relative  humidity.  ̂ Roveda 
(1940)_7 

It  appears,  from  these  observations  as  well  as  from  the  com- 

paratively great  adaptability  of  this  species  as  demonstrated  by 

its  wide  geographical  range,  that  Argas  persicus  is  less  restricted 

by  higher  humidity  factors  than  are  many  other  argasids. 
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In  cold  climates  siich  as  Saratov,  Russia,  development  occirrs 

only  at  temperatures  over  20^0.  Exposure  to  high  humidity  (pre- 
svunably  at  cold  temperatures)  kills  the  ticks  (Olenev  1926,1928a). 

The  presence  or  absence  of  A.  persicus  in  coastal  areas  fre- 
quently is  referred  to  in  liter atiire.  Loimsbury  (1903B)  stated 

that  A.  persicus  is  everywhere  common  in  South  Africa,  including 
coastal  towns  and  areas.  Howard  (1908)  reported  that  in  South 
Africa  this  tick  is  common  except  near  the  coast  and  that  the  same 
distributional  pattern  had  been  reported  from  Australia.  Records 
from  a  number  of  other  localities  indicate  that  the  fowl  tick 
does  indeed  inhabit  coastal  areas.  For  instance,  Theodor  (1932) 

reports  this  species  especially  common  along  the  l-Iediterranean 
coast  and  in  Jordan  Sea  areas  of  Palestine.  In  Egypt,  we  find 
it  commonly  in  coastal  villages  and  cities.  We  have  also  found 
cast  nymphal  skins  at  Djibouti,  the  seaport  of  French  Somaliland, 
It  occurs  at  Port  Sudan  on  the  Red  Sea  coast  of  Sudaji  (Siidan  Gov- 

ernment Collection  record)  and  at  Hodeida  on  the  opposite  coast 
in  Yemen  (Hoogstraal,  ms.).  In  Reunion,  Gillard  (1949)  reported 
the  fowl  tick  particularly  common  on  the  coast,  and  in  Madagascar 
it  occurs  chiefly  in  coastal  areas  (Buck  1935»194-8A,C). 

Concerning  altittidinal  range,  A.  persicus  is  frequently  re- 
ported as  common  in  lowlands  and  rare  or  absent  in  highlands.  In 

mountains  of  the  Sinai  Peninsiila  of  Egypt  we  find  numeroiis  speci— 
mens  at  elevations  up  to  6000  feet. 

Lewis  (1939A)  stated  that  in  Kenya  A.  persicvis  is  present  only 
in  Eiiropean  areas.  This  is  certainly  not  true  for  the  Sudan,  where 
chicken  flocks  of  many  remote,  indigenous  tribes  have  been  known  to 
be  infested  for  half  a  centviry.  More  recently,  Wiley  (1953)  indi- 

cated that  the  fowl  tick  is  increasing  its  rajige  in  Kenya. 

An  apparent  negative  geotropism  displayed  by  ttnfed  larvae 
reared  from  adults  collected  from  trees  serving  as  a  heron  rookery 
has  been  observed  by  Dr.  H.  S.  Hvirlbut  at  NAMRU_3,  Cairo.  At  the 
same  time,  larvae  from  adults  collected  from  chicken  houses  ap- 

peared to  show  a  positive  geotropism.  The  Fj.  larvae  of  adults 
from  heron  rookeries  were  inclined  to  prefer  herons  rather  than 
chickens  as  hosts  and  the  reverse  appeared  true  for  larvae  from 
adults  from  chicken  houses.  Informal  as  these  observations  are, 
they  suggest  an  interesting  research  problem. 
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DISEASE  RELATIONS 

MAN:  Reported  seqiielae  of  the  fowl  argas*  bite  range  from 
itching  to  death.  Actually,  there  are  no  trustworthy  accounts 
of  severe  illness  resulting  from  a  fowl  argas  bite.  Anthrax 
(Bacillus  anthracis),  however,  has  been  transmitted  to  man  by  the 
bite  of  this  tick  in  the  laboratory  on  one  known  occasion.  Speci- 

mens have  been  experimentally  infected  with  pleigue  (Past eure  11a 
pestis)  and  with  yellow  fever  virus.  A.  persicus  has  been  reported 
m  textbooks  and  discussion  papers  to  Transmit  human  relapsing 
fever  (Borrelia  spp. )  but  there  does  not  appear  to  be  a  shred  of 
conclusive  evidence  to  support  this  claim.  Experimental  studies 
to  date  negate  this  possibility.  The  little  work  done  on  A.  per- 

sicus in  relation  to  typhus  has  gone  only  far  enough  to  show  that 
the  etiologic  agent  (Rickettsia  prowELzeld.iJ  survives  in  the  tick 
for  ten  days.  The  fowl  tick  is  susceptible  to  parenteral  infec- 

tion with  West  Nile  virus  but  does  not  transmit  the  virus, 

FOWIS:  The  fowl  argas  is  frequently  so  numerous  that  birds 

are  killed  by  exseinguination.  Spirochetosis  /"Borrelia  anserina 
(=  B.  gallinarum)  ~}  of  chickens,  ducks,  geese,  turkeys  and  canaries is  a  serious  disease  transmitted  by  A,  persicus  nearly  everywhere 
that  it  is  found,  but  not  everywhereT  Fowl  piroplaismosis  (Aegypt- 
ianella  ptillorum)  is  also  transmitted  by  the  fowl  argas,  which  also 
has  been  suggested  to  be  a  vector  of  Grahamella  gallinarum,  A 
condition  called  fowl  paralysis  by  some  students  and  tick  paradysis 
by  others,  due  possibly  to  a  toxin  from  the  tick,  sometimes  occurs 
after  bites.  Chicken  cholera  or  fowl  plague  (Pasteurella  avicida). 
may  cause  the  death  of  birds  that  eat  infected  ticks,  Virvis  in- 

duced fowl  tumors  are  not  transmitted  by  bites  of  the  fowl  argas. 
See  next  paragraph. 

WIID  BIRDS:  Populations  of  this  tick  from  Egyptian  rookeries 
of  the  bvtff-backed  heron  or  cattle  egret  have  been  found  infected 
with  Salnonella  typhimurium,  but  others  from  chicken  yards  were 
negative  for  Salmonella  spp. 

CATTIE:  Sticcessftil  experimental  transmission  of  anaplasmosis 
(Anaplasma  marginale )  by  A,  persicus  has  been  reported. 
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MISCELIANEOUS:  It  has  been  clained  that  West  African  speci- 
mens have  been  found  infected  with  Q;  fever  (Coxiella  burnetii). 

In  Egypt,  the  fowl  argas  is  infected  with  one  or  more  virtises 
distinct  from  West  Nile  but  otherwise  unidentified. 

REMARKS 

An  excellent  and  detailed  study  of  the  internal  and  external 
morphology  of  A.  persicus  has  been  presented  by  Robinson  and  David- 

son (l913A,B,l^Uil,  and  by  Patton  and  Cragg  (1913).  An  earlier 
work  is  that  of  Heller  (I858).  Rohr  (1909)  reported  on  life  cycle 
and  biological  studies  in  Brazil,  and  included  a  few  photomicro- 

graphs of  internal  organs.  Regeneration  of  broken  appendages  has 
been  reported  by  Hindle  and  Cunliffe  (19U)  and  by  Nuttall  (1920B). 
Sensory  perceptions  have  been  studied  by  Hindle  and  Merriman  (1912), 
The  coxal  cymatium  of  A.  persicus  has  been  discussed  by  Schulze 
(1936a),  who  also  (l9Al)  described  and  illustrated  the  haller»s 
organ,  Micks  (1951)  gives  an  account  of  a  convenient  rearing 
technique  and  life  cycle  observations  and  Sapre  (1943)  described 
his  method  for  laboratory  rearing.  Immunity  of  chickens  to  bites 
of  the  fowl  argas  has  been  studied  by  Trager  (19^0).  Antlcoag\ilin 
in  the  salivary  glands  and  gut  has  been  reported  by  Nuttall  and 
Strickland  (1909)  and  by  Cornwall  and  Patton  (19U).  The  salivary 
glands  have  been  described  and  illustrated  by  Heller  (I858)  and 
Elmassian  (1910). 

Larvae  of  clothes  moths,  Tineola  biselliella,  have  been  ob- 
served attacking  living  larvae  of  A.  persicus  in  laboratory  colo- 

nies (Volimer  1931).  ~ 

According  to  Zuelzer  (1921),  A.  persicus  and  A.  reflexus  mate 

and  prodvjce  fertile  offspring.  We~have  been  unabie  to  duplicate these  results  in  our  Cairo  laboratories. 

Observations  on  the  bacteriostatic  factors  in  blood-engorged 
ticks,  incliiding  A.  persicus  (Anigstein,  Whitney,  and  Micks  195QA, 
B),  prompted  f urtEer  studies  showing  that  bacterial  growth  inhi- 

bition in  vitro  is  comparable  with  the  phenomenon  induced  by  anti- 

biotic s"~XWHKney,  Anigstein,  and  Micks  1950)  and  that  a  blood hydrolysate  called  sanguinin  is  responsible  (Micks,  Whitney,  and 
Anigstein  1951).  This  subject  is  reviewed  under  0.  moubata  (page 

178).  
-     "^^ 
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Symbiots  of  A.  persicus  have  been  described  in  some  detail  by 
Cowdry  (1925C,192Sa.,1927J  and  by  Jaschke  (1933). 

The  subgenus  Argas  is  tentatively  defined  as  follows: 

'"Parasites  chiefly  of  fowls,  MorphologicsQ.  characters  entirely 
of  genus  Argas.  Sutural  line  (i.e.  lateral  groove)  encircling  body. 
With  a  flattened  body  flange  morphologically  differentiated  dorsal— 
ly  and  ventrally  by  a  row  of  quadrate  cells  or  by  fine  striations 
or  wrinkles;  body  shape  elongate.  Integument  finely  wrinkled; 

discs  conspicuous,  radially  distributed;  lacking  ventral  "paired 
organ'".  Hood  lacking;  mouthparts  posterior  of  anterior  body  margin 
by  a  distajice  about  equalling  their  own  length.  Legs  moderate; 

tarsal  humps  lacking"*, 

A,  reflexus  was  designated  as  the  type  species  of  the  genus 

Argas^by  Latreille  (1802)  and  is  so  considered  by  Cooley  and  Kohls 

TOZZ)  and  by  Pospelova-Shtrom  (1946)  /"Nuttall  et  al  (1908)  pre- ferred to  use  A,  persicus  7,  A.  reflexus  would , Therefore ,  also 
be  the  type  species  of  the  subgenus  Argas, 

The  size  of  each  stage  and  of  each  sex,  engorged  and  iinengorged, 
has  been  reported  by  Hooker,  Bishopp,  and  Wood  (1912)  and  by  Campania- 
Rouget  (1954). 

IDENTIFICATION 

A,  persicus  is  easily  recognized  by  characters  listed  above 
for  the  subgenus  Argas,  with  the  restriction  that  its  dorsal  and 

ventral  periphery  is  marked  by  a  row  of  quadrate  '"cells'*  (fine 
striations  in  A.  reflexus). 

The  male  is  seldom  over  5.0  mm,  long  and  has  a  semicircular 
genital  aperture .  The  female  neasures  from  4.0  mm,  to  11.0  ram, 
long  and  has  a  narrow,  transverse  genital  aperture. 

Nymphs  are  similar  to  adults  except  that  they  lack  a  genital 
aperture  although  advanced  instars  may  have  a  shallow  depression 
in  its  place. 

Larvae  are  nicely  illustrated  in  variovis  editions  of  £rumpt's 
Precis. 
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ARGAS  (ARGAS)  REFIBCUS  (Fabricius,  179^). 

(Figures  17,18,29  and  30) 

THE  PIGEON  ARGAS 

L   N   5   cf      EQUATORIA  PROVINCE  RECCRDS 

2   11    Juba     domestic  pigeon  cote  Nov 
1  Juba     domestic  pigeon  cote  Jan 

These  specimens  were  collected  in  19^9  and  1950  but  subsequent- 
ly we  have  been  unable  to  find  the  pigeon  argas  in  Juba  or  elsewhere 

in  the  Sudan,  These  few  may  have  been  remnants  of  stragglers  or  of 
a  small  number  of  introduced  individuals.  If  it  is  a  normal  inhab- 

itant of  the  Stidan,  the  pigeon  argas  is  sporadic  and  rare  here.  No 
other  specimens  are  known  from  the  Ethiopian  Faunal  Region,  except 
those  reported  by  Rousselot  (1951,1953B)  from  French  West  Africa 
6md  one,  possibly  this  species,  from  Kenya  (Heisch  195AB), 

DISTRIBUTION 

Argas  reflexus  appears  to  be  a  Near  or  Middle  Eastern  tick 
that  has  spread  northward  through  Europe  and  Southwestern  Russia 
and  eastward  to  India  and  elsewhere  in  Asia  (the  status  of  related 
species  or  subspecies  in  Asia  requires  further  study).  It  may  have 
been  accidentally  introduced  into  a  few  localities  in  the  Ethiopian 
Faunal  Region  north  of  the  Equator  and  to  parts  of  the  Americas, 
IT  so,  transportation  of  infested  domestic  pigeons  undoubtedly  has 
been  responsible  for  this  range. 

NCBTH  AFRICA;  EGYPT  (El  Dardiry  1935.  Hoogstraal  1952A, 
Taylor,  Work,  Hurlbut,  and  Rizk  1956),  ALGERIA  (Nuttall  et  al 

1908,  Neumann  1911.  Presence  not  subsequently  verified JT" 
/"Unknown  in  Tunisia  (Colas-Belcour  1929B)_J7 

WEST  AFRICA;  FREICH  WEST  AFRICA  (Rousselot  1951,1953B  from 
Bamako,  Soudan J. 
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EAST  AFRICA;  SUDAN  (Hoogstraal  1952A,195AB). 

^?KENYA:  Heisch^s  (195AB)  specimen  may  represent  a  closely 
related  species  ,_7 

NEAR  EAST;  A.  reflexus  has  been  reported  from  Palestine 

(Theodor  1932 ;,  Turkey  (Vogel  1927,  Kurtpinar  195^!^)  and  Iran  (Delpy 
194-VB),  Its  occtirrence  in  intervening  areas  is  to  be  expected, 

FAR  EAST;  According  to  Sharif  (1938),  this  tick,  as  variety 
indicus  Warbiirton,  is  an  important  pigeon  parasite  all  over  India. 

EUROPE;  In  Europe,  A,  reflexus  is  generally  distributed  and 
extends  at  least  as  far  north  as  Denmark  (Christiansen  193A.).  It 
occurs  also  in  the  British  Isles,  The  Russian  range  of  this  tick 
is  said  to  be  confined  to  the  Caucasus,  Crimea,  and  areas  bordering 
southern  Europe  (Pavlovsky  19A.8^,  but  Olenev  (1929A,B,C  ,1931A,B,C) 
also  includes  Middle  Asia  and  western  Siberia,  Oswald  (1939)  did 
not  find  the  pigeon  tick  in  Yugoslavia, 

/"AMERICAS;  Cooley  and  Kohls  (19-^.)  list  western  United  States ajid  Columbia  as  collecting  localities  for  ticks  that  they  call  A, 
reflexus  but  that  show  morphological  differences  of  yet  vmknown 
importance  as  species  indicators,  7 

HOSTS 

Domestic  pigeons  are  the  chief  host  of  A,  reflexus  and  are 
mentioned  by  all  authors,  Man  is  frequently  attackeil,  especially 
in  the  vicinity  of  long  unoccupied  pigeon  cotes.  Chickens,  horses, 
and  (in  America,  see  above)  wild  birds  such  as  the  condor,  swallow, 
and  screech  owl  (Cooley  and  Kohls  19^4)  have  been  listed  as  hosts. 
In  the  laboratory,  axiy  usually  available  mammal  may  serve  as  host. 

The  literatiore  contains  niiraerous  reports  of  A.  reflexus  biting 
man  and  the  painfixl  sequelae  of  these  attacks.  Although  the  pigeon 
argas  is  mostly  strictly  associated  with  pigeons,  the  exigencies  of 
its  domestic  existence  drive  it  to  attack  persons,  possibly  more 
frequently  than  does  A,  persicus. 
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Early  literature  concerning  the  pigeon  argas  as  a  parasite  of 
man  has  been  reviewed  by  Nuttall  et  al  (1908).  l^re  recently,  Kemper 
(193^)  attributed  four  cases  in  Gerraany  to  the  effects  of  warm 
weather,  Kemper  and  Reichrauth  (l9/+l)  reviewed  the  literature  and 
reported  over  twenty  attacks  in  Germany,  They  believe  it  possible 
that  this  tick  might  not  be  able  to  complete  its  life  cycle  on  hu- 

man blood. 

It  is  now  evident  that  Porter's  (1928)  spirited  account  of  '"A, 

persicus"*  in  Calama,  Antofagasta  Province,  Chile,  must  be  referre'3 to  A.  reflexus  (or  to  the  American  variant;  see  DISTRIBUTION  above), 
as  Tndicated  in  the  following  paragraph.  Bites  of  these  ticks  were 
sufficiently  niiraerous  ajid  painful  for  attention  to  be  devoted  to 
the  matter  in  the  daily  press  of  the  region.  Specimens  furnished 

parasitologists  as  the  cause  of  this  '"grave  molestation'"  were  iden- 
tified as  A,  persicus.  Concerning  Porter's  report.  Kohls  (correspond- 

ence J  has  provided  the  following  note  for  inclusion  here, 

•^Early  in  1950,  I  received  from  Dr,  Amador  Neghme  R,, 
Chief  Department  of  Parasitology  of  the  Public  Health 
Service,  Chile,  four  adults  and  a  nymph  (said  to  be)  Argas 
persicus,  collected  in  the  Province  of  Antofagasta  at  the 
town  of  Calama.  This  seems  to  be  the  only  Chileaji  place 
where  this  tick  occurs,  and  is  found  in  human  houses  and 

in  dovecotes.  In  reply  to  his  letter,  I  said,  ""Stijdy  of 
this  material  indicates  that  the  ticks  are  not  Argas  persicus 
but  Argas  reflexus,     The  only  South  Americaji  specimens 
of  reflexus  that  I  have  seen  previously  were  collected  in 
chicken  coops  at  Bogota,  Colombia    The  Calama  speci- 

mens appear  to  agree  in  all  particulars  with  reflexus 
of  the  Old  World  and  from  Bogota  except  for  the  presence 
of  a  few  quadrangular  plates  interspersed  with  the  striae 
on  the  flattened  margins.  This  difference  could  well  be 
due  to  variation  and  for  this  reason  I  would  like  to  have 

more  specimens  from  Calama  for  study*".  In  response  to 
this  I  received  eleven  adults  from  Calama  and  twenty 
adults  ajid  fifteen  nymphs  from  Chuquicamata,  a  town  about 
twenty  miles  away.  The  source  was  not  mentioned  in  either 
case,  but  all  the  specimens  proved  to  be  the  same  as  those 
sent  previously.  In  brief,  these  specimens  from  Chile 
that  I  have  seen  are  not  Argas  persicus  but  are  probably 

local  variants  of  A.  reflexus*^" , 

The  subject  of  A.  reflexus  as  a  human  parasite  will  be  treated 
more  fiilly  in  a  subsequent  volume  of  this  work, 
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BIOLOGY 

The  pigeon  tick  may  remain  vmfed  in  or  near  pigeon  houses  for 

many  months,  or  even  for  several  years  (Nuttall  _et  al  1908,  I4ayer 
ajnd  Madel  1950).  Feeding  is  much  like  that  of  A,  persicus,  vhich 

attacks  poultry,  ajid  is  accomplished  at  night,  "Domestic  chickens are  apparently  considerably  less  liable  to  attack  by  A.  reflexus 
than  are  pigeons.  Hiding  places  of  these  ticks  are  easily  found 
in  the  cracks  and  crevices  of  pigeon  cotes.  The  life  cycle  ap- 

pears to  be  much  like  that  of  A,  persicus.  Restrictive  and  opti- 
Dium  biological  and  climatic  factors  have  not  yet  been  reported  in 
literature.  Females  feed  prior  to  oviposition,  but  according  to 
Schulze  (19A-3B),  males  require  only  a  single  blood  meal  annvially. 

During  the  larval  stage  there  is  no  urinary  or  fecal  excretion 
(Enigk  and  Grittner  1952),  Nymphs  ajid  adults  immediately  after 
feeding  discharge  a  mixture  of  urine  and  feces,  followed  by  fvirther 
excretion  the  following  day.  The  simultaneous  deposition  of  urine 

and  feces  causes  the  rapid  formation  of  a  '"guanocrystal"'  in  the 
viscous  mass,  thus  frequently  leaving  a  white  center  of  irrine  sur- 

rounded by  a  dark  fecal  ring  on  the  surfaces  on  which  the  substance 
has  been  deposited.   (Note:  Compare  this  type  of  excretion  with 

that  of  Ornithodoros  moubata).  Adults  deposit  only  vu^ine  for  some 
two  weeks  after  feeding,  then  at  long  intervals  a  mixture  of  feces 
and  urine.  Four  weeks  after  feeding,  females  begin  oviposition, 
during  which  time  no  excretion  is  seen,  Goxal  fluid  is  seldom 
voided  during  feeding,  but  usually  begins  only  following  complete 
engorgement  (Zuelzer  1920B,  and  our  own  observations). 

DISEASE  REUTIONS 

MAN:  Human  beings  who  venture  near  occupied  or  long  abandoned 
pigeon  houses  are  readily  attacked,  and  the  ticks  may  invade  nearby 
human  habitations  after  pigeons  have  left  their  usual  resting  places. 
Pain  or  irritation  may  be  felt  for  years  after  the  pigeon  argas  has 
bitten.  This  species  is  incapable  of  transmitting  spirochetes  of 
African  tick- borne  relapsing  fever  (Borrelia  duttonii), 

PIGEONS:  Squabs  are  especially  susceptible  to  bites  of  this 
tick  and  adults  too  may  suffer  to  the  point  of  death  by  exsanguina- 
tion  when  their  houses  are  heavily  infested.  The  pigeon  argas  is 
of  negligible  importance  in  the  transmission  of  Salmonella  bacteria 
among  pigeons  but  does  transmit  fowl  spirochetosis,  B,  anserina 
(=  B,  gallinarum).  It  is  said  to  be  probably  capable  of  transmitting 

fowT  piroplasmosis  (Ae^yptianella  pullorum), 
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14ISCELLANE0U3:   In  Egypt,  the  pigeon  argas  is  infected  with 
one  or  more  viruses  distinct  from  West  Nile  but  otherwise  uniden- 
tified. 

REMARKS 

Egypt  is  the  only  territory  on  continental  Africa  where  the 
pigeon  tick  is  known  to  be  of  some  economic  importance.  The  re- 

view of  this  species  for  the  present  work  has  not  been  as  inten- 
sive as  for  most  other  species. 

The  temperature  preferences  of  unfed  and  engorged  pigeon  argas 
have  been  described  by  Herter  (19A2). 

The  anatomy  has  been  described  by  Pagenstecher  (l862). 

According  to  Zuelzer  (1921 ),  A.  persicus  and  A.  reflexus  mate 

and  produce  fertile  offspring.  We'~have  unsuccessfully  attempted to  duplicate  this  phenomenon  in  our  Cairo  laboratories. 

With  reference  to  remarks  on  coxal  fl\iid  by  Remy   (1921,19226), 
see  0.  iTX)ubata  section,  page  173.  See  also  Lavoipierre  and  Riek 
(1953;. 

Senevet  (1920A)  disciossed  the  relationship  of  the  size  of  the 
pads  of  the  first  pair  of  legs  in  larvae  in  relation  to  overall 
body  size. 

Schiilze  (19A-3B}  figured  the  midgut,  as  A.  co  lumbar  urn,  to  il- 
lustrate his  observation  that  in  the  argasids,  and  particularly  in 

this  species  and  in  bat- parasitizing  species,  there  is  little  basal 
branching  of  the  diverticula  but  considerable  distal  branching, 

Schulze  (1941)  also  noted  and  illustrated  the  haller's  organ 
of  each  stage  of  the  pigeon  argas.  K.  W.  Neumann  (19^2),  a  student 
of  Schulze,  discussed  the  morphology  aiid  function  of  the  dorsal 
plate  of  the  larva,  also  vmder  the  name  A.  columbaruji. 

There  is  some  chance  that  the  name  A.  reflexus  refers  to  a 

European  parasite  of  wild  birds  and  the  correct  name  of  the  pigeon 
parasite  should  be  A.  columbae  (Hermann,  180U)   (cf .  DuBuysson  192^.). 
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Schulze  (1943B),  referring  to  this  species  as  Argas  columbarun  Shaw, 
1793  >  a  name  usually  considered  as  a  noraen  rmdmi,  cited  as  his 
authority  an  apparently  unpublished  thesis  on  biology  of  the  pigeon 

argas  by  one  K.  H.  I'luller  (1939,  Berlin),  whose  report  I  have  not 
seen. 

Note,  under  remarks  for  A.  persicus,  the  characters  of  the  sub- 
genus Argas  and  that  A,  reflexus  is  considered  to  be  the  type  spe- 

cies of  the  genus  and  of  the  subgenus  (page  lU   )• 

A  tick  of  questionable  systematic  status.  A,  hermanni  (Audoviin, 
1827)  is  closely  related  to  or  identical  with  AT  reflexus.  When 

commencing  the  st\3dy  of  this  group  (Hoogstraal"l952AJ  it  appeared that  the  two  were  valid  species  but  subsequent  investigation  has 
left  me  with  some  doubts.  Further  observations  are  at  present 
under  way. 

IDENTIFICATION 

Remarks  under  identification  of  A.  persicus  apply.  Note  that 

the  dorsal  and  ventral  body  periphery^of  A,  reflexus  is  composed of  irregular  striations. 
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31  32 

Figures  31  and  32,  5,  dorsal  and  ventral  views 

ARGAS    (OGADENUS)  BlUMPTI 

Sudan  specimen 

PUTE  X 
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ARGAS    (OGADEHUS)  HIUMPTI  Nevunann,   1907(B). 

(Figures  19,20,31  and  32} 

ERUMPT'S  ARGAS 

(f  EQUATORIA  PROVINCE  RBCCKDS 

12                                   Imurok          Heterohyrax  bmcei  hoogsl^raeill      Feb 
1                   Iraurok           Heterohyraa:  brucei  hoogstraali       Feb 

(in  den^ 
1              Imatong    Heterohyrax  brucei  hoogstraali   Feb 
1              Niraule     Acomys  hystrella  Apr 

DISTRIBUTION  IN  THE  SUDAN 

Blue  Nile;  Gebelein  (El  Jebelein)  (King  1911,1915),  '"Blue 
Nile  cTTsIrlcts"  (Archibald  1923). 

Kassala;  Erkowit  (King  1926). 

Kordofan;  Nuba  Mountains  (Ruttledge  1930). 

Stidan  Government  collections  contain  King's  Gebelein  collections, 
nimerous  laboratory  reared  progeny,  and  Ruttledge 's  specimens  from 
Delami  in  the  Nuba  Mountains. 

Note  the  Egyptian  records  below,  most  of  which  are  from  the 
Southeastern  Desert  near  the  Sudan  frontier  in  that  part  of  Egypt 
administered  by  the  Sudan  Government, 

DISTRIBUTION 

Argas  brtimpti  is  a  tick  of  drier  East  African  areas  that  has 
spread  Into  South  and  Southwest  Africa,  into  that  part  of  south- 

eastern Egypt  that  is  included  in  the  Ethiopian  Faunal  Region,  and 
some  distance  into  the  Western  Desert  of  Egypt  (Palearctic  Faunal 
Region).  The  distribution  has  been  mapped  by  Hoogstraal  and  Kaiser 
(1956). 
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MCRTH  AFRICA;     EGYPT    (Hoogstraal  1952A.     Garnham  1954,1955. 

Hoogstraal  and  Kaiser  1956.     Davis  and  Mavros  1956B.     Schmidt  and 
Marx  1956). 

EAST  AFRICA;  SUDAN  (King  1911,1915,1926.  Archibald  1923. 
Ruttledge  1930.  Hoogstraal  1952A,195/kB.  Hoogstraal  and  Kaiser 
1956). 

ETHIOPIA  (as  Somaliland)   (Neumann  1907B, 1911, 1922.     Nuttall 
et  al  1908.     Stella  1938A,1939A,1940). 

KENYA   (Neave  1912.     Cunliffe  19UB.     Anderson  1924A.     Warbur- 
ton  1933.     Walton  1950B.     Garnham  195/^,1955.     Heisch  195AF). 
UGANDA   (Hoogstraal  and  Kaiser  1956). 

SOUTHERN  AFRICA;     OVAMBOLAND,  SOUTHWEST  AFRICA  (Theiler,  im- 
published;.     UNION  OF  SOUTH  AFRICA  and  BECHUANALAND   (Bedford  1936) . 

HOSTS 

Available  records  indicate  that  in  nat\are  larvae  feed  on  liz- 
ards and  on  a  number  of  mammals  inhabiting  dry  caves,  lairs,   and 

rock  ledges.     Nymphs  and  adults  also  attack  lizards  and  almost  any 
mflTrnnnl   that  happens  to  stop  near  their  retreat.     Certain  birds  are 
acceptable  as  larval  hosts  in  the  laboratory  but  birds  have  not 
yet  been  found  infested  in  nature.     Larvae  have  been  reared  on 
guinea  pigs  and  nymphs  and  adults  on  white  mice. 

Larvae 

Animals  on  which  larval  A.  brumpti  have  actually  been  found 
in  nature  are  the  following; 

Lizards;  Agama  colonorum  in  the  Sudan  (Ruttledge  1930).  Uro- 
mastix  ocellatus  and  Agama  a.  spinosa  in  Southeastern  Egypt  (Hoog- 

straal and  Kaiser  195*^7  ScTiraidt  and  Marx  1956).  Gerrhosaurus 
yalidus  in  Transvaal  (Bedford  1936).  The  gecko  Tarentola  a.  annu- 

laris in  the  Western  Desert  and  in  the  Southeastern  desert  of  Upper 
Egypt. 

Rock  hyraxes:  Heterohyrax  brucei  hoogstraali  (Equatoria  Prov- 
ince record  above),  Procavia  sp.  in  Egypt  (Hoogstraal  1952B),  and 

Procavia  capensis  biortoni  in  Southeastern  Egypt  (Hoogstraal  and 
Kaiser  l^bT. 

_  83  - 



record  above)  and 
Rodents:  Spiny  mice,  Acomys  hystrella  (Bquatoria  Province 

.  and  Acomys  ceJxirinus  aimLdiatus  in  Southeastern 
Egypt  (Hoogstraal  and  Kaiser  1956^. 

Nymphs  and  Adiilts 

pe 

Specimens  from  the  Kittd.  District  of  Kenya  (Heisch  1954F) 
were  determined  by  precipitin  tests  to  have  fed  on  porcupines 
and  not  on  hyraxes,  rats,  or  gerbils.  Lizards  and  baboons  were 
suspected  as  possible  hosts.  Subsequently,  Garnham  (1954.)  worlc- 
ing  in  the  same  sirea  fovmd  blood  corpuscles  of  lizards  in  re- 

cently fed  ticks  and  noted  that  undigested  corpuscles  could  be 
identified  in  the  ticks  at  leaist  a  month  after  feeding.  Garnham 
fed  captive  nymphs  and  adults  on  geckos  and  agamid  lizards. 

Inasmuch  as  nymphs  and  advilts  feed  rapidly,  they  are  seldom 
found  when  the  vertebrate  host  is  examined.  It  may  be  assxnned, 
however,  that  these  stages  probably  feed  on  most  of  the  larval 
hosts  noted  above. 

Walton  (I95OB)  reported  that  Brumpt's  argas  attacks  hyraxes 
and  people  who  take  refuge  near  hyrax  dens  in  Kenya.  T heller's 
five  female  specimens  from  Ovamboland  are  from  a  mierkat,  Cynictis 

nicillata  Cinderella.  Africans  of  the  Yatta  Plains  say  that 
his  tick  (kitionuj  feeds  on  human  beings,  elephants,  buffalo, 

elands,  and  giraffes,  and  that  specimens  may  be  fovmd  in  dust 
where  big  game  animals  roll  (Cunliff e  191AB) .  I  have  seen  three 

adult  specimens  from  a  lion's  lair  near  Pusa,  Kenya  (HWH  collec- 
tions). In  Ethiopia,  Brumpt  found  A.  brumpti  near  porcupine  bur- 

rows, and  reported  its  bite  on  himself  ^Nuttall  et  al  1908. 

Brumpt's  Precis).  King's  (1915)  Sudan  records  are  Trom  sparsely 
vegetated  areas  containing  caves  and  crevices  in  which  many  kinds 
of  animals  rest.  Uganda  hosts  are  the  African  porcupine  and  the 
rock  hyrax,  Procavia  capensis  meneliki  (Hoogstraal  and  Kaiser  1956). 

Experimental  Hosts 

King  (1926)  reared  larvae  on  the  bare  skin  of  the  head  of 
giiinea  fowl.  Larvae  failed  to  engorge  on  man,   dogs,  cats,  goats, 
pigeons,  doves,  sparrows,  or  bats,  though  some  attached  to  spar- 

rows and  pigeons.  Nymphs  and  adults  fed  on  rabbits  and  man. 
Ruttledge  (1930)  foiind  no  larvae  on  guinea  fowl  in  the  Nuba  Moun- 

tains and  believed  that  lizards  are  the  favorite  larvsil  host  there. 
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Davis  and  Mavros  (1956b)  successfully  reared  larvae  on  guinea 
pigs  and  njnnphs  and  adults  on  white  mice. 

That  the  various  stages  of  Brunpt's  argas  feed  to  an  extreme 
degree  of  repletion  on  vhite  mice  and  guinea  pigs  has  been  noted 
in  Dr.  G.  E.  Davis'  and  in  our  laboratories.  This  phenomenon  is 
exceptional  in  the  genus  Argas. 

BIOLOGY 

Life  Cycle 

Ruttledge  (1930)  found  larvae  on  lizards  only  in  March,  at 
the  end  of  the  dry  season.  Larvae  taken  in  Egypt  were  attached 
to  hosts  in  the  winter  and  spring  months  of  February,  March,  and 
April;  but  it  should  be  noted  that  these  are  the  only  months 
during  which  we  have  extensively  explored  Upper  Egypt,  to  which 
area  A.  bruTipti  is  probably  restricted  here. 

At  Khartoum,  eggs  were  laid  in  the  laboratory  in  March,  April, 
and  October;  some  of  these  hatched  about  a  month  later  (King  1915). 
Females  brood  over  their  eggs  until  larvae  emerge  (confirmed  by 
Davis  and  Mavros  1956).  as  has  been  observed  for  many  argasid  spe^ 
cies  (Hoogstraal  19523).  Hosts  on  which  King  fed  immature  stages 
have  been  listed  above. 

Gunliffe  (191AB)  reported  egg  laying  from  a  single  female  as 
follows:   53  eggs  between  99  and  106  days  after  emergence,  66  eggs 
between  118  and  125  days,  21  eggs  between  152  and  156  days,  and 
18  eggs  between  l6l  and  166  days;  total  158  eggs.  The  female  had 
fed  on  a  fowl  on  the  12th,  17th,  and  lii3rd  day  and  had  been  fer- 

tilized on  the  13th,  17th,  li^nd,  153th,  and  l68th  day.  Larvae 
hatched  from  two  egg  batches  2^  to  27  days  after  the  eggs  had  been 
laid  but  refused  to  attach  to  a  fowl  and  died.  King  (1915)  ob- 

served that  larvae  do  not  feed  readily  until  they  are  about  ten 
days  old. 

Subsequently,  eggs  were  laid  in  the  laboratory  in  batches  of 
about  seventy  eggs,  about  a  month  apart,  after  each  feeding,  throiigh 
the  cooler  months  of  the  year  in  Khartoum  (King  1926).  One  male 
fertilized  at  least  three  females.  Four  nyraphal  stages  were  obu. 
served.  A  certain  mature  female  collected  in  July,  1918  was  still 
alive  in  December,  1926. 
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Recently,  Davis  and  Mavros  (1956b)  have  been  most  successful 
in  rearing  larvae  on  guinea  pigs  and  nyii5)hs  and  adults  on  white 

mice.  Between  feedings,  ticks  were  held  at  30°C.  in  a  humidified 
cabinet.  The  life  cycle  under  these  conditions  required  from 
four  to  eight  months.  Larvae  fed  from  six  to  fifteen  days,  most- 

ly for  eleven  to  thirteen  days,  and  molted  to  nymphs  ten  to 
twelve  days  later.  This  lot  all  reached  the  adiHt  stage  after 
three  nymphal  molts,  as  follows:  first  to  second  instar,  fourteen 
to  twenty  days;  second  to  third  instar,  seventeen  to  32  days; 
third  instar  to  adults,  21  to  37  days.  One  third  nymphal  instar 
specimen  fed  twice  before  molting  to  an  adult  male.  This  individ- 

ual required  lUO  days  postlarval  feeding  to  reach  adulthood  while 
the  most  rapid  time  for  this  interval,  also  for  a  male,  was  ninety 
days. 

In  an  additional  lot,  six  males  and  fourteen  females  required 
three  nymphal  instars  and  two  females  \inderwent  a  fo\irth  nymphal 
molt.  Three  pairs  fed  twice  in  the  last  nymphal  instar.  The  last 
nymphal  instar  lasted  from  26  to  65  days,  but  most  required  only 
26  to  33  days.  Females  fed  for  eight  to  21  minutes  and  mated  for 
ten  to  27  minutes.  Oviposition  commenced  eight  to  58  days  after 
feeding  and  larvae  hatched  after  eight  to  2^  days.  The  namber  of 
eggs  per  batch  ranged  from  2J^.   to  96,  and  while  generally  smaller 
batches  showed  a  higher  rate  of  fertility  than  larger  batches  this 
was  by  no  means  consistant.  For  instance,  in  one  batch  of  2^1.  eggs 
22  larvae  hatched,  one  batch  of  72  was  entirely  fertile,  a  batch 
of  62  was  about  fifty  percent  fertile,  and  the  batch  of  96  eggs 
hatched  81  larvae.  The  least  fertile  female  oviposited  a  second 
time  without  a  second  feeding  or  mating.  The  most  fertile  fe- 

male fed  a  second  time  and  then  oviposited  though  without  having 
mated  since  the  first  feeding  three  months  previously. 

Further  observations  showed  that  while  larvae  take  a  small 

amount  of  blood  within  an  hour  of  attaching  to  the  host,  the  bulk 
of  the  blood  is  ingested  shortly  before  completing  feeding.  Molt- 

ing ticks  free  themselves  from  the  exuvia  within  a  few  minutes 
after  the  skin  splits.  Mating  and  feeding  takes  place  readily  in 
daylight.  Feeding  adults  stand  perpendicularly,  bracing  themselves 
against  the  tube;  when  partially  distended  they  fall  over  on  their 
dorsum  to  complete  engorgement. 
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Ecology 

A.  brtiripti  lives  in  areas  of  low  rainfall  (Ovamboland,  Kala- 

hari ,''NuBa~ITountains ,  Egypt)  or  in  dry  niches  within  areas  of comparatively  high  rainfall  (Kenya,  southern  Sudan,  Transvaal). 
It  rests  in  caves,  lairs,  or  dens,  where  it  feeds  on  either 
permanent  mammal  residents  or  on  visiting  mammals  or  lizards,  or 
it  may  hide  xander  rocks  from  whence  it  emerges  to  feed  on  passing 
lizards  or  mammals. 

The  original  Ethiopian  specimens  were  found  in  dust  under  rock 
ledges  in  a  dry  streambed  visited  by  porcupines  (Nuttall  et  al  1908. 

Brumpt's  Precis).  It  was  said  that  these  advilts  wandered  about  at 
night  but  not  during  the  day.  King  (1915)  found  specimens  in  caves 
and  crevices  where  they  were  living  among  debris  of  soil  and  rotting 

leaves  and  twigs.  One  of  Bedford's  (1936)  individuals  was  hiding 
under  a  stone.  In  Southeastern  Egypt  we  have  found  from  one  to  23 
nymphs  and  adults  together  a  millimeter  or  two  below  the  surface  of 
fine,  dry  sand  in  small  caves  and  in  holes  in  rocky  hillsides. 
These  areas  range  from  barren  desert  bordering  wadis  with  a  little 
vegetation  to  arid  parkland  at  the  base  of  mountains  facing  the 
Red  Sea. 

In  the  lowlying  coiontry  north  of  Kit\ii,  Kenya,  Heisch  {l^^/^F) 
observed  immobile  specimens  on  fine,  brown  earth  xmder  large  bovQ- 
ders  on  a  peneplane  of  red,  sandy  soil  covered  by  thornbush.  Dr. 
Heisch  has  informed  me  (conversation)  that  the  loose  soil  below 
these  rocks  is  probably  too  sparse  for  burrowing  by  the  ticks.  He 
and  Dr.  Garnham,  who  accompanied  him  on  a  collecting  trip  to  this 
area,  have  also  told  me  that  the  ticks  rest  in  rock  crevices  or 
between  rock  layers  where  there  is  little  or  no  accumulation  of 
soil.  It  is  of  interest  to  learn  from  information  furnished  Girn- 

liffe  (191AB)  for  other  parts  of  East  Africa  that  Brumpt's  argas 
burrows  in  the  dust  of  termite  raoimds  where  large  game  animals 
roll. 

Biologically,  therefore,  in  its  feeding  and  resting  habits, 
k.   br\impti  appears  to  show  tendencies  towards  certain  intermediate 
characters  between  typical  Argas  ticks  and  typical  Ornithodoros 
ticks.  Argas  ticks  in  all  stages  are  considered  typically  as  fairly 
host-specific  parasites  of  birds  or  of  bats  and  as  ticks  that  nor- 
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mally  hide  in  crevices  but  do  not  burrow  in  ssind  or  soil,  OrnL- 
thodoros  ticks,  on  the  other  hand,  usually  parasitize  mammals, 
although  exceptions  are  known,  and  unless  the  soil  is  too  hard, 
they  normally  burrow  below  the  surface  or  at  least  hide  in  cracks 
in  soil.  It  is,  therefore,  of  interest  that  larval  A,  bmmpti 
feed,  apparently  more  or  less  indiscriminately,  on  reptiles, 
birds,  and  mammals,  and  that  nymphs  and  adults  attack  either  liz- 

ards or  mammals,  A  further  interesting  observation,  from  both 

Dr.  G,  E.  Davis'  and  our  laboratories,  is  that  the  various  stages 
of  this  tick  feed  fully  on  white  mice,  whereas  most  other  Argas 
species  feed  only  partially  on  mice,  When  resting,  A,  bruir.pt i 

apparently  prefers  to  burrow  in  soil  or  sajid,  but  if"~this  is  not possible  it  hides  among  surface  debris  or  between  or  under  rocks. 

King  (1926)  mentioned  the  possibility  that  Brumpt*s  argas 
might  infest  human  dwellings  although  actual  records  had  not  been 

obtained,  Archibald  (1923;  reported  Brumpt's  argas  among  a  col- 
lection from  in  and  around  human  dwellings,  but  he  did  not  spec- 

ify exactly  in  which  situation  specimens  were  taken,  Archibald's 
records  and  specimens  caxmot  now  be  located.  Walton  (195OB) 
states  that  in  Kenya  this  species  does  not  occur  in  hviman  huts. 

DISEASE  RELATIONS 

MAN:  Bites  of  A,  brumpti  may  be  quite  painful  to  hixman  beings 

and  cause  itching  la'sting  for  years,  Kenya  natives  claim  that  this tick  causes  pain  and  sickness  when  it  bites  man, 

LIZARDS:   In  Kenya  and  in  Egypt,  A.  brumpti  and  lizards  have 
been  found  infested  with  a  hemogregarine ,  Hepatozoon  argantis 
Garnham,  1954-, 

HYRAXES:  This  tick  should  be  considered  as  a  potential  vector 
of  the  piro plasm  Echinozoon  hoogstraali  Garnham,  1951,  a  parasite 
of  Heterohyrax  brucei  hoogstraali. 

REMARKS 

The  diagnostic  characters  listed  below  comprise  the  criteria 
for  Pospelova-Shtrom's  (19A.6)  genus  Ogadenus ,  herein  considered 
as  a  subgenus  of  Argas ,  Warb\arton's  V1933J  views  on  the  generic 
position  of  A,  brumpti  will  be  reviewed  in  subsequent  studies  of 

the  genus,  ~ 
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Schiilze  (1936G)  compared  the  body  outline  of  A.  brumpti  with 
that  of  certain  fossil  trilobites  that  it  happens  to  resemble. 

IDENTIFICATION 

Neumann's  original  adult  specimens  from  Ethiopia  measured 
from  15  mm.  to  20  mm.  long  and  from  10  ram.  to  13  mm.  wide.  The 
size  range  among  available  Sxidan  and  Egyptian  females  is  from 
10  mm.  to  12  mm.  long  and  from  7  mm.  to  8  mm.  wide.  The  dorsal 
integument  is  marked  most  distinctively  by  large,  symmetrical 
polygonal  depressed  areas  boimded  by  rugose  ridges;  laterally 
the  dorsal  integument  is  evenly  striated.  A  continuous,  clear, 
and  distinct  sutural  line  divides  the  dorsal  and  ventral  sur- 

faces. Discs,  which  are  small  and  inapparent,  lie  in  clumps  or 
lines  in  the  integumental  depressions,  and  short  hairs  are  scat- 

tered anteriorly  and  posteriorly  on  the  periphery  of  the  body. 
The  outline  of  the  body  is  subquadrangular  with  parallel  lateral 
margins,  a  bluntly  rounded  posterior  margin,  and  a  pointed  pro- 

jection of  the  anterior  margin  over  the  mouthparts.  Tarsus  I  has 
two  dorsal  humps  and  the  other  tarsi  each  have  a  prominent  sub^ 
apical  dorsal  protuberance.  Males  have  a  narrow,  rounded  genital 
aperture;  females  have  a  transversally  elongate,  narrow  genital 
orifice. 

The  nymph  closely  resembles  the  adiilt,  except  for  size  and 
absence  of  genital  aperture.  The  larva  has  been  described  by 
Cunliffe  (1914B)  and  by  Hoogstraal  and  Kaiser  (1956). 
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Figures  33  and  3A-,  $,  dorsal  and  ventral  views 

ARGAS  (CHIROPTERARGAS)  BOUETI 

Egyptian  specimen 

PIATE  XI 
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ARGAS    (CHIROPTERARGAS)  BOUETI  Roubaud  and  Colas-Belcour,   1933. 

(Figures  23,2^,33,  and  34^ 

THE  LONCLIEGGED   BAT_ARGAS. 

L       N       9       cf  EQUATQRIA  PROVIICE  RECCRDS 

L,       1  Sunat  Taphozous  perforatus  haedinus  Feb 
7  Torit  RhinolopHus  lobatus  Jan 

These  are  the  only  records  of  this  species  from  the  Sudan, 

DISTRIBUTION 

Arga3  boueti  is  known  from  scattered  localities  in  Africa  as 
far  south  as  Transvaal  and  is  also  present  in  the  Near  East.     A 
tick  apparently  of  drier  areas,  which  has  been  widely  spread  by 
its  chiropteran  hosts,  the  long-legged  bat_argas  is  obviously  inore 
frequent  than  present  meagre  records  indicate   (Hoogstraal  1955B). 

^■/hether  North  Africa,  the  Near  East,  or  the  Ethiopian  Faunal  Region 
is  its  origin  is  difficult  to  determine  from  evidence  at  hand, 

NCRTH  AFRICA;     EGYPT    (Hoogstraal  1952A,195U,1955BX 

WEST  AFRICA;     FRENCH  WEST  AFRICA  (Roubaud  and  Colas-Belcour 
1933.     Hoogstraal  1955B), 

CEimiAL  AFRICA;     FRENCH  EQUATCRIAL  AFRICA   (Hoogstraal  1955B), 

EAST  AFRICA;     SUDAN   (Hoogstraal  1952A,195AB,1955B). 

KENYA   (Heisch  1951B.     Hoogstraal  1955B). 

SOUTHERN  AFRICA;     ANGOLA   (Hoogstraal  1955B).     UNION  OF  SOUTH 
AFRICA   (Hoogstraal  1955B.     Subsequently,  Dr.  Sumpt  has  sent  me 
additional  specimens  from  Tzaneen,  Tremsvaal), 

NEAR  EAST;     Palestine    (Hoogstraal  195U,1955B), 
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HOSTS 

Bats 

Asellia  (=  Hipposiderus)  tridens  and  Taphozous  perforatus 
(Roubavid  and  Colas-Be lco\ar  1933 J.     Taphozous  _£.   perforatus,  T. 
(Liponycteris)  nudiventris ,  Rhiponoma  hardwickei  cystops,  suicf 
Otonycteris  h.  hemprichi  are  most  heavily  infested  in  Eg/-pt. 

christei    ^   __,    ,-,^    ^   ^, 
Rhino lophus  lobatus  (Sudan  record  above ^»  Eptesicus  tenuipinnis 

(rtoogstraal  i^^5S|.   

Otonycteris  h.  hemprichi,  a  bat  which  roosts  in  small  caves, 
crevices  and  niches,  usually  singly  or  with  very  few  other  of  the 
same  species,  is  most  heavily  infested  in  Egypt,  Rhino po ma  h, 
cy stops ,  one  of  the  most  common  cave-inhabiting  bats  near  Caaro, 
is  frequently  heavily  infested  and  probably  represents  the  most 
important  host  in  this  area  owing  to  its  great  abundance.  All 
stages  appear  to  feed  on  the  same  kinds  of  bats, 

Man 

Nymphs  and  adults  have  bitten  us  in  caves  on  a  few  occasions. 
They  readily  do  so  when  allowed  to  in  the  laboratory  (Hoogstraal 
1952A,195a,1955B). 

BIOLOGY 

Life  Cycle 

Rearing  of  A,  boxieti  has  been  accomplished  in  our  laboratories 
at  temperatures  of  from  8(PF,   to  90^.  with  relative  humidity 
rajiging  from  W^   to  50^.  Exceptionally  large  females  may  lay 
single  egg  batches  of  almost  two  hundred  eggs  over  a  two  or  three 
day  period.  An  average  size  female  deposits  from  35  to  40  eggs 
in  a  single  batch  usually  on  a  vertical  surface.  Afterwards,  she 
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stands  motionless  over  or  next  to  the  eggs  for  fifteen  to  22  days 
vmtil  the  larvae  hatch,   (Earlier,  at  unrecorded  high  stimraer  room 
temperatvires ,  we  obtained  hatching  in  eleven  to  fourteen  days). 
Larvae  attach  to  a  host  after  twelve  to  fifteen  days  (earliest 
host  offered),  and  feed  from  eight  to  L?.   days,  but  mostly  from 
sixteen  to  25  days.  Afterwards,  larvae  may  require  from  fovir 
to  thirteen  days  before  molting  to  first  instar  nymphs,  but  they 
usually  do  so  after  four  to  seven  days. 

Nymphs  imlt  two  or,  uncommonly,  three  times  before  reaching 
adulthood.  In  our  laboratory,  those  nymphs  that  reach  adulthood 
after  two  molts  have  never  fed  in  the  nvmphal  stage,  even  though 
bats  were  frequently  offered,  TITien  a  third  instar  nymph,  which 
has  not  molted  to  an  adult,  feeds  it  does  so  for  half  an  hour  to 
an  hoior  from  seven  to  26  days  after  the  previous  molt  and  becomes 
an  adult  from  twenty  to  32  days  after  feeding.  The  duration  of 

each  nymphal  instar  is  seven  to  seventeen  days  for  the  first  in- 
star,  with  eleven  to  fourteen  days  the  most  common.  The  duration 
of  the  second  instar  is  longer,  from  sixteen  to  ̂ 3  days,  with  22 
to  29  days  average.  The  duration  of  the  third  stage,  when  it  oc- 

curs, is  erratic  and  lasts  from  27  to  58  days.  No  significant 
data  on  sexual  differentiation  from  the  unusual  third  nymphs  have 
been  obtained. 

Adults  feed  for  thirty  to  35  minutes  beginning  some  five  days 
after  molting.  Further  sttidies  on  the  life  cycle  of  progeny  are 
under  way, 

A  biting  tick  remains  motionless  during  feeding.  It  often 
stands  the  ftill  length  of  its  anterior  legs  away  from  the  point 
of  insertion  of  mouthparts  that  are  extended  by  a  pendulous  tube 
from  the  basis  capitiili.  Once  the  hypostome  is  inserted,  the 
host's  hajid  or  arm  (or  the  bat)  may  be  moved  freely  till  the  tick 
is  satiated  without  causing  it  to  remove  its  mouthparts.  When 
blood  is  rapidly  engorged  a  large  drop  of  clear  coxal  fluid  ap- 

pears beneath  the  body,  but  none  is  emitted  during  slow  feeding. 
Repletion  from  the  human  hand  or  arm  reqviires  from  25  to  35 

minutes  but  full  engorgement  from  the  membrane  of  a  bat's  wing 
may  require  three  or  four  hours.  Individuals  that  feed  slowly 
become  very  lethargic  and  one  may  remove  them,  even  though  fully 
fed,  after  seven  to  2^  hours  with  the  mouthparts  still  inserted 
in  the  wing  membrane.  Itching  at  the  site  of  the  bite  on  man  may 
persist  for  several  weeks, 
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When  disturbed  the  long-legged  bat-argas  is  much  more  active 
and  moves  vith  greater  speed  that  either  A.  confugus  or  A,  vesper- 

tilionis.  The  long  anterior  legs  wave  upland  down  while  walking and  tap  objects  antenna-fashion.  This  tapping  is  especially  active 
just  before  the  mouthparts  are  inserted.  During  feeding  the  anterio: 
legs  may  or  may  not  touch  the  host  skin  but  they  seldom  function  as 
a  support  for  the  tick.  These  ticks  will  feed  in  light  or  in  dark- 

ness but  prefer  darkness. 
Ecology 

The  original  authors  of  A,  boueti  described  this  species  from 

material  collected  about  1910"'in  hollow  trees  inhabited  by  the  two 
species  of  bats  listed  above.  In  the  generally  arid  Northern  Prov- 

ince of  Kenya,  Heisch  found  adults  on  walls  of  an  vmdergroimd  con- 
crete shelter  and  larvae  on  Megaderma  cor  in  the  same  structure. 

Those  South  African  specimens  with  collecting  data  are  from  houses. 

In  Egypt  we  commonly  find  the  long-legged  bat-argas  thriving 
under  the  most  severe  desert  conditions.  It  is  less  common  in 
more  hvimid  buildings  inhabited  by  bats  in  Cairo,  A,  boueti  is  the 
most  numerous  bat-parasitizing  argasid  in  Egypt  arS  the  same  eco- 

logical observations  noted  for  Egypt  tinder  A,  vespertilionis  apply 
to  this  species. 

The  frequency  with  which  these  long-legged  ticks  fall  from 
rough  surfaces  in  the  laboratory  is  surprising  in  view  of  their 
usual  habitat  on  walls  and  on  ceilings  of  caves  and  chambers,  A 
number  of  specimens  exhibit  a  body  tremor  that  caiises  them  to  flip 
over  on  their  dorsal  sxirface  with  every  few  steps.  Righting  move- 

ments require  considerable  effort. 

DISEASE  RELATIONS 

MAN,  Attacks  on  our  laboratory  personnel  have  caused  mild 

itching  persisting  for  several  weeks  in  warm  weather, 

BATS.  We  have  been  unable  to  find  spirochetes  in  Egyptian 

material.  Collections  of  local  specimens  injected  into  laboratory 

animals  have  resulted  in  negative  findings  for  viruses  and  ricketi:- 
siae.  Other  material  from  the  Cairo  area  has  not  yielded  Shigella 

organisms.  The  hosts  from  which  the  type  series  was  collected  in 

French  West  Africa  showed  a  trypanosome  infection  but  research  to 

ascertain  the  relationship  of  ticks  and  trypanosomes  was  not  under- 
taken. 
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REMARKS 

For  a  discussion  of  long-legged  parasites  of  bats,  see  RE14ARKS 
under  Ixodes  vespertilionis . 

A.  boueti  populations  consist  of  two  size  groups,  the  larger 
about  6,8  mm,  long  and  6.9  mm,  wide  and  the  smaller  about  5.0  mm, 
long  and  ̂ ,5  mm,  wide  (Hoogstraal  1955B,  figure  125).  The  signif- 

icance of  these  '"races"*  is  at  present  being  stiidied. 

The  subgenus  Chiropterargas  Hoogstraal,  1955(b),  of  which  A. 
boueti  is  the  type  species,  contains  one  other  species.  A,  confusus. 

This  subgenus  is  defined  as  follows:  "" 

'"Parasites  of  which  bats  are  hosts  of  predilection.  Morpho- 
logical characters  intermediate  between  those  of  typical  Argas  and 

typical  Ornithodoros;  with  a  general  Argas  f acies  but  lacking  a 

sutural  line;  with  a  flattened  body  flajige  but  lacking  '"cells'"  and 
with  exceedingly  slight  integurnental  differentiation  at  periphery; 
body  shape  circular  to  transversely  elliptical.  Integument  with 
fine,  close  granular  projections;  discs  mostly  small,  conspicuous, 

radially  distributed,  ventral  '"paired  organ'"  present.  Definite 
hood  over  Tsaouthparts ;  mouthparts  about  level  with  anterior  body 
nmrgin.  Legs  of  variable  length,  arising  from  anterior  half  of 

body;  tarsal  humps  lacking,'* 

IDENTIFICATION 

The  remarks  above  incl\ade  the  outstanding  characters  for  iden- 
tifying this  species  and  A,  confusus. 

The  male  of  A,  boueti  is  somewhat  smaller  than  the  female  and 
has  a  semicircular  genital  aperture  while  the  female  has  a  narrow, 
transversely  elongate  genital  aperture  bounded  by  tv;o  riigose  lips. 
In  both  sexes,  the  body  outline  is  subcircular  to  pearshaped 
(definitely  wider  than  long  in  A.  confusus),  leg  IV  extends  far 

beyond  posterior  margin  of  body" (only  slightly  beyond  in  A,  confusus), basis  capituli  and  palpal  segments  comparatively  narrov;  and  elon- 
gate  (globose  in  A.  confusus),  minute  integurnental  protuberances 
are  mostly  flat  (mostly  tapered  in  A,  confusus),  etc.  The  dental 
formula  of  both  species  is  l/l,  the  apex  of  the  hypostorae  is  slight- 

ly indented,  and  a  corona  is  laclcing, 
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The  larva  and  nymph  have  been  described  by  Roubaud  and  Colas- 
Belcour  (1933 J  and  in  more  detail  by  Hoogstraal  (1955B}. 
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Figvires  35  and  36,  o»  dorsal  and  ventral  viev;; 

AP.GAS   (CHffiOPTERARGAS)  C01JFU3U3 

Egyptian  specimen 

PIATE  XII 
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ARGAS  (CHIR0FTERARGA3)  C0NFUSU3  Hoogstraal,  1955(B). 

(Figures  25,26,35,  and  36) 

THE  WIDE  BAT- ARGAS 

L   N   o   <?     EQUATORIA  PROVIIKE  RECORDS 

2  Torit     Ghaerephon  major  Dec 
1  Torit     »Eptesicus  pusillus  _   (SVS) 
1  Latoine    *Fachyotus  sp.  Mar  (SVS) 
3  Sunat     Taphozous  perforatus  haedinus   Feb 

DISTRIBUTION  IN  THE  SUDAN 

As  A.  vespertilionis  (in  paj-t):  Khartoim  and  Northern  Prov- 
inces (King  1911,1526). 

The  following  lots  are  in  Siiian  Government  collections: 

Khartoum;  Khartoum.   Larvae  from  unidentified  bat. 

Northern;  Dongola.   Larvae  from  unidentified  bat. 

DISTRIBUTION 

A,  confusus  is  recorded  from  scattered  localities  from  Egypt 
to  the  Cape  of  South  Africa.  Additional  collecting  will  undoubtedly 
reveal  its  occurrence  elsewhere  on  the  continent.  This  species  is 
thus  far  not  known  outside  of  Africa. 

NORTH  AFRICA;  EGYPT  (Hoogstraal  1955B). 

EAST  AFRICA;  SUDAI^  (in  part  as  A.  vespertilionis;  King  1911, 
1926.  As  A.  vespertilionis  group;  Hoogstraal  1954-3.  As  A.  confusus; 

Hoogstraal"l955BJ. 

KENYA  (Hoogstraal  1955B). 

*Host  name  on  labelj  identity  not  checked  by  authority  in  host  group. 
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SOUTHERN  AFRICA;   SOUTHERN  RHCDESIA,  BASUTOLAND ,  and  BECHUANA- 

LAM)  (Hoogstraal  1955B).  UNION  OF  SOUTH  AFRICA  /"For  details  con- 
cerning A.  conf us  113  reported  as  A.  vespertilionis  by  Nuttall  et  al 

(1908),  Howard  (1908),  and  Bedford  (193^),  and  for  lUDre  recent  rec- 
ords, see  Hoogstraal  (195 5B).  Subsequently,  Dr.  Zumpt  has  sent 

additional  specimens  from  Bloemfontein,  Orange  Free  State,  and  from 
Lady  Frere,  Cape  Province. 7 

HOSTS 

At  the  present  time  we  have  definite  evidence  of  larval  A. 

confusus  from  only  a  few  species  of  insectivorous  bats;  Chaer'ephon major  and  Taphozous  perforatus  haedinus  (Equatoria  records  above); 
questionably  (host  field  determinations  not  checked  by  a  specialist) 
from  Eptesicus  pusillus  and  Fachyotus  sp.  (Equatoria  records  above); 
and  from  Eptesicus  capensis,  Fachyotus  sp. .  Miniopterus  natalensis 
arenarius,  Taphozous  _£.  perforatus,  T.  (L. )  nudiventris,  Otonycteris 

h.  hemprlchi,  Nycteris  t.  thebaica,  "and  Tadarida  a.  aegyptiaca 
"(Hoogstraal  1955B).  Nymphs  and  adults  found  in  bat-infested  caves and  biiildings  probably  feed  on  the  same  species  of  hosts  as  do 
larvae. 

The  record  of  A.  confusus  (=  A.  vespertilionis)  attacking  pen- 
guins in  Queens town7  Cape  Colony  (Nuttall  et  al  1908)  must  be  re- 

garded as  questionable  (Hoogstraal  1955B). 

BIOLOGY 

Life  Cycle 

A.  confusus  has  been  reared  in  our  laboratory  at  temperatures 
between  SQOF.  and  90°F.  and  at  relative  hximidities  between  U%   and 
5Q&.  A  single  egg  batch  consists  of  from  forty  to  seventy  eggs 
with  fifty  to  sixty  the  most  common  quantity.  Eggs  hatch  from  21 
to  25  days  after  being  laid.  Larvae  have  commenced  feeding  five 
to  26  days  after  hatching.  The  duration  of  larval  feeding  varies 
from  five  to  fifty  days  but  most  larvae  drop  from  the  host  in  two 
or  three  weeks.  Afterwards,  larvae  remain  quiet  for  seven  to 
twelve  days  before  the  nymphal  molt. 
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Four  nyrnphal  instars  are  invariable  in  our  numerous  observa- 
tions. Nymphs,  like  adults,  feed  for  from  25  to  fifty  minutes. 

The  first  nyrnphal  instar,  however,  never  feeds;  it  raolts  to  the 
second  instar  usually  in  ten  to  thirteen  days  (rajige  eight  to  21 
days).  One  to  three  weeks  later  the  second  instar  nymph  feeds 
and  molts  to  the  third  instar  some  two  weeks  later  (range  eight 
to  23  days).  The  third  instar  nymph  takes  food  between  three  and 
35  days  afterwards  and  molts  three  or  four  weeks  later  (range 
fifteen  to  59  days).  The  fourth  instar  nymph  feeds  between  five 
and  36  days  afterwards  and  molts  to  the  adult  stage  three  or  four 
weeks  later  (range  seventeen  to  forty  days). 

Note  that  although  there  are  many  nfflrphological  similarities 
between  A,  confusus  and  A,  boueti ,  the  biology  of  the  nyrnphal  stage 
of  each  is  distinct. 

In  this  species,  the  observed  period  between  nymphal  molting 
and  feeding  is  quite  variable.  Some  accept  food  within  five  to 
seven  days  although  two  to  three  weeks,  or  longer,  is  more  common 
for  this  and  for  other  bat- parasitizing  argasids.  Also  noteworthy 
is  (1 )  the  average  two  week  postf eeding  period  of  second  instar 
nymphs  in  contrast  to  the  three  or  foior  week  average  postf  eeding 
period  of  the  tv;o  subsequent  instars,  ajnd  (2)  the  nonf eeding  first 
instar. 

Adults  placed  together  shortly  after  molting  have  been  observed 
to  mate  only  after  feeding  which  may  occur  from  eight  to  sixteen 
days  after  molting.  The  feeding  period  varies  from  forty  minutes 
to  two  hours.  No  egg  batches  have  been  deposited  before  three  and 
a  half  to  four  months  after  molting.  Further  studies  on  the  F^ 
generation  are  in  progress, 

Fcology 

We  have  collected,  with  considerable  and  strenuous  effort, 
several  hundred  specimens  of  A.  confxisus  in  Egypt.  This  species, 
together  with  A.  transgariepinus ,  is  the  most  secretive  of  bat  in- 

festing argasi"3s.  It  wedges  itself  deeply  into  the  narrowest crevices  of  caves  and  of  hillside  crannies  in  which  bats  rest. 

It  is  never  found  easily  or  in  groups  of  more  than  two  to  a  max- 
imum of  twelve  specimens.  We  know  of  only  a  single  exceedingly 

small  population  in  Cairo,  where  bats  roost  in  buildings  that 
are  more  humid  than  desert  caves.  In  the  environs  of  Cairo,  A. 
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confusus  is  scattered  throughout  desert  and  desert-edge  retreats, 
all  arid,  such  as  antiquities  structxires,  caves,  and  hillside 
cremnies. 

Records  from  northern  Sudsin  and  from  the  Protectorates  of 
South  Africa  indicate  a  more  or  less  similar  tolerance  of  aridity, 
but  those  from  various  regions  of  South  Africa,  Torit,  and  the 
crater  of  l«ft,  Menengai  in  Kenya  indicate  also  that  certain  popu- 

lations exist  in  markedly  hvmiid  environments  where  they  tolerate 
lower  temperatures  and  higher  relative  humidity  than  they  do  in 
Egypt. 

DISEASE  REIATIONS 

BATS:  A  small  number  of  specimens  thus  far  studied  in  NA1'1RU_3 
laboratories  have  been  negative  for  blood  protozoa,  spirochetes, 
viruses  sind  rickettsiae,  and  Shigella  organisms. 

REMARKS 

Further  studies'  on  the  habits  and  ecology  of  this  species  are 
presently  under  way  and  will  be  reported  when  completed.  For  a 
definition  of  the  subgenus  Chiropterargas  and  for  criteria  to  dis- 

tinguish this  species  from  A.  boueti,  see  page  95. 

IDENTIFICATION 

A.  confusus  adults  have  an  extremely  wide  body  outline,  and, 
in  common  with  A.  boueti,  are  characterized  by  the  absence  of  a 
sutursil  line  dividing  dorsal  and  ventral  surfaces,  and  by  the  pres- 

ence of  a  conspicuous  hood  over  the  raouthparts.  In  A.  confusus 
the  dorsal  integumental  protuberances  are  fine,  shiny-tipped, 
tapering  points  which  on  the  lateral  margin  are  more  closely  spaced 
and  more  regular.  The  posterior  discs  are  arranged  radially;  the 
legs  are  shorter  than  the  body  length;  and  the  hypostorae  has  only 
a  single  pair  of  denticle  files.  The  tarsi  have  no  dorsal  protii- 
berances.  A  pair  of  grooved  organs  of  unknown  function  is  present 
just  posterior  of  the  anus  on  the  ventral  surface. 
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Except  when  greatly  engorged,  the  peripheral  flange  of  the 
body  remains  partly  iinfilled.  In  partially  engorged  individuals 
this  flange  is  fJ.at,  and  in  dry   specimens  it  may  be  tixrned  up 
like  a  rim.  The  body  color  is  reddish  yellow  with  a  central, 
darker  area  of  varying  extent. 

Males  measure  from  5»9  mm,  to  6, A  mm,  long,  and  from  7,U   ram, 
to  7.8  mm,  wide  (average  6,1  mm,  long  and  7,5  mii,  wide).  The 

genital  aperture  forms  a  wide  arc.  Females  are  larger,  and  measure 
up  to  8,0  mm,  long  and  9.5  mm,  wide.  The  female  genital  aperture 
is  a  transverse  groove  with  thick,  rugose  lips. 

The  nymph  and  larva  have  been  described  by  Hoogstraal  (1955B), 
The  larva  and  first  instar  nymph  are  quite  similar  to  those  of  A, 
boueti  but  the  successive  instars  of  each  resemble  the  associated 
adults. 
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Figures  37  and  38,  cf,  dorsal  ajid  ventral  views 

ARGAS   (CAR IPS)  VESPERTILIONIS 

Egyptian  specimen 

PLATE  VIII 
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ARGAS  (CARIOS)  VBSPERTILIONIS  (Latreille,  1802). 

(Figiires  21,22,37,  and  38) 

THE  ROUND  BAT-ARGAS 

L   N   $   (J    EQUATCRIA  PROVINCE  RECCRDS 

2  Lokwi    Rousettus  aegyptiacus         June  (CNHM) 
U  Katire   *Mimetellus  ?moloneyi         Sep 
9  Sunat    Taphozous  perforatus  haedinus  Feb 

DISTRIBUTION  IN  THE  SUDAN 

Northern;  One  larva  from  an  iindetermined  species  of  bat  at 
Dongola,  12  April  1917,  Bedford  legit;  Sudan  Government  collections. 

Khartoum;  Several  larvae  from  an  iindeterrained  species  of 
bat(s?J  at  Khartoum,  20  September  1914,  R.  Cottam  legit;  in  Sudain 
Government  collections,  one  retained  in  Hoogstraal  collection, 

DISTRIBUTION 

The  Argas  vespertilionis  group,  consisting  of  A.  vespertilionis 

(Latreille,  1802 J  in  Europe  ajid  Africa,  A.  pusillus~Kohls,  1950>  on Palwan  Island  in  the  Philippines,  aiid  of  numerous  closely  related 
forms  of  yet  uncertain  species  status,  ranges  throughout  the  conti- 

nents and  island  groups  of  the  world,  except  in  the  Americas.  It 
is  possible  that  certain  African  populations  presently  identified 
as  A.  vespertilionis  will  prove  to  be  separate,  closely  related 
species.  A  fuller  study  of  this  group  is  under  way. 

African  Records  Only 

Eventually,  the  round  bat-argas  most  likely  will  be  found  in 
many  more  territories  of  Africa, 

*Field  identification  of  host;  specimen  not  seen  by  a  specialist  in 
bat  taxonoi^y, 
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NCRTH  AFRICA;  EGYPT  (As  A.  fischeri;  Audouin  1826,  Savigny 
1827,  and  Lavoiplerre  and  RielTl^^^  Roogstraal  1952A).  TUNISIA 
(Colas-Belcour  19338^. 

WEST  AFRICA;  FRENCH  WEST  AFRICA:  Although  reported  as  A, 

vespertilionis  by  Marchoux  and  Couvy  (1912A,B,1913A,B),  there~is some  likelihood  that  some  or  all  of  these  specimens  may  have  been 
those  subsequently  used  as  the  types  of  A.  boueti,  Rousselot 

(1953B).  GOm  COAST  (Simpson  19U).    ~ 

CENTRAL  AFRICA;  BEICIAN  CONGO  (Schoenaers  195 lA). 

EAST  AFRICA;  SUDAN  (King  1911,1926;  in  part.  Hoogstraal 
195AB7: 

KENYA  (HH  collecting  in  crater  of  Mt.  Menengai), 

SOUTHERN  AFRICA;  ANGOLA  (Larvae  from  Dundo,  Lunda,  north- 

eastern  Angola,  CNHMj.  MOEAl^IBEiUE  ('"Brumpt's  Precis'").  SOUTHERN 
RHCDESIA  (Jack  1932.  Bedford  193A}. 

UNION  OF  SOUTH  AFRICA:  South  African  adults  described  and 

illustrated  by  Nuttall  et  al  (1908)  as  A.  vespertilionis  represent 
A.  confusus.  Howard  (l^^  DSnitz  (19TOB;,  Bedford  U932B,193A), 
also  confused  these  two  species  as  probably  also  did  Cooley  (l93A-)j 

cf .  Hoogstraal  (1955B,  p.  586)  for  details.  Dr.  G.  Theiler  has 
sent  a  female  and  nymph  of  A.  vespertilionis  from  Pretoria  eind 
Grahamstown,  These  were  among  larger  numbers  of  A.  confusus  and 
A.  boueti.  No  specimens  of  A.  vespertilionis  were  included  with 
material  of  A.  confusus  and  T.,   boueti  from  collections  of  the 
South  African  Institute  for  Medical  Research,  recently  sent  for 
identification  by  Dr.  F,  Zumpt.  These  observations  lead  one  to 
suspect  that  A.  vespertilionis  may  be  less  comnon  in  South  Africa 
than  A.  confusus. 

OTHER  AREAS;  Available  material  referable  to  this  group  is 
from  England,  Netherlands,  Sweden,  Spain,  Germany,  Korea,  China, 
Philippines,  and  Ceylon,  The  group  is  also  known  to  occur  in 
southern  India,  Cambodia,  Australia,  France,  Italy,  and  Russia, 
Differences  between  African  and  European  specimens  and  those  from 
Australia  and  Asian  areas  are  very  slight  indeed. 
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HOSTS  (Africa) 

Bats 

Almost  any  bat,  whether  it  lives  in  large  colonies  or  in  small 
groups,  may  be  parasitized  by  A.  vespertilionis .  All  stages  prob- 

ably infest  the  same  kinds  of  "Hosts, 

Three  species  of  chiropteran  hosts  are  thiis  far  known  from 
the  Sudan  (records  above).  The  Angolan  larva  is  from  Pipistrellus 
nanus.  In  Egypt,  we  find  larvae  chiefly  on  Otonycteris  h.  hemprichi, 
Rhinopoma  hardwickei  cystops  and  R.  microphyllum,  Taphozous  _£. 
perforata  and  T.  nudiventris,  Nycteris  t.  theTaica,  Tadarida  a. 
aegyptiaca  and  T.  teniotis  ruppelli.  They  are  less  n\imerous  on 
Rhino lophus  clivosus  brachygnatus ,  R.  mehelyi ,  Asellia  t.  triedens, 
Plecotus  a\jritus  christiei,  Pipistrellus  k.  kuhli,  and  Rousettus 

a.  aegyptiacus .  Egyptian  bats  reviewed  by  Ssmborn  and  Hoogstraal 

Man 

Nymphs  and  adults  on  several  occasions  have  attacked  us  in 
caves  and  we  easily  induce  it  to  bite  ourselves  in  the  laboratory 
(Hoogstraal  1952A,1955B). 

BIOLOGY 

Life  Cycle 

In  our  laboratory,  Mr.  Sobhv  Gaber  successfully  rears  spec- 

imens of  A.  vespertilionis  at  80"F.  to  9C^.  and  U%   R.H.  to 

5C{£  R.H.  "Egg  batches  consist  of  thirty  to  fifty  eggs,  one-fifth 
or  one-sixth  of  which  aisually  do  not  hatch.  Larvae  emerge  from 
sixteen  to  twenty  days  after  the  eggs  are  laid  and  some  will  feed 
as  quickly  as  four  days  afterwards.  The  diiration  of  larval  feed- 

ing varies  from  fourteen  to  31  days,  but  is  usually  seventeen  to 
nineteen  days.  Five  to  ten  days  later  larvae  molt  to  nymphs, 
which  are  capable  of  feeding  three  or  four  days  after  this  and 
after  subsequent  molts.  Usually  two  feedings  are  indiilged  by 
nymphs,  followed  by  a  molt  eight  or  nine  days  after  the  first 
meal  and  twelve  to  fourteen  days  after  the  second  meal.  Nymphs 
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become  replete  in  from  twenty  to  fifty  minutes,  usually  in  thirty 
to  forty  minutes.  Males  may  emerge  from  the  first  nymphal  molt, 
but  usually  nymphs  molt  twice  before  becoming  adults.  Males  and 
females  may  feed  within  seven  days  after  molting.  Duration  of 
adult  feeding  is  thirty  or  forty  minutes.  No  female  has  ovi^ 
posited  within  six  months  after  the  nymphaL-adult  molt,  even  though 
she  has  been  with  a  male  continuously  and  both  have  had  two  to  six 
blood  meals.  The  first  egg  batch  follows  a  blood  meal  by  about  a 
week.  The  first  oviposition  appears  to  trigger  a  physiological 
release  mechanism  for,  in  several  instances,  three  months  after- 

wards femsLLes  have  deposited  a  fertile  egg  batch  with  or  without 
a  meal.  We  are  at  present  attempting  to  ascertain  whether  the 
long  interval  between  molting  and  oviposition  is  peculiar  to 
these  laboratory  observations  or  whether  it  is  a  usual  feature 
in  our  local  populations. 

A,  vespertilionis  is  more  lethargic  than  A,  boueti.  Adults, 
if  undisturbed  while  imbibing  from  a  vein  in  tie  wing  membrane 
of  a  bat,  may  remain  attached  for  as  long  as  five  hours  after 
engorgement  is  apparently  completed.  The  feeding  tick  remains 
motionless  with  all  legs  down  but,  when  fully  distended  without 
release  of  mouthparts  from  the  host  skin,  it  usually  raises  the 
fore  legs  to  an  antennalike  position.  During  engorgement  the 
beak  is  disengaged  from  the  host  skin  only  after  considerable 
disturbance. 

Large  blood  clots  form  at  the  site  of  the  bite,  both  on  the 
bat's  body  and  in  the  wing  membrane.  This  phenomenon,  on  bats, 
is  in  marked  contrast  to  that  observed  by  Lavoipierre  and  Riek 
(1955 )>  using  ticks  from  our  collections,  and  laboratory  rodents. 
The  greater  avidity  with  which  these  ticks  attack  bats  probably 
accounts  for  the  more  conspicuous  sequelae  in  these  animals. 

Larvae  may  be  found  ajiywhere  on  the  body  or  wing  membranes, 
but  most  commonly  at  the  edge  of  the  hairy  parts,  seldom  on  the 
head,  feet,  tail,  or  trailing  edge  of  the  wings. 

Ecology 

European  and  African  populations  of  this  tick,  which  thus 
far  cannot  be  morphologically  differentiated,  withstand  a  wide 
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rsinge  of  temperature  and  humidity  conditions.  Host  flight  habits 
account  for  the  wide  distribution  of  A,  vespertilionis ,  but  we 
are  not  aware  that  host  migration  is  a  factor  in  mixing  populations 
from  widely  differing  ecological  situations, 

European  and  South  African  populations  exist  under  temperate 
climatic  conditions  with  pronounced  seasonal  changes  and  with 
moderate  to  heavy  rainfall.  Those  of  Egypt  and  of  northern  Sudan 
normally  tolerate  the  most  extreme  arid  niches  in  which  any  arthro- 

pod is  known  to  survive.  Their  engorged  larvae,  however,  are 
found  usually  among  moist  dung  or  in  dung  between  crevices  of 

bats'  retreats.  Just  where  females  commonly  oviposit  in  natiu*e 
and  where  unengorged  larvae  rest  before  seeking  a  host  has  not 
yet  been  satisfactorily  determined 

Throughout  Europe  and  Africa  interstices  in  the  walls  of  bat- 
infested  caves  and  buildings  are  the  most  common  habitats  of  A, 
vespertilionis.  They  may  also  be  found  in  tree  holes  and  in  other 
situations  frequented  by  certain  bats.  In  Cairo  a  specimen,  re- 

calling Robert  Burns'  wee  louse,  has  been  taken  from  a  worshipper 
during  church  service  by  an  observant  but  distracted  friend  sit- 

ting behind.  In  Iraq,  Pat ton  (1920)  reported  the  same  or  a  closely 
related  species  in  Bedoiiin  tents  in  which  bats  presumably  rested  by 
day, 

Egyptiaji  specimens  hide  aJ-one  or  clustered  in  large  or  small 
groups  usually  well  concealed  between  shale  or  in  crevices  of 
walls.  Some  individuals  are  observed  wandering  openly  on  the  walls. 
Unconcealed  individuals  are  noted  much  more  frequently  in  those 
caves  or  niches  that  only  erratically  harbor  a  few  bats  than  in 
large  caves  where  many  bats  usually  roost.  Possibly  our  entry 
into  caves  infrequently  visited  by  any  animals  induces  these  ticks 
to  investigate  the  possibility  of  a  meal. 

Small  numbers  of  the  round  bat-argas  frequently  are  found  in 
niches  in  the  most  unexpected  cliff sides  where  a  few  old  pellets 
of  dung  indicate  that  hermit  bats  such  as  Otonycteris  h.  hemprichi 
occasionally  spend  the  day.  These  ticks  lead  a  most  uncertain 
existence  and  often  wait  months  on  end  for  a  host,  as  revealed 

by  their  compressed  bodies  and  by  the  age  and  scarcity  of  hosts' 
dung  in  these  places. 
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In  Egypt,  A,  vespertilionis  occurs  with  the  more  common  A, 
boueti  and  with  the  less  common  A.  confusiis  and  A,  transgarie^inus. 
A.  vespertilionis  and  the  other  Two  species  are  rare,  however, 
in  the  comparatively  humid  situations  in  Cairo  favored  by  the 
fruit- bat  parasite,  Ornithodoros  salahi. 

DISEASE  RELATIONS 

MAN:  Mild  itching  resulting  from  a  bite  may  persist  for 
several  weeks, 

BATS:  Large  blood  clots  form  at  the  site  of  the  bite,  both 

on  the  host's  body  and  on  the  wing  membrane. 

It  has  been  stated  that  this  tick  is  a  vector  of  a  spiro- 
chete of  bats  but  reports  of  conclusive  supporting  evidence 

have  thus  far  not  been  located. 

In  the  Cairo  area  blood  of  a  few  of  these  ticks  has  been 
found  to  contain  a  most  interesting  organism  resembling,  accord- 

ing to  Dr.  P.  C.  C.  Garnham  (correspondence):  '"the  sporozoites 
of  a  Haemoproteid;  they  are  not  unlike  the  sporozoites  of  Leuco- 
cytozoon     described     from  the  abdominal  cavity  of 

Simulium  flies.'"  Unfortunately,  it  has  thus  far  been  impossible 
to  undertake  further  study  of  this  phenomenon. 

Egyptian  specimens  examined  in  NAMRU-3  laboratories  have  been 
negative  for  spirochetes,  viruses,  rickettsiae,  and  Shigella 
organisms. 

REMARKS 

The  taxonony  ajid  biology  of  bat-infesting  Argas  ticks  is 
presently  being  studied  and  the  first  report,  on  A.  boueti  and 
A.  confusus  has  been  presented  (Hoogstraal  1955B).  The  second 

"section  will  deal  with  the  confounded  status  of  Argas  (Carios) 
vespertilionis .  Some  workers  have  considered  Carios  as  a  full 
genus,  indiscriminately  including  in  it  features  of  a  variety 
of  species  based  on  vague  and  ambiguous  remeirks  in  the  literature, 
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The  presence  of  the  ventral  paired  organ  related  the  subgenus 
Carlos  to  the  subgenus  Chiropterargas  and  separates  Carlos  from 
the  subgenus  Argas  and  from  other  subgenera.  The  presence  of  a 
lateral  suture  and  of  peripherally  differentiated  integument, 
and  the  absence  of  EUi  appendagelike  hood  clearly  separates  the 
subgenus  Carlos  from  the  subgenus  Chiropterargas . 

The  name  vespertilionis  was  assigned  by  Latreille  in  1802, 
not  in  1796  as  stated  by  most  authors.  The  reference  to  this 
name  as  of  1796  (Hoogstraal  1955B)  derives  from  an  editorial 
change . 

Schulze  (19^3B)  noted  that  the  iramattire  stages  of  species 

of  this  group  ('"A,  pipistrellae"' )  have  especially  highly  devel- 
oped terminal  brancning  of  midgut  diverticula  but  little  basal 

branching. 

IDENTIFICATION 

Males  and  females  are  alike  except  that  males  average  some- 
what smaller  in  size  arid  their  genital  aperture  is  semicircular 

in  outline,  rather  than  narrowly  ovoid,  and  is  not  bounded  by 
thickened  rugose  lips  as  in  females. 

In  both  sexes  and  in  nymphs,  a  definite  latersil  suture  en- 

circles the  body,  a  dorsal  and   ventral  row  of  rectangular  "cells" 
marks  the  body  periphery,  no  appendagelike  hood  is  present  over 
the  raouthparts,  but  ventral  paired  organs  are  present  just  pos- 

terior of  the  anus. 

The  body  outline  is  generally  circular  or  subcirciolar,  but 
may  be  somewhat  longer  or  wider  in  some  specimens.  Few  individuals 
reach  six  millimeters  in  length  or  breadth.  The  integument  is 
smooth,  marked  by  a  fine  network  of  small,  irregular  cells  among 
which  regular,  subparallel  rows  of  larger  discs  radiate. 

Legs  arise  from  the  anterior  half  of  the  body  aM  are  short- 
er than  the  body;  coxae  are  contiguous;  and  tarsi  are  tapered 

and  lack  dorsal  humps . 
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Mouthparts  are  situated  close  to  the  anterior  margin  of  the 
body.  The  hypostome  formula  is  2/2  to  2,5/2,5,  the  apex  is  notched 
and  bears  a  corona  of  three  or  four  rows  of  small  denticles  in 
four  to  six  files. 

The  larval  and  nymphal  illiostrations  and  descriptions  of  A, 
vespertilionis  by  Neumann  (.1896)  are  quite  good,  though  they  shall 
have  to  be  expaxided  for  present  day  purposes.  These  have  been 
employed  subsequently  by  the  same  author,  Nuttall  et  al   (l90S), 
Bedford  (1934),  and  others. 
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ARGAS  sp. 

(Mot  illiistrated) 

A  single  damaged  larva,  raotmted  on  a  slide,  sent  by  Mr. 
E.  T.  M.  Reid  of  the  Sudan  Veterinary  Service,  represents  an  Tin- 
known  species  of  tick.  Although  many  of  the  characters  of  this 
specimen  are  obliterated,  enough  are  preserved  to  indicate  dis- 

tinct differences  from  A.  vespertilionis ,  to  v/hich  it  is  probably 
more  or  less  closely  allied,  and  from  all  other  described  species. 
This  larva  was  collected  from  a  Pachyotus  bat  at  Latome,  Equatoria 
Province,  on  18  March  1951  by  Mr.  J.  Owen. 
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ORNITHODOROS' 

INTRODUCTION 

Both  important  African  species  of  Ornithodoros,  0.  moubata 
and  0,  savignyi,  occior  in  certain  areas  of  the  Sudan,  where  they 

are  known  as  halm  (  p — ^>fl  ),  From  two  to  five  other  species 
indubitably  exist  in  the  Sudan  but  have  not  yet  been  found  there. 
Approximately  fifty  species  comprise  the  genus  throtighout  the  world, 
0,  laaubata  is  the  most  important  tick  vector  of  relapsing  fever  in 
itfrica  and  its  bite  is  often  painful,  0,  savignyi  has  been  sus- 

pected to  be  a  relapsing  fever  vector ,-  although  incriminating  evi- 
dence in  nature  is  negative  or  unconvincing. 

Ornithodoros  ticks  are  thick,  leathery,  and  podlike.  They  may 
be  more  or  less  difficult  to  find  but  pain  when  they  bite  signifies 
their  presence.  In  contrast  to  Argas  ticks,  which  usually  parasitize 
birds  and  bats,  most  Ornithodoros  ticks  parasitize  mammals,  including 
bats,  and  only  exceptionally  attack  birds,  reptiles  and  amphibians. 

The  two  species  under  consideration  represent  a  somewhat  more 
advanced  stage  in  evolution  of  parasitism  than  do  Argas  and  other 
Ornithodoros  species  in  that  their  larvae  remain  in  the  large, 
leathery  egg  until  ready  to  make  the  larval— nymphal^ molt.  The 
safety  of  the  tough  egg  capsule  affords  delicate  larvae  considerable 
protection  from  the  elements.  0.  rooubata  and  0.  savignyi  are  un- 
usiial  in  this  respect;  larvae  of  most  other  Ornithodoros  species  are 
active  and  feed  from  ajiimal  hosts.  Shortly  after  hatching  larvae 
molt  to  nymphs  that  soon  set  out  to  find  a  host.  Nymphs  and  adults 
feed  rapidly,  in  a  matter  of  a  few  minutes  to  an  hour   or  two,  and 
are  seldom  transported  while  feeding  on  the  host.  They  are,  there- 

fore, usually  found  only  in  their  resting  places,  Ornithodoros 

*Some  writers  replace  the  os  ending  used  here  by  us.  The  original 
name  used  by  Koch  (18/^4- J  was  spelled  with  an  os  ending,  and  this  is 
generally  though  not  universally  conceded  to  conform  to  the  rules 
of  nomenclature  axid  of  philology.  This  question  has  been  reviewed 
by  Najera  (1951 ). 
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ticks  axe  able  to  withstand  long  periods  of  starvation  and  are 
very  resistant  to  aridity.  The  two  species  discussed  in  the 

following  pages  have  been  widely  spread  along  man's  trade  routes. 

Subgenera  of  Ornithodoros  are  scarcely  better  established 
than  those  of  Argas.  0,  moubata  and  0.  savignyi  are  closely  re- 

lated species  with  only  one  other  kiiiSred  kind,  0,  eremicus  Cooley 

arxi  Kohls,  19iU.»  of  Utah,  western  North  America,"  Some  workers would  include  only  these  three  species  in  the  genus  Ornithodoros 
and  all  others  in  several  different  genera.  This  position  seems 
an  vinnatural  approach  and  a  useless  complexity.  For  present  pur- 

poses, 0,  moubata  and  0,  savignyi  are  treated  as  in  the  subgenus 
Ornithodoros,  the  only  one  presently  known  to  be  represented  in 
the  Sudan, 

In  addition  to  these  two  tampans,  it  is  certain  that  several 
other  species  of  Ornithodoros  occur  in  the  Siodan  and  await  dis- 

covery. Among  these  should  be  0,  foleyi,  0,  delano'&i  subsp,,  and 
possibly  some  member  of* the  0.  tholozani  group.  When  more  inten- 

sive search  is  undertaken  in^the  Sudaji  it  will  probably  be  foiand 
that  0,  erraticus  is  localized  but  widely  distributed  here.  0. 
erratTcus  is  broadly  characterized  by  small  size  (maxiraura  length 
7.5  mm.*  usual  length  3.0  to  5.0  ram,),  oval  shape,  closely  crowded, 
hemispherical  grajiulations  interspersed  by  large  discs,  and  absence 
of  tarsal  armature  and  of  cheeks  surrounding  the  mouthparts.  Spec- 

imens will  probably  be  found  in  small  mammal  burrows. 

The  following  are  the  other  known  Ornithodoros  species  that 
occur  in  Africa,  with  selected  references  concerning  them; 

0,  arenicolous  Hoogstraal,  1953(C);  description  of  all  stages; 

~    biology;  from  rodent,  hedgehog,  and  V aranus  lizard  burrows in  Egyptian  deserts.  Absence  of  spirochetes  (Davis  ajid 
Hoogstraal  195^). 

0,  capensis  Neumann,  1901;  described  from  penguin-inhabited  islands 

~    off  Cape  Province,  Found  on  Cargados  Carajos  Island  in  Indian 
Ocean  (Neumann  1907E),  Challenger  Expedition  specimens  from 
St,  Paul's  Rocks  (Nuttall  et  al  1908),  Present  on  islands  off 
Southwest  Africa  (TromsdorT?  T^H),  Biology  of  hosts  and 
description  of  habitat,  St,  Croix  Island  off  Cape  Province 
(Hewitt  1920).  Other  South  African  records  (Bedford  193A). 
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Records  from  western  Australia  (Taylor  and  Murray  19A-6), 
Present  on  marine  birds,  Guam  (Kohls  1953).  Specimen  from 
leg  of  soldier  on  island  in  Lake  Nyasa  (Hoogstraal  195/iC). 

0.  coniceps  (Canestrini,  I89O)}  described  from  Venice,  Italy, 

"    Specimens,  from  near  Aral  Sea,  in  St.  Petersburg  Museum 
(Birula  1895 );  these  quoted  by  Yakimov  and  KohL-Yakiraov 
(1911)  and  Yakimov  (1917,1922),  Present  in  France  (Guitel 
1918,  Theodor  1932,  Roman  and  Nalin  1948).  As  0.  talaje 
from  Fezzan,  Morocco;  introduced  with  pigeons;  severe  se- 

quelae in  human  victims  (Martial  and  Senevet  1921).  From 
bats  and  pigeons,  life  cycle,  Tunis  (Colas-Belcour  1929D). 
Description  of  all  stages,  Palestine  (Theodor  1932).  Bi— 
ology,  Palestine  (Bodenheimer  1934).  Present  in  Spain 
(Gil  Collado  1947,194aA,B).  Present  in  Morocco  (Blanc  and 
Maurice  1950),  Present  in  Nablus  area  of  Jordan;  parasite 
of  chickens  ajid  persons;  infected  with  spirochetes  (Badu- 

dieri  1954,1955).  Transmits  fowl  spirochetes  ('"Brumpt's 
Precis'").  Life  cycle  (Davis  and  Mavros  1956C). 

0,  delanoei  delanoei  Roubavid  and  Colas-Belcour,  1931;  described 

""    from  porcupine  burrow,  Morocco.  Biology  (Roubaud  and  Colas- 
Belcour  1936).  Life  cycle  and  larval  feeding  (Colas-Belcour 
1941).  Non- transmission  of  spirochetes  (Colas-Belcour  and 
Vervent  1949).  Present  in  Egypt  (Hoogstraal  1953C).  Ab- 

sence of  spirochetes  (Davis  and  Hoogstraal  1954).  Life  cycle 
(Davis  and  Mavros  1956A).  Biological  observations  and  dis- 

tribution in  Egypt;  descriptions  of  immature  stages  (Hoog- 
straal 1955E). 

0,  delanoei  acinus  Whittick,  1938;  described  from  cave  in  British 

~    SomaliianJI  Haeiroglobin  (Wigglesworth  1943),  Biology  (Ro- 
binson 1946).  Coxal  organs  ('"glands'")  (Lees  1946b).  Trans- 

piration from  cuticle  (Lees  1948).  Egg  waxing  organ  (Lees 
and  Beament  1948).  Weight  of  tick  and  of  its  cuticle,  fed 
and  unfed  (Lees  1952).  Larval  and  nymphal  measurements, 
and  the  increase  in  size  following  each  mqlt  ODd   male  meas- 

urements have  been  noted  by  C ampana-Rouget  (1954). 
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0.  erraticvts  Lucas,  l8/I^9;  described  from  Algeria  and  now  known  in 

""    Iran,  Turkey,  and  throughout  much  of  the  European  and  African Mediterranean  area  as  well  as  in  French  West  Africa,  Kenya, 
emd  Uganda,  This  tick  chiefly  inhabits  rodent  burrows,  some- 

times lairs  and  dens  of  other  animals,  sjid  pigsties.  It  also 
may  parasitize  man,  reptiles,  toads,  and  birds.  The  very 
extensive  literature  on  0,  erraticus  will  be  reviewed  in 

Volume  II  of  this  work,  "" 

0,  folevi  Parrot,  1928;  single  female  described  from  the  Algerian 

*"    Sanara,  Description  repeated  by  Foley  (1929J.  A  synonym  of 0.  foleyi  is  0,  franchinii  Tonelli-Rondelli,  1930(B^  from 
Libya;  cf,  Roubaud  and  Colas-Belcour  (1931 ).  As  0.  lahorensis , 
0,  lahorensis  group,  or  0.  franchinii  from  Libya  by  Franchini 
Tl927,1928B,1932A,B,1933l,D,153U,i555A,1937)  and  Franchini 
and  Taddia  (1930);  in  these  reports,  the  general  remarks  and 
those  concerning  fever  in  man  as  a  result  of  bites  do  not  apu 

pear  to  be  based  on  sound  evidence;  the  '"biological  differ- 
ences'" (193AA)  are  pointless.  Morphology  and  generic  dis- 
cussion (Warbiirton  1933);  cf ,  remarks  herein  under  Argas 

brumpti  (page  88^,  Presence  in  Southeeistern  Egypt  (Hoogstraal 
and  kaiser  1956),  Life  cycle  (Davis  and  Mavros  1956D). 

0.  graingeri  Heisch  and  Guggisberg,  1953(A);  all  stages  described 

"    from  coral  cave  near  sea,  Jfombasa,  Life  history  (Heisch  and Harvey  1953 X  Infected  with  spirochetes  (Heisch  1953). 
Parasitizing  bats  (Garnhajn  and  Heisch  1953).  Parasitizing 
porcupines  and  man  (Heisch  1954A),  Note:  The  actual  date 
of  publication  of  this  species  is  8  January  1953  although 
the  volume  nvimber  is  that  of  1952, 

0,  normandi  Larrousse,  1923;  all  stages  described,  life  cycle,  from 
rodent  burrows  in  Tunisia.  Iferphologic  charaxjters  and  biology 
(Colas-Belcotir  1928),  Egg  laying  and  hatching  (Colas-Belcour 
1929AJ.  Spirochete  studies  by  Nicolle,  Anderson,  and  Golas- 
Belcour  (1927A,B,1928A,B,C ,D,1930). 

^0,   pavimentosus  Neumann,  1901;  reported  from  Southwest  Africa, 
Synonymized  under  0.  savignyi  by  Theiler  and  Hoogstraal 

(1955).  7         
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0.  peringueyi  Bedford  and  Hewitt,  1925 j  scanty  descriptions  and 

"    illustrations  of  male,  female,  and  nymph  from  South  Africa, Cliff  swallow  as  host  (Bedford  1929A,1932A).  Failure  to 
transmit  Aegyptianella  pullorum  (Bedford  and  Coles  1933 )• 
All  stages  redescribed  and  reillustrated  (Bedford  1934). 

0.  seilaM.  HoogstrsAl,  1953(B);  a  pareisite  of  fruit  bats  in  the 

~    Nile  Valley  and  Wadi  Natroun  (Western  Desert)  of  Egypt; also  known  from  Palestine;  all  stages  described;  life 
history.  Absence  of  spirochetes  (Davis  and  Hoogstraal  1954). 

0,  tholozani  tholozani  Laboulbene  and  Megnin,  1882(A);  first  des- 

"    cribed  from  Iran,  An  important  Asiatic  vector  of  spirochetes 
of  relapsing  fever;  the  tholozani  group  consists  of  several 
subspecies  and  related  species;  reviewed  by  Desportes  and 
Campana  (19A6),  Rare  in  western  Egypt  and  eastern  Libya 
(Coghill,  Lawrence,  and  Ballentine  19A7;  Hoogstraal  1953C ) 
but  accused  of  transmitting  spirochetes  causing  disease  in 
troops.  Now  known  from  several  restricted,  but  large, 
spirochete-infected  populations  in  Egypt  (Davis  and  Hoog- 

straal 1956)  and  from  Jordan  (Babudieri  1954,1955). 

0,  zumpti  Heisch  and  Guggisberg,  1953(B);  female  and  nymph  des- 

""    cribed  from  burrow  of  rodent  (Rhabdomys  pxmilio)  in  Cape Province,  South  Africa.  Onderstepoort  collection  material 
recently  sent  by  Dr.  Theiler  for  identification  includes 
males,  females,  and  nymphs  from  the  nests  of  Aethomys  and 
?Tatera  in  Cape  Province, 

/~0,  lahorensis  Neumann,  1908,  an  Asiatic-Near  Eastern  species, 
said  by  Franchini  (1929B,1932B,1935)  and  Garibaldi  (1935) 
to  occur  in  Libya;  most  probably  does  not  extend  its  range 
into  North  Africa,  7 

0.  sp.  nov.;  an  undescribed  species  closely  related  to  0. 

~    foleyi  has  recently  been  found  in  porcupine  burrows  near Pretoria  in  the  Union  of  South  Africa  (Theiler,  corres- 
pondence). 
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KEY  TO  SUDM  SPECIES  OF  CRNrTHCDCROS 

MAIES  km  FEMLES 

With  two  pairs  of  eyes  in  lateral  fold. 
(Northern  and  Central  Svidan)   0.  SAVIGNYI 

Figures  8  to  12 

Without  eyes.      (Southern  Sudan)   0.  WUBATA 
Figures  39  to  62 
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Figures  39  and  40,  9,  dorsal  and  ventral  views 

ORNITHCDOROS  MOUBATA 

(Laboratory  reared  J 

PUTE  XIV 
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10  20 

Figure  Al 

KNCWN  DISTRIBUTION  OF 
ORNITHODCTIOS  HOUBATA 

PLATE  XV 
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ORNITHODOROS  (ORI'lITHODOROS)  MOUBATA  (Murray,  1877). 

(Figures  39  to  62) 

THE  EfELESS  TAMPAN* 

L   N   2   c?      EQUATORIA  PROVINCE  RECORDS 

2  1      Liria        African  hut  Nov 
3  11   Ward  Mika     ?  Nov 

Without  locality  data  (King  1911,1926.  Maurice  1932.  Kirk 
1939) .  Maurice  (1932)  stated  that  in  connection  with  the  1925 

relapsing  fever  outbreak,  0.  inoubata  had  been  found  in  "foiir 
Equatoria  Province  rest  houses  north  of  Minule" . 

The  only  eyeless  tampans  in  Sudan  Government  collections  are 
a  few  specimens  from  Wani  Mika,  collected  by  J.  Dervish,  3  Novenu 
ber  1925. 

The  three  specimens  collected  from  a  hut  at  Liria  in  Novenu 
ber  of  1949  are  the  only  ones  that  I  have  been  able  to  find  in 
the  Sudan.  A  search  of  this  and  other  Liria  huts  during  January 
of  1952  failed  to  reveal  additional  material.  Dviring  the  same 

trip,  preserved  specimens  were  extensively  exhibited  to  residents 
of  many  villages  on  the  Juba_Torit_Tarangore  track,  and  at  Katire, 
Gilo,  Yei,  and  Kajo  Kaji.  Although  some  persons  who  saw  them 

professed  to  know  the  whereabouts  of  similar  "dood" ,  no  tampans 
could  be  found. 

DISTRIBUTION  IN  THE  SUDAN 

Bahr  El  Ghazal;  From  warthog  burrows  on  Guar-Galual  road 

near  Guar,'75ogrial  Subdistrict,  Tonj  District,  April,  1953,  col- 
lected by  E.  T.  M.  Reid  and  P.  Blasdale.  Three  burrows  examined 

yielded  one  nymph  in  the  first,  two  males  and  nine  nymphs  in  the 
second,  and  two  males  and  thirteen  nymphs  in  the  third.  Mr. 
Thomas  W.  Chorley  and  the  collectors  are  to  be  congratulated  for 

*In  South  Africa,  called  "The  Hut  Tampan"  (Theiler  1952A,B). 

_  121  _ 



these  fine  records  of  0.  moubata.  Guar  is  situated  at  approximately 

8°50*N.  and  28°30*E.  The  specimens  were  collected  dioring  the  dry- 
season;  but  for  several  months  of  the  year  this  "Nile  sponge"  area 
is  a  vast  flooded  plain.  It  would  be  interesting  to  know  the  ac- 

tivity of  the  ticks  at  that  time. 

No  evidence  of  0.  moubata  has  been  discovered  from  buildings 
in  Bahr  El  GhsLzal  Province,  but  search  in  these  places  has  not  been 
extensive  enough  to  draw  conclusions  from  this  negative  data. 

DISTRIBUriCai 

0.  moubata  is  widely  distributed  locally  throiighout  East  and 
northern  South  Africa,  and  extends  into  the  drier  part  of  Central 
Africa.  A  few  specimens  indicate  its  presence  in  West  Africa. 
In  South  Africa  and  elsewhere,  human  activities  have  carried  the 
eyeless  tampan  far  from  its  former  habitats.  Asstuning,  for  lack 
of  evidence  to  the  contrary,  that  burrow-inhabiting  populations 
and  hut-inhabiting  populations  are  identical  species,  it  wotild 
appear  that  the  distributional  picture  of  the  former  populations, 
when  it  becomes  better  knovm,  will  be  true  indication  of  the  prim- 

itive range  of  0.  moubata. 

Early  collecting  records  were  summarized  by  Neumann  (1901 ) 
and  by  Merriman  (1911).  Some  early  records  are  under  0.  savignyi 

caecus  Neumann,  1901,  a  synonym  of  0.  moubata,  and  for""a  time  0. moubata  and  0.  savignyi  were  confused  by  Neumann  and  other  writers. 
More  recently,  Leeson  (1952)  published  a  distribution  map  and 
(1953)  additional  notes  that  have  been  brought  up  to  date  herein 
(Figure  a). 

The  mapped  distribution  of  tick- borne,  human  relapsing  fever 
in  the  world  (American  Geographical  Society  1955)  contains  numer- 

ous errors  in  the  area  devoted  to  the  Ethiopian  Faunal  Region, 
where  0.  moubata  is  the  only  known  vector,  except  rarely  the  human 

louse .~  A  large  section  of  the  Sudan  is  shaded  to  indicate  the 
presence  of  both  tick-borne  and  louse-borne  spirochetes  _  which 

would  infer  the  widespread  range  of  0.  moubata  in  the  Sudan.  This 
is  contreu:^  to  the  available  data,  presented  above.  The  same  in- 

dications for  the  Yemen  are  based  on  imcritical  repetition  of 
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earlier  errors  in  literature,  even  though  subsequent  references 
disclaim  earlier  assertions  -  a  frequent  evil  of  uncritical 
fact-gathering  from  literature.  Few  outlines  on  the  African  map 
bear  close  relation  to  available  fa^ts, 

WEST  AFRICA;  Not  recorded  by  Simpson  (1912A,B)  from  the 
northern  or  southern  parts  of  Nigeria.  Absent  from  northern  Ni- 

geria (McCullough  1925).  No  evidence  to  associate  relapsing  fever 
in  northern  Nigeria  with  0,  moubata  (Caffrey  1926). 

Not  known  from  Liberia  (Bequaert  1930A), 

Absent  from  thirteen  French  West  Africa  villages  on  the  Niger 

(Kerrest,  Geimbier,  and  Bouro'iiil922A,B),  Recorded  ""south  of  Lake 
Chad*  (Neumann  1901)  but  not  found  in  Chad  locedities  by  Le  Gac 
(1931);  0.  savignyi  has  been  found  in  this  general  area  (Alcock 
1915)  ar3  Neumann  may  have  misidentified  his  material.  Apparent- 

ly absent  in  French  West  Africa  (Gouzien  1923).  Absent  around 
Dakar  (Mathis  1928A,B,  Mathis  and  Durieux  1932A,B.  Mathis, 
Dirrieux,  and  Advier  1933,1934). 

GOID  COAST;  Appears  to  be  absent  according  to  Selwyn-Clarke, 
Le  Fanu,  and  Ingreim  (1923)  and  Ingram  (192^);  nevertheless  a  single 
nymph  from  Ashanti  has  been  seen  (Hoogstraal  1954C ).  SIERRA  lEONE: 
Specimens  seen  by  Hoogstraal  (195>4C). 

It  is  difficult  to  reconcile  the  GOID  COAST  and  SIERRA  lEONE 

records  from  British  l^seum  (Natural  History)  collections  with 
previous  distributional  concepts  of  0.  moubata,  which  have  held 

that  this  species  is  absent  from  Wes"^  Africa.  Yet  there  is  little reason  to  believe  that  the  specimen  labels  are  incorrect.  A  re- 
newed search  in  these  areas  is  indicated;  otherwise  one  hesitates 

to  draw  conclusions  from  these  xinexpected  records  (Hoogstraal 
195^). 

CENTRAL  AFRICA;  FRENCH  EQUATCRIAL  AFRICA  (Blanchard  1913, 
19U.  Le  Boeuf  and  Gambler  19iaA,B.  Rodhain  1919A.  Guillet  192^. 
Blanchard  and  Laigret  192A.  de  Buen  1926.  Rousselot  1951,1953B). 

BEDSIAN  CONGO  and  RUANDA-URUND I  (Livingston  187A,  vol.  2,  pp. 
33  and  115.  Neumann  1901,1911.  Ross  and  Milne  1904.  Dutton  and 
Todd  1905A,B.  Newstead  1905A,B,C,1906A,B.  I-Iassey  1908.  Rodhain, 
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Pons,  van  den  Branden,  and  Beqiiaert  1913.  Roubaud  and  Van  Saceghem 
1916.  Van  Hoof  1917,1924-.  De  Rviddere  1917.  Rodhain  1919A,B,1920, 
1922A,B,C.  Todd  1919.  Bequaert  1919, 193 OA,B, 1931.  van  den  Branden 
and  Van  Hoof  1922.  Ghesqviiere  1922.  Van  Saceghem  1923.  van  den 
Branden  192^.  Olivier  192A.  Seydel  1925.  Schwetz  1927A,B,1932, 
193 3A,  19^2,194-3.  Van  Hoof  and  Duke  1928.  Flamand  1928.  Schouteden 
1928.  Dubois  1931,1949A,B.  Trolli  1931.  Seraglia  1932.  Pierq\ain 
1950.  Jadin  and  Giroud  1950,1951.  Giroud  and  Jadin  1950,1954,1955. 
Jadin  1951A,B.  Himpe  and  Pierquin  1951.  Pierquin  and  Niemegeers 
1953.  Jadin  and  Panier  1953.  Davis  and  Biirgdorfer  1954.  Theiler 
and  Robinson  1954.  Bxrrgdorfer  and  Davis  1954.  Babudieri  1955*). 

/"NOTE:  Rageau  (1953B)  suggests  the  strong  possibility  of 
the  tampan's  presence  in  Cameroons.  He  states,  on  epidemiological 
grounds,  that  relapsing  fever  there  is  presumed  to  be  tick- borne 
and  that  the  most  likely  areas  in  which  the  tick  may  occur  have 
not  been  well  studied.  7 

EAST  AfRICA;  SUDAN  (Balfour  1906;  tampan  then  not  yet  seen 
in  the  Sudan.  King  1911,1926.  Maurice  1932.  Kirk  1939.  Hoog- 
straal  1954C.  See  DISEASE  RELATIONS  and  introductory  paragraphs 
of  DISTRIBUTION  section). 

ETHIOPIA  (Brumpt  1908A.  Bergsma  1928,1929.  Giordano  1936. 
Absence  of  tampans  at  2,200  meters  altitvide:  Scaffidi  1937.  Br\ms 
1937.  Franc hini  1937.  Mennonna  and  Modugno  1937.  Manson_Bahr 
1941,1942.  Bertazzi  1952).  EEITREA  (Franchini  1929D,E.  Niro 

1935.  Stella  1938A,1939A,1940).  /"FRENCH  SCMALILAND  (No  known records). 7  BRITISH  SCMALILAND  (Brumpt  1901.  Drake-Brockman 

1913, 1913a,B, 1920,  identity  in  part  confused  with  0.  savignyi. 

Donaldson  1926.  Clark  1937,  remarks  qviestionable ."  Stella  1938A, 1940.  Cullinan  1946.  Anderson  1947.  Heisch  1950A.  Heisch  and 
Furlong  1954.  Davis  and  Burgdorfer  1954).  ITALIAN  SCMALILAND 
(Brumpt  1901,1908A.  Paoli  1916.  Rodino  1922.  Reitani  and  Parisi 
1923.  Franchini  1925,1929C,E,1937.  Bartolucci  1933.  Mattei 
1933.  Niro  1935.  Massa  1936A.  Moise  1938,1950.  Stella  1938A. 
1939A,1940.  Lipparoni  1951,1954.  Falcone  1952.  Giordano  1953). 

*Professor  Babudieri  (1955)  states  that  he  utilized  the  Itete  strain 
procured  from  the  Congo  by  Professor  Geigy.  This  strain  was  coL_ 
lected  by  Geigy  and  Mooser  (1955)  in  Tanganyika. 
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KENYA   (As  0.   savignyi:     Karsch  1878.     Ross  1912.     Neave  1912. 
Todd  1913.     Anderson  1$2AA,B.     Garnham  1926,19/^7.     MackLe  1927, 

"Kenya  1928*.     Lewis  193U,C,1939A.     Hynd  19^5.     Quin  and  Perkins 
19ii6.     Jepson  194-7.     Absence  of  Ornithodoros  ticks:     Garnham, 
Davies,  Heisch,  and  Timms  194-7.     Heisch  and  Grainger  1950.     Heisch 
195QA,B,195AC,E.  Walton  1950A,1953.     Teesdale  1952.     Bell  1953. 
Heisch  and  Furlong  1954-.     Geigy  and  Mooser  1955). 

UGANDA   (Christy  1903A,B,1904.  Pocock  1903.     Johnston  1903. 
Sambon  1903.     Ross  and  Milne  1904.  Cook  1904.     Ross  1906,1912, 
Hirst  1909,1917.     Bruce  et  al  1911.  Ross  1912.     Neave  1912.     Todd 
1913.     Neumann  1922.     MeTEam  1932.  Hargraves  1935.     Hopkins  and 
Chorley  1940.     Chorley  19A3). 

TANGANYIKA   (Neumann  1901.     Sambon  1903.     Christy  1904.     Ross 
and  Milne  1904.     Dutton  and  Todd  1905A,B.     Koch  1905,1906.     Werner 
1906.     Mollers  1907.     Todd  1913.     Morstatt  1913, 19U.     Manson  and 
Thornton  1919,     (?Lester  1928).     Loveridge  1928.     Bequaert  1930A. 
Knuth  1938.     Hawking  1941,     Schulze  1941,     Knowles  and  Terry  1950. 
Phipps  1950,     Geigy  1951.     Geigy  and  Burgdorfer  1951.     Walton 
1953.     Davis  and  Burgdorfer  1954.     Mooser  aiid  Weyer  1954.     Smith 
1955.     Geigy  and  Mooser  1955.     Babvdieri  1955:   see  footnote  under 
Belgian  Congo), 

SOUTHHIN  AFRICA;     ANGOIA   (Livingstone  1857,  pp,  382-383. 
Murray  1877.     As  0,   savignyi;     Neumann  I896,     Neumann  1901,     Pocock 
1903,     Caiman  1903.     Wellman  1905A,B,C,1906A,B,C,D,1907A,B.     Dutton 
and  Todd  1905A,B,     Nuttall  et  al  1908.     Gamble  1914.     Rodhain  1919A. 
De  Almeida  and  Rebelo  1928.     Sousa  Dias  1950.     Santos  Dias  1950C. 
Theiler  and  Robinson  1954).     UOMimiQM   (Livingstone  1857,  pp.   383, 
628,629.     Dowson  1895.     Pocock  1903.     Johnston  1903,     Howard  1908, 
1911.     Amaral  Leal  and  Sant'Anna  1909.     Absent  from  Alto  l-blocue: 
McFarlane  1916.     Netmann  1922,     Marques  1943, 194A,     Santos  Dias 
1952H,1953B,1954H,K). 

NORTHERN  RHODESIA   (Neave  1911,1912,     Wallace  1913,      Lloyd  1913, 
1915,     Holmes  1953.     Hoogstraal  1954C).     SOUTHERN  RHODESIA   (Jack 
1921,1928,1931,1937,1938,1942.     Leeson  1952).     NYASALAND    (Old  1909. 
Neave  1912.     De  Meza  1918A.     Lamborn  1924,1927,1939.     Wilson  1943, 
I95OB.     Hardman  1951), 
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BBCHUANAIAND   (Specimens  from  Ngamilsmd  in  Theiler  collection). 
SOUTHWEST  AFRICA   (Neumann  1901.     Trommsdorff  1914.     Sigwart  1915. 
Mitscherlich  194-1.     Hoogstraal  1954C). 

UNION  OF  SOUTH  ATRICA   (Lounsbury  1900C,  in  part  confxised  with 
0.  savignyi.     Pocock  1903.     D8nitz  1906,1907A,C,1910B.     Greenway 
I9C57I     Howard  1907,1908.     Cowdry  192  5C,1926A,  1927.     Curson  1928. 
Bedford  1920,1926,19323,1934,1936.     Cooley  1934.     Bedford  and 
Graf  1934,1939.     Cluver  1939,1947.     Ordman  1939, 1941, 1943, 1944A, 
B,1955.     De  Meillon  1940.     Mitscherlich  1941.     Collen  1943. 
Polakow  19hU,     R.  du  Toit  1942B,C,1947A,B.     Thorp,  De  Meillon  and 
pardy  1948.     Monnig  1949  statements  refer  largely  to  0.   savignyi . 
Annecke  and  Qtiin  1952.     Annecke  1952.     Davis  and  Bxirg^orfer  1954). 

ISLAND  GROUPS;     MADAGASCAR    (Lamourevix  1913A,B.     Suldey  19l6. 
Poisson  1927.     Folsson  and  Decary  1930.     Buck  1935, 1948A,C, 1949. 
Le  Gall  1943.     Millot  1948.     Neel,  Payet,   and  Gonnet  1949.     Decary 
1950.     Colas-Belcour,  Neel,   and  Vervent  1952.     Hoogstraal  1953E). 
Although  0.  raoubata  has  not  been  reported  from  the  COMCRES  group, 

Neel,  Pay'et,  and  Gonnet   (1949)  state  that  relapsing  fever  of  the apparent  type  borne  by  0,  moubata  exists  at  Dzaoudzi. 

Records  from  Zanzibar   (Brumpt  1901,1908A)  probably  should  be 

disregarded.     They  may  refer  to  "East  Africa*  in  general.     Accord- 
ing to  Dr.  S,  D.  Robertson,  Pathologist,  Medical  Department,   in 

personal  correspondence,  0.  moubata  does  not  occur  in  Zanzibar. 
It  has  been  stated  to  be  absent  there   (Aders  1913)  and  was  not 
listed  by  Aders   (1917B)  in  his  report  of  insects  injxirious  to  man 
and  stock  in  Zanzibar.     Odd  individuals  of  the  tick  may  be  im- 

ported in  dhows  from  Tsinganyika  but  these  do  not  appear  to  become 
established  on  the  island   (Leeson  1953). 

/"NCRTH  AFRICA  AND  ARABU:     Records  from  Libya  are  diffictilt to  accept.     Franchini   (1932A,B,1933A,B,C,D,1934B,1935A)  listed 
Tripolitania  as  the  source  of  specimens.     He  was  probably  dealing 
vith  0.   savignyi,  but  Garibaldi   (1935)  accepted  these  reports. 
ZavatTari   U932, 1933, 1934)  stated  that  0.  moubata  is  absent  in 
Libya.     Though  Franchini   (loc.   cit.)  arS  Gaspare   (1933,1934)  as- 

serted differently,  their  remarks  are  so  confused  as  to  negate 
their  argvment  unless  fresh  specimens  can  be  procTired.     One  of 
KAMRUL3*s  well  trained  assistants  has  been  Tinable  to  find  0, 
moubata  in  the  Libyan  localities  from  which  it  was  reported. 
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Records  from  Egypt  (Neumann  1896,1901,1911),  without  question 
erroneous,  are  probably  based  on  mistaken  identity  of  0,  savignyi , 
or  possibly  on  mixed  locality  labels  (Hoogstraal  1954A1.  Halawani 
(19A6)  stated  that  although  0,  moubata  was  supposed  to  be  common 

in  Egypt,  he  could  not  find  "specimens  in  houses,  Yakoub  (194-5) also  noted  its  absence  here. 

According  to  Petrie  (1939),  the  eyeless  tampan  is  widespread 
in  the  Yemen  (Arabia)  (copied  by  American  Geographical  Society 

195i+,1955).  From  experience  in  the  Yemen  (Hoogstraal  1952C  and 
ms.,  Girolarai  1952,  Mount  1953)  it  is  questionable  whether  it  is 
present  there  at  all,  to  say  nothing  of  being  widely  distributed,^/ 

HOSTS 

Introduction 

Man  is  frequently  attacked  and  is  probably  the  chief  host  of 
0,  moubata.  Warthogs  and  a  few  other  wild  animals  that  inhabit 
Targe  burrows,  and  domestic  pigs  appear  to  be  the  only  other  fair- 

ly common  hosts  of  this  tick.  Incidentally,  it  should  be  noted 
that  frequent  textbook  assertions  that  larvae  feed  are  incorrect 
(see  Life  Cycle  below). 

Most  laboratory  animals  including  chickens  serve  as  experi- 

mental hosts.  Different  "strains"  may  have  different  laboratory 
feeding  habits,  "burrow-haunting"  populations  being  more  difficult 
to  induce  to  feed  in  the  laboratory  than  those  from  domestic 
habitations  (Heisch  195AC). 

Human  Hosts 

The  major  portion  of  the  literature  concerning  the  eyeless 
tampsin  refers  to  its  parasitism  of  human  beings.  Indication  of 
this  may  be  found  in  the  section  on  Ecology  below;  specialized 
features  of  this  problem  will  be  considered  in  the  forthcoming 
volume  on  tick- borne  diseases. 

Domestic  Itomnal  Hosts 

From  the  prevalence  of  records  of  attacks  on  domestic  pigs 
in  South  Africa  (Bedford  1936),  Nyasaland  (Wilson  19A3,1950B), 
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Belgian  Congo  (Roubaud  19l6,  Roubaud  and  Van  Saceghem  1916,  Schwetz 
1927A),  Southern  Rhodesia  (Jack  1921, 1931, 19/i-2),  and  Angola  (Wellman 
190to,1907A,B),  it  appears  that  this  animal  often  is  an  important 
host.  In  Southern  Rhodesia,  0.  inoubata  sometimes  increases  prodi— 

giously  in  pigsties  (Jack  1921,1931,19^2).  In  the  Sambi  area  of 

Belgian  Congo,  0.  moubata  was  abundant  in  pigsties  and  in  huts  of 

pig  keepers,  but  relapsing  fever  was  absent,  and  the  tick  was  un- 
known in  local  huts  where  no  pigs  were  kept  (Roubaud  and  Van  Saceghem 

1916).   In  Angola,  Wellraan  (1906D,1907A)  found  ""as  many  in  pigsties 
as  in  any  other  situation".  In  Nyasaland,  Wilson  (19/+3)  stated, 
0.  j>3ubata  is  suspected  of  causing  mortality  in  pigs.  Jadin  (1951A) 
7ound  specimens  from  pigsties  in  Ruanda-Urundi  infected  with  the 
causative  organisms  of  food  poisoning.  Salmonella  enteritidis; 
these  ticks  were  able  to  transmit  the  bacteria  to  experimental 

animals,  by  biting,  over  a  year  later. 

0.  iroubata  has  been  said  to  cause  much  trouble  in  Southwest 

Africa  by  feeding  on  sheep  in  resting  places  and  pastures  (l-lBnnig 
19^9),  but  Theiler  states  (correspondence)  that  the  ticks  actually 
involved  in  this  sitviation  are  quite  likely  0,  savignyi. 

Domestic  animal  corrals  are  frequently  cited  in  review  papers 

as  important  habitats  of  the  eyeless  tampan.  I  can  find  little  con- 
clusive substajitiation  for  this  assertion,  except  for  domestic  pigs. 

Wellman  (190^,1907A)  was  possibly  the  first  person  from  the  field 
to  state  that  0.  moubata  bites  all  domestic  animals,  but  he  did  not 

mention  that  he  had  made  personal  observations.  Careful  search  of 

corrals  and  comparison  of  incidence  in  these  and  in  human  habita- 
tions should  make  an  interesting  and  simple  research  project  in 

infested  areas.  One  would  expect  that  if  domestic  animals  are 

attacked,  it  is  chiefly  in  circu-^stances  in  which  they  are  housed 
more  or  less  like  human  beings  in  the  same  area. 

(See  also  Ecology  below). 

Domestic  Fowl  Hosts 

Domestic  fowls  in  himan  habitations  usually  are  considered  to 

be  important  in  maintaining  the  nymphal  stage,  but  there  is  some 
controversy  on  this  point  (Knowles  and  Terry  1950,  Phipps  1950). 
Rodhain  (191 9A)  found  avian  blood  in  specimens  from  a  vacant  house 

in  the  Congo  inhabited  by  chickens.  Geigy  and  1-boser  (1955)  failed 

_  128  - 



to  find  evidence  of  spirochetes  in  domestic  fowls  from  tampsin  in- 
fested dwellings  in  Tanganyika,  a  suggestion  that  these  ticks  do 

not  feed  on  fowls  or  do  not  transmit  these  organisms  to  fowls, 
or  else  that  Borrelia  duttonii  does  not  survive  in  fowls  in  nature. 

Along  with  A,  persicus,  Mitscherlich  (1941 )  discussed  the 
ravages  of  0.  moubata  in  chicken  houses  in  the  Union  of  South 
Africa  and  in  Southwest  Africa  (=  Deutsch  Sudwest  Afrika).  It 
is  not,  however,  clearly  stated  that  this  writer  actually  saw 
eyeless  tsimpans  in  these  situations.  His  remarks  give  the  im- 

pression of  being  based  on  the  assumption  that  0.  moubata  is  an 

important  parasite  of  domestic  chickens.      " 

(See  also  Ecology  below). 

Wild  I'lammal  Hosts 

See  also  "Wild"  Habitats  under  Ecology  below. 

A  wild  relative  of  the  domestic  pig,  the  varthog,  Phacohoerus 
aethiopicus  subspp. ,  is  a  normal  host  of  0.  moubata  under  condi- 

tions not  influenced  by  man.  An  African  boy  in  Northern  Rhodesia 
has  been  observed  emerging  from  a  warthog  biirrow  with  about  thirty 
nymphs  biting  him  (Lloyd  1915).  During  a  survey  of  the  plains 
south  of  Lake  Edward  in  the  Belgiaji  Congo,  Schv/etz  (1933A}  dis- 

covered that  0,  moubata  was  abvtndant  in  warthog  burrows  but  rare 
in  native  huts.  Chorley  (19A-3)  found  over  forty  specimens  crawling 
on  a  warthog  shot  in  Uganda.  He  stated  (personal  conversation) 
that  all  these  specimens  were  nymphs.  Heisch  and  Grainger  (1950 ) 
found  numerous  specimens  in  widely  scattered  warthog  burrows  in 
Kenya  and  presented  a  theory  on  the  relationship  of  wild  and  do- 

mestic populations,  discussed  below  in  the  section  on  **Wild"' 
Habitats,  iinder  Ecology.  A  single  specimen  from  a  Northern  Rho- 
desian  warthog  and  a  large  lot  of  nymphs  from  a  Nyasaland  warthog 
burrow  have  been  reported  from  material  in  the  Nuttall  collection 
(Hoogstraal  1954C).  Warthogs  are  also  hosts  in  the  Sudan,  as 
noted  above  and  reported  earlier  (Hoogstraal  1954B).  These  mammals 
also  have  been  noted  as  hosts  in  Mozambique  (Santos  Dias  1952H, 
1953B). 
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In  certain  areas  of  Tanganyik:a,  infestation  of  v/arthof^s  and 
other  large  mammals  is  well  knovn  in  some  quarters  (Walton  1953). 
Walton  described  a  warthog  burrow  in  which  J^l   hungry  later-stage 
nymphs  and  adults  were  found;  stomach  blood  smears  from  these 
gave  a  positive  reaction  to  pig  antisera,  0,  moubata  v;as  also 
discovered  in  three  other  warthog  and  porcupine  burrows  in  foot- 

hills of  the  Usambara  Jtountains.   Literally  hundreds  of  nymphs 
and  adults  emerged  from  the  floor  and  ceiling  to  attack  Walton 
and  a  friend  when  they  entered  some  of  these  burrows.  Subsequent- 

ly, specimens  were  found  in  six  other  burrows  and  in  two  hollow 
baobab  trees  that  were  used  from  time  to  time  as  retreats  by  var- 

ious kinds  of  animals.  Smaller  burrows  in  the  Usambara  Mountains 
area,  presumably  belonging  to  the  giant  forest  rat,  Cricetomys 
sp,,  were  uninfested, 

More  recently  in  Tainganyika,  Geigy  and  Mooser  (1955)  examined 
55  burrows  of  warthogs,  originally  dug  by  antbears  (Orycteropus 

afer),  and  found  eyeless  tampans  in  eighteen  of  them"!  '.lore  than 1,200  tick  specimens  were  collected  from  these  retreats  and  an 
additional  one  was  taken  on  the  body  of  a  freshly  shot  warthog. 
They  also  found  the  burrows  of  other  icinds  of  mammals  infested 
in  Kenya. 

In  connection  with  Sudan  specimens  from  warthog  burrows  (Hoog- 
straal  1954B)  (see  also  DISTRIBUTION  IN  SUDAN  above),  it  is  of 

interest  to  note  that  these  are  from  the  '"Nile  sponge"  region  that 
becomes  a  vast  lake  during  the  rains.  Just  what  the  ticks  do 
during  these  floods  should  be  worthy  of  investigation. 

Walton's  (1953)  records  for  porcupine  (Hystrix  sp. )  burrows 
are  noted  above.  Heisch  (195AE)  noted  nymphs  and  adults  in  por- 

cupine burrows  in  Kenya  and  found  that  they  had  fed  on  porcupine 
blood.  Geigy  and  Itooser  (1955),  also  working  in  Kenya,  did  not 
find  ticks  in  a  porcupine  burrow  that  they  examined  but  a  nearby 
hyena  shelter  was  heavily  infested. 

In  South  Africa  (Theiler,  unpublished),  specimens  of  0.  moubata 
have  recently  been  taken  from  burrows  of  aardvarks  or  antbears, 
Orycteropus  afer,  near  Stockpoort  in  the  Potgietersrust  area. 
Search  for  ticks  in  the  retreats  of  these  large,  alirost  hairless 
animals  will  undoubtedly  provide  further  interesting  data.  As 
noted  elsewhere,  other  workers  have  found  eyeless  tampans  in  bur- 

rows originally  dug  by  antbears  but  later  occupied  by  warthogs. 
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Loveridge  (1928)  ambiguously  associated  0.  moubata  with  gi- 
raffes in  Tanganyika,  and  Santos  Dias  (1952H,T953B,19$/^K)  men- 

tioned small  nu-nbers  of  nymphal  and  adult  specimens  from  lion, 
Lichtenstein's  hartebeest,  vjaterbuck,  and  scaley  sinteater.  Fur- 

ther data  for  these  exceptional  records  are  desirable. 

Heisch  (1950A)  obtained  negative  results  when  he  attempted 
to  induce  0.  moubata  in  Kenya  to  bite  house  rats,  Rattus  rattus, 

placed  in  "Huts  for  experimental  pvirposes.  Wild  rodents  from tick-infested  Tanganyika  dwellings  gave  no  evidence  of  spirochetes 
when  tested  in  the  laboratory  (Geigy  and  Mooser  1955). 

van  den  Branden  and  Van  Hoof  (1922)  fed  laboratory  specimens 
on  the  fruit  bat.  Eidolon  helvum. 

No  other  wild  mammals  have  been  reported  actually  to  have 
been  observed  as  hosts  of  0.  moubata  in  nature.  The  fact  that 
the  burrow- inhabiting  wartHog  and  the  domestic  pig  each  serve 
as  a  host  of  this  tick  is  of  special  interest,  lleisch  and  Grainger 

(1950)  have  concluded  that  before  0.  moubata  became  '*domesticated'" 
it  inhabited  large  burrows  of  v/ild  animals. 

Roubaud  (1916)  conjectured  that  soie  of  the  several  external 
parasites  of  warthog  and  man  alike  may  be  attracted  to  these  hosts 
because  of  their  hairless  skin.  This  interesting  theory  is  prob- 

ably not  now  tenable  for  0.  moubata  in  the  light  of  present  kfiov/- 
ledge. 

In  review,  it  appears  that  large  burrows  of  wild  animals, 
anong  which  those  of  the  warthog  are  the  most  common,  are  the 
favorite  and  quite  possibly  the  original  habitat  of  0,  moubata. 
It  should  be  borne  in  mind,  however,  that  those  populations  of 
this  tick  inhabiting  wild  animal  burrows  may  possibly  represent 
a  different  physiological  or  biological  race,  or  a  distinct  sub- 

species.  It  would  be  of  value  to  determine  the  donesticability 
of  "wild'"  populations. 

Recently,  Heisch  (1954G )  has  noted  that  ticks  from  burrows 
are  more  difficult  to  feed  on  laboratory  animals  than  are  those 
from  domestic  habitations.  Geigy  and  Mooser  (1955)  observe  tiiat 
bush  ticks  are  more  blue  gray  in  color,  move  more  quickly,  attach 
to  the  host  and  suck  blood  more  quickly,  and  are  hardier  in  cap- 

tivity than  specimens  from  domestic  populations  of  0.  moubata. 
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Contrary  to  Heisch*s  experience,  they  state  that  v/ild  specimens 
"adapt  themselves  to  feeding  on  mice  and  guineapigs  easier  than 
house  ticks". 

Wild  Reptile  Hosts 

Bedford  (193^)  listed  several  collections  from  South  African 
tortoises.  Theiler  (unpublished)  has  records  of  nymphs  and  adults 
from  four  species  of  South  African  tortoises,  Testudo  oculifera, 
T,  verreauxii,  T.  schgnlandi ,  and  Homopus  f emoralis  from  Kimberley 
and  Wodehouse  DTstricts  and  from  Namaqualand .  Theiler  considers 
tortoises  to  be  exceptional  hosts. 

Rodhain  (1920,1922B,C)  found  that  blood  of  lizards,  geckos, 
and  snakes  is  easily  digested  by  0,  moubata.  Although  nymphs  that 
had  fed  on  snakes  died  in  larger  numbers  than  those  that  had  fed 
on  mammals,  survivors  reached  the  same  size  as  mammal—fed  individ- 

uals. Chameleon  blood  is  initially  very  toxic,  and  digestion  is 
slow  and  difficult.  Thoxigh  many  ticks  die  after  feeding  on  cha- 

meleons, a  few  do  become  adapted  to  it.  Individuals  that  had  fed 
exclusively  on  chameleons  for  sixteen  months  subsequently  fed  on 
mice  when  allowed  to  do  so.  Van  Hoof  il92U)   reported  similar 
findings.  As  already  stated,  tortoises  sometimes  are  infested  in 
South  Africa,  but  no  other  collections  from  cold-blooded  verte- 

brates in  nature  have  been  reported. 

BIOLOGY 

Life  Cycle 

Life  history  details  have  been  studied  and  reported  by  Button 
and  Todd  (1905A),  Newstead  (1905A,B,C,1906A,B)  and  Wellman  (1906C , 
D,1907A),  These  were  reviewed  by  Nuttall  et  al  (1908),  Subsequent 

observations  were  reported  by  Cxinliffe  (19*^  )T~Jobling  (1925),  and 
Pierquin  and  Niemegeers  (1953)*.  Other  contributions  on  special- 

ized phases  are  noted  below.  Some  discrepancies  in  observations 
exist,  but  the  broad  outlines  of  the  life  cycle  are  well  established. 
Critical  and  restrictive  factors  are  poorly  known  and  no  observa- 

tions on  the  life  cycle  under  natural  conditions  have  been  under- 
taken. The  natural  history  of  0,  moubata  is  gradually  being  eliu 

*The  dates  of  publication  of  these  reports  will  not  be  repeated  in 
the  life  cycle  section. 
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cidated,  but  each  new  observation  suggests  how  many  other  details 
are  yet  to  be  known, 

A  summary  of  the  life  cycle  is  as  follows:  Copulation  is 
effected  by  transfer  of  a  male  spermatophore  to  the  female,  after 
which  the  female  indulges  in  a  rapid  blood  meal  and  subsequently 
deposits  a  small  batch  of  unusually  large  eggs  in  or  on  the  soil. 

After  the  larva  emerges  _it  remains  noninotile  and  nonfeeding  till 
the  nymphal  stage  some  liours  or  days  later.  The  active  nymph, 
after  a  short  rest,  feeds  on  an  available  host  for  about  half  an 
hour,  then  retreats  to  the  soil  or  a  crevice  to  digest  its  meal. 
Subsequently,  the  nymph  molts,  usually  four  or  five  times,  with 
a  similar  pattern  of  resting,  feeding,  and  resting  between  each 
ecdysis,  Sextially  mature  adults  emerge  from  the  last  molt  and 
normally  mate  shortly  afterwards.  The  female  feeds  two  days  later 
and  several  days  afterwards  deposits  a  batch  of  eggs.  Adult  hid- 

ing and  feeding  habits  are  like  those  of  nymphs.  Seven  feedings 
and  egg  batches  appear  to  be  maximum  in  one  female's  lifetime. 
A  minimum  of  about  two  and  a  half  months  is  necessary  to  complete 
the  life  cycle,  which  normally  is  probably  considerably  more  ex- 

tended than  this.  Apparently  these  ticks  do  not  voluntarily  wander 
far  in  search  of  food  and  considerable  numbers  may  develop  in  a 
single  building  or  large  animal  burrow. 

The  mating  behavior  of  0.  raoubata  was  described  by  Nuttall 
and  Merriman  (l91l)  but  the  account  of  mechanism  of  insemination 
has  been  augmented  by  Robinson  (19A2b),  The  development  of  the 
sperm  has  been  described  by  Sainson  (1909), 

In  the  male  the  spermatids  travel  down  the  vas  deferens  either 
in  a  continuous  stream  or  are  aggregated  in  rounded  pellets,  each 
containing  a  few  hiindred  male  elements.  As  stated  by  Robinson 
and  Davidson  (19H)  (for  Argas  persicus),  it  is  probable  that  the 
male  accessory  glands  secrete  tne  spernB.tophore  case  into  which 
these  elements  pass, 

^According  to  Robinson,  the  spermatophore  is  not  chitinous. 
It  completely  dissolves  in  strong  KOH  solution  at  I5CPC.,  and 

becomes  red  in  fdillon's  reagent;  therefore  it  is  probably  largely 
protein,  7 
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In  order  to  mate,  the  male  crawls  beneath  the  female  and 
clings  to  her  so  that  the  two  ventral  surfaces  are  in  apposition. 
After  dilation  and  stiraulation  of  the  female  orifice  by  insertion 
and  movement  of  male  mouthparts,  a  spermatophore  issviing  from  the 

male  genital  aperture  is  grasped  by  the  male's  mouthparts  and 
transferred  to  the  female  genital  aperture,  ̂ Coxal  fluid  is 
emitted  by  the  male  during  the  course  of  these  activities  ac- 

cording to  Nuttall  and  Merriman,  but  Dr,  G.  E,  Davis  and  Dr,  W, 
Burgdorfer  state  (conversation)  that  they  have  not  observed  this. 
It  is  possible  that  coxal  fluid  may  or  may  not  be  emitted  at  this 
time,  due  either  to  copiousness  of  supply  or  to  degree  of  excite- 

ment ,_7 

The  spermatophore  is  bulb  shaped  (Figure  ̂ 2J  as  it  issues. 
After  the  male  applies  it  to  the  female  aperture,  contraction 
and  evagination  force  out  the  long  neck  with  the  capsules  (Figure 
4.3)  that  are  inserted  into  the  aperture.  Most  of  the  spermatids 
are  forced  into  the  capsules  but  the  bulb  remains  outside  the 
female  apertvire  and  drops  off  sooner  or  later.  As  many  as  ten 
bulbs  have  been  seen  in  situ.  The  neck  dries  and  twists,  making 
an  effective  seal  at  tEe  capsule  closure.  After  five  days  at 
3CPC,,  the  now  mature  sperms  escape  into  the  uterus  by  rupture 

of  the  capsxile  wall,  ̂ For  further  details,  see  Robinson  (1942B),7 

As  stated  below,  the  initial  fertilization  usxially  occurs 
shortly  following  molting  to  the  adult  stage,  and  females  first 
feed  about  two  days  afterwards.  They  may  feed  before  mating, 
presiunably  chiefly  when  males  are  not  readily  available.  How- 

ever, according  to  Jobling,  the  period  of  time  between  fertiliza- 
tion and  feeding  has  no  effect  upon  the  period  between  feeding 

and  oviposition. 
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Figiire  A2.      Invaginated,   bulbushaped  spermatophore 
as  it  issues  from  male  genital  apertiore. 

Figure  Z^3.     Evaginated  spermatophore,  with  neck  and 
capsules,  after  having  been  applied  to  female  uterus, 

CRNITHCDCROS  MOUBATA  SPERIIATOPHCRE 

^After  Robinson   (19A2)_7 

PLATE  XVI 
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Generally,  oviposition  only  follows  a  blood  meal.  For  various 
reasons  the  interval  between  feeding  and  egg  laying  varies  from 
five  to  25  days,  althoiigh  (in  tubes  in  jars  with  slightly  moist 
cotton,  maintained  at  29.5^.  to  3CPC.J  the  average  is  six  to  nine 

days  (Jobling,  and  others).  ̂ Specialists  will  be  interested  in 
Wigglesworth*s  (19^3)  brief  account  of  the  fate  of  haemoglobin  in 
ovipositing  females.^ 

As  each  egg  is  emitted  from  the  female  genital  aperture  it 

normally  comes  in  contact  with  a  peculiar  glandular  organ,  gene's 
organ,  that  lies  dorsally  at  the  b^e  of  the  capitulum.  Gene's 
organ,  which  is  everted  only  during  oviposition,  envelops  each 
egg  and  provides  it  with  a  waxy,  waterproof  coating.  Should  this 
organ  fail  to  evert  or  if  any  eggs  are  missed,  these  shrivel  and 
fail  to  hatch,  even  in  a  humid  atmosphere.  The  waxy  coating  is 

soft  and  viscuous  (melting  point  50^^ .  to  5'^°C . ,  in  contrast  to 
cuticular  wax,  which  is  hard  and  crystalline  with  a  melting  point 
of  650c,),  The  critical  temperature  of  0.  moubata  eggs  well  covered 
by  this  wax  is  45°C.  Lees  and  Beament  (T 94-8 J  have  made  a  detailed 
study  of  gene's  organ  and  its  secretion,  temperature  and  water  loss 
of  eggs,  morphology  of  the  female  genital  tract,  structure  and 
chemistry  of  the  egg  shell,  and  permeability  of  the  egg  shell. 

Eggs  are  deposited  in  masses  on  the  soil  or  in  hollows  biir- 
rowed  out  by  the  female.  It  has  been  stated  that  the  masses  are 
aigglutinated.  Actually,  individual  eggs  have  a  somewhat  adhesive 
coating.  When  a  container  in  which  they  are  kept  is  jostled  they 
roll  about  like  globules  of  mercury.  This  is  true  also  for  eggs 
of  numerous  other  argasids  that  have  been  observed. 

After  oviposition,  the  female  ""broods*  over  the  eggs  for  some 
days  (Wellmanj,  a  phenomenon  of  unknown  function  common  among 

argasids.  Jobling  observed  that  this  "brooding'"  sometimes  con- 
tinvies  till  the  nymphal  molt,  after  which  the  female  may  walk 
about  for  a  time  with  several  nymphs  clinging  to  her, 

Dutton  and  Todd  recorded  individtial  batches  of  ten  to  twenty 

eggs,  with  the  greatest  total  of  several  batches  from  a  single 
female  numbering  139  eggs.  MSllers  (1907)  observed  a  single  batch 
of  eighty  eggs.  Wellman  mentioned  a  lifetime  total  of  88  eggs  and 
Newstead  reported  a  total  of  94  eggs.  Records  obtained  under  opti- 

mum laboratory  conditions  have  been  higher  than  those  secured  by 
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these  early  field  and  laboratory  workers,  Cunliffe  observed  a 
female  that  produced  a  lifetime  total  of  535  eggs  of  which  over 

ninety  percent  were  fertile.  In  Jobling*s  tests,  one  female 
deposited  several  batches  totalling  1,217  eggs  and  eight  other 
females  laid  totals  of  from  almost  700  to  over  1000  each.  Dr. 
G.  E.  Davis  and  Dr.  W.  Burgdorfer  report  (conversation^  that  the 
largest  number  of  eggs  they  have  observed  in  a  single  oviposition 
has  been  233  and  327,  respectively.  Most  eggs  are  laid  at  night 
and  sometimes  more  than  one  day  is  necessary  before  a  full  batch 
is  deposited. 

Six  or  seven  batches,  gradually  diminishing  in  numbers,  ap- 

pear to  be  usual  in  one  female's  lifetime.  The  amount  of  the 
previous  blood  meal  influences  the  number  of  eggs  subsequently 
produced.  Jobling  noted  that  the  fertility  of  later  batches  de- 
creases. 

In  a  laboratory  study  of  0.  moubata  fertility,  Robinson 
(l9A2Cj  found  that  three  egg  batches  may  be  laid  after  one  mating 
but  that  egg  fertility  is  considerably  increased  if  mating  occurs 
before  each  oviposition.  Fertility  decreases  when  the  interval 
between  mating  and  oviposition  is  extended.  Oviposition  occijrs 
almost  without  exception  only  after  a  blood  meal.  Eggs  show  no 

alteration  in  fertility  when  maintained  between  22°C .  and  32°C . , 

but  at  34-°C.  no  larvae  emerge.  /~As  already  stated.  Lees  and  Bea- 
ment  (l9/k8^  have  stated  that  A5°C.  is  the  critical  temperatvire  for 
normal  eggs.  7  Robinson  recommenced  a  temperature  of  30^.  and  a 
relative  humidity  of  50^  in  the  breeding  chamber  for  safe  and 
speedy  production.  He  found  that  a  female  might  deposit  a  few 
eggs  without  a  blood  meal  aJid  that  large  females  produce  more 
than  do  small  ones.  The  range  in  number  of  eggs  per  female  per 
batch  in  these  experiments  varied  from  fifty  to  250,  with  an  av- 

erage of  170.  Many  females  died  shortly  after  their  first  blood 
meal;  others  after  depositing  their  first  egg  batch. 

According  to  Robinson,  females  lay  over  twice  as  many  eggs 
when  sand  rather  than  a  flat  surface  such  as  filter  paper  is  pro- 

vided for  this  purpose,  but  Dr.  G.  E.  Davis  and  Dr.  W.  Burgdorfer 
report  (conversation)  that  in  their  experience  the  opposite  is 
true. 
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Figure  /./.,  Egg  just  deposited  Figure  A9,  Rupture  of  egg  shell 
Figijre  Wi,  Embryo,  fourth  day  Figure  50,   Larva  hatching 
Figure  iSy  Embryo,   sixth-seventh  day  Figure  51,   Larva  with  shell,   ventral  view 
Figure  47,  Hatching  egg,   lateral  view  Figiore  52,  The  same,  dorsal  view 
Figure  A-8,  The  same,   alternate  contraction  Figtire  53,   Larva,  without  shell,  dorsal  view 

and  expansion  FigtJre  5^^,  The  same,  ventral  view 

CRNITHCDCROS  MOUBATA  EGG  AND   LARVA 

/"After  Jobling  (1925  )J7 
PLATE  XVII 
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The  egg  of  0.  moubata  is  among  the  largest  known  from  ticks, 

A  newly  laid  egg  (Figure  A4-)  is  slightly  ovoid,  glistening 
golden  yellow,  and  measures  approximately  0.9  x  0,8  mm.  Later  it 
becomes  reddish  brown.  Eggs  from  older  females  are  light  to  dark 
brown  in  color.  An  irregxilar,  faint,  whitish,  polygonal  reticula- 

tion and  interrupted  radiating  strealcs  may  be  seen  throvigh  the 
cuticle.  The  internal  larva  becomes  discernable  four  days  after 
the  egg  is  deposited  and  occupies  the  whole  egg  by  the  sixth  or 
seventh  day  (Figures  L5   and  A6),  ̂ An  alkaline  haeraatin  product 
originating  from  haemoglobin  in  the  maternal  blood  meal  has  been 
demonstrated  in  eggs  (Wigglesworth  19^3),  7 

Eight  days  after  the  egg  has  been  laid  (temperature  30°C,), 
the  larva  emerges  by  alternate  contractions  of  the  anterior  and 
posterior  ends  of  the  body  (Figures  47  and  A.8)  that  rupture  the 
shell  (Figure  49)  and  expose  the  larval  dorsal  surface.  The  shell 
may  be  completely  detached  in  this  manner,  but  usually  remains  on 
the  ventral  surface  covering  the  mouthparts  and  legs  (Figures  50 

to  54).  /'Jobling_7 

When  movements  necessary  for  emergence  are  completed,  the 
larva  becomes  qujescent  till  the  nymphal  molt.  That  larvae  are 
nonmotile  after  hatching  and  do  not  feed  has  been  conclusively 
established  for  over  a  century,  though  severed  recent  textbooks 
on  medical  entomology  report  differently.  All  observers  have  noted 
the  quiescent  stage  between  hatching  and  molting,  eind  have  differed 
only  in  the  time  required  for  a  larva  to  molt  to  a  nymph,  Davis 
(1947)  found  that  this  molt  occurred  only  a  few  hours  after  emer- 

gence from  the  egg,  Robinson  (1942)  and  Jobling  stated  that  lajrvae 
molt  four  days  after  emerging  from  the  egg  (minimum,  three  days; 
maximum,  five  days).  The  various  early  observers  reported  periods 
of  from  three  to  23  days  from  hatching  till  the  nymphal  molt, 

/"The  sacculated  gut  of  a  newly  hatched  larva  is  filled  with a  reddish  brown  fluid  (Wigglesworth  1943).  The  inference  is  that 
this  is  an  alkaline  haematin  resulting  from  the  ingestion  of  hae- 

moglobin by  the  mother  tick.  "J 

Before  molting,  the  larva  pales  in  color;  its  legs  ajid  mouth- 
parts  shrink.  Its  skin  becomes  detached  from  that  of  the  internal 
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Figure  55.     Nymph  emerging  from  larval  skin, 

CRNITHCDCflOS  MOUBATA  LARVAL-NYMPHAL  MOIiT 

/^After  Jobling   (1925  )J7 

PIATE  XVIII 

nymph;  siorface  grooves  disappear  and  the  contour  becomes  more  con- 
vex. The  internal  nymphal  outline  and  limbs  are  now  visible. 

The  two  fore  pairs  of  legs  move  to  cause  pressure  on  the  larval 
skin  resulting  in  a  transverse  rupture  from  which  the  anterior 
part  of  the  body  and  the  anterior  legs  emerge  (Figure  55).  After 

all  legs  are  free,  the  larval  skin  is  abandoned.  ^Jobling_7 

The  nymphal  stage,  in  contrast  to  the  quiescent  larval  stage, 
is  very  active,  Cunliffe  observed  four  to  eight  nymphal  instars 
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before  adulthood.  He  noted  that  most  males  appear  at  the  fifth 
molt,  most  females  at  the  fifth  or  sixth  molt,  Jobling  (1925) 
and  Pierquin  and  Niemegeers,  however,  observed  no  more  than  five 
molts  and  foimd  the  majority  of  male  emergence  at  the  fourth  molt 
and  the  majority  of  female  emergence  at  the  fifth  molt.  Dr.  G. 
E,  Davis*  unpublished  records  show  that  in  his  laboratory  most 
females  rea^h  the  adult  stage  at  the  fourth  molt,*  Discrepancies 
in  findings  among  various  careful  observers  of  this  subject  sug- 

gest an  interesting  field  for  research,  J^See   also  the  section 
on  symbiotes  and  growth- promoting  substances,  page  177 ._7 

The  interval  between  successive  nymphal  molts  depends  on  the 
time  of  the  preceding  blood  meal  not  on  the  time  of  the  last  molt. 
This  is  agreed  by  all  workers.  First  instar  nymphs  require  a 
longer  period  before  they  are  capable  of  feeding  (three  to  twelve 

*It  should  be  noted  that  while  argasids  have  several  nymphal  iru 
stars,  ixodids  molt  directly  to  adults  from  the  nymphal  stage, 
Ixodids  remain  on  the  host  for  several  days  in  each,   stage  and  ac- 

commodate the  huge  volume  of  ingested  blood  by  slow  cuticular 
growth  (whether  this  is  true  for  all  ixodids,  as  for  instance  males 
of  several  l-ladagascan  haemaphysalids,  should  be  investigated;  cf» 
Hoogstraal  195 3E),  Argasids,  on  the  other  hand,  feed  much  more 
rapidly  ajnd  accommodate  the  volume  of  fluid  ingested  by  stretching 
the  skin.  Lees  (1952)  believes  that  this  feature  necessitates  the 
several  nymphal  instars  of  argasids.  The  rapid  feeding  of  argasids 
on  animals  that  are  usually  resting  reduces  the  danger  of  their 
transportation  under  inclement  conditions  and  to  unfavorable  envL- 

ronnentsj  they  normally  remain  in  handy  feeding  range  in  the  host's 
house,  bvirrow,  den,  or  lair.  Lees  cites  the  several  blood  meals 
that  a  female  argasid  may  take  to  nourish  several  egg  batches  as 
an  adaptation  to  maintain  her  fecundity.  Female  ixodids,  which 
take  only  a  single,  extended  meal  as  adults,  oviposit  only  once 
over  a  period  of  several  days.  It  is  well  known  that  ixodids  de- 

posit huge  numbers  of  eggs  but  argasid  eggs  are  relatively  few  in 
number.  This  discrepancy,  however,  is  overcome  by  the  more  favor- 

able environment  for  obtaining  a  host  in  which  argasid  larvae  and 
nymphs  usually  find  themselves.  Survival  of  argasid  populations 
does  not  depend  on  large  numbers  of  eggs  but  it  does  in  ixodids. 
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days,  mean  five  days;  at  3CPC.)  than  do  later  instaxs  that  feed 
on  an  average  of  two  days  (minimum  one  day,  maximum  five  days ) 
after  molting  (Jobling).  Dr.  G.  E,  Davis  reports  (conversation) 
that  nymphs  kept  at  normal  room  temperature  require  eight  days 
before  molting  to  the  second  nymphal  instar  and  longer  for  suc^ 
cessive  instars, 

Jobling  noted  that  first  instar  nymphs  feed  on  an  average  of 
25  minutes  (minimum  thirteen  and  maximum  87  minutes).  Second  and 
third  instars  average  about  foiir  minutes  less  (minimum  eleven  and 
maximum  5^  minutes),  while  fourth  instar  feeding  is  the  longest 
(average  26,  minimim  17,  maximum  53  mnutes).  Jobling  believes 
that  the  longer  final  nymphal  feeding  may  possibly  be  necessary 
due  to  the  requirements  for  metamorphosis  to  the  sexually  mature 
advilt  stage,  which  demands  more  nourishment  than  simple  nymphal 
instar- to- instar  development.  These  figures  are  in  essential 
agreement  with  those  of  other  students  of  the  life  cycle,  mentioned 
in  preceding  paragraphs. 

Shortly  before  feeding  is  completed,  a  clear  fluid  begins  to 
emerge  from  the  coxal  organs  of  all  nymphal  stages  (as  it  also 
does  from  both  adult  sexes  during  feedings)  and  continues  to  issue 
until  after  feeding  is  completed  and  the  tick  has  left  its  host, 
(See  REMARKS  below). 

Nymphs  are  more  resistant  to  adverse  temperature  and  humidity 
factors  than  egg  and  leirval  stages,  during  which  there  is  a  much 
higher  mortality  than  among  nymphs.  This  is  also  agreed  by  all 
workers . 

The  ratio  of  males  to  females  is  practically  equal  (Jobling). 

Males  emerge  from  the  last  nymphal  molt  with  a  strong  sexual 
urge  and  may  fertilize  several  females  before  feeding.  The  aver- 

age male  feeding  time  is  sixteen  minutes  (maximum  /|.2,  minimum  nine). 
After  feeding  they  are  less  active  and  less  eager  for  females  and 
bury  themselves  in  soil.  Three  or  four  days  later  they  again  be- 

come active  and  seek  females,  ̂ Jobling  ~J 

Females  can  be  fertilized  immediately  after  molting  and  several 
males  may  engage  a  single  female  before  she  seeks  a  blood  meal.  A 
female  feeds  for  an  average  of  35  minutes  (minimum  21,  maximum  92). 
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This  feeding  period  is  longer  than  those  of  nymphs  and  twice  as 
long  as  that  of  the  male.  Females  commence  feeding  about  two 
days  after  molting,  ̂ Jobling_7 

Frequently  repeated  remarks  by  workers  of  the  1905  to  1907 
period  that  0.  iroubata  may  molt  after  reaching  adulthood  un_ 

questionably""were  based  on  erroneous  identification  of  advanced nymphal  stages  as  adults. 

The  minimum  time  necessary  for  0.  moubata  to  complete  its 

life  cycle  is  62  days  for  males  and  "73  days  for  females,  but  in practice  in  the  laboratory  there  seems  to  be  some  advantage  to 
lengthening  the  periods  of  rest  after  molting  and  before  feeding 
(Pierquin  and  Nieraegeers).  The  life  cycle  can  be  enormously 
lengthened  by  delaying  feeding  and  mating;  and,  for  laboratory 
rearing,  nymphs  can  be  produced  to  meet  any  desired  schedule, 
within  certain  limits,  by  selective  timing. 

The  longevity  of  0.  moubata  has  excited  much  interest  since 

it  may  be  an  importarit""f  actor  in  allowing  new  populations  to develop  from  a  few  imported  specimens  in  areas  where  hosts  are 
scarce.  Hirst  (1917)  maintained  unfed  specimens  alive  for  four- 

teen months  and  Mayer  (1918)  kept  others  alive  as  long  as  five 
years.  Cunliffe  (1921 )  recorded  female  longevity  averaging  715 
days  under  ideal  conditions  of  temperature  and  humidity  with  food 
available,  and  ̂ 41  days  when  food  was  unavailable.  Nymphs  (re- 

ported as  larvae)  have  been  kept  alive  without  food  for  over  710 

days  in  the  Nairobi  medical  laboratories  ("Kenya  1928'*).  These 
figures  are  representative  of  numerous  other  records.  The  prac- 

tical importance  of  the  long  life  of  this  species  needs  to  be 
determined  inasmuch  as  the  fertility  of  long  unfed  females  is 
much  less  thaJi  that  of  individuals  that  are  permitted  to  feed 
at  will.  It  has  also  been  shown  that  female  fertility  decreases 
sharply  five  or  six  months  following  the  nymphaL-adult  inolt. 
No  reports  have  been  encountered  that  indicate  a  difference  be- 

tween male  and  female  life  expectancy. 

Parthenogenesis  of  0.  moubata  may  have  been  observed  by  Cun- 
liffe, althoiigh  he  hesitated  to  be  assured  that  the  female  had 

not  been  fertilized  when  unobserved.  Parthenogenesis  definitely 
has  been  established  by  Davis  (1951 ),  v/ho  reared  38  of  US   indi- 
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vidiials  hatched  from  vmfertilized  females.  Oviposition  in  tin- 
fertilized  females  was  much  delayed  and  the  interval  between 
hatching  and  molting  of  their  progeny  much  prolonged.  All  prog- 

eny were  females,  but  when  these  were  mated  with  normal  males 
both  sexes  were  represented  in  the  subsequent  generation. 

According  to  Cunliffe,  0.  moubata  and  0,  savignyi  may  copu- 

late but  the  resulting  eggs  are  unfertile,  "This  is  contradicted 
by  recent,  unpublished  findings  of  Dr.  G,  E,  Davis  who  writes 

(correspondence)  as  follows:  "I  have  found  that  the  interbreeding 
of  these  two  species  not  only  results  in  progeny  but  in  fertile 
progeny  when  the  products  of  the  first  interbreeding  are  allowed 

to  interbreed  among  themselves". 

The  foregoing  is  a  reasonably  complete  though  brief  summary 
of  what  is  known  about  the  life  cycle  of  0.  moubata.  Before  leav- 

ing this  subject,  attention  shovild  be  called  to  the  additional 
temperature  and  humidity  studies  discussed  under  Environmental 
adaptability  below  for  these  factors  exert  considerable  influence 
on  the  life  cycle , 

Ecology 

Environment  and  Domestic  Habitats 

The  ecology  smd  distribution  of  0.  moubata,  as  summarized  in 
the  paragraphs  below,  has  always  been  considered  in  the  light  of 
domestic  populations.  The  significance  of  the  increasingly  more 
numerous  reports  of  the  eyeless  tampaji  in  large  animal  burrows 
from  the  Sudan  to  South  Africa  awaits  to  be  determined.  Should 
it  eventually  be  found  that  these  two  populations  are  a  single 
biological  entity  that  has  happened  by  chance  to  occupy  one  or 
the  other  habitat,  the  concltisions  of  early  workers,  who  believed 
that  man  has  been  wholly  responsible  for  carrying  this  tick  out- 

ward from  its  primitive  range  in  the  East  African  lowlands,  will 
have  to  be  modified. 

The  arid  environment  preferred  by  domestic  populations  of 
0,  moubata  restricts  their  presence  to  dry,  permanent  huts  and 

"structiires  where  people  gather.  In  its  probable  original  area, 
the  Somali  Arid  District  and  possibly  the  East  African  Lowland 
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District,  this  tampan  appears  to  be  more  uniformly  distributed 
than  elsewhere.  These  details,  however,  await  confirmation. 

Outward  from  the  Somali  District  the  eyeless  tampan  normally 
inhabits  dry  structures  in  savannah  areas,  especially  those  with 
sandy  or  sandy  clay  soils  with  light  woods.  Riparian  forests 
through  grasslands,  dense  forests,  and  areas  of  heavy  rainfeill 
are  usually  free  of  the  tick,  although  exceptional  human  cult  ice 
patterns  sometimes  allow  important  foci  to  develop  in  dry  habi- 

tats in  these  situations.  Such  details  have  been  described  most 

vividly  by  workers  in  the  Belgieui  Congo  (Bequaert  1919»193QAj 
Rodhain  1919A,B,1922A,C;  Ghesquiere  1922j  Schwetz  1932,1933A,19A2, 
190;  and  others), 

0,  moubata  appears  to  have  spread  gradually  outward  from 
somewlaat  dry  areas  of  East  Africa  along  main  paths  of  human  trav- 

el. Old  Arabic  slave  routes  are  considered  to  have  been  largely 
responsible  for  its  initial  distribution  by  msun  (Dutton  and  Todd 
I9O5A;  Bequaert  1919,1930Aj.  Although  especially  common  along 
important  old  and  new  travel  arteries,  the  tampan  is  often  mark- 

edly absent  a  few  miles  distant.  Exceptions  do  occur.  For 
instance,  Koch  (1905 )  reported  0,  moubata  from  the  Rubafu  Moun- 

tains and  elsewhere  in  villages^away  from  trade  routes  in  Tanga- nyika, More  BJid  more  exceptions  should  occur  as  travel  becomes 
easier  eind  quicker,  tribal  customs  disintegrate,  and  labor  de- 

mands call  niimerous  individuals,  with  possibly  tick-infested 
personal  effects,  far  from  their  usual  range  of  activities, 

0,  npubata  is  said  to  be  frequently  concealed  in  sleeping 

mats, "spare  clothing,  or  baskets  and  thus  may  be  transferred easily  from  one  area  to  another.  South  African  authorities  blajne 

the  tampan's  increasing  spread  in  the  Union  on  migratory  laborers 
from  Nyasaland  and  Portugese  territories.  In  the  Belgian  Congo 
it  has  been  found  in  potato  baskets  sent  to  distant  markets 
(Ghesquiere  1922)  and  is  frequently  introduced  in  goods  sent  from 
the  lowlands  to  villages  at  high  elevations  (Schouteden  1928), 
This  tampan  is  common  in  fish  baskets  of  vendors  bicycling  from 
Lake  Nyasa  and  Lake  Shirwa  to  villages  in  other  parts  of  Nyasa- 
lajid  (Hardman  1951).  Christy  (1903A,B)  collected  specimens  in 
salt  bags  being  transported  between  Lake  Albert  and  Tete, 
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Where  soil  consistency  permits,  the  eyeless  tampan  usually 
burrows  to  a  depth  of  approximately  an  inch;  but  in  soil  cracks 
it  burrows  deeper.  On  the  ground  surface  it  may  rest  under  any 
object  that  offers  shelter.  If  soil  is  too  wet  or  too  hard  for 
burrowing  the  tick  is  induced  to  crawl  up  walls  and  seek  con- 

cealment behind  hanging  objects,  in  cracks  or  in  ceilings.  The 

tampan's  presence  is  often  indicated  by  spots  or  streaks  from 
its  excretory  products  left  on  walls. 

In  Kenya,  0.  moubata  ranges  from  sea  level  to  an  elevation 
of  8000  feet  (Lewis  1939A)  or  of  9000  (Heisch  1950A).  In  Ethiopia, 
Manson_Bahr  (19^+1 )  stated  it  is  absent  above  6000  feet  elevation 
and  Scaffidi  (1937)  reported  that  it  is  not  present  above  7150 
feet. 

This  tampan  survives  in  the  Transvaal  Highveld  in  spite  of 

■bitterly  cold  winters'"  there  (De  Keillon  19^0,  Ordman  19Al). 
Theiler  reports  (correspondence)  that  winter  day-temperatures  in 

the  Transvaal  highlands  are  '*high  enough"  and  that  residenos  bring 
fires  into  their  huts  at  night. 

In  certain  Congo  areas,  Flaraand  (1928)  found  0.  moubata 
thriving  at  about  10,000  feet  elevation.  Schouteden  11928;  replied 
that  these  populations  are  the  result  of  repeated  introductions  in 
goods  from  the  lowlands.  While  tampans  survive  at  these  altitudes, 
they  do  not  reproduce  there. 

Incidenteil  to  a  disease  transmission  study.  Van  Dye  (194-3) 
reported  that  0.  moubata  dies  in  less  than  2L,   hours  at  tempera- 

tures of  0°C.  to  50c.  (ii.lOF.).  However,  Burgdorfer  reports  (con- 
versation) that  he  has  maintained  tampans  at  3°C,  for  at  least 

ten  days  without  death  of  the  specimens.  Feng  and  Chung  (1938) 
maintained  these  ticks  alive  for  months  at  5°C.  to  Soc.  It  is 
obvious  that  the  critical  temperature  range  for  the  survival  of 
0.  moubata  requires  further  study. 

The  absence  of  0.  npubata  from  certain  volcanic  areas  in  the 

Congo  was  thought  by~Van  Saceghem  (1923 )  to  be  owing  to  an  un- 
favorable chemical  action  produced  by  contact  of  lava  with  oxygen 

of  the  air.  Dr.  J.  Bequaert  reports  (conversation)  that  these 
areas  are  all  at  high  elevation  and  that  he  believes  altitude  to 
be  the  important  limiting  factor  in  these  volcanic  areas. 
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Wallace  (1913)  noted  that  in  Northern  Rhodesia  0.  moubata 

abounded  in  hilly  country  and  on  the  Mpika  plateau,  "But  was  ab- sent  in  the  hot  Luaugwa  Valley.  The  combinations  of  temperature 
and  relative  humidity  factors  that  restrict  0.  moubata  in  nature 

are  still  poorly  known.  " 

Dutton  and  Todd  (1905A,B)  aM   Bequaert  (1919)  mentioned  an 
exception  to  the  general  rule  that  0.  moubata  does  not  occur  in 
deeply  forested,  humid  areas.  The  explanation  was  that  infesta- 

tions in  the  Upper  Ituri  Forest  are  in  wooded  areas  where  arah- 
isized  Negro  inhabitants  have  cut  over  extensive  forests  and 
constructed  villages  of  dry,  permanent  buildings.  In  these,  ticks 
brought  along  the  Arab  trade  route  have  been  able  to  sijrvive  in 
spite  of  inclement  conditions  outside. 

Another  notable  exception  to  the  usual  finding  that  0.  moubata 
is  absent  from  high  rainfall  areas  is  cited  by  Walton  (193 OA ) .  In 
Meru  District,  Kenya,  even  under  unfavorable  high  rainfall  and 
humidity  conditions,  large  popiilations  of  this  tick  survive  in 
some  huts.  The  predisposing  factor  is  that  the  local  tribes 
sleep  on  dry,  raised  mud  beds.  Hosts  are  readily  accessible 
to  ticks  and  fires  near  beds  keep  an  area  of  ground  dry  enough 

to  meet  the  tampan's  requirements.  Agricultiiral  implements  in 
these  huts  provide  additional  shelters  behind  and  under  which 
the  ticks  also  hide.  Contrary  to  usual  advice  to  remove  domestic 
animals  from  himan  habitations,  Walton  believes  that  under  Meru 
District  conditions  animals  provide  enough  extra  hxjmidity  and 
pound  floors  hard  enough  to  reduce  tick  populations.  Under  more 
lisual  conditions,  however,  this  suggestion  would  probably  not  be 
an  effective  one.  In  some  Meru  District  huts,  where  sticky  soil 
has  a  humidity  of  about  9QS,  it  is  difficult  for  ticks  to  burrow 
and  few  specimens  are  found.  Whether  this  investigator  searched 
for  ticks  climbing  walls  or  pillars  in  these  huts  is  not  stated, 

A-t  Kisxmiu,  Heisch  (1951^)  found  that  the  size  of  tampan  popu- 
lations in  huts  is  iininfluenced  by  seasonal  variation  in  rainfall, 

Knowles  and  Terry  (195 O)  collected  hundreds  of  nymphal  tampans 
on  fowls  kept  in  human  habitations  in  Tanganyika,  but  Phipps  (1950) 
asserted  that  chickens  are  seldom  infested  there.  Carefvil  research 

into  the  highly  practical  problem  of  relationship  of  chickens  to 
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tampan  infestation  is  indicated.  Rodhain  (1919A)  reported  finding 
avian  blood  in  specimens  taken  from  an  empty  outhouse  inhabited  by 
chickens.  It  has  been  suggested  that  periodic  forays  by  chickens 
into  infested  huts  may  partially  reduce  the  tick  popvilation  in 
these  places. 

Aside  from  usual  indigenous  dwellings,  the  eyeless  tampan  is 
frequently  encovintered  where  people  congregate.  In  Uganda,  rest 
camps  often  have  been  burned  because  of  heavy  infestation  (Bruce 
et  al  1911);  jails  and  semipermanent  buildings  used  by  itinerant 
IJricans  are  frequently  infested  (Hopkins  and  Chorley  1940),  In 

Kenya,  0.  moubata  is  ""alarmingly  abundant"  in  labor  camps  (Jepson 
194-7)  and  military  barracks  are  specially  constructed  to  resist 
infestation  (Hynd  1945 )•  The  tampan  is  a  coffeehouse  inhabitant 
in  British  Somaliland  (Anderson  1947),  In  a  Somaliland  focus  of 
relapsing  fever,  all  patients  were  found  to  be  members  of  a  polit- 

ical party  the  headquarters  building  of  which  was  infested  with 
0.  moubata  and  had  escaped  insecticiding  when  other  structures  were 
Ousted  ̂ Lipparoni  1951).  In  South  Africa,  it  is  an  important  pest 

in  "lesser  mine*  labor  camps  but  in  larger  mines,  such  as  those 
at  Johannesburg  where  sanitary  measures  are  practiced,  the  tick 
is  absent  (Ordman  1941,1943), 

In  contrast,  the  closely-related  eyed  tampan,  0.  savignyi, 
usually  lives  away  from  habitations,  under  trees,  in  village  squares, 
near  wells,  in  stockades,  or  in  shaded  spots  along  trails  where  men 
and  animals  rest. 

There  are  but  few  reported  observations  of  0.  moubata  living 
imder  outdoor  conditions  approaching  those  favored  by  0.  savignyi. 
In  1916,  Belgian  colonial  troops  operating  in  Urundi,  whiTeTemZ 
ing  under  a  row  of  mango  trees  that  had  bordered  buildings  des- 

troyed some  six  years  earlier,  recovered  several  specimens  from 
the  soil  around  the  roots  of  these  trees.  The  assumption  was 
that  these  ticks  had  survived  since  the  destruction  of  the  near- 

by buildings  some  years  earlier  (Rodhain  191 9B), 

Ordman  (I94l)  listed  two  cases  of  the  eyeless  tampan  in  South 

Africa  living  "in  and  under  trees*,  but  further  conclusive  evidence 
is  not  presented. 
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In  various  editions  of  Brumpt's  "Precis,*  0.  moubata  is  coiu 
sidered  as  an  outdoor  as  well  as  an  indoor  species.  There  is, 
however,  no  published  evidence  to  support  the  supposition  that 
this  species  nonnally  lives  away  from  human  structures,  except 
in  large  animal  burrows  and  in  pigsties.  Rare  exceptions,  such 
as  ticks  remaining  in  the  area  after  a  building  is  destroyed, 
or  dropping  from  a  bedding  roll  during  transit,  must  be  expected. 
Further  search  may,  of  course,  show  that  the  tampan  has  a  broader 
range  of  habitats  than  present  evidence  indicates, 

"Wild"  Habitats 

A  gradually  increasing  body  of  information  indicates  the  not 
uncommon  occiirrence  of  0.  moubata  in  large  animal  burrows  through- 

out tropical  and  southern  Africa  (see  HOSTS  above).  The  relation- 
ship of  these  populations  to  those  of  human  habitations  awaits 

determination.  The  environment  of  infested  burrows  has  been  only 
briefly  described  and  it  is  not  known  whether  wild  pop\ilations 
have  the  same  temperature  and  humidity  requirements  as  domestic 
populations. 

In  Tanganyika  burrows,  Weil  ton  (1953)  observed  tampans  clinging 
to  the  roof  close  to  the  entrance  as  though  waiting  for  some  animal 
to  squeeze  past.  Ticks  were  found  among  the  hair  of  the  back  of 
warthogs  shot  in  the  early  morning.  In  the  bvirrows,  temperature  was 

75°F.  and  relative  humidity  of  the  soil  1%,     Other  infested  Tanga- 
nyika burrows  examined  by  Geigy  and  Mooser  (1955)  with  thermohygro- 

meters  showed  that  the  microclimate  of  these  holes  corresponded 
closely  to  that  observed  by  them  in  infested  native  huts  (details 
not  stated). 

Discovery  of  numerous  specimens  in  large  burrows  in  several 
widely  scattered  parts  of  Kenya  has  led  Heisch  and  Grainger  (1950) 
to  speculate  on  the  relationships  between  wild  and  domestic  popu- 

lations of  eyeless  tampans.  The  ticks  were  obviously  breeding  in 
these  burrows  that  originally  had  been  dxog  by  antbears  and  later 
were  inhabited  by  porcupines  or  warthogs.  Other  specimens  were 
found  in  large  burrows  on  a  long-isolated  Lake  Naivasha  island 
seldom  visited  by  man,  Heisch  and  Grainger  conjecture  that  large 
burrows  were  the  original  or  primitive  home  of  the  eyeless  tampan 
and  that  it  later  became  adapted  to  hioman  habitations.  The  several 
reports  of  0,  moubata  from  burrow-inhabiting  warthogs,  porcupines, 
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and  antbears,  already  mentioned  in  the  section  on  HOSTS,  bolster 
this  theory,  Fiirther  indirect  support  is  gained  from  the  preva- 

lence of  the  varthog's  relative,  the  domestic  pig,  as  a  host.  The 
tampan  of  human  habitations  may  have  evolved  from  populations 
formerly  parasitizing  burrowing,  wild  pigs,  and  they  may  still 
retain  some  predilection  for  pigs.  As  already  noted,  it  is  also 

possible  that  "■wild"  and  *domestic'"  populations  represent  separate 
biological  or  physiological  or  even  unrecognised  morphological 
entities. 

Predators  and  Enemies 

Chickens,  rats,  and  mice  are  said  to  feed  on  the  eyeless  tam- 
pan, ajid  ants  carry  off  eggs  and  nymphs.  An  Angolaji  Reduviid  bug, 

Phonergates  bicolor  Stal.  sucks  the  blood  of  both  man  and  0,  movL. 
bata  /  bellman  a906B,D,1907B).  Austen  (1906,1907)  reported  on 
the  nomenclature  of  this  bug.  The  actual  specimens  involved  may 
still  be  seen  in  British  Museum  (Natural  History)  collections  7, 

Ant  lions  (Neuroptera,  l^^nelionidae)  have  been  observed  feeding 
on  nymphs  (Ghesquiere  1922).  In  the  laboratory,  larvae  of  clothes 
moths,  Tineola  biselliella,  are  said  to  feed  on  eggs  and  on  living 
larvae  of  0.  moubata  ^Volimer  193l), 

What  was  once  described  as  a  fungus  disease  beginning  as  an 
opaque  white  spot  at  one  edge  of  the  body  and  spreading  out  to 
stupify  and  destroy  the  tick  (Uellman  1906A,D,1907B)  is  now  be- 

lieved by  experienced  workers  to  be  a  normal  phenomenon  of  aging 

in  engorged  ticks.  Christophers  (1906)  suggested  that  this  "furu 
gus"  is  actually  a  white  rectal  secretion  of  aged  ticks.  Burg- 
dorfer  (conversation)  is  of  the  opinion  that  this  '"white  fungus" 
is  nothing  more  than  crystallized  fluid  in  the  malpighian  tubules. 
Often  this  crystallization  produces  a  complete,  hard  blockage. 
The  lumen  of  such  tubules  fills  with  white  crystals  so  that  nor- 

mal activity  can  no  longer  occur  and  soon  the  tick  dies,   (See 
Internal  Anatomy  below). 

Numerous  factors  affecting  the  ecology  of  the  eyeless  tamoan 
are  discussed  below. 
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REMARKS 

Environmental  Adaptability 

The  xeric  environment  in  which  0,  moubata  is  capable  of  sur- 
vival is  best  explained  by  two  physiological  studies  by  Lees  (19^6A, 

19/i-7).  In  his  research  on  water  balance  in  ticks.  Lees  (19A-6A) 
found  that  among  the  species  studied,  _0.  moubata  shows  the  greatest 
ability  in  limiting  evaporation  from  its  own  body.  In  this  species, 
the  critical  temperatiire  at  which  water  loss  increases  through  the 
superficial  waxy  epicuticvilar  layer  is  also  high  (Lees  19/k7).  This 
resistaince  to  desiccation  at  temperatures  within  its  biological 

range  may  be  correlated  broadly  with  the  argasids*  choice  of  dry, 
dusty  ecological  niches. 

Lees  summarized  his  194-6A  studies ,  in  which  Ixodes  ricinus 
was  the  principal  species  for  research  and  0.  moubata  was  one  of 
eight  other  species  used  for  comparative  purposes,  as  follows: 

"The  unfed  tick  gains  water  from  humid  air  or  from 
water  in  contact  with  the  cuticle,  and  loses  water  by 
evaporation.  Whilst  attached  to  the  host  the  tick  is 
gaining  water  from  the  ingested  blood  and  losing  water 
in  the  excrement.  The  engorged  tick  usually  lacks  the 
ability  to  take  up  water  from  humid  air. 

"The  exchange  of  water  takes  place  mainly  through 
the  cuticle.  Reg\ilation  of  the  water  balance  is  there- 

fore brought  about  by  the  activity  of  the  epidermal 
cells. 

'"The  cuticle  comprises  two  principal  layers,  the 
epicuticle  and  endocuticle.  The  epicuticle  is  overlaid 
by  a  lipoid  possessing  important  waterproofing  proper- 

ties. The  pore  canals,  which  traverse  the  endocuticle, 
are  occupied  by  cytoplasm,  and  may  in  consequence  play 
an  importaxit  role  in  the  active  transfer  of  water  through 
the  cuticle;  they  do  not  penetrate  the  epicuticle. 

"Water  loss  from  the  unfed  tick  is  not  closely  re- 
lated to  saturation  deficiency,  particularly  at  high 
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himidities.  This  departure  is  due  to  a  physiological 
cause,  namely,  to  the  ability  to  secrete  water.  The 
effects  of  this  activity  are  such  that  a  state  of 
equilibrium  is  attained  at  a  relative  humidity  of 
about  9^ J  at  lower  relative  humidities  it  takes  up 
water.  The  retention  of  water  at  hvimidities  below 
the  point  of  equilibrium  is  due  not  only  to  the 
physical  properties  of  the  epicuticle  but  also 
to  this  secretory  activity,  for  water  loss  increases 
when  the  tick  is  temporarily  asphyxiated,  poisoned 
with  cyanide,  or  injured  through  excessive  desicca- 

tion. Near  the  point  of  equilibrium  the  loss  or 
gain  of  water  over  a  wide  range  of  temperature  is 
determined  by  the  relative  hxunidity. 

'"The  uptake  of  water  from  httmid  air  occiirs  when 
the  tick  is  in  a  desiccated  condition  but  ceases  as 

the  normal  water  content  is  restored.  After  previous 
exposure  to  saturated  air  the  adapted  tick  at  first 
loses  water  at  relative  humidities  above  the  point 
of  equilibrium,  but  later  cpmes  to  retain  water  com- 
pletely. 

'"Both  unfed  and  engorged  ticks  possess  the  abil- 
ity to  prevent  or  to  limit  temporarily  the  entry  of 

water  in  contact  with  the  cuticle. 

'"The  engorging  female,  originally  weighing  about 
2  mg.,  ingests  about  600  mg.  of  blood.  About  300  mg. 
or  two-thirds  of  the  contained  water  are  usually 
eliminated  before  the  end  of  engorgement.  Evapora- 

tion from  the  cuticle  may  account  for  a  considerable 
fraction  of  this,  for  the  temperature  to  which  the 

attached  tick  is  exposed  (about  37°C,)  is,  in  Ixodes 
ricinus,  above  that  temperature  at  which  a  marked 
increase  in  the  permeability  of  the  epicuticiilar 
lipoid  takes  place. 

"'The  nine  species  of  ticks  examined  differ  con- 
siderably in  their  powers  of  limiting  evaporation. 

This  may  reflect  specific  differences  in  the  nature 
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of  the  epicuticular  lipoid.  The  order  of  their  resistance 
is  as  follows:  Ornithodoros  moubata;  Dermacentor  ander~ 

soni;  D.  reticiilatus ;  Rhipicephalus  san^uinexis;  Amblyoinma 
cajennense  and  A,  macuTatum;  Ixodes  canisuga;  _I.  hexagonusj 

I.  ricinus.  In^dry  air,  water  loss  through  the  cuticle 
IS  ten  to  fifteen  times  more  rapid  in  Ixodes  ricinus 

than  in  Dermacentor  andersoni.  The  more  resistant  spe- 

cies also  take  up  water  through  the  cuticle  after  desic- 

cation; indeed,  the  rate  of  uptake  over  a  unit  area  of 

cuticle  is  approximately  the  same  in  all  species  of 

Ixodidae.  Uptake  thus  appears  to  be  limited  by  the 

ability  of  the  epidermal  cells  to  secrete  water.'" 

As  already  stated.  Lees  has  shown  that  0.  moubata  is  more  re- 
sistant to  desiccation  than  nost  ixodid  ticks.  Nymphs  exposed  to 

dry  {(^0   R.H^^fair  at  25°C ,  survived  for  35  days  and  lost  only  from 

one  to  three  percent  of  their  original  weight  daily.  This  survival 

period  is  strikingly  longer  than  that  of  several  ixodid  tick  spe- 

cies used  in  the  experiments.  After  a  period  of  desiccation  (five 

days  at  ($>   R.H.),  0.  noubata  regains  most  of  its  original  body 

weight  when  placed'in  95%  K.H.  for  five  days.  Water  is  taken  up 
through  the  spiracles,  for  no  increase  occurred  when  these  open- 

ings were  blocked.  Loss  of  water  occurs  through  the  cuticle  and 

spiracles  (see  Spiracular  Morphology  and  Function  below). 

In  order  to  carry  Lees*  work  one  step  further.  Browning  (1954B) 

conducted  a  study  on  the  exchanges  of  water  between  the  atmosphere^ 

and  0.  moubata.  Unfed  nymphs  were  able  to  abstract  water  from  moist 

air  T95/^  ti.U.)   and  to  restrict  their  rate  of  water  loss  in  dry  air. 

This  ability  was  lost  (a)  in  atmospheres  containing  3Q&  to  U5%   CO2; 

(b)  in  atmospheres  containing  more  than  9Qfo  N2;  (c)  immediately  after 

the  tick  fed;  and  (d)  gradually  after  the  tick  has  been  starved  for 
some  five  months.  It  was  shown  that  the  action  of  high  (3C^  to 

U%)   concentrations  of  CO2  is  mainly  upon  the  activity  of  the  epi- 

dermal cells,  possibly  mediated  through  the  central  nervous  system. 

The  concentration  required  to  cause  opening  of  the  spiracles  is  only 

about  five  percent.  These  findings  are  of  considerable  interest  in 
relation  to  Lees'  (19A.7)  basic  work. 

By  way  of  introduction  to  his  19A-7  study.  Lees  stated: 
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'"In  considering  the  mechEinisras  involved  in  the  ex- 
change of  water  throiogh  the  cuticle  the  assiimption  wsls 

made  that,  in  addition  to  active  secretion,  the  passage 
of  water,  and  particularly  its  retention,  is  also  in- 

fluenced by  the  presence  of  lipoid  material  in  the  cuticle. 
Ticks  show  great  diversity  in  their  powers  of  resisting 
desiccation,  and  this  was  thought  to  be  accounted  for  by 
the  specific  nature  of  the  waterproofing  lipoid.  Never- 

theless, no  direct  evidence  of  such  a  conpDnent  was  ad- 
vanced in  this  paper  (i.e..  Lees  l%6iA). 

"'Ramsay  (1935B^,  and  more  recently  Wigglesworth 
(194-5)  and  Beament  (19A5),  have  shown  that  the  imper- 

meability of  insects  is  entirely  due  to  a  thin,  discrete 
layer  of  wax  or  oil  in  the  outermost  part  of  the  epi— 
cuticle.  Any  agents  such  as  abrasive  dusts,  wax  sol- 

vents, or  detergents,  which  interrupt  the  continuity  of 
this  layer,  at  the  same  time  greatly  increase  transpira- 

tion. Water  loss  through  the  wax  layer  is  also  enor- 
mously increased  if  the  temperature  is  raised  above  a 

certain  critical  value   methods  devised  by  Wiggles- 
worth  for  demonstrating  the  properties  of  the  waterproofing 
layers  in  insects  have  been  applied  to  a  number  of  species 
of  ticks   observations  on  the  structure  and  depo- 

sition of  the  epicuticle,  and  on  the  fvmctions  of  the 
dermal  glands  (are  provided).  The  outermost  layer  of 
the  tick  cuticle  visible  in  ordinary  sections  has  hither- 

to been  referred  to  as  the  '"tectostracunf"  (Ruser  1933) 
   (but)  the  similarity  of  this  layer  with  the  insect 
epicuticle  is  so  marked  that  the  abandonment  of  this  term 

seems  fully  justified.'" 

The  results  and  conclusions  of  this  work,  Lees  summarized  as 
follows; 

'"1.  Ticks  owe  their  impermeability  primarily  to  a 
superficial  layer  of  wax  in  the  epicuticle.  After  expo- 

sure to  increasing  temperatures,  water  loss  increases 
abruptly  at  a  certain  critical  temperatiure .  The  critical 
temperature  varies  widely  in  different  species,  in  Ixodidae 

ranging  from  32°C .  (Ixodes  ricinus )  to  /V5°C .  /Hyalomma 
marginatxim  (=  savignyiV  /;  and  in  Argasidae  from  b30C . 
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(Ornithodoros  moubata)  to  75°C.  (O.  savignyi}.  Species 
having  higher  critical  teraperatvires  are  more  resistant 
to  desiccation  at  temperatiires  within  the  biological 
range.  A  broad  -correlation  is  possible  between  these 
powers  of  resistance  and  the  natiiral  choice  of  habitat, 
Argasidae  infest  dry,  dusty  situations  whereas  Ixodidae 
occupy  a  much  wider  variety  of  ecological  niches. 

"*2.  If  the  tick  cuticle  is  rubbed  with  abrasive 
dust,  evaporation  is  enormously  increased.  Living 
ticks  partially  restore  their  impermeability  in  moist 
air  by  secreting  wax  from  the  pore  canals  on  to  the 
surface  of  the  damaged  cuticle. 

'"3.  Unfed  ticks  are  able  to  take  up  water  rapidly 
through  the  wax  layer  when  exposed  to  high  humidities. 
Water  uptake,  which  is  dependent  on  the  secretory 
activities  of  the  epidermal  cells,  is  completely  in- 

hibited by  the  abrasion  of  only  part  of  the  total  cuticle 
svtrf ace  _  a  fact  which  sxiggests  that  the  cells  are  func- 

tionally interconnected.  Resistance  to  desiccation  at 
low  humidities  is  achieved  by  a  dual  mechanism:  active 
secretion  and  the  physical  retention  of  water  by  the 
wax  layer, 

"%.  In  Argasidae  the  epicuticle  consists  of  four 
layers:  the  cuticulin,  polyphenol,  wax,  and  outer  cement 
layers.  Only  the  three  inner  layers  are  present  in  Ixo- 

didae, Since  the  wax  layer  is  freely  exposed  in  the 
latter  group,  chloroform  and  detergents  have  a  marked 
action  in  increasing  transpiration,  particularly  in 
those  species  with  low  critical  temperatures.  In  Ar- 

gasidae the  cement  layer  is  very  resistant  to  extrac- 
tion but  is  broken  down  by  boiling  chloroform, 

"'5.  The  cuticulin,  polyphenol,  and  wax  layers 
are  all  secreted  by  the  epidermal  cells.  The  water- 

proofing layer,  which  is  deposited  on  the  completed 
polyphenol  layer,  is  secreted  by  the  molting  tick 
relatively  early  in  development  and  may  be  nearly 
complete  by  the  time  limiting  fluid  is  abundant.  In 
0.  moubata  the  cement  is  poured  out  by  the  dermal 
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glands  shortly  after  emergence.  In  Ixodidae  the  dermal 
glands  undergo  a  complex  cycle  of  growth  aM   degeneration, 
but  their  products  appear  to  add  nothing  of  functional 
significance  to  the  substance  of  the  cuticle." 

IK 

Lees'  important  contributions  indicate  why  0.  moubata  is 
capable  of  surviving  in  the  dry  niches  in  which  domestic  popu- 
lations  occiir.  However,  we  still  lack  data  on  the  actual  rel- 

ative humidity  of  these  niches  in  natiure.  We  know  only  that  the 
tampan  can  withstemd  these  conditions  in  laboratory  investiga- 

tions. And  it  should  be  stressed  that  we  still  know  nothing 
about  preferences  and  critical  levels  of  temperature  and  humidity 
among  burrow-haunting  populations.  The  Bahr  El  Ghazal  collections, 
from  warthog  burrows  in  the  ""Nile  sponge  area'",  especially  ex- 

cites curiosity  in  this  respect. 

Laboratory  studies  on  the  optimum  temperature  and  hvimidity 
conditions  under  which  0,  moubata  survives  have  resulted  in  wide- 

ly differing  data  and  conclusions.  The  reports  in  question  are 
those  of  Cunliffe  (1921 J  and  Brett  (1939)  together  with  those  of 
Robinson  (19^2C  )  and  others  already  reviewed  in  the  section  on 
the  life  cycle  of  0,  moubata. 

Cunliffe  found  that  a  satiorated  atmosphere  has  no  inhibitory 
influence  on  molting  but  is  decidedly  unfavorable  for  vitality 
(only  one  specimen  passed  the  third  nymphal  stage  under  these 

conditions  J.  Even  under  ""medium  conditions  of  humidity",  mor- 
tality is  high,  but  under  '"dry  conditions'",  66^  of  the  nymphs 

complete  metsimorphosis  and  the  rate  of  developiosnt  is  increaised. 
High  temperature  increases  the  number  of  eggs  laid  but  decreases 
fertility,  longevity,  and  time  required  for  metanxirphosis. 

Brett,  on  the  other  hand,  found  that  (at  25°C.)  higher  rel- 
ative humidity  (up  to  80^  J  was  more  favorable  for  survivsil  of 

eggs,  larvae,  and  first  instar  nymphs  (the  only  stages  and  iru 
stars  tested)  though  a  proportion  of  all  eggs  were  able  to  dev- 

elop at  any  '"low  humidity  normally  met  with  in  nature'".  He  also 
found  that  the  first  nymphal  instar  is  much  more  resistant  to 
desiccation  than  larval  and  egg  stages.  The  apparent  inconsist- 

ency between  Brett's  findings  and  the  known  feict  that  domesticated 
populations  of  0.  moubata  are  chiefly  inhabitants  of  drier  areas 
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Figures  57  and  58,  5,  Unengorged  and  Engorging 

Spirochetes  of  African  tick- borne  relapsing  fever,  Borrelia  duttonii , 
are  illustrated,  as  short  wavy  lines,  in  the  positions  they  occupy  m 

the  tick's  body.  Note  their  escape  routes  from  the  tick's  body  and 
into  the  host's  body  while  the  tick  is  feeding. 

ORNITHCDCROS  MOUBATA  D lAGRAl^IMAT IC  SAGITTAL  VIEW 

/"After  Burgdorfer  (1951),  with  permission  of 
the  editor  of  ACTA  TR0PIGAJ7 

PLATE  XX 

_  158  _ 



is  explained  on  the  basis  of  Williams*  (1923,192^A,B)  and  Buxton's 
(1932,1933)  exposition  of  the  comparatively  high  humidity  in  sand, 
cracks  of  walls,  and  soil  in  areas  that  are  otherwise  dry,  Brett's 
discussion  and  the  comparison  of  his  findings  with  those  of  Cvm- 
liffe  and  of  other  workers,  especially  those  of  Robinson  (19A2C ) 
discussed  on  p.  137,  which  corroborate  those  of  Brett,  should  be 
stvidied  for  their  practical  importance  by  anyone  concerned  with 
0.  moubata.  Since  only  careful  and  thorough  research  in  the  field 
as  well  as  in  the  laboratory  can  conclusively  settle  the  matter, 
a  more  complete  discussion  of  this  question  is  hardly  in  order  here. 

Structure  and  Function 

Introduction 

No  thorough  studies  of  the  internal  anatomy  and  histology  of 
0.  moubata  have  been  undertaken.  VJhat  has  been  done  on  certain 

aspects  of  these  subjects  is  reviewed  in  the  following  paragraphs. 

On  the  whole,  workers  have  been  content  to  accept  Christophers' 
(1906)  careful  though  still  somewhat  general  description  of  the 
internal  anatomy  of  0.  savignyi  as  also  applicable  to  0.  moubata. 

Recently,  Biirgdorf er~ (1951  jl  has  provided  a  short  account  of  the internal  anatomy  of  0,  moubata  and  some  of  his  excellent  illustra- 

tions are  reproduced" (Figures  56  to  58).  However,  0.  moubata 
deserves  more  specialized  attention  than  it  has  thu's  far  been accorded.  These  two  species  differ  in  habits,  habitats,  distri- 

bution, ajid  receptivity  to  pathogenic  organisms.  It  may  be  ex- 
pected, therefore,  that  under  their  leathery  shells,  which  also 

differ,  significant  anatomical  and  physiological  differences  re- 
main to  be  demonstrated. 

Internal  Anatomy 

The  general  features  of  the  internal  anatomy  of  these  two 

species  are  similar  and  Christophers'  (loc.  cit.)  description  of 
a  dissection  of  0,  savignyi,  as  presented  below,  applies  eqtially 
well  to  0.  moubata  (with  known  differences  noted): 

"'Over  the  whole  dorsiom  lies  a  fine  membranous  ex- 
pansion of  tracheae  and  trabeciilae  of  the  fat  body. 

Ikying  in  this,  in  the  median  line,  is  the  delicate 
tubular  heart.  Posteriorly,  at  about  the  junction  of 
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the  middle  with  the  posterior  third  of  the  body,  this 

is  considerably  dilated.  Stripping  off  the  expansion, 
the  main  mass  of  the  viscera,  consisting  largely  of 

the  large  dark  red  blood  sacs  of  the  alimentary  canal, 

are  exposed.  By  caref Tilly  tmravelling  these,  the  ar- 

rangement of  long  diverticula,  described  later,  can 

be  made  out.  Lying  upon  the  diverticula  in  the  poste- 

rior portion  of  the  body  is  the  ovary,  studded  with 

developing  ova.  Upon  either  side  of  the  ovary  are 

the  coiled  oviducts ,  and  in  the  middle  line  is  the  large 

conspiciious  bilobed  spermatheca  (uterus).  In  almost 

every  region  of  the  body  a  portion  of  the  thin  coiled 

malpighian  tubules  will  be  found.  Behind  the  sperma- 

theca  is  an  opaque  white  organ,  having  very  thin  sac- 

cular walls  and  filled  with  characteristic  white  secre- 

tion from  the  malpighian  tubules.  This  is  the  rectum 

(rectal  ampulla),  which  in  ticks  serves  as  an  excretory 

bladder.  By  displacing  the  diverticula  from  the  extreme 

anterior  portion  of  the  body  a  bilobed  glandular  organ, 

the  cephalic  gland  (gene's  organ)  is  displayed.  Further 

back,  the  bulboxis  eridFof  the  cheliceres  with  radiating 

muscular  fibres  are  seen.  Around  them  will  be  noticed 

the  ringlike  chitinous  fold  at  the  base  of  the  rostrum. 

By  displacing  to  one  side  the  whole  of  the  anterior  and 

lateral  diverticula,  a  member  of  further  structures  are 

apparent.  Passing  in  from  the  stigmatic  (spiracular) 

openings  is  a  leash  of  tracheal  branches,  of  which  the 

large  anterior  ventral  trachea  is  the  most  conspicuous. 

Lying  upon  the  origin  of  the  first  and  second  legs  is 

the  large  racemose  gland  which  functions  as  the  salivary 

gland  in  ticks.  Lifting  this  gland  by  its  posterior 

extremity,  which  lies  on  the  anterior  ventral  trachea, 

and  tracing  it  forward,  the  short  salivary  duct  will  be 

apparent  entering  the  ringlike  fold  of  chitin,  already 

mentioned,  immediately  beneath  the  cheliceres.  Lying 

partly  under  the  salivary  gland,  and  partly  internal 
to  this  structure  is  (the  large,  saccular  coxal  organ) 

conspicuous  from  the  number  of  tracheae  which  supply  it, 

'"By  careful  examination,  the  delicate,  colorless 

esophagus  can  be  made  out  entering  the  lower  surface  of 

the  large  median  blood  sac  of  the  alimentary  canal, 

whilst  lying  behind  the  spermatheca  is  the  fine  hair- 

like termination  of  the  sac  in  the  rectum.  To  the  rec- 
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turn  can  be  traced  the  attached  end  of  the  two  extremely- 
long  malpighian  tubules.  To  display  the  esophagus  in 
its  passage  from  the  pumping  organ  to  the  alimentary  sac 
it  is  necessary  to  tear  away  the  dense  mass  of  muscle 
from  which  it  will  be  seen  to  emerge.  By  seizing  the 
muscular  mass  boldly  in  the  forceps,  the  unattached 
entosternum  surrounded  with  muscle  will  come  away, 
exposing  the  central  ganglion,  perforated  by  the  eso- 

phagus. By  seizing  the  bulbous  ends  of  the  cheliceres 
they  may  be  drawn  from  their  sheaths.  Lying  beneath 
them  is  the  horizontal  entosclerite  of  the  head.  Beneath 

this,  again,  is  a  dense  mass  of  muscle  within  which  lies 
the  chitinous  primping  pharynx, 

'"In  the  male,  in  the  position  of  the  ovary  in  the 
female,  there  is  a  delicate  tube  abundantly  supplied 
with  trachea.  On  either  side  this  is  continuous  with 

a  coiled  duct  much  resembling  the  oviduct  in  the  female. 
In  the  middle  line,  much  in  the  position  of  the  sperma- 
theca  in  the  female,  is  a  curious  lobular  organ,  the 

white  gland   '"  (that )  is  probably  concerned  in  the 
elaboration  of  spermatophores. 

Following  this,  Christophers  (loc.  cit. )  presented  a  more 
complete  account  of  each  structure  and  a  generalized  description 
of  the  digestive  process  in  0.  savignyi.  This  should  be  consulted 
by  anyone  interested  in  the  Tnternal  anatomy  and  function  of 

either  species.  Sections  of  Christophers'  study  dealing  with 
the  digestive  system  are  abstracted  below  because  of  their  re- 

lation to  the  ingestion,  development,  and  passage  of  pathogenic 
spirochetes  and  other  organisms,  but  it  is  advisable  first  to 
mention  more  recent  studies  of  feeding  organs  and  mechanism. 

Feeding  and  Digestive  Organs 

The  capitulum  ajid  related  organs  of  0.  moubata  have  been 

studied  in  considerable  detail  by  Bertram" (1939 J  and  reviewed in  relation  to  these  organs  throughout  the  Arachnida  by  Snodgrass 
(19^8 J.  Both  papers,  which  also  review  previous  studies  and 
concepts,  deserve  careful  study.  Because  of  their  specialized 
nature,  a  short  abstract  of  either  of  these  two  studies  hardly 
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does  it  justice.  Snodgrass  observes  that  '"the  exact  method  by 
vhich  a  tick  bites  perhaps  needs  more  study  than  has  been  given 

to  it"'. 

According  to  Bertram,  the  capitulum  of  0.  moubata  is  es- 
sentially similar  to  that  of  other  argasid  ticks  (see  Christophers 

I9O6  for  0.  savignyi,  Robinson  and  Davidson  1913A, 8,1914-  for  A. 

persicus,~True  193^  for  0.  coriaceus,  and  Sen  1934,1935  for  OT 
tholozanij  although  cert'ain  modifications  in  the  eyeless  taalpan are  either  absent  in  other  species  or  have  not  been  adequately 
described,  Bertram  also  differs  widely  from  Sen  in  explanation 
of  specific  structures  sind  fundamental  interpretations. 

The  capitulum  (Figures  59  and  60),  situated  in  a  depression 
(camerostorae)  of  the  anteroventral  body  surface,  consists  of  a 
median  hypostome  flanked  by  a  pair  of  four- segmented  palpi  and 
a  pair  of  long,  shaftlike  chelicerae  arising  from  a  conical  pro- 

longation of  the  basis  capituli.  Each  of  these  hollow  appendages 
contains  haemocoele.  The  hypostome  is  concave  dorsally;  ventrally 
it  bears  rows  of  distinctive  retrograde  denticles.  The  chelicerae 
distally  each  bear  a  small,  triangular,  articixlated  digit,  at- 

tached by  flexor  and  extensor  muscles,  with  laterally  directed 
denticles.  These  digits  make  the  initial  incision  in  the  skin, 
A  triple  sheath  arrangement  of  no  little  complexity  encases  the 

chelicerae  proximally.  The  buccal  canal  (i,e,  '"mouth"')  lies 
between  the  dorsal  chelicerae  and  the  ventral  hypostome;  proximaL. 
ly  it  is  much  compressed.  The  size  of  this  canal  is  somewhat  in- 

creased by  the  medial  emargination  of  the  closely  appressed  che- 

liceral  sheaths  and  by  the  dorsal  groove  ('"gutter"*,)  of  the  hypo- 
stome which  forms  a  food  conduit.  Extending  into  the  center  of 

the  buccal  canal  is  a  hollow,  ""tongue-like  process'",  the  basal 
fusion  of  which  with  the  hypostome  forms  a  dorsal,  blindly-ending 
pouch,  the  buccal  cavity,  into  which  a  salivary  duct  issues  at 
each  posterolateral  angle.  The  buccal  canal  opens  directly  into 
the  pharynx,  as  one  might  logically  assume  it  should,  except 
that  previous  workers  have  found  tnat  in  other  ticks  the  basal 
fusion  of  the  hypostome,  palpi,  and  dorsal  conical  prolongation 
of  the  basis  capituli  causes  the  pharynx  to  open  into  the  floor 
of  the  buccal  cavity. 
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TH. BCH. 

SUB.CHP 
-M  D  PH 

.--■M.C.PH 

MD.HO 

*O.PH 
CAM. 

MD.PH 

Imm. 

59 

  1 

B.C. basis  capitvili M.D.HG. dilator  of  hypo stomal  gutter 
B.CH. expajided  base  of  chelicera M.D.PH. dilator  muscles  of  pharynx 
BUG  .CM. buccal  canal O.PH. pharyngeal  orifice 
BUC.CAV. buccal  cavity P.C.C. posterior  part  of  closed 
CAl^. camerostome chamber 

CH. chelicera PH. 
pharynx C.SH. cone  sheath S.CH. outer  sheath 

D.CH. digit  of  chelicera S.GH. inner  sheath 

D.C.P. dorsal  conical  prolongation I  SUB.CH.P. subcheliceral  plate 

of  basis  capittili 

TG. 

tongue-like  process 
D.S&L. salivary  duct 

TH. 
transverse  bar  formed  by  fusion 

F. flange  of  chelicera of  lateral  thickenings  of 
H. hypostome tongue-like  process 
HD. hood V.R. 

ventral  rod  of  tongue- like 
M.C.PH. constrictor  muscles 

of 

process pharynx 
V.S. 

ventral  scutum  in  cavity  of 
closed  chamber 

Figure  59.  Longitudinal  vertical  section,  diagrammatic 

/"After  Bertram  (1939)_7 

QRNITHODOROS  MOUBATA  CAPHULUl-l 

PLATE  XXI 
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Figvires  60  and  61,  dorsal  and  ventral  views 

CRNITHCDCROS  MOUBATA  CAPITUUM 

PLATE  XXII 

When  preparing  to  engorge,  the  tick  inserts  
the  chelicerae 

and  hypostome  (not  the  palpi)  into  the  host  skin 
 as  far  as  the 

dorsal  conical  prolongation  of  the  basis  capitul
x. 

During  feeding  (according  to  Bertram),  the  dil
atation  and 

constriction  of  the  pharynx  by  certain  muscles  ca
use  the  fluid 

contents  of  a  closed  chamber  just  posterior  of  t
he  tonguelike 

process  to  be  forced  into  and  sucked  out  of  this 
 process  through 

a  vertical  septum.  Furthermore,  relaxation  of  
hypostomal  muscles 

obliterates  the  hypostomal  gutter  as  the  dilat
ed  pharynx  constricts 

to  force  ingested  blood  into  the  esophagus.  The 
 effect  of  this 

swelling  of  the  tonguelike  process  and  closure  
of  the  hypostomal 
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fijrrow  is  to  prevent  the  spilling  back  into  the  host's  voiind  of 
any  blood  already  in  the  pharynx.  The  tongue like  process  also 
appears  to  play  an  essential  part  in  the  mechanism  of  ejection 
of  salivary  fluid  into  the  blood  as  it  is  being  ingested.  Since 
the  salivary  fluid  is  discharged  into  the  distal  region  of  the 
buccal  canal,  it  is  assumed  to  reach  the  wound  in  the  host  (and 
thus  might  transmit  disease-causing  organisms  contained  in  it). 

As  stated  above,  Bertram's  study  has  considerable  practical 
value,  but  must  be  read  in  its  entirety  to  be  fully  appreciated. 
It  should  be  noted  that  Snodgrass  (194-8)  refers  to  the  tongue- 

like process  as  the  labrum  in  his  noncommittal  review  of  Bertram's 
findings  and  conclusions. 

Alimentary  canal;  We  now  retxu-n  to  Christophers'  (1906) 
study  of  0.  savignyi,  and  it  is  interesting  to  note  that  he  found 

the  pharynx  to  open  into  the  floor  of  the  '*mouth"  (buccal  canal) 
in  contrast  to  Bertram's  observation  on  0.  moubata,  mentioned 
above.  At  any  rate,  the  pharynx  leads  to  a  narrow,  straight 
esophagus.  The  latter,  after  perforating  the  central  ganglion, 
enters  the  enormous  saccular  midgut,  which,  with  its  diverticula, 
forms  the  great  bulk  of  body  contents.  Posteriorly,  an  extremely 
fine  canal,  which  appears  to  be  a  fionctionless  rudiment,  joins 
the  midgut  with  the  rectal  ampulla  (but  in  0.  moubata  even  this 
is  absent  and  the  alimentary  canal  ends  in  a  completely  closed 
sac  separated  from  the  rectal  ampulla)  (see  below), 

Esophagvts  and  prove ntricular  fold.  The  esophagus,  a  short, 
straight  tuiDe  perforating  the  centraTganglion  in  its  course 
from  pharynx  to  alimentary  sac,  is  lined  with  a  layer  of  clear 
columnar  cells  with  small  nuclei.  The  irregular  outlines  of  these 
cells  are  mutually  adapted  to  one  another  in  a  dovetailing  arrajige- 
raent.  At  the  juncture  of  the  esophagus  and  large  blood  sac  there 
is  a  small  solid  organ.  This  organ,  in  section,  consists  of  a 
thick  fold  of  epithelium  of  the  same  general  character  as  that 
in  the  esophagus  but  of  more  columnar  and  less  irregular  cells. 
In  the  fold  are  some  thick  circular  bands  of  muscular  tissue 

and  outside  are  longitudinal  fibers  passing  from  the  esophagus 
to  the  gut.  The  epithelium  of  the  fold  passes  imperceptibly 
into  that  of  the  esophagus,  but  ends  abruptly  on  reaching  the 
wall  of  the  alimentary  sac.  The  organ  is  very  similar  to,  though 
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still  inore  rudinentary  than,  the  proventricular  fold  in  the  mos- 
quito and  probably  has  a  similar  function.  The  importance  of 

this  fold  in  the  trypanosome  infection  of  Ciilex  makes  its  pi^es- 
ence  in  ticks  of  concern  in  connection  with  spirochete  infection. 

Alimentary  sac  and  its  diverticula.  These  organs,  when  fresh- 
ly distended  with  blood,  form  smooth,  dark  red,  lobulated  masses. 

As  the  araoxint  of  blood  diminishes,  the  diverticula  become  almost 
black  in  color  and  exhibit  innumerable  small  lobulations. 

In  the  young,  vmengorged  tick,  the  long,  narrow  diverticula 
show  active  pulsatile  movements  that  probably  have  no  effect  in 
drawing  blood  from  the  host  but  serve  to  distribute  fluid  to  dif- 

ferent parts  of  the  sac. 

From  the  entrance  of  the  esophagus  and  extending  posteriad 
to  the  neighborhood  of  the  rectum  there  is  a  large  central  reser- 

voir. This  reservoir  extends  anteriorly  a  little  beyond  the 
entrance  of  the  esophagus  so  that  this  latter  is  situated  upon 
the  ventral  surface  of  the  sac.  From  the  ventral  surface  poste- 

riorly a  conical  tag  passes  ventrally  behind  the  spermatheca  to- 
wards the  rectum.  The  basal  part  of  this  tag  contains  blood,  but 

as  it  narrows  it  becomes  a  clear  tube  of  capillary  character. 
This  portion  of  the  canal  appears  functionally  inactive  and  can 
play  no  part  in  the  passage  of  matter  from  the  sac  to  the  rectum. 
In  0.  savignyi ,  therefore,  the  alimentary  system  is  practically 

a  closed  one  ̂ "^^^  ̂ ^  2*   "p^^^'*^^-  ̂ ^   is  entirely  closed;  there  is 
no  passage  between  the  "small  intestine  and  the  rectal  ampulla 
(Enigk  and  Grittner  1952  J>J7. 

From  the  central  reservoir  a  number  of  blind  diverticula 

originate,  the  disposition  and  extent  of  which  are  constant  in 
all  ticks.  There  is  an  anterior,  a  lateral,  and  a  posterior  series. 
The  anterior  series,  found  only  in  Ornithodoros,  is  absent  in  Rhi pi- 

ce phalus  and  Hyalomma.  It  consists  of  a  single,  small  median  dL. 

verticulum  extending  ajiteriorly  so  as  to  lie  over  the  gene's  organ. 
The  three  pairs  of  lateral  diverticula  arise  together  at  about  the 
level  of  the  entrance  of  the  esophagus.  The  anterior  lateral  di- 

verticulum is  short,  the  median  one  is  somewhat  longer,  aiid  the 
posterior  one  is  large  and  long.  The  anterior  and  middle  branches 
divide  into  two  or  usually  three  blind  pouches.  The  posterior 
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branch  divides  into  two  branches  that  curve  to  the  ventral  surface. 
The  more  anterior  of  the  branches  ends  beside  the  coimnon  genital 
duct.  The  most  posterior  surrounds  the  anus  and  ends  a  short  dis- 

tance anterior  of  this  structure.  Irregularities  in  diverticula 
arrangement  are  sometimes  seen.  The  median  lateral  diverticulum 
may  be  large  and  give  rise  to  the  anterior  of  the  two  ventral 
branches. 

The  various  sulci  and  prominences  on  the  surface  of  Ornithodoros 
have  relation  to  these  alimentary  diverticula.  On  the  dorsum,  the 
transverse  sulcus  limits  posteriorly  the  central  alimentary  sac, 
Ventrally  the  region  between  the  coxae  supports  upon  its  inner  sur- 

face, with  which  the  viscus  is  in  actual  contact,  the  caecal  ends 
of  the  posterior  lateral  diverticula.  The  lesser  prominences  cor- 

respond in  nearly  every  case  with  a  particxilar  diverticulum  and 
the  sulci  with  the  intervals  between  two  diverticula. 

Structure  of  the  alimentary  sac.  The  structure  of  the  sac 
and  its  diverticula  is  identical.  The  cavity  is  lined  by  a  single 
layer  of  large  cells  resting  upon  a  thin  basement  membrane.  Ex- 

ternally, very  large  single  muscular  fibres,  arranged  circularly 
and  longitudinally,  form  an  open  meshwork  with  square  meshes  as 
in  the  mosquito.  The  lining  epithelial  cells  are  large  with 
reticular  protoplasm  and  large  vesicular  nuclei,  some  of  which 
project  freely  into  the  Ivtmen.  Such  cells  are  especially  large 
and  have  their  inner  portions  much  swollen  and  vacioolated;  they 
may  contain  dense  black  globiiles  as  well  as  red  cells  in  various 
stages  of  intracellular  digestion.  In  addition  to  large  pro- 

jecting cells,  smaller  cells,  whose  nuclei  are  situated  nearer 
to  the  basement  membrane,  are  present.  Practically  all  cells 
of  the  sac  contain  small  black  granules,  evidently  derived  from 
the  digestion  of  the  blood  in  the  lumen.  In  undistended  diver- 

ticula, the  epithelium  may  form  a  more  or  less  continuous  lining 
of  the  tube,  but  in  the  distended  tube  the  cells  become  very  un- 

evenly distributed,  being  almost  absent  in  some  places  and  in 
others  forming  very  striking  projecting  masses. 

Rectum  and  malpighian  tubules .  The  rectum,  which  lies  im- 
mediately  behind  the  spermatheca,  or  the  white  gland  in  the  male, 
is  an  irregular  sac  having  several  capacious  but  short  saccular 
dilatations,  (in  0.  savignyi)  it  receives  the  rudiment  of  the 
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intestine  and  the  two  malpighian  tubules  (but  in  0.  rooubata  the 

rectum  receives  only  the  malpighian  tubules  and  tTiere  is  no  con- 

nection between  intestine  and  rectal  ampulla).  Its  walls  are 

extremely  thJin  and  consist  of  a  single  layer  of  flattened  cells. 

It  contains  a  white  fluid  identical  with  the  secretion  of  mal- 

pighian tubules.  The  rectum  therefore  does  not  serve  as  an  ad- 

junct to  the  alimentary  canal,  but  fiinctions  as  an  excretory 

receptable.  The  white  matter  passed  ̂ er  anum  by  ticks  also  can- 

not, strictly  speaking,  be  regarded  aTTeces. 

The  malpighian  tubules  are  important  because  of  their  great 

length  and  functional  activity  ajid  because  of  the  frequency  with 

which  such  organs  are  utilized  by  parasites  in  other  animals. 

They  consist  of  two  long,  fine  white  or  transparent  tubules 

arising  on  either  side  from  the  rectum,  and  after  a  complicated 

course  anxjng  the  viscera,  ending  blindly  in  the  anterior  portion 

of  the  body.  These  tubules  come  in  relation  with  almost  every 

important  organ  in  the  body  and  drain  every  quarter  of  the  body 

cavity.  The  tubes  in  young  ticks  are  of  an  even  calibre  throug
h- 

out and  contain  small  quantities  of  secr-tion  only.  They  are 

often  swollen  in  aged  ticks  to  form  sacs  similar  to,  but  smaller 

than,  the  rectum.  After  oviposition  the  tubes  and  rectum  may  be 

greatly  distended  with  characteristic  white  fluid  that  is  ev
ident 

externally  as  patches  of  lighter  color.  It  is  probable  that  the
 

appearance  is  that  described  as  a  '"fungus"'  in  these  ticks  by  W
ell- 

man  (1906A,D,1907B). 

Feeding  habits  of  0.  moubata  have  been  discussed  in  the  s
ec- 

tion on  the  life  cycle  of  this  tick.  Certain  aspects  of  digestio
n 

and  excretion  of  fluids  are  of  considerable  practical  impor
tance 

for  they  concern,  at  least,  the  fate  of  ingested  spirochete 
 para- 

sites of  relapsing  fever  (Borrelia  spp. )  and  the  discharge  of_ 

these  organisms  onto  or  into  a  new  vertebrate  host  when  the
  tick 

subsequently  feeds. 

Digestion 

The  volume  of  a  blood  meal  is  from  two  to  six  times  th
e  tick's 

original  body  weight  (Lees  1%6b).  During  ingestion, 
 the  cuticle 

stretches  to  accomodate  this  huge  amount  of  fluid.  Engorge
ment  is 

completed  in  about  half  an  hour.  In  order  to  reduce  t
his  tremendous 

volume  ingested  so  rapidly,  fluid  is  discharged  from  t
he  coxal  or- 
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gans  vfhile  the  tick  is  yet  feeding.  Rectal  discharge  is  very- 
slight.  These  two  methods  of  excretion  are  discussed  in  separate 
sections  below. 

Digestion  in  0.  inoubata  apparently  is  much  like  that  in  0, 

3avignyi,as  descri'Eed  by  Christophers,  abstracted  below.     "" 

Twenty-four  hovirs  after  a  meal  the  greatly  distended  di— 
verticula  contain  a  soft  coagiilum  from  which  a  considerable  anwunt 
of  fluid  blood  may  drain.  Blood  corpuscles  are  apparently  un- 

changed. Scattered  through  the  fluid  are  numbers  of  intensely 
black,  globular  graniiles  measuring  from  5u  to  .5u  or  less  in 
diameter.  In  sections  these  granules  are  collected  especially 
at  the  periphery  of  the  (fresh)  blood,  but  they  are  also  present 
in  large  numbers  scattered  throughout  the  mass.  The  black  gran- 

ules are  derived  from  a  previous  meal,  and  there  is  therefore  a 
considerable  degree  of  mixture  between  the  new  blood  and  the 
contents  of  the  diverticula  prior  to  the  meal. 

Diverticula  examined  at  some  considerable  time  sifter  diges- 
tion show  a  number  of  reddish  granules  lying  in  the  still  partiaJ- 

ly  fluid  blood.  These  are  free  from  attachments  and  when  washed 
out  faJ-l  to  the  bottom  of  the  dish  or  among  the  viscera.  Each 
is  an  entire  cell  containing  a  well-marked  nucleus.  Films  of 
the  sac  contents  made  twenty-fovir  hovirs  after  a  blood  meal  show 
cells  derived  from  the  epithelium  of  the  sac  in  addition  to  the 

host's  leucocytes.  Many  of  these  are  evidently  the  smaller  lin- 
distended  cells,  previously  noted  as  lying  near  the  basement  mem- 

brane, now  detached  in  preparation  of  the  specimen.  They  contain 
a  large  circxilar  or  oval  nucleus  and  finely  reticular  or  partial- 

ly vacuolated  protoplasm.  Similar  cells,  but  larger  and  with 
portions  of  the  vacuolated  protoplasm  stored  with  black  granules, 
are  also  seen.  In  addition  to  these  cells  of  the  sac  epithelium, 
there  are  other  large,  dark  staining,  circular  cells  with  rather 
small  nucleus.  Their  substance  is  markedly  vaciiolated  and  crowded 
with  matter  that  they  evidently  have  engulfed,  blood  corpuscles, 
black  granules,  chromatin  fragments,  etc.   In  section  specimens 
made  even  six  hours  after  the  ingestion  of  blood,  they  appear  lying 
apparently  in  isolated  positions  far  removed  from  the  sac  v;alls. 
These  probably  function  as  waxidering  digestive  cells.  Their  rela- 

tion to  the  epithelium  of  the  sac  is  not  clear.  As  digestion  ad- 
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varices  they  become  loore  and  more  replete  with  material  and  in- 
crease in  size  until  readily  visible  to  the  naked  eye  as  red 

graniiles  already  noted.  In  early  stages  of  digestion,  cells 

packed  with  chromatin  bodies  and  superficially  resembling  macro- 

phages, the  nat\xre  of  which  is  not  clear,  may  be  seen. 

Although  a  prominent  part  in  digestion  is  taken  by  the  free 

cells  just  alluded  to,  epithelium  lining  the  diverticula  also 

takes  an  active  part  in  the  process.  The  swollen  and  vaciJolated 

portion  of  the  large  projecting  cells  is  crowded  with  products 

of  digestion  very  much  as  is  that  of  the  free  cells.  Smaller 

cells  lying  nearer  the  basement  membrane  are  also,  as  a  rule, 

packed  with  fine  black  granules,  though  they  rarely  contain  the 

large  graniiles  seen  in  the  other  cells. 

The  intensely  black  and  opaque  globules  are  highly  charac- 

teristic of  digestion  in  the  tick  and  undoubtedly  represent  the 
ultimate  condition  to  which  blood  remaining  in  the  gut  is  reduced 

by  the  digestive  process.  These  globules  probably  represent  only 

the  portion  of  food  not  assimilable,  for  in  Ornithodoros  ticks, 

4Jhich  may  be  kept  alive  for  long  periods  without  food,  the  diver- 

ticula contain,  after  some  weeks,  an  inky  black  material  consis-U 
ing  entirely  of  these  granules. 

As  diverticula  contents  are  digested,  the  muscle  fibres, 

which  in  the  fully  distended  organ  slightly  indent  the  surface, 

sink  more  and  more  into  the  body  of  the  viscus.  The  wall  between 

the  fibres  becomes  ballooned  and  eventually  forms  flasklike  pock_ 

ets  with  only  a  narrow  opening  connecting  with  the  lumen.  The 

epithelium  is,  as  a  rule,  present  in  the  pockets,  though  it  is 

generally  nore  noticeable  on  the  ridges  formed  by  the  contracted 
muscTilar  fibres.  Remains  of  ingested  blood,  in  the  form  of  black 

granules,  are  present  both  in  the  pockets  and  in  the  liimen.  Ticks 
examined  ncnths  after  a  meal  still  have  the  diverticula  loaded 
with  the  black  material. 

Waste  matter  is  not  passed  into  the  rectum  and  any  remnant 

of  food  not  absorbed  must  remain"Tn~the  diverticula  until  death 
oT  the  tTclc.  The  method  by  which  absorption  takes  place  has  not 

■BeelT^scertained .  Black  pigment  is  not  detected  in  the  tissue 
cells  or  in  the  body  cavity.  Note  that  excess  fluid  in  the  blood 

is  excreted  by  the  coxal  organ  dioring  and  following  feeding  so 

that  a  large  ancunt  of  blood  can  be  rapidly  ingested;  this  is 
elucidated  in  the  section  on  the  coxal  organ  below. 
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Uigglesworth  (l9'i-3 )  confirmed  that  in  0.  moubata,  blood 
(haemoglobin)  is  absorbed  by  swollen  epitheTial  cells  of  the  wall 
of  the  large  stoinach  and  its  diverticula.  In  these  cells,  which 
detach  and  remain  free  in  the  lumen,  blood  pigment  is  converted 
into  black  globules  that  are  ultimately  discharged  into  the  gut 
cavity.  Similar  dark  granules  are  dispersed  through  smaller 
cells  of  the  gut  wall,  but  no  black  pigment  can  be  seen  in  other 
tissues  or  in  the  body  cavity.  The  haemoglobin  is  digested  more 

or  less  to  protohaematin  and  is  demonstrable  in  the  tick's  haemo- 
lymph  probably  as  alkaline  haematin.  The  gut  contents  are  reddish 
brown  with  black  haematin  deposits.  No  free  iron  can  be  detected 
in  the  gut  lumen  or  cells,  or  in  other  tissues,  and  no  nephrocytes 
containing  haemoglobin  derivatives  casi   be  found. 

The  type  of  host  from  which  0.  moubata  draws  a  blood  meal  may 
be  identified  by  the  precipitin  test  more  than  six  months  follow- 

ing feeding  (laboratory  studies  at  20°C .  and  eighty  percent  rela- 
tive humidity)  (Weitz  and  Buxton  1953),  or  even  for  twelve  months 

(fowl  blood  meal,  kept  at  3CPC.,  ticks  also  fed  on  mouse)  (Gozony, 
Hindle,  and  Ross  19U.). 

Rectal  Excretion 

As  stated  above,  0.  moubata  has  no  passage  between  the  small 
intestine  and  the  rectal  ampulla,  and  defecation  does  not  occur. 

Excretion  of  water  ("'ijrination'" )  from  the  malpighian  tubules 
takes  place  only  after  the  first  nymphal  stage  has  been  reached 
and  a  blood  meal  has  been  absorbed;  this  excretion  is  viscous 
and  dries  within  a  few  hours.  In  the  weeks  following  the  first 
excretion  only  a  slight  amount  of  water  is  irregularly  excreted 
(but  can  be  produced  through  various  stimuli).  This  pattern  is 
similar  in  each  developmental  stage  after  the  larva. 

Variations  in  tick  excretion  and  a  comparison  of  this  function 
according  to  species,  morphology,  number  of  hosts,  size,  duration 
of  development,  quantity  of  blood  ingested,  and  transmission  of 
disease  orgamsms  to  vertebrate  hosts  have  been  analyzed  by  Enigk 
and  Grittner  (1952). 
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Coxal  Organ  Morphology  and  Fiinction* 

Inasmuch  as  the  volume  of  the  blood  meal  is  from  two  to  six 

times  the  tick's  original  body  weight  and  engorgement  is  usually 

completed  in  about  half  an  hour,  the  tick  must  have  a  means  of 

reducing  the  total  intake  volume  and  of  preserving  the  internal 

medium  while  feeding.  For  this  purpose  coxal  organs  function 

as  ionic  (chloride)  regulators  and  for  ultrarapid  excretion  of 

a  large  volume  of  water  during  ingestion  of  blood.  Coxal  dis- 

charge, which  commences  about  fifteen  minutes  after  the  tick  has 

begun  to  feed,  continues  till  completion  of  the  meal  and  inter- 

mittently for  about  an  hour  afterwards.   (See  also  Lavoipierre 
and  Riek  1955). 

Malpighian  tubules  do  not  function  until  about  an  hovir  after 

feeding  is  completed,  and  the  amount  of  water  they  excrete  is 
limited. 

Chloride  regulation.  About  half  the  ingested  water  is  ex- 

creted in  coxal  fluid.  The  mean  haeraolymph  chloride  concentration 

before  feeding  is  l.OC^  and  after  feeding  0.9^  NaCl;  that  of 

coxal  fluid  is  0.8Q&  NaCl.  These  values  are  similar  to  those 

determined  by  Bone'  (19^3). 

Morphology  of  coxal  organs.  The  flaskshaped  coxal  organs, 

which  elaborate  Tlie  bulk  of  fluid,  consist  of  an  outer  filtration 

chamber  with  an  inner  tubule  system  leading  to  the  external  open- 

ing and  of  a  small  organ  with  glandular  structure,  the  so-called 

accessory  gland.  The  filtration  chamber,  which  communicates  with 

the  tubules  of  only  one  point,  is  highly  folded  into  an  elaborate 

series  of  pockets  and  fingers  that  closely  invest  the  tubules; 

*sChiefly  from  Lees  (19/^^68).  See  other  remarks  in  section  on  life 

cycle.  It  sho\ild  also  be  mentioned,  for  practical  significance  in 

relation  to  disease,  that  Lees  fovind  that  0.  delanoei  acinus  and  0. 

parkeri  have  coxal  organs  differing  from  those  of  0.  moubata,  and 

that  in  these  species  coxal  fluid  is  liberated  only  after  cessation 

of  ingestion.  It  should  also  be  noted  that  what  Lees  and  others 

have  called  '"coxal  gland'"  is  rather  a  coxal  organ  (Burgdorfer  1951) 
because  it  excretes  fluid  rather  than  secreting  fluid,  and  the 

filter  chamber  histologically  has  no  glandular  structvire. 
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numerous  small  muscle  fibres  inserted  in  these  pockets  pass  out- 
wards from  the  orgsin  to  attachments  on  the  body  wall.  The  histol- 

ogy of  the  two  regions  is  entirely  different.  The  filtration 
membrane  is  only  one  or  two  microns  thick  and  its  cellular  origin 
is  much  obscured.  The  tubule  walls,  from  five  to  thirty  microns 
thick,  are  composed  of  cells  with  a  dense,  deeply-staining  cyto- 

plasm and  are  richly  supplied  with  tracheae. 

Function,  The  production  of  coxal  fluid  is  under  muscvilar 
control.  It  is  believed  that  contraction  of  coxal  organ  muscles 
enlarges  the  filtration  chamber  and  sets  up  a  sufficient  pressure 
difference  across  the  membrane  to  initiate  filtration  into  the 

organ.  In  subsequent  passage  of  fluid  down  the  tubules,  threshold 
substances  such  as  chloride  are  reabsorbed.  That  the  coxal  fluid 

is  primarily  an  ultrafiltrate  of  the  haemolymph  is  sioggested  by 
(a)  the  rapid  passage  of  dyes  and  even  haemoglobin  into  coxal  fluid 
after  injection  into  the  haemolymph,  and  (b)  the  very  high  rate  of 
fluid  liberation.  Serum  albumin  sometimes  passes  into  coxal  fluid 
after  injection,  but  casein  (and  normal  haemolymph  proteins)  are 

fully  retained  (Lees'  summary). 

Bon^  (1943)  proposed  somewhat  different  explanations  concerning 

coxal  organ  function.  Lees  further  indicates  that  Patton  and  Evans' 
(1929)  opinions  regarding  the  functions  of  the  coxal  organs  are  in- 

correct. An  earlier  work  on  the  same  subject  is  that  of  von 

K'linssberg  (1911 ). 

The  small  accessory  coxal  glands  have  an  unknown  function. 
Rapid  engorgement  in  argasid  ticks  is  allowed  by  passive  cuticular 
stretching.  In  ixodid  ticks  new  cuticle  is  produced  to  allow  for 
volume  of  intake  ajid  engorgement  is  much  more  slowly  accomplished. 

When  specimens  of  0,  moubata  and  other  argasid  ticks  that 
possess  coxal  organs  are  warmed  or  irritated  they  extide  from  these 
organs  a  clear  fluid.  This  may  possibly  serve  in  part  as  a  defen- 

sive mechanism  althoiigh  the  actual  reason  remains  to  be  determined, 
Coxal  organ  discharge  has  been  observed  and  reported,  highly  in- 

accurately, by  Remy  (1922A,  and  for  Argas  reflexus,  1921  and  1922B), 
who  believed  the  exudate  to  be  haemolymph  containing  haemocytes. 
Lees  (19A-6B)  has  shown  that  these  structures  axe  actually  small, 
globular  clusters  of  refractive  granules,  possibly  derived  from 
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partial  regression  of  the  salivary  glands  dvrring  molting  or  from 
granule- bearing  cells  in  the  accessory  organs.  The  density  of 
these  granules  in  the  coxal  fluid  of  newly  molted  but  unfed  ticks 
is  much  greater  than  in  the  fluid  of  engorged  ticks,  in  which  the 
granules  are  more  widely  dispersed  in  the  greater  amount  of  fluid, 

Spiracular  Itorphology  and  Function 

Argasid  spiracles  have  been  described  by  Robinson  and  Davidson 
(1913),  Cunliffe  (1921),  Mellanby  (1935)  and  Browning  (195U).  The 
last  two  workers  paid  particular  attention  to  the  spiraciilar  struc- 

ture and  function  of  0.  moubata. 

As  described  by  Mellanby,  the  spiracle  consists  externally  of 
a  semicircular  cribiform  plate  inserted  into  a  smooth  macula  of 
thickened  skin,  with  a  slitlike  ostium  between  these.  The  thin 
external  layer  of  the  plate  is  supported  by  rodlike  pedicles.  The 
external  layer  was  stated  to  be  pierced  by  minute  pores  opening 
into  the  tracheal  atrium,  v/hich  is  a  tube  connected  to  the  ostiiim. 
Muscular  attachments  of  the  macula  allow  opening  and  closing  of 
the  ostium. 

If  it  were  true  that  the  external  layer  is  pierced  by  pores, 
it  woxild  appear  that  there  is  no  v;ay  for  the  tampan  to  close  off 
the  direct  connection  between  the  external  air  aM  the  internal 

body  tracheae.  Since  tampans  show  remarkable  ability  to  withstand 
desiccation  in  the  laboratory  and  in  nature.  Browning  (1954A)  was 
led  to  investigate  the  spiracle  anew.  He  found  that  a  surface 
view  of  the  spiraciilar  plate  gives  the  impression  of  being  porous. 

On  examination  of  transverse  sections  these  '"pores'"  are  shown  to 
be  expaxided  distal  junctures  of  branching  pillars  (pedicels) 
arising  from  a  basal,  underlying  layer  of  sclerotized  endocuticle. 
These  pillars  support  the  very  thin  outer  membrane,  which  is, 
however,  not  porous  but  continuous.  The  cavity  between  the  basal 
cuticle  and  outer  membrane  and  ramifying  between  the  pillars  is 
continuous  between  the  atrium  and  the  spiracle.  From  surface 
view  the  hard  maculum  can  be  seen  between  the  inner  curves  of 
the  crescent  of  the  spiracular  plate.  The  macula  encloses  a 
slitlike  aperture,  or  ostium,  connecting  the  atrium  of  the  trachea 
with  the  outside  air.  The  argasid  spiracular  plate  functions  to 
provide  a  pad  against  which  the  macula  can  impinge  when  depressed 
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and  thus  to  form  a  very  efficient  seal  of  the  ostium,  a  necessary 
condition  for  animals  so  likely  to  be  exposed  to  desiccation, 

^It  is  of  interest  to  compare  Browning's  study  with  that  of 
Arthur  (in  press)  on  the  spiracle  of  Ixodes  7. 

According  to  Mellanby  (1935 )»  the  physiological  reaction 
that  governs  the  opening  and  closing  of  the  spiracular  ostium  is 
similar  to  that  of  insects.  Browning  (195AB)  appears  to  accept 
this  conclusion.  The  physiology  of  spiracular  action  has  been 
discussed  under  Environmental  Adaptability  above, 

Haller's  Organ 

The  structure  of  haller's  organ  and  its  supposed  value  as 
a  phylogenetic  indicator  has  been  discussed  by  K,  W.  Neumann 

(194.33.  Schulze  (1941 J  also  described  and  illiistrated  haller's 
organ,  which  functions  as  an  organ  of  smell.  Incidentally, 
Zumpt  (19A9)  summarized  his  studies  on  the  systematic  importance 
of  this  structure  as  follows;  Research  up  to  now  indicates  that 

haller's  organ  will  have  to  be  considered  in  the  future  as  having 
a  role  in  tick  systematics  and  should  not  be  overlooked. 

Abnormal  Development 

During  examination  of  about  eight  thousand  laboratory  reared 
specimens  of  0.  moubata,  Robinson  (19^3A)  encoimtered  two  examples 
of  partial  twinning  of  the  posterior  area  in  a  third  instar  nymph 
and  in  a  fifth  instar  nymph  that  subsequently  molted  to  a  male 
and  female,  each  with  abnormalities  in  internal  anatomy.  These 
specimens  were  normally  fertile.  Another  peculiarly  humped  third 
instar  nymph  normally  molted  to  a  male  that  showed  suppression 
of  the  postanal  region.  This  male  failed  to  copulate  although 
the  genital  system  was  well  developed  and  the  sperm  normal,  Robinu 
son  (19AAB)  also  noted  many  abnormalities  of  the  legs  during  handling 
of  about  ten  thousand  tampans,  I'tost  cases  were  deficiencies  due  to 
parti  ad  regeneration  of  a  leg  damaged  in  a  previoiis  nymphal  instar. 
Two  cases  of  supernumerary  segments  of  legs  were  also  observed  and 
illustrated.  In  the  same  batch  a  nymph  that  was  much  more  complete- 

ly twinned  posteriorly  than  previous  examples  was  observed.  This 
specimen  molted  to  a  partially  twinned  female,  mated  normally, 
refused  to  feed,  and  deposited  a  small  egg  batch  (not  particiilarly 
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uniosual  for  unfed  females).  Some  of  these  eggs  developed  into 

normal  ticks  but  most  were  not  delivered  into  the  arms  of  gene's 
organ  and  therefore  did  not  hatch.  In  the  sajne  paper,  Robinson 
reviewed  reports  of  partial  twinning  in  other  tick  species.  Leg 
anomalies  have  been  reviewed  by  Campana  (194-7). 

Symbiotes 

Tissue  cells  of  many  normal  insects  and  ticks  harbor  living 
microorganisms  that  for  the  most  part  exert  no  harmful  effects 
on  these  cells.  In  fact,  some  of  them  may  be  distinctly  benefi- 

cial to  the  hosts,  carrying  out  their  part  of  a  mutually  helpful 

relationship.  _^Steinhaus  (19^7)_7 

In  some  respects,  the  relationships  between  arachnids  and 
their  symbiotes  are  very  similar  to  those  between  insects  and 
theirs.  Among  noteworthy  differences,  however,  appear  to  be  the 
absence  of  raycetomes  in  ticks,  though  some  mites  have  these  struc- 

tures. Furthermore,  most  tick  symbiotes  occur  in  the  meilpighian 
tubules  and  in  the  ovaries  instead  of  in  the  alimentary  tract, 
though  this  may  not  be  true  for  certain  of  the  rickettsiae.  The 
two  families  of  ticks  are  similar  with  respect  to  symbiotes;  in 
both  the  sajne  organs  are  associated  with  microorganisms.  They 

differ,  however,  in  the  manner  of  ovarial  infection.  /"Steinhaixs (19^7)  J 

Intracellular  clusters  of  large  masses  of  typical  rickettsiae 
were  discovered  in  salivary  gland  acini  of  0.  moubata  by  Hertig 

and  Wolbach  (l92Zt).  Intracellular  symbiote's  were  not  found  in larvae  (? nymphs)  of  0,  moubata  by  Cowdry  (192 5C,1926A, 1927), 
though  they  were  denSnstrated  in  Argas  persicus  and  in  Otobius 
megnini.  Other  extensive  reviews  of  symbiotes  in  ticks  are 
those  of  Mvidrow  (1932)  and  Jaschke  (1933). 

In  0.  lapubata,  unlike  ixodid  ticks,  symbiotes,  probably  of 
a  bacterTal  nature,  do  not  occur  in  the  anterior  ends  of  the 
malpighian  tubes  but  rather  in  about  one-fifth  of  the  length 
of  the  tubes  just  posterior  of  the  anterior  ends.  In  this,  0. 
moubata  differs  from  A.  persicus,  in  which  Jaschke  observed  Tntra- 
cellular  symbiotes  in  masses  as  large  as  five  microns  in  diaaeter 
and  containing  as  many  as  forty  individual  organisms  each. 
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In  0.  moubata  and  other  argasids,  symbiotes  may  migrate  from 
the  malpTghian  tubes  to  the  ovaries  and  developing  eggs,  thus 
differing  from  ixodids  in  which  they  directly  invade  the  first 
sex  cells  (lludrov  1932).  This  worker  sought  the  explanation  of 
symbiotic  bacteria  in  the  realm  of  physiologic  relations  of  nu- 

trition.  (See  three  paragraphs  below). 

Argasid  symbiotes  do  not  appear  to  be  as  pleomorphic  as 
those  of  ixodids  and  axe  usually  of  the  rod  or  coccus  type  though 
they  axe  grouped  into  apparently  gelatinous  masses  or  colonies. 
Rows  or  chains  of  granules  or  filamentous  bundles  are  not  seen 
in  these  masses.  Tick  symbiotes  have  not  been  artificially  cul- 

tivated although  Steinhaus  attempted  to  do  so  with  those  from 
Argas  persicus  by  utilizing  flixLds  and  tiss\ies  of  the  chick 

embryo"^  /"Steinhaus  (1947)  7 

With  reference  to  the  "bactericidal  action"  in  the  guts  of 
insects  and  A.  persicus  and  0.  moubata  (Duncan  1926),  the  reader 
is  referred  to  subsequent  findings  in  the  following  series  of 
papers  on  work  done  with  A.  persicus;  Anigstein,  Whitney,  and 

Micks  (1950A,B),  Whitney, "Anigstein  and  Micks  (1950),  and  Micks, 
Whitney,  and  Anigstein  (1951).  The  intestinal  tract  of  blood- 
engorged  ticks  exhibited  significantly  higher  antibacterial  titer 
than  those  that  had  not  been  fed.  Study  of  animal  blood  itself 
revealed  erythrocytic  enzymatic  hydrolysates  showing  marked  in 

vitro  antibacterial  effect  over  a  relatively  wide  spectrum  oT" most  gram- positive  and  a  few  gram-negative  organisms.  The  active 
principle  of  the  hydrolysate  appears  to  be  a  peptide  amino  acid 
complex,  called  sanguinin,  which,  as  a  powerfxil  enzjmiatic  inhibitor, 
represses  the  growth  of  several  organisms  incltjding  streptococci, 
both  in  vitro  amd  in  vivo. 

The  role  of  sj-mbiotes  in  producing  growth- promoting  substances 
in  0.  noubata  (and  in  bedbugs)  has  been  stxilied  briefly  by  De 
Meillon  and  Goldberg  (1947A,B).  Feeding  nyraphal  and  adult  ticks 
on  thiamin-deficient  rats  resulted  in  almost  doubling  the  time 

necessary  for  completing  the  tampan's  life  cycle,  increasing 
the  interval  between  blood  meals  and  molting,  and  an  additional 
molt  before  reaching  maturity.  Normal  growth  and  reproduction, 
however,  follow  feeding  on  riboflavin-deficient  rats  (De  Meillon, 
Thorp,  and  Hardy  1947).  The  purpose  of  these  experiments,  fol- 
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lov;ing  work  by  Brecher  and  Wigglesworth  (194A)  on  the  blood-sucking 

he-nipteron  Rhodinus  prolixus ,  was  to  test  the  ability  of  symbiotes 
in  the  tick  to  produce  grouth-pronoting  vitamins  in  the  absence  of 
these  substances  in  host  blood.  Thiamin,  it  appears,  cannot  be 
inanufactTired  by  symbiotes  under  these  conditions  but  riboflavin 
can  be  produced  in  sxifficient  quantities  for  normal  development 
and  reproduction.  Incidentally,  it  was  noticed  that  the  severity 
of  host  skin  reaction  to  bites  of  0.  moubata  is  greater  in  animals 
that  are  deficient  in  thiamin  tharTit  is  in  normal  rats.  In  the 

former,  an  extensive  hemorrhage  develops  at  the  site  of  each  bite 
(De  Ifeillon  and  Goldberg  1947A,B,  De  Meillon  19^9). 

Laboratory  Rearing  Methods 

This  subject  has  been  discussed  in  more  or  less  detail  by  all 
students  of  the  life  cycle,  mentioned  above.  Methods  for  rearing 
0.  moubata,  care  of  hosts,  caging,  precautions,  host  diet  and 
handling,  etc.,  have  been  presented  by  Harvey  (l9/h7j. 

Artificial  Feeding 

A  capillary  tube  method  for  the  artificial  feeding  of  _0, 
moubata  and  other  ticks  for  studies  of  disease  transmission  and 

physiology  has  been  developed  by  Chabaiid  (195QA). 

Prevention  and  Control* 

Prevention 

Travellers  in  infested  areas  should  be  cautious  especially 
in  choosing  sleeping  and  sitting  sites.  Indigenous  habitations 
whenever  possible  should  be  avoided  for  sleeping,  and  care  should 

"Although  it  is  not  the  policy  of  this  stiidy  to  deal  with  control 
and  prevention  subjects  because  these  are  more  logically  included 
in  a  separate  report  now  being  prepared,  an  exception  is  made  in 
the  case  of  0.  npubata.  The  control  ajid  preventive  measures  re- 

quired for  tliis  species  are  unique  among  African  ticks,  and  its 
biological  and  host  predilections  are  different  from  all  others, 
I'breover,  it  is  possibly  the  only  medically  important  African 
tick  that  has  little  or  no  veterinary  iriportance. 
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be  taken  to  protect  one's  self  from  tampan  bites  in  rest  houses, 
barracks,  meeting  places,  and  sometimes  in  European  houses.  In 
Tanganyika,  Korstatt  (1914)  noted,  those  huts  that  were  exposed 
to  the  rain  were  free  of  ticks  while  others  in  places  more  pro- 

tected from  the  elements  harbored  tampajis.  Morstatt  suggested 
camping  in  grassy  spots  some  distance  from  huts. 

Any  program  of  labor  introduction  from  an  infested  area  should 

include  an  initial  inspection  of  newcomers'  personal  effects,  bed- 
ding rolls,  and  extra  clothes. 

Strict  sanitary  measures  are  of  proven  success  in  labor  caraps. 
If  floor  and  walls  are  hard,  dry,  and  free  from  all  cracks  and  if 
dust  and  unnecessary  objects  that  might  provide  concealment  are 

removed,  the  tampan's  hiding  places  may  be  kept  to  a  minimum. 
Frequent  inspection  of  personal  effects,  which  should  be  kept  in 
tightly  closed  boxes  or  cabinets,  or  hung  away  from  walls,  are 
of  proven  success.  Persons  living  in  barracks  should  be  v/arned 
to  report  the  presence  of  ticks.  Beds  must  be  provided  and  mos- 

quito nets  may  be  necessary.  In  infested  buildings,  placing  of 
bedlegs  in  cans  of  kerosene  has  been  recommended  to  deter  hungry 
tampans . 

Special  tickproof  construction  of  military  huts  in  heavily 
infested  East  African  areas  has  been  recommended  (H^.Tid  19A5). 
The  base  is  a  six-inch  deep  bitumen  floor  (or  cheaper  hard-beaten 
tar  and  earth)  with  a  metal  strip  inserted  at  the  outer  edge  mid- 

way through  its  thi'^kness  and  projecting  three  inches  outwards 
to  prevent  ticks  from  reaching  the  floor  level  from  outside.  A 
second  strip,  about  one  foot  above  the  floor  level  and  extending 
both  inside  and  outside,  helps  to  confine  the  searciiing  area  for 
ticks  brought  in  on  clothes  and  gear.  H^Tid  found  that  the  tampan 
climbs  upu'ards  only  when  it  is  not  able  to  burrow  into  the  ground. 
It  searches  for  hiding  places  in  wall  cracks  or  roofing  but  can- 

not circu-mvent  horizontal  metal  strips  extending  outward  from 
walls. 

Jack  (1928,1933,1942)  suggested  that  pigsties  be  constructed 
of  smooth  concrete  that  is  easily  cleaned  sind  does  not  provide  a 
hiding  place  for  tampans. 
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A  valuable  account  of  buildinr;  methods  to  elinainate  tampan 
infestation  has  recently/  been  published  by  Annecke  and  Qxiin  (1952) 
and  Annecke  (195^-).  Reinforced  concrete  buildin^^s,  vhich  replaced 
vattle  and  daub  huts  at  a  cost  of  L  13  per  person,  are  said  to 
have  reduced  deaths  from  relapsing  fever  on  a  large  South  African 
citrus  plantation  from  forty  to  a  single  case  annually.  Addi- 

tional benefits  resulted  from  employees*  social  and  economic 
betterment.  These  buildings  ^<;ere  constructed  by  casting  walls 
in  a  steel  framed  mold  and  raising  precast  concrete  roof  sections 
over  them.  Floors  were  made  from  a  vermiculite  and  cement  mixture. 

Acceptability  to  indigenous  labor,  ease  of  cleaning,  and  crack- 
proof  construction  were  important  considerations.  As  the  economic 
level  of  African  labor  rises,  such  prevention  methods  will  become 
normal  and  expected,  but  today  they  are  revolutionary. 

The  effect  of  domestic  animals  on  _0.  moubata  populations  in 
houses  appears  to  be  moot.  Under  usual  conditions  it  seems  that 
domestic  animals  allowed  to  live  in  human  habitations  tend  to 

allow  an  increase  of  ticks  in  these  buildings.  An  exception  is 
cited  by  Walton  (1950A),  who  believes  that  in  areas  of  high  humi- 

dity additional  moisture  provided  by  domestic  animals  in  huts  is 
enough  to  discourage  the  tampan.  Rooms  in  which  goats  are  kept 
in  humid  Kenya  hills  are  free  of  ticks  (Teesdale  1952). 

Inasmuch  as  chickens  often  are  said  to  be  a  favorite  nymphal 
host,  they  probably  should  be  excluded  from  buildings  except  pos- 

sibly for  periodic  forays  to  feed  on  ticks  near  the  surface  of 
the  ground.  Khowles  and  Terry  (1950)  reported  that  chickens  in 
Tanganyika  are  heavily  infested  with  nymphal  0.  moubata,  but 
Phipps  (1950)  found  no  significant  relation  between  the  presence 
of  ticks  and  fowls  in  the  same  area. 

Chemical  Control 

Gamnexane  (Hexachlorocyclohexane,  3HC  or  benzene  hexachloride ) 
is  generally  considered  to  be  the  most  promising  chemical  for 
controlling  0.  moubata. 

Ticks  coming  in  contact  with  0.5  per  cent  dust  lose  co- 
ordination after  five  or  six  hours.  During  the  first  day  they 

lose  much  of  their  body  weight  by  excessive  coxal  fluid  loss,  def- 
ecation of  milky  fluid,  and  possibly  by  increased  integumental 
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permeability.  Their  color  darkens;  they  become  more  or  less  im- 
mobile and  ususilly  die  in  a  little  over  a  week.  Those  that  live 

fail  to  produce  viable  eggs.  Application  of  0.5  per  cent  gamme- 
xane  dust  to  floors  and  lower  parts  of  walls  sprinkled  from  per- 

forated cigarette  tins  at  the  rate  of  three  or  foirr  pounds  of 
dust  per  hundred  square  feet  is  recommended,  but  frequent  checks 
should  be  made  where  reinfestation  is  liable  to  occur  (Jepson 
1%7}. 

Application  of  Jepson 's  findings  on  a  township  scale  in 
Tanganyika  was  described  in  detail  by  Knowles  and  Terry  (1950) 

using  '*G  dust'*  (D220  compound  one  part,  and  diatomite  four  parts), 
These  authors  found  that  although  total  eradication  is  probably 
impossible,  a  townshipwide  control  program  can  almost  eliminate 
relapsing  fever  in  a  fairly  static  population  and  is  much  cheaper 
than  hospital  treatment  of  the  disease.  Sampling  methods  and 
application  methods  were  also  stressed. 

Factors  to  be  considered  in  a  control  program  and  need  for 
further  research  were  discussed  by  Phipps  (1950),  who  indicated 
the  necessity  of  using  tested  diluents  and  making  accurate  sur- 

veys before  and  after  treatment.'  The  incidence  of  ticks  and  dis- 
ease should  also  be  checked  before  large  scale  programs  are 

instituted  for,  in  Phipps'  opinion,  not  all  places  in  which  ticks 
abound  are  disease  foci. 

In  Annecke  and  Q,uin*s  (1952)  extensive  chemical  control 
program  on  a  heavily  infested  South  African  citrus  plantation, 
it  was  found  that  BH3  applied  as  a  spray  to  inner  walls  of  huts 
in  concentrations  of  300  mg.  gamma  isomer  (or  upwards)  per  square 
foot  (emulsion  of  1%  BW   with  0,   gamma  isomer)  gave  effective 
control.  With  lesser  concentrations,  tick  populations  increased 
rapidly  after  seven  weeks.  Surviving  ticks  from  sprayed  huts 
deposited  considerably  fewer  eggs  than  normal  females. 

Nevertheless,  the  same  authors  report,  reintroductions  were 
so  frequent  that  the  authorities  finally  resolved  to  construct 
tickproof  habitations.  In  spite  of  comparatively  high  initial 
cost  in  comparison  with  daub  and  wattle  huts,  this  was  found  to 
be  the  only  realistic  approach  to  reducing  deaths  and  man  hours 
lost  to  relapsing  fever. 
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Subsequently,  Annecke  (1952^  reported  that  all  huts  treated 
with  600  mg.  gamma  isomer  per  square  foot  BH3  remained  free  of  0. 

nioubata  for  at  least  27  months.  When  300  mg,  per  square  foot  " were  used,  huts  remained  free  of  ticks  for  twelve  months. 

The  small  amounts  of  BH3  used  in  malaria  control  programs, 
25  to  thirty  mg.  gamma  isomer  per  square  foot  BHU  wettable  powder, 
applied  twice  three  months  apart,  has  little  effect  on  0.  moubata, 
but  Annecke  (loc.  cit.)  believes  the  cicnulative  effect  may  reduce 
or  destroy  the  tick. 

The  above  remark  immediately  suggests  the  potentiality  of 
tampan  resistence  to  chemicals.  So  far  as  known,  none  has  yet 
been  demonstrated, 

A  control  program  in  Fort  Jameson  township  of  Northern  Rhoda- 
sia  has  recently  been  reported  by  Holmes  (1953  J.  Heavy  spraying 
with  a  five  percent  BHC  solution  resulted  in  general  diminution 
of  the  tick  population  but  did  not  result  in  its  elimination. 
It  was  foxond  that  the  most  economical  form  for  achieving  a  hundred 
percent  kill  was  five  percent  BW   powder  mixed  with  9%    (by  weight) 
sawdust  diluent,  or  with  chaff  left  from  pounding  corn.  To  obtain 

a  sackful  of  this  mixture,  a  container  holding  65-  pounds  of  forty 
percent  BHD  cattle  dip  wettable  powder  was  mixed  with  fifty  pounds 
of  sawdust.  This  mixture  was  then  laid  as  a  four  inch  wide  bar- 

rier, thick  enoiogh  to  insure  that  ticks  must  come  in  contact  with 
it  when  passing,  at  the  base  of  all  inside  walls  of  the  house. 
The  barrier  was  maintained  for  three  weeks  and  frequently  inspected, 
especially  where  it  passed  door  openings,  to  insure  that  it  was 
not  scattered.  This  time  period  shoiild  reach  all  nymphs  hatching 
from  eggs  laid  before  the  chemical  is  applied  (more  or  less  ex- 

ceptionally a  somewhat  longer  hatching  period  may  be  involved, 
but  for  practical  purposes  this  time  is  probably  usually  effective  - 
HHJ,  Elimination  of  tampans  was  obtained  by  this  method,  but  re- 
infestation  occurred  within  a  year  to  a  year  and  a  half.  Fleas, 
Congo  floor  maggots,  and  bedbugs  were  also  killed.  In  the  fol- 

lowing year,  the  number  of  cases  of  relapsing  fever  from  treated 
houses  was  considerably  reduced.  The  cost  of  this  program  was  so 
low  that  other  authorities  commenced  similar  control  prograjus. 
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A  control  program  using  0,5  percent  geiinmexane  powder  (D,03/V) 
vas  undertaken  in  houses  in  humid  Kenya  hills  (Teesdale  1952). 
Reapplications  had  to  be  made  every  month  or  two  to  control  nymphs 
that  had  hatched  from  eggs,  the  latter  being  resistant  to  the 
chemical.  Killing  effects  diminished  in  treated  huts  fifty  days 
after  application.  The  low  cost  of  gamraexane  was  said  to  allow 
its  purchase  and  tise  by  Africans. 

Although  most  recent  workers  favor  BIC  dusts  over  spray  so- 
lutions, Anderson  (l%7j  reported  good  control  in  Somaliland  coffee 

houses  with  a  three  percent  solution  of  gammexane  in  diesoline, 

"666  spray*  (crude  benzene  hexachloride ,  12$,   gamma  isomer)  at  a 
dosage  of  1,250  mgm.  per  square  foot  of  soil  was  recommended  by 
Hocking  (19^-6 J,  who  found  DDT  at  the  same  dosage  less  effective. 
On  the  basis  of  experiments  in  two  localities  in  Kenya,  Heisch 
and  Furlong  {195U)   recommend  a  spray  of  gammexane  wettable  powder 
P. 520  rather  than  gammexane  insect  powder  for  tampan  control. 

Investigators  have  reported  that  DDT  is  of  less  effective- 
ness than  gammexajie  in  controlling  tampans.  Among  these,  Jepson 

(1947)  found  that  five  percent  DDT  dust  is  slower  and  less  ef- 
fective than  gammexane,  although  after  about  three  weeks  a  mor- 

tality of  fifty  percent  to  eighty  percent  obtained.  Holmes  (1953) 
also  indicated  that  gammexane  provides  a  more  complete  and  rapid 
kill  than  DDT.  Annecke  and  Quin  (1952)  considered  that  various 

types  of  DDT  applications  lacked  siifficient  residiial  effect  to 
be  considered  useful. 

The  inefficacy  of  many  chemicals  for  killing  0.  raoubata  and 
the  usefulness  of  gammexane  and  of  E605F  (diethyl-punitrophenyL- 
nono-thio- phosphate)  for  this  purpose  were  reported  by  Enigk  (19^8). 
Belgian  tests  with  three  preparations  of  the  gamma  isomer  have 

been  reported  by  Pierquin  (1950).  Sprays  of  '"Cyclotox"'  contain- 
ing a  large  proportion  of  the  gamma  isomer  killed  about  half  the 

ticks  in  eight  to  ten  days  when  applied  in  Belgian  Congo  huts. 
In  the  laboratory,  where  the  ticks  could  be  kept  in  closer  contact 
with  the  chemical,  all  died  after  varying  lengths  of  time  with 
different  concentrations  eind  preparations  (Himpe  and  Pierquin 
1951).  The  authors  conclude  that  spraying  a  volatile  substance 
on  soil  is  of  less  value  than  mixing  it  with  soil. 
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The  possibility  of  controlling  0.  moubata  by  feeding  hosts 

on  certain  chemicals  was  explored  by~De  Meillon  (194.6^  Fifty mgm.  of  ptrre  gamma  isomer  of  gammexane  were  mixed  with  agar  and 
water  and  fed  to  rabbits  four  or  five  times.  The  ticks  fed  only 
briefly  and  showed  either  incoordination  or  death  afterwards. 

The  domesticated  tampan's  predilection  for  humsin  blood  obviously 
limits  the  application  of  this  interesting  approach, 

0,  moubata  is  al^o  susceptible  to  arsenic  conqxjunds  in  the 
blood  of  animus.  Injections  of  neoarsphenamine  have  been  used 
in  rabbits  for  this  purpose  (De  Meillon,  Thorp,  and  Hardy  19A8). 
The  failure  of  2:3  dimercaptopropanal  (British  anti- lewisite) 
to  ELlter  the  toxicity  of  neoarsphenamine  was  described  by  Thorp, 
De  Meillon,  and  Hardy  (1948), 

In  testing  insect  and  tick  mortality  when  exposed  to  dry 
insecticidal  film,  Busvine  and  Barnes  (194-8)  fo\and  that  0,  moubata 

nymphs  are  resistant  to  DDT  but  susceptible  to  garamexane''and pyrethrins.  Busvine  and  Nash  (1953)  also  determined  that  films 
of  oil  solutions  are  better  than  dry  films  for  testing  insecticides 
because  they  give  a  sharper  dose/kill  relation. 

The  value  of  certain  derivatives  of  phenol  and  naphthalene 
as  soil-fumigants  in  hut  floors  has  been  suggested  (Robinson 

Derris  powder  failed  to  affect  nymphal  0,  moubata  in  Riissian 
laboratory  tests  (Mironov,  Nabokov,  and  Kachalova  194-6),  Pyrethrum 
sprays  and  dusts  are  highly  toxic  (Robinson  1942C,D  ,194-38, 19A4B) 
but  field  tests  have  not  been  undertaken,  probably  due  to  high 
cost  of  pyrethrum  and  effectiveness  of  cheaper  BIC , 

Sulfur  dioxide  or  cyanide  fumigation  has  little  effect  on 
0,  moubata,  and  sprays  of  kerosene  and  formalin  are  not  success- 
Tul  (Hopkins  and  Chorley  194-0),  A  spray  consisting  of  30  cc, 
tvcrpentine,  50  cc,  twenty-five  percent  alcohol,  5  cc,  kerosene 
and  a  little  white  soap  was  suggested  by  these  authors,  though 
it  is  expensive  and  troublesome  to  prepare.  Their  best  re- 

commendation was  a  coarse,  roughly  filtered  spray  consisting 

of  l|-  pounds  of  paradichlorobenzene  in  one  gallon  of  kerosene 
applied  under  high  pressure  at  the  rate  of  twelve  to  fourteen 
gallons  per  two  thousand  square  feet  of  surface  (also  reported 
by  Hargreaves  1936), 
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The  ovicidal  value  of  concentrated  vapors  of  chloroform,  suL- 
furoTis  acid,  ammonium  sulfide,  ethel  dixanthogen,  BIE.  forralin, 
and  phenol  hsis  been  reported  (Enigk  and  Grittner  1953). 

A  report  of  the  resistance  of  0,  moubata  to  various  sheep  dips 
(Blacklock  1912)  is  of  little  contemporary  interest. 

Disinfection  of  Personal  Effects 

Blankets,  bedding,  and  clothing  may  be  disinfected  by  ex- 

posure in  a  tight  container  to  a  temperature  of  82°C .  for  half 
an  hour  (Hopkins  and  Chorley  19^0). 

Burning 

In  a  carefxxlly  conducted  experiment,  Garnham  (1926)  found, 
contrury  to  certain  textbook  statements,  that  burning  of  African 
huts  infested  with  0.  moubata  is  an  effective  means  of  killing 
these  ticks.  He  suggested  pulling  down  the  straw  roofing  and 
piling  it  inside  mud  hut  walls  for  biirning.  This  may  be  the 
only  means  of  control  where  the  indigenous  population  does  not 
work  for  pecuniary  gain.  Otherwise  burning  is  uneconomical  un- 

less the  situation  is  serious.  More  permanent  housing,  in  which 
infestation  may  be  controlled  or  better  still  prevented,  should 
be  substituted  whenever  possible.  Burning  infested  bviildings  has 
long  been  the  indicated  control  method  in  many  parts  of  Africa, 
Flame  throwers  are  sometimes  used  to  good  effect  where  ticks  are 
lodged  in  shallow  cracks  in  buildings  that  withstand  fire.  Jack 
(1931)  obtained  control  against  tampans  in  nine-inch  walls  of 
pigsties  by  biirning  brushwood  on  both  sides  of  them.  Burning 
against  only  one  side  and  spraying  with  a  ten  percent  emulsion 
of  paraffin  (i.e.  kerosene)  had  failed. 

Hand-picking 

A  reward  of  sixpence  for  every  twenty  ticks  collected  on  a 
South  African  farm  yielded  73,000  ticks  oneyear  and  over  half  a 
million  in  several  years.  Laborers  placed  a  thin  layer  of  drift 
manure  along  the  inside  walls  of  their  huts  and  there  collected 
the  ticks  as  they  came  to  hide.  Small  holes  dug  inside  and  out- 

side the  doors  and  filled  with  drift  manure  were  also  found  to 

be  favorite  hiding  places  (Annecke  and  Quin  1952), 
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DISEASE  RELATIONS 

Man   (in  nature ) 

0.  moubata  is  the  only  known  tick  vector  of  African  tick-borne 
relapsing  fever  (Borrelia  duttonii)  of  East,  Central,  and  South 
Africa.  A  few  cases  of  this  disease  have  been  reported  from  Equa- 
toria  Province  in  the  Sudan.  No  evidence  supports  certain  pub- 

lished maps  showing  known  extensive  distribution  of  tick-borne 
relapsing  fever  in  many  areas  of  the  Sudan.  It  should  be  noted 
that  populations  of  this  tick  from  burrows  of  wild  animals  have 
not  been  found  infested  with  spirochetes. 

It  is  claimed  that  some  specimens  naturally  infected  with 
rickettsia,  Coxiella  burnetii,  the  causative  organism  of  Q  fever, 
have  been  found  in  Ruanda-Uriindi ,  and  that  in  Kivu  others  have 

been  taken  infected  with  an  organism  referred  to  as  *Bashi  virus- 
rickettsia'*. 

The  etiologic  agent  of  food  poisoning.  Salmonella  enteritidis, 
has  been  recovered  from  this  tick  in  Africa. 

0.  moubata  has  not  actxially  been  found  infected  in  nature  with 
the  pathogenic  organisms  of  any  other  human  disease,  but  experi- 

mental data  strongly  indicate  fvirther  research  in  this  respect. 

Tampan  bites  may  cause  considerable  irritation.  Circumstan- 
tial evidence  suggests  that  persons  long  victimized  by  bites  of 

this  tick  may  develop  an  immunity  to  them. 

Fowls 

0,  moubata  is  an  experimental  vector  of  fowl  spirochetosis 

(Borr~lia  anserina).  It  is  of  negligible  importance  in  transmission of  Salmonella  bacteria  and  of  Aegyptianella  pullorum  (a  protozoan). 
The  bacterium  that  causes  avian  cholera  ^Pasteurella  avicida)  sur- 

vives only  a  few  days  in  0.  moubata. 
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Experimental  Disease  Relations 

Virioses  and  Rickettsiae 

The  use  of  0.  moubata  and  other  Ornithodoros  species  for  trans- 
porting a  ntnnber  of  pathogenic  organisms  for  experimental  pirrposes 

has  been  siiggested. 

This  species  is  easily  infected  with  Ci  fever  (Coxiella  burnetii^ 
aiid  is  capable  of  transmitting  the  organism  by  its  bite,  A  diagnos- 

tic test  for  Q  fever,  using  0.  moubata  for  feeding  on  a  suspected 
host,  has  been  developed, 

Rickettsia  provazekii ,  the  causative  organism  of  classical 
typhus,  and  R,  typhi,  that  of  murine  typhus,  develop  in  0.  moubata. 
The  former  rickettsTa  can  be  transmitted  transovarially  and  the 
latter  can  be  found  in  eggs  and  coxal  fluid  of  infected  ticks. 
No  multiplication  of  R,  tsutsugainushi ,  the  causative  organism  of 
scrub  typhus,  occurs  Tn  0,  moubata;  the  tick  is  therefore  not  a 
likely  vector  of  this  unusually  host- specific  rickettsia, 

0.  moubata  maintains  infection  with  the  virus  of  Russian 

spring- summer  (Far  Eastern)  encephalitis.  It  has  also  been  shovm 
that  these  ticks  can  be  infected  with  western  equine  encephalitis 
virus.  The  virus  causing  miorine  poliomyelitis  (strain  Columbia 
SK)  is  destroyed  or  inactivated  in  blood  ingested  by  the  tampan. 
Yellow  fever  is  not  transmissible  by  this  tick.  A  Congo  rickett- 

sia of  the  boutonneuse  fever  type  (boutonneux-pourpre )  remains 
virulent  in  ticks  fed  on  infected  guinea  pigs  for  two  months  but 
not  for  six  months. 

Bacteria 

Tularemia  (Bacterium  tularense)  is  transmitted  by  the  bite 
of  0.  moubata  and  is  also  transovarially  transmitted  to  progeny. 
BacTllus  anthracis,  the  causative  organism  of  anthrax,  is  not 
transmissible  and  apparently  kills  the  ticks,  although  it  does 
remain  virulent  in  the  tick's  body  long  after  death.  The  etiologic 
agent  of  food  poisoning.  Salmonella  enteritidis,  has  been  recovered 
from  this  tick  in  Africa, 
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Spirochetes  of  Relapsing  Fever 

_0.  rapubata  is  capable  of  harboring  and  transmitting  other 
Borrelia  species  besides  B.  duttonii.  This  is  of  considerable 
interest  since  in  other  parts  of  the  world  many  species  of 
Borrelia  are  host-specific  and  tick  hosts  are  spirochete^specific. 

Spirochetes  Other  Than  Relapsing  Fever 

Weil's  disease  (Leptospira  icterohaemorrhagiae )  survives  for 
about  forty  days  in  living  0.  moubata,  remains  virulent  in  the 

body  long  after  the  tick's  ̂ eath,  and  can  be  transmitted  when 
infected  ticks  bite, 

Filariae 

Filariae  may  develop  in  the  body  cavity  of  0.  moubata  but 

transmission  appears  to  be  unlikely.  "* 

Trypano somes 

Virulent  trypanosomes  may  remain  in  the  tick's  gut  for  as 
long  as  five  years,  but  transmission  is  apparently  impossible 
and  transovarial  infection  does  not  occur. 

Toxoplasmosis 

It  appears  that  Toxoplasma  gondii  cannot  be  transmitted  by 
0.  moubata  although  the  organism  survives  in  the  tick  for  almost 
two  weeks  after  artificial  inoculation. 

Tropical  Ulcer 

The  suggestion  has  been  made  that  tick  bites,  such  as  those 
of  0.  moubata,  may  be  initially  responsible  for  tropical  ulcer. 

IDENTIFICATION 

0,  moubata  might  be  confused  only  with  0.  savignyi  in  the 

African  launaT"  However,  since  0,  moubata  lacks  eyes,  which  in 0.  savignyi  are  present  as  two  pairs  of  small,  round,  equal  sized, 
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shiny  black  spots  in  the  lateral  groove,  one  pair  above  coxa  I 
and  one  pair  between  coxae  III  and  IV,  there  should  be  no  real 
difficulty  in  distinguishing  the  species.  Tarsal  differences 
mentioned  in  Nuttall  et  al  (1908)  are  too  variable  for  applica- 

tion. Adults  average  about  8,0  mm.  long  by  6.0  ram,  or  7.0  mm, 
wide,  although  freshly  engorged  females  may  reach  11,0  mm.  in 

length.  0,  savignyi  is  usually  somewhat  larger,  averaging  about 
11,0  mm,  Tong,  The  mammi Hated  integument,  conspicuous  tarsal 
dorsal  protuberances,  and  absence  of  cheeks  easily  distinguish 
both  0,  moubata  eind  0,  savignyi  from  all  other  African  species, 

Males'~are  often  a  liTtle  smaller  than  females  and  their  genital 
apertiore  is  a  short,  rounded  opening  as  compared  with  the  broad 
slit  of  the  female.  Nymphs  have  no  genital  aperture,  but  in 
larger  instars  a  small  round  depression  is  present  in  its  place. 

In  a  study  of  the  sexual  differences  in  this  species,  Nuttall 
(in  Cvinliffe  1921)  has  shown  that  the  average  male  is  smaller  than 
the  average  female,  though  extremes  overlap,  and  that  the  same  is 
trxie  for  the  size  of  the  genital  aperture  of  the  two  sexes. 

An  estimate  of  the  stage  of  development  of  immature  stages 
can  be  made  on  the  basis  of  differences  in  mouthparts,  legs,  and 
spiracles  (Cunliffe  1921). 
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ORNITHODCROS  (QPJTITHaDCROS )  SAVIGNYI  (Audouin,  1827^. 

(Figures  8  to  12) 

THE  EYED  TAMPAN* 

DISTRIBUTION  IN  THE  SUDAN 

Central  and  northern  Provinces  (Mng  1908,1911,1926). 

Localities  reported  in  literature  and  from  which  I  have  seen 
specimens  are: 

Par fur;  15  miles  northwest  of  Fasher  (SGC),  Nyala  (horsej 
SVS;.  TIoTiocality  (Bl^lNH). 

Kordofan:  El  Obeid  (camel  yard;  SCO,  SVS).  "Several  local- 
ities'"  ̂ King  1911,  BaKour  1911EJ. 

Blue  Nile;  Wad  Medani  (camel  yard;  SGG,  HH).  Wad  Raiya  and 
Kbsti  CSGC;. 

Kassala;  Karora  and  Goz  Rageb  (on  human;   SGC).  Khor  llashi 
hills  south  of  Tokar,  Bir  Qui  Tiri  (Tinder  tamarisk  tree  near  well; 
SGC  J. 

Khartoum;  Khartoum  (cattle  quarantine  station;  HH).  Khartoum, 

Shambat  (H.  W.  Bedford  1939).  "Oasis  near  Khartoum"  (King  1911, 
Balfour  1911E). 

Northern;  Dongola  (D'finitz  1906).  Wadi  Haifa  and  Abu  Hamed 
(camel  yards;  HH). 

DISTRIBUTION 

0,  sayignyi  is  distributed  locally  through  arid  parts  of  North, 

East, "and  South  Africa,  the  Near  East,  India,  and  Ceylon.  The  Near 

*In  South  Africa,  called  "The  Sand  Tampan'"  (Theiler  1952A,B), 
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or  I'liddle  East  probably  was  its  original  home.  Transportation  by 
caravans,  lack  of  field  search  and  of  literature  reports,  and  con- 

fused identification  in  Africa  have  combined  to  provide  a  still 

uncertain  pictiire  of  this  tampaji's  actual  distribution  within  the 
noted  range, 

Diiring  Neumann's  time  0.  savignyi  was  frequently  confused  with 
0,  moubata  and  acceptance  o7  many  early  records  and  of  some  even 
more  recent  reports  is  questionable.  These  two  species  never  occur 
in  the  same  ecological  niches.  They  are  close  neighbors  in  some 
areas,  as  Somaliland,  where  0.  moubata  inhabits  huts  next  to  trees 

imder  which  0.  savignyi  hide". 

Brurapt  (1936}  summarized  the  Icnown  geographical  distribution 
and  medical  relations  of  0.  savignyi.  He  noted  especially  that 

even  though  this  tampan  i"  frequently  found  along  remote  camel 
trails,  it  is  not  known  from  I-brocco  in  spite  of  considerable 
search  for  it  there. 

Briunpt  (loc.  cit.)  also  considered  it  surprising  that  0. 
savignyi  has  not  been  carried  to  Madagascar  but  that  0.  mo.uBata 
is  common  in  some  areas  of  that  island.  Once  the  very  different 
biology  of  these  two  species  is  understood,  a  reasonable  explana- 

tion for  this  distribution  pattern  may  be  offered. 

0.  moubata  is  a  highly  domesticated  parasite  that  inhabits 

man's  dwellings  and  frequently  hides  among  his  personal  effects. 
It  was  probably  transported  from  Africa  to  nearby  Iladagascar 
among  gear  in  seagoing  vessels.  This  tick  has  not  been  able  to 
survive  elsewhere  outside  of  tropical  ajid  southern  Africa,  where 
it  is  endemic. 

0.  savignyi,  on  the  other  hand,  appears  to  have  erratically 
invaded  Africa  from  the  East.  It  prefers  more  arid  outdoor  condi- 

tions than  are  found  in  irost  parts  of  Madagascar,  and   part  of 
its  spread  probably  has  been  by  camels,  which  are  not  used  in 
Madagascar.  In  southern  Africa,  the  range  of  0.  savignyi  appears 
to  be  related  to  environment  and  wild  animals  rather  than  to  the 

comparative  recent  introduction  of  cainels,  movements  of  domestic 
stock,  or  treks  of  hiinters  (Theiler,  unpublished).   In  African 
regions  where  0.  savignyi  does  occur,  populations  are  often  spotty, 
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even  in  areas  that  appear  favorable.     This  tampan's  predilection 
for  resting  outdoors  in  the  soil  probably  more  closely  confines 

its  apread  to  overland  routes  than  does  0.   moubata's  propensity 
for  hiding  in  goods  or  personal  effects. 

NCRTH  AFRICA;     EGYPT    (Savigny  1826.     Audouin  1827.     Koch 
1875.     Brumpt  1908A.     Neumann  1911.     Yakoub  19/+5.     Halauani  1946. 
Davis  1947.     Taylor  and  Htjrlbut  1953.     Hoogstraal  1954A..     Davis 
and  Hoogstraal  1954.     Theiler  and  Hoogstraal  1955.     Taylor  et 
al  1955.     Hurlbut  1956.     Taylor,  Work,  Hurlbut,  and  Rizk  193SJ. 
HBYA    (Franchini  1927,1929A,E,1932B,1933A,B,C  ,D,1934B,1935A,B,C  , 
1937,193SC.     Zavattari  1930,1932,1933,1934.     Tonelli-Rondelli 
1930B,1932A,B,D,1935.     Gaspare  1933,1934.     Garibaldi  1935.     Theiler 
and  Hoogstraal  1955).     TUIHSIA,   including  He  de  Djerba   (Weiss 
1911B,1912.     Galli-Valerio  191U.     Nicolle,  Blaizot,   ard  Conseil 
1912,1913A,B.     Absence  in  oases:      Langeron  1921.     Nicolle  and 
Anderson  1927.     Colas-Belcour  1928, 1929A,G ,1930,1931).     ALGERIA 

(Chalon  1923.     Catanei  1929).     ̂ Apparently  absent  in  Itorocco 
(Brumpt  1936  )_.7 

WESr  AFRICA;     NIGERIA   (Northern  Province  only:     Simpson  1912A. 
Alcock  1915.      Leeson  1953).     FRE^K:H  WEST  AFRICA   (Brumpt  1936. 

Kone  1949.     Rousselot  1951,1953B).     /"Absent  in  Gold  Coast: Selvryn-Clark,  Le  Fanu,   and  Ingram  (1923)  and  Corson  and  Ingram 

(1923).     Absent  in  Liberia:     Bequaert   (1930A)^7 

/"central  AFRICA:     No  substantiated  records.     Not  known  from Belgian  Congo,  but  should  be  searched  for  there   (Bequaert  1930A, 
1931).     0.   savignyi  caecus  listed  by  Schwetz    (192X )  is  a  synonym 
of  0.   moubata.     Leeson   (1953)  lists  0.   savignyi ,  probably  after 

NuttalT"et  al   (1908)  or  Howard   (190^  but  these  records  are  most 
likely  repeTItions  of  early  misidentifications._7 

EAST  AFRICA;     SUDAI^   (Not  Koch  1875  or  Neumann  I896,  "'Upper 
Nubia,'"  cf .  Eritrea.     Donitz  1906.     Brumpt  1908A.     King  1908,1911, 
1926.     Neumann  1911.     Balfour  1911E,1912.     Brumpt  1936.      Kirk 
1938B,1939.     H.  W.  Bedford  1939.     Hoogstraal  1954B.     Theiler  and 
Hoogstraal  1955). 

ETHIOPIA   (Nuttall  et  al  1908.     Neumann  1911,1922.     Wenyon 
1926.     Bruns  1937  statements  questionable).     ERITFJEA    (Koch  1875 
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and  Neumann  1896  from  River  Anseba,  "Upper  Nubia'*.     Franchini  1929D, 
E.     Tonelli-Rondelli  1930A.     Niro  1935.     Stella  1938A,1939A,1940). 
FRENCH  SOFiALILAND    (Neumann  1922.     Brurapt  1936.     Stella  1938A,1939A, 
19/^0).     BRITISH  SOMALILAND    (Pocock  1900,     Drake-Brockraan  1913A,B, 
1914, 191 5A,B, 1920,  biology  and  medical  implications  in  part  mixed 
vith  0.   moubata.     Neumann  1922.     Stella  1938A,1939A,1940.     Ander- 

son l^J+T.     Heisch  1950A.     Falcone  1952,   erroneous  disease  rela- 
tions).     ITALIAN  SOMLILAND    (Brumpt  1908B.      Lees  1914.     Paoli 

1916.     Franchini  1925,1927,19290 ,E,193A.     Tonelli-Rondelli  1930A, 
1931.     Mattel  1933.     Niro  1935.     Massa  1936A,B,  medical  implica- 

tions questionable.     Moise  1938,1950.     Stella  1938A,1939A,1940. 
Lipparoni  1951,1954-.     Giordano  1953). 

KENYA    (The  0.   savif^iyi  of  Karsch  1378  refers  to  0.   moubata. 

DlSnitz  1906.     Neave  1912.     Neumann  1912.     Anderson  19'24A,B. Mackie  1927.     Brassey-Edwards  1932.      Lewis  1931A,C,1939A.     Heisch 
1937,1951A.     Walton  1951).     UGANDA   (Bruce  et  al  1911.     Neave  1912. 
Mettam  1932). 

/'?TANGAI«IKA:     ?As  0.   morbillosus:     Gerstacker   (1873). 
Neumann   (1901,19070 ,191  OB'7l9'rT7I     Howard   (1908)  ?quoting  Neumann. 
Absent  in  Bukoba:     l-Iorstatt   (1914).     The  presence  of  this  tick 
in  Tanganyika  remains  questionable.  7 

SOUTHERN  AFRICA;     /"tANGOLA:      Neumann   (l896)  listed  specimens from  Landana  that  Bequaert    (193QA)  quite  logically  believes  were 
0.   moubata.     Subsequent  statements    (Santos  Dias  195 OC )  are  merely 
a  repetition  of  Neumann  and  disease  relations  are  incorrect. 

"Ti-HCDESIA" :     Report  of  Lounsbury  (1900C),  obviously  referring  to 
0.   moubata,  quoted  by  other  authors.     No  subsequent  reports  of  0. 

"savignyi.     ?MC&AMBIQUE:     Nevimann  (I896)  ?should  be  0,  moubata.  ~ Lounsbury   (19OOC )  should  be  0.  moubata.     Theiler   (1^43B;  states 
0.   savignyi  doubtfully  recorded  but  possibly  present.     Santos 
Dias   (.1953B)  evidence  not  presented,     Mozambique  records  are 
considered  incorrect  by  Theiler  and  Robinson  (l954)._7 

NYASALWID    (Wilson  1950B).     BECHUANALAND    (Bedford  1926,1927, 
1932B,1934.     Theiler  and  Robinson  1954).     SOUTHWEST  AFRICA   (Louns- 

bury 1900c,  possibly  referring  to  0.   moubata.     As  0.  pavimentosus: 

Neumann  1901,1911.     Donitz  19070,1*^1  OB.     Howard  19T58.     Trommsdorff 1914.     Bedford  1926,1927,19326,1934.     As  0.   moubata:     I^nnig  1949. 
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Leeson  1953.    Theiler  and  Robinson  1954.     Theiler  and  Hoogstraal 

1955).     UNION  OF  SOUTH  AFRICA  /"Lounsbuiy  1899C.1900B,G    (confused with  0.  noubata),  1903B,1904A.     Howard  1908.     Donitz  1910B.     Bed- 
ford l920,192b,1927,1932B,1934.     Alexander  1931.     Bedford  and 

Graf  193/^,1939.     R.  du  Toit  19i!^2B,G,19^7A,B.     Theiler  and  Robin- 
son 1954.    Theiler  and  Hoogstraal  1955_.7 

NEAR  EAST;     ADM   (Nuttall  et  al  1908.     Patton  and  Cragg  1913. 
CunliiTe  1922.     Hoogstraal  ms.TT  Ta4M   (Mouiit  1953.     Hoogstraal, 
ms.).     PALESTINE  (Theodor  1932.     Smith  1936  quoted  by  Brumpt  1936. 
Bodenheimer  1937).     IRAQ  (Leeson  1953). 

MIEPLE  EAST;     INDIA  (Christophers  1906.     Neumann  1911.     Patton 
and  Cragg  1913.     Donovan  1913.     Fletcher  1916.    Cross  and  Patel 
1922.     Rao  and  Ayyar  1931.     Sen  1938.     Sharif  1938.     Kapur  1940. 
Joshi  1943).    CEXLON  (Nuttall  et  al  1908.     Brumpt  1936.     Crawford 

1937.    Chow,  Thevasagayam,  and~Tharumarajah  1954). 

HOSTS 

Camels  are  most  frequently  mentioned  as  hosts.  0.  savignyi 
appears  to  be  present  in  most  areas  iri  which  dromed^ies  are  used. 
Fowls  are  sometimes  attacked  and  ftH  domestic  animals  may  serve 
fits  hosts  (Lounsbury  1900B).  For  instance,  this  tan5>an  is  common 
in  cattle  yards  at  Mawar,  India  (Joshi  1943)  and  under  trees 
where  mules  are  tethered  in  Somaliland  (Lippaxoni  1951).  Human 
beings  are  frequently  bitten,  especially  when  they  sleep  in 
camel  yards  or  sit  under  trees  commonly  used  by  domestic  animals 
for  shade.  Any  laboratory  animal  may  serve  as  a  host.  Dogs  are 
satisfactory  laboratory  hosts  (Lounsbury  1904A), 

Game  animals  are  said  to  be  attacked,  but  evidence  is  scant. 
The  rhinoceros,  lion,  and  buffalo  may  serve  as  hosts  in  Kenya 
according  to  Walton  (1951).  Neumann  (1912)  reported  numerous 
specimens  from  a  Kenya  locality  where  a  giraffe  had  been  standing, 

BIOLOGY 

Life  Cycle 

Eggs  of  0.  savignyi  are  deposited  in  sandy  soil  where  adults 
hide.  Individual  females,  obsefved  by  Cunliffe  (1922)  at  30°C., 
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laid  from  100  to  4J.7  eggs,  averaging  219,  Other  individiials  that 
had  fed  four  times  laid  five  egg  batches  totalling  about  900  eggs 
over  a  thirteen  month  period  (Patton  and  Cragg  1913).  The  embryonic 
development,  described  by  Christophers  (1906 J,  is  essentially  like 
that  of  0*  moubata. 

Larvae,  like  those  of  0.  moubata,  are  nonmotile  and  do  not 
feed.  Althotigh  some  undergo  ecdysis  in  the  egg,  most  larvae  free 
themselves  from  the  eggshell  before  molting  to  nynqjhs  (Cunllffe 
1922),  After  splitting  the  eggshell,  larvae  molt  to  nymphs  in 
five  hotirs  (jDavis  1947V  to  ten  hours  (Patton  and  Cragg  1913). 

Four  nymphal  instars  over  a  period  of  about  84  days  and  seven 
i^mphal  feedings  were  observed  by  Patton  and  Cragg  (1913).  Cun_ 
liffe  (1922),  on  the  other  hand,  noted  that  males  appeared  after 
four  to  six  molts  and  females  usually  after  the  sixth  molt.  Rea- 

sons for  differences  in  number  of  instars  among  argasids  remain 
to  be  ascertained. 

The  very  active  nywpha   commence  feeding  two  or  three  days 
after  molting  and  require  fifteen  to  thirty  minutes  to  reach  re- 

pletion. Adults  normally  feed  for  similar  periods  but  the  pre- 
sence of  both  stages  along  remote  camel  trails  would  indicate  that 

on  occasion  some  tampans  may  remain  longer  on  the  host. 

Females  in  Cunllffe *3  (1922)  studies  lived  between  292  and 
A20  days  at  30^0.  and  for  an  average  of  775  days  at  220C. 

Spermatophores  superficially  similar  to  those  of  0.  moubata 
are  utilized  by  this  species  (in  Egypt),  althovigh  Christophers 
(1906)  and  Nuttall  and  Merriman  ̂ 1911)  questioned  their  presence. 

Other  details  of  the  life  cycle  have  been  reported  by  the 
above  mentioned  observers  and  by  Rousselot  (l953Bv,  However,  more 
extensive  and  refined  studies  are  still  necessary. 

Ecology 

0.  savignyi,  among  the  tick  species  studied  by  Lees  (19A7), 

shows~the  greatest  ability  to  limit  water  loss  at  high  temperatures, 
Tl;ie  critical  level  for  this  species  is  75*^.  while  for  0.  moubata 

_  196  _ 



it  is  63^.  Even  xerophilic  hyalommas  abruptly  increase  water 

loss  at  45*^.  (cf.  page  154-j.  This  factor  explains  in  part  how 
the  eyed  tampan  can  exist  in  deserts  where  little  other  life  is 

sustained.  Cunliffe's  (1922)   stvidies,  from  which  he  concli^ded 
that  the  temperature  and  humidity  requirements  of  both  these 
tampans  are  much  the  same,  should  be  repeated  with  special  at- 

tention to  extreme  levels. 

Famous  for  the  viciousness  of  its  attack,  this  tampan  is 
usually  well  known  wherever  it  occurs.  Natives  quickly  lead  one 
to  infested  animal  corrals,  trees  under  which  man  and  beasts  rest, 
and  well  sides  where  the  eyed  tampan  is  superficially  burrowed 
awaiting  its  prey.  In  Somaliland,  lipparoni  (l95l)  reported, 
0,  savignyi  is  common  under  trees  where  soldiers  tether  their 
mules  and  0,  moubata  infests  huts  beside  these  trees.  Although 
the  adventitious  presence  of  0.  savignyi  in  buildings  must  be 

expected,  early  records  from  "Human  habitations  appear  to  be  based 
on  misidentification.  For  instsmce,  Drake-Brockman's  various 
reports  of  0.  savignyi  in  British  Somaliland  buildings  have  been 

questioned  "By  Anderson  (19/+7).  Anderson  fo\ind  0.  savignyi  ex- clusively outdoors  in  the  same  area,  and  0.  moiibata,  previously 
thovight  to  be  nonexistant  in  the  area,  exceedingly  common  in  huts 
and  coffee  houses. 

We  have  never  observed  0.  savignyi  in  sites  directly  exposed 
to  the  sun.  Indeed,  at  the  Khartoum  quarantine  one  may  see  a 
long,  seething  line  of  thousands  of  hvmgry  tampsms  helplessly 
confined  to  the  shade  of  a  row  of  acacia  trees.  A  few  yards 

away,  separated  only  by  the  hot,  nine  o'clock  sim,  newly  arrived 
cattle  tied  to  a  post  fence  tempt  the  tampans  to  cross  the  glar- 

ing strip.  The  next  morning,  in  the  coolness  of  seven  o'clock, 
those  tampems  under  the  trees  are  all  blood  bloated  and  resting 
comfortably  in  the  sand,  others  are  dragging  back  from  their 
hosts  across  the  now  nonexistant  barrier,  and  the  legs  of  the 
cattle  are  beaded  with  yet  other  podshaped  ticks  taking  their 
fill  of  blood  in  a  regular  line  just  above  the  hoof. 

Laboratory  rats  and  mice,  as  noted  by  Heisch  (195QAJ,  assail 
this  tampan.  Rats  feast  on  nymphs  aM  adiilts.  Mice  commonly 
assault  nynqjhs,  but  only  particularly  bold  mice  attack  adults. 
These  rodents,  in  tvirn,  facilely  escape  bloodthirsty  but  lumber- 

ing adults,  although  small,  active  nymphs  more  easily  attack  them. 
Predators  in  nature  do  not  appear  to  have  been  reported, 
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REMARKS 

Christophers*  (1906)  extensive  study  on  morpholo^  and  diges- 
tion of  0.  savignyi  has  been  reviewed  in  the  section  on  0.  moubata, 

which  also  contaxns  a  niimber  of  other  data  pertaining  to~both species. 

The  nymphal  instars  may  be  approximately  determined  according 

to  Cunliffe's  (1922)  data,  also  presented  by  Campana-Roiiget  (195A). 

The  haller*s  organ  of  0.  savignyi  has  been  described  and  il- 

lustrated (Schulze  19A1).  ~ 

Jakob  (192A)  used  this  tampan  to  illustrate  certain  theories 
separating  the  ixodids  from  the  argasids  on  the  basis  of  differences 
in  external  grooves,  ridges,  and  prominences.  He  did  not  believe, 
as  a  result  of  these  studies,  that  Argas  developed  from  Ornithodoros , 
but  rather  that  both  genera  had  a  common  origin  in  the  Uropodidae, 
a  member  of  which,  Discopoma  africana  Vitzhum,  was  illustrated. 

DISEASE  REIATIONS 

MAN.  The  bite  of  0.  savignyi  may  have  severely  painful  seque- 

lae but  this  tampan  has~"never  been  found  infected  with  pathogenic organisms  in  nature,  and  transmission  of  pathogens  has  not  been 
demonstrated  until  recently.  Even  the  earlier  assertions  that  the 
eyed  tampsin  transmits  human  relapsing  fever  (Borrelia  spp, )  have 
been  cast  into  considerable  doubt  by  subsequent  research. 

DOMESTIC  ANIMALS,  Camels  and  cattle  sijffeT   greatly  and  may 
even  be  killed  by  the  volttme  of  blood  lost  to  numbers  of  eyed 
tampans  in  their  pens, 

EXPERIMENTAL.  Leishmania  donovani ,  which  causes  kala  azar  in 
human  beings,  does  not  develop  in  0.  savignyi.  Trypanosoma  cruzi 

undergoes  development  in  this  tick"in  the  laboratoiy.  T.  evansi cannot  be  transmitted  from  the  tick  to  animals  except  by  inocula- 
tion of  a  STOs pension  of  infected  ticks. 

Experiments  on  transmission  of  heartwater  Qlickettsia  ruminan- 
tium)  of  cattle  by  means  of  0.  savignyi  have  been  unsuccessful, 
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West  Nile  virus  remains  viable  for  at  least  three  months  in 

0.  savignyi ,  and  transi/iission  of  the  virus  to  mice  by  the  bite  of 
parenterally-infected  ticks  has  been  demonstrated.  Similarly, 
specimens  experimentally  infected  with  Sindbis  virus  transmit  the 
organism  when  biting. 

Spirochetosis  of  chickens  (Borrelia  anserina)  is  not  trans- 
mitted by  this  tampan. 

IDENTIFICATION 

See  remarks  under  0.  moubata,  pages  189  and  190. 
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FAMILY  IXODIDAE 

INTRCDUCTION 

All  tick  genera,  save  those  in  the  family  Argasidae  and 

Nuttalliella,  in  the  family  Nuttalliellidae* ,  fall  into  the 
family  Ixodidae  and  are  referred  to  as  *hard  ticks'"  or  '"ixodids'". 
The  use  of  the  term  ixodid  is  not  confined  to  the  genus  Ixodes » 

In  Sudani  Arabic,  hard  ticks  are  called  '•'gurad'"  (  ̂ l^    )• 

All  ixodid  genera  that  normally  inhabit  Africa  also  occiir 

in  the  Sudan  with  the  exception  of  Rhipicentor** .  This  gen\is  is 
represented  by  R,  gladiger  (Neumann,  1908J  (»  bicornis  Nuttall 
and  Warburton,  1908 j  in  neighboring  Belgian  Congo  (Bequaert  1931) 
and  further  south  in  Africa.  R.  nuttalli  Cooper  and  Robinson, 
I9O8,  occurs  on  various  animals  in  South  Africa  and  in  Southwest 
Africa, 

*The  family  Nuttalliellidae  (Schulze  1935)  contains  only  a  single, 
exceedingly  rare  species,  Nuttalliella  namaqua  Bedford,  193l(Ay, 
described  from  Little  Naraaqualand,  Southwest  Africa.  This  family 

appears  to  be  a  '"missing  link!".  A  scutal  outline  is  present  but 
not  structurally  differentiated  from  the  Ifeatheiy,  papillated  inte- 

gument. Though  the  mouthparts  are  anterior  as  in  Ixodidae,  the 
palpal  segments  are  movable  as  in  Argasidae,  but  an  inner  groove 
on  the  second  segment  is  suggestive  of  the  reduction  in  Ixodidae, 
in  which  the  terminal  segment  is  essentially  merely  a  small  ap- 

pendage of  the  penultimate  segment.  The  biology  of  this  strange 
species  is  unknown. 

**Rhipicephalus  (Pterygodes)  fvilvus  Neumann,  1913,  a  remarkable 
aberrant  parasite  of  Northwest  Africa,  is  frequently  treated  as 
a  monotypic  genus  and  sometimes  as  a  subgenus  of  Rhipicephalus. 
See  Netimann  (1913)  for  description  of  male  and  Colas-Belcour 
(1932)  for  description  of  female,  nymph,  larva,  hosts,  biology, 
£ind  disease  relations. 
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In  addition  to  African  genera  discussed  herein,  several  others 
have  beeft  described  from  other  continents,  chiefly  by  Schulze. 
Many  of  these  genera,  however,  meet  with  little  general  acceptance 
among  contemporary  specialists,  A  useful  summary,  including 

Schulze's  and  others*  genera,  may  be  found  in  Baker  and  Wharton 
(1952).  In  genersil,  however,  '"textbook  genera"',  as  used  by  Neiu 
mann  and  by  Nuttall  and  War burton,  usually  suffice  and  are  of 
considerable  practical  and  scientific  value.  They  should  be 
little  tampered  with  if  at  all.  Special  groups  of  ticks  may  be 
readily  categorized  at  the  subgeneric  level  to  provide  a  usefiiL 
sounding  board  for  their  acceptance  by  specialists, 

Ixodid  ticks  occur  throughout  the  world  wherever  terrestrial 
vertebrates  are  fovind.  They  attack  most  lajid  mammals  and  some 
marine  forms.  Some  ixodids  parasitize  birds  and  reptiles,  some 
feed  on  amphibians.  Adults  of  few  if  any  ixodids  regard  man  as 
a  host  of  predilection  but  majiy  attack  him  in  the  absence  of  other 
available  hosts.  Larvae  and  nymphs  are  much  more  common  and  se- 

rious pests  of  man  than  adults. 

Morphologically,  these  ticks  differ  from  argasids  by  the 
presence  in  all  stages  of  a  dorsal  scutum,  Ixodid  mouthparts 
are  always  anterior  and  visible  from  above;  the  body  is  oval. 
Larvae  have  six  legs;  nymphs  have  eight  legs  and  a  female  type 
scutum  but  lack  both  porose  areas  on  the  beisis  capituli  and  the 
genital  apertiire  of  the  female.  The  female  scutum  covers  only 
the  anterior  portion  of  the  dorsum,  the  male  scutum  extends  to 
the  posterior  margin  of  the  body.  Eyes  may  be  present  or  ab- 

sent. Nymphs  and  adults  have  a  spiracular  plate  sittiated  lateral- 
ly, posterior  of  each  hind  leg.  Palpi,  clearly  segmented  and 

movable  in  argasids,  are  limited  in  ixodids  to  segments  2  and 
3  and  to  a  more  or  less  well  developed  segment  1;  segment  U   is 
inserted  ventrally  into  a  pit  of  segment  3, 

Biologically,  the  majority  of  ixodids  display  con^jarative 
ixniformity  within  rather  narrow  limits.  Exceptions  are  notorious 
but  few.  The  number  of  species  is  small,  somewhere  around  five 
hundred,  Ixodids  are  highly  adapted  to  parasitic  life  but  one 
is  prone  to  wonder  how  they  have  succeeded  in  the  battle  for 
survival.  Their  aimless  wajndering  habit  and  dropping  from  hosts 
and  their  indiscriminate  oviposition  proves  fatal  to  many  indi- 
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vidiials,  even  thorigh  they  stcrvive  long  periods  without  food.  Their 
extended  life  cycle  subjects  them  to  many  adversities  depending  on 
season  and  the  peregrinations  of  their  hosts.  The  requirement  of 
two  or  more  kinds  of  hosts,  often  with  divergent  habits,  limits 

their  distribution  to  certain  faunal  areas.  The  comparatively- 
large  size  of  females  makes  them  subject  to  injury  and  tempting 
food  for  predatory  arthropods  and  vertebrates.  Certain  pathogenic 
organisms,  fungi,  and  hymenopterous  pairasites  kill  them.  Ticks 
have  little  protection  against  an  enemy  except  their  ease  of  coru 
cealment.  They  are  particularly  susceptible  to  attack  during  the 
lethargic  premolting  and  the  weak  postmolting  period. 

On  the  other  hand,  many  biological  features  enable  ticks  to 
survive  especially  well.  They  lay  numerous  eggs  and  withstand  a 
comparatively  wide  temperature  and  humidity  range  with  greater 
ease  than  many  other  arthropods.  They  survive  for  months  or  years 
without  food  and  often  gain  considerable  protection  from  the  con- 

cealed places  in  which  they  feed  on  the  host.  They  frequently  are 
offered  a  wide  choice  of  appropriate  hosts.  Should  they  annoy  the 
host,  the  animal  is  usually  powerless  to  rid  itself  of  the  para- 

site. Ticks*  slow  metabolic  rate  has  certain  advantages  and  the 
leathery,  usually  inconspicuous,  integument  offers  some  protection 
from  living  enemies,  water,  and  chemicals.  Parthenogenesis,  pos- 

sibly a  common  occurrence  though  not  well  studied,  may  aid  sur- 
vival. 

The  genus  Ixodes,  as  a  biological  unit,  shows  much  divergence 
from  the  usual  patterns  of  ixodids.  The  biology  of  this  genus 
must  be  considered  independently  but  in  relation  to  other  genera. 
Review  summaries  frequently  leave  the  student  with  the  impression 
that  the  unique  biological  characters  of  Ixodes  ticks  are  also 
characteristic  of  other  ixodid  genera. 

The  degree  of  host  specificity  in  ixodid  ticks  varies  from 
genus  to  genus  or  within  certain  subgroups  of  various  genera. 
Generalizations  on  this  point  should  be  very  carefully  qualified. 

Eggs  are  laid  only  once;  promiscuously;  at  one  time  and  place; 
gind  are  always  niimerous,  sometimes  numbering  over  10,000,  Eggs 
hatch  in  from  two  weeks  to  several  months,  depending  mostly  on 
climatic  factors. 
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Larvae  are  active  and  sometimes  are  easily  visible  as  hun- 
dreds or  thousands  of  them  rest  on  grass  awaiting  a  host.  Larvae 

often  parasitize  small  mammals,  birds,  and  reptiles,  sometimes  in 
their  nests  or  dens.  Only  a  few  kinds  choose  larger  animals  for 
hosts.  Thickness  of  the  host  skin  is  possibly  an  importeint  fac- 

tor in  restricting  larvae  to  smaller  animals.  Larvae  seldom  feed 
within  a  week  after  hatching. 

After  sorae  days  of  feeding,  larvae  molt  to  nymphs  on  the 
same  host  (two-host  type  of  life  cycle),  or  drop  from  the  host 
and  some  time  later  molt  to  nymphs  (three-host  type  of  life 
cycle)  on  the  ground.  Exceptions  are  the  single-host  boophilid 
ticks  (and  a  few  others)  that  molt  and  remain  on  a  single  host 
during  their  lifetime.  Nymphs  that  have  molted  on  the  ground 
seek  a  new  host,  sometimes  the  same  type  they  fed  on  as  larvae 
but,  more  commonly,  animals  similar  to  hosts  preferred  by  adults. 
After  several  days  of  feeding,  nymphs  drop  to  the  ground;  be- 

come quiescent  for  a  time,  then  molt  to  adults.  There  is  only 
a  single  instar  in  the  nymphal  stage  (see  footnote,  page  141 ). 
Some  species  may  undergo  one  or  another  of  these  variations  in 
life  cycle,  depending  on  climatic,  seasonal,  or  nutritional  fac- 

tors, most  of  which  are  still  poorly  evaluated. 

There  is  evidence  that  in  certain  three-host  species  (in 
which  larvae  characteristically  feed  on  small  mammals)  larvae 
that  feed  on  a  somewhat  larger  animal,  such  as  a  hare,  may  re- 

main on  the  host,  molt  to  nymphs,  and  continue  feeding.  They 
drop  from  the  larval- nymphal  host  only  before  molting  to  the 
adult  sta^e. 

Nymphs  and  females  become  tremendously  engorged  and  new 
cuticle  is  developed  during  the  rather  slow  feeding  process  in 
order  to  accommodate  the  huge  volume  of  blood  ingested.  Males 
become  only  slightly  distended  if  at  all,  apparently,  as  in 
argasid  ticks,  by  stretching  the  integument  althotigh  they  may 
remain  in  a  feeding  position  for  months,  even  after  the  slaugh- 

tered host's  skin  has  been  removed. 

As  reservoirs  of  a  great  variety  of  pathogenic  organisms, 
ixodids  are  pre-eminently  important,  whether  they  act  as  vectors 
or  not.  As  vectors,  they  transmit  a  greater  variety  of  organisms 
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than  any  other  arthropod.  This  variety  is  said  to  be  greater  on 
continental  Africa  than  anywhere  else  in  the  vorld.  Other  injxiry, 
apparently  due  to  toxins,  in  the  form  of  tick  paralysis  may  be 
locally  important.  Death,  lameness,  or  serious  debilitation  of 
the  jst  by  exsanguination  or  as  the  result  of  secondary  infec- 

tions at  the  site  of  attachment  is  not  uncommon.  Economic  loss 
due  to  nximerovis  punctures  of  animal  hides  by  the  raouthparts  of 
large  ticks  is  frequently  reported. 
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AMBLYOMMA 

INTRCDUCTION 

Of  about  a  hundred  Amblyomma  species  in  the  world,  some  twenty 
occ\rr  In  Africa  and  eight  in  the  Sudan,  The  specific  identity  of 
most  common  African  species  appears  to  be  settled  and  only  in  ex- 

ceptional instances  are  specimens  likely  to  be  confused.  One  of 
the  chief  remaining  taxonomic  problems  among  common  African  amblyom- 
mas  is  the  A,  marmoreum  group,  in  which  the  range  of  species  varia- 

tion needs  to  be  determined  for  several  somewhat  differing  forms. 
Observations  from  the  present  study  indicate  need  for  further  re- 

search on  the  relationship  between  A,  variegatum  and  A.  pomposum 

and  suggest  that  the  latter  may  be  no  more  than  a  sub"species  of the  former.  Recently  a  few  workers  have  designated  certain  African 
populations  by  subspecific  ranks  that  challenge  further  investiga- 

tion. Several  West  African  species  are  known  from  so  few  specimens 
that  their  validity  is  questionable. 

This  genus  has  been  the  subject  of  an  extensive  review  by 

Robinson  (1926)  comprising  volume  four  of  Nuttall's  Monograph 
on  Ticks,  The  African  species  have  been  keyed  by  Rageau  and  Ver- 
vent  (1953), 

The  immature  stages  of  most  African  amblyomraas  remain  to  be 
described  with  satisfactory  criteria  for  distinguishing  them. 

Economically,  two  African  species  have  thus  far  been  shown 
to  harbor  or  transmit  human  disease  organisms.  A,  hebraeum  is 

considered  an  important  boutonneuse  fever  ("'tick"~typhus"'J  vector in  South  Africa  and  A,  variegatum  has  been  found  naturally  in- 
fected with  Q;  fever  in  French  Equatorial  Africa  near  the  Sudan 

border.  Several  species  are  important  transmitters  of  veterinary 
diseases,  cause  damage  to  animal  skins,  or  debilitate  animals 
through  the  volume  of  blood  withdrawn  or  by  initiating  wounds 
that  develop  into  ugly  secondary  sores. 

Biologically,  many  gaps  exist  in  our  knowledge  of  African 
Amblyomma  distribution,  host- preferences,  especially  of  immatvire 
stages,  and  life  history.  Birds  are  important  immature- stage 
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hosts  but  the  full  extent  of  their  importance  as  hosts  remains  to 
be  studied,  Nymphal  preferences  may  differ  from  those  of  adults, 
although  in  some  species  this  may  not  be  true.  Host  size  appears 
to  be  of  some  iiiportance,  for  most  larvae  parasitize  small  animals; 
nymphs  attack  larger  animals;  and  adults  feed  on  the  largest 
available  animals,  except  carnivores.  Immature  stages,  however, 
more  frequently  parasitize  carnivores.  Cattle  and,  to  some  extent, 
other  domestic  animals  are  important  adult  hosts  and  wild  ante- 

lopes are  also  frequently  parasitized.  The  African  tortoise, 
rhinoceros,  elephant,  and  buffalo  harbor  species  mostly  restricted 
to  themselves.  In  general,  the  domestic  animal  parasitizing  spe- 

cies are  well  represented  in  study  collections;  others  are  seldom 
collected, 

Amblyomma  ticks  are  usually  three-host  parasites  and,  so  far 
as  known  in  Africa,  there  is  usually  only  a  single  generation  an- 
nually. 

KEY  TO  SUDAN  SPECIES  OF  AlffilZOMl^A 

mi£S 

1.  Lateral  grooves  extending  anteriorly  at 
least  to  middle  of  scutum   2 

Lateral  grooves  absent   7 

2.  Eyes  small,  hemispherical,  situated  in 
a  well  defined  depression  (i.e.  orbited)   3 

Eyes  flat  or  very  slightly  convex,  not 
in  a  depression   5 

3.  Festoons  with  two  colors.  (Scutal  or- 
najnentation  always  as  illustrated )   .A.  lEPIDIM 

Figures  68  ajid  69 

Festoons  only  dark  colored   U 
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k»     Scutum  with  numerous  coarse  punctations, 
and  with  a  red  lateral  spot.   (Rare  in 
Sudani   .A.  PCMFOSUM 

Figures  80  and  81 

Scutum  smooth,  with  few  scattered  coarse 
punctations  or  none;  usually  without  red 
lateral  spot.  (Conmion  in  Sudan)   A.  VARIEGATIM 

Figures  92  and  93 

5.  Scutum  smooth,  with  only  very  fine 
punctations.  Eyes  slightly  convex. 
(Chiefly  from  buffalo  )   A.  COHAERMS 

Figures  bk   and  65 

Scutum  with  scattered  large  pxinctations. 
Eyes  flat.  (Chiefly  from  cold-blooded 
vertebrates  )   ,   ,   ..,.6 

6.  Smaller  than  A.  marmoreum  group,  maxL- 
fflum  size  5.5  mm.  x  A.5  mm.  Dark  scutal 
areas  more  widely  separated  by  pale 
areas  than  in  A.  marmoretm  (see  Figures)   A.  NUTTAT.TJ 
"  Figures  7b  and  77 

Size  at  least  6.0  ram.  x  5.0  mm.  Dark 
scutal  areas  less  widely  separated  from 
each  other  by  pale  areas  than  in  A. 
nuttalli   T   A.  MARMCREm 

Figures  72  and  73 

7.  Scutum  dark,  ornamented  areas  small, 
punctations  only  small.   (Medium  size, 
drab  tick,  chiefly  from  elephants)   A.  THGLLONI 

FigTires  88  and  89 

Scutum  extensively  ornamented,  some 
large  punctations  present.   (Very 
large,  colorful  tick,  chiefly  from 
rhinoceros )   .A.  RHINOCEROTIS 

F  i'gur'es~'S2r'an3~35 
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FEMALES 

1.  Eyes  in  a  well-defined  depression 
(i.e.  orbited),  hemispherical  or 
strongly  convex   2 

Eyes  not  in  a  depression,  flat  or 
slightly  convex   ^ 

2.  Scutal  punctations  very  coarse,  uneven, 
some  confluent;  surface  rugose  poste- 

riorly; ornaunentation  absent  or  con- 
sisting of  only  a  small  pale  area  in 

posterior  field;  length  often  no 
greater  than  vidth.  Eyes  may  be 
convex  but  not  hemispherical.   (Ex- 

tremely rare  in  SxidanJ   A.  P0I-1P0SUM 

Figvire"  82  and  S3 

Scutal  punctations  not  so  coarse,  sur- 
face not  nigose,  pale  areas  more  ex- 

tensive (unless  faded).  Eyes  hemis- 
pherical.  (Common)   3 

3.  Scutum  narrowly  roixnded  posteriorly; 
large  punctations  chiefly  in  medio- 

lateral  area,  more  or  less  confluent   A.  I£FIDl)I-l 

Figures-yO  and  71 

Scutum  more  widely  rounded  posteriorly, 
large  piinctations  generally  distributed 
but  nonconfluent   A.  VAR IEGATUI-1 

Figures  9^  and  95 

U»     Scutum  with  central  and  lateral  areas 

largely  pale  colored;  punctations  either 
large  or  fine   5 

Scutum  with  either  central  or  lateral 

areas  largely  dark  colored;  punctations 
only  fine   7 
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5.  Scutum  with  some  large  piinctations 
scattered  over  entire  surface; 
length  usually  equalling  or  greater 
than  width*.  Eyes  flat   

Scutum  with  few  large  punctations 
only  on  anterior  half;  wider  than 
long,  mostly  pale  (reddish  brown). 
Eyes  slightly  convex.   (Very  large 
tick,  chiefly  from  rhinoceros)   A.  RHINOCEROTIS 

Figures  86  and  87 

6.  Scutum  with  extensive  pale  median 
area  that  is  broadly  rounded  poste- 

riorly.  (Large  tick,  chiefly  from 
tortoise  )   .A.  MARMOREm 

Figures  IL,   and  75 

Scutum  with  less  extensive  pale  median 
area  that  narrows  to  a  point  poste- 

riorly,  (ifediim  size  tick,  chiefly 
from  tortoise  and  leguan  lizards)   A.  NUTTALLI 

Figures  78  and  79 

7.  Scutum  dark  centrally,  small  pale  spot 
on  posterior  border,  lateral  fields 
with  small  pale  spots  or  entirely 
dark.  Eyes  flat.  Very  narrow  pale 
rings  on  legs.   (Chiefly  from  elephant)   .A.  TKOIXONI 

Figure's  90  and  91 

Scutum  pale  centrally,  lateral  fields 
with  only  small  pale  spots.  Eyes 
slightly  convex.  Broad  pale  rings 
on  legs.   (Chiefly  from  buffalo)   A.  COHASRENS 

Figures  66  and  67 

*In  the  Sudan,  exceptional  specimens  of  A.  marmoreim  may  hec7e  a 
scutal  width  of  at  least  1.3  greater  than  length  (Figure  74-), 
but  in  these,  large  punctations  are  scattered  over  the  entire 
scutal  surface. 
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Figvures  6U   and  65,  cf,  dorsal  and  ventral  views,  Svidan  specimen 

Figures  66  and  67,  5,  dorsal  emd  ventral  views,  Uganda  specimen 

AMBLYCMMA  COHAEKENS 

Note:  The  9  illustrated  is  malformed  in  the  following  areas: 
left  scutal  margin  anteriorly  and  right  scutal  margin  lateral- 

ly deformed,  festoons  on  right  side  absent,  only  three  legs 
on  left  side.  Diagnostic  criteria  are  not  affected  by  these 
malformations . 

PLATE  XHV 
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AI-ELYOtf^  COHAERENS  Donitz,  1909. 

(Figures  6^  to  6?) 

THE  EAST  AFRICAN  BUFFALO  TICK 

L       N       9       d"  EQUATOR lA  PROVINCE  RECORDS 

34.      Boraa  Plains     Syncerus  caffer  aegtiinoctialis        Dec 
*1  Obbo  Grarnmomys  macraillani 

erythropygus  Mar 

Birds 

*1  Obbo  Turdus  libonyanus  centralis  Mar 
*1  Torit  Francolinus  clappertoni  gedgii  Dec 
*1         Ikoto       Nimida  melea^gris  major  Dec 

The  Boma  Plains  specimens  constitute  the  first  and  only  defi- 
nite record  of  A.  cohaerens  from  the  Sudan,  If  the  tentative  inu 

mature  stage  icJentif i cations  are  correct,  we  may  expect  that  A, 
cohaerens  occiirs  in  other  parts  of  Equatoria  Province,  especially 
where  bviffalos  roam.  The  East  African  buffalo  tick  has  not  been 

found  in  Bahr  El  Ghazal  or  in  Upper  Nile  Provinces,  although 
buffalos  are  present  in  these  Provinces  and  frequently  have  been 
examined  for  ticks  by  H.  H,  King,  Sudan  Veterinary  Service  per- 

sonnel, and  the  writer. 

DISTRIBUTION 

A.  cohaerens  is  an  East  and  Central  African  buffalo  parasite 

that^reaches  the  northern  limit  of  its  range  in  Equatoria  Prov- ince £ind  extends  southwards  into  Tanganyika, 

*Tentative  identification  by  Dr.  G.  Theiler, 
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CENTRAL  AFRICA;     _/"?CAMEROONS:     Noted  by  Schulze   (l9Al)  with, out  data.     Recorded  on  (?imported)  cattle  at  Yaounde  by  Rousselot 
(1951)   but  not  repeated  by  him  (1953B).     Rageau  (1951,1953A,B), 
apparently  quoting  Rousselot.  7    FRENCH  EQUATORIAL  AFRICA  (Rousse- 

lot 1951,1953b). 

BELGIAN  CONGO  and  RUANDA-URUNDI    (Nuttall  and  Warburton  1916. 
Robinson  1926.     Schwetz  1927B,C,1932.     Bequaert  1930A,B,1931. 
Rousselot  1951,1953b.     As  A.   cohaerens  and  also  as  A.  hebraeum; 

Schoenaers  1951A,B;   see  KE35aRKS  below.     Theiler  and"^obinson  195A. Van  Vaerenbergh  195A). 

EAST  AFRICA;     '"EAST  AFRICA'"   (Donitz  1909). 

SUDAN   (Hoogstraal  195AB). 

FRENCH  SOMALILAND   (Hoogstraal  1953D). 

KENYA  (Robinson  1926.     Lewis  193A.     Weber  19A8).     UGANDA 
(Neave  1912.     Robinson  1926.     Tonelli-Rondelli  1930A.     Richardson 
1930.     Mettam  1932.     Mettam  and  Carmichael  1936.     Wilson  19/V8A, 

1950C.     Hoogstraal  195AC).     TANGANYIKA  (As  A.   anceps;     D'finitz 
1909.     Hoogstraal  195^). 

^NOTEt     The  ANGOLA  record  by  Sousa  Dias   (1950)  is  actually 
A.   astrion,  not  A.   cohaerens   (Theiler,  correspondence).     See 

RE14ARKS  below.  "T 

HOSTS 

All  authors  list  the  African  buffalo,  Syncerus  caf f er ,  as 
the  chief  host  of  A.  cohaerens. 

The  East  African  buffalo  tick  is  frequently  reported  to 
attack  domestic  cattle  in  areas  where  buffaloes  are  coranon  or 

after  large  numbers  of  these  animals  have  been  shot  out  for 
disease  control.  Domestic  cattle  have  been  listed  as  hosts 

by  Robinson  (1926),  Schwetz  (1932),  Schoenaers  (1951B),  and 
Rousselot  (1951,1953B).  Cattle  are  frequently  parasitized 
when  near  game,  especially  buffalo  (Wilson  19ii.8A,1950C).  In 
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certain  Uganda  areas,  A.  cohaerens,  together  with  A.  variegattim, 
is  the  predominant  cattle  tick  on  old  buffalo  grazing  grounds 
(Richardson  1930).  It  would  be  interesting  to  know  how  long  the 
buffalo  tick  remains  in  an  area  as  a  cattle  parasite  after  its 
chief  host  has  been  exterminated. 

Other  animals  are  rare  hosts  of  adults.  Elephants  (Robinson 
1926),  Tortoise,  and  domestic  sheep  and  goats  (Mettam  1932). 
Eland  (Lewis  1934,  Weber  194-8).  Warthog  (Theiler,  unpublished). 
Black  rhinoceros  (Hoogstraal  195^.  Also  2cS:?  removed  from  a 
Tanganyika  rhinoceros  skin  by  a  taxidermist  _  CNEM  collections). 

Hosts  of  nymphs  (tentatively  identified  as  this  species) 
are  groimd  birds  and  a  tree  rat  (Eqxiatoria  Province  records  above). 
Dozens  of  Thaoomaoigys  tree  rats  have  been  examined  by  me  in  the  Sudan 
and  Kenya  without  finding  other  ticks  on  them.  Several  nymphs  have 
been  taken  from  a  warthog  near  Lake  Edward,  Uganda,  by  Lt.  Col. 
Don  Davis,  U.S.A.  (HH  collection). 

BIOLOGY 

Unstudied,     In  Ruanda-Urundi ,  A.  cohaerens  occtcrs  as  high  a^ 
2200  meters  altitirie   (Schoenaers  I^IB,   as  A.  hebraeum). 

DISEASE  RELATIONS 

Unstudied, 

REMARKS 

Sections  of  the  rnouthparts  of  A,  cohaerens  have  been  illus- 

trated by  Schulze  (1936A),  who  also~illustrated  the  form  of  haller*3 organ  (l94l),  and  (195QA)  discussed  the  dentition  of  this  species. 
Schiilze  also  (1932C)  utilized  this  tick  to  illustrate  his  concept 
of  the  relation  of  ornamental  design  to  location  of  muscle  attachu 
ments.  A  number  of  other  remarks  and  illustrations  concerning  the 
exoskeleton  of  this  species  are  presented  in  the  same  stvidy. 
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The  middle  festoon  of  a  few  males  may  be  largely  pale  and 
other  festoons  may  be  equally  so;  such  specimens  would  key  to  A. 

hebraeum.  There  are  no  excessively  pale  festooned  individuals'" in  our  own  collection  or  in  that  of  British  Museum  (Natxiral  His- 
tory), but  some  material  in  the  Onderstepoort  collections  shows 

this  variation  (Theiler,  correspondence).  Such  a  specimen,  seen  in 
the  Rocky  Mountain  Laboratory  collection,  was  the  cause  of  mis- 
identification  of  A.  cohaerens  as  A.  hebraeum  in  Schoenaers* 

(I95IB)  list.  A.  hebraeum,  though^colorf \il ,  never  shows  as  much iridescence  as  most  oth^r  ticks  of  this  genus  (Theiler,  corres- 
pondence). 

Should  specimens  resembling  A.  cohaerens  be  found  on  the  west 
bank  in  Eqviatoria  Province,  they  should  be  checked  against  A. 
splendidum  Giebel,  1877,  of  the  Congo  and  West  Africa  (cf .  lobin- 
son  1926,  pp.  123-125 ).  A.  splendidum  males  are  somewhat  larger, 
have  a  vermillion-red  spot  in  the  center  of  the  scutum,  and  never 
have  a  falciform  stripe.  Females  are  indistinguishable  from 
those  of  A.  cohaerens  although  they  are  often  a  little  larger. 

A.  cohaerens  also  closely  resembles  A.  astrion  of  West  Africa. 

Sousa'Dias  (1950^  confused  A.  astrion  witli  A.  cohaerens.  Recent 
studies  by  Theiler  indicate""the  distinctnes's  of  the  two  species. Since  A.  astrion  is  unlikely  to  be  foiond  in  the  Sudan  tick  fauna, 
it  is  unnecessary  to  mention  further  detail.  However,  students 
who  may  compare  our  nomenclature  with  that  of  Sousa  Dias  should 
be  aware  that  this  discrepeuicy  exists. 

IDENTIFICAriON 

A.  cohaerens  is  easily  recognized  within  the  known  S\3dan  tick 
faunsu  Closely  related  species,  some  of  which  may  occur  in  the 
Sudan,  are  mentioned  above. 

Males  fall  into  a  group  in  which  the  eye  is  not  in  a  de- 
pression,  although  it  may  be  very  slightly  convex;  festoons  are 
mixed  dark  and  pale,  scutal  punctations  are  only  fine,  scutal 
ornamentation  is  as  illustrated  (Figure  64)  but  either  with  or 
without  a  falciform  stripe;  lateral  grooves  reach  nearly  to  the 
eyes.  This  is  a  medium  size  tick,  from  5.0  mm.  to  6.0  mm.  long 
and  from  4.0  mm.  to  A-.7  mm.  wide. 
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Females  have  a  triangular  scutum  with  only  fine  punctations 
and  with  an  extensive  pale  central  area;  the  lateral  scutal  areas 

are  dark  except  for  one-  or  two  very  small  light  marginal  spots. 
The  eyes  are  not  in  a  depression  though  they  may  be  very  slightly 
convex.  Leg  segments  are  ringed  by  broad  bands.  Females  are  of 
medium  size,  approximately  5.0  mm.  long  and  A.O  mm.  wide.  The 
scutum  is  approximately  2.8  mm,  long  and  2.9  mm.  wide. 
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Figures  68  guid  69,  o'',  dorsal  and  ventral  views 
Figures  70  and  71,  5,  dorsal  and  ventral  views 

AliBLYOMlA   IEPIDUt-1 
Sudan  specimens 

PLATE  XXV 
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AI^LYOKMA  lEFIDlIM  Donitz,   1909. 

(Figures  69  to  71 ) 

THE  EAST  AFRICAN  BONT  TICK. 

c? EQUATOR lA  PROVINCE  RECORDS 

11 

k 

15 

Boraa  Plains 
Syncerus caffer  aequinoctialis 

;  Dec 

1 3 Jebel  Kathan gor  Gaze 11 a  j ;^ranti  brighti 
Dec 

1 Loronyo Taurotra^^us  oryx 

pattersonianus 
Jan 

2 Torit Hippotragus  equinus  bakeri 

Mai- 

1 2 Lafon Hippotraj ;^us  equinus  bakeri 
Dec 

2 Torit Alcelaphus  buselaphus 
roosevelti Dec 

1 Terakeka Danaliscus  korrigum  tiang Jan (SGC) 
1 

Opari Felis  libyca  ugajidae Jan (SGC) k 7 Kapoeta domestic cattle Dec (2) 
18 

31 
Kapoeta domestic cattle 

Jaxi 
(SGC) 1 Kapoeta domestic cattle Jul 

2 lolepori domestic cattle Dec 
1 7 Iliu domestic cattle 

Oct 
(svs) 

2 5 Loronyo domestic cattle Dec 
5 Torit domestic cattle Nov 

(2) 

7^ 

Torit domestic cattle Dec 
(3) 1 1 Torit domestic cattle 

Jan 1 Torit domestic cattle 
Feb 1 Torit domestic cattle 
Mar 

1 9 Katire domestic cattle 
Oct 7 

72 

Gilo domestic cattle 
Dec 

1 3 Kapoeta domestic 

goats 

Jul 
2 Loronyo domestic 

goats 

Jan 3 1 Kapoeta domestic 

sheep 

Jan 1 7 Kapoeta domestic 

sheep 

Dec 

2 Loronyo domestic 

dog 

Jan 1 Torit domestic 

dog 

Dec 
1 1 Kapoeta in  rest  house Apr 

Bird 

1 2 Torit Neotis  cafra  denhami 
Jaji 

(2) 
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DISTRIBUTION  IN  THE  SUDAN 

A.  lepidum  occurs  in  all  Provinces  except  Northern,  though  it 
does  arrive  at  the  Wadi  Haifa  quarantine  in  Northern  Province 
on  cattle  from  the  South  (King  1926). 

All  available  Equatoria  Province  specimens  originate  from 
Eastern  District  and  Torit  District  with  the  single  exception  of 
a  male  from  a  tiang  at  Terakeka  (H.  H.  King  legit),  on  the  v/est 
bank  of  the  Nile. 

The  following  Svidan  locality  records  are  all  from  cattle  and 
all  from  the  Si:idan  Government  collection  unless  otherwise  noted: 

Bahr  el  Ghazal;  Lau  and  Yirol  (SVS),  Guar,  Gogrial  Suh. 
district  (giraffe;  SVS),  Aliab  (buffalo j  SVS).  Akot  (dying  bullj 
SVS).  Eight  miles  west  of  Yirol  (head  of  greater  bustard;  SVS), 
I  doubt  that  A.  lepidum  is  widely  established,  if  at  all,  in  Bahr 
el  Ghazal  Province,  Each  collection  consists  of  only  a  single 
male,  except  for  one  male  and  female  from  great  herds  of  migrating 
cattle  at  Yirol,  22  April  195-^^  (SVS). 

Upper  Nile;  Pibor  Post,  Akobo,  Maban  (domestic  cattle  and 

goats;  SVS  jr~Pariak  (SVS ),  Bor  (SVS),  Melut  (mule).  Rom (buffalo).  Kaka  (roan  antelope).  Er  Renk  (domestic  sheep), 
Makier  (SVS).  Malakal  (HH).  Specimens  from  Tonga,  that  were 
identified  as  A.  lepidum  by  dtinitz  in  1912,  were  the  basis  of 

King's  (1911)  report  of  A.  hebraeunuvariegatum  from  the  Sudan 
according  to  Nuttall's  notes  for  lot  529  in  his  logbook  in 
British  Miiseum  (Natural  History). 

Blue  Nile;  Hosh,  Tibna.  Roseires,  Wad  el  Nail,  Singa 
(camel  J,  Wad  Medani  (domestic  cattle,  miiles,  and  camel;  SGC , 

HH,  One  o"  feeding  between  toes  of  man,  August  195^;  Eisa  El 
Minesi  legit).  Abu  Hashim  (camel).  Sennar  (camel).  Lake  Ras 
Amer  (camel J.  Abu  Zor.  Hassa  Heissa  (camel;  G.  B.  Thompson, 
correspondence).  Sennar  area  (cheetah;  Robinson  1926).  Kosti 
(Gordon  College  collection). 

Kassala;  Kassala  (SVS). 

Darfur;  Radom  (SVS), 
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Kordofan;  Umm  Bererabeita  (SGCJ. 

^Northern  and  Khartoum;  Specimens  from  cattle  at  the  Wadi 
Haifa  Qiiarantine  station,  from  Ethiopian  cattle  at  Khartoum,  and 

from  '"A.O.F,"'  native  horses  ̂ French  West  (?Equatorial )  Africa_7 (at  Khartoum)  are  also  present  in  Sxidan  Government  collections.  7 

See  BIOIXDGY  below  for  further  remarks  on  distribution  in  the 
Sudan. 

DISTRIBUTION 

A.  lepidum  is  an  East  African  herbivore  parasite  and  is  not 
known  to  occxir  elsewhere.  It  becomes  iincommon  in  Tanganyika  but 
is  more  common  locally  northwards  to  the  semidesert  belt  of  the 
Sudan. 

EAST  AFRICA;  "•'EAST  AFRICA'"  (Donitz  1909). 

SUDAI^  (As  A.  hebraeum  variegatum;  King  1911.  King  1926. 

Robinson  1926.  "Hoogstraal  1952A,1954B). 

ETHIOPIA  (Stella  19^0).  ERITREA  (Franchini  1929D.  Tonelli- 
Rondelli  1932C.  Niro  1935.  Stella  19^0).  ITALIAN  SCMALIIAND 
(Paoli  1916.  Tonelli-Rondelli  1926A.  Franchini  1926A,1927, 
1929c ,E.  Niro  1935.  Stella  193aA,19AO.  See  also  adult  host 
records  below).  Note;  Nxomerous  reports  of  A.  hebraetm  from 
former  Italian  East  African  possessions  probably  refer  in  part 
to  A.  lepidim  axid   in  part  to  A.  gemma. 

KENYA  (Robinson  1926.  Lewis  1931C,1939A.  Dick  and  Lewis 
19A7).  UGANDA  (Mettam  1932.  Lewis  1939A.  Wilson  19^aA,1950C, 
1953).  TANGANYIKA  (Evans  1935.  Cornell  1936.  Lewis  1939A. 
J.  B.  Walkerj  small  numbers;  unpublished;  see  HOSTS  below), 

OUTLYING  ISLANDS;  ZANZIBAR  (Donitz  1909.  Robinson  1926). 

IMPCRTED  SPECI1#:NS;  Cairo,  EGYPT  (Donitz  1909).  A.  lepidum 
still  arrives  almost  daily  at  the  Cairo  slaughterhouse  on  Sudan 
cattle  but  has  not  established  itself  in  Egypt  (llason  1915, 
Hoogstraal  1952A).  Almost  every  specimen  is  a  male.  Nvtmerous 
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males  axe  also  not  infrequently  found  on  traders'  camels  reaching 
the  environs  of  Cairo  from  the  Sudan, 

This  species  has  been  taken  from  imported  cattle  at  East 
London,  South  Africa  (Robinson  1926),  but  is  definitely  not  es- 

tablished in  the  UNION  OF  SOUTH  AFRICA  (Theiler,  correspondence). 
PAIESTINE  records  (Bodenheimer  1937)  probably  also  represent 
imported  specimens. 

HOSTS 

A.  lepidum  is  chiefly  a  cattle  parasite  with  smaller  domes- 
tic ammals  and  a  scattering  of  wild  herbivores  as  second  choice. 

Large  ground  birds  and  carnivores  are  rarely  attacked,  A  single 
adxilt  has  been  teiken  feeding  on  man.  Nymphs  have  been  found  on 
antelopes,  bustards,  and  domestic  cattle  and  dogs.  The  host  pre- 

dilection of  immature  stages  is  still  poorly  known. 

Domestic  animals;  All  investigators  listed  above  refer  to 
cattle  as  hosts  of  this  tick.  Siodan  records  are  almost  the  only 
ones  available  for  other  domestic  animals.  These  include  camels, 

horses,  mules,  goats,  sheep,  and  dogs.  Individual  camels  on  oc- 
casion are  heavily  infested.  Although  camels  appear  to  be  rather 

important  hosts  in  central  Sudan,  local  camels  in  the  north  are 
not  known  to  harbor  this  tick,  Evans  (1935)  listed  sheep  and 
dogs  as  hosts  in  Tanganyika, 

Wild  animals;  Buffalo  (Robinson  1926,  King  1926,  Wilson 

1950C,  various  Sudan  records  above).  Rhinoceros  (Wilson  1950C). 
Grant's  gazelle  and  hartebeest  (Wilson  1950C,  Sudan  records 
above).  Roan  antelope  eland,  giraffe,  tiang,  wildcat,  and  great- 

er bustard  (various  Sudan  records  above).  Burchell's  zebra  and 
spotted  hyena  (Theiler,  unpublished  records).  Cheetah  (Robinson 

1926),  Ostrich  (id  and  1$  in  Hoogstraal  collection,  from  "\iest 
of  Afmadu",  Somalia,  1952,  Col.  D,  Davis  legit).  Of  1,9  Thom- 

son's gazelles  examined  in  Tanganyika,  only  two  yielded  exghz 
males  and  one  female  A,  lepidum;  none  were  found  on  numeroiis 
other  game  animals  examined  there  (J.  B.  Walker,  unpublished), 

Man:  Blue  Nile  Province  record  above. 
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Nymphal  hosts;  The  Sudan  hosts  appear  to  be  the  only  ones 

recorded  for  nymphs.  These  are  Grant's  gazelle,  Roosevelt's 
hartebeest,  rarely  domestic  cattle  and  dogs,  and  greater  bustard. 
Nymphs  were  identified  by  Dr.  G.  Theiler. 

BIOLOGY 

A.  lepidvim  is  common  in  many  of  the  semiarid  regions  of  East 
Africa.  It  inhabits  economically  marginal  areas  and  is  not  known 
to  be  a  vector  of  animal  or  hamaji  disease  pathogens.  Therefore, 
not  even  the  industrious  veterinarians  (in  Africa  they  do  most 
of  the  legwork  on  ticks  for  zoologists  and  for  medical  researcii- 

ers)  have  investigated  this  tick's  life  history.  It  would, 
however,  be  surprising  indeed  to  find  that  the  life  cycle  were 
any  other  than  the  three-host  type.  J.  B.  Walker  reports  (cor- 

respondence) that  larvae  fed  on  a  rabbit  did  not  molt  but  that 
a  few  larvae  in  her  laboratory  have  engorged  on  pigeons. 

In  his  interesting  and  important  ecological  survey  of  cer- 
tain tick  vectors  of  East  and  Central  Africa,  Wilson  (1953)  has 

noted  the  common  occurrence  of  A.  lepidum  in  the  Karamoja  area, 
the  driest  district  of  Uganda.  Wilson  includes  this  species  in 
his  discussion  of  the  R.  pravus  _  A.  gemma  association,  reviewed 

herein  on  page     (cf ,  also  A.  variegatum,  page  68l).  ̂ These 
sections  should  be  consulted  to  obtain  a  better  impression  of 
what  is  now  known  of  the  ecology  of  A,  lepidum.  7  Other  species 
associated  with  it  in  Karamoja  are  rT  e.  evertsi,  H.  rufipes,  aiid 

H.  truncatum.  ~  "         "" 

For  additional  background,  the  following  biological  informa- 

tion, as  ■written  in  the  manuscript  before  Wilson's  (1953)  paper 
became  available,  remains  of  value. 

Lewis  (1939A)  considered  A.  lepidum  to  be  a  desert  species 
but,  on  the  contrary,  it  appears  to  prefer  more  arid  savannah 
country  and,  to  some  limited  extent,  semidesert  regions.  In 
Uganda  it  is  most  common  in  dry  thorn  country  (Wilson  1950C). 
Although  Sudan  cattle  bound  for  the  Cairo  abattoir  constantly 
carry  the  East  African  bont  tick  through  the  deserts  and  cul- 

tivated riparian  areas  of  northern  3udan  and  Egypt,  this  parasite 
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has  not  established  itself  in  these  places,  I  failed  to  find  it 
in  the  French  Somaliland  semidesert. 

In  the  Svidan,  A.  lepidum  is  coraraon  in  the  central  grasslands 
axid  in  less  rigorous  seraideserts  but  quickly  disappears  with  the 
approach  of  extreme  desert  conditions.  It  also  becomes  more  rare 
in  mixed  forest  and  in  forested  savannah  country.  Except  for  a 
few  specimens  mentioned  in  the  paragraph  below,  fewer  than  ten 
specimens  have  been  fouxid  in  Sudanese  aresLS  with  over  fifty 
inches  annual  rsiinfall  (see  Bahr  el  Ghazal  records  above). 

The  presence  of  this  tick  at  Katire  and  Gilo,  in  the  high 
rainfall  area  of  the  Imatong  Mountains,  is  difficult  to  explain. 
These  specimens  were  taken  from  cattle  said  to  have  been  in  the 

Imatongs  for  '"a  long  time",  but  most  cattle,  sent  as  adults, 
were  soon  slaughtered  as  required  for  lurabermill  workers  there. 

Although  k.   lepidum  thrives  in  moderately  low  rainfall  areas, 
it  should  be  borne  in  mind  that  in  the  central  grasslands,  where 
this  species  is  common,  hosts  often  graze  in  marshy  areas  for 
months  during  the  wet  season,  and  that  the  dry  season  grazing 
area  (toich)  is  also  mucky  for  extended  periods.  Just  where  and 
when  these  animals  acquire  their  infestations  would  be  of  interest, 

DISEASE  RELATIONS 

In  the  Sudan,  one  frequently  finds  that  large,  ugly  sores 
have  developed  on  cattle  and  horses  at  the  site  of  attachment 
of  A.  lepidvun. 

REMARKS 

Features  of  haller's  organ  of  A.   lepidum  were  noted  by  Schulze 
(1941),  vho  also    (195OA)  discussed  the  dentition  of  this  species. 

IDENTIFIDATION 

Male;     The  eyes  are  small,  hemispherical,  dark,   and  in  a- 
depression  (i.e.  orbited),     Scutal  ornamentation  is  as  illustrated 

_  222  _ 



(Figure  63);  note  especially  the  pigmented  spot  at  scutal  mid- 
length  that  is  both  within  and  outside  of  the  lateral  [groove; 
also  the  six  or  eight  partially  pigmented  festoons.  Some  large, 
deep  punctations  are  scattered  over  the  scutimj  these  are  fewer 
thaji  in  A.  poirposum  but  more  numerous  than  in  A.  variegatum. 
The  lateral  groove  is  long.  This  is  a  medium  size  tick  measuring 
approximately  5«0  mm.  long  and  ̂ .0  mm.  wide  and  is  easily  dis_ 
tingtiished  from  all  other  species. 

Female;  Easily  identified  in  typical  specimens  but  its 
critical  characters  are  more  variable  than  those  of  the  male. 
Rather  few  females  are  extant  in  collections  and  v;hen  this  spe- 

cies and  A.  variegatum  are  collected  from  the  sane  herd  a  few 
questionaBle  specimens  may  present  themselves. 

Typically,  the  scutal  contour  is  much  more  narrowed  pos- 
teriorly than  that  of  A.  variegatum,  but  intermediate  individ- 

uals do  exist.  Scutal  pvinctations ,  usually  coarse  and  crowded 
only  in  the  lateral  fields,  sometimes  spill  over  into  the  cen- 

tral field;  small  punctations  scattered  over  the  scutum  tend  to 
become  rather  large  in  a  few  individuals.  Pigmentation  of  most 
specimens  consists  of  a  narrowly  elongate  area  in  the  central 
field  posteriorly  and  a  pair  of  small  spots  laterally,  but  this 
character  is  somewhat  variable.  Eyes,  coloration,  and  relative 
size  are  like  those  of  males. 
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Figures  72  and  73,  d,  dorsal  and  ventral  vi(?v?c 

Figures  7U  and  75,  $,  dor::al  and  ventral  views 

AJ-IBLYQlfl4A  MAP.nOr.F^ir^l  diOUP 
Sudan   (JubaJ  specimens  from  tortoise 

For  note  on  scutal  lencthuwidth  ratio  of  o,   see  IDENTIFICATION, 

PLATE  :d:vi 
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AIIBIZOI-J'IA  L:^.M(BEI31'I  Koch,   18U   (CP.OUP)» 

(Figures  72  to  75) 

THE   LARGE  REPTII£^A!^IBLYOMIA. 

a"  EQUA.TORIA  PROVECE  RECCFJDS 

Varanus  n.   niloticus**  Dec 

Kinixys  b.   belliana^"^  Jan 
Kinixys  b.   belliana""*  Dec 

Torit  and  Juba  appear  to  be  the  only  locality  records  avail- 
able for  the  Sudan,     A  nvtmber  of  Varanus  lizards  and  tortoises 

in  Torit  and  Juba  Districts  and  elsev.'here  in  the  Sudan  have  been 
examined  but  this  tick  was  found  only  on  the  three  reptiles  listed 
above.     Sudan  Government  collections  also  contain  specimens  frora 

Atiambo,  fornerly  in  this  Province  but  now  a  part  of  U^■anda. 

u 1 Torit 
1 1 Torit 

6 5 20 Juba 

*Sudan  specimens  referable  to  A.   narraoreu-n  fall  irito  v;hat  is   be- 
lieved to  be  a  ̂ oup  of  closely  related  African  species  in  need 

of  careful  study  before  definite  naiies  can  be  satisfactorily  ap- 
plied.    References  here  are  for  any  ticks  for  which  the  naT£  A, 

marraoreim  has  been  used.     The  tern  "'A.   Tnarmoreu.'n  f^roup"',   as  h'ere 
used,   includes  specimens  that  can  be~keyed  to  this  naine  in  the Robinson  (1926)  key,  or  that   cone  close  to   it  but  do  not  equal 
related  species  such  as  A.   nuttalli.     The  A.  falsonarmoreun  of 
Tonelli-Rondelli   (1935)  also  falls   into  this  ̂ roup.     The  disposL. 
tion  of  this  group  dictated  by  Schulze   (1932AJ  is  hopelessly  im- 
natural  and  practically  useless. 

**The  distribution  of  V.   niloticus  and  related  species  is  stated 
on  paf];e  283.     _K.    b.    beTllana  ranges  as  far  vest  as  Cameroons, 
where  the  subspecies  no^-ueyi   also  occurs;   the  latter  extends 
westward  to  Sierra  Leone   ̂  Lover idge,   correspondence). 
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DISTRIBUTION  IN  THE  SUDAl'J 

/"Khartoum;     Onriurraan   (King  1926).     Khartoun   (Nuttall  191AA, Robinson  1926).     Specimens  from  Omdurman  and   Khartoun  in  Sudan 
Government  collections  are  from  captive  tortoises  from  unstated 
localities  and  probably  represent  the  records  or  parts  of  the 

collections  on  which  Kinr^s,  Nuttall's,   and  Robinson's   statements 
were  made.     No  evidence  is  at  hand  to  show  that  this  tick  occurs 

in  nature  in  Khartoum  Province. _7 

DISTRIBUTION 

A.   marmoreum  ranges  throughout  the  Ethiopian  Faunal  Region, 

excepT  in  ■'.he  Arabian  extension  of  this  area.     It  appears  to  be 
more  common  in  eastern  ajid  in  southern  Africa  than  it  is  in 
western  and  central  Africa, 

/"NORTH  AFRICA;     AKIERIA    (As  A.   spar  sum;     Neumann  1899. This  specimen  was   actually  collected  in  the  Paris  Zoological 

Garden*    (Bequaert,   correspondence).     The  occurrence  of  A.   marmoreum 
in  Algeria  and  North  Africa  is  questionable.     See  footnote,   page 

228).  J7 

WEST  AFRICA;     FF:ENCH  VJEST  AFRICA    (Neumann  1911),     SIERRA  lEONE 
(Entomological  Report  1916.     Hoogstraal  1954C  ). 

CENTRAL  />FRICA;     BELGIAN  CONGO   (Neumann  1911.     Nuttall  and 
Warburton  1916.     Bequaert  1930A,193lj. 

Note:     According  to  Theiler   (correspondence),  the  record 
for  Ruanda-Urundi  in  Santos  Dias    (195-40)  is  incorrect. 

EAST  AFRICA;     SUDAN    (King  1911,1926.     Nuttall  19LU.     Robin- 
son 1^^.     Hoogstraal  195AB). 

*Hesse   (1920)  reported  a  female  from  the  Leipzig  Zoological  Gar- 
dens and  Hoogstraal   (195^4C  )  another  from  the   London  Zoological 

Gardens. 
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ETHIOPIA   (Neumann  1922.     Stella  1938A,1939A,1%0.     Charters 

19^6).     ERITREA   (Tonelli-Rondelli  1930A.     Stella  19^0).     •*S01iALI_ 
ZAND,  Gueldessa"*   (Robinson  1926).     BRITISH  SOMALIIAI©    (Nevunann 
1922.     Stella  1938A,1939A).      ITALIAN  SOMALIIAIID    (Paoli  1916. 
Tonelli-Rondelli  1932E,  see  also  Tonelli-Rondelli  1935  as  A, 
falsomarinoreujn  sp.   nov.     Niro  1935.     Stella  1940). 

KENYA  (Neumann  1899,1901,1911,1912.     Neave  1912.     Anderson 
1924A,B.     Robinson  1926.     Beauaert  1930A.     Lewis  193U,C,1932A, 
193/^,1939A.     Loveridge  1936BJ.     UGANDA   (Hirst  1909.     Robinson 
1926.     Ifettam  1932.     Wilson  1950C.     Binns  1952).     TAI^GANYIKA 
(Howard  1903.     Neumann  190X,1910B,1911.     Itorstatt  1913.     Love- 

ridge 1923c ,   as  A.  marmoreum  is  actually  A.   nuttalli  according 
to  Bequaert  193 CS.     Robinson  1926.      Loveridge  1928,     J.   B. 
Walker,  unpublished;   see  HOSTS  below). 

SOUTHERN  AFRICA;     ANGOLA   (Specimens  in  HH  collection). 
MC^Alffil^UE    (Howard  1908.     Neumann  1911.     Robinson  1926.     Santos 
Dias  1947A,1951A,1952D,1953B.     Hoogstraal  195AC). 

NORTHERN  RHODESIA   (Neave  1912.     Robinson  1926).     SOUTHERN 
RHODESIA  (Jack  1921,1928,1937,1942).     NYASAIAND    (Neave  1912. 

Robinson  1926.     Wilson  195*0B). 

BECHUANAL6J1D    (Robinson  1926).     SOUTHWEST  AFRICA   (Tromsdorff 
19U).     UNION  OF  SOUTH  AFRICA   (Koch  18^4.     Neumann  1899,1901, 

1911.     Lounsbury  1905*.     Howard  1903.     D'finitz  191CB.     Moore  1912. 
Bedford  1920,1926,1927,1932B.     Robinson  1926.     Curson  1928. 
Alexander  1931.     Bedford  and  Graf  1934,1939.     Neitz  1948). 

OUTLYDIG  ISLANDS;     ZANZIBAR    (Neumann  1899,1901,1911). 

HOSTS 

-.Ul 

The  chief  hosts  of  the  components  of  the  '*A.  marmoreum  group" 
await  to  be  determined.  Tortoises  and  the  rhinoceros  were  men- 

tioned by  all  early  workers,  mostly  without  further  data  (see  REMARKS). 

«See  Robinson  (1926). 
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Contemporary  reports  of  the  rhinoceros.  Rhinoceros  bicornis 
subspp.  as  a  host  are  chiefly  those  of  Robinson  (.1926J  who  re- 
corded  half  a  dozen  collections  from  Kenya,  Nyasaland,  and  Rhode- 

sia. My  collection  and  that  of  the  Museum  of  Comparative  ZoSlogy 

contain  specimens  from  rhinoceros  in  Kenya.  I^Iiss  Walker's  Tajiga- 
nyika  collections  (correspondence)  contain  LH   males  and  seven 
females  from  four  rhinoceros  hosts.  The  vrhite,  or  square- lipped, 
rhinoceros,  Ceratotherium  s.  simum,  is  a  host  in  Zuliiland  (Curson 
1928). 

belli 
Recent  records  from  tortoises,  Testudo  spp,  or  Kinixys 
.ana,  are  those  of  Neumann  (1922 j,  Robinson  (1926 J  with 

numerous  collections  from  throughout  the  tick's  range,  and 
Hoogstraal  (195/^)  from  Sierra  Leone,  Bedford's  (1932B)  state- 

ments and  Theiler's  unpublished  records  from  South  Africa  indi- 
cate that  tortoises  are  commonly  infested  in  Transvaal  and  are 

the  tick's  chief  host  there.  Other  scattered  records  for  tor- 
toises are  those  of  the  Sudan  specimens  above,  Mettara  (1932) 

for  Uganda,  V/ilson  (1950B)  for  Nyasaland,  and  Santos  Dias'  (1953B) 
summary  of  Mozambique  ticks  in  which  no  other  hosts  are  listed  for 
A.  marmoreiim.  A  single  collection  from  Tanganyika  consists  of 
six  males  aJid  nine  females  (j.  B.  Walker,  unpublished). 

The  warrener  or  leguan  lizard,  Varanus  spp.,  is  sometimes 
attacked.  More  recent  reports  are  the  single  collection  of  Ro- 

binson (1926)  and  tliat  from  the  Sudan  listed  above,  Mettam's 
(1932)  Uganda  note,  Loveridge's  (1936A)  Kenya  record,  a  few  lots 
in  the  Onderstepoort  collection  (Theiler,  unpublished),  arid  a 
few  lots  in  the  Iffl  collection  including  one  from  Angola, 

Some  snakes  are  hosts,  apparently  only  exceptionally^'. 
Neumann's  (1911 )  A,  spar  sum  (said  to  be  a  synonj'Tn  of  A.  raarmoreum ) 

*The  hosts  of  A.  s.  sparsum  MeuTnaxm,  1399  (according  to  Robinson 
1926  a  synonym  of  A.  marmorpum)  were  reported  hy   Neumann  to  be 
Spilotes  variabilis  and  Testudo  mauritanica  from  Algeria  and  East S 

rica.  _S.  variabilis  is  a  synon\-m  of  S.  _£.  pull  at  us,  a  large 
South  American  tree  snake  (loveridge,  correspondence ) .  Therefore, 
since  A.  mar mo re  urn  (=  A.  sparsum)  does  not  occur  in  South  America, 

either  Neumann's  locality  record  or  host  record  is  incorrect.  The 

fact  that  the  "'Algerian''  material  of  A,  sparsum  was  collected  in  a 

EuropeaJi  zoological  garden  (cf .  page  "^26 J  would  suggest  that  both data  are  difficult  to  assess.   It  further  suggests  that  the  vali- 
dity of  the  synonymy  of  A.  sparsum  should  be  reinvestigated, 
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came  from  Spilotes  _£»  pullatus  (=  variabilis ) .  Tuff   adders ,  Bitis 
spp.,  have  been  reported  by  Hirst  (1909^,  Robinson  (1926),  Love- 

ridge  (1928),  Bequaert  (1930A),  and  Hoogstraal  (195AC);  Miss  Walker's 
Tanganyika  collection  (correspondence)  contains  four  males  and  a 
female  from  one  puff  adder.  Python  sp.  has  been  listed  by  Neumann 
(1911)  and  Lewis  (193A). 

Mammals,  other  than  the  rhinoceros,  are  also  occasional  hosts. 

Theiler's  unpublished  records  include  some  advilts  from  domestic 
cattle  and  sheep.  Lewis  (1939A)  found  specimens  rarely  on  buffalo 
sind  on  domestic  cattle.  Two  buffaloes  were  listed  by  Bequaert 
(1930A,1931)  and  one  by  Robinson  (1926);  my   collection  contains 
37  specimens  from  a  single  buffalo  in  Kenya.  Neumajm  (l91l)  re- 

corded a  genet,  Genetta  pardina,  Robinson  (1926)  an  eland,  and 
Tonelli-Rondelli  (1930A/a  bushpig.  In  my  collection  are  numerous 
advilts  from  giraffes  in  Kenya.  Alexander  (l93l)  was  unable  to 
induce  adults  to  feed  on  domestic  animals. 

Among  birds,  the  guineafowl  h;-s  been  recorded  as  a  Uganda 
host  by  Mettfim  (1932). 

Man  was  reported  as  an  actual  host  by  Charters  (19A6)  in 
Ethiopia. 

Nymphs  are  sometimes  taken  with  adults  from  tortoises.  Dr. 
Theiler  (unpublished  records)  has  numerous  nymphs  from  fowls. 
Seven  nymphs  were  removed  from  the  African  hoopoe,  Upupa  africana, 

in  Mozambique  (Hoogstraal  195AC).  Lounsbiiry  (1905*)  and  Howard 
(1908)  reported  that  larvae  sind  nymphs  feed  readily  on  lizards, 
cattle,  goats,  tortoises,  and  birds. 

In  the  Onderstepoort  laboratory,  larvae  and  nymphs  feed 
readily  on  guineapigs  but  adults  do  not  (Theiler,  correspondence). 
Kenya  larvae  and  nymphs  from  females  from  tortoises  feed  well  on 
the  ears  of  rabbits,  and  resulting  adults  on  the  scrotum  of  a  ram. 
This  is  a  hardy  species,  and  sixteen-month  old  nymphs  feed  quite 
well  while  adults  remain  alive  for  23  months  without  feeding  (J. 
B.  Walker,  correspondence).  See  REMARKS  below. 

»See  Robinson  (1926), 
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The  sorting  out  of  these  host  records  awaits  a  thoroiigh  biOb- 
logical  and  taxonomic  study  on  this  interesting  group  of  ticks. 

BIOLOGY 

(See  also  REMARKS  below) 

Life  Cycle 

Lounsbury  (1905*)  stated  that  adults  will  not  feed  on  goats 
or  on  oxen  if  they  have  not  first  fed  from  a  tortoise  in  an 
earlier  stage,  Adiilts  attached  to  the  host  before  seeking  the 
other  sex,  unlike  many  other  species  of  Amblyomma.  Lounsbury 
also  provided  observations  on  time  required  for  each  stage  and 
for  feeding.  These  data  are  not  abstracted  here  for  in  the  light 
of  confused  nomenclature  it  is  questionable  whether  the  species 
with  which  Lounsbury  worked  is  the  same  as  that  in  the  Sudan. 
Note  that  Alexander  (1931)  was  unable  to  induce  South  African 
adults  of  A.  marmoreTJm  to  feed  on  cattle. 

Ecology 

In  the  Ethiopian  Faunal  Region,  this  group  of  ticks  occurs 
in  a  variety  of  faunal  areas.  Where  tortoises  are  common  these 
ticks  are  often  abundant,  but  this  incidence  is  by  no  means  xmL- 
versal  in  Africa. 

On  tortoises,  these  ticks  are  usually  deep  in  the  host's 
axillae  and  it  is  necessary  to  kill  or  anesthetize  the  animal 
to  see  or  secure  all  of  the  specimens. 

DISEASE  RELATIONS 

Textbook  statements  that  A.  marmoreum  actually  has  been  in- 
criminated as  a  vector  of  boutonneuse  fever  of  man  refer  merely 

to  a  remark  that  this  was  one  of  several  tick  species  found  on 
patients. 

»See  Robinson  (1926). 
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Experimental  attempts  to  transmit  heartwater  (Rickettsia 
ruminantium)  of  cattle  through  this  species  have  failed. 

REMARKS 

A,  marmoreum  is  considered  by  most  workers  to  parasitize 
chiefTy  the  rhinoceros  and  tortoise  but  Theiler  (correspondence) 
has  fovind  so  much  variation  in  morphology  and  host  data  on  spec- 

imens sent  from  various  parts  of  Africa  that  she  prefers  to  refer 

to  «n  specimens  as  '"A.  marmoreum  group'"  until  they  can  receive 

more  intensive  study."  Most  of  her  specimens  come  from  tortoises, a  few  from  Varanus  lizards  and  cattle.  She  considers  the  rhino- 
ceros to  be  an  accidental  host,  or  else  the  host  of  a  separate, 

as  yet  unrecognized,  species  or  subspecies.  She  has  large  num- 
bers of  nymphs  of  this  group  from  fowls. 

Schulze  (1932a)  realized  the  complexity  of  the  marmoreum  group 
and  proposed  new  names  for  specimens  from  various  parts  of  Africa. 
Reasons  for  these  differentiations  appear  quite  invalid. 

A  definitive  species  name  for  Sudan  material  awaits  assign- 
ment. The  range  of  variation  in  even  the  rather  small  series  of 

Sudan  specimens  at  hand  casts  considerable  doubt  on  the  validity 

of  all  those  '"related  species'*  that  are  based  on  certain  aspects 
of  scutal  ornamentation  or  on  coxal  spur  characters. 

The  structure  of  the  larval  eye  and  its  sense  organs  in  spec- 
imens of  the  A.  marmoreum  group  has  been  described  and  illustrated 

by  Gossel  (1935). 

Nuttall  (l9LiA)  reported  on  a  malformed  specimen  of  A.  mar- 
moreum, from  the  Siidan,  and  Schulze  (l9Al)  noted  characteri st ic s 

of  the  haller's  organ  of  this  species. 

IDENTIFICATION 

Males;  Large,  at  least  6.0  mm.  x  5-0  mm.  Scutum  with 
reddish-yellow  ornamentation  that  is  variable  but  essentially 
as  illustrated;  pale  areas  in  this  species  are  more  separated 
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from  each  other  by  dark  stripes  than  they  are  in  A.  nuttalli; 
festoons  bicolored;  pimctations  consisting  of  fev/7  scattered 
large  and  numerous  small;  lateral  grooves  deep  and  long;  eyes 
flat. 

Females;  Large,  from  7.0  mm.  to  30.0  ram.  long  and  from  6.0 
ram.  to  20.0  mm.  wide,  depending  on  degree  of  engorgement.  Scutum 
extensively  pale  ornamented  and  with  central  pale  area  broadly 
rounded  posteriorly;  large  punctations  scattered  over  surface 
including  from  five  to  twelve  on  posterior  half;  eyes  flat. 

Although  the  scutal  length  of  A.  marmoreum  group  typically 
equals  its  width  or  is  slightly  greater  than  the  width,  the  Sudan 
specimen  illustrated  (Figure  lU)   is  exceptional  in  that  its  width 
is  considerably  greater  than  length. 
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Figures  76  and  77,  cf,  dorsal  and  ventral  views 
Figtires  78  and  79,  $,  dorsal  and  ventral  views 

AMBLYOMMA  NUTTALLI 

Sudan  specimens 

PLATE  yXVII 
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AMBLYOMMA  NUTTALLI  Donitz,  1909. 

(Figures  76  to  79) 

THE  SMALL  REPTILE- AMBLYOMMA 

L   N   5   cf    EQUATCRIA  PROVUCE  RECCRDS 

Reptiles 

7        Faxajok  Kinixys  b.  belli ana  Mar 
1       3         Torit  Kini^qrs  X.  belliana  Aug 

3         Meridi,   50  mi, 
northeast  of       Kinixys  b.  belliana  Oct   (SVS) 

1  Torit  Varanios  n.  niloticus  Dec 

1  Torit  Varanus  "e.   exanthemat i ciis  Jan 

MaTnmal 

1  Torit         Ourebia  ourebi  aequatoria  Feb 

Bird 

1  Torit  Francolinus  clappertoni 

gedgil  Jan 

These  specimens  indicate  the  presence  of  A.  nuttalli  on  both 
the  east  and  west  banks  of  the  Nile  in  Equatoria  Province. 

Sudan  Government  collections  contain  specimens  only  from  Ossa 

River  (H.  H,  King  legit,  1913),  now  a  part  of  Uganda.  King  (1926) 
mentioned  no  Sudan  locality  records  for  this  species. 

DISTRIBUTION  IN  THE  SUDAN 

Kordofan;  As  A.  werneri  (Schulze  1932A),  a  single  specimen 

from  Talodi.  The  host  is  most  probably  the  '"Cinixys  belliana'" 
mentioned  by  Werner  (1924). 
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DISTRIBUTION 

A.   nuttalli  is  widely  spread  throughout  the  African  continent 
within  the  Ethiopian  Faunal  Region, 

WEST  AFRICA;  NIGERIA  (Simpson  1912A,B.  Robinson  1926).  GOLD 
COAST  tRobinson  1926.  Stewart  1937).  FRENCH  WEST  AFRICA  (Villiers 
1955).     PCRTUGESE  GUn^EA   (Tendeiro  1951C,D,1952A,C,D, 1953, 1954). 

CENTRAL  AFRICA;     CAl-EROONS   (Donitz  1909.     Rageau  1951,1953A,B). 
BELGIAN  CONGO    ̂ Schwetz  192X.     Bequaert  1931.     Theiler  and  Robinson 
1954). 

EAST  AFRICA;      SUDAI^I   (King  1926.     As  A.  w.  werneri;     Schulze 
1932A.     Hoogstraal  1954B). 

ITALIAI'J  SOMALILAiro    (See  REFiARKS  below). 

KEl^TYA   (Loveridge  1929.     Beouaert  193QA).     UGANDA   (King  1926, 

see  DISTRIBUTION  IN"  THE  SWMi  above.     Robinson  1926.     Mettam  1932. 
Wilson  1950C).     TANGAl^IKA   (Donitz  1909.     Robinson  1926.     Love- 
ridge  1923c   as  A.  marmoreim  is  actually  A.   nuttalli ,  see  Bequaert 

I93OA).  "  
" 

SOUTHERN  AFRICA;      SOUTHERN  RHODESU   (Donitz  1909.     Jack  1942). 
MOZAlffilQUE   ISantos  Dias  1949B,1950A,B,1951A,1952D,1953B,1955A,B). 
UNION  OF  SOUTH  AFRICA   (Curson  1928.     Alexander  1929,1931.     Bedford 
1932.     Neitz  1948). 

HOSTS 

Adults 

All  authors  list  land  tortoises   (Kinixys  spp.  or  Geochelone 
pardalis)  as  the  chief  hosts  of  adult  A.   nuttalli.     A  record  of 
the  side-neck  turtle,  Pelomedusa  s.   siiErufa   (=  P.  galeata),   as  a 
host   (Santos  Dias  1953B^  was  based  on  raisidentiTication  of  Pelusios 

s.   sinuatus,  '"a  species  of  lesser  importance  as  a  host'"    (Santos 
Dias  195 5B;. 
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Infrequent  hosts  of  adults  are  monitor  lizards  (Varanus  spp.) 
(Robinson  1926,  Tendeiro  1951D,  and  Sudan  record  above  J,  Agama 
lizard  (Loveridge  1929,  Bequaert  1930^),  python  (Bedford  1932B), 
hedgehog  (Robinson  1926),  man  (Schwetz  192X),  and  one  specimen 
from  a  domestic  goat  (Theiler,  unpublished). 

Nymphs  and  Larvae 

Immature  stages  infest  tortoises  and   also  Varanus  lizards, 
birds,  sind  hares.  Guineapigs  may  be  used  for  laboratory  rearing. 
Owing  to  the  paucity  of  field  records  for  immature  stages  it  is 
impossible  to  determine  their  host  preference  in  nature.  It  is 
unusual  to  find  a  tick  that  normally  feeds  on  warm  blooded  animals 
in  the  immature  stages  and  on  cold  blooded  animals  in  the  adiilt 
stages;  the  reverse  is  usually  true.  Yet  Theiler  (correspondence) 
has  nymphs  from  South  African  hares  and  from  a  tiirkey  on  a  farm 
vhere  the  mountain  tortoise  is  also  common.  Further  field  study 
of  this  matter  is  indicated  but,  as  A.  nut t alii  appears  to  be 
curiously  localized  and  seldom  abuncJant,  the  success  of  such 
investigation  will  depend  on  local  factors.  Note  that  in  Equa- 
toria  Province,  single  nymphs  were  found  on  each  of  two  species 
of  Varanus  lizards,  on  an  oribi  (antelope),  and  on  a  francolin 
partridge,  but  none  were  taken  from  the  many  tortoises  examined. 

Various  literature  records  for  '"iguana"'  lizard,  a  non-African 
reptile,  shotild  be  **leguan"'  or  monitor  lizard  (Varanus  spp.). 

Alexander  (1931 )  was  unable  to  induce  adults  to  feed  on 
laboratory  animals. 

See  also  BIOLOGY  below. 

BIOLOGY 

Santos  Dias  (1950A)  reared  this  species  using  guineapigs  and 
tortoises  as  hosts.  He  subsequently  reported  (1955B)  that  the 
life  cycle  is  a  three-host  type.  A  maximum  of  22,891  eggs  from 
a  single  female  were  noted  with  the  claim  that  this  is  the  great- 

est nvimber  of  eggs  yet  observed  in  any  of  the  Ixodoidea.  The 
minimum  period  for  completion  of  the  life  cycle  is  estimated  at 
13^  to  151  days,  the  maximum  period  217  to  296  days.  This  paper 
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is  illustrated  with  photographs  of  both  sexes  feeding  from  the 

interstices  of  the  host's  shields.  Our  Torit  adults,  however, 
were  taken  in  the  host's  axillae  (diiring  a  native  big-game  hunt 
and  stored  in  a  himter's  ear,  plugged  with  mud,  for  three  hours 
until  our  lost  vials  coiiLd  be  recovered). 

DISEASE  RELATIONS 

Experimental  attempts  to  transmit  heartwater  (Rickettsia 
ruminantium)  of  cattle  by  this  tick  species  have  failed. 

It  is  claimed  that  specimens  have  been  found  infected  with 
Q  fever  (Coxiella  burnetii)  in  Portugese  Guinea. 

As  with  the  Aponomma  parasites  of  lizards  and  snakes,  it  is 
of  interest  to  conjecture  that  the  small  reptile-amblyomma  may 
be  a  vector  of  the  hemogregarines  of  tortoises. 

REMARKS 

Misshapen  specimens  have  been  reported  (Santos  Dias  19^9B, 
1950A,1955A). 

Amblyomma  werneri  werneri  Schulze,  1932(A),  described  from 
Kinixys  b.  belliana  (see  Werner  192/i.)  from  Talodi,  Kordofan,  Sudan, 

appears  to  be  a  synonym   of  A.  nuttalli.  Follov/ing  Schulze 's 
practice  of  applying  species  names  to  any  variant,  he  distin- 

guished a  single  specimen  as  different  from  A.  nuttalli  for  the 

following  reasons;  the  dark  marking  not  bla"ckish-brown,  but  light red  brown  on  a  light  reddish  brown  backgroxmd;  darker  markings 
boiinded  with  a  coppery  color  (in  A.  nuttalli  dark  yellow  brown 
without  copper  borders);  median  stripes  more  irregular  than  in 
A.  nuttalli  and  broadened  at  the  ends;  lateral  groove  sharply 
defined  against  the  scutum,  in  A.  nuttalli  irregular;  and  ventral 
median  muscle plate  smaller. 

All  characters  proposed  to  separate  A.  werneri  from  A.  nuttalli 

fall  well  within  the  normal  range  of  vari'ation  due  to  age"7  nutrition, or  methods  of  preservation.  In  long  series  of  any  Amblyomma  species. 
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some  specimens  vary  in  roundness,  flatness,  development  of  the 
ventral  muscleplate,  and  sharpness  of  the  lateral  groove.  Com- 

parison of  many  specimens  of  this  genus  preserved  in  alcohol  with 
those  preserved  as  dry  specimens  shows  that  those  preserved  in 
alcohol  frequently  develop  a  coppery  sheen  due  to  chemical  change. 
Theiler  has  made  similar  observations  in  this  respect.  The  obscu- 

rity of  the  color  pattern  and  its  overlay  with  a  basic  color  in 
some  specimens  in  any  extensive  collection  of  amblyommas  from 
even  a  single  host  is  taken  for  granted  by  most  students.  Using 
the  above  mentioned  criteria,  proposed  by  Schulze,  large  collec- 

tions of  A.  variegatum  and  A.  lepidum  from  single  herds  of  cattle 

have  been^examined .  It  has  been  found  that  each  collection  con- 
tains no  less  than  four  '"species'"  and  up  to  seven  '"species'". 

Comparison  of  SudaJi  specimens  with  others  from  various  parts 
of  Africa  and  of  the  type  specimens  of  A.  nuttalli  in  British 
Museum  (Natural  History;  reveals  no  significant  differences  to 
obtain  between  any  of  them. 

It  is  for  these  reasons  that  it  has  been  proposed  (Hoogstraal 
1954B)  to  consider  A.  werneri  werneri  Schulze,  1932(A),  as  a  syno- 

nym of  A.  nuttalli  TSSnitz,  1^(5^ 

It  is  also  of  some  interest  to  consider  the  status  of  A. 

werneri  poematium  Schxilze,  1932,  described  on  the  basis  of  two 
males  from  a  young  rhinoceros,  at  the  Amsterdam  zoological  gardens, 

from  East  Africa.  This  subspecies  was  distinguished  by  '"a  wonder- 
ful metallic,  copper,  partly  greenish  gloss  (with)  brown  elements 

of  the  conscutum  bordered  in  copper'",  in  one  of  the  two  specimens, 
but  in  the  other  '"the  structiore  producing  the  metallic  coloration 
was  in  greatest  part  destroyed,  only  in  a  few  places  did  the 

greenish  coppery  sheen  show  up'".  The  size  of  these  specimens  was 
also  larger  than  that  of  the  subspecies  werneri. 

I  have  seen  a  male  specimen  taken  from  a  Somali  tortoise 

0^'17691,  Rocky  1-lountain  Laboratory,  Hamilton,  determined  as  A. 
werneri  by  Dr.  E.  Stella).  This  tick  answers  the  description  of 
A.  w.  poematium  but  has  a  somewhat  rugose  scutum  suggestive  of 
injury  during  molting  or  during  an  inimatvire  stage.  The  specimen 
resembles  a  teneral  individual,  i.e.  one  that  has  been  preserved 
shortly  after  molting  while  still  bloated  and  before  the  colors 
are  fast. 
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Santos  Dias  (1954-G)  opines  that  (l)  A.  poematium  is  a  sepa- 
rate species,  (2)  A.  schlottkei  Schulze,  T93^,  might  be  a  synonym, 

and  (3)  A.  faiai  Santos  Dias,  1951,  definitely  is  a  synonym.  The 
specificity  of  A.  poematium  is  hardly  convincing  on  the  basis  of 
descriptions  an^  illustrations,  though  there  is  a  possibility 
that  comparison  of  specimens  may  provide  yet  unmentioned  clues  to 
separate  this  morphologically  from  A.  nut t alii.  Breeding  experi- 

ments are  also  indicated.        "" 

IDENTIFICATION 

A.  nuttalli  is  similar  to  A.  marmoreum  in  characters  mentioned 
under  that  species,  except  for  the  following:  Males;  Size  is 
smaller,  always  less  than  6.0  mm.  long.  Pale  ornamentation  of 
the  scutum  is  somewhat  variable,  but  all  specimens  are  like  the 
one  illustrated  in  that  the  dark  areas  are  less  extensive  and 

more  broadly  separated  from  each  other  by  light  areas  than  they 
are  in  A.  marmorevim. 

Females;  This  sex  is  also  smaller  than  that  of  A.  marmoreum 

(body  approximately  7.0  mm.  long,  5.5  ram.  wide;  scutum  about  3.2 
mm.  long,  3.3  mm.  wide);  the  central  pale  scutal  ornamentation 

tapers  to  a  narrow  point  posteriorly  and  is  therefore  very  dis-  ̂ tinctive. 
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Figirres  80  and  81,  cf,  dorsal  and  ventral  views 
Figures  82  and  83,  $,  dorsal  and  ventral  views 

AI'BLYOMI^  P0MP0SUI4 

cf  specimen  from  Belgian  Congo 

§  specimen  from  the  Sudan 
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AI'IBLYgglA  PgiPOSUII  Donitz,   1909. 

(Figures  80  to  S3) 

THE  HIGHLAI©  BOIJT  TICK 

L       N       o       d'  EQUATORIA  PROVINCE  RECORD 

1  Yei  domestic  cow  Jan 

This  specimen,   identified  by  Dr.  G.  Theiler,  is  the  only  one 
of  this   species  from  the  Sudan.     It  represents  an  apparently  rare 
intrusion  into  the  western  half  of  Equatoria  Province  from  the 
Belgian  Conco.     Ecologically,  the  Yei  area,   except  for  a  few  hill 
masses,  does  not  seem  suitable  for  the  stirvival  of  this  mountain- 
inhabiting  species  though  other  localities  in  the  eastern  high- 

lands of  Equatoria  Province  might  well  meet  its  requirements. 
See  A.    superbum,  REI-IARKS  below. 

DISTRIBUTION 

A.  pomposum  is  a  highland  tick  of  eastern  Central  Africa, 
adjacent  parts  of  East  Africa,   and  northern  parts  of  southern 
Africa.     See  also  REl-IARICS  and  IDENTIFICATION  below. 

CSimiAL  AFRICA;     BELGIAN  CQIGO  and  RUAITOA-URUNDI    (Nuttall 
and  War burton  1916.     Seydel  1925.     Robinson  1926.     Schwetz  1927A. 
Bequaert  1931.     Neitz  19A7.     Schoenaers  19$1A.     Theiler  and  Ro- 

binson 1954-.     Note;     Santos  Dias  1953E  refers  most  of  these 
Congo  reports  to  his  A.   superbum  sp.  nov.     However,  correspondence 
with  curators  reveals  that  he  had  not  examined  the  specimens  on 
which  these  references  were  based). 

EAST  AFRICA;      SUDAN    (Hoogstraal  195AB). 

KEIWA  (See  Note  u^der  IDEI'ITIFICATION  below).     UGANDA   (Hoogstraal 
195AC).     TANGAiY/TkF  (Donitz  1909). 

SOUTHERIJ  AFRICA;     AInIGOLA   (Leitao  19^2.     Robinson  1926.     Santos 
Dias  1950C.     Bacelar  1950.     Soxisa  Dias  1950,  this  report  referred 
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to  A.   superbum  sp.   nov.  by  Santos  Dias  1953E;   see  IDENTIFICATION 
below.     Theiler  and  Robinson  195/i-.     Rousselot  1953B).     MOZAICIQUB 

/"Robinson  19I2»,  1926*.     Santos  Dias  19^7A,1953B*,195iU,C«.     Ac- cording to  Theiler   (correspondence),  A.  variegatvim  govurensis 

Santos  Dias   (1950B),  from  the  extreine~north  of  Sul  do  Save  Prov_ ince,   is  synonymous  with  A.  pomposum.     Recently,  Santos  Dias 

(1953E)  has  agreed  with  t"His  view;   see  IDENTIFICATION  below_7. 
NORTHERN  RHCDESIA  (Robinson  1926.     Matthysse  195A.     Theiler 

and  Robinson  195A).      SOUTHERN  RHODESIA  (See  REMARKS  below). 

HOSTS 

Domestic  cattle  are  referred  to  as  hosts  of  A.  pomposum  by 
most  authors,  but  Matthysse  (1954)  found  it  only  on  wild  hosts, 
and  then  rarely,  in  Northern  Rhodesia.  Mules  (Nuttall  and  War- 
burton  1916.  Robinson  1926.  Sousa  Dias  1950).  Horses  (Theiler, 
unpublished  records).  Sheep,  goats,  dogs,  donkeys  (Sousa  Dias 
1950). 

Man  (As  synonymous  A.  variegatvim  nocens;  Robinson  1912*  and 
subsequently  frequently  quoted  without  additional  observations). 

'"Striped  antelope'*  (D'Snitz  1909).  Sable  antelope,  roan  ante- 
lope, and  eland  (Robinson  1926,  Schwetz  1927A;  Congo  specimens  in 

Onderstepoort  collection).  Hartebeest,  kudu  (Robinson  1926). 
Zebra  (Schwetz  1927A).  Buffalo  (Jack  19A2*).  Warthog  (Schoenaers 
1951A).  Ankole  topi,  Damaliscus  korrigum  i;ig:andae  (Hoogstraal  195^). 
The  nymphal  specimen  from  a  monkey,  mentioned  by  Santos  Dias  (195AC), 

shovild  be  checked  against  A.  variegatum.  '"Wild  hosts  only  in 

Northern  Rhodesia'"  (Matthy"sse  195A-J. 

BIOLOGY 

See  EiMARKS  and  IDENTIFICATION  below.  All  authors  who  refer 

to  collecting  localities  for  A.  pomposum  stress  the  fact  that  it 

is  a  highland  species.      "" 

*This  record  should  be  read  in  conjunction  with  statements  in 
REMARKS  and  in  IDENTIFICATION  below. 
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DISEASE  RELATIONS 

MAN*;     A.  ponposum  is  said  to  attack  African  children's  heads 
and  causes  sToxaghing  of  the  skin.     This  has  not  been  substantiated, 

CATTLE;     Inflammation  and  sloiighing  of  mammae.     Heartwater 
(Rickettsia  ruminantium) . 

HORSES;     Pyolymphangitis. 

REMARKS 

According  to  Robinson  (1912*),  A.  pomposum  (s  A.  variegatum 
nocens)  occurs  in  the  Rhodesias  and  T?ozambique  chieTly  in  biishveld 
from  2000  to  3000  feet  elevation  and  seldom  above  4-000  feet.  He 
further  stated  that  this  tick  is  notorious  for  the  damage  it  does 

to  stock  in  the  Rhodesias,  where  it  is  known  as  the  "Pyaemia  tick?*. 
However,  Morris  (1933,1935,1936)  attributed  *tick- pyaemia'"  in 
Northern  Rhodesia  to  A.  variegatum.  In  Southern  Rhodesia,  Jack 

(1918)  referred  *ixodTc  lymphangitis'*  to  A.  variegatum,  Sinclair 

(1916)  associated  skin  diseases  of  cattle^with  A.  variegatum, and  Jack  (1928,1937,1942)  also  mentioned  only  aT  variegatum  with 

reference  to  abscesses  and  sloughing  of  the  hosts'  skin. In  his 
first  two  papers  Jack  did  not  differentiate  between  A.  variegatum 

and  A.  poi^osum,  but  in  his  1942  report  he  stated  that  the  local 
highlanas  where  A.  pomposum  would  be  expected  to  occtir,  are  free 
of  amblyommas  but  tnat  some  male  specimens  of  A.  variegatum  from 
the  lowlands  may  show  a  tendency  to  resemble  A.  pomposum.  See 
also  IDENTIFICATION  below. 

Theiler  (correspondence)  calls  attention  to  the  following 
facts  that  may  modify  many  of  the  above  reports  concerning  A, 

pomposum.  Robinson's  (1912,1926)  remarks  concerning  A.  pomposum 
in  Mozambique  anS  Southern  Rhodesia  are  based  on  statements  of 

Ifr.  E.  M.  Jarvis.  Jack's  records  for  Southern  Rhodesia  apparent- 
ly are  quoted  from  the  same  source,  for  no  further  data  are  pre- 

sented. The  extensive  Onderstepoort  collection  has  no  speci- 

mens from  Southern  Rhodesia.  Theiler's  correspondence  with 
Dr.  Lawrence,  Assistsint  Director  (Research)  of  the  Southern  Rhode- 

sia Veterinary  Department,  indicates  that  he  is  not  aware  that  A. 

*This  record  should  be  read  in  conjunction  with  statements  in 
RH4ARKS  and  in  IDENTIFIGATIGN  below. 
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pomposum  occurs  in  this  territory  and  that  he  considers  the  Jarvis 

statements  as  ""sheer  nonsense'".  It  appears,  therefore,  that  earlier 
literatiire  records  for  A.  pompo sum  in  Mozambique  and  Southern  Rhode- 

sia are  open  to  question. 

Wherever  A.  pomposum  occurs  it  seems  to  be  present  in  good 

numbers.  Its  'distribution,  so  far  as  Theiler  has  determined  (cor- 
respondence), is  mainly  in  the  Rhodesia  Highland  Savannah  type  of 

vegetation,  certainly  not  in  the  moist  vegetation  of  the  Umtali- 
Melsetter  district  and  adjoining  Manicaland. 

Itore  extensive  search  for  and  study  of  this  species  is  required, 
Statements  regarding  damage  to  cattle  and  to  children  by  this  tick 
in  Southern  Rhodesia  appear  to  be  questionable. 

Sousa  Dias  (1950)  writes  concerning  A.  pomposum,  which  is  com- 

mon in  the  Angolan  highlands,  as  follows:  '"It  Is  considered  by 
breeders  to  be  one  of  the  most  harmfiil  ectoparasites  of  stock  for 
it  causes  wounds  that  are  most  difficult  to  heal.  It  is  probable 
that  (this  tick)  is  one  of  the  factors  that  favors  the  dispersal 

of  bovine  dermatoses  so  common  in  Angola".  He  surmises^  that  A. 
pomposum  is  a  heartwater  vector  in  Angola  inasmuch  as  it  occurs 
in  heartwater  areas  in  the  absence  of  other  recognized  vectors. 

/"Neitz  (19A-7)  showed  that  A.  pomposum  is  a  vector  of  heartwater_7« 

A.  pomposum  is  close  morphologically  to  A.  lepidua  and  to  A. 
variegatum.  The  latter,  biologically,  is  a  most  versatile  tick 
except  that  it  shuns  desert  and  rainforest  areas.  A.  lepidum 
is  a  semiarid  coiintry  and  savannah  species.  A.  pomposum  appears 
to  be  chiefly  a  highland  species.  See  also  remarks  on  A.  super bum 
in  section  below. 

A  gynandromorph  of  this  species  has  been  described  by  Santos 

Dias  (195A).  Schiilze  (1932C)  discussed  certain  features  of  the 

ornamentation  of  A.  pomposum  in  relation  to  other  species  in  this 

genus . 
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IDENTIFICATION 

Both  sexes  have  hemispherical  eyes  situated  in  a  depression, 
and  are  distinct  from  A.  variegatum  and  A.  lepidum  in  possessing 
very  coarse  scutal  piuictations. 

Male  scutal  ornamentation,  inside  the  lateral  groove,  is 
like  that  of  A.  lepidiim  except  that  a  small  red  spot  may  be  present 
laterally  in  H.   pomposum,  but  no  red  color  is  found  on  A.  lepidum. 

The  female  scutvim  may  be  variable  in  length-vidth  ratio,  that 
of  some  specimens  being  only  as  long  as  wide,  of  others  longer 
than  wide;  its  rugosity  is  very  distinct;  it  may  be  unornamented 
but  usually  has  a  small  white  or  pale  spot  in  the  posterior  field. 

/"Robinson  (1926)  stated  that  55  are  unornamented.  Nevertheless a  number  of  those  in  the  Nuttall  collection,  which  comprised  his 
chief  reference  material,  have  ornamented  spots  on  the  scutum. 
These,  as  well  as  others  similar  to  them  have  been  observed  in 
different  collections ._7 

Specimens  from  the  SiJdan  referable  to  these  characteristics 
shovild  be  checked  against  authoritatively  identified  specimens  from 
the  known  range  of  A.  ponyosum  before  this  name  is  applied.  Char- 

acters provided  here  are  generalized;  an  exhaustive  survey  of  the 
subject  is  precluded  by  our  uncertainty  over  variability  between 
this  species  and  A.  variegatum,  as  indicated  below. 

Note 

In  some  large  collections  of  A.  variegatum,  a  few  robust  male 
specimens,  or,  more  rarely,  a  few  pygmy  male  specimens,  may  be  sug- 

gestive of  A.  pomposum  owing  to  un-osually  heavy  scutal  punctations. 
Associated  females  are  also  more  heavily  punctate  and  may  have  a 
wider  scutum  than  normal.  Jack  (1942)  referred  to  similar  males 

from  Rhodesia  (see  REl'IARKS  above).  I  have  collected  a  few  lots 
of  such  specimens  in  the  Sudan  and  in  the  movintains  of  Yemen 
(Arabia).  The  most  distinctive  collection  in  this  category  is 
one  recently  presented  to  me  by  Dr.  C.  B.  Philip,  who  collected 
it  from  a  herd  of  cattle  near  Kabete  in  the  mountains  of  central 

Kenya.  The  single  female  has  a  wide  scutum  and  is  heavily  punc- 
tate but  not  rugose  ajid  the  punctations  are  not  confluent.  Of 
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the  males,  four  are  slightly  more  punctate  than  is  visueil  for  A. 

variegatum,  one  is  slightly  more  punctate  than  the  first  foirr" and  the  last  two  are  so  heavily  punctate  that,  alone,  there  would 
be  little  question  of  their  identity  as  A.  pomposum.  Such  spec- 

imens, in  addition  to  various  queries  already  mentioned,  suggest 
the  possibility  that  A.  pomposum  is  a  heavily  punctate,  mountain 
or  heavy  forest  subspecies  of  A.  variegatum  and  that  intergradation 
does  occvir. 

It  appears  that  A.  variegatum  govurensis  of  Santos  Dias 
(l950B,19$/!Ji)  is  an  intermediate  form  between  the  almost  nonpunctate 

A.  variegatum  and  the  heavily  punctate  A.  pomposum.  Santos  Dias' 

"description  adds  weight  to  the  concept  that  A.  pomposum  is  actually 
no  more  than  a  varigint  form  or  subspecies  of~A.  variegatum.  Rearing 
of  progeny  from  isolated  females  in  lowlands  and  in  highlands  and 
transporting  some  of  their  progeny  to  different  altitudinal  levels 
for  development  vmder  different  ecological  conditions  may  solve 
this  question. 

Since  the  above  was  written,  Santos  Dias'  (1953E)  paper  des- 
cribing A.  superbum  sp.  nov.  has  appeared.  In  it,  A.  variegatum 

govurensTs  is  placed  in  synonymy  under  A.  pomposiim.  A.  superbum 
is  considered  to  differ  from  both  A.  variegatum  and  A.  poinposum 
chiefly  on  the  basis  of  size,  depth,  and  distribution  of  puncta- 
tions.  Even  more  recently,  the  same  author  (1954H)  has  reaffirmed 
the  validity  of  his  variety  of  A.  variegatum,  with  no  indication 

of  what  he  proposes  to  do  about^A.  superbum. 

On  ecological  grounds,  A.  superbum  (or  A.  variegatum  govurensis) 
might  be  a  useful  niche  in  wTiioh  to  drop  the  Sudan  specimen  and 
certain  other  Central  African  lowland  specimens.  Variable  and 
confusing  series  of  specimens  still  confront  us.  Unfortunately, 
however,  A.  superbum  does  not  answer  the  problems  this  material 
poses.  No  recourse  offers  itself  but  to  maintain  the  present 
systematic  status  of  A.  variegatum  and  A.  pomposum,  undertake 
biological  studies  suggested  in  the  paragraph  above ,  and  only 
then  judge  the  presently  considered  questionable  validity  of  A. 

superbum  as  a  real  species  and  the  range  of  variation  in  A. 
variegatum  and  A.  pomposum. 
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Santos  Dias  (1953E)  fiirther  refers  the  Belgian  Congo  records 
of  A.  pomposujn  by  Nuttall  and  Waxburton  (I9l6),  Schwetz  (1927A), 
Bequaert  (1931)  and  Schoenaers  (1951A)  to  A.  superbvim.  Since  no 
adequate  descriptions  for  differentiating  Congo  specimens  were 
provided  by  these  authors,  the  validity  of  this  proposed  synonymy 
is  highly  questionable.  Belgian  Congo  specimens  that  have  been 
seen  in  British  Museum  (Natural  History)  collections,  in  Museum 
of  Comparative  Zoology  collections,  and  in  the  HH  collection  are 
typically  A.  pomposum  by  comparison  with  specimens  from  everywhere 

within  the''range  of  this  species. 

In  conclusion,  one  may  only  belabor  the  point:  the  status 
of  heavily  punctate  specimens  morphologically  intermediate  between 

A,  yariegatum  and  A.  pomposum  remains  to  be  ascertsiined  by  bio- 
Togical  studies,  not  oy  museum-type  studies. 
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mm' 
87 Figxires  8^.  and  85,  cJ",  dorsal  and  ventral  views 

Figures  86  and  87,  9,  dorsal  and  ventral  views 

AI^LYOMMA  RHINOCEROTIS 
Svidan  specimens 

PLATE  XXIX 
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AMBLYOMMA  RHraOCEROTIS  (de  Geer,  1778)  (=  A.  PETERSI  Karsch,  1878) 

(Figures  8^  to  87) 

THE  RHINOCEROS  AMBLYOM^IA 

L   N   2   cf        EQUATOR lA  PROVINCE  RECCPDS 

U  Torit         on  grass  Dec  (SGC ) 
2   2     Kajo  Kaji      on  grass  _   (BMNH) 

The  Sudan  Government  collection  specimens  were  collected  by 
H.  H.  King.  British  Museum  (Natural  History)  specimens  were  taken 
by  Captain  C.  M.  Stigand. 

DISTRIBUTION  IN  THE  SUDAN 

Upper  Nile;  Bor  (King  1926). 

DISTRIBUTION 

A.  rhinocerotis  occiirs  in  central,  eastern,  axid  southeastern 
Africa  apparently  wherever  the  rhinoceros  is  found. 

/"WEST  AFRICA;  LIBERIA;  Bequaert  (1930A)  states  that  Neumann«s 
(1901,1911)  Liberian  records  of  this  species,  repeated  by  Bedford  and 
Hewitt  (1925)  and  by  Bedford  (1932B)  are  in  error.  FRENCH  EQUATCBIAL 
AFRICA;  Neumann  (1899)  listed  A.  aureum  (a  synonym  of  A.  rhinocero- 

tis) from  "Ngoiirou  Plains,  Zanzibar"'.  It  is  probable  that  this  local- 
ity is  actually  N'Gourou,  Ubangi-Shari,  French  Equatorial  Africa_.7 

CENTRAL  AFRICA;  BELGIAN  CONGO  (Schwetz  1927A.  River  Misisi, 
Schwetz  192X,  p.  92,  is  in  Uganda.  Tonelli-Rondelli  1930A. 
Bequaert  1931). 

NOTE;  According  to  Theiler  (correspondence),  the  record  for 
Ruanda-Urundi  by  Santos  Dias  (195AD)  is  in  error. 
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EkST  AFRICA;  SUDAN  (King  1926.  Hoogstraal  195AB,C). 

BRITISH  SOMALILAND  (Neumann  1922.  Stella  1938A,1939A,19^0). 
ITALIAN  SOMALILAND  (Tonelli-Rondelli  1930A.  Stella  19/!hO). 

KENYA  (Neave  1912.  Neumann  1913,1922.  Anderson  192yU,B. 
Robinson  1926.  Bedford  193 2B.  Lewis  19310,193^.  Weber  19^8). 
UGANDA  (Neave  1912.  Neumann  1922.  Robinson  1926.  Schwetz  192X, 
p.  92,  as  Belgian  Congo.  Bequaert  193QA,  p.  803.  Mettam  1932, 
1933.  Wilson  1950C).  TANGANYIKA  (Neumann  1901,19070 ,19103,1911. 
Neave  1912.  Morstatt  1913.  Robinson  1926.  J.  B.  Walker;  un- 
published). 

SOUTHERN  AFRICA;  NCHTHEKN  RHCDESIA  (Neave  1912.  Robinson 

1926)"!  SoOTHfiRl^  rH6dESIA  (Jack  19A2) .  NYASALATTO  (Neave  1912. Robinson  1926.  Wilson  1950B).  MOZAMBIQUE  (Karsch  1878.  Neumann 
1911.  Santos  Dias  19^7A,1953B).  UNION  OF  SOUTH  AFRICA  (Breijer 
1915.  Bedford  and  Hewitt  1925.  Curson  1928.  Bedford  193 2B, 
1936) . 

/"OUTLYING  ISLANDS ;  l-IADAGASCAR :  Neumann  (1901,1911).  Poisson 
(1927;.  Locality  record  probably  erroneous,  cf.  Hoogstraal  (1953E). 
ZANZIBAR;  Neumann  (1899)  probably  in  error,  see  WEST  AFRICA  above^ 

/"Note ;  Neumann  (1899)  listed  JAVA  for  the  synonymoiis  A. 
atureum  but  subsequently  (1908)  he  stated  that  the  specinen  on  which 
this  record  was  based  was  actually  A.  testudinariTJm.  7 

HOSTS 

All  workers  list  as  hosts  either  the  black  rhinoceros,  Diceros 
bicornis,  or  the  white  or  square-lipped  rhinoceros,  Ceratothermm 
simum,  the  latter  in  both  the  northern  and  southern  areas  of  its 
range.  Other  animals  that  \mcommonly  serve  as  hosts  are;  eland 
(Neumann  190X ,19103,1911) ,  tortoise  (Bedford  1936),  and  python 
(Mettam  1932).  Domestic  cattle;  numerous  adults,  in  a  single 
lot;  Uganda  Veterinary  Service  collections. 

BIOLOGY 

Unstudied. 
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DISEASE  RELATIONS 

Unstudied. 

REMARKS 

The  frequent  records  of  specimens  taken  from  grass  are  due  to 
the  large  size  and  conspicuovisness  of  the  rhinoceros  amblyorama. 

This  species  often  has  been  referred  to  as  A.  petersi  (Karsch, 
1878),  but  according  to  Schulze  (1932A),  this  najoe   is  synonymous 
with  A.  rhinocerotis  (de  Geer,  1778).  This  decision  is  acceptable 
for  tTie  present,  but  it  must  be  noted  that  Theiler  (correspondence) 
is  far  from  certain  of  its  validity.  Obviously  needed  is  a  careful 
stiiiy  of  the  original  material  and  literature  by  a  competent  contem- 

porary student  with  full  access  to  pertinent  specimens. 

The  specific  name  rhinocerotis  (de  Geer,  1778)  frequently  has 
been  applied  to  Dermacentor  rhinocerinus  (Denny,  18^-3).  However, 
as  Bequaert  (193 OB j  pointed  out,  DSnitz  (191 OB)  has  long  ago  indi- 

cated that  de  Geer's  specimens  belonged  in  the  genus  Amblyomma  be- 
cause of  their  longer  palpi. 

The  remarkable  parallel  or  convergent  evolution  of  rhinoceros- 
infesting  Amblyomma  and  Dermacentor  ticks,  and  the  relationship  of 
Cosmiomma  hippopoCamense  (Denny,  1843) >  a  hyalommalike  beast,  is 
worthy  of  speciaJ.  study. 

The  capsule  of  larval  haller^s  organ  in  A.  rhinocerotis  has 
been  noted  by  Schulze  (19^1),  who  atlso  (1950A7  discussed  the  adult 
dentition  of  this  species. 

IDENTIFICATION 

Males,  at  least  8.0  mm.  long  and  7.0  mm.  wide,  are  as  large 
as  any  other  African  amblyorama.  The  scutvun  lacks  lateral  grooves, 
has  bicolored  festoons,  small  and  flat  eyes,  extensive  pale 
(yellowish)  ornamentation  on  a  dark  (reddish- brown)  background, 
and  a  few  large  scattered  punctations.  The  leg  segments  have  nar- 

row pale  distal  rings. 
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Females  are  also  very  large,  approximately  9.0  mm.  long  and  8.0 
ram.  wide.  The  scutum  is  largely  pale  (reddish  or  golden)  with  lat- 

eral margins  and  small  internal  areas  dark  reddish- brown;  it  bears 
few  coarse  piinctations  on  the  anterior  half  but  nxmerous  fine  punc- 
tationsj  eyes  are  flat  or  very  slightly  convex.  The  leg  segments 
exhibit  narrow,  pale  distal  rings. 
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Figures  88  and  89,  c?,  dorsal  and  ventral  views 
Figures  90  and  91,  9,  dorsal  and  ventral  views 

AMBLYOI#IA  THOLLONI 

Sudan  Specimens 

PLATE  XXX 

xC^C^/ 
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19  178 Lotti  Forest 
8  15 Tereteina 
2  U Torit 

U      8 
Torit 

1* 

Lokila 

AI^BLYOI-a-IA  THOLLONI  Neumann,   1899. 

(Figures  88  to  91) 

THE  ELEPHAInIT  Al-IBLYaiMA 

cT  EQUATORIA  PROVINCE  RHJCUDS 

Loxodonta  af rlc  ana  oxyotis  Apr 
Loxodonta  africana  oxyotis  Feb 
LoxodonTa  af ric  aria  oxyotis  Dec 
LoxodonTa  africania  oxyotis  Dec 
Chsuneleo  g.    gracilis  Oct   (SVS) 

King   (1926)  listed  Equatoria  Province  without  localities  and 
his  specimen  vials  include  no  further  data.     The  nymph  from  a 
chameleon  was  identified  by  Dr.  G.  Theiler. 

DISTRIBUTION   IN  THE  SUDAN 

Although  it  may  have  been  reasonable  to  expect  that  A.  tholloni 
occxu:s  on  elephants  in  Bahr  El  Ghazal  and  Upper  Nile  Province  and  on 

the  west  bank  of  Equatoria  Province,   no  specimens   have  been  co'L. 
lected  to  indicate  its  presence  in  these  places.     Ticks  from  several 
elephants  shot  near  Yirol  and  Kenisa  in  Bahr  El  Ghazal  and  Upper  Nile 
Provinces  in  1911,  1953,   and  195/i-,  have  all  been  R.   simus  siraus,  R. 
simus  senegalensis,  or  intergrades  of  these  two  subspecies. 

DISTRIBUTIOi: 

A.   tholloni  occurs  through  much  of  tropical  Africa,  wherever 

the  African  elephant,  Loxodonta  africana  subspp.,   is  found,   except 

possibly  along  the  northern  and  southern  margins  of  the  host's 
range. 
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WEST  AFRICA;     LIBERIA   (Bequaert  1930A).     SIERRA  LEONE    (Simpson 
1913.     Robinson  1926).      IVCRY  COAST    (Rousselot  1951,19538.     Villiers 
1955). 

CENTRAL  AFRICA;     CAMEROONS   (Neumann  1901,1911.     Ziemann  1905, 
1912A.     Rageau  1951,1953A,B).     RIO  MUNI   (Robinson  1926).     FRENCH 
EQUATORIAL  AFRICA  (Neumann  1899.     TonellL-Rondelli  1930A.     Fiasson 
19/h3B.     Rousselot  1951,19538.     Rageau  1953B). 

BELGIAN  CONGO   (Neumann  1899,1911.     Nuttall  and  Warburton  1916. 
Roubaud  and  Van  Saceghem  1916.     Robinson  1926.     Schwetz  1927A,B,C, 
1932.     Schouteden  1929.     Tonelli-Rondelli  1930A.     Bequaert  1930A,B, 
1931.     Rodhain  1936.     Fain  19A9.     Theiler  and  Robinson  1954.     Van 
Vaerenbergh  1954). 

NOTE;  According  to  Theiler  (correspondence),  the  record  for 
Ruanda-Urundi  by  Santos  Dias  (195^)  is  in  error. 

EASr  AFRICA;      SUDAN    (King  1911,1926.     Robinson  1926.     Hoogstraal 
195^7T 

KENYA  (Neumann  1922.     Lewis  193Ii3,1932.     Mulligan  1938).     UGAIdA 
(Neave  1912.     Robinson  1926.     TonellL-Rondelli  1930A.     Mettam  1932. 
Wilson  1950C.     See  HOSTS  below).     TANGANYIKA  (Neumann  1899,190X, 
19108,1911.     Morstatt  1913.     Robinson  1926.     Hoogstraal  1954C.     J. 
B.  Walker,  unpublished;    see  HOSTS  below). 

SOUTHERN  AFRICA;     ANGOLA   (Gamble  19U.     Robinson  1926.     Santos 

Dias  1950C;.     MOZ.AI-IBIQUE    (Santos  Dias  1947A.B,194ac  ,19-^90  ,D,1950B, 
1953B,1955A.     Bacelar  1950.     Tendeiro  1952F).     NYASALAND    (Neumann 
1899*.     Neave  1912.     Robinson  1926.     Wilson  1950B). 

/"a.   tholloni  has  not  yet  been  recorded  from  the  UNION  OF  SOUTH 
AFRICA, "but  Theiler   (correspondence)  believes  that  this  is  probably because  it  has  not  been  looked  for  and  that  it  possibly  occurs  on 
Kruger  Park  elephants  and  on  remote  herds  in  Southwest  Africa.     The 
possibility  that  this  tick  is  incapable  of  following  its  normal 

*The  reference  to  "region  du  Nyassa"  by  Neumann  (1899) ,  for  spec- 
imens collected  by  Ed.  Foa,  may  refer  to  Niassa  Province,  Mozambique. 
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host  into  the  southern  periphery  of  the  host's  range  should  be 
considered  in  view  of  its  apparent  total  absence  on  elephants  in 
Bahr  El  Ghazal  Province  of  the  Sudan .7 

HOSTS 

All  authors  list  the  African  elephant,  Loxodonta  africana 
subspp.,  as  chief  host.  Uncorninon  hosts  that  have  been  reported 
for  a  few  specimens  are:  gazelle  (Neumann  1901, 19CX ,19108), 
antelope  and  domestic  horse  (Neumann  1911),  rhinoceros  (Neumann 
1972),   leopard  (Robinson  19?6),  bushpig  and  large  lizard  (Schwetz 
1927B),  domestic  dog  (Santos  Dias  1953B)  and  buffalo  (Hoogstraal 
195-^  )•  Dr.  Theiler  has  larvae,  nymphs,  and  a  male  specimen 
from  a  bird.  Pitta  reichenowi,  another  indication  of  ground  birds 
as  hosts  of  immatiure  Arablyomma  species.  In  our  collection  are 
several  nymphs  and  a  male  with  massive  legs  taken  from  a  hippopo- 

tamus in  Kazinga  Channel  of  Lake  Edward  by  Lt.  Colonel  Don  Davis, 
U.S.  Arnr/.  Miss  J.  B.  Walker  has  a  collection  consisting  of 
seven  males  and  four  females  from  a  Tanganyika  black  rhinoceros; 
also  others  from  an  elephant  there. 

The  small  nymph  collected  at  Lokila,  Equatoria,  from  a 
chameleon  by  E.  T.  H.  Reid  is  an  unusual  record.  Santos  Dias 
(194-9C)  states  that  larvae  and  nymphs  are  rarely  found  on  ele- 

phants. The  only  other  records  for  nymphal  hosts  in  nature  are 
those  of  the  bird  and  hippopotamus  listed  above,  and  one  nymph 
in  the  Onderstepoort  collection  (Theiler,  unpublished)  with 
adults,  from  an  elephant  at  Toro,  Uganda. 

BIOLOGY 

Adult  specimens  of  the  elephant  amblyomma  may  be  found  on 

any  part  of  the  host's  body.  Immature  stages  previously  have 
been  reported  only  by  Santos  Dias  (194-dC),  v/ho  states  that  larvae 
and  nymphs  are  rarely  taken  on  elephants.  Santos  Dias  experiment- 

ally reared  larvae  and  nymphs  on  giiinea  pigs  and  reported  that  six 
months  were  required  to  complete  the  three-host  life  cycle.  He 
observed  a  chalcid  wasp  parasite,  Hunterellus  hookeri ,  infesting 
nymphs.  Fiasson  (19A.3B)  reported  3000  eggs  from  an  engorged  fe- 
male. 
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Mr.  J.  Owen,  who  furnished  the  197  specimens  froia  a  single 
elephant  in  a  plains  herd  passing  through  Lotti  Forest,  reported 

that  his  "boys"  could  have  collected  at  least  twice  as  many  from 
this  elephant  if  they  had  had  more  containers  for  them.  No  spec- 

imens other  than  the  few  listed  could  be  found  on  the  three 

other  Equatoria  Province  elephants  noted  above.  Numerous  other 
newly  killed  elephants  in  this  Province  have  been  examined  with- 

out finding  ticks  of  any  sort. 

DISEASE  RELATIONS 

A.  tholloni  is  possibly  a  vector  of  Nuttallia  loxodontis 
of  elephants. 

RE>IARKS 

The  stage  to  stage  growth  of  A.  tholloni  has  been  charted 
by  C ampsjia-Roviget  (195A)  •  Misshapen  specimens  have  been  described 
and  illustrated  by  Santos  Dias  (1947B,19A9C  ,1955A). 

Larval  and  nymphal  stages  of  A.  tholloni  were  described  and 
illustrated  by  Santos  Dias  (1949D)T 

Variations  in  male  scutal  patterns  from  Mozambique  were  il- 
lustrated by  Santos  Dias  (19'^7A;.  V/ithin  the  geographical  range 

of  the  elephant  amblyomma  there  are  two  scutal  color  patterns, 
one  drab  and  lightly  pigmented  with  small  areas  of  color,  the 
other  brightly  marked,  usually  with  more  extensive  pigmented  areas. 
The  bright  form  is  particularly  common  among  numerous  specimens 
seen  from  West  Africa  and  rare  among  those  from  East  Africa;  the 
drab  form  is  common  in  East  African  specimen  and  rare  in  West 
African  material.  After  having  examined  all  of  the  numerous  A. 
tholloni  specimens  in  British  Museum  (Natural  History)  collec- 
tions,  which  represent  almost  all  areas  of  the  geographic  range 
of  this  species,  one  may  only  conclude  that  these  two  color 
patterns  do  not  appear  to  be  genetic  variants  and  are  probably 
not  associated  with  temperat\are  or  rainfall  factors  or  with 
methods  of  preservation.  They  may  possibly  derive  from  nutri- 

tional factors.  A  biological  study  of  living  specimens  is  the 
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only  means  of  determining  the  reason  for  these  two  color  patterns. 

/~Since  the   above  was  written,   Rageau  (1953B)  has  reported  that Cameroons  specimens  and  others  that  he  has  seen  from  French 
Equatorial  Africa  all  show  the  reduction  in  ornamentation  that 
has  appeared  to  me  to  be  more  common  in  East  than  in  West  African 
specimens_.7 

Robinson  (19?6)   stated  that  a  large  pale   spot  in  each  lateral 
field  of  the  scutum  and  a  stout  spur  on  coxa  IV   are  female  diag- 

nostic characters.      I  have  examined  Nuttall's  lot  3381  in  British 

Museum  (Natural  History),   on  which  Robinson's   species  definition 
and  illustrations  were  based,   and  find  it  to  be  the  most  heavily 
and  liberally  ornamented  material,   along  with  a  few  others  from 
Sierra  Leone,   of  any  representatives  of  this   species  in  the  col- 

lection.    Actually,  lateral  field  pale   spots  are  absent  in  most 
of  these   specimens.     The   stoutness  of  the   spur  on  coxa  IV   is  also 
a  variable  character  eind  the   specimen  selected  by  Robinson  is  an 
extreme  example.      In  most   specimens,  this  spur  is  merely  a  small 
pointed  projection  from  or  near  the  posterior  coxal  margin. 

Ali  Sudan  specimens  at  hand  are  drably  colored  and  their  pig- 
mented areas  are  no  more  extensive  than  those  illustrated    (Figure 

90).     On  some,  ornamentation  is  almost  obsolete. 

IDENTIFICATION 

Males.     No  other  African  amblyomma  caJi  be  confused  with  this 
species  because  of  the  smallness  of  its  pigmented  areas,  flat  eyes, 
and  absence  of  both  lateral  grooves  and  of  large   scutal  punctations. 
Vlales  measure  about  5.0  mm.   long  and  ̂ .0  mm.  wide. 

Females  are  equeilly  easily  distinguished  from  £lL1  others  in 
Africa  by  the  absence  of  large   scutal  punctations,   triangiiLar 
scutal  shape  with  narrow  posterior  margin,   and  distribution  of 
color  pattern  that  is  usually  only  an  irregular   spot  in  the  pos- 

terior point  bvct  somft times   also  has  small  lateral  spots.     The  cer- 
vical grooves  are  short  and  eyes  are  large,  flat,   ajid  pale.     Fe- 
males, unengorged,   are  usually  about  6.0  mm.   long  and  /V.7  mm.  wide. 
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Fifnjres  9?  and  93,  d",  dorsal  and  ventral  views 
Ficures  9A  and  95,  o,  dorsal  and  ventral  views 

AiBLYOMMA  VAPIIEGATUT^ 

Sudan  Specimens 

PLATE  XXXI 
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Al'BLYOM?^  VARIEGATUI4   (Fabricius,  17%). 

(Figures  92  to  95) 

THE  TROPICAL  BONT  TICK 

EQUATOR lA  PROVnCE  RECORDS 

1 Ikoto 
1 Torit 
6 Torit 

2 
Kapoeta 

1 
1 

Jebel  Kathangor 
Torit 

2 Torit 
2   3 Torit 

5   1 Kapoeta 

3 

52 

Soma  Plains 
3 Holo 
1 Koss  Valley 

2 9 Laboni 

16 Torit 
3 K Kapoeta 
1 Lafon 

1 Torit 
1 Torit 

8 Jebel  Kathangor 
2 2 3 Torit 
3 1 Torit 
15 

Torit 

1 Lokila 
1 1 1 Torit 

8 Loronyo 

7 1 1 Loronyo 

Wsl\    (feeding  on) 
Atelerix  pruneri  oweni 
Ettxerus  erythropus 
leucoUTibrinus 
Lepus  capensis  subsp. 
Crocuta  crocuta  subsp. 
Genetta  tigrina  aequatorialis 
Canis  aureus  soudanicus 
Canis  aureus  soudanicus 

Kerpestes  sanguineus 

san^meus 
Syncerus  caffer  aeqxiinoctialis 
Syncerus  caffer  aequinoctialis 
Syncerus  caffer  aeauinoctialis 
Syncerus  caffer  agquinoctialis 
Syncerus  caffer  aequinoctialis 
Hlppotragus  eqiiinus  baJceri 
Hippotragus  equinus  bakeri 
Hippotragus  equinus  bakeri 
Hippotragus  equinus  bakeri 
Gazella  granti  brighti 
Sylvicarpa  griinniia  roosevelti 
Rhynchotragus  guentheri 

smithii' 

Rhynchotragus  guentheri 
smithii 
Ourebia  ourebi  aequatoria 
Alcelaphus  buselaphus 
roosevelti 
Alcelaphus  buselaphus 
roosevelti 
Taurotragus  oryx 

patter soni anus 

Feb 
Nov 

Dec Apr 

Dec Dec 
Dec 
Apr 

Apr 

Dec Mar 

Jan Feb 

Jan Dec 
Dec 
Apr Jan 

Dec Feb  (2) 

Dec 

Apr 
Feb 

Apr 

Jan 
Jan 
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2 2 2 Kapoeta domestic cattle 
Dec 

2 
1? Nagichot domestic cattle Dec 
3 Nagichot domestic cattle Jul 

3 

29 

Torlt domestic cattle Nov 
(2) 7 6 

23 

Torit domestic cattle 
Dec 

(5) 1 10 Torit domestic cattle Jan 
(2) 11 Torit domestic cattle Feb 
(2) 

30 
Torit domestic cattle Apr (2) 

1 3 Goniryo domestic cattle 

l-Iar 

2 
13 

38 
Katire domestic cattle 

Jan 2 6 Gilo domestic cattle Dec 
34 

78 
Juba domestic cattle Dec 

U) 1 Juba domestic cattle Jan 
7 4 Rejaf domestic cattle 

Aug 

(SGC) 7 5 Gondokoro domestic cattle 

14ay 

(3GC) 
3 Tombe domestic cattle Mar (SVS) 
1 i^hini domestic cattle 

Mar 
(3VS) 

1 Terakeka domestic cattle Mar (svs) 
3 Yei domestic cattle 

Dec 

5 1 5 Yei domestic cattle 
Jan 8 5 1 Yei domestic cattle Feb 

5 5 
2 

19 

5 

Yei 

Lorella  (Yei 

domestic cattle Dec 

River) domestic cattle 
Jan (SGC) 

26 56  15:: Kajo  Kaji domestic cattle 
Dec 

(2) 
8 

10 Kajo  Kaji domestic cattle 
Jun 

(SGC) 15 15 
Heridi domestic cattle 

Apr 
(SVS) 103 Meridi domestic cattle 

May 

(SVS) 
12 Ainadi domestic cattle Apr 

(SVS) k Yambio domestic cattle Jan 
98  U8 Li  Rangu domestic cattle Apr 

2 Kapoeta domestic 

sheep 

Dec 
1 3 Juba domestic 

sheep 

Dec (SGC) 
4 Ka{3uada 

domestic 

sheep 

Dec 
2 Katire domestic 

goats 

Jan 86 8 Kajo  Kaji domestic 

goats 

Dec 
9 Kajo  Kaji domestic 

dogs 

Jan 8 Katire domestic 
dogs 

Jan 1 1 7 Katire domestic 
dogs 

Dec 
8 Juba domestic horses 

Jan 9 Katire domestic 
pig Jan 1 Torit on  rrass Apr 
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BIRDS 

1 Torit 
2 Torit 
5 Kapoeta 2 Kapoeta 
Z Torit 
7 Katire 

Tchagra  senegala  erl anger i  Jan 
Sphenorhynchus  abdimii  Jan 
Numida  meleagris  major  Dec 
Lissotis  m.  meTanogaster  Dec  (2) 

domestic  "chicken  Jan 
domestic  turkey  Jan 

DISTRIBUTION  IN  THE  SUDAN 

A.  variegatiim  occurs  in  Bquatoria,  Bahr  KL  Ghazal,  Kordofan 
(=  Niiba  Moiintains^  and  Upper  Nile  Province,  and  has  been  found  on 
Upper  Nile  cattle  at  the  Wadi  Haifa  quarantine,  bxit  is  not  es- 

tablished in  Northern  Province  according  to  King  (1926). 

The  following  are  Sudan  localities  from  which  specimens,  all 
from  cattle  Tjnless  otherwise  noted ,  have  been  stxidied . 

Bahr  Q  Ghazal;  Meshra  el  Req  (SGC).  Lau,  Akot,  Yirol,  Tali 
Post,  Kuru,  Lake  Nyubor,  Peth,  Raga,  Khor  Shamman,  and  Boro  (SVS), 
Wau  (domestic  horses,  sheep,  donkeys,  pigs,  cattle;  SVS,  HH) . 
Busseri  (domestic  horse;  SVS).  Njambo  (buffalo;  SGC).  Raga 
(domestic  goat,  cattle;  SGC).  Aweng  (domestic  dog,  cattle;  SVS). 
Feinjak  (SVS,  HH).  Guar  and  nearby  areas  in  GaluaL-Nyang  Forest 
(common  on  many  individuals  of  tiang,  buffalo,  giraffe  and  roan 
antelope;  also  on  warthog,  hartebeest,  and  domestic  dog;  nymphs 
from  spurfowl,  Francolinus  clappertoni;  SVS,  HH).  15  miles  north 
of  Tonj  (tiang:  SVSj.  Het  (tiang;  SVS).  Malek  (nymph  on  Franco- 

linus sp.;  SVS).  Lau  River,  37  miles  west  of  Yirol  (nymph  on 
cane  rat;  SVS).  Nymphs  are  very  numerous  on  tiang  in  the  dry 
season  and  were  also  taken  on  buffalo  and  engorging  on  man.  In 
the  wet  season,  adults  replace  nymphs  on  wild  animals. 

Upper  Nile:  Khor  Atar  and  Taoofikia  (SGC).  Duk  Fadiat  (cattle, 

HH;  warlhogTlTild  pig;  SVS).  Malakal  (SVS,  HH).  Ler  (SVS).  Bor 
(SVS,  HH). 

Darfur;   »Idd  el  Ghanam  (SGC).  Radom  (SVS). 

Blue  Nile:  Roseires  (SGC). 
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Kordofan:  Talodi  (SVS).  Cattle  from  Kordofan  at  the  Wadi 
Haifa  Quarantine  (SGC). 

/"Khartoum;  Abyssinian  cattle  at  Khartoum  (probably  at  the Quarantine  Station)  (SGC).  Balfour  (1906)  reported  specimens  on 
trypanosome^infected  cattle  arriving  from  the  south.7 

It  vfill  be  noted  that  12°N.  is  about  the  northern  limit  of 
this  species.  Rare  isolated  populations  may  exist  slightly 
further  north  in  the  Sudan. 

DISTRIBUTION 

A.  variegatum  is  distributed  generally  throughout  the  Ethiopian 
Faunal  Region  except  in  northern  Sudan,  most  of  Southwest  Africa, 
much  of  Mozambique,  and  the  entire  Union  of  South  Africa.  The  range 
includes  moiontainous  Southwest  Arabia  and  the  tropical  bont  tick 
has  become  established  in  the  Madagascan  archipelago.  It  has  also 
established  itself  from  imported  specimens  in  the  West  Indies  and 

in  the  Cape  Verde  Islands.  A  record  from  '^lUatemala  (Neumann  1899) has  not  been  confirmed  in  later  literature. 

"AFRICA"  (Fabricius  1794) 

NORTH  ATLANTIC  OCEAN;  CAPE  VESDE  ISLANDS  (Tendeiro  195AX). 

WEST  APRICA;  NIGffilA  (Neumann  1899.  Ziemann  1905.  Simpson 
1912A,B.  Johnston  1916.  Connal  and  Coghill  1917.  Robinson  1926. 
Pearse  1929.  Beaton  1939.  Mettam  1947, 19/!^8, 1951.  Unsworth  1949, 
1952.  Gambles  1951).  FREICH  WEST  AFRICA  (As  A.  venustum:  Koch 
1844.  As  Ixodes  elegans;  Guerin-Meneville  1^3.  Neiimann  1899, 
1911.  Joyeux  1915 .  Robinson  1926.  Andre  and  Lan^  1931.  Brumpt 
1934.  Lloverol,  Philippe,  and  Adjovi  1942.  Girard  and  Rousselot 
1945.  Rousselot  1951,19538.  Villiers  1955). 

TOGO  (Ziemann  1905).  SIERRA  LEONE  (Neumann  1899.  Simpson 
1913.  Yorke  and  Blacklock  1915.  Entomological  Report  1916.  Rol- 
binson  1926).  GAMBIA  (Sinpson  1911.  Robinson  1926).  GOLD  COAST 
(Simpson  1914.  Macfie  1915.  Beal  1920.  Robinson  1926.  Stewart 
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1933).     PCRTUGESE  GUINEA   (Howard  1908.     Tendeiro  1947,19^8, 1949B, 
1951A,C,D,F,1952A,C,D,E.1953,195A.     Bacelar  1950).     BIJAGOS 
ISLANDS   (Tendeiro  1953X). 

CENTRAL  AFRICA;     CAIEROONS   (Zlemann  1912A.     Warbm-ton  1927. 
Joncheres  1934.     Bardez  1934.     Rageau  1951,1953A,B.     Rousselot 

1951,19538.     Unsworth  1952.     Dezest  1953).     RIO  ICNI    ("'North 
Central  Rio  Muni'":     Hooestraal  collection).     FREICH  EQUATORIAL 
AFRICA   (Fiasson  1943B.     Blanc,  Brionneau,   and  Chabaud  1950A. 
Giroud  1951.     Rousselot  1951, 1953 A,B). 

BELGIA^J  CONGO  and  RUANDA.URU1IDI    (Newstead,  Button,   and  Todd 
1907.     Massey  1908.     Roubaud  and  Van  Saceghera  1916.     Nuttall  and 
War burton  1916.     Van  Saceghem  1918.     Seydel  1925.     Robinson  1926. 
Schwetz  1927A,B,C, 1932 ,1933B, 1934.     Schouteden  1929.     Bequaert 
1930A,B,1931.     Tonelli-Rondelli  1930A.     Bouvier  1945.     Giroud 
and  Jadin  1950.     Giroud  1951.     Jadin  and  Giroud  1951.     Schoenaers 
1951A,B.     Rousselot  1951,1953B.     Reference  to  Belgian  Congo  by 
Berge  and  Lennette  1953  should  be  French  Equatorial  Africa. 
Theiler  and  Robinson  1954.     Santos  Dias  1954I>.     Van  Vaerenbergh 
1954) . 

EAST  AFRICA;      SUDAI^   (Balfour  1904,1906.     King  1908,1911,1926. 
Hoo  g  straal  1952A , 1954B ) . 

ETHIOPIA  (Pavesi  1884A.     Neumann  1899, 1902B,1911, 1922.     Robin- 
son 1926.     Stella  193 8A, 193 9A,B, 1940.     Roetti  1939.     Charters  1946. 

D'lgnazio  and  Mira  1949.     Hoogstraal  1954C).     ERITREA   (Francliini 
1929D,E.     Tonelli-Rondelli  1930A.     Niro  1935.     Stella  1938A,1939A, 
1940.     Ferro-Luzzi  1948).     FRENCH  SOMALILAND   (Robinson  1926.     Stel- 

la 1940.      Hoogstraal  1953D).      ITALIAN  SOFALILAND   (Franchini  1926A, 
1927,1929c.     Niro  1935.     Stella  1938A,1939A, 1940). 

YEMk   (Neave  1912.     Neumann  1922.     Anderson  1924A,B.     Robin- 
son 1926.     Daubney  1927, 1930A,B, 1933, 1934,1936B.     Walker  1927, 

1929.     Tonelli-Rondelli  1930A.     Lewis  1931A,B,C,1932A,B,1934, 
1939A,B.     Daubney  and  Hudson  1931A,B,1934.     Roberts  1935.     Love- 
ridge  I936A.     Fotheringham  and  Lewis  1937.     Mulligan  1938.     Dick 
and^ewis  1947.     Weber  1948.     White  1949.  Binns  1951.     van  Someren 
1951.     Worsley  1952.     Wilson  1953.     V;iley  1953.     Hammond  1954. 
See  also  IDEKTIFICATION  iinder  A.   pomposim,  p.   245). 
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UGANDA  (A.  Theiler  1910A.     Bruce  et  al  1911.     Neave  1912. 

Neumann  1922.     Robinson  1926.     Richardson~l930.     Mettani  1932,1933. Carmichael  1934.     Mettam  and  Carmichael  1936.     Wilson  1948A,B,C, 
19500,1953.     Clifford  1954.     Hoogstraal  195AC.     Taylor  1954). 

TANGANYIKA  (Oerst'Ecker  1873.     Neumann  1911.     Neave  1912.     Ifcrstatt 
1913.     Jarvis  1918.     Robinson  1926.     I-breau  1933.     Cornell  1936. 
Reichenow  1941B.     Beakbane  and  Wilde  1949.     Wilson  1953.     Smith 
1955). 

SOUTHERN  AFRICA;     Al^GLA  (Neumann  1899,1911.     Santos  Dias  1950B. 

Sousa  Dias  195U;.     FfoZAJ-'IBIiUE   (Karsch  1378.     Howard  1908.     Neumann 
1911.     Robinson  1926.     Theiler  1943B.  Santos  Dias  1947A,1949S, 
1950B,1954H,1955A.     Bacelar  1950.     Wilson  1953). 

NORTHERN  RHODESIA   (Neave  1912.     Robinson  1926.     Morris  1933, 

1935,1937,1938,1939,1940.     LeRoux  1934,1937,1947.     Ifetthysse  1954. 
Theiler  and  Robinson  1954).     SOUTHERN  RHODESIA   (Koch  1903.     Sin- 

clair 1916.     Jarvis  1918.     Jack  1921,1928,1937,1942).     NYASALAIID 
(Old  1909.     Neave  1912.     De  Meza  1918A,B.     Robinson  1926.     Wilson 
1943, 1946, 1950B). 

/"milON  OF  SOUTH  AFRICA:     Absent   (Alexander  1931).     "'Rarely 
present'"   (Theiler  1943B) .     Dr.  Theiler   (1950  correspondence)  states 
that  A.  variegatum  is  actually  absent  from  the  Union  and  frora     SOUTH- 
W.SY  AFRICA.     See  REIIARKS  below.     Early  literature  records  for  this 
species  in  the  Union  of  South  Africa  are:     Howard  1908,     Galli- 
Valerio  1909,  Moore  1912,  Bedford  1920,  Curson  1928,  Cooley  1934, 
Bedford  and  Graf  1939j7 

OUTLYING  ISUL^IDS:     ZAI\IZIBAR    (Neumann  1899,1911.     Neave  1912. 
Aders  1917;.     MAURITIUS   (Neumann  1899.1911.     De  Charmoy  1914,1915. 
Robinson  1926.     Moutia  and  M^met  1947).     MADAGAXAR    (Nemiann  1399, 
1911.     Joyeux  1915.     Robinson  1926.     ̂ ck  1935, 1948A,C, 1949.     Buck 
and  Metzper  1949.     Mllot  1948.     Zumpt  1950B.     Courdurier,  BVick 
and  Quesnel  1952.     Hoogstraal  1953E).     REUNION    (Neumann  1899. 
MAllot  1948.     Gillard  1949).     C0H0P.E3  GROUP    (Millot  1948) . 

AF.ABIA:  YEMEN  (Franchini  1930.  Girolarai  1952.  I'bimt  1953. 

Sanborn  and  Hoocstraal  1953.  Hoorstraal  ras.).  '"SOUTHERN  AP.ABU"' 
(Hoogstraal  195^). 
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D-gCRTED  SPECIMENS ;  Records  in  the  literature  for  EGYPT 
(Guerin-Meneville  lSi9-l8A3 ) ,  one  of  the  type  localities  of  synoiu 
ymous  Ixodes  elegans)  shovild  be  discoiinted.  Althoiigh  A.  variega- 

tum  frequently  arrives  at  the  Cairo  abattoir  on  cattle^from  the Sudan  and  from  other  areas  of  East  Africa,  the  species  has  never 
become  established  here  (Hoogstraal  1952A).  Extremely  few  fei- 
males  are  foiond  by  the  time  cattle  reach  Cairo. 

A.  variegatum  has  becorie  established  and  is  a  serious  problem 
in  the  VEST  INDIES  (St.  Kitts,  Guadeloupe,  Antigua).  As  early  as 
1895,  Barber  vfrote  an  account,  both  pleasant  and  critical,  of  the 

ravages  of  '"the  gold  tick?*,  A.  variegatxm  (=  Hyalomma  venustxim) 
in  Antigua.  See  also;  Neumann  (1899,1911),  Ticks  in  the  West 
Indies  (19U),  Ford  (1919),  Saunders  (19UA,B, 1915,1919),  Senevet 
(1938),  and  Mauze  and  ̂ bntigny  (195^).  It  appears  that  A.  varia- 
gatum  has  been  found  in  GUATEMALA  (Neumann  1899,1911),  but  there 
have  been  no  subsequent  reports  of  its  presence  there.  There  has 
been  some  question  about  West  Indies  records  among  American  work- 

ers who  have  not  visited  these  islands.  Numerous  specimens  from 
West  Indies  may  be  seen  in  British  Museum  (Natural  History)  col- 
lections. 

Three  males  are  stated  to  have  been  found  on  a  dog  in  south- 
western FRANCE  (Lamontellerie  195A). 

MISCELLANEOUS;  The  distributional  map  of  Tendeiro  (19A7) 
which  includes  Egypt  and  Sinai  and  omits  the  Sudan  and  parts  of 
Ethiopia,  Eritrea,  and  the  Somalilands,  should  be  modified. 

TUNIS  has  been  listed  as  a  collecting  locality  based  on  spec- 
imens labelled  from  a  hedgehog  on  Djerba  Island  collected  by  A. 

Weiss  (Galli-Valerio  1911A) .  Colas-Belcour  and  Rage au  (l95l), 
with  ample  reason,  consider  this  record  doubtftil.  It  may  be  based 
on  misidentification  of  an  immature  Hyalomma  sp. 

HOSTS 

Where  it  occurs,  A.  variegatum  is  often  the  most  common  tick 
on  cattle.  Its  incidence  on  other  domestic  animals  varies  locally 

but  is  usually  less  than  on  cattle.  Among  wild  animals,  the  buf- 
falo and  niimerous  kinds  of  antelopes  are  important  hosts.  Other 
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wild  animals  are  either  rather  seldom  infested  by  adiilts  or  those 
that  more  frequently  harbor  them,  such  as  the  rhinoceros,  general- 

ly are  not  numerous  in  nature.  Carnivores  are  only  exceptionally 
attacked.  Man  is  rarely  utilized  as  a  host  by  adults,  though 
nymphs  attach  more  frequently  axid  larvae  are  sometimes  serious 
pests.  Our  knowledge  of  the  host  preference  of  immature  stages 
is  fragmentary.  Nymphs  feed  on  moderate  size  to  large  animals 
including  all  domestic  animals  and  larvae  attack  mostly  birds 
and  small  mammals  from  the  size  of  hares  to  goats. 

Adult  Hosts 

Domestic  animals;  Cattle  ̂ Practically  eveiy  reference  in  the 
DISTRIBUTION  section  above  pertains  to  parasitism  of  cattle  by  A. 
variegatum  and  these  need  not  be  repeated  here.  Selected  referZ 
ences  to  parasitism  of  other  domestic  animals  are  presented  below 
inasmuch  as  many  phases  of  these  relationships  are  much  less  obs- 

cure than  those  with  cattle).  Camels  (Robinson  1926*.  Hoogstraal, 
ms.).  Sheep  (Robinson  1926,  Schwetz  1^10,   Daubney  193 OA,  Daubney 
and  Hudson  1931A,B,193A.,  Lewis  1931C,1932B,193A,  Tendeiro  19^8, 
Rousselot  1951,  Sudan  records  above).  Goats  (Robinson  1926, 
Schwetz  192X.  Lewis  1934,  Beaton  1939**,  Tendeiro  19/^8,  Sudan 
records  above).  Horses  (Simpson  1911,  Robinson  1926,  Schwetz  1927B, 

*Hosts  listed  by  Robinson  (1926)  are  based  chiefly  on  the  extensive 
data  in  the  Nuttall  collection  now  in  British  I-fuseum  (Natural  History), 
where  it  is  available  to  those  who  would  make  a  further  study  of  host- 
relationships. 

**rhoxigh  pinpoint  blemishes  in  the  tanned  skins  of  goats  are  attri- 
buted by  the  (Nigerian)  trader  to  the  bites  of  ticks,  this  animal 

has  been  found  to  remain  uncommonly  free  of  ticks,  particularly  in 
the  dry  season.  In  the  rains,  when  all  domestic  animals  become 
grossly  infested  if  not  hand  dressed,  the  goat  is  usually  only 
parasitized  by   A.  variegatum  and  then  to  any  extent  only 
in  the  hollow  of  the  heels,  the  clefts  of  the  hoof,  and  in  the 
perineum.  These  exceedingly  tenacious  parasites  set  up  a  local 
inflammation  with  pus  formation  due  to  infection  of  the  woiind  by 
organisms  of  necrosis,  particularly  in  the  feet.  Severe  lameness 
may  be  caused,  and  virus  diseases,  e.g.,  heartwater  may  be  trans- 

mitted.  (Beaton  1939). 
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Btlck  1935,1%8A,C,  Gillard  19A9,  Rageau  1951,  Rousselot  1951,  Sudan 
records  above).     Donkeys   (Robinson  1926,  Tendeiro  19A8,  Rousselot 
1951,  Sudan  records  above).     Dogs   (Simpson  1912B,  Robinson  1926, 
Tendeiro  194-8,   Sudan  records  above .     Bl'lNH  collections  contain 
foTor  adults  from  a  dog  fixjm  Senegal).     Cat   (Robinson  1926).     Pigs 
(Schwetz  1927A,  Lloverol,  Philippe  and  JS^ovx  19>!^2,  Rousselot 
1951,  Sudan  records  above) . 

Man;     In  Madagascar  and  French  West  Africa  (Joyeux  1915). 

Antelopes;     Reedbuck  (Robinson  1926*,  Weber  19/!^8,  Wilson  1950B, 
Santos  Dias  1953B).     Bushbuck  (Robinson  1926).     South  African  bush- 
buck  (Santos  Dias  1953B).     Steinbuck  (Lewis  1932A).     Waterbucks, 
various   (Robinson  1926,  Tendeiro  1952C,   Santos  Dias  1953B).     Roan 
antelope,  various   (King  1926,  Lewis  1934-,   Svidan  records  above). 
Sable  antelope   (Robinson  1926,  Wilson  1950B,   Santos  Dias  1953B). 
Hartebeest,  various   (Simpson  191A-,  Robinson  1926,  Lewis  1934,  Sudan 
records  above).     Kongoni   (Robinson  1926).     Tiang  (Sudan  records 
above).     Eland,  various   (Robinson  1926,  Bequaert  1930B,1931,  Lewis 
1934,  Weber  19A8,  Wilson  1950C ,  Sudan  records  above).     Nyala 
(Santos  Dias  1953B).     Duiker   (Loveridge  1936A,  Wilson  1950B,  Sudan 
records  above).     Grant's  gazelle   (Lewis  1934-).     Bright 's  gazelle. 
Smith's  long-snouted  dikdik,   and  Roosevelt's  duikerbok  (Sudan 
records  above).     Oribi,  various   (Wilson  1950B,   Santos  Dias  1953B, 
Matthysse  195A,   Sudan  records  above). 

Other  mammals;     Giraffe   (common  on  many  Bahr  El  Ghazal  gi- 
raffes  examined,  records  above).     Zebra  (Neumajin  1911,  Robinson 
1926*,  Lewis  1932A,1934,  Weber  19^8,  Matthysse  195^).     Black,  or 
narrow-lipped  rhinoceros   (Karsch  1878,  Neumann  1911,  Robinson 
1926,  Lewis  1932A,  Wilson  1951C).     White,   or  square-lipped  rhino- 

ceros  (Tonelli-Rondelli  1930A).     Elephant   (Robinson  1926).     Buf- 
falo   (King  1926,  Robinson  1926,  Richardson  1930,   Bequaert  1930B, 

1931,  Fiasson  1943B.  Wilson  1950C,  Rageau  1951,  Santos  Dias  1953B, 
Sudan  records  above).     Warthog   (Massey  1908,  Robinson  1926,   Santos 
Dias  1953B,   Sudan  records  above).     Bushpig   (Tonelli-Rondelli  1930A, 
Matthysse  1954,  Sudan  records  above).     Antbear   (Lewis  1932A). 
Leopard   (captive)  and  hares  (Tendeiro  194.7,1952c).     Cheetah   (Lewis 
1934.).     Lion  (Theiler,   unpublished). 

*Hosts  listed  by  Robinson  (1926)   are  based  chiefly  on  the  extensive 
data  in  the  Nuttall  collection  now  in  British  Museum  (Natiural 

History),  where  it  is  available  to  those  who  would  make  a  further 
study  of  host-relationships. 
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Birds ;  Spurwlng  geese  (tick  identification  questionable; 
Bedford  193 2B).  Gray  hornbill  (Lophoceros  n.  nasutus )  and  ground 
hornbill  (Bucorvus  abyssinicus),  domestic  aSd  wild  chickens,  spur- 

fowl,  guineal'owl  ^Tendeiro  1947,194.8,19523). 

Snake;  Bitis  arietans  (Neumann  1911). 

Snail;  A  cvirious  case,  said  to  be  parasitism  by  A.  variegatum 

on  a  snail,  Limicolaria  adansoni  Pfr.,  in  Senegal,  has-been  reported by  Neumann  (1911^  and  by  Andre  and  Lamy  (l93l).  This  record  bears 
further  investigation. 

Nymphal  Hosts 

Nymphs  feed  on  a  great  variety  of  mammals  of  medium  and  large 
size,  including  occasionally  man.  Birds  are  frequently  parasitized 
but  reptiles  are  rarely  attacked. 

Man;  In  French  West  Africa,  nymphs  do  not  attack  man  so 
frequently  as  do  larvae  (Joyeux  1915).  In  the  Sxadan  a  single 
nymph  was  taJcen  feeding  on  man  in  Bquatoria  and  several  in  Bahr 
KL  Ghazal  Province. 

DouBstic  animals;  Nymphs  are  common  on  domestic  stock  in 
Kenya  (Lewis  193 A) »     Survey  of  our  Equatoria  and  Bahr  El  GhazeQ. 
Province  records  above  shows  a  small  number  of  nymphs  on  cattle 
and  often  many  on  goats,  especially  during  the  dry  season.  Few 
were  found  on  other  domestic  animals,  pigs,  horses,  dogs,  and 
sheep.  Sudan  Government  collections  contain  nymphs  from  cattle, 
sheep,  goats,  dogs,  pigs,  donkeys,  and  horses.  Tendeiro  (1948) 
listed  cattle  and  goats  as  nymphal  hosts.  Among  a  collection 
from  Madagascar,  Zvunpt  (1950B)  found  nymphs  from  cattle  and  dogs. 
Theiler  (correspondence)  has  specimens  from  elsewhere  in  Africa 
from  the  same  animals  as  well  as  from  camels  and  domestic  cats. 

Poxiltry  has  been  listed  as  a  nymphal  host  by  Wilson  (1950B), 
Tendeiro  (1948),  Hoogstraal  (1953E),  and  we  foxmd  this  stage  on 
chickens  and  turkeys  in  the  Sudan  (records  above).  Daubney  and 
Hudson  (193 1A.,B,  1934)  referred  to  the  comparative  rarity  of  im- 

mature stages  on  sheep  in  Kenya.  Fiasson  (1943B)  noted  immatxare 
specimens  on  sheep  at  Libreville. 
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Wild  mammals;     Insectivores;     Hedgehog   (Wilson  1950B,  Sudaji 
record  above ^.     Madagascar  tenrec   (Hoogstraal  1953E).     Carnivores; 
Jackal   (Neumajm  1902B,  Lewis  193^,  Matthysse  1954-,  Sudan  records 
above).     Cheetah  (Wilson  1950B).     Long-eared  fox,  Otocyon  megalotis 
(Lewis  193^).     Spotted  hyena  aJid  mongoose   (Sudan  records  above). 
Lagomorphs;     Hares   (Wilson  1950B,  Matthysse  1954.>  Sudan  record 
abovej.     Rodents;     Cane  rat   (Wilson  1950B,  Bahr  El  Ghazal  record 
above).     Ground  squirrel   (Sudan  record  above).     Antelopes;     Harte- 
beest,  Thomson's  gazelle,  klipspringer   (Lewis  1934-J .     Western 
defassa  waterbuck  (Tendeiro  1947).     Waterbuck  in  Uganda  and 

'"forest  antelope'*  from  Rio  Muni   (HH  collection).     Oribi   (Hoogstraal 
195AC,  Sudan  record  above).     Sudan  records  are  from  Bright's  gazelle, 
Roosevelt's  duikerbok.  Smith's  long-snouted  dikdik,  oribi,  common 
eland,  Roosevelt's  hartebeest,  tiajig,  and  buffalo.     Nymphs  are 
especially  numerous  on  tiang  in  Bahr  El  Ghazal  Province  during 
the  dry  season.     In  Northern  Rhodesia,  Matthysse   (1954)  found 
all  stages  on  zebras. 

Wild  birds;     Coucals,  various   (Theiler,  unpublished.     Hoogstraal 
1953e7T     Ground  hornbill,  Bucorvus  abyssinicus   (Warburton  1927). 
Raven   (Hoogstraal  1954C).     Spurfowl  (Pternistis  sp.  or  Francolinus 
sp. )   (Lewis  1934,  various  Sudan  records  abovej .     Long-legged  bus- 
tard  and  hooded  vulture  (Theiler,  unpublished).     Guinea  fowl 
(Lewis  1934  and  Sudan  records  above).     Abdim's  stork,  lesser  bus- 

tards, tchagra  shrike   (Sudan  records  above).     An  undetermined 
passerine  bird   (arveola)    (Tendeiro  1952C).     For  domestic  birds, 
see  Domestic  animals  above. 

Reptiles;     Chameleon  in  Madagascar   (Hoogstra^  1953E). 

Larval  Hosts 

Man  has  been  listed  as  a  larval  host  by  Wilson  (1950B).     Larvae 
commonly  attack  man  at  the  beginning  of  the  dry  season  in  Upper 
Guinea,  French  West  Africa  (Joyeux  1915).     In  Gameroons  they  are 
serious  pests  of  man  (Rageau  1953B)  and  attach  on  the  legs  and 
about  the  belt.     Ziemann's    (1912B)  mention  of  being  badly  bitten 
by  tick  larvae  in  the  Cameroons  may  refer  to  this  species.     Ac- 

cording to  De  I-Ieza  (1918A),   in  Nyasaland  larvae  are  serious  pests 
of  people  working  about  cattle.     Larvae  just  visible  to  the  eye 
burrow  under  the  skin  of  hiiman  legs  and  cause  severe  irritation 
that  may  be  associated  with  rash  eind  pus  if  the  ticks  are  numerous. 
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Birds;  Spurfowl  (Pternistis  sp.  or  Francolinus  sp.)  (Lewis 

1932BTI  Helmeted  gixinea  fowl  (Lewis  193ATi  '"Rural  chickens'" 
(galinha  do  mato)  (Tendeiro  1952C).  Lesser  bustard  (Sudan  record 
above J. 

Mammfll.s;  Hare  (Lewis  1934-).  Reedbuck  (Lewis  1931C).  Zebra 
and  jackal  (Matthysse  1954).  Genet,  jackal,  and  mongoose  (Sudan 
records  above) .  Domestic  goat  (Lewis  1934,  Sxodan  record  above) 
and  cattle  (Lewis  1931C,  Sudan  record  above).  Domestic  dog  in 
Madagascar  (Hoogstraal  1953E) . 

Stage  not  stated  but  probably  immature 

Hedgehog  (Atelerix  spiculus)  and  gerbil  (Taterillus  gracilis 
angelus)  (Pearse  1929).  Hedgehog  (Atelerix  albiventris  Wagner j 
(=  A.  adansoni  Roch. )  and  white-tailed  mongoose  (Ichneumia  albi- 
caii3a)  CRousselot  1951). 

BIOLOGY 

Life  Cycle 

This  three-host  tick  is  frequently  the  most  common  cattle 
parasite  within  its  range.  Hosts  of  each  stage  are  listed  above. 
Most  workers  have  experienced  difficulty  in  rearing  A.  variegatum 
but  J.  B.  Walker  states  (correspondence)  that  she  finds  this 
species  quite  easy  to  rear.  With  nonfeeding  ticks  maintained 

at  from  25°C.  to  27°C.,  the  minimum  periods  for  the  life  cycle 
are  as  follows: 
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PERIOD  DAYS  (Minirmw.) 

Walker Lewis Lewis 

1932A 
19393 

Preoviposition 

12 
13  (2A_27°C) 

Oviposition  to  hatchinr 
53 86  (19l26°C) Larval  prefeeding  period 7 7 

Larva  feeds 5 7 

5-3 

Preinolting  period U 
22  i25-2'7°c) Nymphal  pref eeding  period 7 7 

Nymph  feeds 5 7 

^13 

Preinolting  period 

19 

2U   (2/U27°C) Adiilt  prefeeding  period 7 7 
Adult  (Female)  feeds 

12 
10 1^-22 

Total  Ul     195 

The  prefeeding  periods  in  the  above  table  are  arbitrary  and 
in  nature  nay  be  shorter  than  the  figures  indicate.  Ualker  fed 

larvae  and  nymphs  on  a  rabbit  and  adults  on  a  ra-i.  Lewis  (1932A) 
used  hares,  chickens,  and  sheep  as  hosts. 

Nuttall  (1915)  recorded  attachment  periods  twice  as  long  as 

Lewis'  and  stated  that  males  may  remain  on  the  host  for  from  four 

to  eight  months,  and  may  even  die  there.  At  30°C . ,  larvae  emerge 
from  eggs  after  sixteen  to  31  days;  at  15  C .  larvae  fail  to  hatch. 

On  the  other  hand,  I'ettam  (1933)  reported  that  in  his  Uganda 
laboratory  "'tim.es  occupied  during  feeding,  molting,  etc.  are 
much  shorter  than  the  one  obtained  by   Lev/is",  but  these 
observations  apply  only  so  far  as  the  nymphal  stage. 

Larvae  feeding  on  man  drop  off  the  host  after  twelve  hours 
(Joyeux  1915). 

Under  laboratory  conditions,  the  longevity  of  A.  variegatum 
(?  unfed  adults  _  Hh)  is  732  days  (Lewis  19393). 

In  those  parts  of  its  range  with  but  one  rainy  season  annually, 
the  tropical  bont  tick  has  only  a  single  generation  a  year,  as 

reported  for  Ilyasaland  by  Wilson  (19503)  and  for  '.lorthern  Rhodesia 
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by  Matthysse  (1954- ).  In  Kenya  and  Uganda,  with  two  rainy  periods 
each  year,  multiplication  is  faster  and  two  or  three  generations 

nay  breed  during  a  twelve  months'  period  (Wilson  1953). 

Females  engorge  and  oviposit  dijring  the  wet  months,  larvae 
engorge  early  in  the  dry  season,  and  nymphs  live  through  the  dry 
season.  The  periods  of  preoviposition  and  embryonic  development 
in  nature  should  be  more  carefully  investigated.  A  delay  or  dia- 

pause phenomenon  of  some  three  months  or  more  for  these  combined 
periods  in  the  rainy  season  appears  likely. 

Ecology 

The  typical  seasonal  cycle,  as  explained  for  Northern  Rhodesia 
by  Matthysse  (1954-),  applies  to  the  Sudan  and  other  single  rainy 
season  areas  of  Africa.  Details  for  other  areas  with  two  rainy 

seasons  ai'e  not  certain,  and  there  appears  to  be  more  overalpping 
of  different  stages  in  such  situations.  Adults  appear  tov;ards  the 

end  of  the  drj'"  season,  first  males  and  then  females.  PopiiLations 
increase  in  numbers  and  remain  high  through  the  rainy  season  and 
decrease  rapidly  in  the  dry  season,  although  a  few  specimens  may 
be  found  even  then.  Larvae  and  nymphs  gradually  become  more 
numerous  in  the  dry  season,  and  while  some  nymphs  are  found  during 
the  rains  they  are  scarce. 

Adults  and  nymphs  are  most  common  on  the  udders,  scrotum, 
flanks,  dev;lap,  and  brisket:  larvae  feed  on  the  ears  and  head  of 
the  host  (V/ilson  19483,1949).   Beakbane  and  Wilde  (1949)  also 
noted  adults  on  the  perineum  and  indicated  means  of  control  with 
respect  to  the  feeding  sites  of  ticks  infesting  cattle. 

In  Cameroons,  larvae  of  this  tick  have  been  observed  in  im- 
mense numbers  on  tall  herbage  along  paths,  waiting  for  a  suitable 

host  to  pass  (Rageau  1953B).  Similar,  vivid  remarks  by  Ziemann 
(1912B)  for  Cameroons  suggest  that  his  observations  may  also  have 
referred  to  A.  variegatum. 

"'The  fully  fed  female  of  A.  variegatum  works  her  way  into  the 
soil  to  lay  her  eggs,  and  unfed  adults  are  freo_uently  seen,  v;aiting 
for  a  passing  host  on  the  foliage  of  bushes  three  or  four  feet 

high'"  (Lewis  1934). 
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A.  variegatum  has  been  foiind  from  sea  level  to  85OO  feet 
elevation.     In  the  Yemen   (Arabia),  this  species  is  conraon  on 
cattle  in  well  vegetated  valleys  and  hillsides  between  25OO  and 
5000  feet  elevation,  but  absent  in  deserts  at  lower  elevations 
and  rare  in  more  barren  higher  elevations   (Hoogstraal,   ms.). 
Franchini's   (1930)  record  of  A.  variegatum  from  Hodeida,  on 

Yemen's  coastal  plain,  is  due^either  to  erroneous  locality  labels or  represents  specimens  from  highland  cattle  arriving  for  slaugh- 
ter.    This  species  is  common  at  Asmara,  Eritrea,   7500  feet  eleva- 

tion (HH  collecting),  but  Schoenaers   (1951B)   states  that  it  does 
not  occur  over  2000  meters   (65OO  feet)  elevation  in  Ruanda-Urundi . 

In  East  and  Central  Africa,  Wilson  (1953)  has  nicely  defined 
the  presence  of  two  very  distinct  ecological  relationships  between 
ticks  and  cattle.     One  of  these,   the  P..   appendiculatus-A.  variegatum 
association,  occiirs  in  areas  with  rainfall  well  above  25  inches  per 
annum   (and  is  of   considerable  importance  in  relation  to  East  Coast 
fever  and  heartvmter  transmitted  to  cattle  by  the  respective  ticks). 
The   second,   the  R.   pravus   (=  R.   neavi)_A.   gemma  association,   occurs 
where  rainfall  very  seldom  exceeds  twenty  or  25  inches  per  annum 
(and  is  of  negligible  veterinary  importance).     For  a  summary  of 
Wilson's  second  association,    see  R.   pravus  (page   68I). 

The  distribution  of  the  R.    appendiculatus-A.  variegatum  asso- 
ciation corresponds  to  what  veterinaxians  previously  referred  to 

as  '"dirty  areas"'    (i.e.  East  Coast  fever  endemic  areas).     As  stated 
above,   rainfall  here  is  at  least  25  inches  annually,   usually  well 
above  this  figure,   and  falls  below  this  level  only  once  in  every 
twenty  or  25  years.     This  association  includes  the  highlands  of 
Kenya  and  Tanganyika,   a  25  to  thirty  mile  belt  bordering  Lake 
Victoria  in  Kenya,  Uganda,   and  Tanganyika,   and  continues  down  the 
Rift  Valley  in  the  country  adjacent  to  Lake  Tanganyika  and  Lake 
Nyasa,   and   (a  short  distance)   into  Mozambique.     It  also  includes 
the  hujoid  seacoast  plains,  which  are  only  a  few  miles  wide  in 
Kenya  but  much  wider  in  Tanganyika.     Within  drier  areas    (i.e. 
those  of  the  first  association)  are  isolated  islands  in  the  "rain 
shadow"'  of  hills  and  mountains  where  higher  precipitation  results 
in  more  dense  vegetation  than  that  of  the   surrounding  plains.      In 
these  islands,  the  R.   appendiculatus-A.  variegatum  association 

persists.     The  soil~and  vegetation  on  v;hich  this  association  oc- curs vary  tremendously  with  slope  of  terrain,   altitude,   underlying 
rock  formation,   and  temperature.     The   single   comiron  factor  in  their 
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ecology  is  relatively  high  rainfall.  Within  their  areas  of  dis- 
tribution, these  ticks  vary  in  relative  prevalence  and  density, 

due  in  part  to  approaching  thresholds  or  extremes  within  the 
range  of  tolerance.  A  very  definite  line  of  demarcation,  un_ 
effected  by  the  movement  of  cattle  along  trade  routes,  exists 
between  these  two  zones. 

Huts  of  pastoral  peoples  in  which  cattle  and  other  domestic 
animals  freqtiently  rest  harbor  the  tropical  bont  tick.  Smith 

(1955)  noted  its  presence  in  human  habitations  and  a  similar 

situation  may  have  accounted  for  Robinson's  (1912)  remarks  con- 
cerning parasitism  on  children  by  the  so  called  variety  nocens. 

The  red- billed  oxpecker  or  tickbird,  Buphagus  e.  erythro- 
rhynchus  (Stanley),  which  attends  all  the  larger  herbivores 
except  the  elephant  and  the  hippopotamus,  has  been  shown  by 
Moreau  (1933)  to  be  a  predator  of  some  importance  on  A.  variegsu 
t\im  and  other  economically  important  ticks.  Of  the  5^  tickbirds 
examined  in  Tanganyika,  186  specimens  of  A.  variegatum  were  found 
in  the  stomach  contents  of  sixteen;  the  number  of  ticks  per  stom- 

ach ranged  from  one  to  IO9. 

In  Kenya,  van  Someren  (l95l)  took  specimens  of  the  tropical 
bont  tick  from  stomachs  of  a  few  of  the  same  birds  that  he  ex- 

amined. He  also  foxind  unidentified  ticks  in  Tanganyika  birds, 

B.  a.  africanus.  van  Someren* s  interesting  biological  study  of 

The^red- billed  "oxpecker  includes  observations  on  the  birds*  habit 
of  irritating  sores  on  domestic  animals. 

Buphagus  erythrorhynchus  and  B.  africaiius  subspp.  range  through 
African  savajmahs  and  frequently  are  seen  clinging  to  the  flanks 
or  legs  of  domestic  and  wild  animals.  Lang  {192J+)   noted  the  tick- 
bird  acting  as  a  sentinel  for  elands.  Loveridge  (1928)  reported 

specifically  unidentified  ticks  in  stomachs  of  Tangan^-ika  tick, 
birds  and  Dr.  J.  P.  Chapin  foxind  ticks  in  their  stomachs  in  the 
Congo  and  in  Kenya  (Bequaert  1930B).  I  am  told  that  the  best 
account  of  tick-eating  habits  of  these  birds  is  quoted  in  Banner- 
man's  Birds  of  Tropical  West  Africa  (Volume  6,  page  IO5). 

Assertions  that  the  white  heron,  or  cattle  egret,  Bubulcus 

spp.,  is  a  tickivore  are  not  supported  by  evidence.  Dr.  Chapin 
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found  no  ticks  in  cattle  er;ret  stonachs  and  their  actions  do  not 
indicate  that  they  conrranly  feed  on  these  parasites  (Bequaert 

1930B,  Plowes  1950).  In  Southern  Rhodesia,  "Ecret"  (1938) 
reported,  these  birds  may  pick  grasshoppers  off  grazing  cattle 
but  do  not  search  for  ticks  on  then.  Colleagues  and   I  have 
found  no  ticks  in  stomachs  of  many  cattle  egrets  examined  in 
Africa  and  elsewhere  and  Kirkpatrick  (19^-5)  found  none  in 

stomachs  of  m.any  Egy^ptian  birds  of  this  type. 

REllARKS 

Special  attention  is  called  to  the  taxonomic  aJid  biological 
status  of  heavily  punctate  specimens  of  A.  variegatum,  discussed 
Tinder  A.  pomposira  (page  2A5). 

Remarks  by  Theiler  (1951  correspondence)  are  of  value  in 
tmderstaoiding  distributional  factors  of  this  species  and  in  il- 

lustrating the  care  that  must  be  taken  in  evaluating  older  lit- 
erature. She  vrrites:  "   statements  made  (Theiler  1943B), 

to  the  effect  that  this  species  is  found  in  the  Union  of  South 
Africa,  were  based  on  records  in  the  literature,  i.e.  before  we 
had  stiodied  the  South  African  tick  survey  material   Our 
abundant  material  did  not  produce  one  specimen  from  anywhere  in 
the  Union  or  in  South_West  Africa.  Bedford's  statements  are 

based  on  incorrectly  identified  n^Tnphal  material.  Robinson's 
record  in  the  Monograph,  I  take  to  be  a  record  of  an  introduc- 

tion into  the  country,  which  certainly  has  not  been  able  to 
maintain  itself.  Nor  does  A.  variegatum  seem  to  be  as  widely 

spread  in  Southern  ^.hodesia~as  one  gatnered  from  some  of  the earlier  workers.  On  the  contrary,  A.  hebraeiim  seems  to  be  more 

prevalent  than  was  first  thought.  TThen  reading  reports  of  ear- 
lier v;orkers  (1896-1906) ,  one  must  bear  in  mind  that  they  are 

still  reporting  on  a  period  during  which  cattle  had  been,  or 
were  being,  introduced  from  East  Africa  and  from  Madagascar, 
bringing  A.  variegatum  and  Boophilus  fall  sac  with  them.  PossL- 

bly  some  of  these^ticks  come  into  areas  in  which  they  could 
maintain  themselves  for  a  year  or  tv;o,  or  possibly  even  longer." 

Brumpt  (19?-',193A)  reported  on  g^mandromorphic  specimens  of 
A.  variegatum..  Malformed  specimens  have  been  noted  by  Santos  Dias 

T19'C9E,1955A;,  and  Tendeiro  (195IF).  Certain  aspects  of  the  chitin- 
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ization  of  the  exoskeleton  and  gut  and  of  the  musculatiire  of  this 

species  have  been  discussed  by  Ruser   (1933).     A.  variegatu-n  has 
been  used  to  illustrate  the  double  oblique- stri at ion  of  tick 

musciilature  by  Kruger   (1935).     Variations  in  scutal  orna-nentation 
among  specimens  from  a  restricted  area  were  illustrated  by  Ten- 
deiro    (194-9B,1951F)  •     The  eye  structure  and  related  sense  organs 
were  described  and  illustrated  by  Gossel  (1935) . 

DISEASE  RELATIONS 

MAN  and  MD4ALS:  Q  fever  (Coxiella  burnetii) .  Larvae  and 
nymphs  commonly  attack  man  under  local  conditions  and  may  cause 
severe  irritation. 

CATTLE;     Heartwater    (Rickettsia  ruminantium).     Bovine  lymphan- 
gitis, large  septic   sores,   and  severe  inflgtrnmation  of  mammae. 

Possibly  transmits  a  fungus,  Cryptococcus   (=  Actynomyces)  farci- 
minosus. 

A.  variegatum  has  been  mentioned  in  connection  with  bovine 

rickettsiosis   (Rickettsia  bovis),  but  the  tick's  role  does  not 
appear  to  have  been  defined.     This  tick  does  not  transmit  East 
Coast  fever   (Theileria  parva). 

SIEEF;     Nairobi   sheep  disease    (virus).     Heartwater   (R. 
ruminantium) . 

GOATS;  Heartwater  (R.  ruminantium) .  Severe  secondary  in- 
fection and  lameness. 

PIGS;  Possibly  a  vector  of  porcine  piroplasmosis  (Babesia 
trautmanni) . 

UILD  Aim-IAL  INJURY ;      In  the  Sudan  I  removed  a  live  nymph 
from  a  thigh  abscess  that  was  almost  completely  overgrown  by  the 
skin  of  the  jackal  host. 
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IDEIITIFICATION 

Males;  There  is  no  question  of  identity  of  this  important 
species  in  the  Sudan  tick  fauna  or  throughout  rnost  of  its  range. 
The  combination  of  characters  including  herai spherical,  orbited 
eyes,  long  lateral  grooves,  entirely  black  festoons,  and  paucity 
of  large  scutal  punctations  easily  distinguishes  A.  variegatum. 
The  scutal  ornamentation  is  as  illustrated  (Figure  92 J  except 
that  in  about  five  percent  of  specimens  an  additional  coppery 
spot  may  be  found  just  inside  (not  outside)  of  the  lateral 
grooves  at  the  level  of  the  scutal  midlength.  Specimens  with 
these  spots  are  readily  distinguished  from  A.  lepidum  and  A. 
pomposum  by  their  dark  festoons  and  lack  of  large  scutal  puncta- 
tions. 

Note;  According  to  Jack  (1942)  males  from  eastern  parts  of 
Southern  Rhodesia  approach  A.  pomposuTi  in  that  they  have  coarse 
scutal  punctation.  No  females  were  available  for  comparison. 
A  few  confusing  specimens  such  as  these  from  the  S\jdan,  East  Afri 
ca,  and  Yemen  (Arabia)  have  been  observed  (See  IDEirriFICATION  of 
A.  pomposum,  page  24.5). 

Females;  This  sex  is  sometimes  more  difficult  to  identify 
with  certainty  than  the  male.  Hemispherical,  orbited  eyes  are 
also  foiond  in  A.  lepidum  and  A.  pomposum.  In  the  latter,  the 
very  rugose,  broad,  short  scutum  easily  separates  it.  The  pos- 

terior margin  of  A.  variegatum  is  comparatively  -xire  broadly 
rounded  than  that  of  A.  lepidum.  One  may  have  considerable  dif- 

ficulty in  deciding  whether  a  female  scutum  is  v/idely  or  narrow- 
ly pointed  posteriorly.  There  appears  to  be  some  variation  in 

this  character,  but  a  thorough  study  has  been  impossible  be- 
cause, in  all  available  collections,  no  more  than  eighty  female 

specimens  of  A.  lepidum  have  been  seen.  No  large  series  from 
any  single  area  has  been  represented  and  until  such  time  as  more 
material  comes  to  hand  it  is  preferable  to  hold  the  study  of 
this  feature  in  abeyance. 
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APONON^iA 

niTRODUCTION 

African  Aponomma  ticks,  small,  eyeless  parasites  of  large 
snakes  and  of  monitor  lizards  (Varanus  spp.)>  sre   seldom  rep- 

resented in  collections.  They  axe  markedly  host-specific  and 
rarely  feed  on  animals  other  than  their  normal  hosts. 

Originally  considered  as  Amblyomma,  species  of  the  genus 
Aponomma  are  now  treated  as  a  separate  generic  offshoot  from 
Amblyomma.  In  this  genus  the  eyeless  condition  is  considered 
by  some  to  have  resulted  from  disuse  since  certain  members  feed 
under  the  host's  scales.  Parallel  instances  also  occur  among 
those  Amblyomma  ticks  that  have  indistinct  or  vestigial  eyes 
and  that  parasitize  scaly  hosts.  This  interpretation  might  hold 

for  those  Aponomma  species  that  attach  below  snakes'  scales  but 
may  hardly  account  for  the  eyeless  condition  of  others  attacking 
only  scaleless  lizards.  Possibly  Aponomma  ticks  became  adapted 
to  lizards  as  a  concomitant  to  the  loss  of  vision. 

The  biology  of  aponoramas  is  poorly  known.  Adults  and  nymphs 
are  frequently  found  on  the  same  host. 

The  nomenclature  of  the  few  African  species  has  been  confused 
until  the  recent  works  of  Theiler  (1945A,b).  >fost  African  spec- 

imens are  now  easily  identified  to  species.  More  recently,  Santos 
Dias  (1955c)  has  redescribed  the  type  materiaJ.  of  A.  ochraceum 
Neumann,  1901,  from  Tanganyika  and  Zanzibar,  and  oT  A.  fraud Tgerum 
Schulze,  1935 >  from  a  host,  Varanus  griseus,  presuraeH  to  have  come 
from  North  Africa.* 

*V.  griseus  ranges  over  the  entire  northern  Sahara  region,  reach- 
ing the  Mediterranean  only  in  southern  Tunisia,  Libya,  Eind  Egypt, 

and  extends  to  the  Central  Provinces  of  India  (Loveridge,  corres- 

pondence). The  sovirce  of  the  type  material  of  A.  fraudigerum, 
Fuhlsbuttelterrarium,  probably  refers  to  the  grounds  of  an  animal 
dealer  at  Fuhlsbuttel,  a  suburb  of  Hamburg,  and  the  collector,  Karl 
Peter,  is  probably  not  the  famous  African  explorer  but  rather  the 
animal  dealer  (Theiler,  correspondence). 
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Aponomma  species  are  more  mmierous  in  the  Oriental  Region 
than  in  Africa  but  their  taxonomic  status  is  uncertain.  For 

Indo-china,  Toumanoff  (194A)  lists  three  species,  Anastos  (1950) 
records  four  from  Indonesia,  and  Roberts  (1953)  studied  nine 

from  Australia.  None  occur  in  Eiirope  eind  Neumann's  (l899)  lo- 
cality label  for  A.  laeve  from  Patagonia  was  possibly  incorrect. 

In  the  Americas,  Tour  species  have  been  described  by  Schulze 
(1932A,1936E,19/UX)  but  specimens  available  in  collections 
throughout  the  world  are  few  indeed.  Specific  concepts  in  this 
genus  are  much  in  need  of  careful  study. 

KEY  TO  SUDAN  SPECIES  OF  APONQvIMA 

1-IALES  AND  FEMALES 

Shiny  dark  brown  with  green  or  copper 
markings  on  scutum.   (Usually  on 
Varanus  lizards)   A.  EXORNATUM 

Figures  96  to  99 

Light  to  dark  brown  with  no  markings 
on  scutum.   (Usually  on  snakes)   A.  LATUM 

Figures  1(50  to  103 

NOTE 

Ornamentation  of  A.  exornatum  is  entirely  lost  in  some  pre- 

served specimens.  If  "a  question  arises,  A.  exornatum  males  may 
be  separated  from  those  of  A.  latum  by  the  presence  of  welL-marked 

festoons  (inconspicuous  in  "S.  latum) ,  numerous  large  punctations 
(almost  none  in  A.  latum) ,  and  deep,  inverted,  commashaped  cer- 

vical grooves  (©"Esolete  in  A.  latum) .  The  last  character  also separates  females  of  these  species. 
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97 
AP0N0M4A  EXORNATM 

Sudan  specimens,  with  exceptionally  bright  ornamentation 

PLATE  XXXII 
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APONOMMA  EXQRNATUM  (Koch,  18U). 

(Figures  96  to  99) 

THE  MONITOR  LIZARD  TICK. 

N       Q       <?  EQUATORIA  PROVINCE  RECORDS 

2 1 2 Yei Varanus  n. niloticus Apr 

2 Torit Varanus  n. niloticus Dec 

1 6 Torit Varanus  n. niloticus 
Jan (2) 

2 2 Khierallah Varanus  n. niloticus ^ (SGC) 
7 2 

13 

Torit Varanus  e. exanthematicus 

Aug 

2 1 2 Nimule Varanus  sp ■ 

Ai:ig 

(bmnh) 

Equatoria  Province   (King  1926).     The  British  Nfuseum  (Natural 
History)  specimens  from  Nimiole  are  in  Nuttall  lot  L^7. 

DISTRIBUTION  IN  THE  SUDAN 

The  following  additional  material,   all  from  Varanus  lizards, 
has  been  seen: 

Upper  Nile;     Er  Renk  (SGC). 

Blue  Nile;     Singa  (SGC).     Hassa  Heissa  ̂ Specimens  not  seen 
but  identified  by  G.  M.   Kohls   (G.  B.  Thonqjson,  correspondence)  7« 

Kassala;     Butana  (SGC). 

Kordofan;     Khuwei,  fromV.   e.   exanthematicus ;   specimens  in  HH 
collection;   presented  by  Sudan  National  Museum. 

/"Khartoum;     Khartoum  (SGC;   probably  from  lizards  in  zoological gardens^./ 
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DISTRIBUTION 

The  distribution  of  A.   exornatim  is  th*e  same  as  that  of  African 

Varanus  lizards*    (Theiler"l945A; .     To  the  best  of  my  knowledge,  V. 
griseus  is  seldom  or  never  infested  by  this  species   (for  range  oT 
this  lizard  see  page  279) • 

NORTH  AFRICA;     ALGERIA   (Neumann  1899,1911.     Theiler  19'i5A). 

WEST  AFRICA;     NI(3KIA  (Northern  part,   Simpson  1912A) .     FRENCH 
WEST  AFRICA  (As  Ixodes  flavomac\jlatus;      Lucas  18^6.     Neumann  1899, 
1911.     TonellURondelli  1932E.     TKeiler  1945A.     Rousselot  1951, 

1953B.     Villiers  1955).     PORTUGESE  GUINEA /^ As  Aponorama  sp. ; 
Tendeiro    (19/^7).     As  A.   halli   sp.   nov.    (nomen  nudum j;     Tendeiro 

(19A.8).     Described  by^Tendeiro    (1950).     Also  noted  by  Tendeiro 
(1951C,D,1952A,C,D,1953,195A**).     See  IDENTIFICATION  below  and 
Hoogstraal  ll95UB)J .     GOLD  COAST    (Hoogstraal  195AC). 

CENTRAL  AFRICA;     FERNANDO  PO   (Schulze  19^3B,  p.   131  footnote). 
CAICROONS    (Ziemann  1912 A.     Rageau  1953A,B).     FFJ:NCH  EQUATORIAL 
AFRICA   (As  A.    arcanum;      Karsch  1879A.     Schulze  1936E.     Specimens 
in  CNHM,   cfT  HOSTS  below).     BELGIAII  CONGO    (Neumann  1911.     Nuttall 
and  Warburton  1916.     Schwetz  1927A,B,C,1932.  Bequaert  1930B,1931. 
Fain  19A9.     Theiler  19^5A.     Theiler  and  Robinson  195^)- 

NOTE;     According  to  Theiler   (correspondence),  the  record  for 
Ruanda-Urundi  by  Santos  Dias   {19^1d)   is  in  error. 

EAST  AFRICA;      SUDAN    (King  1911,1926.     Hoogstraal  1954B). 

*V.   n.   niloticus  is  a  widely  ranging  savannah  form.     Another  sub- 
species, ornatus,  occurs  in  West  African  rainforests.     V.  _e. 

exanthematicus  ranges  from  Senegal  to  the  Sudan.     In  Ethiopia,  the 
Somalileuids,   and  I'bzambique,  V.   e.   mi crost ictus  (=  V.   ocellatus) 
occurs.     In  Mozambiqxie  south  of  Zambesi,  Angola,   and  southern 
Africa,  V.   e.   albigularis  occurs.     ̂ Loveridge,   correspondence_7 

**Tendeiro    (1951D)   also  noted  an  "unnamed  Aponomma  species'"  from 
the  same  hosts  in  Portugese  Gxiinea. 
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ERITREA   (Tonelli-Rondelli  1930A.     Stella  19/^0).     FRENCH  SOMALI- 
LAI®    (Neumann  1899,1922.    , Stella  1938A,1939A).      ITALIAN  SOl-lALILAm) 
(Paoli  1916.     Stella  1933A,1939A,19AO).     KEOTA   (Loveridge  19233, 
1936B.     Lewis  1932A.     Theiler  19A5A.     Heisch  1954G).     UGAl^IDA   (Bruce 
et  al  1911.     Mettam  1932.     Theiler  19/^5A).     TA^CAIIYIKA  (Loveridge 
T^2lD.     Barbour  and  Loveridge  1928.     Bequaert  1930A.     Theiler 
19A5A) . 

SOUTHERN  AFRICA;     ANGOLA  (Nemiann  1899.     Gamble  19U.     Santos 

Dias  1950B.     Hoogstraal  195'iC).     MOZAI^ffiiaUE    (Santos  Dias  1947D, 
19/^aA,1953A,B.     Bacelar  1950.     Tendeiro  1951B,F). 

NORTHERN  RHODESIA  (Theiler  and  Robinson  195A).  SOUTHERN 
RHODESIA  (Jack  19^2).  NYASALAND  (Neave  1912.  De  Meza  19iaA. 
Wilson  1950B). 

BECHUAl^IALAND   (Theiler  19A5A) .      SOUTHWEST  AFRICA   (Tromsdorff 
19U.      Sigwart  1915.     Warburton  1922.     Theiler  19A5A).     UNION  OF 
SOUTH  AFRICA   (Koch  18^.     Lewis  1892.     Neumann  1899.     Howard  1908. 
As  A.   neglectum;     Hirst  and  Hirst  1910.     Donitz  1910B.     Curson 

192'B.     Bedford  1932B,1936.     Theiler  19/^5A). 

/"MADAGASCAR!     Neumann   (1901 ).     Howard   (1908).     Poisson (1927J.      Bedford    (1932B) .      Buck   (19A8A).     I4illot    {19U8).     Zumpt 
(I95OB) .     These  records  appear  to  be  a  repetition  of  Neunann   (I9OI). 
The  presence  of  this  species  on  Madagascar  is  questionable   (Hoog- 

straal 1953E).7 

HOSTS 

Most  investigators  list  only  the  lizards  Varanus  niloticus 
subspp.  and  V.  exanthemati cus  subspp.  as  hosts.  These  are  some- 

tines  calle'3  warrener  or  leguan  lizards  by  the  British  in 
Africa.  References  to  "iguana"'  lizards  in  Africa  pertain  to 
V aranus  but  iguanas  are  actually  New  World  species. 

Other  animals  may  be  parasitized  occasionally.  Records, 
among  mammals,  are  domestic  dogs  (Howard  1908,  Neumann  193-ii-) , 

pangolin,  Manis  tricuspis  (Fain  19^9),  fruit  bat  (Hoogstraal 
1954c),  ground  squirrel  (Villiers  1955),  and  a  larva  and  nymph 
from  a  spiny-tailed  squirrel,  Anomalurus  f .  fraseri,  in  French 
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Equatorial  Africa  (CNHM).  Reptiles  reported  to  be  attacked  are 
crocodile  (Schwetz  1927B,  Villiers  1955),  cobra  (Loveridge  1923C), 
tortoise  (Loveridge  1936B),  python  (Howard  1908),  tortoise  and 
snakes  (Mettam  1932),  snake  (Theiler  1945A),  and  blind  lizard, 
Acontias  plumbeus  (Bedford  1936).  A  bird,  the  black- chested  har- 
rier  eagle,  is  also  known  as  a  host  (Theiler,  unpublished). 

BIOLOGY 

Aside  from  remarks  in  the  generic  introduction  and  host  re- 
view, nothing  additional  has  been  reported  for  this  species. 

DISEASE  RELATIONS 

It  is  of  interest  to  conjecture  that  these  ticks  may  transmit 
the  hemogregarines  so  frequently  found  in  reptiles. 

It  is  claimed  that  natural  infections  of  Q  fever  (Coxiella 
burnetii)  have  been  found  in  this  species. 

REMARKS 

A  conplete  siiramary  of  the  taxonomy,  morphology,  and  distri- 
bution of  this  species  has  been  presented  by  Theiler  (1945A). 

Mai  formed  specimens  have  been  described  by  Santos  Dias  (1948A), 
Schulze  (1950B),  and  Tendeiro  (1951B).  Schulze  (l9/k3B)  discussed 
certain  aspects  of  the  nymphsil  gut  of  this  species,  and  (l9Al) 

features  of  the  haller's  organ,  and  (1950B)  of  the  dorsal  foveae 
and  festoons. 

Should  male  specimens  with  only  narrow  lateral  ornamentation 
be  found,  the  presence  of  A.  ochraceum  Neumann,  1901,  or  of  A. 

fraud igerum  Schulze,  1935,'~should  be  considered  (cf.  Theiler"'l945A and  Santos  Dias  1955C  for  descriptions  and  illustrations). 

Tendeiro  (194-8)  mentioned  A.  halli  sp.  nov.,  without  descripu 
tion  (i.e.  a  no men  nudum)  and  (1950J  described  as  A.  hnll i  sp.  nov. 
specimens  from  Portucese  Giiinea  that  conform  to  alT  specimens 
stxadied  from  the  SiJdan.  The  first  coxal  spur  is  single;  there  is 
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a  protuberance  on  the  foiorth  tarsusj  and  the  scutal  ornamentation 
is  somewhat  different  from  that  usually  described  for  this  species 
(compare  with  Theiler  Y)U5k   description  and  illustration).  However, 
Theiler  (correspondence),  who  has  had  more  experience  with  this 

genus  in  Africa  than  anyone  else,  writes:  '"A.  halli     to  me, 
is  but  an  extreme  variation  of  A.  exornatum,  being  as  far  as  I  can 

see,  the  exact  replica  of  A.  arcanum  Karsch,  1879".  In  view  of 
this  opinion  and  with  Dr.  Theiler's  permission,  A.  halli  Tendeiro, 
1950,  has  been  synonymized  under  A.  exornatum  (Koch,  IS^A)  (Hooc- 
straal  195/3). 

IDENTIFICATION 

Theiler  (19^5A)  described  and  illustrated  the  immature  stages 
and  redescribed  the  adult  stages  of  A.  exornatum. 

Males  and  females  are  easily  identified  by  generic  characters 
plus  the  presence  of  scutal  ornamentation  consisting  of  green  or 
coppery  markings  on  the  shiny  dark  brown  surface.  Other  characters 
are  mentioned  in  notes  under  the  key  to  this  genus. 
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100 

101 

103 

Figures  100  and  101,  C,  dorsal  and  ventral  views 
Figiires  102  and  103,  9,  dorsal  and  ventral  views 

APON0I-3-1A  LATUM 
Sudan  specimens 

PLATE  XXXIII 
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APONQ^-IA  LATUK    (Koch,   1BU)(=  A.  LAEVS  IlGur.ann,   1899,   of  authors), 

(Figures  100  to  103) 

TIffi  SNAKE  TICK 

N 9 

O' 

S 

2 1 3 
Tori.t* 1 1 Torit 

3 Torlt 
2 Torii 
1 Katire 

EQUATORIA  PROVINCE  RECORD, o 

■  1  a j a  melanoleuca  Dec 
Naja  hajn  Dec 
Python  rcgius  Nov 

Dendrnaspis  jo.  polylepis  Jan 
Bo  and  on  1.  llnoatus  Sep  (CN!M) 

DISTRIBUTION  IN  THE  SUDAN 

Equator la  and  Upper  Nile:  Without  locality  data  (King  1926). 

Bahr  El  Ghazal;  GaluaL-Nyarig  Forest,  Naja  haje,  1953,  co]_ 
lee ted  by  Tl  Hoogstraal  and  R.  E.  Kuntz.  Sana  locality,  from 

"cobra",  1953,  (SVS).  Yirol,  from  "python",  195-^,  E.  T.  M.  ̂ eid 
legit.  Specimens  in  HH  collection. 

Upper  Nile;  Kenisa,  Nasir,  ajnd  Er  Renk,  from  cobras,  1909, 
H.  H.  King  Tegit  (SGC). 

DISTRIBUTION 

The  snake  tick  is  distributed  tlrroughout  the  Ethiopian  Fauna]. 
Region. 

WEST  AFRICA;   NIGERIA  (Hoogstraal  195AC).  LIBERIA  (Bequacrt 
1930A7T   FliE-NCH  WEST  AFRICA  (Villiers  1955).   SIER.RA  LEONE  (Entomo- 

logical Report  1916).  GOLD  COAST  (Curson  1916).  PORTUGESE  GUINEA 
(Tendeiro  1951C ,D,1952C) . 

»Torit  snake  collections  have  been  studied  by  Loveridge  (1955)- 
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CENTRAL  AFRICA;      CA!-ER00N3    (Raceau  1953A,D).     FF.ENCH  EQUATORIAL 
AFRICA  (Fiasson  19^3B).     BSLGIAI\f  CONGO    (Neunann  1899,1911.     Nuttall 
and  Warburton  1916.     Schwetz  192X,1932.     Bequaert  1930A,193l). 

NOTE:     According  to  Theiler   (correspondence),  the  record  for 
Ruanda-Urundi  by  Santos  Dias   (195^0)   is  in  error. 

EASr  AFRICA;      SUDAN    (King  1908,1911,1926.     Hoogstraal  1954^). 

ETHIOPIA  (Tonelli-Rondelli  1930A.  Stella  19U0). 

KENYA  (Lewis  19310,1934.     Loveridge  1936B.     Hoorstraal  1954E). 
UGANDA  (Theiler  1945B.     Wilson  1950C.     Hoogstraal  195AE).     TANGA- 

NYIKA (Neumann  190X,1910B,1911.     Donitz  1910.     Horstatt  1913. 
Loveridge  1923C,1928.     Bequaert  1930A). 

SOUTHERN  AFRICA;     AI^JGOLA   (Howard  1903.     Bacelar  1950).     !IOZA.^L 
BIQUE    (Howard  1908.     Santos  Dias  194aA,1952D,1953B.     Bacelar  1950). 

NORTHERN  RHODESIA  (Theiler  1945B) .      SOUTHERN  RHODESIA   (Jack 
1942).     NYASALAl©    (Theiler  1945B.     Wilson  1950B). 

SOUTHWEST  AFRICA  (Warburton  1922.     Theiler  1945B).     WllOil  OF 

SOUTH  AFRICA   (Koch  13/'^/^.     Neumann  1901.     Howard  1903.     Donitz  1910B. 
Curson  1928.     Bedford  19328,1936.     Schulze  1936E.     Theiler  1945B. 
Hoogstraal  1954C). 

HOSTS 

Snakes,  without  predilection  for  any  one  group  (Theiler  1945B) . 
Host  genera  recorded  by  various  authors  are:  Python,  Simocephalus, 
Pseud aspis,  Naja,  Lycophidion  (=  Lycophidium),  Meh^lya,  Scpedon, 

Dendroaspis  (=  Dendr aspi s ) ,'~Causus ,  Bitis,  Dasypeltis,  Boaedon, and  Rhajnphiophis.  Also  the  Debasian  snake  Crotaphopeltis  (=  Leptodira) 
hotamboeia  (Neujnann  190X,1910B).  In  addition  to  some  of  these  same 

host  genera,  14135  J.  B.  Walker's  (correspondence)  Tanganyika  collec- 
tions contain  specimens  from  Rhamphiophis  oxyrhynchus  ro stratus. 

Philothamnus  i.   irregularis  (=  Chloropis  eminij  (Hoogstraal  1954C-). 
fbst  host  records  are  for  large,  poisonous  snakes,  possibly  because 
of  the  great  interest  they  always  arouse  when  collected.  Yet  I 
have  examined  hundreds  of  smaller  African  snakes  without  finding 
Aponomma  ticks  on  them. 
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Acontias  pl\rabeus ,  a  blind,  limbless,  viviparous  lizard  has 
been  listed  as  a  South  African  host  (Bedford  1936). 

A  single  female  in  BM(NH)  collections  was  taken  with  A.  exor- 
natum  from  Varanus  e.  albigularis,  the  coastal  monitor  lizard,  in 
Kenya,  and  another  Temale  has  been  noted  from  a  porcupine  in  Zulu- 
land  (Hoogstraal  195AC). 

BIOLOGY 

The   snake  tick  sometimes  occurs  in  great  numbers  on  a  single 

host.     Loveridge    (1923C)    states:     "'This   snake   (Pasypeltis  scabra) 
was  literally  covered  with  ticks,   75  of  which  I   collected"'.     Lar- 

vae,  nymphs  and  adiilts  are  often  taken  from  a  single  host    (Lewis 
193^,  Rageau  1953B). 

Specimens  are  usually  found  between  the  host's  dorsal  scales, 
especially  just  behind  the  neck,   sometimes  on  the  head,  rarely  on 
the  venter. 

DISEASE  RELATIONS 

Unstudied. 

REMARKS 

The  most  complete  recent  work  on  this  species  is  by  Theiler 
(1945B).  The  taxonomic  review  shows  that  A.  laeve  Neumann,  1899, 
is  actually  a  non  African  species  and  that  A .  latum  (Koch,  18^A) 
has  priority  for  the  African  species.  Immature  stages  were  des- 

cribed and  illustrated  and  adults  were  redescribed  and  illustrated 
in  the  same  study. 

Should  specimens  agreeing  with  characters  of  this  species  but 
having  a  very  wide,  quadrate  body  outline  be  encountered  in  the 
Svidan,  they  sho\ild  be  checked  (cf .  Theiler  194.5B)  for  A.  transversale 
Lucas,  1844,  the  python  tick,  which  Theiler  states  (correspondence ) 
may  be  expected  to  occur  in  this  area.  The  male  of  A.  transversale 
lacks  an  anal  groove  and  is  incompletely  chitinized  on  the  posterior 
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third  of  the  dorsum.  The  female  is  similarly  broad;  its  scutal 
margin  is  notched  or  concave  posteriorly  rather  than  broadly 
rounded.  These  two  snake  ticks  are  the  only  inornate  aponomnas 
known  to  occur  in  Africa. 

IDENTIFICATrON 

Males  and  females  are  easily  identified  in  the  African  tick 
fauna  by  key  characters  and  notes. 
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BOOPh I LUS 

INTRODUCTION 

Boophilus  ticks  are  practically  unique  in  that  their  entire 
life  cycle  from  larva  to  engorged,  mated  adult  is  confined  to  a 
single  host.  Females  drop  to  the  ground  to  oviposit.  This  single- 
host  type  of  life  cycle  has  numerous  biological  advantages.  It 
also  allows  for  particularly  easy  control  by  dipping  infested 
animals,  a  benefit  partially  negated  by  the  development  of  boophilid 
strains  resistant  to  chemicals. 

The  boophilid  type  of  life  cycle  eliminates  danger-ridden 
periods  between  two  or  three  different  kinds  of  hosts,  possibly 
in  inhospitable  areas  and  for  indefinite  periods.  The  predilection 
of  these  ticks  for  large  domestic  animals  particularly  favors  wide- 

spread dispersal  and  survival,  not  only  within  a  continent  but  also 
from  continent  to  continent  on  imported  hosts. 

Cattle  are  the  chief  hosts  throughout  the  world,  horses,  other 
domestic  stock,  and  wild  antelopes  and  deer  axe  less  frequently 
attacked.  Other  wild  animals  are  uncommonly  infested.  The  veter- 

inary importance  of  Boophilus  ticks  is  considerable  and  they  are 
suspect  as  reservoirs  of  some  human  disease  pathogens. 

Collectors  who  wish  to  be  assured  of  accurate  identification 
of  their  boophilid  material  should  make  every  effort  to  obtain 
long  series  and  to  find  the  small,  yellowish  males  as  well  as  the 
heavier,  more  conspicuous,  podshaped  females. 

Two  of  the  three  species  presently  recognized  in  this  genus 
occur  in  the  Sudan.  One  of  these,  Boophilus  decoloratus  (Koch, 
ISZtA),  is  endemic  and  ranges  widely  throughout  African  areas  with 
relatively  high  rainfall  and  with  some  shrub  cover;  it  is  well 
known  practically  everywhere  on  the  continent  south  of  the  great 
northern  deserts  and  semideserts. 

The  second  species  is  B.  annulatus  (Say,  1821 )  (=  B.  congo- 
lensis  I4inning,  193A),  African  populations  of  which  cannot  be  dis- 
tinguished  from  the  famed  American  Texas  fever  vector,  B.  armulatus. 
This  species  is  poorly  known,  more  restricted,  and  less  common  m 
the  Ethiopian  Faunal  Region  than  B.  decoloratus  and  has  been  intro- 
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duced  from  elsewhere.  Data  in  the  present  report  are  the  only- 
published  facts  that  give  any  information  on  the  biology  or 
ecology  of  B.  annulatus  on  this  continent.  North  African  and 
Near  Eastern  populations  usually  called  B.  calcaratus  subspp. 
appear  to  be  identical  to  B.  annulatus. 

The  third  species,  B.  microplus  (Canestrini,  1888)  (=  B. 

fallax  Minning,  193^),  i"  not  yet  known  from  the  Sudan.  ThTs pantropical  cattle  parasite  appears  slowly  to  be  extending  its 
present  southern  and  eastern  African  range  northwards  after  once 
having  been  more  widely  distributed  on  Africa  because  of  frequent 
importation  of  infested  cattle  from  Madagascar.  Differential 
characters  for  this  species  are  provided  in  the  following  key  and 
additional  notes  concerning  it  may  be  found  following  the  discus- 

sion of  the  two  related  species. 

What  has  been  considered  the  classic  taxonomic  work  on 

Boophilus  is  that  of  Minning  (1934,1935,1936).  He  divided  the 
genus  into  three  subgenera:  Boophilus  (sensu  strictu),  Uro boophi- 

lus, and  Palpoboophilus  and  described  a  number  of  '"new"'  species. 
These  subgenera  have  been  given  the  status  of  genera  in  many  pub- 

lished papers,  probably  because  l>&nning  himself,  curiously  enough, 
failed  to  place  a  generic  designation  before  them  in  his  discus- 

sion of  species.  Several  later  workers  (Cooley  19A6,  Anastos 
1950,  and  others)  have  questioned  the  worth  of  these  findings, 
and  in  the  present  instance  the  I'linning  reports  are  of  little 
value.  The  method  appears  to  have  been  to  hastily  examine  a  few 
specimens  from  widely  scattered  areas,  to  describe  and  illustrate 
them  inadequately,  and  whenever  possible  to  apply  names  based  on 
assumed,  iincritically  regarded,  slight  morphological  variations. 
There  is  little  or  no  correlation  between  the  present  and  other 
extensive  collections  of  boophilids  collected  from  several  geo- 

graphical areas  throughout  the  world,  and  Minning «s  illustrations 
and  remarks  about  species  collected  in  the  sajne  localities.  Anastoc 
(1950)  has  abandoned  these  three  subgenera  with  the  hearty  concixr- 
rence  of  many  serious  colleagues. 

Anastos  (loc.  cit. )  on  the  other  hand,  would  confine  the  known 
Boophilus  species  of  the  world  to  the  three  discussed  herein.  Al— 
though  it  appears  that  his  view  is  most  likely  correct,  a  pains- 

taking study  of  extensive,  worldwide  series  of  specimens  will  be 
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necessary  before  any  final  judgement  on  all  subspecies  and  related 
species  may  be  vouchsafed. 

Speciation  in  this  genus  has  been  extremely  conservative  and 

restricted  geographical  ""species'"  do  not  appear  to  have  evolved. 
I^ny  superficial  "morphological  variations'"  derive  from  degree  of 
engorgement,  method  of  preservation,  or  angle  of  examination. 

Boophilids  are  exceptionally  difficvilt  to  study  taxonomically 
owing  to  superficial  variability,  small  size,  and  crowding  of 
diagnostic  characters.  The  state  of  engorgement  of  many  routinely- 
collected  females  tends  to  modify  certain  features  so  that  they  are 
frequently  difficult  to  evaluate. 

For  discussion  of  the  Sudan  Boophilus  fauna  in  relation  to  that 
of  North  Africa,  southern  Europe,  and  the  Near  East,  see  RE^IARKS 
under  B.  annulatus  below. 
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KEY  TO  THE  GEITO3  BOOPHILUS* 

1.  With  caudal  appendsige   2 

Without  caudal  appendage.  Hypostome 
dentition  U/U   (see  Note  below).  Palpal 
basal  segment  without  ventral  bristle- 
bearing  protuberance  on  inner  margin. 
Adanal  shields  without  posterior  spur   B.  ANNULATUS 

F  igure  s~10^  and  I05 

2.  Hypostome  dentition  3/3  (rarely  3.5/ 
3.5).  Palpal  basal  segment  with 
ventral,  inner  bristle- bearing  pro- 

tuberance. Adanal  shields  with  long, 
narrow  internal  spur  usually  extending 
beyond  body  margin   B.  DSCOLCRATUS 

Figures  108  and  I09 

Hypostome  /^/U.     Palpal  basal  segment 
without  ventral,  inner  bristle- bearing 
protuberajace .  Adanal  shields  with 
inner  margin  hardly  extended  if  at  all 

and  not  reaching  body  margin   B.  MIGROPLUS** 
Figures  112  and  II3 

^Preserved  specimens  must  be  entirely  free  of  surface  sheen  from 
liquid  preservatives  before  identification  can  be  attempted.  The 

caudal  appendage  of  d"  3.  de color atus  is  very  variable  in  size  and 
the  petlpal  basal  bristle-bearing  protuberance  of  either  sex  can  be 
seen  only  when  the  mouthparts  are  absolutely  clean;  the  bristles 
are  frequently  broken  off.  Turning  the  specimen  at  an  angle  to 
the  light  may  be  necessary  to  see  this  character  as  well  as  the 
groove  of  coxa  I. 

**B.  micro  plus  does  not  occxir  in  the  Sudan  but  there  is  some  likeli- 
hood that  it  may  reach  the  Sudan  within  a  few  years.  The  inclusion 

of  B.  microplus  in  this  key  makes  it  serviceable  for  all  known 
species,  according  to  contemporary  concepts  of  the  genus. 
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FEMALES 

1.  Coxa  I  with  shallow,  rounded  e:aar- 
gination  separating  internal  and 
external  spiir.     Palpal  basal  segment 
and  hypostome  as  in  male   B .  ANITULATUS 

Figures  106,  T07,   and  117 

Coxa  I  with  deep  elongate  "'inverted 
V"'  shape  cleft  dividing  spurs   2 

2.  Hypostome  3/3   (rarely  3.5/3.5). 
Palpal  basal  segment  with  ventral, 
inner  bristle- bearing  protuberance   B.  DEC0L0RATU3 

Figures  1107  111,   and  116 

Hypostome  U/U*     Palpal  basal  segment 
ventrally  with  inner  margin  concave 
and  lacking  bristle-bearing  protu- 
berance   B.  MIGR0FLU3 

Figures  11^.,  115,   and  118 

Note 

The  nimber  of  longitudinal  files  of  denticles  on  each  side  of 
the  hypostome  is  expressed  by  a  formula  such  as  k/l\   or  3/3.  The 
number  of  these  files  is  constant  in  most  species  of  ticks,  but 
the  nvimber  of  denticles  in  each  file  may  be  more  variable.  The 
formiila  3.5/3.5  indicates  that  there  are  three  complete  and  one 
shorter  file  of  few  denticles  anteriorly  on  each  side  of  the 

hypostome . 

Following  Kdnning,  the  length/width  ratio  of  the  female  scutum 
has  usually  been  considered  to  be  an  important  diagnostic  character. 
Examination  of  large  numbers  of  field- collected  specimens  from  Afri- 

ca and  elsewhere  reveals  wide  variation  in  this  feature  within  each 

species  and  no  valid  data  for  diagnostic  purposes. 
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Figures  lOA  and  IO5,  c?,  dorsal  and  ventral  views 
Figijres  106  and  107,  §,  dorsal  and  ventral  views 

BOOPHILUS  ANNULATUS 
Sudan  specimens 

PLATE  XXKIV 
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BOOPHILUS  ANNULATUS  (Say,  I82l)  (=  B.  CONGOLENSIS  mnnlng,  193^). 

(Figures  104  to  107  and  117) 

THE  TEXAS  FEVHl  TICK 

N 9 cf EQUATQRIA 

3 2 Meridi 
1 Nagichot 
1 Katire 
1 Torit 

39 10 Tombe 

10 
2 Muni 

10 
Terakeka 

1 Yambio 
11 Meridi 

PROVINCE  RECORDS 

Taurotragus  derbianus  gigaa  Feb  (SVS) 
domestic  cattle  Dec 
domestic  cattle  Jan 
domestic  cattle  Nov 
domestic  cattle  Mar  (SVS) 
domestic  cattle  Mar  (SVS) 
domestic  cattle  Mar  (SVS) 
domestic  cattle  Jan 
domestic  cattle  Feb  (SVS) 

DISTRIBUTION  IN  THE  SUDAN 

In  addition  to  the  above  Equatoria  Province  specimens,  the 
following  others  have  been  seen,  all  from  cattle  except  those  which 
were  collected  at  Wau  from  donkeys: 

$   c?   Locality   Province 

11 
U 
1 
6 

11 
6 
2 
7 29 

18 
2 

1 
1 

2 
5 

1 
1 
1 
1 

3U    19 
19   3 
3 

Malakal 
Ler 
Bor 
Akobo 
Lau 
Wau 
Wau 
Wau 
Wau 

Fanjak 
Fanjak 
Yirol 
Talodi 
Wadi  Haifa 

Upper  Nile 
Upper  Nile 
Upper  Nile 
Upper  Nile Bahr  El  Ghazal 
Bahr  El  Ghazal 
Bahr  El  Ghazal 
Bahr  El  Ghazal 
Bahr  El  Ghazal 
Bahr  El  Ghazal 
Bahr  El  Ghazal 
Bahr  El  Ghazal 
Kordofan 

Date  Collector 

Jan  1952  A.  M.  Dahab  (SVS) 
Jan  1952  A.  W.  Polden  (S7S) 
Jan  1952  P.  Durran  (S7S) 
Mar  19U  C.  Webb  (SGC) 
Jan  19U  J.  J.  Soutar  (SGC) 
Sep  1950  E.  T.  M.  Reid  (SVS) 
Feb  1953  H.  Hoogstraal 
Feb  1953  Gordon  College  Collection 
Jul  1953  E.  T.  M.  Reid  (S7S) 
Jan  1953  H.  Hoogstraal 
Mar  1953  E.  T.  M.  Reid  (SIS) 
Apr  1954.  B.  T.  M.  Reid  (S7S) 
Dec  1926  J.  W.  Cowland  (SGC) 

Quarantine  Station  from  Kordofan  cattle  (SGC) 
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The  Sudan  distribution  pictvtre  is  a  ciirious  one.  Although 
we  have  a  fair  number  of  collections  from  cattle  in  that  half  of 

Equatoria  Province  that  is  east  of  the  Nile,  none  contain  spec- 
imens of  B .  anniilatus  except  two  from  high  altitudes  (lo  from 

Katire,  33 00  feet  elevation,  1$  from  Nagichot,  65OO  feet  elevsu 
tion)  and  one  from  Torit,  at  the  general  two  thousand  foot  level 
of  the  plains  in  this  area.  Yet  collections  from  the  southern 

part  of  Upper  Nile  Province,  which  is  just  north  of  the  east  bank 
of  Equatoria  Province,  include  a  good  number  of  specimens.  Cli- 

matic, faunal,  or  floral  differences  can  hardly  account  for  the 
rarity  of  B.  annul at us  in  Torit  and  Juba  districts.  The  most 

easterly  r'ecord,  Akobo,  Upper  Nile  Province,  is  on  the  Ethiopian 
frontier  (7°A7'N.,  33°01«E.).  On  the  west  bank  of  the  Nile,  this 
species  is  here  recorded  from  several  localities  to  as  far  north 

as  Talodi,  Kordof an  Province  (10°37«N.). 

Some  specimens  reach  the  Haifa  Quarantine  station  in  Northern 
Province  but  Boophilus  ticks  have  never  been  collected  from  indige- 

nous cattle  in  Northern  Province. 

DISTRIBUTION 

Thus  far  we  know  B.  annttlatus  only  from  West  Africa,  Central 

Africa,  and  certain  peEts  of  southern  Svidan  near  thg  periphery  of 
East  African  biotic  Provinces.  As  early  as  1905,  Donitz  recognized 

that  this  tick  inhabited  only  '"tropical  Africa*  and  was  absent  in 
eastern  and  southern  Africa.  He  tentatively  applied  the  name  B. 
aus trails  Fviller  to  it,  although  he  stated  clearly  that  he  could 
not  differentiate  African  material  from  descriptions  of  American 
B.  annulatus.  Unfortunately,  he  had  no  American  specimens  for 

"omDarison  for  it  appears  that  this  perspicacious  student  might otheivise  have  saved  future  generations  much  misunderstanding. 
Instead,  this  species  subsequently  has  been  either  completely 
overlooked  or  subjected  to  numerous  ambiguous  remarks  and  names. 

Many  African  specimens  undoubtedly  have  been  identified  as 
B.  decoloratus,  and  earlier  workers  who  have  recognized  specimens 
as  different  from  B.  decoloratus  have  referred  to  them  by  various 

names.  The  actual" species  with  which  various  investigators  were 
dealing  cannot  be  determined  without  seeing  their  specimens.  For 

instance,  Nuttall*s  lots  identified  as  B.  australis,  which  have 
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been  examined  in  British  Museiim  (Natural  History),  contain  both 
B.  decoloratus  and  B.  annulatus . 

B.  annulatus  is  a  North  American  cattle  tick  that  one  may 
assume  originally  parasitized  deer  and  buffalo.  It  also  has  been 
introduced  into  the  Mediterranean  basin.  In  North  Africa  and  the 

Near  East,  it  freqiiently  is  referred  to  as  B.  calcaratus  (Birula, 
1894),  to  which  Minning  appended  several  suBspecies.  THese  all 
appear  to  be  the  same  as  American  and  African  populations  of  B. 
ann\ilatu3 .  The  name  also  has  been  used  by  students  of  the  Oriental 
f avma  but  examination  of  pertinent  specimen  material  is  indicated 
to  establish  the  validity  of  these  identifications. 

Records  presented  below  are  the  only  ones  from  Africa  that 
are  known  to  pertain  to  B.  annulatus,  with  a  few  additional,  an- 

notated references  that  might  be  pertinent.  Quite  possibly  other 
isolated  populations  are  maintaining  themselves  outside  of  the 
presently  recognized  range  of  the  Texas  fever  tick  in  the  Ethiopian 
Faunal  Region,  having  been  introduced  on  cattle  from  West  or  North 
Africa,  the  Near  East,  or  North  America. 

WEST  AFRICA;  NIGERIA  (Hoogstraal  195AC).  LIBERIA  (Specimens 
from  cattle  at  Harbel,  Firestone  Rubber  Company  Plantation,  H.  A. 
Beat ty  legit;  MCZ  collections).  SIERRA  LEONE  (Hoogstraal  195^). 

/~PCRTUGESE  GUINEA:  B.  (=  Margaropus)  annulatus  listed  by  Monteiro 
da  Costa  (1926)  and  Sant'anna  Barreto  (1929 J;  quoted  by  Tendeiro 
(I95IA),  but  not  subsequently  repeated  in  faunal  lists  by  this 
author  although  it  would  not  be  surprising  to  find  this  tick  here_.7 

NOTE:  Records  below  are  for  "B.  congolensis". 

CENTRAL  AFRICA:  FRENCH  EQUATCRIAL  AFRICA  (Minning  193^. 
Rousselot  1953B.  Theiler  and  Robinson  195if^).  CAMEROONS  (Rageau 
1953A,B).  BELGIAN  CONGO  (Theiler  and  Robinson  195A.  Minning  1934- 
stated,  apparently  as  a  guess,  that  the  B.  annulatus  calcaratus 
specimens  of  Newstead,  Button,  and  Todd  1907,  from  Coquilhatville, 

are  '"B.  congolensis'"). 

EAST  AFRICA;  SUDAN  (Hoogstraal  195AB,C.  Balfour  1911F 

referred  to  ""B.  australis'"  in  the  Sudan,  but  since  he  also  stated 
that  B.  decoloratus  is  absent  there  his  remarks  are  difficult  to 
interpret J. 
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HOSTS 

Cattle  (All  references).  Rarely  giant  eland  and  domestic 
donkey  (Sudan  records  above).  In  America,  other  domestic  animals, 
deer,  and  buffalo  have  been  reported  as  infrequent  hosts  (Cooley 
1%6). 

BIOLOGY 

Life  Cycle 

Like  other  boophilids,  the  Texas  fever  tick  is  a  single  host 
parasite.  Its  life  cycle  has  not  been  studied  in  Africa,  where  it 
is  not  known  to  occur  under  cold  conditions. 

After  dropping  from  the  host,  the  female  commences  oviposition 
in  about  three  or  fovr   days  b\it  after  twenty  to  forty  days  in 
winter  (southern  United  States).  The  oviposition  period  ranges 
from  eight  or  nine  days  in  svmmer  to  42  days  in  winter.  The  number 

of  eggs  average  1911,  with  a  maximum  of  3806.  With  abundant  mois- 
ture, eggs  may  hatch  in  as  little  as  from  17  to  21  days,  but  up 

to  iU.  days  is  more  common.  Winter  incubation  may  require  between 
five  and  six  ncnths.  A  few  hours  after  hatching,  larvae  collect 
in  masses  at  the  tip  of  grass,  and  may  remain  alive  from  49  to 
159  days  awaiting  a  host.  Once  an  animal  is  found  larvae  prefer- 

entially attach  to  the  legs,  belly,  or  dewlap,  but  if  numerous 
they  are  found  everywhere  on  the  body.  The  larval-nyraphal  molt 
occurs  seven  to  twelve  days  later  and  nymphs  molt  to  adults  five 
to  ten  days  afterwards.  Females  feed  for  from  four  to  fourteen 
days,  during  which  tine  they  mate,  and  then  drop  to  the  ground, 
oviposit,  and  die.  These  data  are  extracted  from  the  very  com- 

plete work  of  Hunter  and  Hooker  (1907)  in  the  United  States. 
Ecology 

Most  African  specimens  are  from  collections  containing  more 
numerous  B.  de color atus,  with  the  exception  that  during  the  rainy 
season  the  numbers  of  B.  aiinulatus  have  in  some  instances  exceeded 

those  of  B.  decoloratus.  In  Cameroons  (Rageau  1953B),  this  tick 
is  less  common  than  B.  decoloratus  but  both  species  are  found  to- 

gether. Our  first  suspicion,  that  this  might  be  a  species  ac- 
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climated  to  humid  West  Africa,  is  negated  by  finding  it  in  Sudan 
localities  with  long,  severely  hot,  dry  seasons.  The  Texas  fever 
tick  occiirs  in  the  Sxadan  in  areas  with  from  800  mm.  to  1500  mm. 
annual  rainfall. 

The  ecology  of  B.  annulatus  is  unstudied  in  Africa  and  the 
results  of  research  on  this  subject  are  awaited  with  considerable 
interest.  In  North  and  Central  America,  B.  annulatus  is  entirely 

a  tropical  and  subtropical  tick  that  dies~out  when  introduced into  the  northern  states. 

DISEASE  RELATIONS 

Unstudied  in  Africa.  B.  annulatus  in  America  is  the  famed 

vector  of  Texas  fever  of  cattle  ^Babesia  bigemina) . 

REMARKS 

Minning  (1934-)  considered  West  African  populations  to  differ 
from  New  World  B.  annulatus  and  called  them  B.  congolensis.  N\i_ 
merous  B,  annulltus  specimens  from  the  Unitect  States  and  Central 

Araerica'have  been  examined  in  collections  of  British  Museum  (Natural 
History),  Rocky  Mountain  Laboratory,  Museum  of  Con^jarative  ZoBlogy, 
as  well  a^  Louisiana  material  kindly  presented  by  Dr.  F.  C.  Bishopp 
from  United  States  Department  of  Agricultvire  collections.  None  of 

these  can  be  distingviished  from  African  "B.  congolensis*. 

The  chief  characters  presented  for  differentiating  males  are 

the  pointed  outer  spur  of  coxa  I  of  "B.  congolensis*  and  the  blunt 

outer  spur  of  coxa  I  of  B.  annulatus ."  In  a  few  African  specimens this  spur  is  blimt,  in  many  American  specimens  pointed.  The 
American  specimens  in  the  Nuttall  collections  at  British  Museum 
(Natural  History)  are  mostly  blunt. spurred  with  few  pointed- spur 
specimens,  but  those  at  the  Rocky  Mountain  Laboratory  in  Montana 
are  almost  entirely  pointed- spurred.  Specimens  from  Louisiana 
in  the  present  collection  have  pointed  spurs.  It  is  evident, 
therefore,  that  this  character  is  a  variable  one  with  no  diagnostic 
significance  as  to  species.  The  shape  of  the  eyes  of  African  and 
American  specimens  is  similar.  Examination  of  other  so  called  dif- 

ferentiating characters  has  also  failed  to  reveal  differences. 
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Similarly,  no  points  of  differentiation  may  be  detected  be- 
tween female  specimens  from  Africa  and  America.  The  chief  diag- 
nostic characters  proposed  for  these,  arching  of  the  eyes  and 

shape  of  the  distal  margin  of  the  third  palpal  segment,  appear 
similar,  as  are  all  other  morphological  features  of  specimens 
from  both  continents.  Minning  stated  that  the  scutum  of  Amer- 

ican B.  annulatus  bears  hairs  and  the  scutum  of  *B.  congolensis* 

does  not .  Several  African  specimens  with  scutal  "Iiairs  and  some American  B.  annulatus  without  scutal  hairs  are  available,  though 

they  may  "Have  been  rubbed  off  the  latter. 

Theiler  (194.3B)  has  already  observed  that  the  relation  of 
the  position  of  the  eye  to  scutal  margin  in  Boophilus  ticks  is 
subject  to  variation  according  to  degree  of  engorgement.  As 
already  stated  (page  296)  no  differences  between  length/width 
ratio  of  the  female  scutum  can  be  determined  in  field- collected 
material  of  each  species. 

As  stated  above,  it  appears  that  there  are  no  constant 
differences  between  American  and  African  popvilations  of  B.  annu- 

latus .  Likewise,  it  is  impossible  to  differentiate  between  Amer- 
ican  and  African  populations  of  B.  annulatus,  and  specimens  col- 

lected in  North  Africa,  Southern~Burope ,  and  the  Near  East,  which 
Minning  (loc.  cit.)  referred  to  as  B.  schulzei  and  as  B.  calcara- 

tus  subspp.      ^  " 

In  their  classic  work  on  this  parasite  in  America,  Hunter 

and  Hooker  (1907)  open  by  observing  "It  is  safe  to  state  that 
no  nore  important  problem  than  the  eradication  of    (B. 
annulatus)    confronts  the  farmers  of  any  country.  Not 
only  the  cattle  raising  industry  but  the  whole  economic  condi- 

tion of  a  large  section  of  country  is  affected". 

The  Texas  fever  tick  is  now  completely  eradicated  from  the 
United  States  except  for  periodic  introductions  from  Mexico, 
where  it  still  exists.  At  the  turn  of  the  century  it  ranged 
throvigh  Mexico  and  the  sixteen  southern  states  of  the  United 
States  from  the  Atlantic  to  the  Pacific.  The  history-making 
discovery  by  Smith  and  Kilbourne  (1893)  that  Babesia  bigemina 
is  the  cause  of  Texas  fever  of  cattle  was  followed  by  their 
finding  that  this  tick  is  the  vector.  The  life  history  and 
morphology  of  the  tick  have  been  reported  handsomely  by  Curtice 
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(1892),  Saliaon  and  Stiles  (1902),  Hunter  and  Hooker  (1907),  and 
Hooker,  Bishopp,  and  Wood  (1912).  The  latter  report  contains  a 
useful  summary  of  the  antecedent  literature. 

IDENTIFICATION 

Males  are  easily  identified  in  the  African  fauna.  They  have 
no  caudal  appendage  on  the  posterior  body  margin  and  the  inner 
margin  of  the  adanal  shields  does  not  project  posteriorly  as  a 
spine.  Palpal  segment  I  is  withovrt  a  ventral  bristla- bearing 
protuberance.  The  hypostome  formula  is  Lr/ k   and  the  denticles 
are  noticeably  finer  than  those  of  B.  decoloratus.  In  size, 
males  are  about  the  same  as  those  oT  B.  decoloratus. 

Females  are  usually  readily  separated  from  B.  decoloratus  by 
absence  of  a  deep  gap  between  the  inner  and  outer  spurs  of  coxa  I. 
A  shallow  concave  eraargination  replaces  this  gap.  There  is  no 
bristle- bearing  protuberance  on  the  internal  ventral  margin  of 
palpal  segment  I;  this  margin  is  fairly  elongate  and  mildly  con- 

cave. The  scutal  margins  anterior  of  the  eyes  are  visually 
straight  and  parallel.  The  scutum  is  definitely  longer  than  wide. 
The  hypostome  formula  is  as  for  the  male.  The  color  of  this  spe- 

cies is  usually  paler  than  that  of  B.  decoloratus. 
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III 

Figtires  108  and  109,  <5',  dorsal  and  ventral  views 
Figvires  110  and  111,  5,  dorsal  and  ventral  views 

BOOPHILUS  DECOLCRATUS 
Sudan  specimens 

PLATE  XXXV 
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BOOPHILUS  DECOLQRATUS  (Koch,  18^) . 

(Figures  108  to  111,  and  116) 

THE  BLUE  TICK 

c? EQUATORIA  PROVINCE  RECORDS 
15 

1 Tereteina Alcelaphus  buselaphus roosevelti  Feb 
1 1 Torit Alcelaphus  buselaphus roosevelti  Dec 

(2) 10 
3 Meridi Tauro tragus  derbianus 

gigas     Feb (SVS) 7 2 Nagichot domestic cattle Jul 
9 1 Nagichot domestic cattle 

Dec (2) 1 lieu domestic cattle Oct 
1 9 Katire domestic cattle 

Jan 8 Katire domestic cattle 
Oct 

30 

Gilo domestic cattle Dec 
1 U Torit domestic cattle Jan 
2 7 Torit domestic cattle Feb 
U 10 Torit domestic cattle 

Nov U 9 1 Torit domestic cattle 
Dec 

(2) 6 Juba domestic cattle Dec 
1 Tombe domestic cattle Mar (SVS) 13 
1 Mxini domestic cattle 

Mar (SVS) 
11 Terakeka domestic cattle 

Mar 
(SVS) 

1 U Kajo  Kaji domestic cattle 
Dec 

10 
Yei domestic cattle 

Mar 
(SGC) 

2 8 1 Meridi domestic cattle 

May- 

(SVS) 
U Yambio domestic cattle Jan 

2 Li  Rangu domestic cattle Apr 
1 Kapoeta domestic 

sheep 
Dec 

3 2 Juba domestic horse 
Jan 3 2 More  (Yei 

River) domestic 

donkey- 

Jan 
(SGC) 1 Gilo domestic 

dog 

Dec 

DISTRIBUTION  IN  THE  SUDAN 

Equatoria,  Bahr  el  Ghazal,  Upper  Nile,  Kordofan  and  Blue  Nile 
Province;  specimens  also  taken  from  cattle  arriving  at  the  Haifa 
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Quarantine  in  Northern  Province,  but  it  is  by  no  means  certain  that 
the  species  is  established  there  (King  1926). 

Specimens  have  been  seen  from  the  following  localities,  except 
Blue  Nile  Province,  all  from  domestic  cattle  unless  otherwise  noted; 

Upper  Nile;  Fangak  and  Ler  (SVS) .  Maban  (domestic  pigs;  SVS). 
Bor,  Pariak,  Malakal  (SVS,  HH).  Akobo  and  Taufikia  (SGC).  Daga_ 
Kigille  Road  (Tora  hartebeest;  SGC). 

Blue  Nile;  Fung  District  (Singa  headquarters)  (=  Funo)  (King 

1926)": 

Bahr  El  Ghazal;  Wau  (domestic  donkeys,  horses  and  cattle; 

SVS,  HH;.  "Susseri  (domestic  horse;  SVS).  Fanjak  (domestic  dogs 
and  cattle;  SVS,  HH).  Galual— Nyang  Forest  (hartebeest  and  sick 
domestic  donkeys;  SVS;  tiang;  HH).  Sixty  miles  north  of  Aweil 
(domestic  goat;  SVS).  Khor  Shammam,  Boro,  near  Raga,  Lau,  Karu, 
Akot,  Yirol,  and  Peth  {SVS). 

Kordofan;  Talodi  (SVS).  EL  Obeid  (SVS  and  Gordon  College 
collectionj. 

Khartoum;  Khartoum  (horse;  Gordon  College  collection). 
Khartoum  Quarantine  Station  (on  Darfur  cattle;  HH). 

Darfur;  Radom,  Nyala,  Sibdo,  and  Zalingei  (domestic  horses 
and  cattle;  SVS).  Near  Safaha  (domestic  sheep;  SVS). 

Kassala;  Kassala  and  Port  Sudan  (SVS).  Only  four  female 
specimens  are  known  from  this  Province. 

/"Northern;  Quarantine  Station  specimens  from  southern 
cattle;  SGC_./ 

Since  it  appears  that  B.  decoloratus  is  not  established  in 
Northern  Province  and  is  very  rare  in  Kassala  Province,  Sudan 

evidence  corroborates  earlier  expressed  beliefs  that  15°N.  is 
about  the  northern  limit  of  this  species.  The  most  northern 
Sudan  locality  in  which  B.  decoloratus  commonly  occurs  is  EL 

Obeid,  at  13°11'N.  In  Kassala  Province,  the  blue  tick  is  rare 
and  is  found,  in  association  with  either  local  hiamid  coastal 
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situations  or  with  cattle  movements,  as  far  north  as  Port  Sudan, 

which  is  at  almost  20°N.  latitude.  Small  popvilations  also  exist 
in  more  humid  riverside  garden  areas  in  and  around  Khartoum. 

DISTRIBUTION 

The  blue  tick  is  distributed  throughout  most  of  the  Ethiopian 
Faunal  Region,  barring  the  northern  and  southern  periphery  of  this 
region  on  continental  Africa.  Within  its  range,  B.  de color atus 

occurs  widely  everywhere  except  in  more  open,  dry^areas,  and  in tropical  forests.  It  is  usually  common  where  a  fair  degree  of 
shade  and  humidity  is  present.  Outlying  specimens  have  been  re- 

ported from  other  continents  but  whether  these  are  from  imported 
hosts  or  from  established  populations  is  not  clear. 

NORTH  ATLANTIC  OCEAN;  CAPE  VERDE  ISLANDS  (Howard  1908.  Bacelar 
1950  j: 

WEST  AFRICA;      NIGERIA  (Sin?)son  1912B.     Unsworth  19^9,1952. 
Mettam  1951.     Gambles  1951).     GOLD  COAST   (Simpson  19U.     Beal  1920. 
Stewart  1933, 193A.     Minning  193/!^).     FRENCH  WEST  AFRICA  (Minning 
193-^.     Rousselot  1951,1953B.     Villiers  1955).     LIBERIA  (Minning 
1934) .     PORTUGESE  GUINEA   (Monteiro  da  Costa  1926.     Tendeiro  1946A, 
B,  19/^8, 1951C,1952A,C,D,E,  1953, 1954.     Bacelar  1950).     SIERRA  LEONE 
(Hoogstraal  195AC). 

CENTRAL  AFRICA;     CAMEROONS    (Ziemann  1912A.     Minning  1934. 
Rageau  1951,1953A,B.     Rousselot  1951,1953B.     Unsworth  1952.     Dezest 
1953).     FRENCH  EQUATORIAL  AFRICA  (Minning  1934.     Fiasson  1943B. 
Rousselot  1951,1953A,B). 

BELGIAN  CONGO  and  RUANDA-URUNDI    (Newstead,  Dutton  and  Todd 
1907.     As  3.   capensis;     Massey  1908.     Roubaud  and  Van  Saceghem  1916. 
Nuttall  and  Warburton  1916.     Seydel  1925.     Schwetz  1927A,B,C,1932, 
19338,1934.     Schouteden  1929.     Bequaert  1930A,B,1931.     Minning  1934. 
Van  Slype  and  Bouvier  1936.     Bouvier  1945.     Fain  1949.     Schoenaers 
1951A,B.     Rousselot  1951,1953B.     Theiler  and  Robinson  1954.     Santos 
Dias  1954D.     Van  Vaerenbergh  1954). 

EAST  AFRICA;     SUDAN   (Balfour  1911F  incorrectly  stated  that  B. 

decolor  atus  does'  not  occur  in  the  Sudan.     King  1908,1911,1926. 
Hoogstraal  1954B,C  ) . 
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ETHIOPIA  (Minnlng  1934-.     Stella  1938A,1939A,B,19'iO.     Roetti 
1939).     ERITREA   (Franchini  1929D.     Niro  1935.      Stella  1938A,1939A, 
B,19A0.     Ferro-Luzzi  1948).     FRENCH  SOMALILAND    (Hoogstraal  1953D). 
BRITISH  SOMALILAND    (Stella  19/^0).     ITALIAN  SOMALILAND    (Niro  1935. 
Stella  1938A,1939A,B,1940). 

KENYA   (Neave  1912.     Montgomery  1919.     Anderson  192/iA,B. 
Lewis  1931A,B,C,1932B, 1934, 1939A,B, 19/^3.     Fotheringham  and  Lewis 

1937.     Mulligan  1938.     '"Kenya  Vet.  Serv.'"  193 9A,  1949, 1952.     Piercy 
1948.     Weber  1948.     Binns  1951,1952.     van  Someren  1951.     Wiley 
1953.     Hammond  1955).     UGANDA  (A-  Theiler  1910A.     Bruce  et  al 
1911.     Neave  1912.     Richardson  1930.     Mettam  1932,1933.     Minning 
1934.     Mettam  and  Carmichael  1936.     Wilson  1948B,G,1950O). 
TANGANYIKA  (Donitz  1905.     Neave  1912.     Morstatt  1913.     Khuth 
and  du  Toit  1921.     Moreau  1933.     Minning  1934.     Cornell  1936. 
Lewis  1939A.     Reichenow  1941B.     J.   B.  Walker,  unpublished;   see 
HOSTS  below). 

SOUTHERN  AFRICA;  ANGOLA  (Howard  1908.  Manetti  1920.  Santos 
Dias  1950C.  Sousa  Dias  1950.  Bacelar  1950.  Theiler  and  Robinson 
1954).  MOZAMBIQUE  (Howard  1908,1911.  Nuttall  1911B.  De  Oliveira 
1915.  Present  in  Tete  District  only:  Theiler  1943B,1949A.  Santos 
Dias  1947B,1950B,1952D,1953A,B,1954H.     Bacelar  1950). 

NORTHERN  RHODESU  (Neave  1912.     Chambers  and  Smith  1914.     Le 
Rovix  1937.     Matthysse  1954.     Theiler  and  Robinson  1954).     SOUTHERN 
RHODESIA  (Robertson  1902,1904A,B.     Koch  1903.     Donitz  1905.     Bevan 
1912,1915,1919.     Edmonds  and  Bevan  1914.     Jack  1921,1928,1937,1938, 
1942.     Lawrence  1935,1942).     NYASALAND    (Old  1909.     Neave  1912. 
De  Meza  19iaA,B.     Wilson  1943,1946,1950B). 

SOUTHWEST  AFRICA  (Howard  1909.     Tromsdorff  1913,1914.     Minning 

1934.     Schulz  1939.     Theiler  1949A).     SWAZILAND   ('"Agricola*  1946. 
Barnard  1949). 

UNION  OF  SOUTH  AFRICA  (Koch  l84i^.     Dixon  and  Spruell  1898. 
Lounsbury  1899C,1900A,C,1904A,1905B.     Neumann  1901,1911.     A.  Theiler 
and  Stockman  I9O4.     A.  Theiler  1905A,C,1906,1909B,C,1910B,C,D,E, 

1911B,1912A,1921.     Laveran  and  Vallee  ̂ 905.     Warburton  and  Nuttall 
1909.     A.  Theiler  and  Christy  1910.     Donitz  1910B.     Moore  1912. 
Van  Saceghem  1914.     Bedford  1920,1924A,1926,1927,1929B,1931B, 
1932B,1934.     Cowdry  1925C,1926A,1927.     Curson  1928,     P.  J.  du  Toit 
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and  Viljoen  1929.  P.  J.  du  Toit  1931.  Alexander  1931.  Bedford 
and  Graf  1934,1935,1939.  Pijper  and  Dau  1934.  Cooley  1934. 
Minning  1934.  M.D.  1936.  Pijper  and  Crocker  1938.  Neitz  and 
du  Toit  1938.  J.  H.  S.  Gear  1938.  Mclntyre  1939.  R.  du  Toit 
1942B,C,1947A,B,1948.  Cluver  1944.  Theiler  1949A:  important 
biological  survey.  Meeser  1952.  J.  Gear  1954). 

On  arsenic  resistance  and  BHD  control  and  resistance  in 

South~5frica;  du  Toit,  GraF7~anJ'Bekker  19717  Bekker  192^1944, 
1945,1947,1953.  '"Anxious*  1943.  Bekker  and  Koch  1943.  Dell 
1943.  Mullins  1944.  Bagshawe-Smith  1944.  Omer-Cooper  and 
Whitnall  1945.  Whitnall  and  Fenwick  1945A,B.  Whitnall  and  Brad- 

ford 1945, 1947A,B, 1949.  Bekker  and  Graf  1946.  '"Agricola'*  1946. 
Thorburn  1947,1952.  Whitnall  1947.  Cooper  1947,1953.  Thorburn 
1947.  Whitnall,  Bradford,  McHardy,  Whitehead,  and  Meerholz  1948, 
1949A,B.  Whitnall,  Thorburn,  Whitehead,  McHardy,  and  Meerholz 
1949.  Bekker,  Graf,  Malan  and  Van  der  Merwe  1949.  Daly  1950. 
Whitnall,  McHardy,  Whitehead,  and  Meerholz  1951.  Kruger  1951. 
Fiedler  1952.  Whitnall,  Thorburn,  McHardy,  Whitehead,  and 
Meerholz  1952.  Hitchcock  1953.  Blomefield  1954.  Busvine  1955. 
Metcalf  1955. 

OUTLYING  ISLANDS;  ZANZIBAR  (Neave  1912.  Aders  1917). 

MALAGASY  GROUP:  From  present  evidence,  B.  decolor at us  is  not 
established  in  the  Mada^ascan  archipelago  (Hoogstraal  1953E). 
Neumann  (1901)  listed  Madagascar  and  Mauritius.  Buck  (1935)  listed 
the  former  island,  De  Charraoy  (1914,1915)  and  Moutia  and  Mamet 
(1947)  the  latter,  and  Gillard  (1949)  mentioned  Reunion.  Minning 

(1934)  referred  Nevimann^s  material  to  B.  micro  plus  (s  B.  fallax). 
Buck  (1948A,C)  reports  that  P.  decoloratus  has  never  been  foiind 
on  Madagascar  or  on  other  islands  in  this  group. 

NOTE:  Specimens  of  B.  decoloratus  from  North  Syria,  West 

Kurdestan,  and  Buenos  Air'es  (South  America)  have  been  noted  (Minning 1934),  but  without  mention  of  whether  populations  are  maintaining 
themselves  in  any  of  these  localities.  The  blue  tick  is  sometimes 
found  on  cattle  from  the  Sudan  and  East  Africa  at  the  Cairo  abattoir. 

This  species  has  never  been  found  on  native  cattle  in  Egypt. 
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HOSTS 

Cattle  are  the  chief  host  of  the  blue  tick  and  most  papers 
listed  in  DISTRIBUTION  above  refer  mainly  to  this  animal  and  ef- 

fects of  this  tick*s  feeding  upon  it.  Domestic  horses  and,  less 
frequently,  sheep  and  goats  are  attacked.  Among  wild  animals, 
antelopes  are  in5)ortant  hosts  but  few  others  are  infested.  Wild 
carnivores  are  almost  never  parasitized  by  this  tick.  This  is  a 
single  host  tick,  therefore  hosts  of  the  immature  stages  are  the 
same  as  those  of  adults. 

Domestic  animals;  Cattle  (Most  papers  listed  in  DISTRIBUTION 
above;.  Horses  ^Howard  1908,  A.  Theiler  1911,  Lewis  19311!,  Mettam 
1932,  Winning  1934).  Mules  (Howard  1908).  Donkeys  (Howard  1908, 
Minning  1934,  Sousa  Dias  1950,  Sxidan  records  above).  Sheep  (Howard 
1908,  Schwetz  192X,  Mettam  1932,  Lewis  1934,  Minning  1934,  Wilson 
1950B,  Sousa  Dias  1950,  Sudan  records  above).  Goats  (Howard  1908, 
Lewis  19310,  Bedford  1932B,  Mettam  1932,  Cooley  1934,  Tendeiro 
1948,  Wilson  1950B,  Sousa  Dias  1950,  Sudan  records  above).  Pigs 
(Knuth  and  du  Toit  1921.  Sudan  records  above).  Dogs  (Lounsbury 
I904A  reared  the  blue  tick  on  dogs,  but  only  a  few  specimens  com- 

pleted their  life  cycle  on  these  animals.  Howard  1908,  Bedford 
1932B,  Mettam  1932,  Sousa  Dias  1950.  Bahr  el  Ghazal  specimens  in 
Sudan  records  above  were  collected  from  dogs  belonging  to  Dinka 
herdsmen;  these  animals  sleep  in  cattle  huts).  Camels  (King  1926). 
Water  buffalo  (Theiler,  unpublished). 

Man;   (Nuttall  1911B,  Bedford  1920). 

Antelopes;  Grant's  gazelle  (Weber  1948).  Sable  antelope 
(Bedford  1932B,  Cooley  1934,  Jack  1942.  Roan  antelope  (Sin^json 
1914,  Jack  1942).  Blue  wildebeest  (Bedford  1932B).  Gnu  (Santos 
Dias  I95OB).  Hartebeest  (Lewis  1934,  Santos  Dias  1950B,  Sudan  rec- 

ords above).  Nyala  (Santos  Dias  1950B,1952D).  Tiang  (Sudan  records 
above).  Impala  (Bedford  1932B,  Cooley  1934,  Jack  1942,  Meeser 
1952,  Santos  Dias  1952).  Reedbuck  (Santos  Dias  1950B).  Bushbuck 
(Mettam  1932,  Lewis  1943,  Santos  Dias  1950B).  Waterbuck  (Bedford 
1932B).  Eland  (Lewis  1943.  Sudan  records  above).  Sitatunga 
(Bequaert  1931).  Oryx  (Minning  1934).  IKiikers  (Mettam  1932, 
Cooley  1934).  Topi  (in  Miss  J.  B.  Walker's  collections  from  nn. 
merous  game  animals  in  Tanganyika,  the  blioe  tick  is  represented 
only  by  several  females  and  a  male  from  two  of  these  hosts). 
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other  wild  animals:  Hares  (Tromsdorff  191A,  Bedford  1932B, 
Cooley  193/h).  Zebra  (Bedford  1932B).  Bushpig  (Santos  Dias  1950B). 
Buffalo  (Old  1909,  Schwetz  1927B,C,  Mettajn  1932,  Jack  19A2). 

BIOLOGY 

Life  Cycle 

B.  de color atus  is  a  one-host  tick.  Females  lay  their  eggs 
on  the  ground.  When  larvae  find  a  siiitable  host  they  remain  on 
it,  either  on  the  dewlap  ajid  neck  or  on  the  ears,  at  the  tip  or 
along  the  upper  edge  of  the  pinna.  On  the  ears,  larvae  are  often 
associated  with  immature  stages  of  R.  appe nd i c\ilat us .  At  this 
locus  larvae  molt  to  nymphs  and  nyn^hs  molt  to  adults.  Adults 
usually  move  to  the  belly  and  flanks  of  the  host,  and  mate  on 
the  animal.  The  life  cycle  is  completed  entirely  on  the  host 
except  for  oviposition,  in  from  three  weeks  (A.  Theiler  1911B) 
to  a  month  (Lewis  1939B).  Lovmsbury  (1905B)  stated  that  females 
leave  the  host  23  days  after  having  attached  as  larvae,  but  males 
may  remain  on  the  host  for  another  month.  He  listed  the  pre- 
oviposition  period  as  six  to  nine  days.  Eggs  hatch  after  five 
weeks  and  larvae  molt  one  week  after  having  completed  feeding. 
Wintertime  egglaying  and  hatching  is  much  slower.  Unfed  larvae 
may  survive  for  over  eight  months  (Theiler  1949A). 

Ecology 

A.  Theiler  (l91l)  reported  such  a  heavy  infestation  of  B. 
decoloratus  on  a  horse  that  it  died  of  acute  anaemia.  Half  of 

the  ticks  were  collected;  they  weighed  fourteen  pounds.  >tore 
recent  literatiire  on  arsenic-resistance  in  South  African  blue 

ticks  also  frequently  refers  to  and  illustrates  markedly  heavy 

infestations  of  host  animsLls'. 

Because  of  their  unique  life  cycle,  boophilids  are  readily 
controlled  by  dipping  cattle,  and  there  are  numerous  reports  of 
the  eradication  of  B.  decoloratus  from  large  area^.  New  control 

problems  are  posed, "however,  by  the  development  of  resistant strains. 
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From  Theiler's  (1949A)  survey  of  conditions  under  which  the 
blue  tick  exists  in  South  Africa  she  concludes  that  the  most  im- 

portant factor  in  limiting  its  spread  is  increeising  aridity.  In 
most  parts  of  South  Africa,  the  critical  level  is  represented  by 
an  annual  rainfall  below  fifteen  inches.  B.  de color atus  is  absent 

in  deserts  except  for  introductions  that  do  not  become  established. 
It  is  present  at  all  altitudes  from  sea  level  to  high  mountains, 
and  can  withstand  both  frost  and  high  terperature.  Similar  though 
less  detailed  observations  were  reported  by  A.  Theiler  (1921). 
In  tropical  African  forest,  the  blue  tick  occurs  probably  only  in 
open,  cleared  areas  (Theiler  and  Robinson  195'^). 

The  data  confirm  Lewis'  (1939)  findings  for  Kenya,  where  B. 
decoloratus  inhabits  moist  regions,  highlands  up  to  over  8000  Teet 
altitude,  and  forests  and  glades  but  seldom  open,  dry,  scrub  areas. 
In  Kenya,  it  is  also  resistant  to  heat  and  cold  provided  moisture 
is  available.  In  Ruanda-Urundi  the  altitudinal  range  does  not 
exceed  65OO  feet  (Schoenaers  1951B). 

In  the  Belgian  Congo,  Bequaert  (1931)  fovrnd  the  blue  tick  to 
be  so  common  that  it  was  unnecessary  to  list  all  the  localities 
from  which  specimens  were  secured.  Yet  Van  Veierenbergh  (1954) 
reports  this  species  as  generally  distributed  in  the  Congo  and 
Ruanda-Urundi  but  represented  by  a  small  number  of  specimens  or 
absent  from  many  lots  in  his  collections.  The  discrepancies  in 
the  inferences  of  these  two  authors  undoubtedly  result  from  dif- 

ferences in  collection  areas  and  methods,  interests  of  collectors, 
number  of  ticks  taken  and  hosts  examined,  and  other  factors.  Sim- 

ilar situations  have  provided  widely  differing  reports  for  the  in- 
cidence of  other  species  of  ticks  elsewhere,  as  for  instance  R. 

s^.   simus  on  cattle  in  Nyasaland  and  in  South  Africa  and  R.  s."~ 
"sanguineus  on  dogs  in  eastern  and  southern  Africa.  It  i's  o"Bvious- ly  in^xjssible  to  generalize  on  population  abundance  in  large  areas 
and  difficult  to  evaluate  generalizations  not  supported  by  data. 

After  having  seen  Dr.  Bequaert *s  extensive  collections,  it  should 
be  confirmed  that  the  blue  tick  is  certainly  numerous  in  many 
Congo  areas  and  that  it  is  uncommon  or  absent  at  high  elevations 
and  in  dense  forest  areas. 

In  Nigeria  this  is  said  to  be  the  second  most  common  tick  from 
domestic  animals  and  represented  2Sfo   of  the  specimens  collected 
from  domestic  animals  in  all  Provinces  (Mettam  1951).  Only  A. 

variegatum  at  45^,  is  more  common  in  these  collections.    ~ 
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Wilson  (1953)  has  stressed  that  the  factors  governing  the  dis- 
tribution of  this  tick  in  East  and  Central  Africa  require  further 

study. 

In  untreated  Northern  Rhodesian  cattle,  *hlue  ticks  in  all 
stages  were  present   throvighout  the  full  year's  observation. 
These  ticks  quickly  became  very  abundant,  the  cattle  being  gross- 

ly infested  through  May,  June  and  July.  There  was  no  evidence  of 
decrease  in  infestation  throughout  the  dry  season  apart  from  a 
slight  decrease  in  late  July  and  August.  The  blue  tick  infesta- 

tion did  not  build  up  during  the  wet  season*.  ^Matthysse  (1954^ 

The  red-billed  oxpecker  or  tickbird,  Buphagus  e.  erythrorhyn- 
chus  (Stanley) ,  which  attends  all  of  the  larger  herXivores  except 
the  elephant  and  hippopotamus,  is  a  predator  of  some  in^xDrtance  on 
B.  decoloratus  and  on  other  economically  in^xartant  ticks.  Of  58 
Tick-birds  examined  in  Tanganyika,  51  blue  ticks  were  found  in  the 
stomach  contents  of  thirteen:  the  number  of  ticks  per  stomach  ranged 
from  one  to  ten  (Moreau  1933).  In  Kenya,  van  Someren  (l95l)  found 
38  blue  ticks  in  stomach  contents  of  four  out  of  twelve  of  these 
birds  that  he  examined.  See  p.  275  for  a  discussion  of  this  svh- 

ject. 

REMARKS 

Schulze  (193^)  remarked  that  the  spurlike  prolongation  of  the 
male  adanal  shield  is  sometimes  separated  from  the  base  in  a  posi- 

tion similar  to  that  of  the  subanal  shields  of  Hyalomma  species. 
Two  hundred  and  fifty  males  have  been  examined  from  various  parts 
of  Africa  without  seeing  a  similar  condition.  Schulze  also  (1932C) 
compared  the  adanal  shields  of  B.  decoloratus  with  morphological 
peculiarities  of  fossil  Eophrynus .  The  triple  capsule  of  the 
haller's  organ  in  B.  decoloratus  has  been  described  and  illustrated 

by  Schulze  (l9Al).~  Double  diagonal  striations  of  the  nerve  fibers have  been  noted  and  illxistrated  by  Kruger  (1935).  The  blue  tick 
has  been  employed  by  Gossel  (1935)  to  delineate  features  of  the 
eyes  sind  their  related  cells  in  ticks.  Abnormal  specimens  have 
been  noted  (Warburton  and  Nuttall  1909,  and  Bedford  192^A). 
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DISEASE  RELATIONS 

MAN;  Evidence  that  this  tick  transmits  boutonneuse  fever 

(Rickettsia  conorii)  appears  to  be  entirely  presumptive.  The 
bite  may  in  itself  re  stilt  in  severe  inflammation,  but  man  is 
probably  seldom  attacked  by  this  tick.  Q  fever  (Coxiella  biirnetii) 
is  claimed  to  have  been  fovmd  in  specimens  from  Portugese  Gviinea. 

CATTLE;  Redwater  or  Texas  fever  (Babesia  bigimina).  Spiro- 
chetosis  (Borrelia  theileri ) .  G allsickness  (Anaplasma  marginale ) . 
Not  a  vector  or  heartvater  (Rickettsia  nnninantium j .  The  virus 

of  "a  specific  transmissable  petechial  fever  of  cattle"  starvives 
in  this  tick. 

HORSES,  SHETT,  and  GOATS;  Spirochetosis  (B.  theileri).  Not 
a  vector  of  equine  piroplasraosis  (Babesia  equiH 

PIGS;  Possibly  a  vector  of  porcine  babesiosis  (Babesia  traut- 
manniX 

Domestic  animals  may  be  so  severely  irritated  that  their  health 
is  impaired  and  deaths  from  the  bloodsucking  of  huge  numbers  of 
B.  decolor at  us  have  been  recorded. 

A  toxin  from  the  egg  of  B.  decolor at us  has  been  described. 

IDENTIFICATION 

Males  are  easily  determined  by  the  presence  of  a  small  tail- 
like caudal  appendage,  which  varies  considerably  in  size,  on  the 

posterior  body  margin  and  by  a  narrow  spurlike  elongation  of  the 
internal  margin  of  the  adanal  shield,  which  reaches  to  or  more 
commonly  extends  beyond  the  posterior  body  margin.  The  unique, 
small  bristle-bearing  protuberance  on  the  internal  ventral  s;ir- 
face  of  the  basal  palpal  segment  is  most  importemt;  this  feature 
may  be  difficult  to  discern  in  small  specimens  and  the  bristles 
are  often  broken,  though  the  knobs  may  usually  be  seen.  Hypo- 
stome  dentition  is  3/3 »  rarely  3.5/3*5.  Size  is  very  small, 
about  2.7  mm.  long  aiid  1.5  mm.  wide. 
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Female  characters  may  be  difficult  to  determine  satisfactorily 
in  greatly  engorged,  preserved  specimens.  Coxa  I  has  two  well- 
defined  sptirs  discernably  separated  by  a  narrow  but  deep,  inverted 
V-shaped  cleft.  Palpal  segment  one  ventrally  has  an  internal  knob 
bearing  one  or  two  bristles;  these  bristles  may  be  broken  or  obs- 

cured by  crowding  in  preserved,  engorged  material.  The  scutinn 
rarely  may  be  approximately  as  broad  as  long,  but  more  commonly 
is  slightly  longer  than  broad;  the  scutal  margin,  anterior  of  the 
eye,  curves  very  slightly  outwards.  The  hypostome  formula  is  as 
in  the  male.  &igorged  individuals  may  reach  12.0  ram.  or  more  in 
length  and  about  8.0  mm.  in  width.  The  normal  slatish  color  of 
the  engorged  female  and   the  blioe  of  the  nymph  gives  this  tick  its 
common  name.  Most  specimens  in  my  collection  contrast  with  the 
usually  paler  females  of  the  other  two  boophilids. 
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Figures  112  and  113,  d",  dorsal  and  ventral  views 
Figures  llA  and  115,  $,  dorsal  and  ventral  views 

BOOPHILUS  MICROFLUS 
Northern  Rhodesia  Specimens 
Presented  by  Dr.  G.  Theiler 

PIATE  XXXVI 
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Figure  116,  B.  decolor at us,  ventral  view  (Sudan). 
Figure  117,  B.  annulatus,  ventral  view  (Sudan). 
Figure  118,  S.  microplus ,  ventral  view  (N.  Rhodesia), 

Figure  119,  "Sorsal  view  of  same  species. 

DIFFEEIENTIATION  OF  BOOPHHUS  FEMALES 

PLATE  XXXVII 
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NOTES  ON 

BOOPHILUS  MICROPLUS  (Canestrini,  1888) 

(=  B.  FALLAX  Minning,  1934). 

(Figiores  112  to  115  and  118) 

THE  PANTROPICAL  CATTLE  TICK 

According  to  current  concepts,  the  three  Boophilus  species  of 
the  Ethiopian  and  Malagasy  Faunal  Regions  are  the  only  ones  known 
to  comprise  this  genus  throughout  the  world  and  subspecific  desig- 

nations are  of  questionable  accuracy.  The  identification  of  these 
species  has  been  much  confused  in  literature.  The  single  species 
not  yet  known  from  the  Sudan,  B.  micro plus  (=  B.  fallax),  threatens 
to  encroach  upon  these  borders^  therefore  succTnct  notes  on  this 
latter  tick  are  interpolated  in  spite  of  the  general  practice  of 
exclviding  non-Sudanese  species  from  this  report. 

As  elucidated  below,  it  is  impossible  to  differentiate  so- 
called  diagnostic  differences  between  specimens  from  African  popu- 

lations of  B. "Tall  ax*  and  specimens  of  B.  micro  plus  from  popvila- 
tions  in  the  Near  and  Middle  East,  various  parts  of  Asia,  and  South 
America.  Lengthy  study  of  long  series  of  material  from  these  area^ 
causes  me  to  agree  with  Anastos  (1950)  that  all  these  populations 
appear  to  represent  a  single  species. 

On  the  other  hand,  Theiler  reports  (correspondence)  that  not 
only  can  she  distinguish  between  B.  fflll av  and  B.  microplus,  but 
students  with  only  basic  knowledge  of  tick  identification  easily 
separate  both  species  when  presented  as  unknowns  to  be  keyed! 
This  matter  is  one  of  the  very  few  items  concerning  which  agree- 

ment has  not  been  reached  with  Theiler,  after  an  extended  exchange 
of  notes  and  ideas. 

Theiler  states  (correspondence)  that  in  her  experience  in 

the  more  southerly  parts  of  Africa,  B.  "fall ax"*  is  usually  local- 
ly restricted,  but  where  it  does  occur  it  is  frequently  numerous. 
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There  is  a  generalized,  vague  inpression  among  students  of  the 
African  fauna  that  B.  f a,1 1  ax  is  an  endemic  Madagascan  tick  that 
has  been  introduced  into  Africa.  However,  the  predilection  of  the 
Boophilus  ticks  for  ruminants,  absent  in  the  endemic  Madagascan 
fauna,  as  well  as  the  apparently  slow  evolution  of  boophilids  would 
appear  to  negate  any  possibility  that  the  species  may  have  evolved 
there  within  the  few  centiuries  that  cattle  have  been  introduced  to 

these  islands.  It  seems  more  likely  that  cattle  from  southern  Asia 

brought  their  characteristic  ticks  with  them  to  i-ladagascar.  For 
over  half  a  century  there  have  been  periods  of  heavy  importation 
of  Madagascan  cattle  into  South  and  East  Africa,  and  these  probably 
introduced  this  tick  into  Africa.  Export  of  cattle  from  infested 
African  areas  to  Madagascar  may  have  returned  some  ticks  to  the 
areas  of  their  immigrant  ancestors. 

DISTRIBUTION 

"■B.  micro  plus  is  foiind  in  Central  America,  South  America, 
Australia,  the  Oriental  Region,  in  the  southern  part  of  Florida, 
and  in  parts  of  Africa     After  examining  specimens  of  B. 

f allax  ffinning  from  South  Africa    I  am  convinced  that"" 
this  species  is  a  synonym  of  microplus"  (Anastos  1950). 

The  following  are  selected  records  from  the  Ethiopian  and 

Malagasy  Faunal  Regions  for  *B.  f allax". 

EAST  AFRICA;  UQANDA  (Wilson  19A3A,1950c).  TANGANYIKA  (Minning 
193^.  Theiler  and  Robinson  1954). 

SOUTHERN  AFRICA;  MOZAMBIiUB  (Theiler  19A3B.  Santos  Dias  1953B, 
1954H,1955A;.  NORTHERN  RHODESIA  (Matthysse  1954.  Theiler  and 
Robinson  1954) .  SOUTHERN  RHODESIA  (Theiler  and  Robinson  1954) . 
NYASALAND  (Wilson  1946,1950B.  Theiler  and  Robinson  1954).  UlTION 
OF  SOUTH  AFRICA  (As  B.  australis;  Fuller  1899  and  Lounsbury  1905. 
As  B.  annulatus;  D(5nitz  1910B.  As  I'largaropus  annulatus  australis 

and'as  B.  micro plus;  Howard  1908.  Manning  1934^  Theiler  1943B. Theiler  and  Robinson  1954) . 

MALAGASY  REGION:  l^IADAGASCAR  (iGnning  1934.  Buck  1935,1948A,C. 
Buck  and  Metzger  1940.  Buck  and  Ramarabazafy  1950.  Zumpt  1950B. 
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Cordurier,   Buck,   and  Quesnel  1952.     Hoocstraal  19535!.     The  3. 

"caudatus"'  of  Colas-Belcoior  and  Millot  19A.O  may  refer  to  this  spe- 
cies.     iUnninj;  193^  refers  all  reports  of  B.   decoloratus  fro-i 
1-Iadafjascar   and  other  islands  in  this  ,n,Toiip  to  B.   riicroplus   (=  B. 
f allax).      It  appears  that  B.   decoloratus  has  not  established  it_ 

self  in  this  archipelaco).     MAUP.ITIU3    (De  Charmoy  1915.     .-foutia 
and  yiamet  1947.     Fallot  194-3.     Hoo^straal  1953E).     REUNION 

(Gillard  1949.     Ploogstraal  1953E.     The  "'B.    caudatus"-  reported 
by  Neumann  1397  may  refer  to  this  species).     COIIORES  GROUP    (llinninp 
1934.     Ilillot  1948.     Hoogstraal  1953S).     SEYCHELLES   (Desai  195^). 

HOSTS 

All  authors  report  domestic  cattle  as  the  chief  host,     '.'dnnintf 
(1934)   also  noted  specimens  from  a  domest^ic  horse  and  Theiler 
(1943B)  from  domestic  sheep  and  roats.     Buck   {l935,194oA,C )  found 

'material  on  domestic   sheep  and  Buck  ajid  Rajna.mbaj^afy   (1950 )  on 
domestic  horses.     The  only  vild   animal  known  to  have   served  as 
a  host  in  Africa  is  a  lion   (Theiler  1943B). 

Anastos    (1950)  reports  chiefly  domestic   cattle  but  also  a 
variety  of  other  domestic  animals  as  hosts  of  B.   microplus  in 
Indonesia.     He  noted  that  records  from  wild  mammals  and  birds 
and  from  domestic   chickens  are  extant. 

BIOLOGY  IN  ETHIOPIAN  AITO  MALAGASY  FAUNAL  REGIONS 

Life  Cycle 

This  is  a  sin^jle  host  tick.  Enr:orged  females  leave  the  host 
from  35  to  149  days  after  having  attached  as  larvae,  and  there 
may  be  from  two  to  three  generations  a  year  in  South  Africa 
(Lounsbury  1905). 

Wilson  (1946)  observed  no  seasonal  periodicity  of  adults  in 
Nyasadand.  He  found  larvae  with  nymphs  and  adults  on  cattle  only 
once.  Nymphs  and  adults  were  usually  found  together.  Nymphs  and 
adults  are  almost  constantly  restricted  to  the  udders,  flanks,  and 
belly;  larvae  to  the  inner  side  of  the  ears  of  the  host. 
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Elsewhere,  a  nimber  of  biological  studies  on  this  species 
have  been  reported.  Among  these  are  Sapre  (1940)  for  high  alti- 
tvides  in  India,  Tate  (19^1)  for  Puerto  Rico,  Legg  (1930)  for 
Australia. 

Ecology 

As  already  stated,  B.  nicroplus  occurs  only  locally  in  Africa 

but  where  present  it  may"~be  very  conmon.  In  Northern  Province  of Nyasaland  it  is  more  numerous  on  cattle  than  B.  de color atus  (WL!L. 
son  19^6).  In  the  Malagasy  Region,  B.  raicroplus  is  largely  a  low- 

land species  with  scattered  foci  around  urban  highland  localities 
(Buck  19/+oA,C).  In  Africa  it  survives  best  in  natural  forest 
conditions  (Theiler  19A3B). 

Early  in  the  centviry,  the  range  of  B.  microplus  in  eastern 
and  southern  Africa  was  wider  than  it  now  is,  probably  because  of 
more  frequent  importation  of  infested  cattle  from  Madagascar  at 
that  time.  Climatic  conditions  have  reduced  these  Dopulations 
to  their  present  more  localired  foci  (Theiler  19436)  but  exten- 

sions of  these  infestations  shoiild  be  anticipated.  This  tick  was 
introduced  into  southern  Africa  after  the  1896  rinderpest  out- 

break (Theiler  and  Robinson  1954). 

REMARKS 

A  misshapen  specimen  has  been  described  and  illustrated  by 
Santos  Dias  (1955A).  My  collection  contains  two  gynandromorphs . 

The  synonymous  B.  aus trails  Fuller,  1899,  was  described  in 

South  African  literaTvir'eT  Fuller  also  gave  a  differential  diag- nosis for  the  three  forms  presently  recognized  as  comprising 
this  genus. 

DISEASE  RELATIONS 

Unstudied  in  Africa.  The  following  references  are  for  the 
Americas,  Asia,  and  Australia. 
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Cattle;     Redwater  or  Texas  fever  (Babesia  bi^emina) .     Babesiosis 
(Babesia  berbera) .     Anaplasmosis  or  ̂ allsickness   (Anaplasma  laarginale) 

Sheep;     Babesiosis   (Babesia  ovis) . 

Horses;     Biliary  fever  (Nuttalia  equi). 

Wherever  and  \inder  whichever  name  it  occiirs,  this  tick  appears 
to  be  of  considerable  veterinary  importance. 

IDENTIFICATION 

Male;     This  small,  yellowish  to  reddish  brown  tick  varies  from 
about  1.5  mm.   to  2.5  mm.  in  overall  length,   and  from  1.0  mm.   to 
l.U  mm.   in  width.     The  presence  of  a  short,   tapering  caudal  append- 

age is  noteworthy  (absent  in  B.   annul at us ,  present  in  B.  decoloratus , 
but  in  B.  micro  plus  the  interne  posterior  junctiire  of  tTie  adanal 

shields~does  nol  extend  beyond  the  posterior  bodj-  margin).     The 
hypostome  dentition  is  U/U  (typically  3/3  in  B.   decoloratus);   and 
the  inner  margin  of  the  basal  palpal  segment  ventrally  is  concave 
(bearing  a  bristle-bearing  protuberance  in  B.  decoloratvis ) .     The 
scutum  is  qviite  hirsute. 

Minning  (193^)  indicated,  as  his  primary  critical  difference 
between  B.  fall ax  and  B.  microplus ,  the  bluntness  or  acuteness  of 
the  inner  spur  of  coxa  I .     This  character  is  variable  among  spec- 

imens from  Africa  and  other  continents;  figure  112  illustrates  a 
specimen  from  Northern  Rhodesia  in  which  this  spur  is  blunt  on  one 
side  and  acute  on  the  other! 

Female;     After  some  experience  females  shotild  be  easily  recog- 
nized  in  African  collections,  provided  one  carefully  and  methodical- 

ly observes  clean  specimens  from  which  the  wet  surface  film  of 
preservatives  has  been  removed. 

Like  that  of  B.   annulatus ,  this  sex  has  U/A  hypostome  denti- 
tion.    B.  microplus  can  be  distinguished  because  the  spiurs  of 

coxa  I  "are  divided  by  a  deep,  inverted  "V"  shape  cleft,  while those  of  B.   annulatus  are  separated  merely  by  a  shallow,  concave 
emarginatxon  (this  character  sho\ild  be  ascertained  by  placing  the 
specimen  obliquely  against  the  light) .     No  bristle-bearing  pro- 
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tuberance  is  found  on  the  inner  mar[rin  ventrally  of  tlie  basal  pa]L_ 

pal  sennent.     The  inner  mar-in  of  the  basal   se-^nent  is  short  and 
deeply  concave  by  comparison  with  thax  of  B.   annvdatus .     The 
palpi  usually  appear  more  compact  and  less  acutely  ridged; 

Minning's   (193A)   character  for  separating  P.  micro plixs  and 
B.   fallax  on  the  basis  of  the  anterior  ciirvature  of  palpal  segment 

3  applies  only  to  his  illustrations,  not  to  specimens.     The  scutum, 
normally  slightly  longer  than  wide,  may  be  widened  by  engorgement 
(from  0.4-0  ram.   to  0.58  mm.   long  and  from  0.3U  mm.   to  0.50  mm. 
wide).     The  eyes  are  generally  oval  and  raised  above  the  scutal 
surface  but  tiiis  character  may  be  difficult  to  discern.     Size 
varies  from  about  2.0  mm.   to  12.5  mm.  long,   and  from  1.0  mm.   to 
7.9  mm.  wide,   depending  on  degree  of  engorgement. 
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DERMACENTOR 

INTRCDUCTION 

Dermacentor,  a  medically  important  genus  in  many  parts  of  the 
world,  is  represented  by  only  three  species  in  tropical  Africa. 
Small  populations  of  two  of  these,  D.  c.  circumguttatus  and  D, 
rhinocerinus ,  occvtr  in  Equatoria  arid  Bahr  El  Ghazal  Provinces  of 
the  Sudan.  In  Africa  they  are  always  rather  rare  and  largely  con- 

fined to  the  rhinoceros  and  elephant.  As  such,  they  are  of  little 
more  than  academic  interest.  The  identity  of  these  species  may  be 
determined  easily  from  the  following  keys  and  illustrations. 

The  third  African  species,  D,  hippo potamensis  (Denny,  1843) 
(=  Ixodes  bimaculatum  Denny,  1843,  and  Amblyorama  hippopotami  Koch, 
1844),  W£is  originally  described  from  Hippopotamus  amphibius  of 
South  Africa,  Schulze  (1919)  erected  the  genus  Cosmiomma  for  this 
species  on  the  basis  of  its  Hyalomma-like  characters  although  it 
lacks  accessory  shields  and  subanal  shields.  Zximpt  (1951 )  sank 
Cosmiomma  under  Dermacentor  but  Theiler  states  (correspondence) 

that  Schulze *s  definition  jtistifies  its  retention  as  a  genus. 
Other  authors  have  placed  it  in  Hyalomma.  Still  another  study  by 
a  qualified  student  on  the  original  material  appears  necessary  be- 

fore an  acceptable  systematic  niche  can  be  found  for  D.  (C.)  hippo- 

potamensis.  
"" 

D,  (C.)  hippo potamensis  has  been  reported  from  South  Africa 

and  between  '•Zanzibar"  (i.e.  East  Africa)  and  the  Great  Lakes  (Tan- 
ganyika). For  over  a  century,  the  only  positively  known  specimens 

have  been  the  types  described  by  Denny  and  by  Koch,  which  have  been 
seen  again  by  later  students.  In  the  collections  of  the  East  Afri- 

can Veterinary  Organization  there  is  a  single  male  taken  from  vege- 
tation at  Manyani,  Teita  District,  Kenya,  5  November  1951,  D.  L. 

W,  Sheldrick  legit.  This  specimen,  according  to  J.  B.  Walker  (cor- 
respondence), is  almost  exactly  like  the  type  material  illustrated 

by  D'Snitz  (1910B),  One  or  two  specimens  are  in  the  collection  of 
the  Veterinary  Department  at  Kabete,  Kenya. 

D.  (C.)  hippo potamensis  is  a  large,  brightly  colored  Amblyomma- 
like  tick.  The  male  scut  tun  is  described  as  pale  straw- yellow  with 
symmetrical  black  markings  and  a  few  small  punctations;  ventrally 
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the  legs  are  a  deep  liver-red.  The  female  scutum  is  lightly  punc- 
tate, largely  pale  in  color  with  two  submedian  longitudinal  blaick 

stripes  and  a  pair  of  vertical  black  stripes  near  the  posterior 
margin.  The  dorsal  surface  of  the  female  posterior  of  the  scutum 
is  dull  crimson  with  two  large  nearly  circxilar,  slightly  elevated 
orange  spots  near  the  lateral  margin.  The  apex  and  lateral  mar- 

gin of  the  peilpi  are  dull  crimson.  The  last  tarsal  segment  and 
ventral  surfaces  of  the  legs  are  colored  as  in  the  male.  This  all 
but  extinct  beast  should  not  be  difficult  to  recognize. 

Another  species,  D,  niveus  Nevimann,  1897,  parasitizes  wild 
boars  in  Tunisia,  Algeria,  and  Spanish  Morocco  (Senevet,  Colas- 
Belcour,  and  Gil  Collado  1933),  and  various  other  animals  in  Eu- 

rope and  Asia. 

It  Is  difficult  to  determine  what  '"D,  reticvilatus  Neumann," 

listed  by  Stella  (l938A,1939A,19i;0)  from-Ethiopia  and  by  Niro (1935)  from  Somaliland,  actually  is,  D,  reticulatus ,  which  does 
not  appear  to  be  a  synonym  of  D,  marginatus  Sulz.,  1776,  as  stated 
by  Schvilze  (1933C),  inhabits  Europe  and  Asia,  If  its  range  does 
extend  into  the  Ethiopian  mountains,  it  wo\ild  represent  a  unique 
ixodid  distributional  pattern,  but  conceivable  on  the  basis  of 
geographic  distribution  of  other  invertebrates. 

Although  it  has  not  been  our  policy  to  discuss  non-SManese 
species,  the  above  remarks  and  a  few  additional  taxonomic  notes 
are  inserted  inasmuch  as  no  review  of  the  genus  Dermacentor  in 
Africa  is  available,  Extra-Sudan  species  have  not  been  demons- 
trated  to  be  of  medical  importance  and  will  not  be  Included  in 
subsequent  volumes  of  this  undertaking. 

In  varioTis  papers  on  Dermacentor,  Schvilze  has  divided  the 
genus  into  several  genera  that  show  intenrelationships  within  a 
closely  circumscribed  group  and  can,  by  contemporary  concepts, 
be  considered  at  most  only  as  subgenera.  These  are  of  only  slight 
interest  in  Africa,  especially  as  the  moot  subject  of  subgenera 
will  be  further  revised  in  futiure  studies,  D,  circumguttatils  was 
placed  in  the  subgenus  Puncticentor,  which  was  subsequently  syno- 
nymized  (Zumpt  1951)  under  the  subgenus  Amblyo center,  in  which  D, 
rhinocerinus  had  been  placed.  The  usefulness  of  the  latter  cate- 

gory is  questionable  in  the  absence  of  study  of  the  entire  genus. 
These  same  remarks  are  possibly  pertinent  to  the  subgenus  Cosmiomma, 
originally  proposed  as  a  £\ill   genus  embracing  only  D.  hippopotamensis , 
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KEY  TO  SUDAN  SPECIES  OF  DERMACENTCR 

MAIES 

Ornamentation  consisting  of  eight  small, 
pale  spots  near  scutal  periphery;  festoons 

and  central  scutal  area  dark   .D.  C.  CIRCp'lGUTTATIJS 
"Figures  120  and  121 

Ornamentation  consisting  of  seven  large 
pale  spots,  which  cover  most  of  scutum, 
and  of  smaller  peripheral  and  festoon 

spots   .D .  RHpOCERIiroS 
Figure s  124  and  125 

FEI^IAIES 

Scutum  largely  dark,  ornamented  with 
three  pale  spots   .D.  C.  CIRCUMGUTTATUS 

"Figures  122  and  123 

Scutum  largely  pale,  a  few  small  dark 
spots  present  or  absent   ,D.  RHINOCERIMS 

Figures  126  and  127 
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Figures  120  and  121,  c?,  dorsal  and  ventral  views 

Figures  122  and  123,  $,  dorsal  and  ventral  views 

DERMACENTCR  C.  C IRCmGUTTATUS 

Uganda  Specimens 
Loaned  by  British  Museum  (Natural  History) 

PLATE  XSaVIII 
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DERMACENTCR  CIRCMGUTTATUS  CIRCIMGUTTATUS  Neumann,  1897. 

(Figures  120  to  123) 

THE  EIEPHANT  DEm-IACEITTCR 

1   N   $   c?     ECiUATCBIA  PROVINCE  KECOBD 

1       1  Kajo  Kaji        on  grass       Dec  (BMmi) 

British  l-hiseum  (Natural  History)  specimens,  collected  by- 
Captain  C.  H.  Stigand  in  the  early  1900*s.  are  the  only  ones 
extant  from  the  Svidan  (Hoogstraa.1  195^B»C),  This  is  the  most 
northern  and  eastern  record  for  the  occurrence  of  the  rare  West 
African  elephant  dermacentor.  It  is  vinlikely  to  be  found  else- 

where in  the  Sudan  other  than  on  the  west  bank  of  Equatoria 
Province  and  possibly  in  Bahr  El  Ghazal  Province. 

DISTRIBUTION 

D.  c.  c ircumguttatus ,  a  Central  and  West  African  elephant 
parasite^  extends  into  East  Africa  only  so  far  as  the  western 
parts  of  Uganda  and  the  Sudan.  In  Mozambique,  a  separate  sub- 

species is  tentatively  recognized  on  the  basis  of  somewhat  larger 
size  and  more  irregular  spotting. 

WEST  AERICA;  LIBERIA  (Bequaert  193 OA).  SIERRA  lEONE  (Simpi. 
son  l^nr^  TVCRY  COAST  (Rousselot  1951,1953B). 

CENTRAL  AFRICA;  CAl'EROONS  (Neiomann  1901.  Ziemann  1905. 
Rageau  1951,1953A,B).  FREICH  EQUATCRIAL  AFRICA  (Neumann  1897. 
Tonelli-Rondelli  193QA.  Rousselot  1951,1953B.  Rageau  1953B). 
BELGIAN  CONGO  (Neiomann  1897.  Nuttall  and  Warburton  1916.  Schwetz 
1927A,B,C.  Schouteden  1929.  Bequaert  1930A,B,1931.  TonellL. 
Rondelli  1930A.  Rodhain  1936.  Fain  19/V9»  Schoenaers  1951A. 
Theiler  and  Robinson  195^). 

NOTE:  According  to  Theiler  (correspondence),  the  record  for 
Ruanda-Urundi  by  Santos  Dias  (195AD)  is  incorrect, 
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EAST  AFRICA;  SUDAN  (Hoogstraal  195AB). 

UGANDA  (Neave  1912.  Mettam  1932.  Wilson  19^8A,1950C). 

HOSTS 

All  authors  report  this  species  from  elephants,  Loxodonta 

africana  subsp.  Mettam  (1932)  also  listed  the  '* common  duiker". 

BIOLOGY 

Unstudied,  In  Banningville  territory  of  Belgian  Congo  '"all 
sick  elephants  carry  this  tick  and  Amblyomma  tholloni,  sometimes 

in  great  numbers'*  (Fain  1949). 

DISEASE  REIATIONS 

It  has  been  s\iggested  that  either  this  species  or  Amblyomma 
tholloni  may  transmit  piroplasmosis  (Nuttallia  loxodontisj  of 
elephants  in  the  Congo. 

REMARKS 

Schulze  (1941)  noted  features  of  the  tarsus  and  haller's 
organ  of  this  tick. 

Santos  Dias  (1952F)  has  separated  1-tozambique  populations 
into  another  subspecies,  D.  circumguttatus  cunha-silvai.  These 

specimens  are  larger  than~those  from  more  northerly  parts  of Africa  and  exhibit  more  irregular  pale  scutal  coloration  in 
several  smaller,  more  divided  spots  rather  than  in  three  large 
spots  as  in  females  of  the  typical  subspecies  and  eight  large 
reg^llar  spots  as  in  males  of  the  typical  subspecies.  These  dif- 

ferences, however,  appear  to  be  similar  to  individual  variants 
of  D.  rhinocerinus ,  reported  by  Bequaert  (1930B),  and  larger  sub- 
sequent  collections  may  indicate  the  necessity  of  dropping  this 
subspecies. 
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IDENTIFICATION 

Characters  in  the  generic  key  readily  identify  this  tick  and 
separate  it  from  the  only  other  species  in  the  Sudan, 
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■Hh    .  ./;: 

124 

126 

!27 

Figiires  12/^  and  125,  o',  dorsal  and  ventral  views 
Figures  126  and  127,  5,  dorsal  and  ventral  vievs 

DSRMACENTCR  RHINXERINUS 

Sudan  Specimens 

PUTE  XXXIX 
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DERKACENTOR  RHIMOCERIIJUS  (Denny,  18/^3)  (=  D.  RHINOCEROTIS  of  authors) 

(Figures  12/!^  to  127) 

THE  RHINOCEROS  DERMACEirTOR 

L   N   9   c?       EliUATORIA  PROVINCE  RECORDS 

1   1    Magwe  on  grass  Feb  (SVS) 
1   1    Niimile         on  grass  Jan 

(just  west  of) 

Localities  uncertain 

4  2  Acholi  (Lado)  1-Iay  (SGC) 
8  12  Atiambo  (Lado)  Jun  (SGC) 
8  10  Azzar  (Mongalla)  May  (SGC) 
8  13  How  River  (Lado)  Mar  (SGC) 

The  material  from  uncertain  localities  near  the  Sudan-Uganda 
border,  which  was  the  basis  of  King's  (1911,1926)  reports  of  the 
rhinoceros  dermacentor  from  the  Sudan,  was  collected  by  him  in 
1909  and  1911. 

The  recent  specimens  from  Kagwe  and  from  the  gajne  reserve 
just  west  of  the  Nile  near  Nimule  establish  this  species  on  both 
the  west  and  east  banks  of  Equatoria  Province. 

DISTRIBUTION  IN  THE  SUDAN 

Bahr  El  Ghazal;  All  specimens  from  grass,  near  Yirol  to  25 

miles  west  of  Yirol;  23  November  1954,  E.  T.  M.  Reid  legit  (7dfc"', 
599).  9  June  1954,  P.  Blasdale  legit  (I9).  Material  in  IIH  col- 
lection. 

DISTRIBUTION 

D.  rhinocerinus  parasitizes  the  black  and  the  v/hite  rhinoceros 
in  eastern  and  southern  Africa  and  in  the  Belgian  Congo. 
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CEMTRAL  ATOICA;  BELGIAN  CONGO  (Schwetz  1927C.  Bequaert  1930A, 
B,193T;:  Tonelli-Rondelli  1930A). 

NOTE:  According  to  Theiler  (correspondence),  the  record  for 
RtiandfiuUnindi  by  Santos  Dias  (195AD)  is  in  error. 

EAST  ATOICA;  SUDAN  (King  1911,1926.  Hoogstraal  19$AB). 

ETHIOPIA  (Warburton  1910.  Neumann  1922.  Stella  1940). 
HIITREA  (Stella  1940).  ITALIAN  SCMALILAND  (Pavesi  1895.  Paoli 
1916.  Tonell i-Rondelli  1930A.  Niro  1935.  Stella  1938A,1939A, 
1940). 

KMYA  (Neimann  1912,1913,1922.  Neave  1912.  Anderson  1924A, 
B.  Brassey-Bdwards  1932.  Lewis  1932A,1934).  UGANM  (Neave  1912. 
Mettam  1932,1933.  Wilson  1950C).  TANGANYIKA  (Gerstacker  1873. 
Neumann  19070,19106,1913,1922.  Morstatt  1913.  Bequaert  1930A. 
Evans  1935.  Schulze  1944A.  J.  B.  Walker,  unpublished,  see  HOSTS 
below) . 

SOUTHERN  AFRICA;  ANGOLA  (Karsch  1878.  Howard  1908.  Bacelar 

1950)1  MOZAMBIQUE"lHoward  1908.  Bedford  1932B.  Santos  Dias 1953B). 

NCRTHERN  RHODESIA  (Hoogstraal  1954C).  SOUTHERN  RHCBESIA 
(Jack  1942.  Specimens  from  Sebungwet  Theiler,  correspondence). 
NYASALAND  (Old  1909.  Neave  1912.  De  Meza  1918A). 

SOUTHWEST  AFRICA  (Theiler,  unpublished).  UNION  Of  SOUTH 
AERICA  (Denny  1843.  Gerstacker  1873.  Howard  1908.  Donitz  1910B. 
Breijer  1915.  Curson  1928.  Bedford  1932B.  The  localities  in  the 
first  fovir  references  cannot  be  ax;cepted  without  question;  only 
Zululand  records  are  sure  (Theiler,  correspondence). 

Specimens  of  "subspecies  permaculatus"  (see  REMARKS  below) 
from  "Zambeze"  were  reported  by  Neiomann  ^1907C,1910B). 

NOTE;  Records  from  ZANZIBAR  (Howard  1908,  quoted  by  later 

authors)  probably  result  from  the  use  of  this  name  for  East  Africa 
by  early  writers. 
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HOSTS 

The  black  rhinoceros,  Diceros  bicornis  subspp. ,  and  the  white, 
or  sqiiare-lipped,  rhinoceros,  Ceratotheritun  simum  subspp,,  are 
listed  as  hosts  by  all  authors.  The  hosts  of  our  Equatoria  Prov- 

ince specimens  listed  above,  if  they  were  rhinoceros,  represent 
both  genera  inasmuch  as  only  the  black  rhinoceros  occ\irs  near  Magwe 
east  of  the  Nile  and  only  the  white  rhinoceros  occvirs  across  from 
Nimule  west  of  the  Nile, 

In  Tanganyika  each  of  several  rhinoceros  hosts  of  various  ticks 
yielded  small  numbers  of  this  species  (J.  B.  Walker,  unpublished). 

King  (1926)  suspected,  from  the  places  in  which  he  found  spec- 
imens of  this  tick,  that  it  may  also  attack  the  hippopoteunus , 

Evans  (1935)  recorded  domestic  cattle  and  sheep  as  hosts  in  Tanga- 
nyika, Lewis  (1934)  mentioned  a  domestic  donkey  in  Kenya  sind  De 

>feza  (191  8A)  took  specimens  from  domestic  cattle  in  Nyasaland  aiid 
from  elephants  in  Tangsinyika,  Neumann  (190X,1910B)  listed  an 
eland  as  host,  and  Mettam  (1932)  noted  the  jackal  from  Uganda, 

BIOLOGY 

Unstudied,  Specimens  are  commonly  reported  from  the  hosts* 
genitalia. 

DISEASE  REIATIONS 

Unstudied. 

REMARKS 

That  the  specific  name  rhinocerotis  de  Geer  (1778),  used  by 
many  authors  for  this  species,  actually  applies  to  a  distinct 
species  in  the  genus  Amblyorama  was  indicated  by  Donitz  (19IOB), 

Schulze  (1932A)  suggested  that  D.  rhinocerinus  be  placed  in 
the  genus  Amblyo center  on  the  basis  of  minor  morphological  pecu- 

liarities. There  is,  however,  little  utility  in  fragmenting  tick 
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genera  on  the  basis  of  insignificant  characters.  Amblyocentor  is 
therefore  considered  as   a  subgenus  of  Dermacentor. 

A  few  male  specimens  have  the  anterior  spots  of  the  scutum 

partially  or  completely  fused,  thus  resembling  the  female  scutum, 

Neumann  (190X,1910B)  described  the  subspecies  peraaculatus  on 
the  basis  of  these  differences.  Subsequent  investigators  with 

the  exception  of  Tonelli-Rondelli  (1930A),  have  disregarded  this 
najne  and  considered  these  characters  to  be  no  more  than  individiial 

variation  (Bequaert  193 OB), 

A  '"provisional  name'*,  D.  rhinocerotis  arangis ,  was  applied  by 
Lewis  (l93i!t.,  p,  39)  to  specimens  of  variable  color  but  after  com- 

parison with  other  specimens  this  name  was  withdrawn  (footnote  of 
same  page). 

Females  have  two  large  patches  of  reddish  brown  hairs  and 
scattered  lighter  hairs  near  the  posterior  margin  of  the  body  dor- 
sally.  These,  and  the  cuticle  of  this  species,  have  been  studied 
by   Schulze  (19A^A)  and  Jakob  (192^).  Schulze  (l9Al)  noted  features 
of  the  tarsus  and  haller's  organ,  and  (195QA.)  of  the  dentition  of 
this  tick. 

IDENTIFICATION 

Key  characters  readily  separate  and  identify  the  two  Dermacen- 
tor species  discussed  in  this  report. 
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HAEMAPHYSALIb 

INTRODUCTION 

Haemaphysalids  are  so  small  and  inconspicuotis,  except  when 
the  females  become  greatly  engorged,  that  they  are  seldom  ade- 
qiiately  represented  in  collections.  Collectors  frequently  over- 

look them  when  larger  and  more  colorful  ticks  are  present.  Many 
species  show  a  marked  predilection  for  seldom  examined  hosts 
svich  as  hyraxes,  birds,  and  hedgehogs.  Some  haemaphysalids 
appear  to  be  actually  quite  rare  in  nat\ire. 

In  tropical  and  southern  Africa,  the  genus  Haemaphysalis  is 
represented  by  the  ubiquitous  H.  leachii  subspp. ,  chiefly  a  car- 
nivore  parasite,  and  by  approximately  fifteen  less  common  species. 
In  the  nearby  Madagascan  archipelago,  among  whose  ten  known  endem- 

ic tick  species  axe  nine  haemaphysalids,  most  are  distinctly  re- 
lated to  the  Oriental  fauna.  Asia  has  some  fifty  or  more  haemaphy- 

salid  species,  which,  in  proportion  to  the  total  tick  fauna,  are 
to  that  continent  what  rhipicephalids  are  to  Africa.  A  dozen 
forms  are  listed  in  the  Russian  fauna  (Pomerantzev  1950).  Of  a 
total  of  eighteen  ixodid  species  in  the  Philippines  (Kohls  1950) > 
not  including  the  cosmopolitan  kennel  tick,  one  third  are  haema- 

physalids. The  Americas  and  Europe  claim  only  about  five  species 
each. 

Since  Nuttall  and  Warburton's  (1915)  revision  of  this  genios, 
the  African  haemaphysalid  favina  has  received  but  little  attention 
from  biologists,  systematists ,  or  collectors.  Many  records  in- 

cluded here  represent  considerable  extensions  of  known  range. 
Obviously,  some  few  African  species  remain  to  be  discovered  sind 
described.  Differentiation  of  most  African  haemaphys6Llids  is 
relatively  easy,  either  by  certain  combinations  of  characters  or 
by  unique  characters  for  individual  species.  Morphological  char- 

acters and  facies  of  most  species  are  comparatively  quite  constant. 
An  important  exception  is  H.  leachii  subspp.,  among  the  African 
forms  of  which  there  is  very  considerable  variation. 

Haemaphysalids  are  usually  three-host  parasites,  although 
exceptions  do  occur.  The  life  cycles  of  H.  1.  leachii  and  of  H. 
aclculifer  have  been  fairly  well  studied  in  the  laboratory,  bu^ 
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few  reliable  biologicsLl  data  are  available  for  African  species. 
Factors  governing  morphological  and  biological  variations  of  H. 

leachii  subspp.  pose  an  especially  intriguing  problem.      " 

Medically,  the  only  African  haemaphysalid  of  known  importance 
is  H.  1.  leachii,  a  vector  of  boutonneuse  fever  (tick  typhiis)  of 

man~an3  of  maligneint  jaundice  of  dogs.  The  same  species  may  also be  a  reservoir  of  (i  fever.  The  high  potential  of  H.  bequaerti  as 
a  medically  importeint  species  has  been  recently  siiggested  and 
others  probably  eventually  will  be  incriminated  in  disease  trans- 

mission of  academic  or  practical  interest. 
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KEI  TO  SUDAN  SPECIES  OF  HAiMAPHYSALIS 

MALES 

1.  Coxa  IV  vith  needlelike  spur  that 
is  longer  than  coxal  width.   (On 
southern  ruminants)   H.  ACICULIFHl 

Figures  l^i^   and  129 

Coxa  IV  with  sptir  much  shorter  than 
coxal  width  or  without  spur   2 

2.  Fatlpal  segment  2  with  strong  dorsal 
retrograde  spixr.  Lateral  grooves 
extending  anteriorly  only  to  scutal 
midlength.  (Squatoria  mountains, 
rare)   H.  PARMATA 

Figures  13^  and  155 

Palpal  segment  2  with  no  dorsal 
retrograde  spur   3 

3.  Palpal  dorsal  basal  margin  forming 
a  straight  line;  basal  salience  at 
right  angles  to  long  axis  of  palpi. 
Basis  capituli  rectangular.  Scutum 
comparatively  broad  with  large 
punctations.   (Avian  parasite)   H.  HOOD  I  HOOD  I 

Figures  136  and  137 

Palpal  dorsal  basal  margin  angular, 
forming  a  more  or  less  well  devel- 

oped, caudally-directed  spur  or 
recurved  point .   (Mammal  parasites )   U 

U.     Trochanter  I  with  a  strong  ventral 
spttr.  Elach  coxa  with  a  spur  reaching 
next  coxa.  Tarsi  short,  stout,  ab- 

ruptly tapered.  (Common  on  ground- 
squirrels  only)   H.  HOUYI 

Figures  14Q~and  1/|1 
Trochanter  I  without  ventral  spur   5 
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5.  Coxae  without  overlapping,  pointed 
spurs  and  with  few  hairs  all  shorter 
than  coxal  length.  Palpal  outline 
deeply  concave  laterally  and  with 
much  redxiced  basal  angle  dorsally 
and  ventrallyj  segment  3  ventrally 
with  wide,  bluntly  rounded,  short 
retrograde  spur.  (Rare  parasite  of 
hyraxes)   H.  BBQUAERTI 

Figures~'l32  and  133 

Coxae  with  a  short,  pointed  spur  on 
at  least  two  pairs.  Palpal  outline 
laterally  straight  or  very  slightly 
concave  (deeply  concave  only  in  ex- 

ceptional, small  specimens),  and 
usually  with  large  pointed  basal 
angle  or  spur  dorsally  and  ventral- 

ly; segment  3  ventrally  with  narrow, 
pointed,  fairly  long  retrograde  spur. 
(Commonly  on  carnivores,  rare  on 
other  animals  )   6 

6.  Scutum  narrowly  elongate  (approximately 
twice  as  long  as  wide);  punctations 
numerous,  small,  iisually  discrete; 
length  from  2.3  mm.  to  3.8  mm.,  width 
from  1.2  mm.  to  1.9  mm.  Basis  capi— 
tuli  laterally  usually  diverging  only 
slightly,  cornua  strong,  ilongate. 
Palpal  lateral  margins  straight  or 
slightly  concave.  Coxae  each  with 
a  distinct,  overlapping  spur.  Tarsi 
II  to  IV  elongate,  gradually  tapering. 
(Common  on  canines;  less  common  on 
other  carnivores)   H.  LEACHII  LEACHII 

Figures~Ly^,  145,  and  HS 
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Scutum  wider  (approximately  1.6  times 
as  long  as  wide);  punctations  few  to 
moderate,  medium  to  large,  shallow, 
nondiscrete;  size  smaller,  length 
from  1.3  ram.  to  2.2  mm.,  width  from 
0.8  mm.  to  1.2  mm.  Basis  capituli 
laterally  widely  diverging,  corntia 
usually  short  and  wide.  Palpal  lat- 

eral margins  usually  concave.  Coxae 
with  a  small  but  definite  spur.  Tarsi 
usually  short,  may  be  more  or  less 
humped  and  abruptly  tapering.   (Com- 

mon on  small  carnivores;  rare  on 
antelopes )   ..H.  LEACHII  MUHSAMI 

Figures  15'^   and  15l 

FIMALES 

Palpal  segment  3  with  bassd  margin 
strongly  angled  or  spurred  dorsally. 
Scutal  width  and  length  approximately 
equal.   (Bquatoria  and  Bahr  El  Ghazalj 
uncommon)   

Palpal  segment  3  with  basal  margin 
dorsally  forming  a  straight  line 
with  no  spur  or  angle   

Palpal  segment  3  dorsally  with  basal 
margin  sharply  angled.  Basis  capi- 

tuli with  strong  cornua.  Scutal 
length  and  width  equal  or  very  slight- 

ly longer  than  wide.  Coxa  I  with  inner 
basal  angle  produced  to  a  small  spur....   H.  ACICULIFER 

Figures  130  and  131 

Palpal  segment  3  dorsally  with  a 
retrograde  spur.  Basis  capituli 
with  small  cornua.  Scutum  wider 
than  long.  Coxa  I  with  small  spur 
overlapping  outer  basal  margin;  no 
inner  basal  spur     H.  PARMATA 

Figures  l36  and  157 
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3.  Palpal  basal  margin  straight  dor- 
sally,  without  angle  or  spur. 
Basis  capituli  almost  straight 
laterally,  cornua  almost  obsolete. 
Scutal  length  and  width  approx- 

imately equal.   (Avian  parasite)    .H.  HOOD  I  HOOD  I 
Figures  138  and  139 

Palpal  basal  margin  angled  or  spurred 
dorsally.  Basis  capituli  diverging 
laterally,  cornua  moderate  to  strong. 
(Mammal  parasites )   /!^ 

U.     Palpi  ventrally  with  a  comparatively 
long,  narrow  spur  basally,  margin 
dorsally  sharply  pointed  sublaterally; 
segment  3  ventrally  with  narrow  elon- 

gate, pointed  spur.  Coxae  each  with  a 
strong  spur  and  a  few,  short  hairs; 
trochanter  I  ventrally  with  a  strong 
spurlike  ridge  (that  does  not  overlap 
trochantal  margin);  tarsi  abruptly 
tapering,  short,  stout,  somewhat  humped, 
claw  and  tarsal  length  approximately 
equal.  Scutum  only  slightly  longer 
than  wide,  broadly  rounded  posteriorly; 
p\inctations  few,  shallow,  mostly  ante- 

rior.  (Ground- sqxiirrel  ,parasite)   H'  HOUYI 
Fig^lres  11^   and  1^3 

Combinations  of  characters  differ  as 
below.   (Not  normally  grovmd- squirrel 
parasites )   5 
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5.  Coxae  without  overlapping  spiirs. 
Palpi  without  basal  spur  dorsally 
or  ventrally;  basal  margin  acutely 
angled  sublateradly;  segment  3 
ventrally  with  very  short,  broad  spur. 
Basis  capituli  with  small  cornua. 
Scutal  length  and  width  approximately 
equal  but  outline  abruptly  converging 
posteriorly;  punctations  scattered, 
shallow,  moderate  numbers  of  varying 
size.  Tarsi  tapering  distally. 
(Hyrax  parasite;  rare)   H.  BEQUABRTI 

Figures'"l3A-  and  135 

Coxae  with  an  overlapping  spur  on  at 
least  two  pairs.  Palpi  usually  with 
a  definite  basal  spvir  dorsally  or 
ventrally  or  both;  segment  3  ventrally 
with  an  elongate,  pointed,  narrow  ret- 

rograde spur;  lateral  outline  straight 
or  slightly  curved;  less  commonly  con- 

cave. Basis  capituli  with  strong  cornua. 
(Common  carnivore  parasites;  seldom -on 
other  animals  }   6 

6.  Scutiun  elongate,  1.25  longer  than  wide, 
gradually  narrowing  posteriorly;  punc- 

tations comparatively  small,  numerous, 
discrete.  Palpal  spiirs  usually  all 
large  and  definite,  lateral  margins 
straight  or  slightly  cvirved.  Tarsi 
elongate  and  tapering.   (Commonly 
from  canines)   H,  LEACHII  LEACHII 

Figures~Ub,  U7,  and  U9 

Scutum  shorter,  length  and  width  approx- 
imately equal,  broadly  rovmded  posterior- 

ly; punctations  comparatively  moderate  in 
size  and  numbers,  shallow.  Palpal  basal 
spurs  frequently  reduced,  lateral  margins 
more  or  less  concave.  Tarsi  short,  usual- 

ly abruptly  tapered,  sometimes  humped. 
(Usually  from  smaller  carnivores,  sometimes 
on  larger  carnivores  and  ruminants;  not 
common  on  canines)   H.  LEACHII  MUHSAMI 

pTgures  15^  and  153 
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130 

129 131 

FigTjres  128  and  129,  c,  dorsal  and  ventral  views 

Figirres  130  and  131,  ̂ ,  dorsal  and  ventral  views 

liAH^lAPHYSALIS  ACICULIFER 
Sudan  spec imens 

PLATE  XL 
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HAEMAPHYSALIS  ACICULIFffi  Warburton,  1913. 

(Figures  128  to  131) 

THE  SHARP-SPURRED  HA34APHYSALID 

L   N   5   c?     BlUATORIA  PROVINCE  RBCCRDS 

1  Lotti  Forest  Praoiiys  tullbergi  sudanensis   Apr 
1  Torit        Lemniscomys  striatus  massaicus  Dec 
1      2   Torit        Ovirebia  ourebi  aequatoria     Apr 

1      Torit        Alcelaphus  buselaphiis 
roosevelti  Apr 

2   Atiambo 

(Alvingwe)     Alcelaphus  buselaphtis  subspp.  Jim  (SGC) 

("several")    Mviragatika    Kobus  deTassa  subspp.         A\ig 
(Weber  194-8) 

1      Nagichot     domestic  cattle  Jill 

Lotti  Forest  is  at  ̂ ^.500  feet  elevation  and  Nagichot  is  at 

6500  feet  elevation.  Weber's  (19A-8)  report  is  the  only  previous 
one  of  this  species  from  the  Siadan. 

DISTRIBUTION  IN  THE  SUDAN 

Bahr  El  Ghazal:  All  from  tiang,  Damaliscus  koiTigian  tiang,  1953, 
^>   2$§,  13  miles  north  of  Toni,  March,  E.  T.  M.  Reid  legit  (with 
adults  of  Amblyomma  yariegattim) .  /(C^,  795 ,  GaluaL-Nyang  Forest , 
July,  N.  A.  Hancock  legit.  Material  in  HH  collection. 

DISTRIBUTION 

H.  aciculifer  ranges  across  Africa  in  scattered  highlands  and 
forests  from  Bahr  El  Ghazal  Province  south  to  Mozambique.  It  has 
been  transported  on  cattle  to  the  Union  of  South  Africa,  where  it 
has  become  established  locally  (Theiler  194-50). 

WEST  AFRICA t  NIGERIA  (Unsworth  194-9,1952.  Gambles  1951). 
GOLD  COAST  (Simpson  19U.  Nuttall  and  Warburton  1915). 
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CENTRAL  AFRICA;  CAMEROONS  (Unsworth  1952).  FRENCH  EQUATORIAL 
AFRICA  (Rousselot  1951;  not  repeated  1953B).  BELGIAN  CONGO  (Tonelli 
Rondelli  1930A.  Bequaert  1931.  Theiler  and  Robinson  1954). 

NOTE:  According  to  Theiler  (correspondence),  the  record  for 
Ruanda-Urundi  by  Santos  Dias  (l954D)is  in  error. 

EAST  AFRICA;  SUDAN  (Weber  19^8.  Hoogstraal  195/hB). 

KENYA  (Lewis  1931C,1932A,1934.  Theiler  1945C).  UGANDA  (War- 
burton  1913.  Tonelli-Rondelli  19304.  Mettam  1932.  Theiler  1945C. 
Wilson  1950A,C).  TANGAITYIK^  (J.  B.  Walker,  unpublished;  see  HOSTS 
below) . 

SOUTHERN  AFRICA;  MOZAMBEtUE  (Santos  Dias  1953B).  UNION  OF 

SOUTH  AP*RICA  (Bedford  1932B,193A.  R.  du  Toit  19/^2B,1947A.  Intro- 
duced from  East  Africa;  Theiler  19A.5C). 

NOTE:  H.  aciculifer  does  not  occur  on  Madagascar  (Hoogstraal 
1953E). 

HOSTS 

Antelopes  are  the  most  common  hosts  of  adult  H.  aciculifer. 

Other  wild  animals  and  domestic  animals  are  rarely~attacked. 
Rodents,  small  antelopes,  and  possibly  hares  appear  to  be  the 
chief  hosts  of  the  immature  stages. 

Domestic  cattle  have  been  reported  as  hosts  in  Uganda  (Wilson 

1950A,C),  Kenya  (Lewis  1934  and  Theiler  1945C),  and  the  Union  of 
South  Africa  (Theiler  1945C).  Lewis  (1932A)  noted  a  single  spec- 

imen from  a  domestic  goat  in  a  Somali  village  between  Karati 
Forest  and  Naivasha.  Rousselot  (l95l)  reported  a  female  from  a 
domestic  dog  in  French  Equatorial  Africa. 

Antelopes  hosts  of  adult  ticks  are  the  Uganda  kob  (Warburton 
1913),  reedbuck  (Simpson  19U,  Nuttall  and  Warburton  1915,  Bed- 

ford 1932B,  Theiler  1945C),  bushbuck  (Lewis  1931C,1932A,  Mettam 
1932,  Theiler  1945C),  waterbuck  (Lewis  1931C,1932A,  Mettam  1932), 
various  duikers  (Mettam  1932,  Lewis  1932A),  Thomson's  gazelle 
(Lewis  193A),  oribi  and  Roosevelt's  hartebeest  (Biuatoria  Province 
records  above),  and  tiang  (Bahr  El  Ghazal  Province  record  above). 
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Miscellaneous  hosts  of  adults  are  buffalo  (Lewis  1931C), 
serval  cat  (Bedford  1936,  Theiler  19A5C),  mongoose  (Theiler  19-^50), 
and  wild  cat  (Felis  lybica  group)  (Hoogstraal,  Kenya  collecting). 

The  probability  that  Mettam's  (1932)  records  of  this  species  from 
\inidentified  birds  refer  to  H.  hoodi  hoodi  should  be  considered. 

Nymphs  have  been  fotmd  on  the  bushbuck,  waterbiick,  duiker, 
buffalo,  warthog,  and  hare  according  to  Lewis  (1932A),  but  these 
records  need  checking  for  accuracy  of  identification.  Lewis 
(1932a)  reared  H.  aciculifer  on  hares.  Examination  of  A-9  Thom- 

son's gazelles  Tn  Tanganyika  yielded  only  a  single  nymph  and  no 
further  specimens  of  this  tick  were  found  on  many  other  game 
animals  examined  there  (J.  B.  WaJJcer,  unpublished).  Our  Equatoria 
Province  collections  contain  nymphs  from  a  striped  grassmouse, 
Lemniscomys  striatus  massaicus,  and  from  an  oribi,  Ourebia  ourebi 
aequatoria. 

A  larva  from  a  forest  rat,  Praeonys  tullbergi  sudanensis,  in 
Lotti  Forest  (listed  above)  is  apparently  the  only  record  extant 
for  this  stage  in  natiire. 

BIOLOGY 

Life  Cycle 

Lewis  (1932A)  reared  the  three- host  H.  aciculifer  on  laboratory 
hares  in  a  minimum  of  107  days.  His  data7  are  as  follows: 

PHIIOD  DAYS 

Preoviposition  9  (19°C.  to  21°C.) 
Oviposition  to  hatching  20  (220C.  to  25OC.) 
Larval  prefeeding  period  7 
Larva  feeds  3 

Preraolting  period  22  (21^0.  to  2lpQ .) 
Nymphal  prefeeding  period  7 
Nymph  feeds  3 
Premolting  period  22   (21  C.  to  25  C.) 
Adult  prefeeding  period  7 
Adult   (female)  feeds  7 

107 
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Ecology 

In  Kenya,  H.  aciculifer  is  found  usually  in  forested  areas  at 

about  7500  feet^elevation  (Lewis  1932A).  The  \n:iter's  experience 
in  Kenya  and  Sudan  confirm  that  this  is  mostly  a  liighland  species 
(/V5OO  to  8000  feet  elevation)  but  that  it  is  also  present  at  lower 
altitudes  (Torit,  2000  feet  elevation).  Records  tend  to  indicate 
that  where  this  species  occurs  at  lower  altitudes  it  is  in  more 
humid  habitats  but  this  subject  requires  fiirther  field  study. 

Theiler  (19A5C)  discussed  the  distribution  of  H.  aciculifer 
on  cattle  in  localized  areas  of  northern  and  eastern  Transvaal 

where  it  sometimes  occurs  on  neighboring  farms  and  at  other  times 
on  distant  isolated  farms.  The  scattered  distribution  is  believed 

to  be  due  largely  to  the  incidence  of  cattle  importation  from  East 
Africa  and  to  the  ability  of  introduced  ticks  to  maintain  themselves 
in  new  areas. 

In  South  Africa,  H.  aciculifer  survives  in  regions  with  from 

fifteen  to  fifty  inche"  of  annual  rainfall  but  especially  where 
thirty  or  more  inches  fall  each  year.  These  include  subtropical 
evergreen  and  deciduous  tree  and  thorn  forest  areas,  open  park- 

land areas  in  highlands,  subtropical  parkland  areas,  tall  grass 
areas,  and  rarely  short  grasslands  adjacent  to  highveld.  H. 
aciculifer  ranges  from  lowlands  to  highveld  at  /+500  feet  elevation 
and  is  present  only  where  winters  are  not  severe,  thoxigh  it  may 
survive  where  occasional  light  frosts  occur. 

DISEASE  RELATIONS 

Unstudied . 

IDENTIFICATION 

lilales:  Measure  from  1.8  mm.  to  1.9  mm.  long,  and  from  1.1  mm. 

to  1.3  ram.  wide.  They  may  be  recognized  among  the  African  fauna 

by  the  long,  needlelike  spur  of  coxa  IV.  The  basis  capituli  is 

rectangialar  with  well  developed  cornua;  the  palpal  outline  (Fig- 
ures 128  and  129)  is  unique  in  the  African  fauna.  The  smooth 

scutum  lias  small,  shallow  punctations;  the  lateral  grooves  may 
reach  only  the  scutal  midlength  or  they  may  be  much  longer. 
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Certain  variations  in  material  at  hand  suggest  the  need  for 
more  specimens  from  various  parts  of  Africa  for  further  morpho- 

logical study. 

Females;  Engorged  specimens  measure  from  6.0  mm.  to  6.5  mm. 
long,  and  from  4.0  mm.  to  4.5  mm.  wide;  tmengorged,  they  are  about 
2.5  ram.  long  and  1.5  mm.  wide.  The  scutal  length  equals  or  only 
slightly  exceeds  the  width  (0.8  mm.  to  0.9  mm.  long,  0.7  mm,  to 
0.9  mm.  wide);  the  posterior  margin  is  broadly  rounded;  cervical 
grooves  are  long,  deep,  and  converging;  punctations  are  small  and 
inconspicuous.  Palpal  features  are  most  distinctive  (Figures  130 
and  131).  There  is  no  dorsal  projection  on  palpal  segment  3. 
Coxae  I  to  IV  each  have  a  small  posterior  spur  and,  in  addition, 
coxa  I  has  a  small  outer  posterior  spur;  the  spur  of  IV  is  short 
and  wide  thus  differing  greatly  from  that  of  the  male.  Palpal 
and  scutal  characters  easily  separate  females  from  all  other 
African  species. 

The  larva  and  nymph  have  been  described  and  illustrated  by 
Theiler  (T^^). 
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132 

Figures  132  and  133,  c?,  dorsal  and  ventral  views 
Figures  134-  and  135,  $,  dorsal  and  ventral  views 

HAIMAFHY SALTS  BEQiUAERTI 
Sudan  paratype s 

PLATE  XL I 
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HAHvlAPHYSALIS  BEftUAERTI  Hoogstraal,  1956(A). 

(Figures  132  to  135) 

THE  EAST  AFRICAN  HYRAX  TICK 

L       N       9       d-  EftUATORIA  PROVINCE  RECORDS 

13       8         Iraurok       Heterohyrax  brucei  hoogstraali         Feb   (2) 

7         Lui  Procavia  hab'essinic'a'slatini  May 

These  records  of  H.   beqiiaerti ,  from  Torit  District  on  the 
east  bank  of  the  Nile  and  from  the  far  southwestern  corner  of  the 
Sudan,  are  the  only  ones  from  this  country. 

DISTRIBUTION 

H.   bequaerti  of  Kenya  and  the  Sudan  is  the  most  northern  rep- 
resentative  of  three  African  hyrax- parasitizing  ticks.     The  other 
two  are  H.   orientalis  Nuttall  and  War  burton,  1915    (=  H.   zambeziae 
Santos  Dias,  1954^  of  Nyasaland  and  Mozambique,  and  rfT  cooleyi 
Bedford,  1929,  of  the  Union  of  South  Africa.     For  fvirt her  details, 
see  Hoogstraal   (1956a). 

EAST  AFRICA;      SUDAN    (As  Haemaphysalis  sp.  nov.:     Hoogstraal 
195^31     As  H.   bequaerti  sp.  nov.:     Hoogstraal  1956A). 

UGANDA  and  KENYA  (Hoogstraal  1956A). 

HOSTS 

Hyraxes:  Heterohyrax  brucei  hoogstraali ,  Procavia  habessinica 
slatini,  and  P.  capensis  meneliki  (Hoogstraal  1956AJ. 

BIOLOGY 

H.  bequaerti  in  all  its  stages  is  apparently  strictly  host- 

spec  i7ic"'orn^^raxes.  A  rather  large  number  of  hyraxes  examined 
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in  southern  Sudan,  Kenya,  Yemen,  Sinai,  and  the  Eastern  Desert  of 
Egypt  yielded  no  haemaphysalids  other  than  the  ones  listed  above. 
It  would  appear  that  this  tick  spends  rather  little  time  feeding 
and  that,  except  possibly  locally,  hyrax- parasitizing  haemaphysalids 
are  rare  in  nature. 

DISEASE  RELATIONS 

Unstudied.  It  is  of  interest  to  conjecture  that  this  tick 
might  be  the  vector  of  the  piroplasm  Echinozoon  hooc;straali  Garn- 
ham,  1951,  found  in  the  blood  of  the  liquatoria  Province  hosts. 

IDENTIFICATION 

Males;  This  is  a  small  species,  var;/ing  from  1.66  mm.  to 
1.88  mm.  in  overall  length  and  from  0.99  mm.  to  1.22  mm,  in  width. 
It  superficially  resembles  the  ubiquitous  H.  leachii  but  may  be 
easily  differentiated  from  the  subspecies  muhsami  and  even  more 
easily  from  the  subspecies  leachii  by  the  short,  broad,  bluntly 
rounded  ventral  spur  of  palpal  segment  3,  the  greater  lateral 
concavity  of  the  palpi,  the  reduction  of  basal  palpal  spurs  and 
of  coxal  spurs,  the  few,  short  hairs  on  the  coxae,  and  other 
characters. 

The  scutum  has  moderately  numerous  punctations,  which  are 
shallow,  coarse,  nondiscrete,  mostly  large,  and  widely  scattered 
over  the  surface;  cervical  grooves  fednt  to  obsolete;  lateral 
grooves  enclosing  first  and  second  pairs  of  festoons  (extension 
beside  second  festoon  may  be  faint  or  obsolete),  extending  to 
anterior  fourth  of  scutum.  The  coxae  are  only  weakly  armed  with 
slight  ridges  and  bear  at  most  six  small  hairs;  the  tarsi  taper 
gradually  but  may  be  more  abruptly  tapered  in  small  specimens. 
The  basis  capituli  diverges  widely  anteriorly  and  has  bluntly 
pointed  cornua  about  one  fourth  as  long  as  the  basis  capitvili. 
The  palpi  are  short  and  salient  with  a  weakly  produced  baso- 
lateral  angle  and  a  concave  lateral  margin;  the  ventral  spvor   of 
segment  3  is  short,  wide  and  bluntly  rounded. 

Females;   In  this  sex,  the  capitulum  is  like  that  of  the  male 
except  for  the  more  elongate  palpi  and  generally  smaller  cornua. 
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The  scutvun  is  slightly  longer  than  wide  and  posteriorly  is  rather 
abniptly  narrowed  and  pointed;  the  cervical  grooves  extend  to 
the  scutal  midlengthj  punctations  are  indistinct,  shallow,  large 
and  medium  size,  few  in  number.  Other  characters  recall  those 
of  the  male.  As  in  the  male,  the  short,  wide,  bliintly  rounded 
ventral  spur  of  palpal  segment  3  is  a  most  important  character 
in  separating  this  species  from  H.  leachii  subspp.,  as  are  the 

short  hairs  of  the  coxae  and  the^scutal  shape. 

The  larva  and  nymph  have  been  described  by  Hoogstraal  (1956a) , 

-  353  - 



Figures  136  and  137,  c?,  dorsal  and  ventral  views 

Figvires  138  and  139,  $,  dorsal  and  ventral  views 

HAQ^IAPHYSALIS  HOODI  HOOD  I 
Sudan  specimens 

PLATE  XLII 
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HAMAPHYSALIS  HOODI  HOODI  Warburton  and  Nuttall,  1909. 

(Figtires  136  to  139) 

THE  AFRICM  AVIAN  HAaiAPHYSALID 

L   N   9   c?     BiUATORIA  PROVINCE  RBCCRDS 

1       Torit    Franc olinus  clappertoni  gedgil    Dec 

2  Torit    Sphenorhj-nchiis  abdimii"  Jan 

In  Torit  District,  we  closely  examined  over  200  each  francdlins 
and  Uganda  tufted  guineafowl  (NuMda  meleagris  major),  and  many 
other  birds,  without  finding  additional  specimens  of  this  tick.  It 
would  appear,  therefore,  that  H.  hoodi  hoodi  is  uncommon  in  the 

savannah  of  eastern  Sudan.    "" 

DISTRIBUTION  IN  THE  SUDAN 

Bahr  El  Ghazal;  One  5  from  tchagra  shrike,  Tchagra  senegalo 
remigialis.  Guar,  Gogrial  Subdistrict.  February,  1953,  Ahmed 
Mohamed  El  Sayed  legit  (HH  collection). 

This  and  the  Torit  collections  are  the  only  Sudanese  records 
of  this  avian  parasite. 

DISTRIBUTION 

The  African  avian  haemaphysalid  ranges  through  tropical  Africa 
and  into  southern  Africa,  but  is  possibly  more  common  in  western 
Africa  and  Uganda  than  elsewhere.  A  related  subspecies,  madagas- 
cariensis  Golas-Belcour  and  Millot,  19^8,  occurs  on  Madagascar  and 
other  closely  related  species  form  a  tight  complex  in  the  Oriental 
Region  (Hoogstraal  1953E). 

WEST  APRICA;  GAMBIA  (Warburton  and  Nuttall  1909).  GOLD 
COAST  CNuttall  and  Warburton  1915).  FRENCH  WEST  AHIICA  (Villiers 

1955).  SIEKRA  LEONE  (Simpson's  1913  record  of  H.  leachii  from  a 

bush  shrike  possibly  refers  to  H.  hoodi  hoodi.  "Nuttall  and  War- 
burton 1915).  PORTUGUESE  GUINES  (Tendeiro  19/^7, 1948, 1951C ,D, 

1952A,C,D). 
-  355  - 



CENTRAL  AfTlICA;  CAMEKOONS  (Rageau  1953A,B.  Numeroxis  spec- 
imens  seen  by  HHj.  FRENCH  BiUATCEIAL  AJRICA  (Specimens  from 
Djambala,  Moyen  Congo;  CNHM). 

/"BELGIAN  CONGO:  Bequaert  (1931 )  states  that  while  this  spe- cies had  not  been  found  in  the  Congo,  it  can  be  expected  to  occur 
here  .J 

EAST  AfRICA;  SUDAN  (Hoogstraal  195AB).  UGANDA  (Neave  1912. 
Nuttall  and  Warburton  1915.  Mettam  1932.  Lucas  195-^.  See  HOSTS 
below).  KEI^A  (Hoogstraal  195AC). 

SOUTHBIN  AFRICA;  NYASALAND  (Neave  1912.  Nuttall  and  Warbur- 

ton l"^!^:  Wilson  1950B).  MOZAMBIQUE  (As  H.  africana;  Howard 1909A.  Nuttall  and  Warburton  1915.  Santos  Dias  1952D,1953B, 
195^;  see  HOSTS  below.  Hoogstraal  195AC .  Theiler,  correspondence; 
see  HOSTS  below).  UNION  OF  SOUTH  AFRICA  (Bedford  and  Hewitt  1925. 
Bedford  1932B.  Theiler,  correspondence;  see  HOSTS  below). 

HOSTS 

H.  hoodi  hoodi  parasitizes  birds  exclusively,  chiefly  those 

kinds""that  are  habitual  ground  feeders.  See  BIOLOGY  below. 

"Fowls"  (i.e.  ?domestic  chickens)  (Warburton  and  Nuttall  1909). 
Donestic  chickens  (Tendeiro  \3in .     Lucas  1954-). 

B\irchell's  coucal.  Centre  pus  senegalensis  burchelli  (Howard 
1909).  Western  blue-headed  coucal,  C .  monachus  occidentalis  (Ra- 

geau 1953B.  Others  seen  by  HH).  Senegal  coucal,  C.  senegalensis 

(Tendeiro  19/^8,  Villiers  1955,  and  Nuttall  and  War'Burton  1915;. Guinea  fowl,  Numidia  meleagris,  plaintain  eater,  Gymnoschizorhis 

leopoldi ,  and  "partridge"  (Nuttall  and  Warburton  1915 ) .  Redwing 
starling,  Onychognathus  (=  Amydrus )  morio  (Bedford  and  Hewitt  1925). 
East  African  blue-eared  starling,  Lamprocolius  chloropterus 
elisabeth  (Santos  Dias  1952D).  Clapper  lark,  I^rafa  fischeri 
zombae  X^e^^c^  Equatorial  Africa  specimens  noted  above  J.  Falcon 
(Theiler,  unpublished).  Tchagra  shrike  (Hoogstraal  195AB,C, 
Sudan  record  above).  Double- spurred  francolin,  Francolinus 
bicalcaratu^  (Cameroons,  J.  Mouchet  legit ,  HH  det) .  Spurfowl  or 
francolin  (Francolinus  spp.,  Fternistis  sp.)  (Santos  Dias  1953D, 
195/iC,  Hoogstraal  195/tB,C,  and  Sudan  record  above).  White- browed 
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scrub  robin,  Eirythropygia  leucophrys  limpopoensis  (Santos  Dias 

195'i-D).  Abdim's  stork  (Hoogstraall95^B,  Sudan  record  above). 

Uganda  hosts  of  specimens  identified  for  the  Museum  of  Com- 
parative Zoology  are:  grey  hornbill,  Lophoceros  n.  nasutus; 

Grant's  crested  francolin,  F.  sephaena  grantii;  yellow-beaked 
francolin,  F.  icterorhynchus;  Abyssinian  gonolak,  Laniarius 
erythrogaster,  and  several  individuals  of  both  kinds  of  guinea 
fowl  already  noted  from  Equatoria  Province,  Sudan. 

Additional,  recently  obtained  host  data  (Theiler,  correspond- 

ence) is  as  follows:  Centre pus  superciliosus  from  Uganda;  "par- 
tridges" from  East  London,  eastern  Cape,  and  southern  Transvaal, 

South  Africa;  Turdoides  jardinei  and  Orthochagra  Senegal  from 

l«Iaringua,  Mozambique;  and  Falco'biramTcus  from  Fietermaritzburg, Natal. 

The  possibility  that  the  record  of  a  nymphal  H.  leachii 
muhsami  from  a  tchagra  shrike  in  Mozambique  (Santos  Dias  1954C) 
refers  actually  to  H.  hoodi  hoodi  shoiild  be  considered. 

The  subject  of  psirasitism  of  birds  by  ticks  has  been  reviewed 
briefly  by  Schulze  (1932B). 

BIOLOGY 

Aside  from  indications  that  H.  hoodi  hoodi  feeds  exclusively 
on  birds,  chiefly  on  those  that  feed  on  the  ground,  and  that  all 
of  its  stages  occur  on  a  single  host,  little  else  is  known  of 
their  biology.  If  domestic  chickens  were  frequently  attacked, 
more  reports  probably  would  have  appeared  in  the  literature.  In 
Portugese  Guinea,  however,  Tendeiro  (1947)  reports  this  parasite 
to  be  common  on  domestic  chickens  and  in  Entebbe,  Uganda  (Lucas 
1954-) ,  a  flock  of  chickens  was  found  so  heavily  infested  that 
a  number  of  hosts  died  or  were  badly  debilitated. 

The  distribution  of  H.  hoodi  hoodi  presumably  is  much  more 
continuous  in  tropical  Africa  than  present  meagre  records  indicate, 
Phylogenetically,  H.  hoodi  and  related  species,  all  of  which  close- 

ly resemble  it,  represents  an  old,  quite  static  lineage.  In  Africa, 
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Majdagascar,  Asia,  and  outlying  islands  these  ticks  parasitize  only 
birds.  Related  species  infest  priinitive  mammals  such  as  hedgehogs 
(insectivores) ,  and  also  reptiles. 

DISEASE  RELATIONS 

DdlESTIC  CKICKEI^S.  Fatal  anaemia  has  been  reported. 

IDEI^TIFICATION 

Males .  Palpi  basally  are  widely  salient,  straight  and  lacking 
dorsal  or  ventral  spurs;  laterally  they  are  sharply  and  narrowly  re- 

curved basally  and  thence  taper  gradually  to  a  narrow  apex;  segment 
3  approximates  segment  2  in  length  and  medially  bears  a  notably 
small  and  wide  spvir  that  is  usually  medially  directed.  The  rectan- 

gular basis  capituli  has  small  but  distinct  cornua.  The  scutum  is 
beset  with  a  moderate  number  of  fairly  large,  shallow  punctations; 
lateral  grooves  include  the  first  festoon  and  extend  to  the  anterior 
third  of  the  scutum;  cervical  grooves  are  shallow,  concave,  and 
extend  more  or  less  to  the  apical  level  of  the  lateral  grooves. 
Coxae  bear  a  small  posterior  spur,  that  of  III  may  be  obsolete  and 
that  of  IV  may  be  smaller  than  illustrated  (Figure  137).  Tarsi  are 
moderately  short  and  abruptly  tapered;  they  bear  a  very  small  ven- 

tral apical  hook.  Size  varies  from  1.3  ram.  to  2.0  mm.  long  and 
from  1.0  mm.  to  1.4  ram.  wide. 

Female  palpi  are  like  those  of  the  male  except  that  they  are 
slightly  less  salient  basally  and  more  conical  and  elongate.  The 
basis  capituli  is  rectangular  with  very  small  cornua  and  a  slightly 
concave  basal  margin;  the  porose  areas  are  shallow  and  indistinct. 
The  scutum  is  broadly  oval,  slightly  longer  than  wide,  and  gradual^ 

ly  converging  posteriorly;  punctations  are  evenly  scattered  and 

rather  large;  cervical  grooves  are  slightly  concave  and  may  reach 

the  posterior  third  of  the  scutum.  Tarsi  taper  somewhat  more 

gradually  than  in  males.  The  body  becomes  considerably  extended 
when  engorged. 

The  larvae  and  nymph  have  been  described  and  illustrated  by 
Nut  tall  and  Warburton  (.1915). 
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143 

FigTxres  HO  and  lAl,  6,  dorsal  and  ventral  views 
Figvires  1/|.2  and  1U3,  g,  dorsal  and  ventral  views 

HAHIAPHYSALIS  KOUYI 

S\idan  specimens 

PLATE  XLIII 
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HAH-IAPHY SALTS  HOUYI  Nuttall  and  Warburton,  1915- 

(Figures  UO  to  U3) 

TEE  WEST  AFRICAiN  GROUl'ID-SQiUIRIlEL  TICK 

N       o       d^  BiUATORIA  PROVINCE  RECORDS 

Eiixerus  er:/thropus  levicoujTibrinus  Dec 

EvDcerus  er:/thropus  leucoimbrinus  Jan   (2) 

Euxerus  er';,^hrop'us  leucoumbrinus  Feb 
<.       J.         xwo.^-  Euxerus  erjy-thropu^  leucoumbrinus  Mar 

2     28     12     13         Torit  Euxeros  er^rthropus  leucoxjmbrinus  Dec    (U) 

-    ■  Euxerus  er],i:hrop'us  leiAcoumbrinus  Apr   (SVS) 
Euxerus  erythropus   ?lacustrrs  Apr 

DISTRIBUTION  IN  THE  SUDAI^ 

Bahr  El  Ghazal;     All  from  Galual-Nyang  Forest,  from  five  spec- 

imens"or"SiKerus  erythropus  subspp.,  in  1953,  by  H.  Hoogstraal: 

66c^  I5,  17  February;   Aoif,   590,  U  nymphs,  19  February;   2:^,  16 February. 

Upper  Nile:     Bor,  ex  "Xerus  rutilus" ,   2oD^   21  May  1909,  H.  H. 

King  legit  T^.C).      (This  host  name  is  a  misidentificatio
n  for 

Euxerus  er:,rthropus  subspp.). 

Blue  Nile;     As  o  of  H.   calcarata;     Roseires,  from  ground 

sqxxirrel"  (ieumann  19iOA);~also  records  two  di?  that  are  probably 
H.  houyi;  Ch.  Alluaud  legit;   cf.  Hoogstraal   (1955D).     Kamisa, 

ISin'^iFTiver,  k?,  1$,  TrT:  Lowe  legit  £W.{m)J. 

DISTRIBUTION 

H.  houyi  is  a  ground-squirrel  parasite  extending  in  a  belt
 

acros'i  tT^etadest  part  of  Africa  from  the  Atlantic  Ocean  through 

French  West  Africa,  Cameroons,  the  Sudan,   and  Uganda  to  the  
north, 

western  corner  of  Kenya,  west  of  the  Rift  Valley.     It  is  closely 

related  to  H.   calcarata  that  parasitizes  a  different  genus  of 

ground  squirrels  in  East  Africa  east  of  the  Rift  Valley  (Hoo
gstraal 

1955D).     See  also  HOSTS  and  BIOLOGY  below. 
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WEST  AFRICA;     FRE^JCH  WEST  AFRICA   (Rousselot  1951,1953B. 
Hoogstraal  1955D.     Villiers  1955). 

CariRAL  AFRICA;     FRENCH  E(iUATORIAL  AFRICA   (Bate,  "New 
Cameroons"j    (Nuttall  and  Warburton  1915.     Hoogstraal  1955D). 

EAST  AFRICA;     SUDAJJ    (As  $  of  H.  calcarata;     Neumann  1910A. 
As  H.   houyi;     Hoogstraal  195AS,1953d). 

UGAI>!DA  and  KEIJYA   (Hoogstraal  1955D). 

HOSTS 

Ground-sqmrrels,  Euxerus  erythropus  subspp.   (All  authors). 

King's  specimen  from  "Xerus  rutilus"  at  Bor  (SGC)  is  based  on  a 
misidentification  of  the  hosTI  E.  erythropus  is  the  common  ground- 
squirrel  of  VIest  Africa,  and  of  Horthcentral  and  East  Africa  west 
of  the  Rift  Valley.  East  of  the  Rift  Valley  it  is  replaced  liy 
Xerus  rutilus  subspp.,  parasitized  by  H.  calcarata  Neumann,  1902*. 
In  Kenya,  Xems  is  confined  to  hot  lowTands  and  Euxerus  to  liigher, 
arable  mountains  from  2000  feet  to  6000  feet  elevation,  but  mostly 
above  3000  feet.  If ,  as  now  seems  apparent,  it  is  true  that  these 
two  ticks  are  so  host  specific,  this  vrauld  seem  to  be  a  bolstering 
argument  against  lumping  these  two  squirrel  genera  in  one  genus, 
as  some  mammalogists  advocate  (Hoogstraal  1955D). 

BIOLOGY 

Aside  from  the  fact  that  all  stages  may  be  found  on  a  single 
ground-squirrel,  little  is  known  concerning  the  biology  of  H. 
houyi.  This  tick  and  its  host  inhabit  savannah  country  witli  few 
or  scattered  trees,  and  upland  grasslands.  Along  the  southern 

border  of  the  squirrel's  range  it  extends  into  forested  districts, 
but  only  in  tongues  of  grassland  with  scattered  trees  between 
thicker  forest.  As  already  stated  under  HOSTS,  in  Kenya,  where 
the  two  host  genera  and  the  two  related  tick  species  occur  near 
each  other,  tne  host  of  H.  houyi  is  confined  mostly  to  arable  up- 

lands and  that  of  H.  calcarata  inhabits  warmer  and  more  arid  low- 

lands. *" 

«The  record  of  H.  calcarata  from  Dahomey  (Villiers  1955)  undoubtedly 
is  based  on  misidentification. 
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In  the  Galua]— Nyang  forest  area  of  Bahr  El  Ghazal,  each  of 
five  host  specimens  examined  was  infested.  In  Torit  District  of 
Equatoria,  a  third  of  the  27  hosts  examined  yielded  specimens  of 
H.  houyi . 

DISEASE  RELATIONS 

Unstiidied  but  potentially  important. 

IDENTIFICATION 

The  following  characters  easily  distingiiish  males  among  the 
Sudan  haemaphysalid  fauna;   strong  ventral  spur  on  trochanter  I; 
all  coxae  with  distinct  spurs;  tarsi  short,  robust,  and  abruptly 
tapered;  palpi  widely  expanded  basally,  without  a  developed  dorsal 
spur  basally,  with  basal  spur  ventrally  and  spur  from  segment  3 
ventrally;  basis  capituli  strongly  diverging  anteriorly  and  with 

moderate  cornua;  dentition  k/U',   scutum  with  long,  deep  lateral 
grooves  enclosing  first  festoon,  and  few,  scattered,  shallow, 
inconspicuous  punctations  of  mixed  sizes;  size  ranges  from  an 
overall  length  of  1.71  mm.  to  2.15  ram.  and  width  of  0.99  mm. 
to  1.20  mm. 

Females  are  also  easily  recognized  by  the  raised  spurlike, 
non- projecting  ventral  ridge  of  trochanter  I,  coxae  and  tarsi 
almost  exactly  like  those  of  male;  palpi  essentially  like  those 
of  male  but  larger  and  more  elongate,  basis  capituli  short,  v/ide, 
and  with  prominent  cornua  and  anteriorly  diverging  lateral  mar- 

gins; dentition  K/U;   scutum  only  very  slightly  longer  than  wide 
and  broadly  rounded  posteriorly,  with  few,  shallow,  scattered 
pvinctations  of  various  sizes  mostly  on  anterior  half.  The  size 
is  somewhat  greater  than  that  of  males. 
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^0  kJ  J 

Figures  LW-  and  1A5>  c?,  from  domestic  dog  (Kajo  Kaji) 

Figures  146  and  1A7,  $,  from  domestic  dog  (Kajo  Kaji) 

Figures  I/1.8  and  149,  o"  and  5,  from  civet  (Obbo) 

HAJMAPHYSALIS  LEACHII  LEACHII 

Sudan  Specimens 

PLATE  XLIV 
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HAEMAFHYSALIS  LEACHII  LEACHII    (Audouin,  1827). 

(Figures  lUU  to  U9) 

THE  YELLOW  DOG-TICK 

u 
5 
2 
2 

o^
 

B4UATORIA  PROVIICE  RECORDS 

2 
2 

12 

1 
2 
1 

1 
7 

10 1 
3 

11  88 
U  17 

5  48 
15  21 
3   7 
6 
8 
5  5 

A  2 
5  2 
U  2 1 

Torit 
Lotti  Forest 
Torit 

Kapoeta 
Juba 
Nimule 
Torit 
Yei 
Obbo 
Torit 
Torit 
Torit 
Torit 
Torit 
Yubo 
Torit 
Gilo 
Katire 
Katire 
Torit 
Torit 

Kajo  Kaji 
Beringi, 

Yei  River 
Bundle , 

Kheirallah 

Crocidura  nyansae  toritensis 
Fraoroys  tullbergi  sudanensis 
Tatera  benvenuta  benvenuta 
Arvicanthis  niToticus  jebelae 
Burrows  of  A.  n.  jebelae 
Acomys  hystrelTa 
Ichneumia  a.  Eilbicauda 
Ichneuinla  a.  albican^ 
Civcttictus  civetta  congica 
Civettictus  civetta  congica 
Civettictus  civetta  congica 

Ganis  aureus~soxidanicus Canis  aureus  soudanicus 
Canis  aureus  soudanicus 
Canis  mesomelas  elgonae 
Fanthera  leo  leo 
Domestic  dogs 
Domestic  dogs 
Domestic  dogs 
Domestic  dogs 
Domestic  dogs 
Domestic  dogs 

Domestic  dog 

Domestic  dog 

Dec  (2) 

Feb  (SGC) 

Mar  (SGC) 

*The  subspecies  of  these  nymphs  is  not  entirely  certain. 
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DISTRIBOTION  IN  THE  SDDAN 

King  (1926)  listed  Bquatoria,  Bahr  EL  Ghazal,  Upper  Nile, 
Blue  Nile,  Kordofan,  Khartoum,  and  Kassala  Provinces,  and  noted 
that  although  H,  leachii  (subspecies  not  differentiated)  has  a 

wide  range  in  *^he  Sudan,  it  is  a  relatively  rare  species  here. We  now  know  that  H.  1.  leachii  occurs  in  every  Province  of  the 
Sudan.  In  most  areas  it  is  probably  fairly  common,  though 
usually  only  on  medium-size  carnivores,  especially  jackals, 
foxes,  and  domestic  dogs. 

The  following  is  Sudanese  material  seen: 

Bahr  El  Ghazal;  Wau  (Domestic  cat;  SVS.  Domestic  dogs;  HH). 
Galual-Nyang  Forest  (Domestic  dog;  HH), 

Upper  Nile;  Akobo  Post  (Lion;  SGC).  Sobat  (Domestic  dog;  . 
SCO). 

Blue  Nile;  Magangani  (Caracal  c.  nubicus ;  MCZ). 

Kordofan:  Delami  (Domesticated  wild  cat;  SGC).  Umm  Dona, 
(Mustelid;  SGC). 

Darfur:  Fasher  (Domestic  dogs;  SVS). 

Khartotpn;  Khartoum,  near  (Vulpes  a.  aegyptiaca;  HH). 

(Domestic  dogs;  Balfour  1911F).       ~ 

Kassala;  Port  Sudan  (Domestic  dogs;  HH). 

Northern;  Wadi  Haifa  and  Atbara  (Vulpes _a.  aegyptiaca;  HH). 

DISTRIBUTION 

Haemaphysalis  leachii  leachii  is  a  ubiquitous  tick  of  tropical 
and  southern  Africa.  In  Egypt,  it  occurs  in  and  at  the  edge  of 
the  Nile  Valley  and  Delta  almost  to  the  Mediterranean  coast.  It 
has  been  reported  to  range  along  the  Mediterranean  littoral  at 
least  as  far  west  as  Algeria  but  these  records  require  careful 
checking  for  accuracy  of  identification.  H.  1.  leachii  is  fairly 
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comnujn  in  the  moimtains  of  the  Yemen  in  southern  Arabia  (Sanborn 
and  Hoogstraal  1953;  Hoogstraal,  ms.)»  which  is  an  outlying  part 
of  the  Ethiopian  Faunal  Region.  It  is  not  known  from  Madagascar 
(Hoogstraal  1953E)  and  I  have  not  seen  it  in  Turkey. 

In  Europe,  H.  leachii  has  been  said  to  occur  in  Yugoslavia 
(Oswald  1938}  an3  in  Greece  (Oswald  1938,  Pandazis  19A7}  but 
these  records  are  considered  questionable.  A  German  specimen 
fovmd  on  a  migrant  stork  from  Africa  was  mentioned  by  Schulze 
(1937A).  Soviet  reccirds  (Olenev  1928)  refer  to  different  spe- 

cies and  Pomerantzev  (1950)  does  not  consider  it  to  be  a  member 
of  the  Russian  fauna. 

The  exact  relationships  of  Oriental  Faunal  Region  fonns 
ascribed  to  this  species  by  Nuttall  and  Warburton  (1915)  are 
at  present  under  study.  Apparently  most,  except  the  subspecies 
indie a  Warburton,  1910,  represent  different  species.  Numerous 
species,  obviously  derived  from  an  H.  leachii  prototype,  range 
throtighout  Asia  and  its  nearby  islands,  the  Near  East,  and  the 
Madagascan  archipelago. 

It  appears  from  remarks  by  Dumbleton  (1953),  that  this  tick 
has  not  been  found  in  New  Zealand  since  the  original  record  by 

G.  E.  Mason  (1921 ),  that  Mason's  ticks  may  have  been  a  different 
species.  Mason *s  distributional  concepts  for  this  species  most 
probably  require  revision. 

Note 

In  the  following  list,  all  available  references  to  "H. 
leachii"  are  noted,  though  it  is  losually  impossible  to  deTer- 
mine  whether  authors  are  referring  to  the  subspecies  leachii 
or  muhsami.  I  have  seen  actual  specimens  of  tne  subspecies 
leachii  from  all  geographical  areas  and  from  almost  all  political 
territories  listed  below.  The  following  records  are  those  for 
continental  Africa  and  Arabia. 

As  stated  above,  it  is  uncertain  whether  the  subspecies 
leachii  occurs  outside  of  the  Ethiopian  Faunal  Region  and  parts 
of  the  Mediterranean  Subregion  of  the  Palearctic  Region.  Analysis 
of  studies  of  the  distribution  of  this  tick  will  be  presented 
subsequently . 
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NORTH  AFRICA;  EGYPT  (Savignyi  1826.  Audouin  1827.  Neumann 
1911 .  Mason  1916 ) . 

^The  following  North  African  records  require  checking  for 
accuracy  of  identification:  LIBYA:  • Tonelli-Rondelli  (1926b). 
Franchini  (1927,1929A,E).  TUNISIA:  Colas-Belcour  and  Rageau 
(1951).  See  Hoogstraal  (1955B).  ALGERIA:  Neumann  (1897)  from 

a  "nightingale"  and  from  grass.  Some  of  the  H.  leachii  reported 

by  Neumann  (1897)  were  later  (1905)  described^by  him  as  H.  mmi- 
diana,  which  is  a  synonym  of  H.  erinacei  Pavesi,  188^.7  ~ 

WEST  AFRICA:  NIGERIA  (Simpson  1912A,B.  Nuttall  and  Warbur- 
ton  l^T^^  Johnston  1916.  Pearse  1929).  TOGO  (Neumann  1901,1911). 
GOLD  COAST  (Simpson  19U.  Nuttall  and  Warburton  1915.  Beal  1920). 
FRENCH  WEST  AFRICA  (Rousselot  1951,1953B.  Villiers  1955).  PORTU- 

GESE GUINEA  (Tendeiro  19/^8, 1951A,D, 1952A,B,C  ,D,F, 1953, 1954).  SIERRA 
LEONE  (Simpson  1913.  Nuttall  and  Warburton  1915.  Entomological 
Reports  1916).  GAMBIA  (Simpson  1911.  Nuttall  and  Warburton  1915). 

CENTRAL  AFRICA:  CAMEROONS  (Neumann  1901,1911.  Ziemann  1912A. 
Nuttall  and  Warburton  1915.  Rageau  1951, 195 3A,B.  Rousselot  1951, 
1953B.  Dezest  1953).  FRENCH  EQUATORIAL  AFRICA  (Nuttall  and  War- 

burton 1915.  Fiasson  19438.  Rousselot  1951,1953B.  Giroud  1951. 
Giroud  and  LeGac  1952).  LIBERIA  (Beqiiaert  1930A). 

BELGIAN  CONGO  and  RUANDA-URUNDI  (Newstead,  Button,  and  Todd 
1907.  Massey  1908.  Neumann  1911.  Nuttall  and  Warburton  1915, 
1916.  Seydel  1925.  Schwetz  1927A,B,C.  Beqtiaert  1930A,B,1931. 
Tonelli-Rondelli  1932E.  Wanson,  Richard,  and  Toubac  1947.  Fain 
1949.  Giroud  and  Jadin  1950,1955.  ,  Giroud  1951.  Jadin  and 
Giroud  1951.  Jadin  1951B.  Schoenaers  1951A,B.  Rousselot  1931, 
1953B.  Theiler  and  Robinson  1954.  Santos  Dias  195AD.  Van 
Vaerenbergh  1954). 

EAST_AFRICA:  SUDAN  (Balfour  1911F.  King  1911,1926.  Nuttall 
and  Warburton  1915.  Hoogstraal  1954B). 

ETHIOPIA  (Neumann  1902B,1922.  Nuttall  and  Warburton  1915. 
Tonelli-Rondelli  1930A.  Stella  1938A,1939A,1940.  Charters  1948. 

D«Ignazio  and  Mira  1949).  HIITREA  (Nuttall  and  W?ar burton  1915. 
Tonelli-Rondelli  1930A.  Stella  193aA,1939A,1940).  ITALIAN  SOMALI- 
LAND  (Paoli  1916.  Franchini  1929C.  Tonelli-Rondelli  1935.  Niro 
1935.  Stella  1940).  FRENCH  SCKALILAND  (Stella  1940). 
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KENYA  (Neave  1912.  Nuttall  and  Warbvtrton  1915.  Neumann  1922. 
Anderson  192^A,B.  Lewis  1931A,B,C,1932B,193i^,1939A.  Roberts  and 
Tonking  1933.  Kauntze  193A.  Roberts  1935.  Loveridge  1936k.  Dick 
and  Lewis  19A7.  Weber  19^8.  Heisch  1950B.  Binns  1951,1952.  Wiley 
1953.  Weyer  1955).  UGANDA  (Neave  1912.  Nuttall  and  Warburton 
1915.  Neumann  1922.  Bequaert  1930B.  Loveridge  1936.  Carmichael 
1942.  As  H.  leachii  humerosoides;  Theiler  1943B.  Wilson  1950C). 

TANGANYIKA" (Neumann  1907C,1910B.  Neave  1912.  Nuttall  and  Warbur- ton 1915.  Morstatt  1913.  Loveridge  1923A.  Bequaert  193QA.  Allen 
and  Loveridge  1933). 

SOUTHERN  AFRICA;  ANGOLA  (Neumann  1901.  Gamble  19U.  Nuttall 
and  Warburton  1915.  Sousa  Dias  1950.  Santos  Dias  1950C.  Theiler 
and  Robinson  1954-).  MOZAMBIftUE  (Howard  1908.  Nuttall  and  Warbiir- 
ton  1915.  De  Meillon  194-2.  As  H.  leachii  humerosoides;  Theiler 

1943B.  Santos  Dias  1952H ,1953A ,1  ,G ,195/01 ,1955A .  Theiler  and 
Robinson  195 3A). 

NORTHERN  RHODESU  (Neave  1912.  Nuttall  and  Warburton  1915. 
Morris  1933,1934,1935,1936,1937,1938,1939,19^0.  As  H.  leachii 
humerosoides:  Le  Roux  1947.  Theiler  and  Robinson  195471  SCHTHillN 
RHODESIA.  CKoch  1903.  Edmonds  and  Bevan  1914.  Nuttall  and  Warbur- 

ton 1915.  Jack  1921,1928,1937,1942).  NYASALAND  (Old  1909.  Neave 
1912.  Nuttall  and  Warburton  1915.  De  Meza  1918.  Wilson  1950B). 

BASUTOLAND  (Scarce:  Theiler  and  Robinson  195 3A).  SWAZILAND 
(Theiler  and  Robinson  1953A) .  SOUTHWEST  ATOICA  (Tromsdorff  1914. 
Sigwart  1915.  Absent  in  Southwest  Africa:  Theiler  and  Robinson 
1953A).  UNION  OF  SOUTH  AFRICA  (Neumann  1897,1911.  Lounsbury 
1901,1902A,1904A.  Howard  1908,1909A.  Galli-Valerio  1909.  Spei- 
ser  1909.  Donitz  1910B.  Moore  1912.  Van  Sac6ghem  1914.  Nuttall 
and  Warburton  1915.  Bedford  1920,1926,1927, 1931B,1932B, 1936.  A. 
Theiler  1921.  Cowdry  192  5C,1926A, 1927.  Curson  1928.  Cooley  1929, 
1934.  Bedford  and  Graf  1934,1939.  Pijper  and  Crocker  1938. 
J.H.S.  Gear  1938.  Brumpt  19380.  J.  Gear  1939,1954.  Gear  and 
Douthwaite  1938.  Mason  and  Alexander  1939.  Gear  and  De  Meillon 
1939,1941.  De  Meillon  1942.  du  Toit  1942B,1947A.  Theiler  1943B. 
Clviver  1944.  Neitz  and  Steyn  1947.  Theiler  and  Robinson  1953A). 

OUTLYING  ISLANDS;  ZANZIBAR  (Neave  1912.  Aders  1917).  Not 
known  from  Madagascan  archipelago  (Hoogstraal  1953E). 
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ARABIA;  YEMEN  (Sanborn  and  Hoogstraal  1953.  Hoogstraal,  ms.), 

HOSTS 

H.  leachii  leachll,  in  the  adiilt  stage  commonly  parasitizes 
doraesTic  dogs.  Its  local  incidence  on  dogs  varies  from  greater 

to  less  than  that  of  the  kennel  tick,  R.  s.  ̂ sanguineus.  Locally, 

R.  simus  simus  is  sometimes  also  a  common''parasite  of  dogs.  On wild  animals,  H.  1.  leachii  is  frequently  numeroios  on  the  Canidae 
(foxes,  hunting  dogs,  and  jackals).  It  is,  in  comparison  with 
the  subspecies  muhsami,  rare  on  the  various  families  of  smaller 

carnivores  such  as  the  viverrids,  which  are  tropical  Africa's 
most  common  carnivores.  On  larger  Felidae,  lions,  leopards, 
cheetahs  and  the  like,  the  subspecies  leachii  may  occur  in  either 
larger  and  smaller  nttrabers  than  mxihsami  but  present  data  do  not 
suggest  that  the  large  cats  are  hosts  of  preference.  Records 
of  H.  1.  leachii  from  smaller  cats  and  from  domestic  cats  are 
rare  indeed . 

Domestic  animals,  other  than  dogs,  are  parasitized  only 
exceptionally.  Under  a  very  few  local  conditions  cattle  may 
be  attacked.  Possibly  tribal  customs,  in  which  man,  cattle, 
and  dogs  sleep  in  the  same  hut  or  compound,  account  for  these 
instances. 

Larvae  and  nymphs  iisvially  parasitize  common  field  rodents, 
especially  Arvicanthis  and  Mastomys,  in  their  nests.  They  are 
said  also  to  feed  on  domestic  dogs  (see  BIOLOGY  below).  Rarely 
one  finds  a  few  nymphs,  along  with  considerably  larger  numbers 
of  adults,  on  wild  canines.  This  would  indicate  that,  under  the 
influence  of  some  yet  \anknown  factors,  nymphs  have  left  rodent 
burrows  to  feed  elsewhere,  or  that  an  apparently  small  propor- 

tion of  the  nympheJ.  population  does  not  feed  on  rodents. 

Inasmuch  as  it  is  impossible  to  distinguish  which  of  the 
two  subspecies  of  H.  leachii  most  authors  are  referring  to,  the 
only  data  that  may  be  used  in  this  section  are  from  the  present 
observations  and  those  of  the  very  few  recent  students  who  have 
differentiated  their  material.  A  more  exact  study  of  available 
data  will  be  presented  in  a  subsequent  report. 
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BIOLOGY 

Life  Cycle 

Nuttall's  (1913B)  and  Nuttall  and  Warburton»s  (1915)  summary 
of  Nuttall »s  and  of  Lounsbury's  (1901,1902A.,190AA)  observations 
on  rearing  H.  leachii  (roost  likely  H.  1.  leachii)  are  essentially 

as  follows:"  This  tick  requires  three  hosts  upon  which  to  feed 
during  its  larval,  nymphal,  and  adult  stages.  About  a  week  after 
molting  each  stage  readily  attaches  to  the  host,  which  under 
experimental  conditions  may  be  a  number  of  different  anTmaTs, 

jackal,  dog,  ferret,  hedgehog,  goat,  or  rabbit.-  It  appears  to 
be  immaterial  upon  which  of  these  hosts  the  ticks  feed.  Larvae 
and  nymphs  feed  for  three  to  seven  days  (two  to  three  days: 
Lounsbury),  occasionally  longer.  Females  attach  for  eight  to 
sixteen  days.  Males  may  remain  upon  the  host  for  many  weeks. 

Air  temperature ,  within  the  limits  observed  (9°C .  to  23°C . ) , 
appeeirs  to  exert  little  or  no  influence  upon  the  time  ticks  re- 

main upon  the  host,  "the  warmth  from  the  animal  being  doubtless 
sufficient  to  keep  the  ticks  active" . 

The  time  required  for  metamorphosis  is  influenced  by  temper- 

ature. Larvae  hatch  after  26  to  37  days  at  20°C.  or  after  58  to 
eighty  days  at  12°G .  to  13°C .  Nymphs  emerge ,  as  a  rule ,  after 
thirty  to  forty  days.  Adults  emerge  after  fifteen  or  sixteen 

days  at  21^0, .  to  26°G . ,  but  require  up  to  seventy  days  at  L^°C . 

The  unfed  tick  survives  for  long  periods  \mder  favorable 

conditions.  In  small  corked  bottles  maintained  at  about  12°C . , 
laoTvae  are  still  active  after  169  days,  nymphs  after  52  days, 
and  adults  after  about  210  days. 

Males  and  females  placed  simultaneously  upon  the  host  scatter 
but  in  two  or  three  days  both  sexes  are  found  attached  in  close 
proximity  to  each  other.  Gopulation  occiirs  upon  the  host  (HH 
observation).  Lounsbury  saw  marked  males  detach  and  reattach 
close  to  females.  A  male  may  mate  with  more  than  one  female. 

After  a  replete  female  abandons  the  host,  the  interval  before 
egglaying  commences  is  markedly  influenced  by  temperature.  Fe- 

males held  at  23°C.  begin  oviposition  after  three  to  five  days; 
at  16°G.  to  21°G.  after  fovirteen  to  eighteen  days;  at  lower  tem- 
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peratures  after  2L,  to  60  days.  Whereas  an  occasional  female  dies 
as  soon  as  oviposition  is  completed,  others  may  survive  for  a  few 
days  or,  exceptionally,  for  a  month.  One  tick  deposits  from  2^00 
to  ̂ 300  eggs. 

In  nature,  the  yellow  dog-tick  doubtless  may  produce  two 
generations  a  year.  Lounsbviry  reared  three  generations  a  year 
in  an  incubator.  Taking  average  figures  for  ticks  raised  under 
favorable  conditions,  the  cycle  may  be  completed  in  123  days, 
as  follows: 

PERIOD  DAYS 

Preoviposition U 

(23°C, 

.) 

Oviposition  to  hatching 

30 

(200G , 

.) 

Larval  prefeeding  period 7 
Larva  feeds 5 
Premolting  period 

31 

(17°C, 

.) 

Nymphal  prefeeding  period 7 

Nymph  feeds 5 
Premolting  period 

15 

(Z(,°C, 

.) 

Adult  prefeeding  period 7 
Adxilt  (female)  feeds 

12 

123 

Ecology 

The  distribution  of  H.  1.  leachii  has  been  determined  for 

South  Africa  by  Theiler  a!nd  Robinson  (1953A) .  The  most  important 

factor  in  limiting  this  tick's  spread  there  is  increasing  aridity. 
Twenty  inches  of  annual  rainfall,  irrespective  of  vegetation  type, 
appears  to  be  the  critical  level  there. 

However,  in  northern  Sudan,  where  rainfall  is  absent  or 
considerably  less  than  ten  inches  annually,  H.  1.  leachii  is 
still  fairly  common  on  foxes. 

In  the  Nile  Valley  of  Egypt,  where  rainfall  is  nil  to  ex- 
ceedingly low,  the  tick  thrives.  But,  it  should  be  stressed,  the 

microhabitats  of  its  larval  and  nymphal  host,  the  grass  rat,  Arvi- 
c ant his  n.  niloticus,  are  more  humid  than  elsewhere,  situated  as 
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they  are  beside  irrigated,  cultivated  fields  or  in  dykes.  We  have 
never  foxmd  these  ticks  in  burrows  in  the  desert,  even  on  the 
Mediterranean  littoral  where  burrows  are  frequently  patently  damp. 
Foxes  that  pick  up  newly-molted  adult  ticks,  probably  from  vegeta- 

tion near  grassrat  biu-rows  when  they  forage  in  cultivated  areas 
at  night,  retreat  to  very  dry  desert  caves  and  dens  to  rest  by 
day.  In  these  situations,  evaporation  from  the  host  skin  may  be 

the  factor  that  allows  the  parasite's  survival. 

A  comparative  study  of  the  survival  of  Northeast  African  and 
South  African  populations  itnder  local  conditions  of  humidity  and 
temperat\ire  should  be  of  considerable  interest. 

Theiler  and  Robinson  (195 3A)  have  also  found  that  H.  1.  leachii 

does  not  occxir  in  those  parts  of  South  Africa  with  over"~sixty  days of  heavy  frost  per  annum.  It  is  generally  absent  from  the  arid 
Karroo  except  where  grasses  are  present.  Altitvide  does  not  effect 
the  distribution  of  the  yellow  dog- tick  within  the  limits  of  crit- 

ical frost  days  noted  above.  Variability  of  incidence  in  various 
zones  of  South  Africa  is  also  discussed. 

According  to  Lewis  (1939A),  H.  leachii  (probably  including 
both  subspecies  -  HH)  occurs  in  all  districts  and  altitudes  of 
Kenya  but  seems  to  prefer  the  shelter  of  dense  shrub  and  grassy 
woodlands.  In  some  areas  it  is  more  common  on  dogs  than  is  R.  s. 

sanguineus .  
"" 

Theiler  and  Robinson  (loc.  clt.)  state  that  the  immature  stages 
of  H.  1.  leachii  may  feed  on  dogs.  Our  experience  in  East  Africa, 

Egypt, "and  Arabia  indicates  that  nymphs  are  very  rarely  foimd  on roaming  wild  carnivores  such  as  mongooses,  civets,  and  jackals, 
but  that  larvae  and  nymphs  frequent  rodent  burrows.  Onderstepoort 
records  (Theiler,  correspondence)  show  one  hundred  collections  of 
nymphs  from  raurid  rodents,  one  from  cattle,  one  from  shrews,  one 
from  Felidae,  one  from  hares,  eight  from  elephant  shrews,  three 
from  fflustelids,  five  from  springhaas,  four  from  squirrels,  three 
from  mongooses,  and  one  from  civet.  It  is  obvious  that  many  factors 
governing  the  life  cycle  and  possible  variability  in  host  preference 
of  immature  stages  remain  to  be  determined  from  field  studies. 

Roberts  (1935)  found  larvae  and  nymphs  in  the  Nairobi  area 
common  on  various  field  rodents  and  in  their  nests.  These  are 
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the  same  as  those  listed  for  R.  s.  simus  (page  7^3).  The  writer's 
experience  in  other  parts  of  IJenya  in  general  confirms  Roberts* 
findings.  However,  Roberts  observed  that  nests  of  Mastonys  (=  Mus) 
coucha  near  the  surface  of  the  ground  rather  than  deeper  nests  are 
preferred  by  H.  leachii,  but  I  do  have  numerous  records  from  deep- 

er nests  of  grassrats.  This  factor  also  requires  fvirther  study 
(See  R.  s.  simus,  page  7iV6).  It  is  of  some  interest  to  note  that 
all  specimens  that  have  been  reared  in  our  laboratories  from  nymphs 
from  rodent  nests  in  Kenya,  the  Sudan,  and  Egypt  have  been  sub- 

species leachii. 

The  chalcid  wasp  parasite  Hunterellus  hookeri  has  been  bred 
from  nymphs  in  South  Africa  (Cooley  1929, 193A^.  This  subject  is 
further  discussed  vinder  R.  s.  sanguineus  (page  710), 

DISEASE  REIATia^S 

MAN:  Boutonneuse  fever  (Rickettsia  conorii). 

Experimental  evidence  indicates  efficiency  as  a  vector  of 
Rocky  Moxontain  spotted  fever  (Rickettsia  rickettsii). 

MAN  AND  ANIMALS:  Qi  fever  (Coxiella  burnetii). 

DCMESTIC  DOGS:  Canine  babesiosis  (Babesia  canis). 

?DCMESTIC  GATS:  Feline  babesiosis  (Nuttallia  felis). 

?JACKALS:  Ganine  babesiosis  (B.  canis) . 

RMARKS 

k   gynandromorph  of  H.  leachii  (probably  subspecies  leachii) 
has  been  described  and  illustrated  by  Santos  Dias  (1953C7^  The 
misshapen  specimen  of  H.  leachii  described  and  illustrated  by 
Nuttall  (19LAA),  and  widely  quoted  by  subseqixent  authors,  refers 
to  the  Asiatic  subspecies  indica  Warbvirton,  1910.  Very  slightly 
misshapen  specimens,  due  to  injury,  of  both  African  subspecies 
have  been  described  and  illustrated  by  Santos  Dias  (1955A) .  The 
measurements  and  increase  in  relative  size  from  stage  to  stage 
have  been  staadied  by  Campana-Rouget  (195^) ,  apparently  from  data 

in  Nuttall 's  Monograph. 
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It  should  be  noted  that  some  gradation  appears  between  the 
two  African  subspecies  of  H.  leachii  and  that  a  few  specimens  do 
not  conform  strictly  to  the  criteria  for  one  or  the  other  form. 

The  third  subspecies,  indie  a  Warburt'on,  1910  of  southern  Asia, is  more  like  the  subspecies  miihsami  than  like  the  subspecies 
leachii,  and  is  distinguishable  from  both  by  minor  but  apparently 
constant  and  valid  characters. 

Dr.  G.  Theiler  and  the  writer  for  several  years  have  been 
collaborating  on  a  morphological  study  of  considerable  series  of 
this  species  from  a  variety  of  hosts  and  localities.  The  results, 
with  complete  data,  will  be  presented  in  a  separate  report.  The 

variety  humerosoides,  common  on  canines,  informally  proposed  b^' 
Theiler  U943BJ  for  the  large,  narrow,  elongate  form  with  extreme 
ventral  projection  of  spurs,  appears  from  this  study  to  be  an 
extreme  body  fonn  of  the  somewhat  variable  H.  1.  leachii  and  not 

a  separate  morphological  or  biological  subspecies"!  In  numerous long  series  of  specimens  from  single  hosts,  gradations  from  this 
to  less  extremely  narrow  and  elongate  forms  occur.  There  are, 
however,  sviggestions  that  the  extreme  form  is  a  reflection  of 
particular  host  factors,  and  application  of  some  of  the  more  com- 

plex aspects  of  newer  taxonomic  concepts  may  eventually  justify 
the  name  humerosoides. 

IDENTIFICATION 

Males.  This  long,  narrow  tick  has  tarsi  II  to  IV  gradually 
tapering;  punctations  numerous,  mostly  small,  and  discrete;  palpi 
obtusely  angled  and  widely  triangtilar,  widest  at  level  of  basal 
third,  with  lateral  margin  straight  or  very  slightly  convex  but 
almost  never  concave;  basally  both  dorsally  and  ventrally  forming 
a  conspicuous  and  usually  strong  spur  just  laterad  of  the  point 
of  insertion;  palpal  segment  3  with  a  retrograde  spur  that  is 
long  and  tapering;  basis  capituli  with  lateral  margins  varying 
from  almost  parallel  to  somewhat  divergent  anteriorly  and  with 
comua.  that  are  usually  large  and  pointed;  coxae  always  with  a 
distinct  basal  spur  overlapping  the  basal  margin  and  with  a 
number  of  long,  conspicuous  hairs.  This  combination  of  characters 
must  be  considered  in  separating  males  from  those  of  other  species 
and  from  the  subspecies  muhsami. 
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The  scutijm  varies  from  about  2.3  mm.  to  3.8  mm.  long  aixi  from 
1.2  mm.  to  1.9  mm.  wide;  average  specimens  are  about  2.6  mm.  long 
by  1.3  mm.  wide.  This  length-width  ratio  is  important  in  comparing 
this  subspecies  with  muhsami,  though  a  few  intergrade  specimens, 
with  respect  to  this  feature ,  do  occur.  The  punctations,  always 
numerous  and  mostly  comparatively  small,  are  usually  discrete; 
they  cover  the  entire  dorsum  including  lateral  areas  axid  festoons 
but  frequently  are  reduced  in  the  narrow,  elongate  area  correspond- 

ing to  the  posterior  median  groove  of  rhipicephalids.  The  long, 
narrow  lateral  groove  encloses  the  first  one  or  two  pairs  of  fes- 

toons; the  closely  approximated,  arched  cervical  grooves  usually 
extend  to  the  anterior  level  of  the  lateral  grooves.  The  scutal 
surface  is  more  or  less  arched. 

The  palpi  are  notable  for  their  wide,  obtusely  angled  form. 
The  lateral  margin,  either  straight  or  very  slightly  convex  in 
outline,  distinguishes  this  subspecies  from  muhsami,  but,  rarely, 
a  similar  form  occurs  on  ticks  with  the  short,  broad  scutal  type 
of  muhsami.  The  recurved  basal  margin  is  typically  broken  both 
dor sally  and  ventrally  by  a  strong  spur  just  laterad  of  the  point 
of  insertion;  while  this  spur  is  usually  accentuated  in  large, 
narrow,  elongate  specimens  it  is  surprisingly  reduced  in  some  in- 

dividuals of  this  type.  The  ventral  retrograde  spur  of  palpal 
segment  3  notably  is  consistently  strong,  overlapping  the  base 
of  segment  3,  and  narrow  and  tapering.  Segment  3  is  about  half 
as  long  as  segment  2.  The  basis  capituli,  typically,  is  elongate 
with  strong,  tapered  cornua  ajid  with  latersil  margins  slightly 
divergent  anteriorly,  but  the  length-width  ratio  and  size  and 
shape  of  the  cornua  is  surprisingly  variable,  even  in  specimens 
in  which  the  general  appearance  would  otherwise  lead  one  to  expect 
that  these  features  would  be  typical,  and  the  degree  of  divergence 
of  the  lateral  margins  is  also  somewhat  variable.  The  hypostome 
has  L,/k  or  5/5  dentition. 

The  coxae  are  notable  for  the  basal  spur  that  overlaps  the 
basal  margin  and  for  the  presence  of  twelve  to  twenty  long  hairs 
on  each  (hairs  may  be  broken  or  rubbed  off  in  old  or  carelessly 
collected  or  preserved  material).  The  size  and  position  of  these 
spurs  always  approximate  those  illustrated  herein  and  are  important 
in  distinguishing  this  species  from  some  others.  In  newly  molted 
or  fresh  specimens,  the  numerous  long  hairs  are  a  very  character- 

istic feature  of  this  species.  The  elongate  tarsi  taper  gradually 
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apically  and  bear  a  small  pad  and  claw;  the  claw  ctirves  distad  of 
the  apex  of  the  pad. 

Females.  This  sex  closely  recalls  the  male  and  while  it  is 
equally  as  variable  it  appears  to  be  less  frequently  confusing 
with  the  subspecies  muhsami. 

The  elongate  scutumj  from  one  fourth  to  one  third  longer  than 
wide,  posteriorly  tapers  gradually  to  a  more  or  less  narrow  point. 
Scutal  punctations  are  much  like  those  of  the  male,  and  while  they 
are  frequently  somewhat  larger  and  less  numerous  than  those  of  the 
male  they  are  distinguishable  from  the  consistently  large  and 
sparse  punctations  of  muhsami.  The  cervical  grooves  gradually 
converge  to  the  scutal  raidlength  and  thence  diverge  towards  the 
posterolateral  margins  but  do  not  reach  these  margins. 

The  palpal  outline  is  like  that  of  the  male  except  that  it  is 
loore  elongate,  the  length  of  segment  3  more  nearly  equalling  that 
of  segment  2  than  it  does  in  the  male;  and  the  basal  spur  ventrally 
is  absent  or  extremely  reduced  in  the  form  of  a  blxontly  ro\anded 
projection.  The  lateral  margin,  which  as  in  the  male  is  typically 
straight  or  slightly  convex,  is  actxially  more  readily  and  definite- 

ly usable  as  a  diagnostic  character  because  of  its  greater  length; 
while  this  margin  is  very  slightly  concave  in  some  specimens  these 
are  unusual.  The  basis  capituli  is  definitely  wider  and  shorter 
than  that  of  the  male  and  bears  shorter  cornua. 

Coxal  and  tarsal  characters  are  like  those  of  the  male;  in 
spite  of  some  variation  they  are  not  likely  to  be  confused  with 

most  specimens  of  the  related  subspecies,  /"in  considering  the 
female  coxal  spur  as  minute  and  the  tarsus  as  "stout",  Nuttall  and 
Warburton  (1915)  inust  have  been  referring  to  specimens  of  muhsami  .7 

The  body  form  of  unengorged  females  is  typically  elongate  and 
comparatively  narrow,  as  in  males,  though  the  overall  size  is  some- 

what larger.  Engorged  females  may  become  so  large  in  the  latter 
hours  of  feeding  that  superficially  they  resemble  typical  boophilid 
females. 

The  larvae  and  nymph  of  this  species,  but  not  definitely  refer- 
able to  this  subspecies,  have  been  described  by  Nuttall  and  Warbur- 

ton (1915). 
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Figures  150  and  151,  tf»  dorsal  and  ventral  views 

Figures  152  and  153,  9,  dorsal  and  ventral  views 

HAEMAPHYSALIS  LEACHII  MUHSAMI 

Sudan  Specimens  from  White-tailed  Mongoose 

PLATE  XLV 
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HAIMPHYSALIS  LEACHII  MUHSAMI  Santos  Bias,  195A(e) 

(=  H.  LEACHII  INDICA  (in  Africa)  or 

H.  LE&CHII  near  INDICA  of  authors). 

(Figures  150  to  153) 

THE  YELLOW  SdALL-CARNIVCRE  TICK 

c? BiUATCRIA  PROVINCE  RBCCRDS 

1 Torit 
1 Torit 

2 Tarangore 
2 1 Torit 

1 Torit 

3 1 Torit 
5 Obbo 
2 1 Torit 

9 Torit 
4 9 Torit 
1 2 Torit 
2 

15 

Kapoeta 
1 1 Torit 

15 

Torit 

2  UO 88 Torit 
1  U 39 Yei 

1 Torit 
1 Kapoeta 
1 Ikoto 
1 Ikoto 
1 Torit 

Crocidura  ny ansae  toritensis 

Atelerix"pruneri  oweni Atelerix  prunerx  oweni 
Mellivora  capensis  abyssinica 

iper 
3la£ 

Canis  niesomelas  elgonae 
Canis  aureus  soudanicus 
Civettictis  civetta  congica 
Civettictis  civetta  congica 
Civettictis  civetta  congica 
Civettictis  civetta  congica 
Genetta  tigrina  aeqiiatorialis 
Herpestes  sanguineus  sanguineus 
Ichneumia  albicauJeTalbicauda 
Ichneumia  albicautla  albicaucfa 
Ichneumia  albicauJa  albicaucfa 
Ichneiimia  albicauiSa  albicaula 
Felis  JTByca  ugandae 
Lepus  capensis  subsp. 
Lepus  capensis  crawshayi 
Rhynchotragus  guentheri  smithii 
Domestic  dog 

Feb 
Feb 

Jun 
Jan Dec 
Apr  (2) 
Apr 

Feb Jun  (2) 

Jul 

Feb Apr 

Jan Mar 
Apr  (3) 

Apr  (2) 
Nov 

Apr 

Feb Dec 

DISTRIBUTION  IN  THE  SUDAN 

Bahr  El  Ghazal;  12c55',  ̂ 99,  black-legged  mongoose,  Galvial-Nyang 
Forest,  2'/TTay  1953,  E.  T.  M.  Reid  legit.  Id',  same  host  and  collec- 

tor, Yirol,  22  January  195A-.  5oC  Atelerix  pruneri  oweni,  GaluaL. 

i,  2U  February,  1953,  H.  Hoogstraal  legitl  US', Nyang  Forest j 

1$^ 
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Atelerix  pruneri  oveni,  Majan  Yom,  2  May  1953,  E.  T.  M.  Reid  legit. 

lacS?,  ̂ ^>  "small  rodent  burrowing  in  termite  mound" ,  Waynjok, 
N.  W.  Gogrial,  April,  1953,  W.  Dees  legit .  lo,  tiang,  Damaliscus 
korrigum  tiang,  Gal\xaL-Nyang  Forest,  April,  1953,  B.  T.  M.  Reid 
legit,  adl?,  leopard,  36  miles  south  of  Yirol,  18  January,  1953, 
E.  T.  M.  Reid  legit.  I5,  domestic  cat,  GaluaJ^Nyang  Forest, 
March  1953,  and  400,  same  host,  Wau,  October,  1953,  both  SVS. 

_Blue  Nile:  5<S?,  3w,  "mongoose".  Wad  Medani,  29  November 

1950, "^^"jTTewis  legit  (SGC). 

Khartoum;  4fSf,  "fox",  Khartovun,  9  January  1918,  R.  Cottam 
legit  (36flJ. 

DISTRIBUTION 

The  subspecies  muhsami  occurs  in  all  areas  of  the  Ethiopian 
Faunal  Region,  including  the  movintains  of  the  Yemen  in  south- 

western Arabia.  We  have  not  seen  it  in  Egypt.  The  data  will 
be  published  subsequently  in  a  series  of  reports  on  Africa  haema- 
physalids. 

HOSTS 

The  subspecies  muhsami  is  especially  common  on  small  carni^ 
vores  such  as  mongooses,  genets,  civets,  and  wild  cats.  It  seldom 
attacks  wild  or  domestic  canines  or  wild  antelopes.  Usually  smal- 

ler numbers  are  found  on  mole  rats,  shrews,  hedgehogs  and  hares j 
the  possibility  that  certain  of  these  may  represent  separate  forms 
is  being  studied.  Full  data  will  be  presented  in  the  report  men- 

tioned under  DISTRIBUTION  above. 

BIOLOGY 

This  subject  requires  study,  especially  in  relation  to  that 
of  the  subspecies  leachii . 

DISEASE  RELATIONS 

Unstudied. 
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REMARKS 

As  already  indicated,  Theiler  and  the  writer  have  been  studying 
variation  in  this  species  for  some  years  and  the  final  report  is 
nearing  completion.  Recent  material  sent  by  Santos  Dias  to  Theiler 
for  identification,  and  returned  with  the  note  that  this  was  typical 

of  what  we  were  provisionally  referring  to  as  "H.  near  indie a" 

pending  completion  of  our  studies,  wa^  utilized~as  the  type  series 
for  the  "species"  muhsami.  These  specimens  and  their  description 
and  illustration  correspond  with  what  we  have  been  considering  as 

the  "H.  leachii  near  indica"  of  Theiler  (19A3B).  Subsequent  Theiler- 
Santos  Dias  correspondence,  however,  indicates  that  the  latter  worker 
considers  muhsami  as  a  separate  species,  separate  and  distinct  from 

"near  indica".  Recently  (November  1955)  Dr.  J.  Bequaert  has  kindly 
sent  me  his  paratype  specimens  of  "H.  muhsami"  and  study  of  these 
confirms  the  already  mentioned  TheiTer  viewpoint. 

Santos  Dias  (195^^)  reports  a  nyroph  of  "H.  muhsami"  from  a 

tchagra  shrike  in  Mozambique.  The  likelihood""that  this  is  actuaJ— ly  a  specimen  of  H.  hoodi  hoodi  should  be  considered. 

IDENTIFICATION 

H.  leachii  muhsami  in  some  instances  intergrades  with  H.  1. 

leacHii  and  these  specimens  may  be  difficult  or  impossible  To  ~ separate  to  subspecies.  Criteria  for  separating  this  species 
from  others  are  established  in  the  key  and  under  IDMTIFICATION 
of  H.  leachii  and  in  the  latter  section  the  characters  differen- 

tiaTing  the  two  subspecies  are  also  noted.  Results  of  a  long- 
term  study  of  this  subject  will  be  presented  subsequently.  Here, 
only  a  brief  resume  of  the  characters  separating  H.  leachii 

muhsami  from  the  nominal  subspecies  is  provided.  ~ 

Males.  These  ticks  are  smaller  and  their  scutal  outline  is 

wider  than  that  of  the  subspecies  leachii.  Scutal  punctations 
are  only  moderate  in  number  and  are  generally  fairly  large  and 
shallow.  In  outline,  the  palpal  outlines  of  the  tv;o  are  quite 
similar  except  that  the  lateral  margin  of  muhsami  is  slightly 
concave  though  in  exceptional  specimens  it  may  be  straight  and 
even  more  uncommonly  it  may  be  very  slightly  convex.  The  ventral 
retrograde  spur  of  palpal  segment  3  notably  is  like  that  of  leachii, 
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but  in  muhsaml  the  basal  spurs  may  be  more  reduced.  The  basis 
capituli  is  short  and  wide,  with  lateral  margins  widely  diverging 
anteriorly,  and  the  comua  are  usually  smaller  and  weaker  than 
those  of  leachii.  The  coxal  spurs  are  comparable  with  those  of 
leacbii,  an  iir^wrtant  criterion  for  separating  this  subspecies 
from  some  other  equally  small,  not  otheivise  greatly  differing 
species  in  Africa. 

The  scutal  size  varies  from  1.3  mm.  to  2.2  ram.  long  and  from 
0.8  ram.  to  1.2  ram,  wide.  A  majority  of  specimens  fall  within  the 
lower  size  range  and  are  easily  recognizable.  The  few  larger 
specimens  may  be  typical  or  they  may  approach  the  form  of  the 
subspecies  leachii  in  shape  of  palpal  lateral  margin  or  in 
development  of  palpafl.  spurs.  The  smaller  and  more  compact  size 
and  shape  of  muhsami  is  almost  always  reflected  in  stouter  and 
more  abruptly  tapering  tarsi. 

Females.  Like  males,  this  sex  is  smaller,  rounder,  and  more 
compact  than  females  of  leachii.  The  scutal  length  is  about  equal 
to  or  only  very  slightly  greater  than  the  width;  the  posterior 
margin  is  more  broadly  rounded;  the  punc tat ions  are  rather  large 
and  moderate  in  numbers;  and  the  cervical  grooves  are  more  con- 

cave and  more  distant  from  each  other.  The  palpal  outline  usual, 
ly  has  the  lateral  margin  definitely  concave;  the  ventral  basal 
spur  is  absent  but  the  dorsal  basal  spur  is  quite  variable;  the 
ventral  retrograde  spur  of  segment  3  is  like  that  of  the  male 
and  of  the  subspecies  leachii.  The  basis  capituli  in  all  avail- 

able sjjecimens  is  definitely  short  and  wide  with  latersil  margins 
distinctly  diverging  anteriorly  and  the  comua  are  usually  broad- 

ly tapered  and  short.  Coxal  spurs  correspond  to  those  of  the 
male.  Tarsi  tend  to  be  shorter,  stouter,  and  more  abruptly 
tapered  than  those  of  female  leachii. 
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154 

Figvires  15A  and  155,  <^,  dorsal  and  ventral  views 
Figures  I56  and  157,  §,  dorsal  and  ventral  views 

HAQ-IAFHYSALIS  PARI-IATA 
Rio  Kuni  specimens 

PLATE  XLVI 
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HAMAPHYSALIS  PAIMATA  Neinnaim,  1905, 

{FLgvoces  154  to  157) 

THE  WEST  AKIICAN  ANTaOPE  HAiMAPHISALID 

L       N      $      cf  BiUATORIA  PRO\n:NCE  RB3CRDS 

1  Noli  Hills       Cephalophus  caerultis  musculoides  Mar  (SGC) 
1  Nagichot  domestic  cattle  Jul 
2  Gilo  domestic  cattle  Dec 

BIRD 

11  16         Lotti  Forest  Gicttera  edouardi  sethsmithi     Apr 

These  localities,  all  in  the  central  area  of  the  east  bank  of 
Bquatoria  Province,  lie  between  4500  feet  and  65OO  feet  elevation. 
H.  parmata  has  not  been  found  in  other  Provinces  of  the  Sudan.  The 
Uoll  Hills  specimen  is  somewhat  atypical,  see  REMARKS  below. 

DISTRIBUTION 

H.  parmata  is  a  qviite  common  Central  and  West  African  tick  that 
ranges  in  smaller  nimibers  into  the  forested  highlands  of  eastern 
Africa.  It  is  especially  nximerous  in  the  Cameroons. 

WEST  ATOICA;  GOLD  COAST  (Nuttall  and  Warburton  1915).  FRENCH 
WEST  AHUCA  tVilliers  1955).  SIMRk  LEONE  (Simpson  1913.  Nuttall 
and  Warburton  1915).  NIGERIA  (Ziemann  1905.  Neumann  1911.  Simpson 
1912B.  Nuttall  and  Warburton  1915). 

CMTRAL  ATOICA;  CAMEROONS  (Neumann  1905,1911.  Ziemann  1905, 

1912A'^  Nuttall  ana  Warburton  1915.  Rageau  1951,1953A,B.  Hoogstfaal 1954c).  RIO  MUNI  (Nvmierous  specimens  in  HH  collection  from  north- 
central  part  of  state;  K.  C.  Brown  legit;  gift  of  Colonel  R.  Traub). 
ERMCH  EQUATORIAL  APRICA  (Fiasson  19^5B.  Rousselot  1951,1953B. 
Hoogstraal  1954C).  BELGIAN  CONGO  and  RUANDA-URUNDI  (Nuttall  and 
Warburton  1915,1916.  Bequaert  1930A,B,1931.  Schoenaars  1951A,B. 
Van  Vaerenbergh  1954.  Santos  Dias  1954D.  See  HOSTS  below). 
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EAST  AFRICA;  SUDAN  (Hoogstraal  1954B). 

KMYA  (Neave  1912.  Anderson  192^A.  Neumann  1913.  Nuttall 
and  Warburton  1915.  Lewis  1931A,C.  As  H.  calcarata;  Lewis 
193 IB.  As  H.  bispinosa;  Lewis  1934.  Loveridge  1936A.  Hoogstraal 
195AC).  UGSnDA  tNuttall  and  Warburton  1915-  Mettam  1932.  Theiler 
1945C). 

/"SOUTHBIN  AmiCA;  MOZAMBKIDE:  Santos  Dias  (l95i!hF);  not typical  specimens  if  description  and  illustrations  are  correct. 
UNION  OF  SOUTH  AFRICA:  Theiler  (19^^50)  states  that  this  species 
actually  has  not  been  found  in  the  Union  of  South  Africa,  and 

(correspondence)  that  Curson's  (1928)  and  Bedford's  (1932B)  records 
from  Zululand  are  misidentifications.7 

NOTE;  Records  from  Sumatra  (GallL-Valerio  1909B)  undoubtedly 
are  based  on  erroneous  identification. 

HOSTS 

The  chief  hosts  of  adtilts  are  antelopes;  any  domestic  animal 
may  be  attacked.  Immature  stages  parasitize  carnivores  and  ante- 

lopes and  larvae  have  been  recorded  from  forest  birds. 

Adults 

Domestic  animals;  Cattle  (Neumann  1905,1911,  Ziemann  1905, 
1912A,  Nuttall  and  Warburton  1915,1916,  Mettam  1932,  Schoenaers 
1951A,B,  Rageau  1953B,  Hoogstraal  1954B,  Svidan  records  above). 
Sheep  (Neumann  1905,1911,  Ziemann  1905,  Mettam  1932,  Rageau  1953B). 
Goats  (Neumann  1905,1911,  Ziemann  1905,1912A,  Mettam  1932,  Rageau 
1953B).  Dogs  (Ziemann  1912A,  Mettam  1932.  Rousselot  1951,  Rageau 
1953B).  Pigs  (Rageau  1953B).  (?Domestic)  Pigs  (Neumann  1905,1911, 
Ziemann  1905). 

Antelopes ;  Hartebeest  (Nuttall  and  Warburton  1915.  Mettam 
1932;.  Biishbuck  (Simpson  1913,  Lewis  1931C,  Nuttall  and  Warburton 
1915,  Bequaert  1931,  Mettam  1932,  Hoogstraal  195AC).  Harnessed 
antelope  (Nuttall  and  Warburton  1915).  Royal  antelope,  black 

duiker,  bay  duiker  (Vllliers  1955).  Bushbuck  and  Maxwell's  duiker 
(Cameroons,  J.  Mouchet  legit ,  HH  det.).  Impala  and  Harvey's  duiker 
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(Hoogstraal  195-^0).  Blue  duiker  O^ettam  1932,  Hoogstraal  195AB, 
Svdan  record  above).  Forest  or  red  duiker  (Mettam  1932).  I>uiker 

and  "forest  antelopes"  (Rio  Mtmi  specimens  noted  above).  Okapi 
(Belgian  Congo  specimens,  ICZ,  HH  identified). 

Other  wild  animals;  Water  chevrotain  (Bequaert  1931  and 
Onderstepoort  collection).  Buffalo  (Nuttall  and  War burton  1915, 

Mettam  1932).  Bushpig  (apparently  from  Ziemann's  (1905)  remarks 
for  "pigs";  Nuttall  and  Warburton  1915). 

Immature  Stages 

All  the  following  records  are  for  nymphs  unless  larvae  are 
also  noted. 

Antelopes;  Harnessed  antelope  (Nuttall  and  Warburton  1915). 

"Duiker"  (Fiasson  194.3B,  Rousselot  1951).  Harvey's  duiker  (Hoog- 
straal 195^).  "Forest  antelopes"  (Rio  Muni  specimens  noted 

above).  Nymphs  and  larvae  from  bushbuck  (Theiler  19A5C)  and 

from  duiker  (Theiler,  unpublished).  Larvae  from  "duiker"  (Rio 
Mvmi  specimens  noted  above). 

Carnivores;  Genet  and  mongoose  (Hoogstraal  195/4C).  Domestic 
dog  (Rio  Muni  specimens  noted  above).  Civet,  and  larvae  and 
nymphs  from  genet  (Cameroons,  J.  Mouchet  legit,  HH  det.). 

Other  mammals;  Black  and  rufous  elephant  shrew,  Rhinonax 
petersi,  from  Tanganyika  (Theiler,  unpublished). 

Birds;  Larvae  and  nymphs  from  forest  gtiineafowl  (Hoogstraal 
1954B;  Sudan  record  above). 

BIOLOGY 

Available  data  indicate  that  H.  parmata  inhabits  humid,  for- 
ested regions  of  West  Africa  but  tEat  more  easterly  populations 

find  optimum  conditions  for  sujrvival  chiefly  in  forest  and  uplands. 
Neumann's  (1913)  and  Lewis'  (193 IC)  Kenya  reports  were  from  areas 
between  1000  feet  and  8000  feet  altitude.  In  Ruanda-Urundi ,  this 
tick  is  found  up  to  about  56OO  feet  elevation  (Schoenaers  1951B). 
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Sudan  records  and  several  others  in  my   collections  are  all  from 
altitudes  above  3000  feet.  In  the  Sudan  and  frequently  elsewhere, 
these  hills  are  more  humid  than  the  surrounding  plains. 

DISEASE  RELATIONS 

Unstudied, 

REMARKS 

The  only  other  tick  recorded  from  Africa  that  has  palpal 
characters  more  or  less  similar  to  those  of  H.  parmata  is  H. 
bispinosa  Neiiraann,  1897,  an  A.siatic  species  That  is  said  to  be 
found  rarely  on  domestic  animals  in  Kenya,  Males  of  H.  bispinosa 
can  be  distingtiished  by  their  more  narrow  and  elongate  scutum, 
long  lateral  grooves,  and  abrupt  tapering  of  tarsus  IV.  Females 
of  H.  bispinosa  have  a  scutail  outline  that  is  slightly  longer 
than  broad,  converging  cervical  grooves,  and  a  shorter,  wider 
basis  capituli.  In  addition,  the  distal  tapering  of  tarsus  IV 
is  more  abrupt.  Nuttall  and  Warburton  (1915)  recorded  a  few 

specimens  of  H.  bispinosa  from  Kenya,  but  Lewis'  specimens  under 

this  name  are~actually  H.  parmata  (Hoogstraal  195AC ) . 

With  respect  to  the  tapering  of  tarsus  IV,  the  Noli  Hills 
female  specimen  from  Equatoria  Province  is  like  H.  bispinosa. 
In  all  other  characters,  however,  it  appears  to  equal  H.  parmata 
and  it  is  therefore  assigned  to  the  latter  species,  thougn  with 
some  hesitation.  Sttadents  of  Haemaphysalis  ticks  believe  that 
such  tarsal  characters  are  constant  within  a  species,  but  because 
of  the  dearth  of  comparative  material  it  is  impossible  to  arrive 
at  a  satisfactory  conclusion  concerning  this  variation. 

The  material  described  by  Santos  Bias  (195'iJF')  from  Mozambique 
appears  to  differ  somewhat  from  that  known  from  the  rest  of  Africa. 

In  a  formidable  discussion,  Schulze  (1938A,  figure  31C)  has 
illustrated  the  palpi  of  H.  parmata  as  data  for  his  theories  con- 

cerning generic  and  speciTic  indicators  resulting  from  pressure 
of  the  body  within  the  developing  nymph  of  ticks. 
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IDENTrFICATION 

Males  are  easily  recognized  by  the  pointed  dorsal  projection 
from  the  basal  margin  of  palpal  segment  3;  pecviliarly  shaped  palpi; 

short  and  broad  scut-um;  very  short  cervical  grooves;  lateral 
grooves  that  reach  only  midlength  of  scutum;  numerous,  medium 
size,  deep  scutal  punctations;  coxae  with  short  but  distinct 
basal  spurs,  and  tarsus  IV  gradually  tapering.  Palpal  charac- 

ters alone  are  enough  to  quickly  separate  H.  parmata  from  other 
African  species.  Males  are  very  small;  they  measure  from  1.3 
mm.  to  1.8  mm.  long  and  from  0.75  ram.  to  1.1  ram.  wide. 

Females  have  the  same  distinctive  palpal  featiu-es  as  do 
males.  The  subcircular  scutum  measures  from  0.6A  mm.  to  0.70 
mm.  long,  and  from  0.75  mm.  to  0.90  mm.  wide;  it  has  broad, 
shallow,  parallel  cervical  grooves  extending  to  its  midlength 
and  medivim  size  punctations  that  are  more  shallow  than  those 
of  the  male.  Coxa  I  has  a  rather  wide,  short  posterior  spur 
but  other  coxal  spiirs  are  replaced  by  broad  posterior  ridges. 
Female  palpal  characters  are  as  distinctive  as  those  of  the 
male  among  the  African  fauna. 

Theiler  (1945C )  has  redescribed  and  illustrated  both  sexes 
and  the  immature  stages  of  H.  parmata.  Dr.  Theiler  identified 
the  larvae  and  nymphs  from  the  forest  goiineafowl  from  the  Sudan. 
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HYALOMMA 

INTRODDCTION 

The  genus  Hyalomma  is  a  complex  of  a  few  species  exhibiting 
an  almost  endless  varxety  of  facies.  Its  original  center  of  dis- 

persal was  probably  Irsin  or  southern  Russia.  Genetic  instability 
may  in  part  accoiint  for  the  wide  morphological  differences  found 
in  many  specimens.  Environmental  vicissitudes  are  xmdcubtedly 
important  additional  factors  in  modifying  size,  color,  and  over- 

all appearance  in  this  genus.  These  are  tough,  hardy  ticks  that 
survive  under  conditions  in  which  all  other  species  are  uncommon 
or  entirely  absent;  they  may  even  thrive  in  such  environs.  They 
inhabit  country  where  humidity  is  frequently  low,  seasonal  climatic 
conditions  are  extreme,  favorable  niches  for  development  away  from 
the  host  are  rare,  smaller  animals  for  immature- stage  feeding  are 
sparse,  and  larger-size  hosts  are  frequently  poorly  nourished  and 
wander  widely  among  inhospitable  situations. 

Owing  to  their  medical  and  economic  importance  and  the  pressing 
need  to  clarify  the  relationships  of  all  presently  recognized  spe- 

cies in  the  genus  Hyalomma,  the  plan  of  this  section  has  been  mod- 
ified to  include  a  key  to  all  species  and  illustrations  of  non- 

Sudanese  species.  Further  research  will  somewhat  modify  present 
concepts  but  this  compilation  of  information  will  provide  a  firmer 
foiandation  for  subsequent  revision  than  is  now  available  without 
considerable  background  study.  The  presently  recognized  species 
of  continental  Africa  are,  however,  fairly  well  stabilized  and 
the  disconcerting  prospect  of  further  nomenclatorial  changes  and 
addition  of  new  species  applies  chiefly  to  populations  from  the 
Near  Elast  to  the  Far  East. 

NOMENCLATORIAL  BACKGROUND 

HISTORY 

It  is  hardly  surprising  that  criteria  for  identification 
of  Hyalomma  species  have  long  been  in  a  chaotic  state.  The  thir- 

teen species  described  by  Koch  (IB/X) ,   when  he  erected  the  genus. 
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in  addition  to  three  previously  described  species,  remained  mostly 
vtnrecognized  by  subsequent  workers.  The  genus  was  reduced  to  four 
species,  including  a  single  new  one,  and  four  subspecies  by  Neu- 

mann (1911).  H.  aegvptium  was  used  as  a  '"catchaU"  name  by  most 
persons  until  The  19*^0' s.  During  the  early  twentieth  century, 
British  workers  in  Africa,  depending  on  Nuttall  and  Warbvirton 
at  Cambridge  for  identification  of  their  collections,  developed 
a  group  of  names  that  are  herein  referred  to  those  in  contemporary 
usage  after  having  studied  the  Nuttall  collection  in  British 
Museum  (Natural  History). 

Between  1919  and  1950,  Schulze  and  a  few  of  his  students 
and  followers  seized  upon  the  apparently  imlimited  opportimities 
for  providing  dozens  of  species  names  for  variants  in  this  genus. 
Scarcely  a  single  one  of  the  some  eighty  species  and  subspecies 
proposed  by  Schulze  and  colleagues  has  withstood  the  test  of 
comparison  with  reared  progeny  from  a  single  female  tick.  After 

having  studied  parts  of  Schulze* s  collection,  now  housed  in  Roclsy 
Mountfiiin  Laboratory,  one  can  ujider stand,  from  the  small  series 
and  poor  labelling,  how  misconceptions  regarding  species  identity 
developed  among  persons  eager  to  tag  each  variation  with  a  spe- 

cies name.  Schulze  even  went  so  far  as  to  name  the  progeny  of 
a  single  female  as  different  species  (H.  delpyi  Schulze  and 
Gossel,1936)  (Delpy  19^6a). 

RECENT  REVISIONAL  AND  STJPPCRTING  STUDIES 

During  the  last  twenty  years  a  certain  araoxint  of  cosmos  has 
begun  to  evolve  from  this  nomenclatorial  chaos,  although  it  is 
obvious  that  additional  modifications  in  species  concepts  and 
names  are  yet  to  come.  The  careful,  tedioios,  and  time-consuming 
pioneer  work  of  Delpy,  who  secured  specimens  from  many  areas 
where  hyalommas  occtir  and  reared  the  progeny  from  single  fe- 

males, enabled  him  to  determine  the  range  of  variation  within 
a  single  species  and  to  show  that  characters  proposed  for  many 
so-called  species  were  due  merely  to  multiformity  of  appearance 
within  a  few  species.  In  a  few  instances,  however,  Delpy  in- 

cluded species  that  we  now  know  to  be  distinct  genetic  entities 
worthy  of  species  rank. 
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Shortly  afterwards,  Adler  and  Feldman-Muhsam  connnsnced  rear- 
ing Palestinian  species  in  the  same  manner  as  Delpy.  They  corro- 

borated Delpy's  species  definitions  but  not  his  species  names. 
In  their  19^8  paper  these  authors  provided  a  potash  clearing 
method  for  females  by  which  they  established  constant  species 
characters  for  the  unmated  female  genital  aperture.  Delpy 
expanded  this  finding  to  mated  females,  thus  making  it  of  greater 
value  for  identification  of  field-collected  material.  Neverthei. 

less,  some  questionable  specimens  inevitably  crop  up  in  routine 
collections. 

Unfortunately,  as  stated  above,  Belpy  and  Adler  and  Feldman- 
Muhsam  arrived  at  different  conclusions  regarding  which  name  from 
the  scores  available  shotild  be  applied  to  individual  species,  R&- 

cently  Feldman-Muhsam  (1954) ,  after  study  of  Koch's  (18A4.)  type 
specimens  for  several  species  in  the  genus,  heis  corroborated  some 

of  Delpy's  earlier  decisions  and  proposed  a  few  changes.  Although 
Koch's  material  is  badly  damaged  and  its  labels  have  been  inexcus- 

ably tampered  with,  these  studies  probably  represent  the  final 
word  on  these  species;  therefore  this  terminology  is  accepted 
with  certain  reservations  as  noted  in  the  appropriate  places, 

Delpy's  chief  morphological  and  taxonomic  contributions  to 
Hyalomma  have  been  his  notes  on  the  genus  (1936,194.6A),  descripu 
tion  of  H.  schulzei  (1937A),  description  of  the  immatiare  stages 
of  H.  dromedarii  (1937B),  generic  revision  by  experimental  methods 
(19Z7D  and  19A-9A,  especially  the  latter),  and  a  synoptic  list  and 
discussion  (194-98) ,  besides  studies  on  bovine  theilerosis  and 
tick  transmission  (193X,1946B,1947A,1949C  and  1950).  Adler  and 
Feldman-Muhsam  presented  their  chief  overall  findings  in  their 
19^8  paper;  subsequent  reports  by  the  latter  author  are  3j.sted 
in  the  bibliography. 

Whenever  possible,  Delpy's  (19A-9B)  synonymy  has  been  followed 
in  the  present  work.  Some  changes  have  been  necessary,  however, 
on  the  basis  of  the  kind  of  proof  that  Delpy  himself  advocated: 
rearing  of  progeny  from  single,  known  females.  A  few  other  chemges 

have  been  necessary  due  to  FeldmajuMuhsam's  study  of  Koch's  types. 
It  is  impossible  to  decide  whether  Delpy  or  Pomerantzev  (1950) 
should  be  followed  for  the  synonymy  of  certain  Russian  species, 

Pomerantzev 's  ideas,  whenever  they  differ,  have  been  included  as 
notes  under  the  names  indicated  by  Delpy, 
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It  has  been  attempted  herein  to  indicate  present  and  previous 
nomenclatorial  concepts  of  these  species  as  clearly  as  possible, 
especially  for  experimental  workers  and  reviewers.  Non_taxonomists, 

who  consider  themselves  "practical  workers"',  will  imdoubtedly  be 
annoyed  by  the  remainin[;  confusion.  The  end  is  now  in  sight,  and 
within  a  very  few  years  will  undoubtedly  be  reached.  A  little 
more  patience  will  be  rewarded  by  better  understanding  of  what 
has  been  an  especially  difficult  conplex  of  variable  species  in 
previously  poorly  explored  parts  of  the  v;orld. 

HYALavfl-IA  DISTRIBUTION  DI  AFRICA 

Two  species,  H.  trunc atun  and  H.  rufipes,  are  common  in  drier 

areas  throughout  the  Ethiopian  Faun"al  Region  (Figure  l).  Two others,  H.  albiparmatum  and  H.  impressun,  are  restricted  to  equa- 
torial regions  of  Africa;  these  four  species  appear  to  have  e_ 

volved  in  Africa  from  Near  Eastern  stock.  Only  H.  rufipes  ex- 
tends beyond  the  confines  of  the  Ethiopian  Region.  Two  other 

species  (H.  detritum  and  H.  marginatum)  range  into  North  Africa 
from  the  Near  East  and  have  tenuous,  scattered  footholds  in  the 
transitional  zones  just  south  of  the  great  deserts  along  the 
northern  periphery  of  the  Ethiopian  Region.  Another  Near  Eastern 
species,  H.  impeltatum,  appears  to  be  extending  its  range  a  little 
more  aggressively  into  East  and  West  .Africa.  The  last  species 
known  from  continental  Africa,  H.  turanicTim,  has  established  it- 

self in  the  South  African  Karroo  after  having  been  introduced  on 
sheep  from  the  Near  or  Middle  East. 

In  East  Africa,  the  arid  lowlands  along  the  Red  Sea  and  the 
Indian  Ocean  carry  a  number  of  Near  Eastern  and  North  African 
species  southwards  into  the  Somalilands  and  parts  of  Kenya  to- 

wards and  even  slightly  south  of  the  equator.  For  instance,  H. 
dromedarii  is  known  from  the  coastal  lowlands  of  Kenya  (Walker, 
unpublished)  and  H.  impeltatum  occurs  in  scattered  foci  in 
Kenya  and  Tanganyika. 

There  is  little  question  that  other  species  do  exist  in  nature 
but  their  identity  can  be  established  only  by  breeding  experiments. 
The  presence  of  a  possibly  undescribed  species  similar  to  H.  drome- 
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darii  in  the  French  Somaliland  fauna  has  also  been  noted  (Hoogstraal 

Note  the  following  incorrect  Ethiopian  Region  records: 

H.  marginatum  (=  H.  savignyi),  reported  by  Rousselot  (19^8) 

from  T'rench  West  Africa,  was  not  subsequently  confirmed  (Rousselot 
1953B). 

H.  detritum  reported  from  French  Can©roons  (Rageau  1951)  was 
subsequently  (1953 )  assigned  to  H.  truncatum  (=  H.  transiens)  by 

the  same  author,  "  
"~ 

References  to  "H.  savignyi"  from  Portxagese  Guinea  (Tendeiro 

19^9,19520)  actual ly~apply  to  H.  truncatum. 

In  northern  and  central  Sudsin,  eight  species  are  established 
though  seldom  in  a  continuous  range.  Of  these,  only  four  are  com- 

mon. In  most  Near  Eastern  and  North  African  areas  about  the  same 

proportion  of  common  and  rare  species  occur.  Yet  with  even  so  few 
species  among  which  to  choose  the  student  frequently  encounters 
difficulty  in  positive  identification  of  sill  material  in  most 
large  collections.  Some  specimens  are  so  variable  and  intermediate 
that  they  defy  assignment  to  a  definite  species.  Unfortunately, 
previous  workers  have  not  provided  pertinent  details  over  extremes 
of  variation  among  species  that  they  have  reared.  Attempts  to 
properly  identify  Sudan  material  for  this  report  have  necessitated 
so  much  study  of  material  from  other  parts  of  the  world  that  pub- 

lication has  been  long  delayed. 

With  regard  to  the  paucity  of  specimens  of  some  species  coL. 
lected  in  northern  Sudan,  it  should  be  emphasized,  from  our  ex- 

perience with  vertebrate  and  invertebrate  animals  in  arid  and 
semiarid  areas  of  Africa,  Arabia,  and  the  Near  East,  that  not 
infrequently  small  relict  populations  of  animals  are  found  in- 

explicably surviving  in  barely  marginal  habitats.  This  appears 
to  be  true  of  H,  detritvtm,  H.  marginatum,  H.  truncatum,  and  H» 

impressum  in  northern  SudanT  ""  
~ 

The  northcentral  areas  of  the  Sudan,  by  reason  of  their 
proximity  and  similarity  to  the  Mediterranean  subregion  and 
their  tenuous  routes  of  entry  from  Arabia,  West  Africa,  and  via 
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the  Nile,  are  inhabited  by  more  species  of  Hyalomma  ticks  than 
apparently  any  other  area  of  the  Ethiopian  Fatmal  Region.  The 
fact  that  some  of  these  species  appear  to  be  represented  in  the 
Sxidan  only  by  small  populations,  either  as  a  result  of  chance 
introduction  or  as  survival  or  relicts,  has  been  noted  above. 

The  Asiatic  species  that  do  not  reach  the  Sudan  are  H. 
hussaini  of  India  (page  520),  H.  schulzei,  an  Iranian  cajrol  par- 

asite that  reaches  the  Sinai  Peninsula  between  Asia  and  Africa 

(page  525) >  H,  _aegy£tium,  the  tortoise  parasite  that  extends  from 

southern  Rus"sia  v/estward  through  much  of  the  Mediterranean  basin (page  5IA),  and  H.  turanicura  of  southern  Russia  and  Iran  that  has 
been  introduced  into  the  South  African  Karroo  (page  528).  As 
stated  above,  the  original  center  of  distribution  of  hyalommas 
appears  to  have  been  in  southern  Russia  or  Iran. 

Delpy  and  Adler  and  FeldmaruMuhsam  have  provided  few  de- 
tails about  the  geographical  source  and  range  of  species  that 

they  treat,  and  there  is  still  considerable  question  in  the 
minds  of  specialists  and  reviewers  as  to  the  distribution  of 
Hyalomma  species.  This  section  has  therefore  been  given  special 
attention  in  the  following  text.  Synonyms,  listed  by  country  of 
origin  of  specimen  material  whenever  it  can  be  determined,  are 

based  on  Delpy 's  (1949B)  lists,  which  give  every  evidence  of 
being  carefully  and  judiciously  assembled.  These  references 
do  not  include  the  entire  literatiure,  except  I  trust  for  Africa, 
but  are  furnished  for  what  they  are  worth  in  elucidating  the 
distribution  of  Hyalomma  species  and  indicating  the  major  stu- 

dies of  each  species  in  different  parts  of  the  world. 

HOSTS  AND  BIOLOGY 

Biological  data  for  Hyalomma  ticks  derive  chiefly  from 

veterinarians*  observations  on  those  infesting  domestic  animals 
and  on  laboratory  experiments.  From  field  work  and  from  a  few 
other  sources  we  have  gained  a  somewhat  different  impression 
of  Hyalomma  biology,  especially  relating  to  host  preferences 
of  tne  immat\ire  stages.  In  this  respect,  special  attention  is 
called  to  the  HOSTS  and  BIOLOGY  sections  in  the  following  text, 
especially  for  H.  excavatum.  The  natural  life  cycle  of  Hyalomma 
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ticks  may  be  altered  by  the  size,  number s,  and  density  of  available 
hosts.  Further  research  on  this  subject  is  stixjngly  indicated. 

In  the  introduction  to  this  section  it  has  been  stressed  that 

many  Hyalomma  populations  survive  in  inclement  environments  and 
are  greatly  affected  tjy  extremes  in  temperature,  humidity,  and 
condition  of  host  nourishment,  as  well  as  by  the  wide  wandering 
of  their  hosts  over  thinly  populated,  inhospitable  xeric  areas. 

Much  more  collecting,  observing,  and  careful  identification 
is  necessary  before  the  ecology  of  niost  species  in  this  genus  can 
be  adequately  determined.  The  value  of  innumerable  published 
reports  on  the  biology  of  the  genixs  is  vitiated  by  the  inaccuracies 
in  identification. 

Extraordinary  survival  factors  ple^  a  large  part  in  permitting 
these  ticks  to  exist  and  even  thrive  where  few  or  none  others  live. 

The  life  cycle  of  hyalommas  may  be  greatly  lengthened  in  un- 
favorable climatic  conditions,  or  shortened  tinder  optimum  condi- 

tions. Nuttall  (1915)  kept  adult  specimens  alive  without  food 
for  approximately  two  years  and  observed  copulation  and  feeding 
after  this  period  of  starvation.  Nuttall  (1920)  also  found  the 
capacity  for  regeneration  of  lost  appendages  and  injxired  mouth- 
parts  to  be  greater  in  Hyalomma  ticks  than  in  most  others.  A 
certain  anount  of  hybridization  is  possible  though  curiously  mis- 
formed  individxials  may  result;  these  and  other  greatly  misformed 
specimens  that  have  still  survived  are  reviewed  by  Pervomaisky 
(19508,1950. 

Special  attention  is  called  to  the  discussion  below  of  the 

two-host,  summer-feeding  H.  detrit-um,  and  its  biological  race 
H,  scupense  which  is  a  single-host,  winter-feeding  form  with 
slight  morphological  differences  in  most  of  its  range  (page 

DISE&SE  RELATIONS 

Adult  Hyalomma  ticks,  except  H.  aegyptium,  are  today  chief- 
ly parasites  of  domestic  animals  wEerever  they  are  found,  and, 

as  STich,  are  of  considerable  economic  importance.  Hyalommas 
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appear  to  be  unusually  efficient  vectors  of  a  variety  of  disease- 
causing  organisms.  In  their  innnature  stages,  they  often  feed  on 
birds,  rodents,  and  hares  that  are  important  reservoirs  of  patho- 

gens, especially  viruses  and  rickettsiae. 

Few  ticks  have  been  incriminated  as  reservoirs  and  vectors  of 

pathogenic  viruses,  but  several  species  of  hyalommas  are  known  to 
be  hosts  and  vectors  of  the  viruses  causing  several  distinctive 
acute  infectious  hemorrhagic  fevers  of  human  beings  in  the  Soviet 
Union,  Unpublished  studies  by  Baubney  (conversation)  indicate 
that  one  of  these  same  species  may  transmit  in  nature  the  virus 
causing  a  Near  Eastern  encepheilomyelitis  of  equines.  These  same 
tick  species  occur  in  North  Africa  and  northern  Sudan.  Other 
species  cause  paralysis  of  man  and  animals,  apparently  as  a  result 
of  toxins  injected  into  the  host  while  the  tick  is  feeding.  The 
association  of  Hyalomma  ticks  with  a  niomber  of  other  human  and 
veterinary  diseeises  is  noted  in  the  following  text. 

Many  Hyaloimna  species,  in  our  experience,  attach  readily  to 
man  and  feed  on  him.  The  "cursorial  ticks"  of  North  African  and 
Arabian  deserts,  as  first  described  by  Mann  (1915 )>  are  several 
species  of  hyalommas  that  come  rushing  from  beneath  every  shrub 
when  persons  or  animals  stop  nearby.  These  are  almost  invariably 
unfed  adults,  of  uniform  size,  shape,  color  and  genersLL  appearance, 
that  have  molted  from  the  nymphal  stage  in  rodent  burrows  beneath 
shrubs.  Although  few  of  these  highly  agitated  young  adults  actuals 
ly  attach  to  man,  some  do. 

Confusion  in  nomenclature  has  limited  the  value  of  many  ear- 
lier studies  on  biology  and  diseaseu. transmission  in  this  group, 

for  it  is  often  impossible  to  be  certain  which  species  the  writer 
used  in  his  work.  Considerable  stvidy  on  this  genus  has  been  and 
is  being  done  in  Russia,  and  it  is  frequently  difficult  for  re- 

viewers to  determine  exactly  the  species  being  reported  and  to 
satisfactorily  evaluate  the  reports. 

In  addition,  it  should  be  indicated  that  the  range  of  Hyalomma 
ticks  covers,  in  large  part,  a  vastly  undeveloped  peirt  of  the  world 
in  which  little  serious  scientific  research  hsis  been  accomplished. 
Before  many  years  have  elapsed,  enough  evidence  probably  will  have 
been  presented  to  indicate  that  Hvalomma  ticks  are  economically 
among  the  most  important  of  animBl  ectoparasites  to  be  found  any- 

where in  the  world. 
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IDMTIFICATION 

Use  of  the  following  key  shotild  never  be  attempted  without 
reference  to  the  section  on  identification  for  each  species  iaen_ 
tioned  in  the  text.  In  the  identification  section,  an  attempt 
has  been  made  to  present  lucidly  all  important  characters  of 
typical  specimens  and  to  indicate  the  range  of  variability  seen 
in  each  species.  I  am  most  grateful  to  Mr.  Makram  N.  Kaiser, 
Chief  Technician  in  the  Department  of  Medical  Zoology  at  U.S. 

Naval  Medical  Research  Unit,  who  has  served  &s   a  "sounding 
board"  and  has  given  invaluable  assistance  in  grouping  the  very 
large  n\imbers  of  specimens  that  have  been  studied  and  often  re- 
stiidied  for  this  section.  Special  acknowledgement  shoiold  also 
be  made  of  the  services  of  Dr.  L.  P.  Delpy,  who  initially  iden- 

tified many  of  our  early  collections  of  HyaloTOna  and  of  Mr. 
Glen  Kohls  who  has  spent  several  days  conferring  over  specimens 
in  the  Sch\ilze  collection,  now  deposited  in  the  Roclsy  Mountain 
Laboratory  at  Hamilton,  l^ntana. 

Persons  attempting  to  identify  field-collected  material 
of  Hyalomma  should  recognize  that  a  certain  proportion  of  spec- 

imens m  many  series  will  defy  final  determination  of  species. 

These  had  best  be  called  "Hyalomma  species"  and  sent  to  a  capable 
specialist  in  the  group  or  put  aside  for  further  study  as  addL- 
tional  infonnation  becomes  available. 
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KB?  TO  SUDAN  SPECIES  OF  HYALOMMA 

(TYPICAL  SPBCIMEHS  ONLY) 

MALES 

1.  Center  of  subanal  shields  character- 

istically exterior  of  the  axis  of 
the  adanal  shields^   2 

Center  of  subanal  shields  character- 

istically in  line  with  the  axis  of 
the  adanal  shields   3 

2.  Mediiun  size  ticks  (scutum  about  3.8 
X  3.0  mm.).  Lateral  grooves  extending 
anteriorly  at  least  to  midlength  of 
the  scutum.  Scutiim  largely  covered 
by  medium  size  punctations.   (Common 
on  cattle  in  central  Provinces)   H.  IMPELTATUM 

Figures  170  and  171 

Large  ticks  (scutum  about  U»5   x  3.2 
mm.).  Lateral  grooves  limited  to 
posterior  third  of  scutum.  Scutum 
with  few  large,  scattered,  irregvilar 
punctations  (sometimes  also  with 
small  ones).  (Common  where  camels 
occur  in  Sudan)   H.  HICMEDARII 

Figure's  162  and  153 

*In  H.  excavatum,  and  sometimes  in  other  species  that  have  en- 
gorged on  large  animals  such  as  camels,  and  have  considerably 

stretched  their  integument,  the  subanal  shields  may  be  laterally 
displaced.  Such  excavattim  specimens  would  appear  to  be  H. 
dromedarii,  except  for  smaller  size,  fewer  and  smaller  scutal 
punctations,  and  differences  in  the  caudal  area  of  the  scutum. 
See  also  identification  of  H,  impeltatum  for  superficial  varia- 

tion among  unfed  males,  which  may  cause  them  to  be  suggestive 
of  H.  marginatum. 
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3.  Lateral  grooves  not  extending  beyond 
the  posterior  third  of  the  scutum. 
Scutum  with  few  punctations  except 
in  the  caudal  area  which  is  depressed 
between  two  lateral  ridges  and  soma- 
times  very  shagreened.  Small  ticks, 
often  frail,  maxinium  overall  length 
usually  less  than  5  nm.   (Fairly 
common  on  cattle  and  esijecieilly  on 
horses  in  central  Provinces:  also 
occurs  in  Northern  Province)   H.  EXCAVATUM 

Figures'~166  and  167 

Lateral  grooves  extending  beyond  the 
midlength  of  the  scutum  (may  be  obs- 

cured in  very  heavily  punctate  spe- 
cies; examine  by  oblique  orientation)   U 

4.  Scut\im  smooth,  bright*,  with  very  few, 
large,  shallow,  scattered,  pvmctationsj 
posteromedian  and  peiramedian  grooves 
well  marked.  Legs  usually  not  ringed. 
(in  northcentral  Provinces;  rare)   H.  DETRITUM 

Figures  158  and  159 

Scutum  densely  pxmctate,  or  id.th  dense, 
contiguous  punctations  posteriorly   5 

5.  Scutum  densely,  entirely,  and  almost 
always  Toniformly  covered  by  puncta- 

tions often  obscviring  the  lateral 
grooves   

Scutum  irregtilarly  punctate,  or 
punctate  only  posteriorly   

*Do  not  confuse  this  with  H.  truncatum  that  has  a  smooth,  shiny 
scutvun  but  also  dense  puncTations  in  a  rectangular  field  poste- 
riorly. 
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6.  Posterior  scutal  margin  regularly 
rovinded.  Circvtmspiracular  area 
pilose.  (Widely  spread  in  small 
popiilations  throughout  much  of  the 
Sudan)   H.  RUFIFES 

Figures  l'S2  and  IH'^ 

Scutum  strongly  narrowed  postero- 
laterally  to  form  an  almost  recti- 

linear posterior  margin.  Circum- 
spiracular  area  not  pilose.  (Fair- 

ly common  in  central  areas  of  the 
Sudan)   H .  IMFRESSUM 

FigtJres~17A.  and  175 

7.  Lateral  grooves  deep  and  \d.de,  ex- 
tending to  the  eyes.  Scutum  smooth 

and  shiny  except  posteriorly  where 
it  is  densely  pvtnctate;  posterior 
margin  of  scutum  usually  rectangu- 

lar.  (Common  in  central  areas  and 
dry  parts  of  southern  areas)   H.  TRUNCATUM 

Figures""l8b  and  187 

Lateral  grooves  long  but  not  well 
marked.  Scutal  punctations  ir- 

regular, often  more  dense  posterior- 
ly, sometimes  numerous  anteriorly; 

posterior  area  not  markedly  dif- 
ferentiated from  rest  of  scutum; 

posterior  margin  bluntly  rounded. 
(Central  areas  of  the  Sudan,  un- 
common)   H.  MARGINATUM 

Figures  178  and  179 

-  399- 



FEMALES 

1.  Scutum  smooth  or  with  few,  ir- 
regularly scattered,  large  puncta- 

tions*   

Scutum  with  numerous  usually  dis- 
crete punctations  distributed  over 

most  or  entire  siorface   4 

2.  Genital  apron  a  narrowly- elongate, 
triangle,  gradually  sloping  in  pro- 

file. Scutum  usually  at  least  as 
wide  as  long,  with  ten  to  twenty 
large  punctations  in  central  field 
and  about  an  equal  numbers  in  each 
scapular  field.  Large  ticks   H.  DR0I>1EDARII 

Figure's  16^  and  165 

Genital  apron  never  as  narrowly 
elongate  and  otherwise  variously 
differing  from  that  of  K.  dromedarii. 
Scutum  often  longer  th^  wide.  Small 
or  medium-size  ticks   3 

*If  small  punctations  are  present  in  this  group  of  three  species, 
they  are  extremely  shallow,  irregular,  and  non-discrete.  Do  not 
confuse  in  this  group  exceptionally  sparsely-punctate  H.  marginatum, 

which  in  all  instances  has  a  large,  widely  transverse ,~very  strongly bulging  genital  apron  not  found  m  this  group  of  species. 
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3.  Genital  apron  an  almost  equilateral 
triangle;  in  profile  gradually 
sloping.  Medium-size  tick,  with 
dark,  smooth,  shiny  scutum  with 
few  if  any  punctations;  legs  lighter 
color   ,   H.  DETRITIM 

Figures  T60  and  151 

Genital  apron  circiilar  or  triangular 
but  distinctly  biilging  in  profile. 
Usually  comparatively  small,  pale, 
often  elongate  ticks  with  few  p\xnc_ 
tations  irregularly  scattered  over 
the  scutum;  legs  either  ringed  or 
\inicolorous.   H.  SKGAVATM 

Figures~168  and  169 

4.  Scutum  entirely  covered  by  uniform 
punctations   5 

Scutum  more  or  less  irregularly 
covered  by  small  or  medium-size, 
shallow  to  deep  punctations  among 
which  some  large  ones  may  be  pre- 
sent  6 

5.  Genital  apron  a  large,  vride  shield, 
bulging  in  profile.  Circumspiracular 
area  unusually  pilose   H.  RUFIPES 

Figures  iS^  and  185 

Genital  apron  a  wide  triangle  vrLth 
a  narrow  transverse  anterior  ridge 
(bulging  in  profile)  and  a  posterior 
button  (sloping  or  depressed  in 
profile).  Circumspiracular  area 
not  exceptionally  pilose   H.  IMPRESS^ 

Figures"l7b  and  177 
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6,  Genital  apron  a  transverse  oval, 
posteriorly  deeply  concave  in 
profile.  Scutal  ptmctation 

•usually  small  and  regular, 
rarely  coarse   H.  TRTJNCATUM 

Figxires~18«  and  1^9 

Genital  apron  strongly  bulging 
(convex)  in  profile   7 

7.  Genital  apron  large,  a  widely  trans- 
verse oval  or  triangle.  Scutal  punc- 

tations  shallow,  large  ones  restricted 
to  anterior  half,  small  ones  \d.dely 
scattered   H.  MARGINATUM 

Figures  lau  and  lai 

Genital  apron  an  elongate  triangle 
flanked  by  two  lobes,  giving  it  a 
trilobed  appearance.  Scutal  pvmcta- 
tions  usually  numerotis,  regularly 
spaced,  and  mediunusize  posteriorly 
and  centrally  with  two  rows  of  larger 
and  deeper  punctations  among  them; 
with  larger  punctations  anteriorly 

and  in  scapular  fields   H.  IMFELTATUM 
Figures  m   and  IVii 
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159 

^t  Q-. 

Figiores  158  and  159,  o',   dorsal  and  ventral  views 
Figures  160  and  l6l,  5,  dorsal  and  ventral  views 

A  to  F,  5  genital  area  outline  and  profile.  A  to  C,  partly- engorged.  D,  fully  engorped.  E  and  F,  unengorged. 
HYALCM-IA  DETRITUM 
Sudan  Specimens 

PIATE  XLVII 
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HYALOMMA  DETRITUM  Schulze,  1919 

(Including  H.  acUPMSE  Schulze,  1919) 

(Figures  158  to  l6l) 

THE  SHINY  HYALOMMA 

NOTE:  The  some  twenty  synonyms  of  H.  detritum,  as  presented 
by  Ifelpy  (19^9B),  are  listed  in  the  section  on  DISTRIBUTION  below 
according  to  the  political  areas  from  which  the  specimens  of  each 
originate.  It  is  impossible  to  believe  that  H.  detritum  had  not 
been  described  as  a  species  by  some  author  somewhere  prior  to  1919, 
yet  no  contemporary  specialist  has  come  forth  \d.th  a  previous  name 
for  this  species.  Steps  should  be  taken  to  stabilize  the  name  H. 

detritum  in  order  to  prevent  the  further  confusion  that  is  bo^ln"3 to  arise  when  an  earlier  name  for  this  tick  is  inevitably  dis- 

covered. Special  attention  is  called  to  the  "biological  race", 
H.  scupense ,  discussed  below. 

DISTRIBUTION  IN  THE  SUDAN 

H.  detritvun  occurs  rarely  in  northern  parts  of  the  central 
Provinces  of  the  Sudan.  Additional  collecting  is  necessary  to 
determine  its  exact  distribution  here.  It  would  be  of  some 
interest  to  know  whether  H.  detritum  has  invaded  the  Sudan  from 
the  Red  Sea  coast  or  via  the  Nile  Valley. 

Kassala;  Port  Sudan  (cattle;  SVS).  It  is  not  known  whether 
hosts  of  these  specimens  were  local  or  transient  animals. 

Kordofan;  Four  males  have  been  collected  from  Kordofan 
cattle  at  the  Khartoum  Quarantine  station  (January  and  February) 
(HH). 

/"Khartoum;  See  Kordofan  above_.7 
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DISTRIBUTION 

H.  detritum  is  an  Asiatic  tick  that  ranges  from  Manchuria 
through  China  and  India,  much  of  southern  Russia,  southeastern 
Europe,  and  the  Middle  East;  into  Asia  Minor,  the  Near  East, 
the  Mediterranean  littoral  of  Africa  westwards  to  Algeria;  and 
into  northcentral  Sudan,  where  it  occiirs  only  in  small,  localized 
populations.  It  also  occurs  in  Spain,  probably  having  been  intro- 

duced from  northwestern  Africa. 

In  Egypt  and  apparently  in  Libya,  H.  detritum  is  consider- 

ably less  common  than  it  is  to  the  west~in  Algeria  and  in  Near Eastern  countries.  This  distributional  pattern  is  common  for 
animal  groups  that  have  invaded  North  Africa  from  the  east. 

NOTE:  Specimens  referred  to  this  species  by  Rageau  (1951) 
from  the  Cameroons  were  later  determined  by  him  (1953)  as  H. 

trvmcatum  (=  H.  transiens).  ~ 

NORTH  AFRICA;  ^ALGERIA  (All  as  H.  mauritanicum  or  as  H. 

mauritanicum  annulatum;   Senevet  192^, C,192AA,  1925, 1928A,l'529B, 1937.  Senevet  and  Rossi  192^.  Sergent,  Donatien,  Parrot,  Lestou 
quard,  and  Plantureux  1926,1927A,B,C ,r,E.  Sergent,  Donatien, 
Parrot,  and  Lestoquard  1928A,B,C ,1931A,B,C ,r,E,F,1932A,B,1933A,B, 
1935A,B,1936A,B,C,1945.  A.  Sergent  1930.  Sergent  and  Poncet 
1937,1940,19^1.  Sergent,  Donatien,  and  Parrot  1945.  E.  Sergent 
1948.  Blanc  and  Brunneau  1949.  d'Arces  1952.  As  H.  detritum 

mauritanicum;  Schulze  1930.  Kratz  1940) .        '~ 

MORXCO  (As  H.  mauritanicum;  Desportes  1938).  TUNISIA 

(As  H.  detritum;  "Senevet  1937.  Colas-Belcour  and  Rageau  1951). LIBYA  (As  H .  mauritanicum;  Franchini  1927,1929A.E.  Hoogstraal, 
ms.).  BSYPt  (Present  but  rare;  Hoogstraal,  ms.). 

EAST  AFRICA;  SUDAI^  (As  H.  detritum;  Hoogstraal  195AB). 

Note;  H.  mauritanicum  has  been  reported  from  Somalia,  with- 
out precise  locality  data,  by  Niro  (1935) >  but  this  record  has 

not  been  subsequently  repeated  by  Italian  workers. 

^Algerian  specimens  of  H.  mauritanicum,  kindly  presented  by  Dr. 
E.  Sergent  and  Dr.  Senevet,  conform  to  H.  detritum. 
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NEAR  EAST;     PALESTINE  (All  as  H.   detritum;     Adler  and  Feldman 

I-ftihsam  1946,19^8.     Feldman  I^Iuhsam  '\^U^*     Adler  1952).     SYRIA  (As H.   detrittim  damascenium;     Schulze  and  Schlottke  1930.     Schulze 

l33^,     iS^z  1940.     Is"H.   ?inauritanicum;     Pigoury  1937).     TURKEY (As  H.   stelneri  steineri ;     Schulze  1936D.     Kratz  19^0.     As  H. 

detritxim;     Mimioglu  195A-.     Kurtpinar  1954.     Hoogstraal,  ms."  As H.   maToritaniciJm:     Yasarol  195A).     IRAN   (As  H.   detritiira:     Delpy 

T936B,m5c5).    

EUROPE;     ^BULGARIA   (As  H.   scupense  and  as  H.   detritim  dar_ 

danicutn:     Pavlov  13^1).     ̂ YUGOSLAVIA  (As  either~H.   scupense  or 
H.   savignyi  by  different  local  workers  according~to  Oswald  1937. Is  H.   scupense  and  H.   detritum  dardanicimi;     Oswald  1937,193HA, 

B,C"1939A,B,1940.     Is  H.   detrTt'ijnl     Angelovsky  1954). 

GREECE  (As  H.   scupense;     IQiuth,  Behn,   and  Schulze  1918. 

Schulze  1919,193''5.     Schulze  and  Schlottke  1930.     Kratz  1940. Pandazis  1947.     As  H.   detritxim  scupense;     Delpy  1946.     As  H. 

detritum  dardanicumT     Schulze  and  Schlottke  1930.     Schulze" TW.     Rratz  1940.     Pandazis  1947) . 

SPAIN  (As  H.   steineri  codinai;     Schulze  1936D.     Kratz  1940. 
As  H.  mauritanicum;     Gil  Collado  1948A.     Miranda-Entrenas  1954). 

RUSSIA;     As  H.   detritum;     Olenev  19298, 1931A.     Pavlovsl<y 
1940.     Kurchatov  T941.     Pavlovsky,  Galuzo,   and  Lototsky  1941. 
Galuzo  1941,1943,1944.     Lototsky  and  Pokrovsky  1946.     Tselish- 
cheva  1953.     Viazkova  and  Bernadskaia  1954.     Petrisheva  1955. 
Zhmaeva,  Pchelkina,  Mishchenko,   and  Karulin  1955. 

As  H.   detritum  detritxam;     Olenev  1929A, 19310.     Schulze  and 
Schlottke  1930.     Schulze  1930. 

As  H.   detritum  rubrum;     Schulze  1930.     Olenev  1931A,G,1934. 

Pomerant"zev  1934.     Galiizo  1935.     Galuzo  and  Bespalov  1935.     Kratz 1940. 

*The  hosts  of  immature  stages  listed  by  authors  in  these  countries 
indicate  that  they  are  quite  possibly  dealing  with  a  different 
species  of  tick. 
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As  H.   detritum  pavlovskyi ;     Olenev  1929A. 

As  H.  transcaucasicum;     Olenev  193A   (the  synonynny  of  this 
name  appears  to  have  been  overlooked  by  subsequent  workers). 

As  both  H.   detritum  and  H.   scupense;     Pomerantzev  1937. 
Pomerantzev,  Hatikashvily ,  and  Lo  tot  sky  19^0.     I-Iarkov,  Gilden- 
blat,  Kvurchatov,   and  Petunin  19A8.     Note;     Pomerantzev  1950, 
in  his  work  on  Soviet  ticks,  considers  these  two  as  distinct 
species.     See  BIOLCX>Y  and  IDENTIFICAriON  below. 

As  H.   scupense;     Olenev  193/|..     Nikolsky  194-8.     Petunin  1948. 

Pomerant"zev  195^.     Alfeev  1951.     Shatas  1952.     Melnikova  1953. Rementsova  1953.     Shatas  and  Bustrova  1954.     Note;     Pomerantzev 
1950  considers  H.  volgense  and  H.  uralense  to  be  synonyms  of  H. 

scupense,  while^Delpj^   places  them  under  either  H.   detritum  or~ H.  excavatum  (see  two  paragraphs  below) .     Note  The  references 
To  "H.   scupense"  in  the  section  on  European  distribution  above. 
See  also  paragraph  above  and  below. 

H.  verae  Olenev,  1931B,  is  also  placed  in  synonyny  tinder  H. 
scupense  by  Pomerantzev  1950;  Delpy  did  not  consider  H.  verae  in 

his  list  of  synoi^ons.  " 

As  H.  volgense  and/or  H,  xrralense;     Schvilze  and  Schlottke 
1930.     ̂ hulze  1930.     Olenev  1929A,  193 1A,C,  1934.     Zasukhin  1932, 
1935.     Borzenkov  and  Donskov  1934.     Zolotarev  1934.     Galuzo  1935. 
Kochetkov  1935.     Artjiikh  1936.     Kurchatov  1940B.     Markov,  Abramov, 
and  Dzasokhov  1940.     Enigk  1947.     See  para^aph  on  H.   scupense 

above  and  paragraph  below.  ~ 

Delpy  (1949B)  was  not  certain  whether  H.  uralense  Schulze  and 
Schlottke,  1930,   and  H.  volgense  Schulze  and  Schlottke ,  1930,   are 
synonyms  of  H.   detritum  or  of  H.   excavatum,   and  stated  that  Russian 

workers  may  "Eave  included  both^species  under  these  two  names. 

In  Schulze*s  collection,  now  in  Rocky  Ifountain  Laboratory, 
there  are  2c^  and  255  from  Ukrainia,  identified  by  Schulze  as 
H.  volgense.     These  are  typical  H.   detritum.     The  same  institution 
possesses  atjtf  and  3$5  from  Crimea,   determined  by  Schvilze  first  as 
H.  ?marginatTjm,   and  later  crossed  out  and  identified  by  him  as  H. 
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uralense.     The  males  are,   all  but  one,  H.   detritum*;  the  exception 
appears  to  be  H.  marrinatum;  the  females  are  in  poor  condition.     It 
is  reasonable  to  assiime  that  what  is  now  considered  to  be  H.   detri- 

turn  (or,   in  part,  "H.   scupense" )  was  treated  by  Schulze  in^part as  H.  uralense  and  Tn  part  as  H.  volgense,  though,  he  overlooked 
other  species  in  the  same  collection  and  referred  to  them  by  the 
same  name. 

As  H.  tunesiacum  pavlovskyi;     Schiilze  and  Schlottke  1930. 

Describe"3  amd  illustrated  as  H.   detritum  pavlovskyi  by  Kratz  194-0. 

According  to  Galuzo  1935,   the  H.   asiaticum  of  Olenev  is  H. 
detritum  (=  H.   detritum  rubrum) .     HT  asiaticum  is  usually  coru 
sidered  as  a  synonym  of  H.   dromedarii. 

MDDLE  EAST;      INDIA   (As  H.   aegyptium  ferozedini  and  as  H. 

a.   isaaci;     Sharif  1928.     As  H.   sharlf i ;""  Schulze  and  Schlot"^ke 
T93Tr.     Schiaze  and  Gossel  193'^.     Kratz  194-0.     As  H.   isaaci: Kratz  19A0).     PORTUGESE  INDIA  (As  H.   detritum;     Santos  Dias  195AJ). 

FAR  EAST;     CHINA  including  MONGOLIA   (As  H.   detritum  albi- 
pictujn;     ScTiulze  1919,1930.     Schulze  and  Schlottke  1930.     Yama. 
shita  1939.     Kratz  19^0.     As  H.   detritum  perstrigatum;     Schulze 
1930.     Schulze  and  Schlottke  1930.     Hoeppli  and  Feng  1933. 
Olenev  1934-.     Kratz  194-0). 

HOSTS 

Domestic  cattle  and  horses  are  the  most  common  hosts  of  H, 

detritum,  all  stages  of  which  feed  on  the  same  kind  of  animal. 
Sheep  and  goats  are  sometimes  attacked.  For  the  Soviet  Union, 
Pomerantzev  (1950)  lists  cattle,  horses,  donkeys,  pigs,  camels, 
sheep,  and  hares;  and,  for  nymphs,  especially  cattle  and  horses, 
Man  is  apparently  commonly  attacked  under  local  conditions. 

/^Oswald's  (1939)  and  Pavlov's  (194-7)  remarks  for  parasitism  by 
immature  stages  in  Yugoslavia  and  Bulgaria  of  various  birds  and 

*At  the  time  of  checking  this  material,  I  did  not  realize  the 

significance  of  '"H.  scupense" .  It  cannot,  therefore,  be  said 
that  these  specimens  did  not  resemble  the  latter  form. 
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lizards,  and  of  hares  and  dogs  are  either  incorrect  or  refer  to 
a  different  species  of  tick,  most  probably  H.  marginatimi.7  A. 
Sergent  (1930)  noted  a  nymph  of  H.  detritiaTparasitizing  another 

nymph  of  the  same  species.  Host's  of  specimens  in  British  Museum (Natural  History)  are  domestic  cattle  and  camels  (Palestine) , 
domestic  buffalo  and  pony  (India),  hare  (India),  and  deer 
(Romania). 

"H.  scupense"  attacks  the  same  hosts  as  H.  detritum.  It 

has  also  been  found  on  the  Persian  or  goitred  gazelle  ,'~Gazella subgutterosa,  and  on  the  red  deer,  Cervus  elaphus  bactrianus 
(Pomerantzev  1950).  In  the  Crimean  National  Forest  (.Melnikova 

1953),  "H.  scupense"  is  common  on  red  deer  and  occurs  in  smaller 
numbers  on  roe  deer.  It  is  present  but  not  common  on  hares  but 
absent  on  squirrels  and  jays.  Wild  foxes  may  also  be  attacked. 
Domestic  cattle  are  heavily  infested,  collections  from  single 
animals  in  various  localities  in  and  near  the  forest  averaging 
from  78  to  756  ticks,  with  individual  maxima  ranging  from  350 
to  5000  ticks  per  animal.  Domestic  pigs  in  the  same  forest 
averaged  21  ticks  per  host.  Zolotarev  (1934.)  listed  this  tick 
(as  H.  volgense)  from  camels. 

BIOLOGY 

Intro  dvict  ion 

Because  of  the  interesting  biological  and  taxonomic  prin- 
ciples involved,  separate  reviews  of  life  cycle  and  ecology  are 

devoted  to  H.  detritum  and  "H.  scupense" .  H.  detritum  is  a  two- 

host  species  whose  adults  feed  in  -the  summer  and  whose  nymphs 
■undergo  an  extensive  winter  diapause;  this  feature  is  common 
throughout  the  range  of  H.  detritum  though  the  overwintering 
habits  in  Algeria  and  (usually j  in  Russia  differ  markedlyj  it 
shovild  be  determined  what  factors  account  for  this  variation  in 

habits.  H.  scupense  is  confined  to  parts  of  the  Soviet  Union  and 

possibly  "^o  Greece  and  Yvigoslavia;  it  is  said  to  be  distinguishable from  H.  detritim  by  slight  morphological  differences  throiigh  parts  of 
its  geographic  range  (see  IDENTIFICATION  below),  and  is  a  one-host 
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tick  whose  adrilts  feed  in  the  winter  and  early  spring.  Pomerantzev 

(1950)  considers  *'^.   scupense"  to  be  a  "biological  race"  of  H. 

detritum.  
~ 

Life  Cycle  of  H.  ̂ ^^^^ 

The  life  cycle  of  H.  detritum  (=  H.  maviritaniciun)  in  Algeria 

has  been  studied  by  Sergent.  Donatien, "Parrot,  and  Lestoqiiard (193 IB  and  subsequent  works).  Larvae  hatch  in  the  late  autumn 
and  feed  and  molt  to  nymphs  on  the  same  host,  remaining  attached 
for  approximately  sixteen  days.  Nymphs  hibernate  for  approximate- 

ly eight  months  either  in  groups  in  cracks  and  crevices  of  farm- 
yard walls  about  six  feet  above  the  ground,  or  under  boulders. 

They  are  never  found  in  fields  without  trees  and  boiolders.  HL- 
bernation  sites  are  generally  those  with  a  warm,  sunny  exposure, 
and  those  nymphs  in  the  warmest  places  molt  earliest  in  the 
year  (June).  Some  days  after  molting,  yoving  adults  start  out 
in  search  of  a  hostj  they  leave  their  hibernation  place  at  night 
and  travel  towards  stables,  sometimes  covering  as  much  as  thirty 
yards  a  week  to  reach  cattle  or  horses. 

Adults  commence  attaching  to  the  host  in  mid  Jtme.  They  mate 
and  feed  there,  females  dropping  off  after  ten  to  twelve  days. 
Feeding  females  are  most  common  in  Jvily  and  August;  afterwards 
fewer  are  found  on  animals.  Those  that  feed  later  do  not  oviposit 
the  same  season.  Eggs  are  laid  on  the  ground  near  animals  and 
hatch  in  about  six  weeks.  Females  die  after  laying  eggs.  There 
appears  to  be  quite  a  little  variation  from  this  typical  life 
cycle. 

Males  remain  on  the  host  for  a  much  longer  time  than  fe- 
males and  may  move  from  one  host  to  the  other.  Nymphs  some- 
times move  from  one  host  to  another. 

Note  that  according  to  the  Algerian  reports  mentioned  above, 
nymphs  hibernate  in  cracks  or  crevices  of  farmyard  walls  but  that 
almost  all  Soviet  workers,  mentioned  below,  find  nymphs  alone  or 
with  larvae  on  cattle  during  the  winter.  This  raises  the  question 
whether  the  Russian  and  Algerian  ticks  axe  actually  the  same  spe- 

cies, and,  if  so,  whether  climatic  or  other  factors  modify  their 
choice  of  niches  for  hibernating  in  these  far-flung  areas. 
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Galiizo  (19/1.3)  made  a  special  point  of  the  fact  that  H.  detritum  is 

not  found  in  cracks  in  the  walls  in  southern  Kazakst*an.  As  stated 
four  paragraphs  below,  tmder  certain  local  conditions  in  Russia, 
nymphs  may  also  overwinter  off  the  host.  No  explanation  for  these 
differences  in  overwintering  habits  has  been  found  in  the  Soviet 
literature. 

In  southern  Kazakstan,  Galuzo  (l9Al,19/tA)  reported  H.  detritum 
as  a  two-host  tick  with  linf  ed  nymphs  hibernating  on  cattTe  during 
the  winter.  They  engorge  and  drop  from  the  host  in  the  spring 
(end  of  February  through  April)  and  molt  to  adults  anywhere  from 
May  to  August,  but  mostly  in  June.  Adults  disappear  in  September. 
Eggs  are  laid  in  shaded  places  in  moist  meadows,  waterside  vegeta- 

tion, or  under  grass.  Larvae  aestivate  in  cracks  in  the  soil  or 
on  the  surface  of  the  ground  irntil  October.  Then  they  ascend 
grass,  attach  to  grazing  cattle,  feed,  and  molt  to  nymphs  on  the 
host.  Few  nymphs  feed  and  drop  from  the  host  before  winter. 

In  Tadzikistan,  where  H.  detritvim  is  most  comraon  in  irrigated 
valleys,  it  has  one  generation  a  year  (as  apparently  everywhere 
else  where  it  occurs),  and  the  seasonal  distribution  of  feeding 
of  the  immature  and  adult  stages  is  like  that  in  Khazakstan 
(Pavlovsky,  Galuzo,  and  Lototsky  1941). 

According  to  Pomerantzev  (1950),  when  H.  detritTjm  is  reared 

in  the  laboratory  nymphs  drop  from  the  host~any  time  between October  and  April.  Yet  they  all  undergo  the  typical  winter 
diapause  and  molt  to  adults  from  May  to  July,  mostly  in  June. 
Thus,  nymphs  that  begin  life  as  larvae  in  October  require  eight 
and  a  half  months  to  become  adults,  but  those  that  commence  feed- 

ing as  larvae  (under  experimental  conditions)  in  April  require 
only  two  months  to  reach  the  adult  stage.  Furthermore,  females 
may  fast  for  six  or  seven  months  and  feed,  between  May  and  August, 
for  from  seven  to  27  days,  average  eleven  days.  After  dropping 
from  the  host,  females  commence  oviposition  in  six  to  31  days. 
Eggs  number  from  5000  to  7000.  Larvae  appear  25  to  sixty  days 
after  the  eggs  have  been  laid,  and  may  fast  for  seven  or  eight 
nonths.  They  (normally)  attach  to  the  host  aboiit  a  week  after 

hatching,  feed  for  eleven  days,  and  molt  on  the  host  about 
eleven  days  later.  There  is  one  generation  a  year. 
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Pomerantzev  (1950)  notes  that  in  I'liddle  Asia,  (overwintering) 
nymphs  may  be  found  tinder  cattle  diing  (stored  for  fuel),  and  also 
in  the  walls  of  stables  (Pavlovsky).  Metamorphosis  from  nymph  to 
adult  may  occur  in  buildings  and  stables  thus  increasing  the 
importance  of  the  species  in  the  spread  of  disease. 

Life  Cycle  of  "H.  scupense" 

Knuth,  Behn,  and  Schulze  (1918,  p.  25A)  first  noted,  in  their 

studies  of  tick- borne  diseases  in  Greece,  that  "H.  scupense"  is  a 
single-host  tick. 

According  to  Pomerantzev  (1950),  "H.  scupense"  (which  occurs 
in  the  Kxirsk  and  Saratov  areas,  lower  Volga,  Ukrainia,  Crimea, 
Caucasus,  Kazakh,  Tadzhik,  and  Yugoslavia,  Central  Asia,  and  the 
rayon  of  Kogen)  is  a  single-host  tick.  Adults  appear  in  the 
vanter  from  January  to  April  and  rarely  until  June,     Larvae 
feed  in  November,  nymphs  from  November  to  March. 

In  the  laboratory  (Markov,  Abramov,  auad  Dzasokhov  19^0,  as 
H.  volgense),  females  begin  to  oviposit  from  U5   to  85  days  after 
Teaving  the  host  and  continue  to  lay  eggs  for  thirty  days.  Larvae 
hatch  from  U5   to  ninety  days  after  commencing  oviposition  and  en- 

gorge in  six  or  seven  days.  They  molt  to  nymphs  on  the  host,  com- 
mence feeding  after  several  days,  and  feed  for  four  to  six  days. 

Nymphs  molt  to  adults,  on  the  same  host,  ten  days  afterwards. 

In  nature,  unfed  larvae  begin  to  attack  cattle  in  October 
and  molt  to  the  nymphal  stage  during  the  same  month.  The  maximum 
number  of  nymphs  are  found  in  December,  when  young  adults  begin 
to  appear.  Adults  move  to  different  parts  of  the  host  and  pass 
the  winter  on  the  host.  Adults  commence  feeding  early  in  March. 
Early  in  April  large  numbers  of  adiilts  leave  the  hosts.  Oviposi- 

tion and  development  of  the  eggs  occurs  during  the  summer. 

^Note  the  long  summer  period  of  oviposition  and  embryological 
development,  whereas  the  larval  and  nymphal  development  is  rapid_^ 
Unfed  adialts  and  fed  nymphs  may  undergo  a  winter  diapause.  Some 
engorged  nymphs  that  do  not  molt  remain  attached  to  the  host  until 

February.  From  December  to  March,  adults  wander  over  the  host's 
body  but  do  not  start  feeding  till  early  spring.  The  cycle  re- 

quires one  year. 
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In  northern  Caiicasus,  larval  "H.  scupense"  infest  cattle  in 
October  and  overvinter  on  the  animals.  Adults  appear  early  in 
spring  (Markov,  Gildenblat,  Kurchatov,  and  Petunin  19A-8) .  These 
workers  confirm  the  single-host  life  cycle  of  this  tick  as  does 
Alfeev  (1951)  and  Melnikova  (1953),  in  his  study  of  the  ticks 
of  the  Crimean  National  Forest.  There,  adults  are  found  on 
cattle  and  wild  ungtilates  from  September  through  April  but  rare 
individuals  may  be  collected  on  deer  during  the  summer  (May  to 
June).  All  stages  occur  on  deer  during  the  winter  (November- 
December)  but  in  January  and  February  only  nymphs  and  adults  are 
found,  and  by  the  second  half  of  March  all  nyijiphs  have  molted  to 
adults.  In  April  and  the  first  half  of  May,  only  males  and 
greatly  engorged  females  are  found  on  wild  ungulates. 

Ecology  of  H.  detritum* 

In  eastern  Transcaucasia,  H.  detrituia  inhabits  various  types 
of  desert  and  steppe  areas,  described  by  Pomerantzev,  Matikashvily, 
and  Lototsky  (1940;  (see  six  paragraphs  below).  In  the  Arax  val- 

ley of  Armenia,  Pomerantzev  (1934)  found  this  tick  only  in  saline, 
marshy  types  of  grassland  pastvire  areas,  not  in  Artemesia  semi- 
desert  areas. 

It  appears  that  H.  detritum  infests  a  selected  variety  of 

semidesert  areas,  and"*also  steppe  and  other  grassy  areas,  but not  forest  zones.  It  still  requires  to  be  explained  why  H. 
detritum,  which  seems  to  be  ecologically  more  limited  than 

"H.  scupense" ,  should  have  a  so  much  more  extensive  geographical 
range  than  "H.  scupense" . 

Larvae,  since  they  attach  to  cattle  in  the  cool  months  of 
October  and  November  in  Tadzhistan  and  eastern  Uzbekistan, 
select  those  parts  of  the  host  body  most  exposed  to  the  sun. 
Summer-feeding  adults  attach  on  the  shaded  undersides  of  the 
host  (Galuzo  1943). 

Among  the  enemies  of  these  ticks  are  wagtails  (Motacilla 
spp.),  one  of  which  may  eat  as  many  as  a  dozen  engorged  female 
ticks  from  a  cow.  This  bird,  and  the  heron,  are  considered  of 
importance  in  the  control  of  H«  detrit\m  in  Spain  (Miranda. 

Entrenas  1954).  ~ 

*See  also  life  cycle  of  this  form  above,  and  ecology  of  "H. 
scupense"  below. 
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Ecology  of  "H.  scupense" 

The  single-host  type  of  life  cycle,  the  rapid  immature- stage 
feeding  period,  the  long  lag  between  female  feeding  and  oviposition, 
and  the  long  period  of  egg  laying  of  this  form  have  already  been 
commented  upon,  in  addition  to  the  phenomenon  of  adult  feeding 
during  the  late  winter  and   early  spring  months. 

Pomerantzev  (1950)  considers  that  the  change  in  life  cycle 

from  a  two-host  to  a  single-host  type  has  allowed  "H.  scupense" 
to  spread  further  afield  geographically  than  H.  detritum.  It 
is  assumed  that  the  remark  refers  to  encroachment  into  otherwise 

inclement  areas,  for,  so  far  as  now  Known,  the  overall  geograph- 
ical range  of  H.  detritum  is  much  more  extensive  than  that  of 

"H.  scupense"  ."* 

In  their  work  on  the  ixodids  of  Transcaucasia,  Ponerantzev, 
Matikashvily,  and  Lototsky  (194-0)  list  both  H.  detritum  and 

"H.  scupense"  as  widely  spread  species  in  the  southern  part 
oT  the  Pale  arctic  Region.  Only  H.  detritum  is  listed  els  a  "spa- 

cies  typical  for  the  desert  and  "steppe  formations  of  eastern Transcaucasia  (including  salsola,  and  wormwood-salsola  forma- 
tions, gramineous- wormwood  semideserts,  Andropogonetum  semi- 

steppes  and  the  formations  of  highland  xerophytes  of  southern 

Transca\icasia)".  "H.  scupense"  is  included  under  "species 
equally  occxirring  both  in  the  forest  zone  of  highlands  and  in 

desert  and  steppe  formations".  ^Several  biological  studies 
on  this  tick  mentioned  by  Pomerantzev  (1950)  are  unavailable 

to  the  writerj.7 

Melnikova's  (1953)  study  of  ticks  of  the  Crimean  National 
Forest  showed  "H.  scupense"  to  be  most  common  in  populated  areas 
adjoining  the  forest.  It  is  closely  associated  with  the  grazing 
grounds  of  domestic  cattle  and  wild  deer  and  occurs  at  all 
altitudes  except  that  it  is  much  less  common  in  mountain  meadows 
near  the  peaks  (1200  to  Lfi.00  meters  elevation)  and  in  coniferous 
forest  (500  to  900  meters  elevation).  It  is  common  in  valleys 
with  decidvious  and  mixed  forest  (/+00  to  600  meters) ,  oak  forest 
with  many  open  meadows  (600  to  800  meters),  and  beech  forest 
with  small,  open  fields. 
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REI4ARKS 

Miscellaneous  observations  on  H.  detritum  (=  H.  mauritanicum) 
by  Sergent,  Donatien,  Parrot,  and  Lestoquard  ^1%^  concern  para- 

sitism of  an  engorged  nymph  by  a  nymph  of  the  same  species;  re- 
generation of  appendages  mutilated  in  the  immature  stages;  mon- 

strosities; progeny  of  intermated  adults  from  a  single  egg  batch; 
and  negative  results  of  various  attempts  to  crossbreed  this  spe- 

cies with  H.  excavatum.  I-tost  of  these  data  derive  from  publica- 
tions listed  under  ALGERIA  above. 

Desportes  (1938)  described  a  nymph  of  H.  detrittim  (r  H. 
mauritanicum)  with  two  anuses  and  a  third  spiracular  plateT  Other 
abnormalities  have  been  noted  by  G.  Senevet  (1922A)  and  by  Sergent 
and  Poncet  (19/+1).  Abnormal  specimens  and  gynandromorphs  have 
been  described  by  PavlovsI<y  (19^0), 

According  to  Schulze  (1921),  "H.  scupense"  may  become  over- 

grown by  the  host  skin  when  it  feed's  on  tne  scrotum  of  sheep. 

In  attempts  to  determine  whether  feeding  by  tick  larvae  may 
prodvice  host  immunity  preventing  the  feeding  of  subsequent  larvae 
on  the  same  host,  Brumpt  and  Chabaud  (194-7)  found  that  while  pos- 

sibly some  immunity  may  develop  from  the  bites  of  Dermac enter 
f  ictus  this  does  not  hold  when  larvae  of  H.  detritum  are  applied 

ater  to  the  same  animal.  ~ 

Skin  lesions,  a  powerful  salivary  anticoagulin,  and  an  egg 
toxin  that  did  not,  h(3wever,  produce  symptoms  of  tick  paralysis 
have  been  studied  by  Hoeppli  and  Feng  (1933). 

Schulze  (1932c)  utilized  males  and  females  of  H.  detritum 
to  illustrate  his  point  that  on  unornamented  ticks  Tongitudinal 
furrows  are  found  in  constant  situations;  these  indicate  the 
place  of  attachment  of  the  weakly  transversely- striated  dorso- 

ventral  m\ascles,  etc.  In  the  same  paper,  the  molting  of  "H. 

scupense"  from  nymph  to  adult  is  discussed  in  relation  to  ~ ornamentation  of  the  body  surface. 

A  condition  similar  to  polymorphic  eczema  among  mammals 
has  been  described  and  illustrated  for  Yugoslavian  females  of 
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"H.  scupense"  by  Oswald  (1938A).  It  is  characterized  by  secre- 
tion  of  drops  of  serous  liquid  over  the  entire  body  surface. 
In  one  or  two  days,  papules  appear,  followed  by  desquamation 
and  later  becoming  scabby.  The  same  author  (1938B)  described 

a  toxin  in  the  eggs  of  "H.  scupense" ♦ 

DISEASE  RELATIONS 

MAN:  "H.  scupense"  (=  H.  volgense),  harbors  PastTirella  pestos, 

the  causative  organism  of  pl'ague,  for  several  days  after  feeding on  an  infected  animal  and  can  transmit  the  bacteria  by  biting 
another  animal;  its  feces  also  contains  virulent  organisms. 

"H.  scupense"  appears  to  be  of  negligible  importance  in  the 
sustaining  of  certain  Soviet  foci  of  tularemia. 

H.  detritum  is  considered  by  Soviet  workers  to  be  a  possible 
vector  of  Uzbekistan  hemorrhagic  fever  (virus). 

In  North  Africa  and  in  Uzbekistan,  H.  detritum  is  a  natural 
reservoir  of  Q  fever  (Coxiella  burnetii )7  and  the  organism  is 
transmitted  from  stage  to  stage  of  the  tick  and  throvigh  the  eggs 
to  the  subsequent  generation. 

CATTLE;  H.  detritum  is  an  important  vector  of  theileriasis 

(Theileria  dispar  and  T.  annulata) .  "H.  scupense"  is  also  a 

vector  of  theileriasis  "and  a  carrier  of"~brucellosis  (Brucella 
spp.). 

HORSES;  H.  detritum  is  a  vector  of  eqtiine  piroplasmosis 
(Nuttallia  equi)  and  possibly  of  Nuttallia  minor. 

IDENTIFICATION 

The  following  remarks  are  based  on  typical  specimens  of  H. 

detritum  collected  in  Morocco,  Egypt,  the  Sudan,  Txirkey,  sout'R- eastern  Eiirope,  and  Russia.  Remarks  on  variations  are  based  on 
Iranian  specimens  determined  definitely  as  H.  detritum  by  Delpy, 

and  on  Middle  and  Far  Eastern  specimens  in  "^he  Schulze  collection. 
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Males;  Typical  males  have  the  subanal  shields  directly  pos- 
terior  of  the  adanal  shields^  the  lateral  grooves  are  clear  and 
uniform,  reaching  almost  to  the  eyes;  scutal  punctations  are 
either  entirely  absent,  or  number  up  to  twelve  superficial,  un- 

obtrusive punctations  either  scattered  or  more  or  less  localized 
on  the  scutal  surface;  the  appearance  of  the  scutum  is  bright 
and  shiny;  the  posteromedian  groove  is  narrov  and  long,  extending 
from  the  central  festoon  to  the  scutal  midlength;  the  paramedian 
grooves  are  distinct,  wider,  and  somewhat  deeper,  either  as  long 
as  or  shorter  than  the  posteromedian  groove;  the  area  in  which 
these  grooves  lie  is  usually  depressed.  The  size  is  medium  to 
large,  the  typical  color  is  intensely  black;  the  legs  are  red- 

dish or  yellowish  brown  and  may  be  somewhat  lighter  on  the  an- 
terior surface.  The  posterior  margin  of  the  scutum  is  quite 

rectangular,  the  scutal  surface  is  usually  arched. 

The  specimen  illvistrated  (Figure  158)  indicates  the  maximum 
amount  of  punctation  found  in  furrows  or  on  the  scutal  surface; 
the  punctations  in  the  grooves  of  this  specimen  are  especially 
numerous.  A  parma  is  either  present  or  absent}  if  present  it  is 
small  and  inconspicvujus. 

Subanal  shields  vary  in  size  and  shape  from  small  to  moderate 
size. 

The  leg  segments  may  have  pale  rings  but  these  do  not  con- 
trast greatly  with  the  basic  color  of  the  segments. 

The  following  variations  have  been  seen;  Lateral  groove  on 
one  side  not  so  distinct  as  on  the  other  side;  or  indistinct  on 
both  sides  beyond  the  posterior  third  (these  are  most  confusing 
specimens),  in  which  case  the  lateral  grooves  continue  anterior- 

ly as  a  row  of  contiguous  punctations.  Linear  scutal  depressions 
extending  anteriorly  from  the  posterior  grooves  frequently  mar 
the  scutal  gloss.  The  scutal  color  may  be  vario\is  shades  of 
brown.  In  greatly  engorged  specimens,  the  subanal  shields  are 
displaced  from  their  typically  posterior  position  to  a  lateral 
position,  external  of  the  central  axis  of  the  adanal  shields; 
such  specimens  should  not  be  confused  with  H.  dromedarii  or  H. 

impeltatum.  "  
"" 
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Females;  The  genital  apron  is  typically  an  almost  equilateral 
triangle  with  slightly  convex  margins,  and  the  posterior  junctiire 
is  rounded  or  narrowly  tmncate,  not  narrowly  pointed.  In  profile, 
it  is  very  gradually  sloping  (Figure  lbl,E,F )   when  imengorged  but 
somEfwhat  more  abruptly  sloping  when  engorged;  in  greatly  engorged 
specimens  the  central  area  protrudes  (Figure  161,d)  sometimes  with 
a  very  slight  concavity  centrally.  The  anterior  margin  may  be 
straight  or  slightly  concave  or  slightly  convex,  and  in  profile 
the  posterior  slope  may  be  more  acute  than  it  is  in  typical  fe- 

males; in  these  cases  there  may  be  a  very  narrow  bulge  along  the 
anterior  margin.  The  shieldshaped  scutum  is  longer  than  wide; 
smooth  and  shiny;  with  from  four  to  ten  superficial,  scattered 
punctations  of  large  diameter;  punctations  may  be  entirely  laclo. 
ing  or  a  very  few,  shallow,  minute  punctations  may  be  present. 
The  scutal  surface  in  greatly  engorged  specimens  may  be  slightly 
riigose.  The  cervical  grooves  are  long  and  wide,  and  reach  the 
posterior  scutal  margin. 

Note:  According  to  Pomerantzev  (1950)>  H.  detritum  is 
largest  in  Middle  Asia  and  gradually  diminishes  in  size  towards 
the  west  (Algeria) .  Color  differences  of  various  parts  of  the 
body  do  not  support  division  of  H.  detritum  into  geographical 
races. 

The  larva  and  nymph  of  H.  detritim  have  been  described  and 
compared  vfith  those  of  other  Russian  species  by  Bernadaskaia 
(1939c).  Feldman-Muhsam  (19^S)  also  described  these  stages  and 
compared  them  with  those  of  Palestinian  species. 

Identification  of  "H.  scupense" 

The  following  remarks  concerninr'  the  biological  race  "H. 

scupense"  are  from  Pomerantzev  (1950);  " 

H.  scupense  is  similar  to  H.  detritTom  and  difficult  to 
distinguish.  It  is  smaller,  has  shorter  legs,  and  has  a  more 
distinct  caudal  field  in  the  male  as  well  as  greater  scutal 
rugosity.  The  dorsal  projection  of  the  spiracular  plate  is 
broader  and  shorter.  The  capitulum  is  smaller  and  the  porose 
areas  of  the  female  are  more  rounded  than  in  H.  detritum.  The 

maximum  size  of  the  spiracular  plate  occurs  in  specimens  from 
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Central  Asia,  where  the  species  is  alncst  indistingiiishable  from 

H.  detritum.  "It  may  be  best  to  regard  "H.  scupense"  as  a  winter, 

"single  host  form  of  H.  detritum" ..      ~ 

Schiilze  collection  material  labelled  H.  scupense  conforms 
to  the  above  remarks  but  is  not  extensive  enough  to  be  of  great 
value. 

It  is  difficvilt  to  decide  what  taxonomic  disposition  should 
be  made  of  biological  entities  with  slight  morphological  varia- 

tions, such  as  "H.  scupense"  appears  to  be.  It  appears  that  the 
observations  on  This  form  have  been  carefully  done,  but  the  bio- 

logical and  taxonomic  principles  involved  are  unusual  if  not 

unique  in  the  study  of  ticks.  Pomerantzev's  approach  appears  to 
have  considerable  merit. 
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Figures  162  and  163,  dorsal  and  ventral  views 
Figures  16U  and  165,  dorsal  and  ventral  views 

A,  5,   genital  area.     B  to  D,  5,  genital  area  outline  and  profile. 
B,  vmengorged.     C,  partly  engorged.     D,  fiilly  engorged. 

HYALCMIA  DROMEDARII 

Egyptian  Specimens 

PLATE  ILVIII 
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HYALOMMA  FROMETARII  Koch,  184^^. 

(Figures  162  to  I65) 

THE  CAl-EL  HYALOl^lMA 

NOTE:  N-umerous  early  literature  references  to  "H.  aegyptium" 
apply  in  whole  or  part  to  H.  drome darii,  but  without  study  of  indi- 

vidual  author's  material  iT  is  impossible  to  state  the  exact  spe- 
cies. In  the  pre-Delpy  period,  the  name  H.  dromedarii  was  fre- 

quently used  for  Hyalomma  ticks  from  camels,  but  the  possibility 
that  several  species  may  have  been  included  under  this  name  indi- 

cates that  caution  shoiold  be  exercised  before  it  is  assumed  that 
all  early  references  to  Hyalomma  ticks  on  camels  refer  to  H. 

dromedarii.  The  various  "subspecies"  of  H.  dromedarii,  now  con- 
sidered  invalid,  and  the  few  known  synonyms  of  this  species  are 
noted  below  in  the  section  on  distribution.  No  type  specimens 
conforming  to  present  concepts  for  this  species  are  available 
(see  Feldman-Muhsam  1954-)  but  since  species  criteria  are  now  well 
defined,  substitute  type  specimens  should  be  selected  and  so 
designated  in  an  established  collection. 

DISTRIBUTION  IN  THE  SUDAN 

Hyalomma  dromedarii  ranges  extensively  north  of  12°N.  lati- 
tude but  is  entirely  absent  in  the  south  of  the  Sudan.  The  camel 

hyalomma  has  not  been  previously  recorded  from  the  Sudan,  but 
earlier  references  to  H.  aegyptium  undoubtedly  refer  in  part  to 

H.  dromedarii.       ~ 

Localities  from  which  specimens  have  been  seen  (all  from 
camels  unless  otherwise  specified)  are: 

Northern;  Ed  Damer  and  Shendi  (camels  and  bulls;  SVS). 
Berber  (camels  and  horses;  SVS).  Wadi  Haifa,  Abu  Hamed,  Atbara, 
Ed  Pamer  (camels  and  cattle;  PIH). 

Khartoum;  Khartoum  and  Omdurman  (common  on  domestic  animals, 
especially  camels;  SVS,  SGC ,  HH). 
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Kassala:  Kassala  (caniels  and  cattle;  SVo).  Port  Sudan 
(cattle  and  horses;  SVS).  Tokar  (donkeys;  SVS). 

Darfur:  Nyala  (SVS).  Muhagariya  (donkeys,  camels,  horses, 
and  cattle;  SVS).  Zalingei  (camels,  goats,  and  horses;  SVS). 

Kordofan:  El  Obeid  (camels  and  cattle:  SVS).  "Northern 

Kordofan"  ^SVS).  Umm  Indiraba  (cattle;  SVS).  "Western  Kordofan" 
(sheep;  SVS). 

Blue  Nile;  Wad  Medani  (cattle  and  camels;  HH).  Hassa  Heissa 
(Kohls  det.,  G.  B.  Thoiapson,  correspondence). 

DISTRIBUTION 

H.  droTiiedarii  is  common  wherever  camels  occur:  in  southern 

Russia  (Tvirkemnia,  southern  Tadzhikistan  and  Uzbekistan)*,  and 
in  the  Far,  x-liddle,  and  Near  East.  In  Africa,  it  is  found  in 
North  Africa,  in  the  transitional  belt  just  south  of  the  great 
northern  deserts,  in  the  eastern  and  coastal  lowlands  as  far 
south  as  the  Soraalilands,  and  in  northeastern  Kenya.  Small  in- 

troduced populations  have  been  found  in  the  Union  of  South  Africa 
and  in  Southwest  Africa,  but  whether  they  now  survive  is  unknown. 
In  some  areas,  e.g.  Anatolia,  the  camel  hyalomma  feeds  on  other 
hosts  since  camels  are  now  considerably  less  common  than  hereto- 

fore. The  distribution  of  this  species  has  been  mapped  by  the 
American  Geographical  Society  (195^).  It  is  of  interest  to  note 
that  within  the  range  of  H.  dromedarii,  from  the  Eastern  Desert 
of  Egypt  to  Afghanistan,  there  exists  a  more  localized  but  highly 
distinctive  parasite  of  bactrian,  or  two-humped,  camels,  H. 
schulzei  Olenev,  1931  (see  page  525),  which  also  attacks  dromedsu 
ries. 

*Pomerantzev  (1950)  lists  the  synonymous  "H.  asiaticum"  from  des- 
erts and  semideserts  of  southern  and  eastern  Transcavcasia  and  a 

considerable  part  of  Kazkhstan.  In  the  south  its  distribution 
extends  to  the  boundaries  of  the  Soviet  Union,  embracing  a  con- 

siderable part  of  Turkmenia,  Uzbekstan,  and  Tadzhiskstan;  also 
Iran  and  central  Asia. 
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ITote:     All  references  below  are  to  "H.    droTnedarii"  unless 
otherwise  specified. 

OUTLYCIG  I3LAIID3;     CMAP.Y  ISLAI-ILS   (As  H.    d.  canariensis; 

Schiilze  and  Schlottke  1930.     As  H.    d.    drome'darTi ;     Kratz  19^0). 

IJOKTII  AFRICA;     IDROCCO    (Lavier  1923.     Blanc,  Brioneau,  Martin, 
anu  Maurice  194-0.     Blanc,  Martin,   and  Bruneau  1949).     ALGEFJA  (As 

H.   ao,^,"ptiU:Ti  dromedarii  and  as  H.   a.  mar .-^ aro po i de s ;      Senevet  1922B). 
TUI-IISIA  CPavesi  IBBA.     Tonelli_!TondeUi  193UA.     JTolas-Belcour  1931 . 
Colas-Belcour  and  Rageau  1951).     LIBYA   (Franchini  and  Cadeddu  1927. 
Franchini  1927,1928B,1929A,B,E.      Stella  193SC .     Tonelli-Rondelli 
1930A,1932A,C,D,193$.     Gaspare  1933.     As  H.   anatolicua  zavattarii; 
Tonelli-Rondelli  1935.     Stella  193ac.     Kratz  1940;.     EGYPT    ̂ Koch 

liU^.     Nar~aty  1947.     Taylor,  Mount,  Hoogstraal,   and  Dressier 
1952.     Wassif  1954). 

WB3T  AFRICA;     FF.Si^'GH  VEST  AFRICA   (Blanc,  Martin,   and  Brtmeau 1949.     Villi ers  1955). 

EAST  AFP.ICA;     SUFAII    (Hoogstraal  1954B.     The  "H.   drome darii 

f .   leptosoma"   attributed  to  Schulze  by  Kratz  1940, "on  the  basis of  material  frora  Suaanese  cattle,  represents  veak,  poorly  developed 
individuals  of  H.   dromedarii ,  H.   excavatum,   or  H.   irapeltatvm;   it 
is  most  likely  the  last-named  species J. 

ETHIOPIA   (Stella  1940).     MIITREA   (As  H.   tunesiacum  ganorai; 
Tonelli-Rondelli  1932C .     Stella  1940.     Kratz  1940.     irrftol 

dromedarii;     Tonelli-Rondelli  193 OA.     As  H.    dromedarii ;~  uTro 
1'5'5).    ̂ .HICH  SOMALILAl^ir    (Koocstraal  1953r).      ITALIAII  SQ-IALILAIID 
(Pavesi  1884A.     Paoli  1916.     Tonelli-Rondelli  1926A,1935.     Fran- 

chini 1929C.     I'liro  1935.     Stella  1939A,1940).     BRITISH  SOMALILAIID 
(Specimens  from  camels  at  Las  Anod  in  BM-JH  collections;   HH  det.). 

KEI^A  /"Lewis*    (193 IB, 1934)  H.   dromedarii  from  the  Rift Valley  and  from  the  Masai  Reserve  are  misidentifications    (material 
checked  by  HH).     H.   dromedarii  does,  however,  occur  in  the  arid 

Northern  Frontier""Province   ^material  sent  to  the  writer  by  Miss J.  B.  Walker  for  determination).     This  species  has  been  reported 
by  Daubney  (1937)  ana  Mulligan  (1938)  without  fijrther  details 
except  that  the  material  had  been  identified  by  Schulze^7 
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^TANGAI'IYII^A  specimens  identified  by  E.  A.  Levas  as  H.   droae- 
darii  have  been  reported  by  Cornell   (1936) .     This  improbable 
record  should  be  verified  by  checking  the  material .7 

/Southern  AFRICA;     Althoiich  southern  Africa  is  out  of  the 
normal  range  of  H.   dromedarii.  Theiler  (correspondence)  has 

materiaJL  of  this^species  from  camels  introduced  into  the  Vryburg and  Gordonia  districts  on  the  old  camel  patrol  route  with  head- 
quarters at  Rietfontein  on  the  border  of  the  Union  and  Southwest 

Africa.     Another  collection  is  from  the  ears  of  a  camel  at  Okalaru 
ga  in  the  extreme  west  of  Ovamboland,  Southwest  Africa.     This 
material  was  collected  between  1939  and  19A2,  before  the  dis- 

continuance of  the  camel  corps.     Whether  H.   drome darii  survives 

in  these  localities  is  not  laiown.7  ~ 

NEAR  EAST;     PALESTI^IE    (Bodenheimer  1937.     Adler  and  Feldman- 
Muhsam  1946,19/^3.     Feldman-Muhsam  19-^8).     YMEN   (Sanborn  and 
Hoogstraal  1953.     Hoogstraal,  ms.).      IRAQ   (Khayyat  and  Gilder 
1947.     Hoogstraal.  ms.).     TPJUNSJORDAII ,   SAUI^I  ARABIA,  and  AT'EN 
(Hoogstraal,  mss.).     IP-All   (pelpy  1936,1937B,1946A,1949A,B,G. 
lelpy  and  Gouchey  1937.     Nemenz  1953.     As  H.  yakimovi  persiacum: 
Olenev  1931A,C.     As  H.   yakimovi;     Pospelova-Shtrom  V^jT.     As  H. 

delpyi;     Schulze  193'BD)":     TIJMffiY   (Koch  18U.     Kratz  1940.     Kurt- 
pinar  1954.     i-limiogi-U  1954.     Common  throughout  central  and 
eastern  Anatolia,   even  v;here  camels  have  recently  become  scarce; 
rare  in  western  Anatolia;     Hoogstra^,  ms.). 

RUSSIA;     As  H.   asiaticum  or  H.    a.   asiaticum:     Galuzo  1935- 

Pomerantzev  1937."  Bogoroditsky  and  Bernadskaia  193S.     Bernadskaia 1939B,C.     ChumaJcov,  Petrova,   and  Sondak  1945.     Pervomaisky  1947. 
Markov,  Gildenblat,   Kurchatov,   ana  Petunin  1943.     Olenev  1950. 
Pomerantzev  1950.     Rementsova  1953.     Pavlovsky,  Pervomaisky,   and 
Chagin  1954.     Tselishcheva  1954.     Petrisheheva  1955.     Zhmaeva, 
Pchelkina,  liishchenko,   and  Kaxiilin  1955.     Serdyukova  1955. 

As  H.   asiaticvm  caucasium  Pomerantzev:     in  Pomerantzev, 
Matikashvily,   and  Lototskj/  1940.     Pomerantzev  1950. 

As  H.   dromedarii:     Yakimov  1923.     Olenev  19^.9B.     Pomerantzev 

1934,195'C.     Pavlovsky  and  Pomerantzev  1934.     Kurchatov  1941. Pomerantzev,  Matikashvily,   and  Lototsky  1940.     Pavlovsky  1940. 
Chumakov,  Petrova,   and  Sondak  1945.     Alfeev  1948,1951.     Pervo- 

maisky 1949. 
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As  H.   drome darii  asiaticum;      Schulze  and  Schlottke  1930. 
Olenev  l929A,1931A,C  ,1^^     (Taluzo  1934.     Pornsrantzev  1950.     Sone 
of  these  may  apply  to  H.   excavatum,   this  ic  especially  likely  in 
the  case  of  Galuzo  193Z.     Feldman_i!uhsara  195A  does  not  accept 

Delpy's   synonymy  of  this  form  imder  H.    drome  darii  but  does  not 
provide  reasons  or  suggest  a  substitute. 

As  H.    aegyptium  drome darii;     Yakimov  1917,1922. 

As  "H.  tune si ac urn  amurense  Schulze":      described  and  illus- 

trated by  Kratz  1940.     Delpy  194 9B  attributed  "H.   amurense 

Olenev,  193 IC"  to  H.   excavatum.  "" 

As  H.   pavlovskyi;      Olenev  1931C .     Galuzo  1935.     As  H. 
yakimoviT     Olenev  1931A,C.     Galuzo  1935.     Pospelova-Shtrom 

KLliTLE  EA3T;     AFGHAI^'ISTMJ   (Hoogstraal,   ms.).      IWDIA  and 
PAKISTAN  /As  H.   asiaticm  citripes;      Schulze   (1934K).     As  II. 

0.   citripes;     Kratz   (1940)~     According;  to  Delpy   (19493)   these are  synonyms  of  H.   dromedarii.     Feldman-Miihsam  (1954)  states, 
without  further  explanation,  that  they  are  not.     Records  of  H. 
dromedarii  by  Sharif   (1928)   and  Sen   (l93o)   are  questionable  .7 

FAR  EAST;     TIBET    (and  MONGOLIA) :     As  H.   kozlovi;     Olenev 

1931B"I      Kratz  1940.     As  H.   asiaticum  kozlovi;     Pomerantzev  1950. 

/"INDOCHINA;     The  H.   d.   indosinensis  of  Toumanoff    (l9/'t4) 
refers  to  H.  marginatum.  7~ 

a-iPORTED  SPBCD-IIUS;     ARGENTINA  (Found  on  camels  from  Dalcar; 
Lahille  1914J. 

NOTE;     Portugese  material  under  this  name   (da  Silva  Leitao 
1945)  is  assTimed  (HH)  to  be  misidentified. 

HOSTS 

Until  recently,  only  the  hosts  of  adult  H.  dromedarii  were 
knovm.  These  are  chiefly  camels,  but  also  include  cattle  and 
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horses  and,  to  soma  extent,  sheep,  ̂ ^oats,  and  dors.  Man  is  vn. 
commonly  attacked  by  adults,  but  more  frequently  hy   larvae  an,, 
nymphs.  H.  dromedarii  is  so  intimately  associated  with  camels 
that  it  does  not  occur  outside  the  normal  ranre  of  these  animals. 
However  in  parts  of  Anatolia  where  camels  are  now  considerably 
less  numerous  than  heretofore,  large  numbers  of  adults  have  been 
found  on  cattle  ana  horses,  fewer  on  sheep  and  goats  (Hoogstraal, 
ms.) . 

In  nature,  remote  from  large  concentrations  of  domestic  ani- 
mals, larvae  and  nymphs  feed  on  small  burrowing  mammals  and  hares, 

rarely  on  lizards.  Adults  venture  forth  in  search  of  larger  hosts. 
Nymphs  appear  to  be  more  versatile,  depending  on  local  situations, 
and  may  infest  camels,  cattle,  and  horses  in  large  numbers. 
Factors  inducing  the  selection  of  hosts  by  nymphs  are  in  need  of 
study. 

In  the  laboratory,  Delpy  and  Gouchey  (1937)  fed  larvae  on 
hares  and  calves  but  this  stag;e  rarely  engorged  on  camels  or 
sheep.  The  same  was  true  for  nymphs.  Adults  attached  rapidly 
to  camels  and  cattle,  rarely  to  sheep.  It  was  often  difficult 
to  rear  on  a  calf  the  Fi  generation  of  a  female  collected  on  a 

camel.  Further  review  of  J)el^py  ana  Gouchey' s  report  is  presented 
in  BIOLXY  below. 

In  Yemen,  Southwestern  Arabia,  numerous  larvae  and  nymphs 
have  been  collected  from  the  following  hosts  (Hoogstraal,  ms.): 

Lepus  arabicus  arable us  Ehrenberg 
Lepus  arabicus  subsp. 

Rattus'~'rattus  rattus  Linnaeus  (rare) 
Gerbillus  chee'smanl  maritimus  Sanborn  and  Hoogstraal 

In  Egypt,  including  Sinai,  nymphs  have  been  taken  from 
hedgehogs,  hares,  rodents,  and  lizards  (identifications  based 
on  adults  reared  from  nymphs)  (Hoogstraal,  ms.). 

Hemi echinus  auritus  aegyptius  Fischer  (common  on 
Mediterranean  littoral J 

Paraechinus  aethiopicus  dorsalis  Anderson  and  De  Winton 

(few  hosts  examined") 
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Lepus  capensis   sinaiticus  Ehrenberr-    (fex-;  hosts  examined) 
Lepus  capensis  ae^ptius  Lesmarest   (common) 
GerbilTus    (ripo'iillus j  quadrimaculatus  Lataste   (rare) 
Gerbillus  [;.   gerbillus  Olivier   (fairly  cormnon) 

Gerbillus  _£.   pyramiaiL-n  Geoffroy   (conunon) 
Meriones  c.   crassus  Sundevall   (conraon,   also  in  burrows) 
Ileriones  s.   shavi  Duvernoy   (comraon,   also  in  burrows) 
PsaTraomys  o,  obesus  Cretzschmar   (common,    also  in  burrows) 

Jaculus~j  ."jaculus  Linnaeus   (rare) 
Acanthodactylus  boskianus  Taud.  (Lizard)    (uncommon) 

According  to  Poraerantzev   (l93/k)  hosts  of  the  immature  stages 
in  Armenia  include  reptiles  and  wild  birds.     The  fatty  sub- 

cutaneous layers  of  ground  squirrels,  Gitellus  sp.,  used  as 

laboratory  hosts   (Pospelova^Shtrom  193"j,   may  IrLnder  the  attach- 
ment and  feeding  of  larval  H.   dromedarii    (=  H.  yakimowi ) . 

In  Russia   (Pomerantzev  1950),   adult  hosts  are  camels,  horses, 
and  sheep  while  nymphs  feed  in  large  numbers  on  cattle  and  camels. 
Hosts  of  adults  of  the  synonymous  H.   asiaticum  are  camels,  cattle, 

horses,   and  sheep;   rarely  donkeys, "goats,    domestic   and  wild  pigs, 
hares  and  hedgehogs;    sometimes  man.     l!;,'7aphs  of  this  latter  form 
occur  on  hedgehogs,   in  burrows  of  large  "peschanld."   aJid  gophers, 
while  larvae  are  often  on  hedgehogs.     Both  immature  stages  are 

foiind   (?together)  on  hares,   gophers,   jerboas,   "peschanki",   cats 
and  dogs,    and  single  nymphs  are  found  on  cattle  and  sheep 
(Bogoroditsky  and  Bernadskaia  1938). 

BIOLOGY 

Life  Cycle 

The  question  of  the  normal  number  of  host?  of  K.    dromedarii 

is  moot.     Delpy  and  Gouchey   (1937)   consider  it  as  a""three_host tick  that  may  utilize  only  two  hosts  under  unfavorable  conditions; 
i.e.   great  heat,  when  larvae  molt  quickly  and  reattach  as  nymphs 
nearby  on  the  same  host  in  order  to   avoid  desiccation.     It  would 
appear  that  normally,   on  biorrowing  mammals,  this  need  would  not 
arise  since  the  hosts  venture  from  their  relatively  cool  tunnels 
only  after  the  sun  goes   down  (deserts  are  usually  cool  at  night). 
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Alfeev  (1951)  reared  H.  drome darii  as  a  single  host  tick  on  rabbits 

and  noted  that  adults''inove  to  new  positions  shortly  after  molting and  remain  imatt ached  to  the  host  for  a  day  or  two  afterwards. 

Field  observations  suggest  that  this  is  normally  a  two  host 
tick,  the  change  in  hosts  iisually  occurring  after  the  nymphaL- 
adult  molt,  infrequently  after  the  larvaL-nymphal  molt  (Hoogstraal, 
ms.).  In  Russia  the  former  type  appears  most  common  (Pomerantzev 
1950) . 

Experimentally,  Pospelova-Shtrom  (1932)  bred  H.  drome darii 

(=  H.  yaMmowi)  on  one,  two,  or  three  hosts.  For  *^he  single  host 
lif^  cycle,  she  employed  the  hedgehog.  /"The  highly  artificial conditions  and  exceptional  hosts  utilized  in  this  experiment  pre^. 

elude  additional  deductions  from  the  results. _^ 

During  the  warm  season  in  Iran,  the  briefest  life  cycle  obu 
served  by  Delpy  and  Gouchey  (1937)  was  93  days;  During  cold 
weather,  280  or  nore  days  were  necessary.  Two  generations  a  year 
may  occur  in  natvure.  Variations  in  life  cycle  length  are  due  to 
external  or  climatic  factors  affecting  ovi position,  hatching,  and 
premolting  periods;  feeding  times  are  similar  at  all  seasons. 
These  findings  are  diametrically  opposed  to  those  of  Pospelova- 
Shtrom  (loc.  cit.),  who  concluded,  after  rearing  two  generations 
under  different  temperattire  and  humidity  conditions,  that  varia- 

tions in  the  length  of  different  stages  depends  more  on  host  body- 
temperature  than  on  atmospheric  differences.  The  Delpy-Gouchey 
conclusions  are  more  in  line  with  usual  concepts  concerning  factors 

affecting  tick  life  cycles.   (See  page  704) 

In  Egypt,  some  slight  seasonal  variation  in  incidence  of 
adults  on  camels  is  noticed  (Hoogstraal,  ms.).  Normal  life  cycle 
activity  appears  to  continue  the  year  around,  except  that  it  is 
slower  during  the  winter.  For  instance,  during  the  summer, 
r^nnphs  molt  to  adults  from  seventeen  to  26  days  after  dropping  frCTn 
the  host  while  in  winter  this  period  is  extended  to  from  27  to  48 
days. 

Feeding  time  for  each  stage,  according  to  Delpy  and  Gouchey, 
is  as  follows: 
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STAGE  DAYS  EXTREMES 

Larva  6  3  to  11 

Nymph  7  5  to  9 
Female  11  7  to  15 

These  authors  reported  individual  females  laying  from  2000 
to  8000  eggs,  but  Pomerantzev  (1950,  for  the  synonymous  H. 

asiaticum)  notes  as  many  as  14000  eggs.  ~ 

Males  mate  with  unengorged  or  vath  feeding  females  while  on 
the  host.  In  the  absence  of  males,  females  either  detach  pre- 

maturely from  the  host  or  remain  fixed  for  an  exceptionally 
long  time  _  as  long  as  two  months. 

In  the  Kazalinski  district  of  Russia  (Pomerantzev  1950), 
adults  parasitize  domestic  animals  from  April  to  the  end  of 
October,  but  are  lODst  common  from  May  through  Aixgust  while 
larvae  and  nymphs  attack  hedgehogs  in  July  and  August.  Fe- 

males that  become  engorged  late  in  autumn  undergo  a  winter 
diapause  and  do  not  oviposit  till  spring. 

Ecology 

Delpy  and  Gouchey  (1937)  found  H.  drome darii  to  be  very 

tolerant  of  low  humidity  and  extreme's  in  temperature  {(PC.   to 
37°C . ) .  Unfed  larvae  and  especially  unfed  nymphs  avoid  dry 
atmosphere  more  than  engorged  stages  and  adults. 

H.  dromedarii  is  probably  the  most  con^jletely  desert- adapted 
of  ail  ixodid  ticks.  In  remote  Siwa  Oasis  of  Egypt,  it,  together 
with  R.  sanguineus,  is  the  only  common  ixodid  tick.  Italian  and 

Frenc"R  observers  elsewhere  in  North  Africa  and  Soviet  workers  in 
Russia  have  made  similar  observations.  The  camel  hyalomma  ap_ 
Tpears   to  be  equally  at  home  in  all  desert  sitiiations  where  ani- 

mals occur,  as  well  as  in  semidesert  and  steppe  areas.  In  Yemen 
and  Eritrea,  it  is  also  common  in  movmtainous  areas  to  7000  feet 
altitude  wherever  there  are  people  and  camels  (Hoogstraal,  ms.). 

When  traveling  over  remote  parts  of  the  African  and  Arabian 
deserts  engorged  females  have  been  observed  desperately  crawling 
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on  sand.  The  opportunities  for  dispersal  of  H.  drome darii  over 
long  camel  routes  may  easily  be  imagined,  but  a  large  number  of 
ticks  undoubtedly  perish  in  either  the  egg  or  larval  stage  along 
these  wide  and  indefinite  trails  throiJgh  barren  deserts.  Blanc, 
Martin,  and  Bruneau  (l%9)  report  females  on  camels  that  had  ar- 

rived, after  a  trek  of  longer  than  a  week,  across  the  Sahara,  at 
Gouliraine  in  southern  Morocco  from  Mauritania,  over  a  thousand 
kilometers  away.  In  Egypt,  similar  infestations  are  found  in 
the  Cairo  area  on  camels  just  arrived  from  the  Sudan  (these 
also  bear  other  Sudanese  but  not  Egyptian  species  of  ticks) 
and  in  Siwa  Oasis  on  camels  from  distant  parts  of  Libya. 

In  Egypt,  tinfed  adults  may  be  taken  on  the  desert  of  the 
Mediterranean  littoral  at  any  time  of  the  year.  Unfed  adults 
either  come  rushing  at  any  potential  host,  including  man,  from 
under  desert  shrubs  or-  are  collected  in  rodent  burrows  before 

they  depart  in  search  of  larger  hosts.  Engorged,  ovipositing 
females  may  be  observed  in  rodent  burrows  as  well  as  under  des- 

ert shrubs,  in  camel  yards,  and  under  stones.  On  the  littoral 
desert  unfed  adults  are  seen  at  any  time  of  the  day  in  all  sea- 
sons. 

REMARKS 

In  attempts  to  determine  whether  larvae  produce  an  acquired 
immunity  in  the  hosts,  thus  preventing  subsequent  larvae  from 
engorging  on  the  same  animal,  Brumpt  and  Chabaud  (1947)  fed  this 
stage  on  rabbits  with  negative  results. 

Differences  in  size  of  each  stage  and  sex  have  been  presented 
by  Campana-Rouget  (195A-). 

A  capillary  tube  arrangement,  which  has  proved  successful 
for  the  artificial  feeding  of  adults  of  H.  drome darii  for  physio- 

logical and  disease-transmission  studies"  has  been  described  by Chabaud  (195QA). 

Parasitic  wasps  (Hymenoptera) ,  Hunterellus  hookeri,  have 

been  bred  from  nymphs  of  H.  dromedarii  (m   H.  as'iaticumj  in  Russia by  Bernadskaia  (1939B). 
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Integvimentary  sense  organs,  which  are  fixed  in  number  and 
location  and  essentially  similar  in  all  stages,  though  more 
primitive  in  larvae,  have  been  described  and  illustrated  by  Dinnik 
and  Zumpt  (19A.9) .  These  are  the  organs  that  Delpy  (1938)  had 

previously  referred  to  as  spiracles  ("stigmates  respiratoires"). 

Pervomaisky  (19A9)  was  unable  to  rear  a  full  Fi  generation 
from  parthenogenetic  females  of  H.  dromedarii .  Abnormal  specimens 

have  been  described  by  Pavlov sky"~(l9A-0;  and  Alfeev  (19/+8). 

The  feeding  of  large  numbers  of  this  tick  (r  H.  asiaticum) 

induces  inflammation  of  the  host  skin  that  hinders"normal  engorge- ment,  especially  of  females  that  are  likely  to  die  as  a  result. 

When  additional  species  compete  for  space,  "a  further  antagonistic 
factor  increases  the  obstacles"  (Pavlovsky,  Pervomaisky,  and 
Chagin  195^). 

Warburton  and  Nuttall  (1909,  page  7l)  produced  an  excellent 
illvistration  of  H.  dromedarii  (H.  aegyptium)  but  the  legend, 
inferring  South  Xfrica  as  the  source,  is  misleading.  Apparently 
the  only  specimen  from  South  Africa  is  the  abnormal  one  (figure 
18),  the  identity  of  which  is  uncertain. 

"H.  asiaticum" ,  which  Delpy  considers  to  be  a  synonym  of 
H.  dromedarii,  is  still  treated  by  Soviet  workers  (Pomerantzev 
T95OJ  as  a  separate  species  with  several  subspecies  and  with  a 
wider  geographical  range  than  H.  dromedarii.  This  form  is  less 

robust,  smaller,  and  more  slen'Ser,  with  a  shorter  posteromedian 
groove  than  in  giant  males  typical  of  H.  dromedarii.  The  fe^ 
males  are  more  elongate  than  the  typically  robust  female  H. 
dromedarii  and  the  length- width  ratio  of  their  palpi  and  of 
their  scutttm  is  longer.  Such  individuals  are  also  encountered 
in  African  populations.  Delpy  (19A6)  first  considered  the  short, 
wide  palpal  shape  to  be  diagnostic  but  further  studies  indicated 

so  much  variation  that  "applied  strictly  to  determination  of 
isolated  specimens,  (this  character)  would  have  led  to  errors. 
(Also)  the  ratios  that  are  true  for  a  young,  recently  molted 
tick  are  no  longer  accurate  when  this  tick  has  aged  and  become 

engorged".  The  shortness  of  the  posteromedian  groove  appears 
concomitant  id.th  the  general  lack  of  robustness  in  these  smaller 
and  more  slender  ticks. 
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Feldman-Muhsam  (195^)  states  "The  type  specimens  of  H.  dro^_ 
darii  asiaticum  as  well  as  H.  asiatlcum  citripes  differ  from  H. 

dromedarii  and  are  not  synonyms  of  H.  dromedarii".  Without  further 
explanation,  it  is  impossible  to  evaluate  this  remark. 

DISEASE  RELATIONS 

MAN:  A  host  and  vector  of  Q  fever  (Coxiella  burnetii). 

Experimentally,  this  tick  can  be  infected  with  the  virus  of 
Russian  spring- summer  encephalitis,  with  the  virus  of  ncsquito- 
bome  autumn  encephalitis  from  the  Russian  Maritime  Province, 
and  with  the  virus  of  a  Japanese  mosquito- borne  encephalitis. 

CATTLE:  Theileriasis  (Theileria  spp.).  This  tick  (as  H. 
asiaticum)  is  apparently  not  a  carrier  of  brucellosis  (Brucella 

spp. J. 

CAlffiLS:  Theileriasis  (Theileria  camelensis). 

IDENTIFICATION 

Males;  Typical  males  are  recognized  by  (l)  large  size 
(average  length:  5.7  ram.,  range  5-2  mm.  to  7.0  mm.;  average 
width:  3.8  mm.,  range  3.0  mm.  to  ̂ .0   ram.),  (2)  distinct  lateral 
displacement  of  the  subanal  shields,  (3)  short,  deep  lateral 
grooves  limited  to  the  posterior  third  of  the  scutum;  and  (U) 
few,  large  shallow  pvinctations  variously  scattered  over  the 
surface  and  complete  or  almost  complete  absence  of  other  puncta. 
tions.  Also  distinctive  is  the  deep,  usually  narrow,  postero- 

median groove  extending  from  the  distinct  parma  to  the  scutal 
mldlength.  This  groove  is  bounded  on  either  side  by  converging 
ridges;  laterad  of  these  ridges  are  deep,  wide,  often  rugose 
paramedian  grooves.  The  paramedian  grooves  are  of  variable 
length,  and  posteriorly  delineate  the  two  median  pairs  of  fes- 

toons, which  are  often  massive  and  which  are  larger  than  the 
more  or  less  distinct  three  lateral  pairs  of  festoons.  Another 
pair  of  parallel  ridges  may  be  present  between  the  paramedian 
grooves  and  the  lateral  grooves. 
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Variations  of  the  above  characters  are  as  follows:  Small 

pvinctations  may  be  present  and  rarely  may  be  obtrusive  enough 
to  suggest  H.  iiimeltatum;  also  a  line  of  large  punctations  ex- 

tending anteriorly  from  the  apex  of  the  lateral  grooves  may  sug- 
gest H.  impeltatum.  In  engorged  specimens,  at  least,  differences 

in  the  posterior  area  of  the  scutum  separate  such  specimens.  In 
some  specimens  a  dense  field  of  small  pvinctations  may  be  present 
posteriorly,  suggestive  of  H.  excavatum.  The  subanal  shields  are 
sometimes  divided  into  two  pairs,  but  very  few  such  specimens 
have  been  seen  during  the  present  study.  In  unengorged  males, 
the  subanal  shields  are  closer  to  the  central  axis  of  the  anal 
shields  than  otherwise,  but  their  center  is  still  exterior  of 
the  central  axis  of  the  adanals.  Color  varies  from  yelloxash 
brown  through  dark  brovm  to  brownish  black.  The  legs  are  usually 
paler  than  the  scutum  and  the  segments  may  be  ringed  by  a  paler 
band. 

Females;  Typical  females  may  be  recognized  by  (l)  the  nar_ 
rowly  elongate  and  triangular  genital  aperture,  which  in  profile 
slopes  gradually,  (2)  the  comparatively  wide  scutal  outline 
(length-width  ratio  about  equal,  (3)  few,  large,  scattered  punc- 

tations and  frequent  rugosity  of  the  scutal  surface,  and  (A) 
large  size.  The  palpi  are  usually  twice  as  long  as  their  com- 

bined width.  The  color  varies  from  yellowish  brown  to  black; 
the  legs  are  usually  paler  than  the  body  and  may  be  concolorous 
or  ringed. 

The  genital  aperture  is  most  distinctive  and  hardly  variable. 
In  newly  molted  females  its  outline  is  slightly  concave  sub- 
apically,  but  in  engorged  specimens  the  lateral  margins  are 
usually  straight.  The  narrowly  triangular  outline  is  apparent- 

ly never  lost.  A  narrow,  raised  integumental  fold  surroimds 
the  apron. 

The  scutal  outline  is  widest  just  anterior  of  the  eyes. 
The  wide,  deep,  long  cervical  grooves  are  usually  rugose  as   is 
also  the  scutal  surface  of  most  engorged  specimens.  From  ten 
to  twenty  (average  thirteen)  large  punctations  are  scattered 
over  the  central  field  and  an  equal  number  occur  in  each  scapular 
field.  Average  newly  molted  specimens  measure  about  5.5  mm.  long 
by  3.2  mm.  wide,  but  engorged  individuals  may  be  30.0  mm.  long  and 
15.0  mm.  wide.  Scutal  length  is  about  3.2  mm.,  width  about  2.8  mm. 
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The  larva  and  nymph   (as  H.   asiaticum)  have  been  described 
and  compared  with  those  of  otlier  species  by  Bernadskaia  (1939C) 
and  (as  H.   dromedarii)  by  Feldman-Muhsam  (19^8). 
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Figures  166  to  167,  c?,  dorsal  and  ventral  views 
Figures  168  to  169,  9,  dorsal  and  ventral  views 

A,  9  genital  area.  B  to  D,  $  genital  area  outline  and  profile. 
B,  unengorged.  C,  partly  engorged.  D,  fully  engorged. 

HYALCMMA  EXCAVAIIM 

Egyptian  Specimens 

PLATE  XIL 
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HYALCMMA  EXCAVATUM  Koch,  18U. 

(Figures  166  to  169) 

THE  a^ALL  HZALCMIA 

NOTE:  Schulze  and  his  co-workers  employed  the  name  H.  savignyi 
(Gervais  ISiU-)  for  this  tick,  and  following  their  iisual  i^actice 
appended  a  variety  of  subspecific  names  to  it.  References  to  H. 

depressum,  H.  Ittsitanicum  subspp.,  H.  pusilltis  subspp.,  and  H."" rhipicepKaloides  also  ̂ ply  to  H.  excavatum.  The  name  H.  anatolicum, 
as  used  by  Riissian  and  French  workers,  applies  to  H.  excavatimi. 
For  a  list  of  synonyms,  see  Delpy  (19A9B,  pp.  ̂ 75^-3777^ 

Adler  and  FeldmanuMuhsam  (19A-8)  and  Feldman-Muhsam,  following 

Schiilze*s  lead,  applied  the  name  H.  savignyi  in  stxidies  of  H. 
excavatum.  After  examining  Koch*^  type  specimens,  Feldman-Huhsam 
C195AJ  agreed  with  Delpy  that  H.  excavatum  is  the  proper  name  for 
this  tick.  This  is  accepted  as  a  final  decision. 

DISTRIBUTION  IN  THE  SUDAN 

H.  excavatum  is  moderately  common  in  northern  Sudan  and  in 
the  northern  parts  of  central  Sudan.  No  records  from  Darfur  Prov- 

ince are  available.  The  small  hyalomma  is  generally  considerably 
less  numerous  in  the  Sudan  than  in  Egypt.  It  shows  a  strong 
predilection  for  horses,  even  in  areas  where  other  domestic 
animals  are  present  in  large  ninnbers. 

The  following  are  data  for  material  seen: 

Northern;  Shendi  (bulls,  donkeys,  and  horses;  SVS) .  Wadi 
Haifa,  Abu  Hamed,  Atbara,  and  Shendi  (camels,  cattle,  horses, 
donkeys,  goats,  and  sheep;  HH). 

Khartoum;  Khartoum,  Omdurman,  and  Shambat  (camels,  horses, 
donkeys,  cattle,  goats,  sheep,  and  dogs,  SVS;  Gordon  College 
collection;  HH) , 
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Kasssila;  Kassala  (goats,  horses,  cattle,  and  camelsj  SVS) . 
Port  Sudan  (cattle,  donkeys,  and  horses;  SVS) .  Sinkat  (horsesj 
SVS).  Tokar  (cattle,  horses,  and  donkeys j  SVS) . 

Par fur;  No  records. 

Kordofan;  KL  Obeid  (horses  and  sheep;  SVS) . 

Blue  Nile;  Wad  Medani  (camels  and  horses;  HH) .  Hassa  Heissa 
(camels;  G.  B.  Thompson,  correspondence). 

DISTRIBUTION 

H.  excavatum  is  common  throughout  northern  Africa,  and  ranges 
through  the  Near  East,  Asia  Minor  and  southern  Russia  to  India. 
It  is  abundant  locally  in  southern  Europe,  but  is  particularly 
numerous  in  Egypt,  Palestine,  Asia  Minor,  and  southern  Russia. 

In  Africa,  H.  excavatum  ranges  along  the  northern  and  north- 
eastern littoral7  a  continuous  belt  characterized  by  less  than 

ten  inches  of  rainfall  per  annum.  Its  southeastern  limit  is 
Somalia.  The  Sudan  has  been  invaded  by  this  parasite  possibly 
both  via  the  Nile  from  Egypt  and  via  the  Red  Sea  coast. 

The  distribution  of  H.  excavatum  has  been  mapped  by  the 
American  Geographical  Society  (1954^ . 

All  references  below  are  to  H.  excavatiim  unless  othervd.se 
noted. 

ATLANTIC  OCEAN;  CANARY  ISLANDS  (Nuttall  lot  3226  in  MNH; 
H.H.  det.  As  H.  depressum;  Schulze  1919.  As  H.  lusitanicum 

cicatricosum;  "SchiAze  and  Schlottke  1930.  KraTz  19A-0J. 

NORTH  AFRICA;  MOROCCO  (Blanc,  Bruneau,  Martin,  and  Maurice 
1948.  Blanc  and  Bruneau  1953,1954,1955.  As  H.  lusitanicum; 

Blanc  and  Brtineau  1949) .  ~ 

ALGERIA  (As  H.  1.  l\asitanicum;  Senevet  1922B,1925,1928A,B, 
1937.  Senevet  anH  Rossi  1925.  Kratz  1940.  d'Arces  1952.  As 
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H.  liisitanicxim  berberum;  Senevet  1922B.  As  H.  lusitanicum 

algericum;  Senevet  1928A.  As  H.  savignyi;  "Sergent  and  Poncet 193 7 , 19^0 , 19^3 .  Sergent  and  cdlworkers  also  employed  the  name 
H.  lusitanicTim  at  one  time  or  another.  As  H.  lusitanicum 

algericum;  Schulze  and  Schlottke  1930.  As~H .~a'egyptium"im~ 
pressum;  Senevet  1922B).  ~ 

TUNISIA  (As  H.  tunesiacum;  Schulze  and  Schlottke  1930. 

As  H,  tunesiacum  Tunesiacim;  ~Kratz  19^0.  As  H.  lusitanician 
depresTum!  SchTolze  and  Schlottke  1930.  Kratz~19^0.  As  H. lusitanicum  algericum;  Colas-Belcour  1931.  As  H.  excavatum; 
Colas-Belcour  and  Rageau  1951) • 

LIBYA  (As  H.  depressum;  Franc hini  1927,1929E.  As  H. 
tunesiacum  franchinii;  Tonelli—Rondelli  1932C.  As  H.  anatolician; 
Tonelli— Rondelli  1932D.  As  H.  fezzanensis;  TonelliTRondelli 
1935.  Stella  1938C.  Kratz  T9I^.     Numerous  specimens  in  Hoogstraal 
collection) . 

BjYPT  (As  H.  excavatum  sp.  nov.;  Koch  18^4.  As  H.  rhipi- 
cephaloides;  Neumann  1901,1911.  Schulze  1919, 1921, 193  6F.  Krktz 
19^6.  As  H.  pusillum  alexandrinum;  Schulze  1919.  As  H.  savignyi 

savignyi:  ~Kratz  19A0.  As  H.  excavatum:  Daubney  and  Sliid  1951; 
undoubtedly  in  part  conf use's  with  H.  impel tatim.  Taylor,  Mount, 

Hoogstraal,  and  Dressier  1952).   "" 

EAST  ATOIGA:  SUDAN  (Taylor,  Mount,  Hoogstraal,  and  Dressier 
1952.  Hoogstraal  1954B). 

ERITRE/l  (Specimens  from  several  localities  in  HH  collection. 
Apparently  not  reported  under  any  known  synonym  by  Italian  workers; 
material  probably  differently  identified  by  them).  FRHJCH  SCMALI- 
LAND  (Hoogstraal  1953D) .  ITALIAN  S(KALILAND  (As  H.  lusitanicum; 

Franchini  1927,1929C,E.  Niro  1935.  As  H.  somalicum"  Tonelli- Rondelli  1935.  Stella  1939A,1940.  Kratz  l^WI 

/'?KEMA;  H.  anatolicimi,  a  synonym  of  H.  excavatum  has  been 
reported  in  various  notes  by  Lewis,  and  by  Daubney  ̂ 1937) ,  Mulli- 

gan (1938),  and  Yalvac  (1939).  This  name  derives  from  material 
identified  by  Schulze.  Although  it  would  not  be  surprising  to 
find  isolated  populations  in  northeastern  Kenya,  recent  workers 
have  not  encovmtered  it  and  earlier  specimens  referred  to  this 
species  are  not  available_^ 
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NEAR  EAST;  PALESTINE  (As  H.  anatolicum;  Bodenheimer  1937. 
Kratz  1940.  As  H.  rhipicephaloTdes  Neumann  1901,1911.  Schtilze 
1921,1936F.  Kralz  T^Z^H  As  H.  savignyi;  Bodenheimer  1937. 
Adler  and  Feldman-Muhsam  19^^194«.  Feldman-Muhsam  1947,1948, 
1949, 1950, I95IA.  As  H.  excavattnn;  Feldman-Muhsam  1954.  As  H. 

tunesiacum;  Bodenheimer  1937J .  ~ 

STRIA  and  LEBANON  (Hoogstraal,  ms.).  IRAQ  (As  H.  aegyptium 
mesopotamivmi;  Schulze  1919.  Schulze  and  Schlottke  T930.  As  H. 

savignyi  mesopotamium;  Kratz  1940.  As  H.  excavatum;  Hubbard"" 
1955.  Hoogstraal,  ms.).  "ARABIA"  (As  hT  pus ilium;  Schulze 
1919).  TRUCIAL  a>lAN,  YEMEN,  ADEN,  SAUDT  ARABIA  CHoogstraal, 
mss.).  IRAl^I  (Delpy  1946B,  19490,1952).  AFGHANISTAN  (Anastos 
1954.  Hoogstraal,  ms.). 

TURKEY  (As  H.  pusillus;  Vogel  1927.  As  H.  excavatum; 

Kurtpinar  1954.  "Mimioglu  1954.  One  of  the  most  common  £icks on  the  Anatolian  steppes:  Hoogstraal,  ms.  As  H.  lusitanicm; 
Yasarol  1954). 

CYPRUS  /"The  H.  savignyi  exsul  of  Schulze  and  Schlottke 
(1930),  attributed"by  Delpy  (1949B;  to  H.  marginatum  (=  H. savignyi  of  Delpy) ,  appears  rather  to  be  H.  excavatum;  see 

pp.  ̂ 34-535  of  Kratz  (1940)_7.         " 
EUROPE;  PORTUGAL  (As  H.  lusitanicum;  Koch  1844.  Schulze 

1919.  Kratz  1940). 

SPAIN  (As  H.  depressum;  Schulze  1919.  Gil  Collado  1948A. 
As  H.  excavatumT  De  Prada,  Gay,  and  Llorente  1950.  De  Prada, 

Gil"Collado,  and  Mingo  Alsina  1951.  As  H.  lusitanicum;  Gil Collado  1936,1948a.  Kratz  1940.  As  H.  Tusitanicum  algericum; 

Jordano  Barea  1951.  NOTE;  H.  depres'sum  is  considered  to  be  a 
synonym  of  H.  excavatum,  but~the  species  called  H.  depressum 
ty  Gil  Collado  1948A  is  one  that  cannot  readily  "Be  determined) . 

FRANCE  (As  H.  excavatum;  Brumpt  and  Chabaud  1947.  Brvmpt 

1949.  Buttner  1^49"!  Colas-Belcour  and  Rageau  1951.  Chabaud and  Choquet  1953).  ITALY  (As  H.  Ivtsitanicxm;  Schulze  1936C. 
Tonelli-Rondelli  1938.  Kratz  I94n7i  GREECE  (As  H.  anatolicum; 
Kratz  1940.  Enigk  1947.  Pandazis  1947). 

-  439- 



RUSSIA;  As  H.  anatolicum;  Pomerantzev,  Matikashvily,  and 
Lototsky  1940.  Galuzo  1944.  Blagoveshchensky  and  Serdyukova 
1946.  Lototsky  and  Pokrovsky  1946.  Pervomaisky  1954.  Pav_ 
lovsky,  Pervomaisky,  and  Chagin  1954.  Viazkova  and  Bernadskaia 
1954.  Gajdusek  1956. 

As  H.  anatolicum  anatolicum;  Serdyukova  1946A,B.  Markov, 
Gildenblat,  Kurchatov,  and  Petiinin  1948.  Pomerantzev  1950. 
Pervomaisky  1950A.  Gajdusek  1953.  Tselishcheva  1953. 

As  H.  anatolicum  excavatum;  Serdyukova  1941.  Pervomaisky 
1949, 19^A.  Pomerantzev  195U.  Petrisheheva  1955. 

As  H.  amurense;  Olenev  1931A,C, 

As  H.  asiatic\im  caucasicum;  Pomerantzev,  Matikashvily, 

and  Loto'Esky  1940. 

As  H.  excavatxm;  Blagoveshchensky  and  Serdyukova  1946. 

Zhmaevaj^Pchelkina,  Mishchenko,  and  Karulin  1955. 

As  H.  tvirkmeniense;  Olenev  1931A,C.  Kornienka-Koneva  and 
Shmulreva  1944.  Chtraiakov,  Petrova,  and  Sondak  1945.  Pomerantzev 
1946.  Markov,  Gildenblat,  Kurchatov,  and  Petunin  1948.  As  H. 
tunisiacum  tvirkmeniense;  Kratz  1940.  Delpy  (1949B)  considered 
H.  turkmeniense  as  questionably  a  synonym  of  H.  excavatum; 
Pomerantzev  (1950)  synonymizes  it  under  H.  excavatum  [-   ri. 
anatolicum) . 

/~?As  H.  savignyi  armeniorum;  Olenev  1929A.  Schulze  and 
Schlottke  1530"^  Lototsky  and  Popov  1934.  As  H.  anneniorum; 
Kratz  1940_.7 

/"?As  H.  savignyi;  Zolotarev  1934.  Galuzo  1935,1941,1944. 
Berna3skaia"l939C ,1943 .  Pavlovsky  1940.  Zotova  and  Bolditzina 
1943.  Galvizo,  Bolditzina,  and  Kaitmazova  1944.  For  a  discussion 
of  Delpy*s  remarks  concerning  Soviet  conftision  between  H. 
excavatum  and  H.  marginatTjm  (=  H.  savignyi)  see  page  470._7 

As  H.  rhipicephaloides;  Yakimov  1922,1923.  Olenev  1929B. 
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MIDDLE  EAST;  INDIA  /"As  H.  kumari;  Sharif  (1928,1930). Delpy  (1949BJ  considers  H.  kumari  as   a  synonym  of  H.  excavatum, 
but  it  seems  best  to  reserve  judgement  on  this  matTer  for  the 
moment.  Nvmierous  specimens  typical  of  H,  excavatvim  are  present 
in  aWH  collections,  H.H.  det.  As  H.  savi gny i ;  Das gupt a  (1955) 
and  Dasgupta  and  Ray  (1955) j  the  possibility  that  these  refer  to 
H.  marginatum  should  be  considere^,  PORTUGESE  INDIA  (Santos 
Dias  l%i3). 

HOSTS 

H,  excavatum  is  a  parasite  of  cattle,  horses,  donkeys,  camels, 
buffaloes,  sheep,  goats,  and  swine.  It  also  attacks  man  and  dogs. 
Hares  appear  to  be  especially  important  wild  hosts. 

Nymphs  are  variable  in  occurrence  on  cattle,  but  nymphs  and 
larvae  are  often  found  on  calves.  Nymphs  and  larvae  frequently 
attack  rodents,  and  normally  do  so  on  the  desert.  They  also  feed 
on  man,  hares,  lizards,  and  birds. 

All  stages  of  H.  excavatum  have  been  observed  feeding  on 
hares  in  a  forest  near  Casablanca  where  other  wild,  and  domestic 
animals  are  absent  (Blanc  and  Bruneau  1953,195^,1955) .  In  Ana- 

tolia, numerous  adults  have  been  reared  from  nymphs  taken  from 
hares  (Hoogstraal,  ms.).  A  larva  has  been  reported  from  a  hare 
in  Iraq  (Hubbard  1955).  In  Yemen  these  animals  are  heavily 
infested  by  immature  stages  (Hoogstraal,  ms.).  British  Museum 
(Natural  History)  collections  contain  specimens  from  Indian  hares 
(Nuttall  lot  3^23;  H.H.  det.).  Wherever  hares  and  H.  excavatvmi 
occur  together  the  association  appears  to  be  an  important  one. 

The  complete  absence  of  any  specimens  of  H.  excavatum  on 
more  than  five  hundred  hedgehogs  collected  throvighout  Egypt, 
is  noteworthy  (Hoogstraal,  ms.).  Hedgehogs  were,  however,  used 
as  laboratory  hosts  of  immature  steiges  by  Feldman-Muhsam  (194.8). 

Delpy  (1949C)  considers  birds,  especially  nestlings,  impor- 
tant hosts  of  nymphs.  A  male  in  British  Museum  (Natviral  History) 

collections  has  been  reared  from  a  redstart,  P.  phoenicurus 
(s  Ruticilla  pluvenicurus)  at  Amara  on  the  Tigris  River  ^Nuttall 

lot  32.10;  H.in  dei.).   
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Single  instances  of  attack  of  human  beings  have  been  reported 
from  France  (Buttner  19A9)  and  Iraq  (Hubbard  1955;  whether  actual- 

ly feeding  not  stated).  During  field  work  for  the  present  stiody, 
feeding  specimens  of  H.  excavatum  have  been  taken  from  personnel 

in  Egypt,  Turkey,  and~Yemen  IHoogstraal,  ms.)«  Ii^  Uzbekistan, this  tick  (=  H.  anatolicum)  often  attaches  to  man  (Gajdusek  1953). 

Apparently  the  only  larger  wild  animals  yet  recorded  as 
hosts  of  the  adult  stage  are  gazelles  in  French  Somaliland 
(Hoogstraal  1953E) . 

Biological  observations  in  Egypt  thus  fdr   have  been  confined 
to  searching  for  naturally  infested  wild  animals  in  the  field, 
keeping  them  alive  in  th^^  laboratory,  and  allowing  ticks  that 
drop  from  them  to  molt  to  the  next  stage.  Advilts  reared  from 
n^Tiiphs  taken  from  wild  animals  have  been  from  the  following  hosts: 

Lizard 
Lesser  Egyptian  gerbil 
Greater  Egyptian  gerbil 
Fat  sandrat 

Sundevall's  jird 
Shaw's  jird 
Spiny  nouse 
Lesser  Egyptian  jerboa 
Hares 

Ac  anthodactylus  bo ski anus 
Gerbillus  g.   gerbillus 
Gerbillus  _£.  pyramidum 
Psammora^'S  o.  ooei )m^'S  o, aesus 
Meriones  c.  crassus 
Meriones  s.  shawi 
Aconws  spp. 

lis  j.  jaculus 
Jin; Taci    _^  _ 

Lepus  capensis  subs pp. 

(fairly  common) 
(common) 
(common) 
(fairly  common) 
(fairly  common) 
(fairly  common) 
(uncommon) 
(uncommon) 

(common) 

Colas-Belcour  and  Rageau  (1951)  report  adults  in  Tunisia  from 
bvirrows  of  gerbils,  jirds,  and  fat  oandrats  and  nymphs  from  jirds. 
They  also  found  H.  excavatum  in  burrows  and  on  other  rodents  in 
France.  Adults  of  H.  excavatum  in  rodent  burrows  are  always  newly 
molted,  remaining  tliere  before  they  venture  forth  to  seek  a  larger 
host  (Hoogstraal,  ms.).  There  is  no  evidence  to  consider  gerbils 
as  common  hosts  of  adults,  as   stated  on  the  map  of  the  American 
Geographical  Society  (1954-);  see  also  Erratum  sheet). 

BIOLOGY 

Life  Cycle 

The  several  investigators  who  have  reared  H.  excavatum  in  the 
laboratory  (Delpy  1952  in  Iran;  Daubney  and  SaiH  1951  in  Egypt; 
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Feldman-M'uhsam  194-8  in  Palestine;  Brumpt  and  Chabaud  1947  in 
France,  and  Serdynkova  1946A  in  Russia)  confirm  that  this  is 
normally  a  three-host  species.  In  Tadzhikistan,  however,  Lotot- 
sky  and  Pokrovsky  (1946)  consider  H.  excavatum  (=  H.  anatolicum) 

to  be  a  two-host  tick.  Feldman-MuEsam  observed  th'at  some  larvae 
may  remain  on  the  host  through  the  nymphal  stage,  but  Delpy 
(1946c)  stated  that  if  they  do  so,  they  first  detach  and  wander 
away,  for  example  to  the  ear,  and  reattach  only  after  molting. 
Daubney  and  Said  observed  a  single  larva  molting  while  still 
attached.  On  desert  rodents  in  Egypt  nymphal  H.  excavatum  have 
on  several  occasions  been  foxind  attached  to  the  host  and  par- 
tially  enclosed  by  the  laarval  exuvia.  Possibly  in  these  situa- 

tions, where  hosts  are  scarce,  the  typical  life  cycle  is  more 
commonly  somewhat  altered.  On  Egyptian  deserts,  the  molt  from 
nymphal  to  adult  stage  typically  occvirs  in  rodent  burrows. 
Remarks  that  desert  rodents  dislodge  most  ticks  attached  to  them 
by  rubbing,  shaking,  or  eating  are  cpntrary  to  frequent  experience 
in  Egypt. 

The  effect  of  a  small  size  host  on  the  life  cycle  of  H. 
excavatum  has  perhaps  best  been  described  by  Serdyukova  (i946A, 
as  H.  aniatolicvmi)  (from  abstract  in  Review  of  Applied  Entomology): 

"Larvae  from  a  single  egg-batch  engorged  on  a 
rabbit,  which  is  an  unusual  host  for  this  tick.  Some 
detached  after  engorgement,  others  molted  on  the  ani- 

mal. Some  of  the  resulting  nymphs  wandered  on  the 
rabbit  without  feeding  but  others  engorged  and  then 
dropped  off.  Larvae  placed  on  the  ears  of  a  calf  all 
detached  after  engorging,  and  no  engorged  or  molting 
larvae  or  larval  exuvia  were  observed  on  csLLves  in 
the  field.  Ticks  collected  in  a  calf  shed  included 

freshly  engorged  and  molting  larvae  and  unfed  nymphs. 
It  is  concluded,  therefore,  that  H.  excavatum  (=  H. 

anatolicum)  develops  as  a  threeuhost  tick  on  its  " normal  host,  but  that  an  unusual  host  may  alter  this 
behavior.  The  cycle  of  ixodid  development  has  probu 
ably  altered  as  a  result  of  evolutionary  processes. 
The  typ)e  of  development  that  occiirs  on  the  usual 
host  shoxild  be  considered  as  normal,  and  deviations 
from  it  on  unusual  hosts  as  atavistic." 
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It  is  significant  that  the  Russian  worker  considers  the 
rabbit  to  be  an  atypical  host  of  immature  stages  of  H.  excavatum. 
This  is  far  from  true  in  North  Africa  and  Arabia,  where  hares  and 
other  smaller  animals  are  frequently  parasitized  (rabbits  do  not 
occur  here).  Most  probably  smaller  animals  are  also  parasitized 
in  Russia  but  workers  there,  who  have  been  occupied  chiefly  with 
veterinary  problems,  have  failed  to  investigate  this  possibility. 
Indeed,  it  seems  that  a  diametrically  opposed,  theoretical  con- 

clusion might  be  drawn; 

Under  primitive  conditions,  in  areas  lacking  large 
numbers  of  domestic  animals,  H.  dxcavatum  spends  part 
or  all  of  its  life  cycle  on  small  animals,  usually  no 
larger  than  hares .  In  these  situations  it  undergoes  a 
one  or  two-host  type  of  life  cycle.  However,  when  herds 
of  larger  domestic  animals  are  present  in  the  range  of 
this  tick,  the  adiilts  and  sometimes  the  immature  stages 
may  be  confined  to  these  animals.  On  these  larger  ani- 

mals, H.  excavatum  undergoes  a  three-host  type  of  life 

cycle, "which  is  an  atypical  one  for  the  species,  in- fluenced as  it  is  by  the  availability  of  hosts  due  to 
human  activities. 

This  matter  is  obviously  in  need  of  further  investigation. 

With  regard  to  the  seasonal  cycle  of  H.  excavatum,  the 
aforementioned  authors  working  in  Iran,  E^pt,  and  Palestine, 
as  well  as  Serdyiikova  (19A6b)  working  in  the  semi-deserts  of 
Tadzhikstan,  agree  that  engorged  nymphs  and  young  adults  hi- 

bernate in  cracks  and  crevices  of  bxiildings  during  the  winter; 
the  Soviet  observer  states  that  larvae  may  also  overwinter  under 
these  conditions.  In  Russia,  hibernating  ticks  were  taken  in, 

among,  under,  and  in  association  with  wooden  fixtures  of  animal 
enclosures,  but  not  under  cakes  of  dung  plastered  on  loose  walls. 
When  these  structures  were  removed  the  incidence  of  ticks  found 

in  these  yards  the  following  summer  was  only  a  fraction  of  what 
it  had  been  the  previous  year.  In  the  deserts  of  Egypt  engorged 
nymphs  and  vinfed  adults  overwinter  in  rodent  burrows. 

In  spring,  ticks  that  have  hibernated  venture  forth  to  feed. 

Under  experimental  conditions,  if  they  are  removed  to  a  warmer 
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place  during  the  winter  nymphs  molt  and  adults  feed.  In  Egypt, 
wild  nymphs  do  not  normally  molt  imtil  almost  summertime,  pos- 

sibly because  of  cold  nights  during  early  spring.  By  late  March, 
however,  females  begin  to  feed,  and  at  this  time  they  may  oviposit 
very  shortly  after  dropping  from  the  host  _  as  soon  as  seven  days 
afterwards.  The  incubation  period  may  be  as  short  as  27  days,  so 

that  in  May  new  larvae  and  last  year's  nymphs  can  be  found  feeding. 
Under  the  Russian  conditions  already  mentioned,  oviposition  does 
not  commence  until  Jiily  or  August  and  it  appears  that  there  is 
only  a  single  generation  a  year  in  those  climes.  In  Tadzhikistan 
(Lototsky  and  Pokrovsky  194-6),  adxilts  of  H.  excavatinn  (=  H. 

anatolicum)  infest  cattle  from  the  end  of""February  to  November, and  larvae  and  nymphs  from  July  through  September;  all  stages 
are  most  numerous  early  in  August. 

Larvae  feed  for  from  four  to  six  days  (320C.,  1%  R.H.) 
according  to  Feldman-Muhsam,  but  the  Russian  observer  reported 
only  two  to  four  days  in  nature.  Larvae  molted  six  days  after 

leaving  the  host  (30°C.),  after  four  or  five  days  at  38°C.,  and 
after  thirty  to  fifty  days  at  17.5°C.  (after  six  to  twelve  days 
in  Russian  observations) .  Nymphs  fed  a  week  later  and  remained 
on  the  host  from  nine  to  twelve  days  (four  to  six  days  in  Russia) 
but  the  time  between  dropping  and  molting  to  the  adult  stage 

varied-  greatly  (twelve  to  twenty  days  in  Russia) . 

At  35°C . ,  the  molt  to  females  occurred  in  from  eleven  to 
24.  days  and  to  males  in  from  twelve  to  35  days.  At  30°C.  both 
sexes  appeared  between  eleven  and  56  days  after  nymphs  dropped 

from  their  host.  The  duration  of  one  generation  at  32°C.  was 
estimated  at  116  days,  but  it  was  conclioded  that  under  field 
conditions  some  of  these  stages  may  be  shorter  and  there  may 
be  three  generations  a  year. 

Parthenogenesis  in  H.  excavatum  has  been  observed  by  Pervou 
maisky  (194-9)  who  fovmd  That  a  few  Fi  females  could  be  reared 
from  eggs  laid  by  females  in  the  absence  of  males. 

Ecology 

Feldman-Muhsam  (1947)  observed  that  unfed  larvae  and  nymphs 
are  much  more  sensitive  to  humidity  than  to  temperature.  At  any 
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temperature  survival  of  vmfed  immature  stages  increases  vdth 
higher  humidity.  In  laboratory  tests,  larval  longevity  varied 
between  two  and  21^   days  (mean  1.25  and  162.6  days),  nymphal 
longevity  between  ten  and  2Z^6  days  (mean  6.8  and  IA.9.2  days). 
The  author  considered  that  tinder  undisturbed  natursil  conditions 

sxirvival  would  have  been  longer  than  in  these  tests  in  which 
daily  counts  were  made. 

Nymphs  are  less  susceptible  than  larvae  to  low  humidity. 
The  length  of  nymphal  life  increeises  directly  with  humidity  and 
inversely  with  temperature.  Other  life  history  and  hibernation 
studies  by  Feldman-Mtihsam  (19^9)  are  of  interest,  but  since  they 
apply  to  frigid  Palestinian  winter  conditions  that  do  not  occur 
in  the  area  under  consideration  this  work  is  not  presently  per- 

tinent . 

Serdyukova  (1946A)  observed  ticks  detaching  from  their  hosts 

at  night;  larvae  and  nymphs  mostly  between  nine  and  eleven  o'clock 
in  the  evening.  A  number  of  larvae  and  nymphs  placed  on  a  calf 

in  the  morning  became  fully  engorged  during  the  day  but  'remained 
on  the  calf  when  darkness  set  in.  This  behavior,  probably  an 
adaptation  to  local  climatic  conditions,  protects  the  ticks  from 
exposure  to  the  direct  rays  of  the  sun,  which  are  fatal  to  them. 
They  are  apparently  inactive  diiring  the  hot  part  of  the  day,  and 
attach  to  hosts  at  night  as  has  been  recorded  for  other  Hyalomma 
species  under  desert  conditions.  In  an  isolated  plot  only 
slightly  over  five  percent  of  a  counted  number  of  unfed  ticks 
attached  to  calves  between  noon  and  sunset. 

H.  excavatum  is  obviovisly  a  tick  of  xeric  regions  not  neces- 
sarily associated  with  domestic  animals  although  populations  are 

considerably  larger  where  these  animals  occur.  Experience  in  the 
comparatively  lightly-vegetated  desert  areas  of  the  Mediterranean 
littoral  of  Egypt,  where  it  infests  rodents  in  their  burrows, 

indicate  this  tick's  habits  away  from  large,  dense  flocks  of 
domestic  animals. 

In  Transcaucasia,  H.  excavatvcn  (=  H.  anatolicum)  is  typical 
of  various  desert,  semiHesert,  and  steppe  formations ,  but  does 
not  occur  in  forested  zones  (Pomerantzev,  Matikashvily,  and 
Lototsky  19^0) .  This  agrees  with  observations  in  Anatolia  (Hoog- 
straal,  ms.).  With  respect  to  altitudinal  distribution  in  Trans- 
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caucsLsia,  these  authors  say  H.  excavatTmi  falls  in  group  in  which 

the  "upper  limit  of  distribution     is     inversely  pro- 
portionate to  the  moisture  of  the  climate  and  to  the  amount  of 

rainfall  and  directly  proportionate  to  the  height  of  the  snow 

line  during  the  summer  period" . 

In  Armenia,  H.  excavatum  (=  H.  savignyi  armenorium)  is  found 

in  pasture  at  65C5D  feet  elevation^and  higher  tLototsky  and  Popov 193^-) .  D\aring  the  present  stiidy  it  has  been  found  at  similar 
heights  in  Sinai,  Yemen,  Anatolia,  and  Eritrea. 

Feeding  Sites  and  Reactions 

Adults  feed  on  cattle  chiefly  on  the  scrotum  and  perinevnn 
and  in  the  inguinal  and  axillary  areas.  Nymphs  generally  feed 
on  the  neck,  chiefly  along  its  crest.  Larvae  are  not  commonly 
found  on  Egyptian  cattle. 

Note;  The  following  section  is  ancillary  to  further  remarks 

on  the  "subgenus  Hyalommina"  (page 

In  Egypt  (Hoogstraal,  ms.),  larvae  and  nymphs  of  H.  excavattnn 

are  frequently  fotmd  completely  overgrown  by  rodent  ho'st  skin. This  phenomenon  is  especially  common  among  yovmg  jirds,  Meriones 
shawi  shawi  Duvernoy,  and  sometimes  on  yoimg  fat  sandrats,  Psammo- 
mys  o.  obesus,  on  the  Mediterranean  littoral.  During  springtime 
almost  every  nestling  jird  in  the  vicinity  of  Mersa  Matruh  is 
infested  in  this  manner.  The  ticks  can  be  detected  by  lumps  under 
the  skin,  most  frequently  around  the  neck,  axillary  areas,  shoul- 

ders, and  flanks.  Some  of  these  rodents  have  as  many  as  22  im- 
mature ticks  under  the  skin.  The  host  skin  may  partially  or 

completely  enclose  the  ticks*,  which  are  almost  always  misshapen 
when  removed.  Some  nymphs  extricated  from  under  the  skin  of 
jirds  have  molted  to  adults  in  oxir  laboratories.  They  have  in- 

variably been  tiny,  weak,  misshapen,  poorly  developed,  pale  spec- 
imens, which,  if  identified  according  to  criteria  offered  by 

Schulze  (1919),  would  be  H.  rhipicephaloides  Neumann,  1901,  in 

the  subgenus  Hyalommina.  ~ 

*Nuttall  (19HB)  has  quite  accurately  described  this  processes  as 
an  oedematous  swelling  of  the  host  skin,  as  a  result  of  irritation 
when  the  long  mouthparts  of  Ixodes  (and  Hyalomma)  ticks  reach  firm 
subcutaneous  connective  tissvie;  the  oedematous  swelling  may  gradual- 

ly engulf  the  feeding  tick. 
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Schiilze  (1921)  recognized  this  grovrth  phenomenon  for  mate- 

rial of  "H.  rhipicephaloides"  from  a  "steinbock"  (probably  meaning 
an  ibex)  near  tne  Dead  Sea  in  Palestine,  although  he  continued  to 
apply  a  species  name  to  these  nints.  Yet,  Schulze  and  Kratz  have 

presumed  to  refer  to  this  as  a  "half-endoparasitic  type  of  para- 
sitism" by  ticks.  Large  number  of  ticks  were  foixnd  in  pale  red- 

dish cysts  in  the  ibex's  subcutaneous  tissue,  especially  in  the 
axillae.  Holes  in  the  host  skin  could  not  be  detected. 

In  several  instances  we  have  found  cast  larval  skins  en- 

casing subdermal  nymphs.  Young  jirds  raised  to  adulthood  in 
the  laboratory  yielded  dead  H.  excavatum  in  the  middle  of  the 
stnmner  when  the  hosts  were  sacrificed,  and  nymphal  skins  were 
found  around  them.  We  have  no  evidence  that  a  Hyalomma  tick 

overgrown  by  the  host's  skin  can  force  its  way  out .through  the 
skin. 

Pavlovsky,  Pervomaisky,  and  Chagin  (1954),  in  preliminary 
studies,  have  also  indicated  that  when  H.  excavatum  (=  H.  anato- 
licum)  feeds  in  large  numbers  on  a  restricted  area  of  tEe  host, 
poorly  developed  specimens  result.  Females  especially  do  not 
fully  engorge  and  may  even  die  due  to  inflammation  of  the  host 
skin.  When  other  species  also  compete  for  a  restricted  area  of 
the  host  skin,  an  additional  antagonistic  factor  increases  the 
chances  of  abnormal  development  or  death. 

Prolonged  infestation  on  rabbits  by  H.  excavatum  under  lab- 
oratory conditions  does  not  confer  host  immunity,  preventing  en- 

gorgement by  subsequent  larvae,  against  this  species  or  against 
Dermac enter  picttts  (Chabaud  1950A,  Brumpt  and  ChabatJd  1947). 

REMARKS 

A  capillary  tube  arrangement,  which  has  proved  successful 
for  the  artificial  feeding  of  adults  of  H.  excavatvim  for  physio- 

logical and  disease- transmission  studies,  has  been  described  by 
Chabaud  (1950A) . 

Schulze  (1932c)  illustrated  the  leg  segments  (of  "H.  anato- 
licum?*)  to  support  theories  of  tick  ornamentation.  In  The  same 
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work,  he  illustrated  a  cross  section  of  the  scutiim  (of  "H.  lusita- 
nicum")  and  compared  it  with  that  of  A.  cohaerens . 

Gynandromorphs  and  malformed  specimens  of  this  species  have 
been  described  and  illustrated  (as  H.  savignyi;  Pavlovsky  1940) 
by  Pervomaisky  (1950) .  A  gynandronmrph  of  H.  excavattim  (=  H. 

savignyi)  has  been  described  by  Feldman-Muh'sam  (1950^  but  *" 
C ampana-Rouget  (1950)  considers  this  to  be  an  "intersexue"  (see 
also  Chabaud  and  Choquet  1953).  An  abnormal  male  (as  H.  kumari) 
has  been  illustrated  by  Sharif  (19^0). 

The  rate  of  growth  and  comparative  differences  among  those 
morphological  parts  that  are  either  similar  or  different  between 
the  two  sexes  of  this  tick  have  been  studied  by  Chabavid  and  Cho- 

quet (1953).  Cuticle  growth  has  been  mentioned  by  Lees  (1952, 
as  H.  savignyi) . 

Campaniform  sense  organs  have  been  briefly  described  (Das- 
gupta  1955). 

Specimens  ftom  Kenya,  identified  as  H.  anatolicum,  were 
iised  by  Yalvac  (1939)  to  describe  features  of  development  of 
the  adult  stage  in  nymphs. 

DISEASE  RELATIONS 

KAN;  The  virus  of  Uzbekistan  hemorrhagic  fever  has  been 
isolated  from  H.  excavatum  (=  H.  anatolicum)  in  Soviet  Central 
Asia,  where  this  tick  appears  to  be  at  least  an  important 
nattiral  reservoir  if  not  a  vector.  Experimental  work  with  H. 
excavatum  (=  H.  turkmeniense )  indicates,  for  the  virus  of 
Russian  spring- svmnner  encephalitis,  transmission  by  bite  and 
transovarial  transmission,  and  the  same  for  the  virus  of  Japa- 

nese (mosquito- borne)  endephalitis  except  that  transmission  by 
biting  was  not  obtained.  These  viruses,  as  well  as  that  of 
Russian  (mosquito- borne)  encephalitis,  persist  for  many  months 
in  infected  ticks. 

H.  excavatum  is  commonly  found  infected  with  the  rickettsiae 
of  Q  Tever  (Coxiella  burnetii)  in  North  Africa,  southern  Europe, 
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and  Uzbekistan.  Its  importance  as  a  vector  of  tMs  disease  to  man 
requires  investigation. 

If,  as  appears  likely,  it  is  true  that  the  "H.  savignyi"  of 

Soviet  workers  with  ticks  and  brucellosis  applie s~ actually  to  H. 
excavatum,  it  should  be  noted  that  hereditary  transmission  and" 
subsequent  infection  of  the  host  by  the  bite  of  this  tick  is 
claimed. 

The  spirochetes  of  certain  Russian  relapsing  fevers  do  not 
survive  in  this  species  (as  H.  anatoJicum  excavatum)  for  even  a 

day.  
" 

CATTLE;  An  important  vector  of  theileriasis  (Theileria 
annulataj . 

BIRDS;  Benign  piroplasmosis  of  nestlings. 

IDEt^IFICAriON 

Males:  Typical  males  are  very  distinctive  but  in  almost 
any  field  collection  a  large  number  of  atypical  specimens  may 
be  found.  Characteristically,  the  center  of  the  subanal  shields 
is  posterior  of  the  central  axis  of  the  adanal  shields.  This 
holds  true  for  all  flat,  unengorged  and  slightly  engorged  indi- 

viduals. Males  that  have  not  flattened  after  molting  and  before 
being  preserved,  and  engorged  males,  especially  those  that  have 
fed  on  large  animals  such  as  camels,  almost  always  have  the 
subanal  shields  borne  on  an  udder-like  swelling  and  laterally 
displaced  as  in  H.  dromedarii.   (The  subanal  shields  are  al- 

ways small  and  eTongate,  frequently  minute  or  even  hardly  dis- 
tinguishable). Svich  specimens  can  be  distingxiished  by  smaller 

size  and  by  the  characteristic  strong  depression  of  the  posterior 
part  of  the  scutum  between  two  smooth  lateral  ridges;  this  de- 

pression is  almost  always  densely  punctate.   (Some  atypical  H. 

dromedarii  tend  towards  a  resemblance  of  this  last  character"}. 
The  lateral  grooves  are  very  short,  restricted  to  the  posterior 
third  of  the  scutum.  A  line  of  punctations  frequently  continues 
anteriorly  from  the  lateral  grooves;  these  may  be  groove-like 
enough  to  confuse  keying  the  specimen.  The  scutum,  away  from 
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the  depressed  caudal  area,  has  rare,  vridely  scattered,  mediunusize 
punctations,  or  none,  but  atypical  very  small  and  superficial  punc- 
tations  may  rarely  confuse  this  pattern.  A   pale  parma  is  frequent- 

ly present;  the  festoons  are  greatly  variable  in  distinctness.  The 
scutum  is  usually  strongly  convex,  and  all  specimens  are  definitely 
small  in  size  for  Hyalomma  ticks  (scutal  length  no  more  than  Zk.18 
mm.,  rarely  over  3.75  mm.;   width  no  more  than  2.19  nm. ,  rarely  more 
than  2.19  nim. ).  Certain  populations  that  key  to  H.  excavatum  but 
measure  above  the  upper  level  of  this  range  represent  distinct  spe- 

cies of  uncertain  identity  (see  pages  880  to  886). 

Females;  The  knobu-like  genital  apron  is  more  or  less  (but  al- 
ways definitely)  bulging  in  profile;  it  may  be  circular,  elongate- 

ly  triangular,  or  widely  triangular  (but  if  so  always  distinctly 
much  smaller  than  in  H.  margin atiim  or  similar  species)  in  outline; 
the  circular  outline  Ts  most  characteristic  and  distinctive;  the 
elongately  triangular  outline  is  fairly  common  and  usually  fairly 
distinctive;  the  widely  triangular  outline  is  not  common  but  is  apt 
to  be  confusing.  The  scutum  is  extremely  variable  in  color  and  in 
length. width  ratio,  but  it  has  very  few  large  punctations  scattered 
in  the  central  field,  a  few  more  in  the  scapular  areas,  and  some- 

times some  to  many  very  fine,  superficial  punctations  over  much  of 
its  siirface.  The  scutal  surface  of  engorged  specimens  frequently 
becomes  extremely  rugose.  Typical  engorged  females  are  comparative- 

ly small  and  narrowly  elongate  but  quite  thick  dorsoventrally  thus 
presenting  a  narrowly  rectangular  appearance. 

The  larva  and  nymph  (as  H.  savignyi)  have  been  described  and 

compared  with  those  of  other  "species  by  Bernadskaia  (1939C)  and 
by  FeldmarU^iiihsam  (1948). 
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Figures  170  and  171,  cT,  dorsal  and  ventral  views 
Figures  172  and  173,  $,  dorsal  and  ventral  views 

A,  g  genital  area.  B  to  D,  g  genital  area,  outline  and  profile. 
A  and  B,  unengorged.  C,  partly  engorged.  D,  fully  engorged. 

HYALO^iMA  piFELTATUM 
Egyptian  Specimens 

PLATE  L 

-  L51  - 



HYAL(M«IA  IMPELTATIM  Schulze  and  Schlottke,  1930 

(=  H.  BRUMFTI  Delpy,   19/h6A) . 

(Figures  170  to  173) 

KRATZ«S  KfALO^MA 

NOTE:     The  name  impeltatum,  proposed  by  Schulze  and  Schlottke 
(1930)   in  a  brief  key  to  Hyalomma  ticks,  was  said  to  apply  to  a 
subspecies  of  H.   savignyi.     Subsequent  workers  were  unable  to 
recognize  this  tick  on  the  basis  of  the  brief  data  provided.     The 
original  material  was  redescribed  and  illustrated  by  Kratz   (194-0) . 

Kratz  also  indicated  that  Tonelli-Rondelli's   (1932C)  H.   erythraeum 

from  Eritrea  is  probably  a  synonym.     Delpy  overlooked~both  H. 
erythraeum  and  Kratz 's  description  of  impeltatum  and   (19A6a7 
described  H.  brumpti  as  a  new  species  froa  Cameroons.     It  now 
appears  that  H.  brumpti  is  a  synonym  of  H.   impeltatum.     The 

statvis  of  H.  eiybhraeum  is  still  moot.     ~ 

DISTRIBUTION  IN  THE  SUDAN 

In  the  Sudan,  H.  impeltatum  is  restricted  to  the  drier  cen- 

tral Provinces.     It""may  occur  locally  in  Northern  Province,  but no  records  are  available. 

Kassala;     Kassala  and  Sinkat   (cattle;  SVS) .     Port  Sudan 
(donkeys  and  cattlej   SVS) . 

Kordofan;      El  Obeid  and  Umm  Inderaba  (cattle;   SVS).     "Northern 
Kordofan"   (camels;   SVS).     See  also  Khartoim  below. 

Par fur;     Sibdo   (horses;   SVS) .     Muhagariya  (camels,  cattle, 
horses ,   and  donkeys;   SVS) .     See  also  Khartoirai  below. 

/"Khartoum;     A  large  niraber  of  specimens  taken  from  cattle from  Kordofan  and  Darfur  Provinces  at  the  Khartoum  Quarantine 
Station,  where  they  were  enroute  to  Egypt   (HH)  7J 

-  453  - 



Males  of  H.  impeltatum  are  frequently  found  in  rather  small 
numbers  on  Sudanese  cattle  at  the  Cairo  abattoir.  This  species 
is  present  near  the  S\idan  frontier  in  the  southeastern  corner  of 
Egypt  (HH). 

DISTRIBUTION 

H.  impeltatum  is  thus  far  knovm  to  range  from  Iran  and 

Arabi"a  to  Egypt  and  Libya;  into  the  Sudan,  Eritrea,  French  Somali- land,  and  restricted  areas  of  Kenya  and  Tanganyika;  and  westwards 
in  localized  areas  of  central,  western,  and  northv/estern  Africa. 
Within  this  area,  H«  impeltatvim  appears  to  be  present  usually  in 
widely  scattered  foci.  However,  it  is  anticipated  that,  as  the 
identity  of  this  species  becomes  better  known,  certain  gaps  in 
our  knowledge  of  its  distribution  will  be  closed.  The  absence 
of  reports  of  this  tick  by  Palestinian  workers  causes  one  to 
wonder  under  which  name  it  is  being  identified  there. 

Recent  finding  of  small  numbers  of  H.  impeltatum  on  wild  and 

domestic  animals  in  single  localities  of~Kenya  and  Tanganyika,  a imique  distributional  pattern  for  a  Near  Eastern  Hyalomma,  sug- 
gests that  this  species  is  slowly  extending  its  range  into  East 

Africa. 

NEAR  EAST;   IRAI^  (As  H.  brumpti;  Delpy  1%9C).  TURKEIf 
(Specimens  from  Istanbul  aBattoir,  on  sheep  said  to  be  from 
Bedlise:  Hoogstraal,  ms.).  IRAQ  (Specimens  from  a  number  of 

localities  in  HH  collections;  others  from  Amara  in  Bl-INHj  H.H. 
det.).  PALESTKE  (Material  from  Gaza  in  BMNH;  H.H,  det.). 
YH4EN  (Fairly  common:  Hoogstraal,  ms.). 

NORTH  ATOICA;   EGYPT  (As  H.  brumpti ;  Hoogstraal  195AA. 
One  of  the  most  numerous  of  local  ticks;  frequently  taken  on 
cattle  from  the  Sudan  at  the  Cairo  abattoir:  Hoogstraal,  ms.). 
LIBYA  (Numerous  specimens  from  many  localities  in  HH  collection. 
There  is  a  s\ispicion  that  the  H.  marginatum  balcanicum  of  Tonelli- 
Rondelli  193QA  from  Tripoli  an3  Bengasi  may  refer  to  H.  impeltatum) 
MOROCCO  (Material  from  Mogador  in  R-iim;   HH  det.). 
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WEST  AFRICA;     "WEST  AFRICA"    (As  H.    savignyi  inroeltatum: 
Schulze  and  Schlottke  1930) .     RIO  DE  ̂ RO   (SpAIHSiI  SAHAM):      (As 
H.   impeltatim;     Kratz  1%0).     FRMCH  WEST  AFRICA  (As  H.   brumpti; 
Rousselot  1%8,1951,1953B,   and  Villiers  1955.     Material  Trora 
MaiJritania  in  H-INH  collections;   H.H.   det.).     NIGERIA  (As  H. 
brumgti:     Unsworth  1952.     Material  from  Kano  in  BMNH  collec- 
tions;   H.H.   det.).     IVQRy  COAST    (As  H.   brumpti;     Rousselot 
1948.     Record  not  repeated  by  Rousselot  1953B  but  specimens 
checked  by  Theiler). 

CENTRAL  AraiCA;     CAMEROONS   (All  as  H.   brumpti;     Delpy  1946A, 
1949A,6.     Rageau  1^51 , 1953 ) . 

EAST  AFRICA;     SUDAN   (As  H.  brumpti;      Hoogstraal  195AB.     As 
H.   impeltatum;     Feldman-MiihsaJn  1954)  • 

ERITREA  (Specimens  from  near  Karkobat  in  HH  collection. 
?As  H.   erythraeum;     TonellL-Rondelli  1932C;  Niro  1935;   and  Stella 
19391,1940;    see  NOTE  above).     ITALIAN  SQ-IALILAND    (?As  H.   erythraeum; 
TonellL-Rondelli  1935  and  Stella  1940-   see  NOTE  above) .     PREMCH 
Sa4ALILAND    (Material  in  HH  collection). 

NOTE;     H.  marginatum  balcanicum  of  Tonelli-Rondelli   (1930A) 
from  Eritrea,  Somalia,   and  Ethiopia  may  refer  to  H.   impeltatum; 
this  name  was  also  used  by  Stella  (1938A,1939A,19Z0)  for  material 
from  Italian  Somaliland. 

KEI'JYA  (Material  in  H»1NH  from  sheep  at  Laisamis,  Northern 
Frontier  District;   H.H.  det.;  collected  by  E.   A.  Lewis  who  had 
determined  it  as  H.   impressum  albiparmatum.     N\meroias  specimens 
in  BMNH  collections  from  cattle  at  Magadi  and  Shorabole). 

TANGANYIKA  (Miss  J.  B.  Walker  has  sent  a  large  series  of 
typical  specimens  for  identification;  material  from  a  rhino- 

ceros and  wildebeest  at  Mto_wa-Mbu,   a  few  miles  north  of  Lake 
Manyara  in  northeastern  Tanganyika,  April  1952,  A.  C.  Brooks 
legit). 
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HOSTS 

All  domestic  animals  are  attacked  by  adxilts  of  this  tick. 
Available  data  does  not  indicate  that  among  these  animals  H. 

impeltat-um  shows  any  marked  host  predilection.  In  Egypt  a"" 
number  of  specimens  have  been  taken  feeding  on  personnel  during 
field  trips. 

Wild  animals  known  to  be  infested  are  gazelles  in  Egypt 
(HH),  wild  pig  in  Eritrea  (HH),  rhinoceros  and  wildebeest  in 
Tanganyika  (Walker  records  above),  and  caracal  in  French  West 
Africa  (Villiers  1955). 

Hosts  of  immature  stages  are  rodents,  hares,  birds,  and 
man.  At  Amara,  on  the  Tigris  River  in  Iraq,  Lt.  R.  A.  Bircton 
reared  adults  from  nymphs  taken  from  hares  and  from  a  redstart, 
P.  phoenicurus  (=  Ruticilla  pluvenicurtis )  (Nuttall  lots  3239 
and  3240  in  H^INH) . 

In  Egypt  we  have  reared  many  adults  from  nymphs  that  have 
dropped  from  both  the  lesser  and  the  greater  Egyptian  gerbils, 

Gerbillus  ^.   gerbillxis  and  G.  £'   pyramidum,  and  fewer  from  the 
following  animals :  lesser  Egyptian  jerboa,  Jaculus  j.  jaculus; 
fat  sandrat,  Psammomys  0.  obesus;  Egyptian  hare,  Lepus  capensis 
aegypticus;  and  man. 

Although  Rousselot  (194-8)  reared  this  species,  he  furnished 
no  data  on  the  hosts  of  the  immature  stages  either  in  the  labo- 

ratory or  in  the  field. 

BIOLOGY 

Life  Cycle 

Rousselot  (1948)  claimed  that  H.  impeltatum  (=  H.  brumpti) 

is  a  three^host  species  that  in  his^French  West  Afri'ca  laboratory completed  its  life  cycle  in  about  three  months.  Results  of 
studies  in  NA1-QIU_3  (Cairo)  laboratories  will  be  presented  when 
completed. 
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Ecology 

Although  H.  impeltatum  is  a  tick  of  arid  and  semiarid  regions, 
small  populations  also  exist  in  certain  African  savannah  areas. 
Biological  and  ecological  characteristics  and  limitations  of  this 
species  are  still  poorly  known.  As  noted  above,  immature  stages 
are  foiond  in  common  association  with  desert  and  desert-edge  rodents 
in  Egypt. 

In  Nigeria,  where  H.  impeltatum  is  almost  entirely  confined  to 
the  more  arid  northern  provinces,  it  is  sometimes  the  most  common 
tick  collected  on  cattle  and  appears  to  require  a  drier  climate 
than  do  H.  truncatum  (=  H.  transiens),  H.  impressum,  and  H.  ru- 
fipes  (tfnsworth  195^)  •  TSdiiLts  are  founH  around  the  anus  and 
udders  and  in  the  axillary  regions  of  their  hosts. 

DISEASE  RELATIONS 

Apparently  this  tick  is  not  a  vector  of  Theileria  annul at a 
of  cattle.  Note,  from  Egyptian  records,  that  nymphs  and  adults 
are  known  to  feed  on  man  in  nature. 

RH>1ARKS 

The  comparative  size  of  each  stage  and  sex  has  been  noted 
by  Campana-Rouget  (195>+). 

The  remarks  below  are  based  in  part  on  specimens  originally 
identified  (as  H.  brvimpti )  by  Dr.  L.  P.  Delpy,  on  his  remarks 
(correspondence7  on  this  material,  and  on  our  further  observa- 

tions of  additional  collections  consisting  of  some  2CX)0  spec- 
imens. 

IDENTIFICAriON 

Males.  In  TYPICAL  specimens,  (l)  the  exterior  position  of 
the  comparatively  large  subanal  shields,  (2)  the  lateral  grooves 
that  extend  anteriorly  at  least  to  the  scutal  midlength,  and  (3) 
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the  numerous,  moderate  size  (few  large),  shallow,  scutal  puncta- 
tions  that  are  uniformly  and  vridely  distributed  over  most  of  the 
scutal  surface,  is  a  combination  of  characters  easily  separating 
males  from  those  of  all  other  species. 

Variation  in  each  of  these  characters  are  as  follows;   (l) 

In  specimens  that  have  fed,  the  subanal  shields  are  always 
situated  well  exterior  of  the  axis  of  the  adanal  shields;  they 
are  usually  borne  on  a  slightly  rounded,  elevated  protrusion 
of  the  ventral  integument,  and  losually  extend  posterior  beyond 
the  body  margin.  However,  in  unfed  specimens,  where  the  subu. 
anal  shields  are  still  closely  appressed  to  the  ventral  integu- 

ment, these  shields  may  appear  to  be  in  line  with  the  central 
axis  of  the  adanal  shields.  Close  observation  reveals  that  the 
base  of  the  subanal  shields  is  in  an  exterior  position  but  that 
the  unique  tilting  of  the  subanal  shields  in  a  medially-directed 
position  gives  the  first  impression  that  they  are  situated  direct- 

ly posterior  of  the  adanal  shields.  In  fed  males,  the  subanal 
shields  are  visually  vertical  and  parallel.   (2)  The  lateral  grooves 
are  iisually  well  delineated  and  extend  from  the  festoons  in  a 
progressively  more  shallow  line  almost  to  the  eyes.  In  some  spec- 

imens, they  are  more  or  less  obscured,  at  the  level  of  the  scutal 
midlength  and  anteriorly,  by  scutal  punctations;  questionable  spec- 

imens should  be  tilted  towards  the  sovirce  of  the  light.  In  other 
individuals,  the  anterior  extension  of  the  lateral  grooves  con- 

sists chiefly  of  a  distinct  row  of  more  or  less  contiguous  puncta- 
tions; such  specimens  may  be  confused  with  H.  dromedarii ,  and,  if 

the  subanal  shields  are  still  closely  appressed  to  the  ventral 
integument,  possibly  even  with  H.  excavatum.   (3)  Punctations  are 
usually  very  slightly  larger,  deeper,  and  more  dense  posteriorly 
than  elsewhere  on  the  scutum.  Punctations  over  the  scutum  are 

typically  dense  but  not  contiguous,  regular,  medium-size  with  a 
few  scattered  larger,  deeper  ones  among  them,  and  fairly  shallow. 
The  nvunber  and  placement  of  these  punctations  is  subject  to  con- 

siderable variation;  in  some  specimens  the  central  scutal  area  may 
be  almost  devoid  of  obvious  punctations;  this  is  especially  true 
in  engorged  individuals. 

Other  characters  are  as  follows:  The  area  just  anterior  of 
the  festoons  is  almost  always  slightly  depressed  and  contains  a 
long,  narrow  posteromedian  groove,  and  a  pair  of  shorter,  wider. 
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and  deeper  paramedian  grooves.  A  parma,  the  color  of  which  may- 
be lighter  or  darker  than  the  rest  of  the  scutum,  may  be  present, 

or  may  appear  as  a  normal  median  festoon.  Two  definite  pairs  of 
festoons  and  two  more  or  less  fused  pairs  lie  on  either  side  of 
the  parma  or  median  festoon.  Delpy  states  that  the  scut\im  is 
flat,  actually  it  is  usually  more  or  less  arched,  especially 
in  males  that  have  fed. 

The  scutal  color  varies  from  dark  brown  to  black;  excep- 
tional specimens,  usually  very  small  ones,  may  be  lighter.  The 

leg  segments  are  usually  pale  anteriorly  and  posteriorly  and 
darker  centrally,  but  they  may  be  entirely  pale  yellowish. 

Female ;  The  scutiim  posteriorly  and  centrally  has  numerous 
rather  regularly  spaced,  moderate  size,  noncontiguous  punctations. 
Scattered  among  them  are  several  larger  and  deeper  punctations  in 
two  parallel  rows  centrally.  The  moderate  size  punctations  are 
usually  mostly  discrete,  but  exceptions  to  this  are  common. 
Anteriorly  and  in  the  scapular  areas,  punctations  are  large  and 
deep;  in  the  lateral  fields  punctations  are  absent  or  present. 
The  deeply  depressed  cervical  grooves  are  more  or  less  rugose, 
and  the  punctations  in  them  are  more  or  less  contiguoiis.  The 
scutum  of  engorged  specimens  frequently  has  less  distinct  punc- 

tations and  grooves.  The  scutum  is  generally  dark  broim  in  color. 
It  is  definitely  longer  than  wide,  but  the  ratio  may  be  reduced 
in  some  newly  molted,  misshapen,  or  greatly  engorged  specimens. 

The  genital  area  is  distinctive.  The  central  genital  apron 
is  an  elongate  triangle  much  like  that  of  H.  dromedarii  but 
shorter,  wider,  and  usually  not  quite  so  narrowly  pointed  apical— 
ly.  In  profile,  it  definitely  bulges  anteriorly  and  is  depressed 
posteriorly.  An  important  principal  additional  featxure  is  that, 
in  unmated  specimens  and  in  mated  but  not  greatly  engorged  spec- 

imens, this  genital  apron  is  bordered  on  each  side  by  a  slight 
bulge  that  gives  the  genital  area  a  trilobed  appearance  not  found 
in  any  of  the  other  species  with  which  H.  impeltatvua  may  be  con- 

fused. This  characteristic  is  maintain'ed  with  only  slightly less  distinctness  in  greatly  engorged  females. 

Female  body  size,  in  all  except  runts,  is  always  large. 
The  legs  are  like  those  of  the  male. 
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NOTE;  Verj"-  small,  rounded,  globose,  pale  runts  appear  com- 
monly  with  typical  specimens.  Their  diagnostic  characters  are 
frequently  modified.  In  field  collections,  such  specimens  are 
virtually  impossible  to  identify.  They  should  not  be  confused 
\Txth   other  species  or  cast  into  the  subgenus  Hyalommina.  Among 
collections  of  reared  adiilts,  gradations  from  typical  males  to 
atypical  males  closely  approximating  exceptionally  small  spec- 

imens of  H.  dromedarii  are  frequently  seen.  Siich  atypical  spec- 
imens are  obviously  poorly  nourished  in  the  immature  stages  and 

show  numerous  indications  of  lack  of  proper  development.  If 
encountered  singly,  they  would  be  most  difficult  or  impossible 
to  properly  identify. 
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Figures  17^  and  175,  <?,  dorsal  and  ventral  views 
Figxire  176,  ̂ ,  scutum  and  capitulum,  dorsal  view 

Figure  177,  o,  genital  area.  A,  partly  engorged,  B  to  D,  outline 
and  profile;  B  and  C,  partly  engorged;  D,  fully  engorged. 

HYALCMMA  MPRESSIM 

Sudan  Specinens 

PLATE  LI 
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HYALCMKA.  IMPRESSUM  Koch,  18/!^. 

(Figures  17^  to  177) 

THE  WEST  AFRICAN  HYALCMMA 

NOTE;     In  literature  on  African  ticks  various  siibspecific 
designations  of  H.  impressiim  apply  actually  to  H.  rufipes  or  to 

H.  trxmcatiim  and  are  treated  herein  -under  those~species.     The  "K. 
ilumbeum  impressvurf'  of  Soviet  workers  is  H.  rufipes.     Koch's      "" 18/W.j  descriptxons  of  H.   impressum  and  oT  H.  rufipes  clearly 
distinguish  these  two  species. 
I 

The  H.  impress\3m  mentioned  by  Adler  and  Feldman-Muhsam 

(l946,19/i-'S)  for  Palestine  resulted  from  mistaken  identity  of  H. 
rufipes  (Feldman-Muhsam  195A-),  as  did  Delpy*s  H.  impressum   ~ (194dA,B)  from  Iran  (Delpy  194-9A,B).  The  H.  impressxrn  of  Schulze 
(1918) ,  from  a  single  specimen  collected  from  a  horse  in  Macedonia, 
Greece,  and  presumed  to  have  been  carried  there  as  a  nymph  on  a 
migrating  bird,  is  questionable;  this  record  was  repeated  by  Panda- 
zis  (19^7). 

DISTRIBUTION  IN  THE  SUDAN 

H.  impressum  is  locally  common  on  cattle  in  central  Sudan 
west  of  the  Nile.  Numerous  males  and  fewer  greatly  engorged  f e^ 
males  reach  the  Khartotim  quarantine  station  on  Darfur  and  Kordo- 
fan  cattle  and  many  males  are  still  attached  when  these  cattle 
reach  the  Cairo  abattoir.  The  West  African  hyalomma  is  not  known 
to  be  established  east  of  the  Nile. 

Darfur;  Zalingei  and  Sibdo  (common  on  camels  and  cattle, 
also  occurs  on  horses;  SVS). 

Kordofan;  Delami  (cattle;  SVS) .  El  Obeid  (camels,  SVS) . 

/"Khartoum;  See  three  paragraphs  above_j7 
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DISTRIBUTION 

H.  impressum  is  a  "West  African  tick  that  ranges  eastward  into 
the  Sudan.  It  has  not  been  found  south  of  the  equator,  in  the 
great  northern  deserts  of  Africa,  or  on  the  Mediterranean  littoral. 

WEST  AFRICA;  FRENCH  WEST  AFRICA  (As  H.  impressum  sp.  nov.; 
Koch  ISA/..  As  H.  aegyptium  impressum  typica;  Schulze  1919,  and 
Chodziesner  192Z.  As  H.  Impressum  impressum;  Schulze  and 

Schlottke  1930,  and  Kr'atz  1940.  As  H.  savignyi  intermedia; Girard  and  Rousselot  19A-5>  and  Rousselot  1946.  As  H.  impressum: 
Rousselot  1953B).  NIGERIA  (As  H.  impressum;  Unsworth  195^. 
Material  in  EMNH  from  Katagum;  1.  H.  det.;. 

CMTRAL  AFRICA;  CAMEROONS  (As  H.  impressvun;  Rageau  1951, 

1953)1  FRENCH  JEQUATQRIAL  AFRICA  (As~H  .lim^essum;  Rousselot 1953B). 

EAST  AFRICA;  SUDAN  (As  H.  impressum;  Hoogstraal  1954B. 

Feldmaa-Muhsam  1954) .       " 

/"?UGANDA  and  ERITREA.;  As  H.  impressum;  Wilson  (1949B) and  TonellL-Rondelli  (1930A).  fHese  may  refer  to  H.  rufipes  or 

to  H.  truncatum.  7  
"" 

HOSTS 

Domestic  cattle  are  the  chief  hosts  of  H,  impressum,   and  are 
mentioned  by  all  authors.     No  other  hosts  have  previously  been 
reliably  recorded.     In  Darfur,  camels  are  frequently  infested 
and  horses  are  sometimes  attacked. 

BIOLOGY 

UnstTodied. 

DISEASE  RELATIONS 

Unstudied . 
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IDMTIFICATION 

Males;  This  handsome  species  is  easily  recognized  and  readily 
distinguished  by  the  following  combination  of  characters:   (l)  center 
of  subanal  shields  posterior  of  central  axis  of  adanal  shields,  (2) 
scuttnn  regularly  covered  by  deep,  rather  large  punctations  that 
often  tend  to  obscure  the  long  lateral  grooves,  and  (3)  distinctive 
narrowing  of  the  scutal  margin  posterior  of  the  lateral  grooves, 
giving  it  a  rectangular  outline  posteriorly, 

A  moderate  amount  of  circumspiracular  pilosity  may  in  some 
specimens  suggest  H.  rufipes.  The  festoons  are  more  or  less  fused, 
but  the  central  an^   two  median  pairs  are  always  distinct.  The 
scuttm  is  dark  reddish  brown  to  black  and  the  legs  are  brightly 
ringed.  The  comparatively  narrow,  elongate  scutal  shape  is  in 
contrast  to  the  wide  outline  of  H.  rufipes;  the  rectangular  pos- 

terior margin  is  distinctive  of  ̂ ,  impressum. 

Females;  Numerous,  regular  scutal  punctations,  similar  to 
those  of  the  male,  are  distinctive;  in  some  specimens  they  are 
more  superficial  but  still  numerous.  The  genital  apron  is  broad- 

ly triangular  in  outline;  it  is  composed  of  an  anterior  narrowly 
transverse  (bulging)  ridge  and  a  posterior  button  (sloping  or 

depressed)  not  so  wide  as  the  anterior  ridge.  ̂ With  respect 
to  the  outline  and  profile  of  the  genital  area  of  this  species, 
no  specimens  observed  during  the  present  study  conform  to  that 
illustrated  by  Delpy  (l%9B,  page  106),  which  is  more  narrowly 
triangiiiar  (equilateral)  and  gradually  sloping  in  profile .7  A 
certain  amount  of  circumspiracular  pilosity  is  present  in  some 
females;  differences  in  the  genital  aprons  distinguish  these 
specimens  from  females  of  H.  rufipes,  the  scutal  pvinctations  of 

which  may  be  quite  similar~to  those  of  H.  impressum. 
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Figures  178  and  179,  <^y   dorsal  and  ventral  views 
Figiires  180  and  181,  5,  dorsal  and  ventral  views 

A,  $  genital  area.  B  to  D,  5  genital  area  outline  and  profile. 
B,  unengorged.  C,  partly  engorged.  D,  fully  engorged. 

HYALCMMA  MARGINATUM 

Sudan  Specimens 

PLATE  LII 
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HYALCMMA  MARGINATUM  Koch,  18U. 

(Figures  178  to  I8l) 

THE  MEDITHmANEAN  HfALCMMA 

NOTE;  H.  marginatum  appears  in  European  literatxtre  chiefly 

as  either  H. "marginatum  or  as  H.  savignyi  and  in  recent  Soviet 

igny.         .     _ 

The  "H. "savignyi*  of  Adler  and  Feldman-Muhsam  (19^8)  and  of  some of  their  followers  is  H.  excavatum.  Recently  Feldman-Muhsam 
i.l95U)   concluded,  fronTstudy  of  the  Koch  (I844)  type  material, 
that  H.  marginatum  is  the  correct  name  for  this  species  although 
reasons  for  so  doing  are  somewhat  obscure. 

Pomerantzev  (1950)  states  that  the  name  H.  plumbeum  plumbeum 

(Panzer,  1795)  refers  to  the  present  species.""  Thxs  point  merits further  investigation.  Feldman-Muhsam  apparently  has  not  con- 
sidered the  possibility  of  this  synonymy. 

DISTRIBUTION  IN  THE  SUDAN 

H.  marginatmn  thus  far  is  known  from  only  two  localities  in 

centr"!!  Sudan,  one  in  the  wesi  and  one  in  the  east.  Further search  will  probably  reveeil  additional  populations  between  these 
two  places. 

Kordofan;  Umm  Inderaba  (cattle;  SVS) . 

,Kassala;  Kassala  (camels;  SVS). 

DISTRIBUTION 

H.  marginatum  appears  to  be  most  common  in  southeastern  Europe 
and  southern  Russia  from  where  it  extends  eastward  into  India  and 

Indochina  and  westward  throughout  southern  Europe,  and  into  the 

-466- 



Near  East  including  Arabia,   and  North  Africa.     Elsewhere  in  Africa, 
small  populations  are  scattered  through  the  drier  transitional 
areas  just  south  of  the  northern  deserts  from  the  Red  Sea  to  the 
Atlantic  Ocean. 

Soviet  workers  in  Transcaucasia  consider  this  to  be  a 

"Mediterranean  species"  in  contrast  to  the  other  hyalommas  of 
their  territory,  which  they  classify  as  either  "widely  spread 
in  the  southern  part  of  the  Palearctic  Region"  or  "peculiar  to 
the  zone  of  western  deserts"    (Pomerantzev,  Matikashvily,   and 
Lototsky  194.0). 

The  mapped  distribution  of  H.  marginatum  (=  H.   savignyi)  as 
presented  by  the  American  Geo grs^hical  Society  (liJ^^U)  does  not 
correspond  to  the  range  of  any  recognized  species  in  this  genus. 

NORTH  AFP.ICA;     "NORTH  AFRICA"    (As  H.   marginatum  balcanicum; 
Schulze  and  Schlottke  1930). 

EGYPT    (As  Cynorhaestes  aegyptius;     Virey  1822.     As  H. 
savignyi;     Hoogstraal  195AS.     StibJ.1  populations  exist  on  the 
Mediterranean  littoral  and  in  desert  edge  situations  of  Nile 
Valley  and  Delta;   somewhat  more  common  in  Sinai:     Hoogstreial, 
ms.) . 

LIBYA  (Specimens  from  several  localities  in  HH  collection. 
As  H.  marginatum  balcanicum;     Stella  1938C). 

TUNISIA  (As  H.   tunesiacum;      Schulze  and  Schlottke  1930. 
As  H.   savignyi ;     IJolas-Belcour  and  Rageau  1951). 

MOROCCO   (As  H.    savignyi;     Blanc,  Martin,   and  Maurice  194-6, 

194-7A,B.     Blanc,  'Bruneau,  Martin,  and  Maurice  194-8.     Blanc  and Br\meau  194-9.     Blanc,  Martin,   and  Bruneau  194-9.     Blanc  1951). 

ALGHIIA  /"According  to  Delpy   (correspondence),  the  H. aegyptium  of  Senevet  and  subsequent  French  workers  in  Algeria, 

is  H.   marginatm  (=  Delpy's  H.   savignyi).  -  The  "H.   aegyptiumf 
life  cycle  studies  reported  "By  Nuttall   (1913)  on'material  from Algeria  refer  to  H.  marginatum  (HH  determination  of  Nuttall  lot 
1305  in  British  Museum  Natural  History).     Most  of  the  references 
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listed  for  Algeria  on  page  AO5  also  contain  notes  on  H.  marginatum 
(eis  H.   aegyptitim) ;   this  species  is  apparently  less  common  tnere 
than~H.  deiritum.  7 

WEST  AFRICA;     NIGEKIA  (As  H.  marginatum  annulipes;     Schulze 
and  Schloltke  1930) . 

^Delpy   (19A9B)   synonym  zed  H.  impressxim  brunneiparmatum 

Schulze  and  Schlottke,  1930  (from~Togo)  imder  H.  marginatum (=  H.   savignyi),  but  this  is  actually  a  synonym  of  h7  albi- 

parmatum  (see  page         ) .     The  "H.   savignyi"  of  Tendeiro    (194-8, 
19/i.9A,1951F,1952A,C  ,D)  from  Por!;i;igese  Guinea  is  shovm  by  the 
same  author's  discussion   (l9i9A)  to  be  H.  truncatum.  7 

EAST  AFRICA;     SUDAN   (As  H.   savignyi;     Hoogstraal  195/hB). 

^H.  marginatmn  balcanicum,   a  synonym  of  H.  marginatum,  has 
been  reported  from  Ethiopia,  and  Somalia  by  Italian  workers;  these 
records  may  be  correct  but  it  is  more  likely  that  they  refer  to 
H.   impeltatum.7 

KENYA  (A  single  d*  in  EMNH  from  a  cow,  Kisima,  Nanyuki,  May, 
1932,   collected  after  dipping  by  E.  A.  Lewis.     This  specimen  is 
entirely  typical  of  H.  marginatum;  H.H.  det.). 

/"SOUTHERN  AFRICA;     Santos  Dias   (1950C)  noted  that  »H. 
savignyi"  had  been  reported  from  Angola  by  A.  Morals  in  1^09, 
and  that  this  probably  refers  to  H.  truncatum  (=  H.   impressum 

transiens )  .7  ~  "" 

NEAR  EAST;     PALESTINE  (As  H.  marginatum;     Bodenheimer  1937. 
Adler  and  FeldmanLJ-Iuhsam  19i!^6, 154.8 ; .     SYRIA  and  LEBANON   (As  H. 

savigwi;     Pigovtry  1937).     TRANSJORDAN   (Hoogstraal,  ms.).       ~ TURKEY  IAs  H.  marginatum  balcanicum;     Schulze  and  Schlottke 
1930.     As  rfT  anatolicum;     Galuzo  194A.     As  H.   savignyi;     Kurt- 

pinar  1954-'~and  Mimioglu  1954 •     As  H.  marginatum;     Hoogstraal, 
ras.).     CYPRUS  /"As  H.  cypriaeum;     Schulze  and  Schlottke  1930. 
Kratz  194.0.     The  •*jfr  savignyi  exsul"  of  Schulze  and  Schlottke, 
1930,   attributed  by  Delpy   (194.9B  ̂   to  H.   savignyi  marginatum  (= 
H.   savignyi  of  Delpy)   appears  rather  to  be  hT  excavaxum;  cf . 
Kratz    U9lo,   pp.   534-535)  7-     IRAN   (As  H.   savignyi;     Delpy  194.6B, 
194.9c).     IRAQ   (As  H.  marginatum;     Hoogslraal,  ms.     Hxibbard  1955). 
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ARABIA;     YMEN   (As  H.  marginatum;     Hoogstraal,  ms.). 

EUROPE;     SPAIN   (As  H.   hlspanum;     Koch  18^4.     As  H.   savignyl 
ibermS     Schulze  and  Schilottke  1930.     As  H.  iberum;     I^ratz  19A0. 
H.  marginatum  hispanum;     Schulze  and  Schlottke  1930.     Kratz  1940. 
Is  H.  marginatum  espanoli;     Gil  Collado  1936,1948A.     As  H. 
marginatum;     Gil  Collado  1948A.     Perez  Gallardo,  ClaverdT  and 

Hernandez  1949,1952.     As  H.   savignyi;     Gil  Collado  1948A.     De 
Prada  1949.     Parker,  De  Prada,  Bell,   and  Lackman  1949.     De 
Prada,  Gil  Collado,   and  Mingo  Alsina  1951). 

/"PCETUGAL;     It  appears  likely  that  the  "H.  rufipes  glabrata" 
of  Fonesca,  Pinto,  Colaco,  Oliveira,  Branco,  d"a  Gama,  Soares Franco,   and  Lacerda  (1951)  niay  refer  to  H.  marginatum;  cf .  page 

FRANCE  (As  H.  marginatum;     Enigk  1947.     As  H..  savignyi; 
Lamontellerie  1934.     Specimens  from  Estrel  Mts.  In  H-INH  collectionj 
H.H.  det.). 

ITALY   (As  H.  marginatum;     Koch  18A4.     Tonelli-Rondelli  1938. 
Enigk  1947.     Cavaceppi  1950.     As  H.  marginatum  marginatum;     Schulze 
and  Schlottke  1930). 

ALBANIA   (As  H.  marginatim;     Enigk  1947). 

YUGOSLAVIA  (As  H.  marginatum;  Enigk  1947.  As  H.  savignyi; 

Angelovsky  1954.     PeTrovitch  1955).  ~ 

ROMANIA  (As  H.   savignyi;     Metianu  1951). 

GREECE  (As  H.  aegyptium  f .  brunnipes;  Schulze  1919.  Kratz 
1940.  As  H.  marginatum  balcanicum;  Schulze  and  Schlottke  1930. 
As  H.  marginatum;     Enigk  1947.     Pandazis  1947). 

BULGARIA  (It  is  possible  that  the  "H.   aegyptiimi"  of  Pavlov 
1940,1942,  etc.,  refers  to  H.  marginatumT     As  H.  marginatum; 

Qiigk  1947.     Pavlov  and  Georgiev  1950).  ~ 

GEKMANY  (As  H.  marginatum  marginatum;  Arrives  as  nymphs  on 
migrating  birds  according  to  Kratz  1940) . 
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"INSUL  BRIONI*  (As  H.  marginatum  brionicm:  Schulze  and 
Schlottke  1930.  Totze  1^331  Gossel  WW- 

RUSSIA:  NOTE:  According  to  Delpy  (1%9B),  Soviet  authors 
have  frequently  confused  H.  excavatum  (=  H.  anatolicum)  under  H. 

marginatum  (=  H.  savignyij.  Most  Russian~reports  of  "H.  savignyi" 
appear  to  apply  to  H.  excavatum  (H.H.)«  ~ 

Most  Soviet  records  for  H.  anatolicum  subspp.  since  1948  can 

be  considered  as  applying  to  H.  excavatum" and  most  records  for  H. marginatxim  (and  in  1950  for  hT  p.  plumbeum)  as  referring  to  wha!^ 
is  herein  called  H.  marginatum.  After  an  intensive  study  of  all 
available  Soviet  Titerature  on  ticks  and  tick- borne  diseases,  it 

is  concluded  that  Delpy 's  remarks  in  this  respect  apply  chiefly 
if  not  entirely  to  reports  by  Galuzo  (1941  and  1944)  and  by  Galuzo, 
Bolditzina,  and  Kaitmazova  (1944)  on  ticks  of  Kazakstan  and  control 
of  piroplasmosis  vectors  in  that  area.  Correspondence  with  Dr. 
Delpy  concerning  this  matter  has  not  elicited  a  reply.  On  bio- 

logical grounds,  it  appears  that  Galuzo 's  "H.  savignyi  _  H. 
anatolicum?*  applies  to  H.  excavatum  (=  H.  anatolicum  of  ̂ viet 
workers) .  It  is  possible  that  the  use  of  the  name  H.  savignyi 
by  Zotova  and  Bolditzina  (1943 ) ,  who  reported  on  work  with  H. 
marginatum  and  H.  savignyi  in  relation  to  attempts  to  infecT 
ticks  with  brucellosis  in  the  laboratory,  also  applies  to  H. 
excavatum. 

As  H.  marginatum;  Olenev  1934.  Pomerantzev  1934,1946. 

Pavlovsl^  and  Pomerantzev  1934.  Lototskj."-  and  Popov  1934.  Galuzo 
1935,1941.  Galuzo  and  Bespalov  1935.  Arginskj-  1937.  Bernadskaia 
1939C.  Kurchatov  1939A,B,1940A,B,C,D,E,F,G,1941A,B,G.  Pomerant- 

zev, Matikashvily,  and  Lototsky  1940.  Kvirchatov  and  Sokolov  1940. 
Grobov  1946.  Blagoveshchenslsy  and  Serdyukova  1946.  Enigk  1947. 
Chimakov  1948A,B.  Markov,  Gildenblat,  Kurchatov,  and  Petunin 
1948.  Piontkovskaia  1949.  Gajdusek  1953,1956.  Pritulin  1954. 

As  H.  marginatum  marginatum:  Serdyukova  1941.  Grobov  1946. 
Piontkovskaia  1947,1^49.  Pavlovsky  1948.  Korshunova  and  Petrova. 
Piontkovskaia  1949A.  Pervomaisky  1949,1950.  Gajdusek  1953. 
Tselishcheva  1953. 

As  both  H.  marginatum  and  H.  savignyi ;  Zolotarev  1934. 

Galuzo  1935,1^41,1944.  ^tova  and  Bolditzina  1943.  Galuzo,  Bol- 
ditzina and  Kaitmazova  1944.  See  two  paragraphs  above. 
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As  H.  marginatum  balcanicvim  and  H.  marginatum  olenevi;   Schvilze 
and  Schiottke  1930.     Olenev  1929A,193lA,C.     Kratz  l^Z^     Is  H. 
marginatvim  bacuense   (apparently  of  Schulze,  ms.)»     Olenev  193lA,C. 
As  H.   marginatum  caspivmi  (apparently  of  Schulze,  ms.)j     Noted  by 
Olenev  195lA,C,  but  described  by  Kratz  19A-0. 

As  H.  plumbeum  plumbeum;     Pomerantzev  1950.     Piontkovskaia 
1951.     M^elnikova  195T     JFH.  plumbeum;     Shatas  1952.     Shatas  and 
Bvistrova  195^.     Pavlovsky,  fervomaisky,   and  Chagin  1954-.     Arakian 
and  Lebedev  1955.     Pillipenko  and  Derevianchenko  1955.     Petrishe- 
hevo  1955.     Abramov  1955.     Zhmaeva,  Pchelkina,  Mishchenko,   and 
Karulin  1955. 

MIDDLE  EAST;     INDIA  (As  H.   aegyptium  f.  typica:     Shai-if  1928). 
INDOCHINA  (As  H.  dromedarii  indo sinensis;     Toumanof f  19A4-) . 

FAR  EAST;     /~?GHINA;     The  "H.  impressiim  rufipes"  of  Chodziesner 
il92.U}  is  probably  H.  marginatum"according  to  Kralz   (l9/h0,  p.  55^)^7 

HOSTS 

The  common  hosts  of  adult  H.  marginatum  are  any  domestic  ani- 
mals, especially  cattle  and  hordes;  also  goats,  sheep,  and  camels 

often  serve.  In  the  Crimea,  horses  have  been  stressed  as  hosts  by 
Kurchatov  and  Sokolov  (19^0; .  A  typical  female  taken  from  a  dog 
at  Amman,  Trans Jordan,  by  Dr.  B.  Babudieri,  has  been  seen  (Hoog- 
straal,  ms.). 

Nymphs  may  also  attack  domestic  animals  but  are  much  more 
frequent  on  small  wild  mammals  and  birds,  while  larvae  feed  only 
on  these  small  animals.  Host  preferences,  especially  of  immature 
stages  undoubtedly  vary  somewhat  from  locality  to  locality,  but 
the  impression  of  considerable  variation  between  areas  appears 
to  be  due  to  incomplete  observations  by  various  workers. 

In  Transcaucasia,  birds  are  said  to  be  the  chief  hosts  of 
immature  stages  (Pomerantzev,  Matikashvily,  and  Lototsky  19-^0). 
In  the  laboratory,  chickens  have  been  used  (Zhmaeva,  Pchelkina, 
Mishchenko,  and  Karxolin  1955). 
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In  Anatolia,  advilts  have  been  reared  from  nymphs  from  hares, 
hedgehogs,  and  partridges  (Hoogstraal,  ms.)«  Nuttall  lot  3278 
in  BMNH  consists  of  adailts  reared  from  nymphs  from  a  hare  on  the 

River  Tigris,  32°N.,  November  1917,  by  Captain  P.  A.  Buxton; 
H.H.  det.  A  single  nymph  has  been  reported  from  a  hare  in  Iraq 
(Hubbard  1955). 

Hosts  in  Tunisia  are  cattle,  sheep,  porcupines,  and  hares. 
Adults  are  also  found  in  gerbil  nests  (most  probably  newly  molted, 
before  venturing  forth  to  find  a  larger  host;  HH).  Nymphs  have 

been  taken  from  "Cochevis"  (Galerida  cristata)  (Colas-Belcour  and 
Rageau  1951) .  In  southern  Morocco,  larvae  and  nymphs  were  re- 

ported from  the  nests  of  jirds,  Meriones  shawi  (Blanc,  Martin, 
and  Maurice  1946,194-7A,B)  ,  while  others,  presumably  adults  (same 
authors  1947B),  were  found  on  domestic  animals  and,  at  certain 
times  of  the  year,  on  the  grounds  of  native  markets. 

In  Egypt,  inclxjding  Sinai,  nymphs,  which  have  been  reared 
to  typical  adults,  have  been  found  on  two  kinds  of  hedgehogs, 
Hemi echinus  aegyptius  auritus  and  Paraechinus  aetliiopicus  dorsalis , 
on  fat  sandrats,  Psammonys  o.  obesus,  and  on  jirds,  Meriones  shawi 
and  M.  crassus.  Equally  important  here  are  lizards,  Acanthodacty- 

lus  "Boskianus,  while  lesser  gerbils,  Gerbillus  j.  gerbillus  are less  frequently  fovind  infested  by  nymphs  (Hoogstraal ,  ras .  ̂ . 

In  the  Arax  valley  of  Armenia,  hosts  of  immature  stages  are 
stated  to  inclvjde  reptiles  and  wild  birds  (Pomerantzev  193A-). 

Recent  Soviet  workers  on  hemorrhagic  fever  in  Crimea  report 
that  adults  attack  cattle,  sheep,  horses,  and  men.  Larvae  and 
nymphs  infest  the  Eluropean  hare,  Lepus  europaeus  trans sylvanicus , 
in  Crimea  but  are  not  found  on  hedgehogs,  bats,  rodents,  dogs, 
or  wild  carnivores.  Some  immature  specimens  were  taken  from 
gray  partridges,  Perdix  perdix,  prairie  larks,  Melanocoripha 
calandria,  cranes,  Grus  grus,  and  sparrows  and  domestic  cnickens 
(cf.  Gajdusek  1953 ,1^) . 

An  exceptionally  interesting  stvdy  of  H.  marginatum  (=  H.  _£• 
plumbeum)  in  the  Crimean  National  Forest  Reserve  has  recently 
been  reported  by  Melnikova  (1953),  whose  chart  is  reproduced 
below. 
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No.  Hosts  No.  Hosts         No.         No.     No.  No.  Max.  No.  Mean  Per 

Host  Examined    with  Ticks  Larvae  Nymphs  cS5'    05     Ticks  on      Host One  Host 

Red  Deer 

A2 

22 
0 0 52  204 

90 

6.1 

Roe  Deer 

36 

1 0 0 2   0 0 
0.0 

Hare 

32 

10 

31 

7U 0  33 

309 24.0 

Squirrel 

38 

1 0 0 1   0 1 0.0 

Jay- 

26 20 

402 

225 

0   0 
236 

24.0 
Cattle 

U7 

64 

0 0 568  497 

71 6.2 
Pig 28 

8 0 0 137  69 

50 

7.3 

Chicken 

15 
15 

300 

25 

0   0 

70 

21.6 

As  is  easily  seen,   jays,  chickens,   and  hares  are  the  chief 
hosts  of  immature  stages  in  the  Crimean  forest.     Cattle,   pigs,   and 
red  deer  are  important  adult  hosts,   and  hares  may  be  of  some  im- 

portance.    The  absence  of  ticks  on  the  roe  deer  is  noteworthy. 

Melnikova  (loc.  cit.)  noted  that  unfed  larvae  enter  the  audi- 
tory canals  of  jays  and  chickens  and  molt  there  to  nymphs  and  to 

adults;  he  fovind  118  immatvire  ticks  in  the  ears  of  a  single  bird. 
In  Eastern  Anatolia  (Hoogstraal,  ms.)  partridges  vdth  larvae  and 
nymphs  of  this  tick  similarly  tightly  packed  in  their  ears  have 
been  observed.     The  comparative  ease  with  which  these  birds  were 
shot  or  even  caught  by  hand  suggested  that  the  heavy  tick  infests, 
tion  impaired  the  birds'  keenness.     Infested  birds  seemed  muddled 
and  confused  and  ran  in  staggering  circles  rather  than  flying  or 
dashing  off  as  did  most  of  the  flock. 

BIOLOGY 

Life  Cycle 

Life  cycle  studies  of  "H.   aegyptiumf  reported  by  Nuttall 

(I913B)  were  undertaken  with'"H.  marginatum.     Specimens  resvilting 
from  this  work  are  at  present~in  the  Nuttall  collection  at  the British  Museum  (Natural  History) .     Nuttall  found  that  H.  margi- 

natum may  act  as  a  two-host  or  as  a  three-host  tick;  he  believed 

that  the  "peculiar*  two-host  life  cycle,  when  nymphs  were  fed  on 
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hedgehogs,  was  due  to  larvae  remaining  entangled  among  the  spines. 
This  is,  however,  probably  the  typical  life  cycle  in  nature. 

Nuttall  summarized  his  findings  as  follows: 

PERId)  DAYS 

Preoviposition  6 

Oviposition  to  hatching  35     (eggs  at  18°C.) 
Larval  prefeeding  period  7 
Larva  feeds  6 

Premolting  period  l6     (larvae  at  19°C . ) 
Nymphal  prefeeding  period  7 
Nymph  feeds  6 

Premolting  period  20  (nymphs  at  18°C . ) 
Adult  prefeeding  period         7 
Adult  (female)  on  host  6 

Total  116 

This  period  Nuttall  believed  to  be  the  shortest  time  required 
for  completion  of  the  life  cycle.  From  4-300  to  15500  eggs  were 
laid  by  single  females;  the  higher  number  probably  approximates 
the  more  common  figure  in  nature.  Females  may  remain  alive  as 
long  as  26  days  after  oviposition;  males  live  much  longer.  The 
longevity  of  the  various  stages,  presumably  unfed,  in  these  ex- 

periments was  34-5  days  for  larvae,  89  days  for  nymphs,  and  over 
A21  days  for  some  adults.  Hosts  were  hedgehogs,  guinea  pigs, 
and  rams. 

Subsequently,  Nuttall  (1915)  noted  that  some  adults  were 
still  alive  759  days  after  emerging.  Females  that  had  fasted 
for  817  days  were  fed  on  a  ram,  mated  with  males  that  had  fasted 
over  210  days,  and  were  ovipositing  when  the  report  was  written. 
Three  times  as  many  females  (253)  as  males  (83)  were  counted  in 
the  progeny  of  a  single  female. 

Four  years  later,  Nuttall  (1919)  observed  that  males  may 
remain  attached  to  one  spot  of  the  host  for  as  long  as  122  days. 
More  commonly,  however,  after  preliminary  feeding  for  periods 
ranging  from  five  to  29  days,  they  start  wandering  about  in  search 
of  females.  After  mating,  when  females  leave  the  host,  males  do 



little  if  any  wandering.  If  a  female  is  placed  near  a  male,  con- 
siderable excitation  is  caused.  A  male  may  copulate  with  several 

females,  but  females  apparently  accept  only  a  single  male.  Copu- 
lation may  be  very  swift  or  may  apparently  extend  over  several 

days.  Females  do  not  move  from  their  feeding  site  until  they 
drop  from  the  host. 

Ecology 

See  also  section  on  HOSTS  above. 

In  Algeria,  adults  are  rarely  seen  in  winter  but  begin  to 
appear  in  March  and  continue  till  October,  maximum  densities 
being  reached  in  April,  May,  and  June  (Algerian  seasons  are 
comparable  to  those  of  southern  United  States).  Nymphs  are 
found  mostly  during  the  summer.  With  slight  variation,  this 
seasonal  picture  is  typical  for  H.  marginatum  wherever  it  oc- 

curs. " 

In  the  Crimean  forest  (Melnikova  1953)  adiilts  are  found 
dtiring  the  sirnmer,  March  to  September,  but  rare  individuals 
(?mostly  males)  may  be  seen  at  any  time  of  the  year.  Larvae 
and  nymphs  infest  hares  from  the  end  of  June  to  the  first  half 
of  September.  Nymphs  are  most  common  on  hares  in  the  latter 
part  of  August;  for  example,  a  hare  on  2  August  yielded  100 
nymphs  while  another  on  17  August  yielded  390  nymphs.  In  this 
forest  reserve,  H.  marginatum  (=  H.  p.  plumbeum)  occurs  in  all 

ecological  zones""and  in  all  types'~or  forest .  In  pure  stands of  conifers,  it  is,  however,  comparatively  rare.  The  most 

favorable  habitats  appear  to  be  valleys  -with   small  open  fields 
between  the  mountains. 

In  Transcaucasia,  this  species  occiirs  equally  in  both  high- 
land and  forest  zones  and  in  desert  and  steppe  formations  and 

is  found  in  every  type  of  landscape  in  that  area  (Pomerantzev, 
Matikashvily,  and  Lototsky  19^0).  In  Armenia,  it  occurs  in 
the  Artemesia  semidesert  of  the  Arax  valley  (Pomerantzev  193A-) 
and  at  altitudes  of  65OO  feet  and  over  (Lototsky  and  Popov  193A) . 

On  the  Crimean  steppes,  adults  are  most  common  in  July  (May 
and  June  according  to  Kurchatov  19A.QA).  There,  the  greatest 
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density  of  this  tick  is  around  haystacks  and  in  fallow  fields 
where  their  immatiire  stage  host,  the  European  hare,  hides  and 
feeds.  EJngorged  njonphs  drop  from  hares  in  autumn  and  overwinter 
in  that  stage.  They  molt  in  the  spring,  and  adults  attack  cattle, 
sheep,  horses,  and  man.  The  devastation  of  the  Crimea  during  the 

war,  followed  by  a"  great  increase  in  hares  and  their  ticks,  was 
significant  epidemiologic ally  in  the  outbreak  of  highly  virulent, 
often  fatal  hemorrhagic  fever  at  that  time. 

REMARKS 

Gynandromorphs  of  H.  marginatum  have  been  described  and  il- 
lustrated by  Pervomaisl^  (1950^  •  Tlie  same  author  (19A9)  was  un- 

able to  secure  a  complete  F]_  generation  from  parthenogenetic  fe- 
males of  this  species. 

Schtilze  (1932c)  illustrated  certain  of  the  cuticular  sense 

organs  of  two  of  his  "subspecies"  of  this  species,  also  "gyno- 
tropes**,  males  with  more  dense  punctations  on  the  scutum  con- 

forming to  those  of  the  female  scutum  in  location  and  distribu- 
tion. This  species  has  been  utilized  in  a  study  of  sensory  phy- 

siology (Totze  1933). 

When  large  numbers  of  ticks  (as  H.  pl-umbeum)  feed  on  a  res- 

tricted area  of  the  host,  the  females~and  sometimes  also  males 
fail  to  engorge  completely  and  may  die;  their  development  is 
far  from  normal.  When  different  species  are  competing  for  the 
same  feeding  area,  this  additional  competitive  factor  often 
hinders  their  normal  development  (Pavlovsky,  Pervomaisky,  and 
Chagin  1954). 

DISEASE  RELATIONS 

MAN:  H.  marginatum  is  considered  to  be  the  chief  vector  of 
the  virus  oT  Crimean  hemorrhagic  fever.  The  extensive  geographic 
range  of  this  tick  and  its  large  population  in  many  areas  where 
it  occurs  -  factors  that  suggest  a  high  potential  as  a  medically 
important  species  _  appear  to  be  generally  unappreciated  outside 
of  Crimea.  This  species  is  not  involved  in  the  transmission  of 
Omsk  hemorrhagic  fever,  since  it  does  not  occur  in  that  area, 
so  far  as  is  presently  known. 
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Specimens  natiirally  infected  with  Q  fever  (Coxiella  burnetii) 
have  been  found;  this  species  is  a  vector  of  the  organism  and 
transmits  it  through  all  stages  inclviding  the  egg. 

Brucellosis  or  undulent  fever  organisms.  Brucella  melitensis, 
survive  some  time  in  this  tick,  which  is  said  by  some  Soviet 
workers  to  be  a  carrier  and  transmitter  of  this  pathogen.  Some 
Russian  studies  of  ticks  as  animals  sustaining  natviral  foci  of 
tularemia  have  negated  the  importance  of  K.  marginatum  (as  H. 
plumbeum)  in  this  regard,  although  other  workers  have  reported 
the  finding  of  naturally  infected  specimens. 

CATTLE;  Theileriasis  (Theileria  spp.). 

HORSES ;  Theileriasis  (Theileria  equi)  and  piroplasiaDsis 
(Piroplasma  caballi).  Transovarial  transmission  of  the  latter 
organism  to  the  seventh  generation  has  been  demonstrated. 

GUDJEAPIGS;  Rickettsiae  pathogenic  to  these  animals  and 
transovarially  transmitted  to  the  F3  generation  of  H.  marginattim 
have  been  reported. 

Kales;  The  combination  of  characters  for  recognizing  typical 
males  is:   (l)  the  center  of  the  subanal  sliields  is  directly  pos- 

terior of  the  central  axis  of  the  adanal  shields  (which  are  large 

and  broad);  (2)  the  lateral  grooves  are  long,  reaching  approximate- 

ly to  the  eyes,  but  they  are  frequently  somewhat  obscm-ed  by  dense 
punctations  or  by  lack  of  discreteness,  especially  anteriorly; 
(3)  the  scutal  punctations  are  dense  and  large  in  the  distal  and 
scapular  fields,  but  variable  elsewhere,  being  usually  smaller 
and  more  shallow  and  less  dense  centrally;  (/+;  the  posteromedian 
groove  reaches  the  scutal  midlength,  it  is  narrow  anteriorly  and 
wider  posteriorly;  the  paramedian  grooves  are  about  half  as  long 
as  the  posteromedian  groove  and  taper  from  a  pointed  apex  to  vfide 
in  the  festoon  area;  a  narrow  heavily  punctate  ridge  lies  between 
the  paramedian  grooves  and  the  lateral  grooves. 
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The  scutum  is  usually  comparatively  narrowly  elongate,  meas- 
uring approximately  A.O  ram.  long  and  2.5  mm.  wide.  Its  color  is 

typically  dark  brown  to  black,  but  reddish  specimens  also  occur; 
the  legs  may  be  entirely  reddish  or  reddish  centrally  on  each 
segment  with  paler  anterior  and  posterior  bands  (see  next  para- 

graph) .  The  scutal  pimctations  may  be  dense  enough  to  suggest 
H.  rufipes,  but  those  in  the  center  are  shallower  and  smaller 
Than  elsewhere,  while  in  H.  rufipes  they  are  deep  and  quite  uni- 

form in  size  and  depth.  The  parma  may  appear  to  be  merely  a 
median  festoon  and  is  the  same  color  as  the  rest  of  the  scutum. 
The  subanal  and  adanal  shields  have  rounded  contours;  the  adanal 
shields  are  quite  large. 

Heavily  punctate  males,  as  seen  among  series  from  Libya, 

Algeria,  Egypt,  Romania,  and  elsewhere  may  suggest  H.  turanicum 

(page  531).  The  legs  of  H.  marginatum,  however,  lack  the  con- 
spicuous  enamelling  characteristic  of  those  of  H.  turanicum. 

Females;  The  genital  apron  is  a  large,  robust  widely  trans- 
verse  oval  or  triangle  with  a  strongly  bulging  profile;  it  is 
most  characteristic.  The  scutal  punctation  consists  of  numerous 
small,  shallow,  distant  punctations  over  the  entire  surface  (they 
may  be  alirost  medium  size  and  slightly  deeper  and  closer),  and  a 
few  larger  and  deeper  punctations  scattered  among  them  chiefly 
on  the  anterior  half  of  the  scutiun.  The  basic  punctation  in  some 

specimens  is  so  shallow  as  to  give  scutum  a  rather  smooth  appear- 
ance, especially  posteriorly.  The  central  field  between  the  cer- 
vical grooves  is  usually  lighter  (more  reddish)  than  the  dark 

lateral  fields.  The  scutum  appears  to  be  exceptionally  wide, 
its  length- width  ratio  being  about  equal  or  shorter  than  wide. 

Females  of  H.  marginatum  and  H.  turanicum  are  quite  similar 
but  the  bright  enamelling  of  the  leg  segments  of  H.  turanicvim 
distinguishes  them.  In  most  specimens  of  H.  ttu:anicum  the 
genital  apron  is  not  so  widely  triangular  and  the  scutal  punc- 

tations are  more  numerous  and  discrete  than  in  H.  turanicum. 

The  larva  and  nymph  of  H.  marginatum  have  been  described  and 
illustrated  by  Bernadskaia  (T939C;  and  Feldraan-Muhsam  (1948). 
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Figures  182  and  183,  cf,  dorsal  and  ventral  views 
Figures  l8iV  and  185,  9,  dorsal  and  ventral  views 

A,  5  genital  area.  B  to  D,  §  genital  area  outline  and  profile, 
B,  imengorged.  C,  partly  engorged.  D,  fully  engorged. 

HYALQ^  RUFIPES 
Sudan  Specimens 

PLATE  LIII 
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HYALCMKA  RUFIFES  Koch,  18^. 

(Figures  182  to  185) 

THE  HAIRY  HYALCMMA 

NOTE:  H.  rxifipes  is  a  most  distinctive  tick  although  Schulze, 
Delpy,  and  Feldman-Muhsam  in  their  earlier  reports  confused  H. 
rufipes  \mder  the  name  H.  impressum.  Nuttall  during  the  first 
quarter  of  the  1900s  identified  African  specimens  as  H.  aegyptium 
impressum  and  many  British  and  some  Italian  workers  oT  this  period 
followed  this  precedent.  The  only  other  African  species  of  wide 
range,  H.  trunoatum,  was  referred  to  by  this  school  as  H.  aegyptium. 
A  few  Russian  synonyms  are  listed  in  the  distribution  section  below, 
but  contemporary  Soviet  usage  concerning  the  nomenclature  of  this 
tick  appears  to  be  incorrect. 

L   N   9   c?     EQUATORIA  PROVINCE  RECORDS 

1  1   Torit     Sync er us  caffer  aequinoctialis  Dec 
3   Khor  Waat  Syncerus  caffer  aequinoc ti ali s   _  (MCZ) 

(Allab) 
2  17   Torit  domestic  cattle              Jan  (2) 
1   3   Torit  domestic  cattle              Feb 
3  9  Torit  domestic  cattle  Nov 
1  2  Torit  domestic  cattle  Dec 
1   7   Juba      domestic  cattle  Jan 
1  2  Terakeka  domestic  cattle  Mar  (SVS) 
2  4  Tali  Post  domestic  cattle  Mar  (sVS) 
1  5  Meridi  domestic  cattle  Jan  (SVS) 
1  1  Yambio  domestic  cattle  Jan 

DISTRIBUTION  IN  THE  SUDAN 

H.  rufipes  is  widely  spread  in  the  Sudan  but  is  numerous  only 
in  the  semi  arid  central  area.  The  following  are  localities  from 
which  specimens  (all  from  cattle  unless  otherwise  noted)  have  been 
seen: 
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Bahr  El  Ghazal;  GaluaL-Nyang  Forest  (Very  common  on  bitffalos 
and  giraffes;  SVS,  HH.  The  absence  of  this  tick  on  the  numerous 
tiang  examined  in  this  area  is  notable).  Aliab  (buffalos;  SVS). 
Lau  (SGC).  Lake  Nvubor,  Boro,  Khor  Shammam,  and  near  Raga  (SVS) . 
Yirol  (horses;  SVs). 

Upper  Nile;  Bor,  Ler,  and  Fangak  (SVS) .  Malakal  (HH) . 

Blue  Nile;  Common  at  Wad  Medani  (HH) .  Abu  Zor,  Hosh,  near 
Ethiopian  border,  and  Lake  Ras  Amer  (camels  and  cattle;  SGC). 

Kordof an:  "Western  Jebels"  and  Umm  Inderaba  (SVS) . 

Darfur;  Nyala,  Zalingei,  Radom,  Sibdo,  Muhagariya,  and 
Sahafa  tcommon  on  camels,  cattle,  sheep,  and  horses;  SVS) . 

Kassala;  Kassala  (camels  and  cattle;  SVS).  Port  Stodan  (SVS). 

Khartoum;  Khartoum;  Numerous  specimens  have  been  collected 
from  sheep,  goats,  and  horses,  but  few  from  cattle  (HH) .  At  the 
Khartoum  quarantine  station  many  adults  are  found  on  Darfur  and 
Kordof an  cattle.  The  Sudan  Government  collection  contains  a 

series  of  adiilts  reared  from  nymphs  from  a  kite,  Milv\is  migrans, 
by  H.H.  King,  20  September  1922. 

Northern;  Shendi  (camels  and  donkey;  SVS) .  Wadi  Haifa 
(camels;  SGC,  HH). 

DISTRIBUTION 

H.  nifipes  is  widely  distributed  in  many  drier  parts  of  Afri- 
ca but  it  IS  quite  localized  and  seldom  very  common  in  any  Iqcality. 

The  haiiy  hyalomma  is  not  known  from  many  of  the  more  westerly 
areas  of  Africa.  It  is  present  in  the  Yemen  (Southwestern  Arabia); 
and  in  North  Africa  occurs  in  Egypt  and  Libya  but  is  not  known  fur- 

ther west  on  the  Mediterranean  littoral. 

Elsewhere,  H.  rufipes  occurs  in  Palestine,  Iraq,  Eastern  Ana- 
tolia, and  Russia  (Transcaucasia,  Astrakhan,  Kazakhstan).  Soviet 

workers  find  H.  rufipes  in  such  small  numbers  and  in  such  scattered 
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localities  that  Poraerantzev  (1950)  believes  its  presence  in  Russia 
is  due  to  small  local  populations  established  from  nymphs  from 
migrating  birds.  Schulze  (1918)  reported  a  Macedonian  specimen 
(as  H.  impressum)  that  may  have  been  imported  on  a  bird. 

This  distributional  picture  is  indeed  unique,  and  it  may  be 
surmised  that  H.  rufipes  is  a  species  of  the  Ethiopian  Faunal  Re- 

gion that  has  extended  its  range  beyond  these  confines  as  a  result 
of  transportation  by  migrating  birds,  which  ,are  important  hosts  of 
immature  stages  (page  U^6) . 

Note;  All  records  below  are  for  H.  rufipes  or  H.  r.  rufipes; 

other  combinations  are  so  stated.     ""  " 

NORTH  AFRICA;   HSYPT  (Common  on  domestic  animals  in  the  Nile 
Valley  only;  also  arrives  at  the  Cairo  abattoir  on  cattle  from 
the  Sudan  and  East  Africa:  Hoogstraal,  ms.  See  immature  HOSTS 
below).  LIBYA  (Scattered  populations  on  Mediterranean  littoral: 
Hoogstraal ,  ms . ) . 

WEST  AFRICA;  NIGHIIA  (As  H.  impressura  rufipes;  Unsworth 

19^9,1952.  As  H.  impressum  sub'sp.:  Gambles  1951.  As  H.  rufipes: 
Theiler  1956.  Material  from  Katagum  and  Oban  in  H'JNH  collections; 
K.H.  det.).  FRMCH  WEST  AFRICA  (As  H.  savignyi  impressa;  Girard 

and  Rousselot  19A-5.  Rousselot  194-6."  ?As  U.   rufipes  |Tabrum: 
Rousselot  1951  and  Villiers  1955;  it  is  as"sumed  tnat  these  do not  actually  refer  to  H.  turanicum.  Roxisselot  1953B.  Theiler 
1956). 

CEMRAL  AFRICA:  FRENCH  EQUATGRIMi  AFRICA  (Rousselot  1953B). 
BELGIAN  CONGO  (Rare:  Theiler  and  Robinson  195^.  Theiler  1956). 

EAST  AFRICA;   SUDAN  (Hoogstraal  1954B.  Feldman-Muhsam  1954. 
Theiler  195b;. 

ETHIOPIA  (As  H.  aegyptium  impressum  f.  typica;  Stella  1939A, 
B,1940.  As  H.  rufipes;  Theiler  1956;.  ERITREA  (As  H.  impressum 
impressum;  Tonelli-Rondelli  1930A.-  As  H.  impressum  rufipes: 
Niro  1935.  Numerous  specimens  in  R4NH  and  HH  collections) . 
FRENCH  SCMALILAl^  (Hoogstraal  1953D).  BRITISH  SCMALILAND  (As 
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H,  grossum;  Pocock  1900.  As  H.  aegyptivan  impressum;  Stella 
T938A,1939A.  Ntnnerous  specimens  from  camels  in  EMNH  collections; 
H.H.  det.).  ITALIAN  SCMALILAND  (As  H.  aegyptium  impressum; 

Paoli  1916.  Tonelli-Rondelli  1926A.~  Franchini  1929C.  Niro  1935. 
Stella  1938A,19ii-0.  As  H.  impressinn  rufipes;  Tonelli-Rondelli 
1935.  Stella  19A.0.  Specimens  in  BMNH  and  HH  collections.  See 

NOTE  under  EAST  AfRICA  for  H.  ii^ressum,  p.  4-63). 

KiMYA  ̂ Materials  identified  and  variously  reported  by  E.  A. 
Lewis  as  H.  aegyptiiim  inmressum,  H.  impressum  albiparmatum,  or  H. 

rufipes  aJe  almost  Invariably  a  mixture  of  H.  truncatum  and  H.  "" niTipes;  sometimes  H.  impeltatum  and  H.  albTpairmatum  are  incTuded 
under  these  names  in  Lewis*  collections  now  in  the  British  Museum 
(Natural  History)  (H.H.  det.).  As  H.  rufipes;  Binns  (1951,1952). 

Theiler  (1956).  Note:  In  addition~to  the  probability  of  mixed species  in  reports  by  Lewis,  the  synonyny  of  the  following  names 
is  uncertain.  As  H.  aegyptiim;  Brassey-Bdwards  (1932).  As  H. 
impressum;  Doubney  {195o) .  As  H.  inroresstmi  rufipes;  Daubney 

(1§37)./  -      
UGANDA  (Wilson  1953.  Theiler  1956.  See  HOSTS  below).  TANGA- 
k   (As  H.  aegyptium  inmressumi 

Theiler  1^6.  See  HOSTS  below;. 
NYIKA  (As  H.  aegyptium  impressum:  Cornell  1936.  As  H.  rufipes: 
—   ^^ — T^r —    

SOUTHHIN  AraiGA;     •SODTH  AFRICA"   (Koch  18U.     As  H.  impressum 

rufipesl     Schulze  and  Schlottke  1930).  ~ 

/"ANGOLA:     Absent:     Sousa  Dias  (1950).     Theiler  (1956)  .7 NCRTHHIN  RHODESIA  ̂ atthysse  1954-.     Theiler  and  Robinson  1^4. 
Theiler  1956).     SOUTHHIN  RHODESIA  (As  H.  aegyptium  impressum; 
Jack  1921,1928,1937,19/^2.     As  H.  rufipes;     Theiler  195b; . 
NYASALAND   (No  available  records).     MOZAMBIQUE  (As  H.  imgressum 
rufipes;     Theiler  19A3B.     Santos  Dias  1952D,1953A,T95ZHt 
Tendeiro  1955.     As  H.  rufips;     Theiler  1956).     BHJHUANALAND 
(Specimens  from  Ghanzi  in  ImnH  collections:  H.H.  det.     Theiler 
1956).     SWAZILAND   (Uncommon;     Theilel-  1956).     SOUTHWEST  AFRICA 
(As  H.  impressTim  rufipes;     Schulze  1936A.     As  H.  iimressum: 

Schiilze  19/1.0.     Is  H.  rufipes;     Theiler  1956.     "See  HOSTS  below). 

UNION  OF  SOUTH  AFRICA  (The  H.  aegyptium  of  Donitz  1910B 
and  of  Cooley  1934  apparently  includes  both  H.  trvincatum  and 
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H.  rufipes.  As  H.  aegyptitan  impresstim;  Howard  1908.  Bedford 

193^8,1934,1936."  Alexander,  Mason,  and  ̂ eitz  1939.  Mclntyre 1939.  du  Toit  19A2, 194.7.  du  Toit  and  Monnig  19A2.  As  H. 
aegyptium;  Clark  1933.  As  H.  impressum  loifipes;  Theiler  1943B. 

As  H.  rufipes;  Thorburn  195'2.  Neitz  19^  TEeiler  1956). 

ISLAND  GR0T3PS;  MADAGASCAR  (Hoogstraal  1953E.  Theiler  1956). 
CCMCRES  (Kratz  1940;  cf.  immature  HOSTS  below). 

NEAR  EAST;  TURKE?  (Rare  in  eastern  Anatolia:  Hoogstraal,  ms.), 
PALESTINE  (As  H.  impressum,  rare:  Bodenheimer  1937.  Adler  and 

Feldman_Muhsam"l946,1948J .  YEMEN  and  IRAQ  (Common:  Hoogstraal, ms.). 

RUSSIA:   (As  H.  aequipunctatum:  Olenev  1931A,C.  Gailuzo  and 

Bespalov  1935.  As~H.  impressum:  Pomerantzev,  Matikashvily,  and Lototsky  1940.  As  1!.  marginatxim  impressum:  Pomerantzev  1946. 

Tselishcheva  1953.  "As  H.  plumbeum  impressum:  Pomerantzev  1950). 

NOTE:  The  record  of  H.  impressum  rvifipes  from  China  (Chod- 
ziesner  1924)  probably  refers  to  a  heavily  punctate  H.  marginatum 
(Kratz  1940).  H*  riifipes  has  been  stated  to  occur  in  Portugal  by 
Kaplan  and  Hulse  (1953)  in  their  review  of  prevalence  of  Q  fever 
in  Europe;  this  apparent  error  derives  from  the  report  by  Fonesca, 
Pinto,  Colacao,  Oliveira,  Branco,  da  Gaaaa,   Franco,  and  Lacerda 

(1951)  that  "H.  rufipes  glabrumf  is  associated  with  Q  fever  there. 
This  is  assumed  to  refer  to  H.  marginatum. 

HOSTS 

Domestic  cattle  appear  to  be  the  most  common  hosts  of  this 
tick.  They  are  mentioned  by  practically  every  author  and  are  the 
roost  frequent  hosts  of  specimens  in  niusettm  collections.  Other 
common  domestic  hosts  are  horses,  sheep,  and  goats.  Bedford 
(1932B)  states  that  dogs  and  cats  are  also  infested;  specimens 
from  these  hosts  are  present  in  British  Musemn  (Natural  History) 
and  HH  collections.  In  semidesert  areeis,  camels  are  frequently 
parasitized  (Sudan  records;  HH  mss.;  numerous  Somaliland  spec- 

imens in  EMNH  collections;  Hoogstraal  1953D).  Among  wild  ani- 
mals, the  buffalo  and  giraffe  are  common  hosts,  as  is  the 

rhinoceros.  Antelopes  and  certain  birds  are  less  common  hosts 
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of  adults,  and  a  variety  of  small  mammals  are  occasionally  in- 
fested . 

Immatvire  stages  feed  on  a  large  variety  of  birds  and  also 
on  hares. 

Adults 

Domestic  animals;  See  two  paragraphs  above. 

Man:  Howard  (1908).  Bedford  (1932B).  J.  B.  Walker  (cor- 

respondence; §  tick  fi*om  Tanganyika). 

Wild  animals;  Rhinoceros  (Two  collections  in  BlINH  from 
KenyaJ!  Bvtffalo  (Santos  Dies  1952D,1953B.  Onderstepoort  col- 

lection from  Northern  Rhodesia.  WWE  collection  from  Kenya, 
Sudan  records  above).  ELand  (Schvilze  1936A.  Two  collections 
in  EMNH  from  Southwest  Africa.  HH  collection  from  Tanganyika. 
Onderstepoort  collection  from  South  Africa  and  Tanganyika) . 
Bushbuck  (MCZ  collection  from  Tanganyika) .  Duiker  (Sylvicapra 
grimmi)  (Bedford  1932B).  Sable  antelope  (Santos  Dias  1953a) . 
Gemsbok  (Onderstepoort  collection  from  Southwest  Africa) . 
Giraffe  (Santos  Dias  1952D,1953B.  Onderstepoort  collection  from 
northern  Kenya  and  Southwest  Africa.  Sudan  records  above). 
Jackal  (Canis  mesomelas  schmidti)  (Stella  1939B).  Zebra  (Santos 
Dias  I952D.  EMNH  collection  from  Tanganyika) .  Hare  (Howard 
I9O8.  Onderstepoort  collection  from  South  Africa). 

"Fowls'*  (Howard  1908).  Ostrich  (Howard  1908.  Bedford  1932B. 
d*  in  HH  collection,  from  "west  of  Afmadu",  Somalia,  1952,  Col.  D. 
Davis  legit).  Guinea  fowl  (Santos  Dias  1953B). 

Adults  from  the  following  birds  are  present  in  the  Ondersta. 
poort  collection  (Theiler,  correspondence):  ostrich  (Southwest 
Africa),  swallow  (Southern  Rhodesia),  Gape  dikkop  (Burhinops  c . 
capensis  from  South  Africa),  and  mocking  chat  (Thamnolaea  c . 
cinnamomeiventris  from  South  Africa). 

Immature  Stages 

Hosts  of  the  immature  stages  noted  by  Bedford  (1932B,1936) 
are  not  listed  here  since  it  is  questionable  that  larvae  and  nymphs 

-  485  - 



of  H.  rufipes  and  of  H.  truncatvun  (=  H.  transiens)  could  be  dif- 
ferentiated  at  that  time .  Nymphs  have  been  reported  from  a  hare 
(Alexander,  Mason,  and  Neitz  1939),  and  from  a  kite  (Sudan  records 
above);  the  former  workers  induced  five  of  the  twelve  nymphs  to 
reattach  to  a  guinea  pig. 

Kratz  (194-0)  records  the  finding  of  a  nymph,  which  molted 
into  a  male  rufipes ,  on  a  female  comorant  caught  on  the  high  seas 
between  the  northern  trip  of  Madagascar  and  the  Comores  Archipelago. 

The  Onderstepoort  collection  (Theiler,  correspondence)  has 
larvae  (l)  and/or  nymphs  (N)  from  the  following  South  African 
birds : 

N  Namaqua  thrush,  Afrocichla  smithi 
LN  Cape  thrush,  Afrocichla  o.  olivacea  (2  collections) 
N  White- throated  seed-eater,  Crithagra  a.  albogularis 
LN  Mocking  chat,  Thamnolaea  c.  cinnamomeTventris  (3  collections) 

N  Red-winged  starling,  Amydrus  m.  morio 
N  Starling  (Southwest  Africa; 
N  Boubou  shrike,  Lanjarius  f .  ferruginetis 

N  Gray  tit,  Parus""^!? N  Fiscal  flycatcher ,  Sigelus  silens 
N  Cape  bam  owl,  Tyto  alba  af finis 

The  same  collection  contains  nymphs  from  a  hare  and  a  rock  hare 
(Pronolagus  randensis)  in  South  Africa  and  from  a  hare  in  Uganda. 

In  Egypt,  nymphs  (reared  to  adiilts  in  the  laboratory)  have  been 
foxmd  only  on  birds  (Hoogstraal,  ms.)  although  advilts  are  locally 
common  on  domestic  animals.  The  hosts  have  been: 

Wheatear  (European  form),  Oenanthe  o.  oenanthe 

Blackeared  wheatear  (Eastern  fonaj , ""Oenanthe  hispanlca  melanoleuca 

The  former  bird  breeds  throxighout  most  of  Europe  east  to  Central 
and  northern  Asia  and  to  northern  Alaska;  it  winters  in  Arabia  and 

tropical  Africa,  also  in  Asia  to  India.  The  latter  "breeds  in  the 
Crimea,  Bulgaria,  and  almost  throughout  the  Balkan  peninsula,  Asia 
Minor,  Palestine,  and  western  Persia,  etc.;  winters  in  Egypt  and 
Sinai  to  the  Sudan,  Ethiopia,  the  Red  Sea  coast,  and  has  straggled 
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to  the  southern  Sahara,  British  Islands,  Meilta,  and  northwest 

Africa"  ̂ einertzagen  1930).  Possibilities  for  the  wide  dis- 
persal of  this  tick  are  easily  recognized. 

BIOLOGY 

Life  Cycle 

Under  laboratory  conditions,  H.  rufipes  is  a  two  host  tick 
although  it  possibly  may  also  undergo  a  tnree  host  type  of  life 
cycle.  Theiler  (1943B  and  1955  correspondence)  has  summarized 
the  developmental  stages  as  follows: 

PEEIOD 

Preoviposition 
Oviposition  period 
Oviposition  to  hatching 
Larval  prefeeding  period 
Larva  feeds 

Premolting  period 
Nymphal  prefeeding  period 
Nymph  feeds 
Premolting  period 
(Larvae  and  nymphs  on  host)   13  to  A-5   average  H. 
Adult  prefeeding  period 
Adult  (female)  feeds 

It  appears  that  the  minimum  time  for  completing  the  life  cycle 
is  between  four  and  five  months  but  double  this  period  may  be  re- 

quired under  local  conditions. 

"The  life  cycle  of  H.  aegyptium  (=  ?H.  rufipes,  possibly  mixed 
with  H.  truncatum;  HH)  is  of  particular  value  in  that  it  illiis- 
trate^  the  influence  of  vermin  in  the  distribution  of  the  species. 
On  sheep,  cattle,  and  domestic  fowl  it  behaves  as  a  three  host 
tick,  requiring  a  separate  host  for  the  larval,  nymphal,  and  adult 
stages.  On  the  hare,  H.  aegyptium  will  feed  as  a  larva,  become 
engorged,  molt  as  a  nymph  without  leaving  the  host,  feed  as  a 
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(1943B) (1955) 

U   to  12 4  to  19 
37  to  59 

34  to  66 
28  to  66 

? 

5  to  7 2  to  15 

? 
7  to  10 
U  to  95 
13  to  45 average  : 

? 

5  to  6 5  to  12 



nymph  on  the  same  individual  host,  and  then  drop  off  the  host 
 for 

molting.  Thiis  on  the  hare  the  life  cycle  requires  only  two  host
s 

(Brassey-Bdwards  1932).  This  interesting  phenomenon  should  
be  re- 

investigated. 

The  long  oviposition  period  is  especially  noteworthy.  Unf
ed 

larvae  may  survive  a  year,  unfed  nymphs  three  months,  and 
 unfed 

adults  for  longer  than  a  year  (Theiler  1%3B).  Enigk  (1953)  ob- 

served unfed  adults  surviving  up  to  two  years. 

Howard  (1908)  considered  H.  rufipes  as  a  two-host  tick 
 with 

one  generation  a  year  in  South"Africa.  He  described,  
illustrated, 

and  discussed  the  immature  stages  but  did  not  different
iate  them 

from  those  of  H.  truncatum  which  he  apparently  did  not  r
ear.  Jack 

(1928)  noted  a'two-host  and  a  three-host  type  of  life  cycle  f
or 

this  tick. 
Ecology 

Thorburn  (1952)  states  that  on  cattle  the  chief  site  o
f  in- 

festation of  this  tick  is  in  the  tail  region.  Specimens  in  the 

present  collection  are  from  the  flanks,  genitalia,  udders
,  and 

perianal  regions.  The  anal  area  is  mentioned  by  Matthysse
  ^1954;. 

Njinphs  are  always,  in  our  experience,  on  the  crown  of  th
e  head  of 

their  avian  hosts. 

du  Toit  and  Monnig  (1942)  record  the  finding  of  a  male  at-
 

tached to  the  hard  palate  of  the  mouth  of  a  cow,  and  indicated 

that  on  the  farm  where  this  occurred  this  phenomenon  had 
 been  ob. 

served  on  several  occasions. 

H  rufipes  ranges  through  the  more  arid  areas  of  tr
opical  and 

southern  Africa  but  only  localized  populations  mai
ntain  themselves 

in  the  severely  arid  conditions  of  northern  Africa.
  It  exists 

where  annual  rainfall  is  from  ten  to  thirty  inches  a  yea
r.  It 

may  also  thrive  in  irrigated  areas  with  diminished  
rainfall  or 

where  a  long,  severe  dry  season  occurs  between  an 
 annual  rainy 

season  of  approximately  forty  inches.  In  the  Sudan
,  it  is  more 

comron  in  the  drier  savannah  and  semiarid  central  a
reas  than  m 

the  southern  forest  and  savannah  areas;  it  occurs  m 
 the  Nile 

Valley,  but  is  not  known  in  extreme  desert  condition
s.  In  £^pt. 
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H.  rufipes  is  found  only  in  the  Nile  Valley,  never  in  extreme 
Hesert  areas. 

The  hairy  hyalomma  is  included  in  Wilson *s  (1953)  Amblyomma 
gemma  _  R.  pravus  (=  R.  neavi)  association  (see  page  ),  which 
is  found  in  areas  where  rainfall  rarely  exceeds  25  inches  annually. 

The  only  ecological  survey  of  this  tick  is  that  of  Theiler 
(1956)  who  lists  the  areas  of  its  occurrence  and  absence  in  south- 

ern Africa.  It  occurs  in  all  desert  and  seraidesert  areas  with 

rainfall  up  to  thirty  inches  annually,  but  at  higher  altitudes 
or  in  semitropical  conditions,  where  the  relative  humidity  is 
higher,  it  is  absent  even  though  annual  rainfall  is  little  or 
no  greater  than  in  some  of  the  hotter,  drier  areas.  It  does 
not  occur  in  winter  rainfall  areas,  where  rain  falls  throughout 
the  year,  or  in  coastal  areas  with  high  relative  humidity  as  a 
result  of  proximity  to  the  sea.  Temperature  appears  to  be  a 
limiting  factor  of  lesser  importance  since  H.  rufipes  ranges 

from  hot  deserts  into  areas  with  up  to  120  "3ays  of  frost  annual- ly. Increase  in  temperature  associated  with  increase  in  relative 

hiomidity  restricts  the  tick's  range.  Other  factors  being  equal, 
the  hairy  hyalomma  occurs  in  most  vegetational  types  except  for- 

ested areas  of  central  Africa.  In  many  regions  it  is  active  the 
year  around,  but  in  others  more  so  in  summer  than  in  winter. 

In  Russia,  H.  rufipes  has  been  reported  (as  H.  impressum) 

from  the  western''deserts  of  Transcaucasia  (Pomerantzev,  Matikash- vily,  and  Lototsky  19^0)  and,  in  western  Tadzhikistan,  from 
mountain  pastures  but  not  in  the  valleys  (as  H.  aeqviipunc  t  at  urn) 
(Galuzo  and  Bespalov  1935) • 

DISEASE  RELATIONS 

MAN;  Nymphs  infected  with  boutonneuse  fever  (Rickettsia 
conorii)  have  been  taken  from  a  hare  in  South  Africa. 

CATTLE:  H.  rufipes  causes  abscesses  and  sloughing  of  the 
host  skin.  These  areas  often  serve  as  points  of  penetration  of 
the  screwworm  Chrysomia  bezziana  Villem.  This  tick  may  also  be 
associated  with  footrot  of  sheep,  a  secondary  infection  by 
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bacteria,  and  lesions  from  its  bites  may  also  lead  to  lameness  in 
sheep.  The  possibility  that  the  hairy  tick  may  be  a  vector  of 
sweating  sickness  (virus)  of  cattle  has  been  mentioned. 

XDEJJTIFICATION 

Male;  H.  rufipes,  almost  without  exception,  is  a  large, 
robust,  shiny  black  tick  with  a  comparatively  broad  body  outline. 
Its  scutum  is  densely  and  rather  uniformly  punctate,  so  much  so 
that  the  lateral  grooves  are  obscured.  The  punctations  are  close 
together  and  while  they  give  the  impression  of  being  rather  uni- 

form, they  usually  grade  imperceptibly  from  large  posteriorly  to 
smaller  anteriorly.  There  is  little  differentiation  of  the 
cavidal  area.  Ventrally,  the  subanal  shields  are  directly  pos- 

terior of  the  adanals  and  the  circumspiracular  area  is  more  or 
less  hirsute,  but  a  fair  to  dense  acciamulation  of  hairs  always 
occurs  in  this  area.  The  ventral  integument  is  usually  somewhat 
more  hirsute  than  in  other  species.  The  legs  are  reddish  brown 
with  bright,  paler  rings.  The  posterior  body  margin  is  typically 
broadly  rounded  but  not  infrequently  may  be  somewhat  constricted 
and  thus  tend  to  approach  the  form  of  that  in  H.  impressum.  New- 

ly molted  specimens  are  reddish  brown  and  rare^preserved  Individ- uals  show  this  color.  The  body  shape  of  some  specimens  is  more 
narrowly  elongate  than  is  typical  for  this  species,  but  such 
individuals  always  appear  to  be  rather  weak  and  poorly  nourished. 

Females;  This  sex  often  reaches  considerable  size.  Cir- 

cumspiracular pilosity  and  color  are  like  those  of  the  male; 
scutal  punctations  are  like  those  of  the  anterior  part  of  the 
male  scutum.  The  genital  apron  is  a  vride  shield  that  bvilges 
strongly  from  a  deep  anterior  and  posterior  indentation.  The 
outline  of  the  apron  is  much  like  that  of  H.  marginatum  and  H. 
impressum;  however  the  division  of  the  apron  of  the  latter  spe- 

cies into  an  anterior  ridge  and  a  posterior  button  readily 
separates  this  from  H.  rufipes. 

The  larva  has  been  sketched  by  Bedford  (193^)  and  Theiler 
(19A3B). 
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Figures  186  and  187,  d",  dorsal  and  ventral  views 
Fig\ires  188  and  189,  9,  dorsal  and  ventral  views 

A,  5,  genital  area.  B  to  D,  5,  genital  area  outline  and  profile. 
B,  unengorged.  C,  partly  engorged.  D,  fully  engorged. 

HYALCMMA  TRUNCATIM 

Sudan  Specimens 

PLATE  LIV 
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HYALOMMA  TRUNCATUM  Koch,   ISUU. 

(Figures  186  to  189) 

THE  AFRICAN  HYALCMMA 

NOTE:     The  Nuttall  school  referred  to  H.  tmjncatum  as  H. 

aegyptium.     During  the  past  five  years,  mosT  authors  have  called 
this  species  H.  transiens,  the  authority  for  which  has  been  at- 

tributed to  ̂ hiilze   11919)   or  to  Delpy   (19A.6A).     Feldman_M:ihsain«s 
(19$A.)   studies  of  Koch's  type  specimens  leave  no  doubt  that  this 
species  is  Koch's   (18^4)   H.   truncatum.     Feldman-Muhsam  (op.  cit.) 
has  also  compared  the  type  specim.ens  of  several  of  Schulze's 
African  "species'*  and  found  them  to  be  identical  with  H.  truncatum. 
These  are  noted  below  in  the  distribution  section. 

c? EQUATORIA  PROVINCE  RECORDS 

1 Lug\irren Phacochoerus  aethiopicus  bufo 
Jan 1 Torit Sus  scrofa  sennaarensis Mar 

1 1 Kajo  Kaji Syncerus  caffer  aequinoctialis _ (SVS) 
1 1 Kapoeta domestic  cattle 

Jul 
(SVS) 

1 1 Torit domestic  cattle Jul 
5 9 Torit domestic  cattle 

Dec 
(2) 

(svs) 1 Lalanga domestic  cattle Dec 
2 2 Iliu domestic  cattle Dec 

12 
U Tombe domestic  cattle 

Jan (SVS) 
U 8 

Kapoeta domestic  cattle Dec 2 Loronyo domestic  goats 
Jan 2 Torit domestic  goats 

Tortoise 
Jan 

1 1 Juba Kinixys  belliana 
Dec 

DISTRIBUTION  IN  THE  SUDAN 

The  following  material  has  been  stvidied: 

-  ̂ 92  - 



Bahr  El  Ghazal;  Galual— Nyang  Forest  (Large  numbers  of  adxilts 
from  several  giraffes  in  March,  May,  and  June;  SVS.  Moderate  num- 

bers of  adults  from  forest  buffalos  from  February  through  Aprilj 
SVS,  HH.  Small  numbers  of  adxolts  from  tiang,  roan  antelope, 
domestic  horse,  and  on  ground  from  February  to  April;  SVS,  HH) . 
Fanjak  (Small  numbers  of  adults  from  cattle,  February  and  March; 
SVS,  HH).  Wau  (roan  antelope;  SGC).  Yirol  (cattle;  SVS) . 

Note;  The  following  records  consist  of  one  to  ten  adult 
specimens  per  collection  imless  otherwise  mentioned. 

Upper  Nile;  Makier  (cattle;  SVS) . 

Blue  Nile;  Lake  Ras  Amer  (camel;  SGC).  Hassa  Heissa  (camel; 
G.  Kohls  det.,  G.  B.  Thompson,  correspondence).  Wad  Medani 
(cattle  and  camels;  HH) . 

Par fur;  Nyala  (camel;  SVS).  Muhagariya  (horses,  donkeys, 
cattle,  aiid  camels;  SVS) .  Zalingei  (camels,  cattle,  horses, 
donkeys,  and  goats;  SVS) .  Kulme  (no  host  record;  EMNH) .  Radom 
(cattle;  SVS). 

Kordofan;  Talodi  and  Heiban  (cattle;  SVS) . 

/"Khartoum;  Apparently  not  estab]J.shed  in  this  Province but  arrives  in  fairly  large  numbers  on  Kordofan  and  Darfur  cattle 
for  export  to  foreign  markets;  HH^ 

Kassala;  Kassala  (goats;  SVS) .  See  BGIYPT  below. 

Northern;  Rare  in  this  Province  but  arrives  at  the  Wadi 
Haifa  Quarantine  on  cattle  en  route  to  Egypt.  Knovm  only  from 
report  by  Chodziesner  (192A)  from  Delgo. 

DISTRIBUTION 

H.  trunc atum  is  the  sole  endemic  representative  of  this 

genus^that  is  widely  spread  thro\ighout  the  Ethiopian  Faunal 
Region  (Figure  l)  and  nowhere  else.  It  commonly  occxirs  in  the 
drier  parts  of  this  Region  but  appears  to  increase  in  numbers 
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towards  and  north  of  the  equator.     It  is  rare  or  absent  in  forests 
of  western  Africa. 

ATLANTIC  OCE/VN;     CANARY  ISLANDS   (Specimens  from  dogs,  Tene- 
rife,  1906,  in  H-INH  collections;   PIH  det.). 

NORTH  AFRICA;      EGYPT    (Occurs  only  in  Gebel  Elba  area  of  ex. 
treme  Southeastern  E^pt  adjacent  to  Sudan  frontier   (Kassala  Prov- 

ince);  numerous  males  arrive  at  the  Cairo  abattoir  on  cattle  from 
the  Sudan  and  Elast  Africa  but  this  species  has  not  established 
itself  as  a  result  of  these  introductions:   Hoogstraal,  ms.). 

WEST  ATOICA;     roETCH  WEST  AFRICA  (As  H.  truncatum  sp.  nov.; 

Koch  TSZZT~TCs~TJ.   aegyptium  impressum  tran'siens;     Schulze  1919. 
As  H.  transiensT    Rousselot  1951,1953B7!     GAl-IBIA  (Numerous  spec- 

imens in  single  lot  from  cattle  in  EMNH  collections;  HH  det.). 

PORTUGESE  GUINEA   (As  H.   savignyi;     Tendeiro  19^8,19^9A, 
1951F,1952A,C,D.     From  Ten3eiro ' s  1%9A  discussion  it  is  evident 
that  he  is  referring  to  H.  truncatum  (=  H.  transiens)  but  prefers 

to  call  it  H.   savignyi.  "it  is  likely  that  one  to  three  other Hyalomma  species  occur  in  Portiigese  Guinea). 

NIGHIIA  (As  H.   aegyptium:     Simpson  1912A,B.     As  H.   impressum 

transiens;     Unsworth  19^9.     5s  H.   impressum  subsp.:     "Gambles  1951. As  H.   transiens:     Unsworth  1952T     See  HOSTS  below) .     GOLD  COAST 

(As"H ."^gy pt ium;      Simpson  191^) .     TOGO    (Feldman-Muhsam  195^ states  that.  H.   impressum  brunne i parmat um  Schulze  and  Schlottke, 
1930,  is  a  synonym  of  H.   truncatum;  however,  from  examination 

of  Miss  J.  B.  Walker *s~Kenya-reared  material  of  H.   albiparmatum, in  which  the  parma  varies  in  size  and  color,  it  Ts  evident  that 
H.  brunneiparmatim  is  a  synonym  of  H.  albiparmatum) . 

CENTRAL  ATOICA;     CAMEROONS   (As  H.   aegyptim  impressum  transiens; 

Chodziesner  192/|..     As  H.  transiens:  "Rageau  1951,1953.     ̂ usselot 1951,1953B.     Unsworth  l952;.     FREI^CH  EQUATORIAL  AFRICA   (As  H. 

nitidvim  from  "New  Cameroons":     Schtilze  1919.     Chodziesner  1*^4.. 
As  H.   impressum  nitidum;     Schulze  and  Schlottke  1930.     Kratz 
1940.     See  also  Feldman-Muhs am  195-^.     As  H.   aegyptium  impressum 
transiens;     Chodziesner  192^.     As  H.  transiens;     Rousselot  1951, 
1953B;.     BELGIAN  CONGO   (As  H.  transiensl     TEeller  and  Robinson 
195A) . 
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EAST  AFRICA;  "EAST  AnUCA"  (As  H.  planum  and  H.  zsjabesianum; 

Schulze  and  Schlottke  1930).        ~ 

SUDAN  (As  H.  aegyptium  impressmn  transiens;  Chodziesner  192^. 

s  194.0.  As"*H.  impressum  luteij'  ~   "-^ ---■  -  — -■'  '^•-^■1  .^j.,,^  -.r^o^ 

As  H.  transiens;"  Hoogstraal  1954B* 

Kratz  194.0.  As"*H.  impressum  luteipes;  Schxilze  and  Schlottke  1930. 

ETHIOPIA  (As  H.  inmressum  transiens  and  H.  impressum  nitida; 

Stella  19398,194-0."  As  H,  aegyptium  impressum  transiens:  Chodzies- 
ner  1924-).  ERITREA  (As~H.  impressm  transiens"  Tonelli-Rondelli 
I93OA, 1932c.  Niro  1935."  Stella  1939A, 194-0.  ̂ Common  in  many  parts of  Eritrea:  HH)  .  FRENCH  SCMALILAND  (As  H.  transiens;  Hoogstraal 
1953D).  BRITISH  SCKALILAND  (Numerous  specimens  from  camels  in 
EMNH  collections;  HH  det.).  ITALIAN  SOMALILAND  (As  H.  aegyptium 
impressum;  Paoli  1916.  As  H.  aegyptium  impressum  form  transiens; 

Tonelli-Rondelli  1926A,1935."  Stella  1940.  See  HOSTS  belowTI 

KENYA  ̂ As  H.  impressxm  transiens;  Daubney  (1937).  As  H« 

transiens;  Binn"s  (1951  >  1952)"  As  H.  impressum  near  planum; 
Fotheringham  and  Lewis  (1937) .  As  "H.  truncatum;  Feldman-Muhsam (1954- ) .  Hoogstraal  (1954C).  See  also  H.  albiparmatum,  p. 

See  HOSTS  below.  
" 

H.  lewisi  Schulze  (1936e)  is  a  synonym  of  H.  trunc at urn  and 

not  oT  H.  excavatum  as  stated  by  Delpy  (194-9E)  ;"it  is  also  not  a 
"HyalonSina"  as  stated  by  Schulze  (1936e).  Schulzeuidentified 
material  of  "H.  lewisi"  consists  of  small,  stunted,  misshapen  H. 
truncatum  (seen  by  HHJ;  in  this  Feldman-Muhsam  (1954)  is  in  agree- 

ment. Kratz  (194.0)  also  referred  to  H«  lewisi  from  Kenya.  See 

page 

Lewis  (see  bibliography)  mentions  Hyalomma  ticks  tmder  a 
variety  of  names.  Most  specimens  in  his  large  collections  now 
in  British  Museum  (Natural  History)  are  H.  truncatum  among  which 

H.  rufipes  is  frequently  mixed  and  other" species  are  sometimes 
:ipe 

incliided.  The  H.  truncatum  specimens  had  been  identified  by 
Lewis  as  H.  impressum,  H.  dromedarii,  and  H.  aegyptium;  this 

confusion"is  understand'able  due  to  the  un"satisractory  informa- 
tion available  in  literature  at  that  time_^7 

UGANDA  (As  H.  impressum  transiens;  Wilson  1950C.  As  H. 
transiens;  Wilson  1953.  Common  in  many  Uganda  collections 
studied  by  Theiler  and  by  HH) . 
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TANGANYIKA  ̂ As  H.  planum  and  H.   aegyptium  albiparmatum; 
Schxilze   (1919) .     As  rfT  aegyptx-um  in^ressum  transiens;     Chodzies- 

ner   (192/+).     As  H.  impressum  tran'siens  and  as  H.  levrLsi;     Schtilze 

(1936E).     Kratz  "(l94-0}.     See  KENYA  above.     As  1.   aBpytivm: Cornell  1936.     ?As  H.   inrpre s sum  planum  f .  rhinocerotis;     Schulze 
and  Schlottke   (193^57  and  Kratz   (1940 ^j  the  synonyny  of  this  name 
is  uncertain  but  it  is  suspected  to  apply  to  H.  truncatum.     See 
HOSTS  below^ 

SOUTHERN  ATOICA;     ANGOLA  (As  H.   impressum  transiens;     Soiisa 

Dias  1950.     Santos  Dias  1950C .     As""H.~trmsIensl     Theiler  and 
Robinson  1954.     Santos  Dias  1950C  noted  that  "H.   savimyi"  had 
been  reported  from  Angola  by  A.  Morals  in  19097  and  tnat  this 
may  refer  to  H.  truncatum  (=  H.  impressum  transiens),     MOZAMBIQUE 

(As  H.   impres'sum  iransiens;     Theiler  1943B"     Santos  Dias  19A7B. 1953^,H,1954H.     Tendeiro  1955.     As  H.  truncatum;     Theiler  1956) . 

NORTHERN  RHCDESIA  (As  H.  transiens;     Theiler  and  Robinson 

1954.     Matthysse  1954.     See~H0*2T^TeTow.     SOUTHERN  RHCDESIA  (As H.   aegyptium  impressum  transiens;     Chodziesner  1924.     As  H. 

aegyptium;     Lawrence  1939.     As  H.   a.   aegyptixim;     Jack  19^^^. 
As  H.  truncatTjm;     Theiler  1956."  ̂ e  HOSTS  below).     NYASALAND 
(As'"H."Tmpressum  transiens;     Wilson  1943,1946.     As  H.  impressum; Wilson  I95OB; . 

SOUTHWEST  AIRIGA  (As  H.   aegyptitim  impresstm  transiens; 

Chodziesner  1924.     As  H.   impressum  tran'siens;     Kratz  1940.     As  H. 

aegyptium  aegyptium;     "Bedford  1932B.     As  H.  transiens;     Fiedler" 1953.     See  HOSTS  below).     SWAZILAND   (As  rfT  a.   aegyptium;     Bedford 

1932B.     As  H.  truncatum;     Theiler  1956)."  BH5HUANALA!3ir(As  H. aegyptium  impressvun  transiens;     Chodziesner  1924.     As  H.  trun- 
catum;    Theiler  l%b) .     /BASUTOLAND :     Absent;  Theiler  Tl93^_7 

UNION  OF  SOUTH  AERICA   (The  "H.   aegyptium"  of  Donitz  1910B 
and  of  Cooley  1934  apparently  incTxides  both  H.  rufipes  and  H. 
truncatum.     As  H.   a.   aegyptium;     Lounsbury  lI^O/jTi     A.  Theiier 
1^35571^6.     HowarS  iW.     Sedford  1920, 1926, 1927, 1932B,  193 6. 
Nieschulz  and  du  Toit  1937.     P.  J.  du  Toit  1931.     Finlayson, 
Grobler,  and  Smithers  1940.     R.  du  Toit  1942A,B,1947A.     As  H. 
impressum  impressum;     Theiler  1943B.     As  H.  transiens;     Erasmus 

1952.     Thorbum  1952.     Neitz  1954.     As  H ."truncatum;     Feldman- 
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Muhsam  195'i-.     Theiler  1956.     As  H.   aegypticiim  (sic);     Gear  195A-. 

See  HOSTS  below).  ~ 

"SHORES  OF  THE  ZAMBESI"    (As  H.   zambesiacum;      Schulze  and 
Schlottke  1930.     Kratz  19^0). 

■ARABIA;     YMM   (Hoogstraal,   ms.). 

OUTLYING  ISLANDS;     MADAGASCAR   (Recently  introduced;     Hoog- 
straal 1953E.     Theiler  1956).     SEfCHELLES   (Desai  19A1;  not  stated 

whether  introduced  or  established).     ZANZIBAR   (As  H.   aegyptium; 
Aders  1917). 

HOSTS 

Domestic  cattle  and  goats  are  the  most  common  hosts  of  H. 
truncatum  but  other  large  wild  or  domestic  mammals  may  be  iru 
fested.  Wild  carnivores  are  seldom  recorded  as  hosts.  Rarely, 
small  mammals,  birds,  or  tortoises  are  also  attacked.  Immature 
stages  are  definitely  knovm  from  birds  and  hares  but  most 
published  remarks  concerning  these  stages  should  be  accepted 
with  reservation  because  of  questionable  identity. 

Adults 

Domestic  animals;  Cattle  (Bedford  1932B,  Schulze  1936C, 
Fotheringham  and  Lewis  1937,  Sousa  Dias  1950,  Wilson  19^3,19^6, 
1950B,  Rousselot  1951,  Rageau  1951,1953,  Santos  Dias  1953B. 
Sudan  records  above.  Numerous  specimens  in  various  collections 
examined  for  the  present  stiody).  Goats  (Bedford  1932B,  Rousse. 
lot  1951,  Hoogstraal  1953D,E.  Numerous  B'lNH  specimens.  Sudan 
records  above).  Sheep  (Bedford  1932B,  Wilson  1950B,  Sousa  Dias 
1950,  Rousselot  1951,  Hoogstraal  1953D.  MNH  specimens.  Sudan 
records  above).  Camels  (Aders  1917,  Rousselot  1951-  Numerous 
BMNH  specimens  from  British  Somaliland.  Hoogstraal,  Yemen  ms. 
Sudan  records  above).  Horses  (Bedford  1932B,  Sousa  Dias  1950, 
Rageau  1953.  Sudan  records  above).  Donkeys  (Bedford  1932B, 
Rousselot  1951). 

Mules,  dogs,  and  rarely  cats  (Bedford  1932B).  Dog  (H^H 
specimens  from  Canary  Islands,  Eritrea,  and  Transvaal). 
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Wild  antelopes;  Tiang  (Sudan  records  above).  Roan  antelope 

(Bedfor3~193^B,  Cooley  193^,  Tonelli-Rondelli  1930A.  BI-INH  spec- 
imens from  Nigeria.  Stidan  records  above) .  "Ozanna  grandicornis" 

(Santos  Dias  1952D).  Wildebeest  (Matthysse  195^.  Onderstepoort 
specimens  from  South  Africa).  Nyasa  wildebeest  (J.  B.  Walker 

specimens  from  Tanganyika) .  Lichtenstein*s  hartebeest  (Santos 
Dias  1952D,1953B).  Brindled  gnu  or  bl\ie  hartebeest  (Bedford 
1932B,  Santos  Dias  1953B).  Sassaby  or  bastard  hartebeest  (BINH 
specimens  from  South  Africa).  Eland  (Chodziesner  192/i,  Bedford 
1932B,  Wilson  1950B,  Santos  Dias  1953B.  H*LNH  specimens  from 
Southern  Rhodesia  and  Southwest  Africa.  Onderstepoort  specimens 
from  South  Africa).  Greater  kudu  (Santos  Dias  1953B).  Bushbxick 
(MCZ  specimens  from  South  Africa) .  Western  def assa  waterbuck 
(Rageau  1953).  Gemsbok  (Onderstepoort  specimens  from  South  Afri- 
ca). 

Other  wild  animals;  Hedgehog  (Bedford  1936).  Hares  (EMNH 
specinens  from  Kenya  and  Nigeria).  Bushpig  (Santos  Dias  1953B. 
HH  specimens  from  Eritrea.  Sudan  records  above) .  Waxthog  (Santos 
Dias  1953B,  Bedford  1932B,  Rageau  1953.  Numerous  BMNH  specimens 
from  Kenya  and  Nigeria.  Sudan  records  above).  White  or  square- 
lipped  rhinoceros,  southern  race  ̂ GZ  specimens) .  Black  or  narrow- 
lipped  rhinoceros  (Schulze  1919,  Schulze  and  Schlottke  1930. 
BMNH  specimens  from  Kenya).  Buffalo  (Schulze  1919,  Wilson  1950B, 
Santos  Dias  1952D,H,1953B.  MCZ  and  EMNH  specimens  from  Kenya. 
J.  B.  Walker  specimens  from  Tanganyika.  Sudan  records  above). 
Dwarf  buffalo  (Rageau  1953).  Giraffe  (Chodziesner  192^^..  MCZ 

specimens  from  Kenya.  BI-INH  specimens  from  Tanganyika.  Onder- 
stepoort specimens  from  Transvaal  and  Southwest  Africa.  Numerous 

Sudan  specimens  recorded  above).  Burchell's  zebra  (Santos  Dias 
1952D,1953B).  Zebra  (Matthysse  195/^.  BMNH  specimens  from  Kenya. 
Onderstepoort  specimens  from  Northern  Rhodesia) .  Lion  and 
antbear  (Wilson  1950B).  Leopard  {RWE   specimens  from  Kenya. 
Onderstepoort  specimens  from  Southern  Rhodesia).  Jackal  and 
African  porcupine  (Matthysse  1954.  Onderstepoort  specimens 
from  Northern  Rhodesia) . 

Reptiles;  Tortoise  (Sudan  records  above). 

Birds;  Cape  thick-knee,  Burhinops  capensis  (Bedford  1932B). 
Ostrich  {M  and  lo  in  HH  collection,  from  *west  of  Afmadu*, 
Somalia,  1952,  Col.  D.  Davis  legit.  Ostriches  in  Southwest 
Africa  (Theiler,  correspondence) . 
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Man:  Several  specimens  from  Kataguna  and  Katagum,  Nigeria, 
and  from  Kenya  in  BMNH  collections  (HH  det.). 

Immattire  Stages 

Nymphs  on  dogs  and  hedgehogs  (Rousselot  1951) .  Larvae  and 
nymphs  sometimes  on  cattle,  sheep,  and  goats  (Fotheringham  and 
Levas  1937).  Nymphs  on  hares  (Wilson  19/^6,1950B,  Sousa  Dias 
1950.  Fiedler  1953).  Lajrvae  from  a  hornbill,  Tokus  flavirostris 

leucomelas  (Santos  Dias  1952D).  "ImmatVLres"  from  a  pied  crow, 
Corvus  albus  albus  in  Transvaal  (Theiler,  correspondence). 

BIOLOGY 

Life  Cycle 

Unstudied.  Wilson  (1946)  was  unable  to  rear  this  species 
in  Nyasaland. 

Ecology 

The  African  hyalomma,  another  xerophilic  member  of  this 
genus,  obviously  differs  somewhat  from  H.  rufipes  in  ecological 
requirements  but  the  limiting  factors  exe   not  yet  recognized 
clearly  enough  for  proper  elucidation.  As  stated  above,  the 
distribution  of  H.  truncatum  is  strictly  limited  to  the  Ethio- 

pian Faunal  Region  and  its  range  is  widespread  and  fairly 
continuous  within  these  confines  except  in  heavily  forested 
and  high  rainfall  areas.  Wilson  (1953)  includes  H.  trimcatTjm 
in  the  A.  gemma  -  R.  pravus  (=  R.  neavi)  association  (see  page 

)  that  occurs  wTiere  annual  r'ainfall  seldom  exceeds  25  inches. 

In  southern  Africa  (Theiler  1956) ,  the  range  of  H.  trunca- 
tum differs  from  that  of  H.  rufipes  in  that  the  former  is  absent 

at  higher  elevations  with" high  rainfall  but  present  in  cooler lowland  winter  rainfall  areas.  In  regions  with  25  inches  of 
annual  rEiinfall  populations  are  rare  and  isolated.  In  Equator- 

ial Africa,  however,  the  African  hyalomma  does  tolerate  this 
and  a  slightly  higher  range  of  rainfall  (HH).  Here  a  combina- 

tion of  factors  including  higher  temperatures,  long  dry  seasons. 
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and  lower  average  relative  humidity  probably  modify  this  tick's 
ecological  thresholds  (HH). 

In  southern  Africa,  low  temperature  and  high  altitude  do 
not  in  themselves  limit  the  range  of  H.  truncatum.  It  occurs 
in  sill  types  of  South  African  vegetation  except  in  short  grass 
of  the  highveld,  a  mountainous  zone  associated  with  high  rain- 

fall, and  is  rare  or  absent  where  snow  falls. 

From  the  size  and  variety  of  collections  examined,  it  apu 
pears  that  in  conqjarison  with  H.  rufipes,  H.  truncatum  may  be 
somewhat  less  numerous  and  more  widely  ranging  in  southern 
Africa  but  that  the  reverse  is  true  towards  and  beyond  the 

equator.  This  matter,  however,  requires  more  careful  study. 
H.  truncatum  is  rare  or  never  present  in  the  forests  of  western 
Ifrica. 

This  species  was  not  collected  in  high  rainfall  areas  of 
the  Cameroons  (Unsworth  1952),  and  is  unusual  if  not  entirely 
absent  on  the  humid  west  bank  of  Equatoria  Province  in  the 
Sudan. 

In  Northern  Province  of  Nyasaland,  where  H.  truncatum  is 

the  only  species  of  this  genus  that  is  found,  Temales  engorge 
on  cattle  chiefly  during  the  dry  season  (March,  April,  May) 
but  also  in  small  numbers  during  other  months  of  the  dry  sea- 

son. Nymphs  were  found  on  hares  early  in  the  rainy  season 
(October)  and  also  in  December  (Wilson  1946). 

Adults  attach  in  the  brush  of  hair  at  the  tip  of  the  tail, 

between  the  hooves,  in  the  inguinal  and  perianal  areas,  and  on 
the  scrotum  and  udders. 

A  hymsnopteran  parasite,  Hunterellus  theilerae,  has  re- 

cently been  described  from  nymphs  of  H.  truncatum  of  Southwest 

Africa  and  from  nymphs  of  Rhipicephalus  oculatus'from  Transvaal 
(Fiedler  1953).  Cooley  (1934)  reared  Hunterellus  hookeri  from 

nymphs  of  "H.  aegyptiuirf'  in  South  Africa,  but  it  appears  that 

he  included~both  H.  trxincatum  and  H.  nifipes  under  this  name. 
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DISEASE  RELATIONS 

MAN;  Tick  paralysis  (toxin  or  venom).  Q  fever  (Coxiella 
burnetii). 

CATTLE;  Sweating  sickness  (virus).  Lameness  and  paralysis 
in  calves  ^toxin  or  venom) . 

SHKFIP;  This  tick  may  be  associated  with  footrot  of  sheep, 
a  secondary  infection  by  bacteria,  and  lesions  from  its  bites 
may  lead  to  lameness. 

HORSES;  Not  a  vector  of  horsesickness  (virus). 

NOTE;  This  species  should  be  considered  as  strongly  suspect 
in  the  transmission  of  rickettsial  organisms  among  domestic  and 
wild  animals. 

REMARKS 

A  somewhat  deformed  specimen  of  H.  truncatum  has  been  des- 
cribed and  sketched  by  Santos  Dias  (l^ATB)  and  another  (as  H. 

savignyi)  by  Tendeiro  (195IF).  ~ 

In  various  papers  by  E.  A.  Lewis  on  work  in  Kenya,  based 
largely  on  H.  truncatum  (cf.  Hoogstraal  195'iC),  the  author  refers 
to  rearing  experiments  by  Nuttall  (1913)  and  Fatten  and  Cragg 
(1913)  as  being  accomplished  with  the  same  species.  Since 

Nuttall*s  material  originated  in  Algeria  and  Patton  and  Cragg's 
in  India,  these  workers  obviously  utilized  different  species. 
The  material  used  by  Nuttall,  now  in  British  Museum  (Natural 
History)  collections,  reported  as  H.  aegyptium,  is  H.  margina- 

tum. ~  "" 

The  4500  specimens  of  H.  truncatum  from  throughout  Africa 
that  have  been  examined  for  the  present  study  are  highly 
distinctive  and  show  considerably  less  variation  than  en- 

countered among  most  other  species  in  this  genus.  This  ob- 

servation is  diametrically  opposed  to  Feldman-Muhsam' s  (195A-) 
remarks;  ''Examination  of  laboratory- bred  material    
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showed  an  enormous  range  of  variation  between  the  offspring  of  one 

female" .  As  much  caution  must  be  employed  in  evaluating  laboratory- 
reared  specimens  as  in  evaluating  field-collected  material.  Under 
abnormal,  artificial  conditions,  some  individuals  that  would  not 
survive  in  the  field  may  be  protected  enough  to  maintain  the  life 
they  would  otherwise  lose  tmder  inclement  conditions.  Artificial 
conditions  in  themselves  obviously  induce  morphological  modifica- 

tions. At  any  rate,  extremely  few  atypical  specimens  are  fovind 
in  field  collections. 

IDENTIFICATION 

Males;  The  scutum  is  black  or  reddish-black  and  measvires 

approximately  3.3  mm.  long  and  2.3  mm.  wide.  It  is  characterized 
by  long,  deep,  distinct,  cleanly  cut  lateral  grooves;  smooth, 
glossy,  impunctate  surface  except  caudally,  where  there  is  a 
dense  patch  of  large,  contiguous  punctations.  The  scutiim  is 
narrowed  posterior  of  the  spiracular  plate,  but  the  posterior 
margin  is  usually  not  so  squarely  truncate  as  in  K.  impressum. 
The  festoons  number  seven  and  the  central  one  is  not  morpholog- 
ically  differentiated,  as  compared  with  H.  albiparmatum  in  which 
the  central  festoon  forms  a  parma  resembling  a  miniatiire  cellu- 

loid watch  cover,  variable  in  size,  shape,  and  color.  Ventrally, 
the  small  rectangvilar  subanal  shields  lie  posterior  of  the  axis 
of  the  larger,  rectangular  adanal  shields.  The  legs  are  red- 

dish brown  with  bright  paler  rings. 

Variable  field  collected  males  may  be  small  and  stunted 
and  lack  the  subanal  shields.  Such  specimens  are  the  basis  of 

Schulze*s  so  called  •*}!.  lewisi'*  in  the  "subgenus  Hyalonrnina" 

(page  521) .  Collections  from  'a  few  areas  show  somewhat  more than  ordinary  scutal  punctation.  The  long,  clear,  cleanly  cut 
lateral  grooves  indicate  that  such  specimens  are  H.  truncattim 
and  not  lightly  ptmctate  H.  impressum,  as  does  also  the  com- 
paratively  more  rounded  posterior  margin  of  the  body. 

Although  H.  marginatum  occurs  with  H.  triincatum  only  in 

rare  localitie's  at  the  northern  periphery  of  the  range  of  the latter,  it  may  be  well  to  add  that  the  scutum  of  H.  truncatum 
is  characterized  by  fewer  scapular  and  central  punctations; 
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longer  and  cleaner  lateral  grooves;  glossier  surface;  often  some- 
what smaller  size;  obsolescence  of  posteromedian  and  paramedian 

grooves  in  the  caudal  field  of  dense  punctations;  and  narrowed 
posterior  margin.  Field  collected  specimens  of  these  two  spe- 

cies that  might  be  confused  have  not  been  observed  during  the 
present  study;  Feldman-Muhsam  (1954),  however,  states  that 
laboratory- bred  series  might  be  confused. 

Females  are  easily  recognized  if  only  by  the  genital  apron, 
the  character  of  which  is  accentuated  rather  than  decreased  by 
enormous  engorgement.  The  apron  is  a  transversely  elongate  oval 
of  somewhat  variable  shape;  in  profile  it  is  surmounted  anterior- 

ly by  a  naiTow,  bulging  lip;  centrally  it  is  deeply  depressed 
(or  concave);  posteriorly  it  is  bounded  by  a  more  or  less  dis- 

tinct lip  that  never  protrudes  as  much  as  the  anterior  lip. 

Feldman-Muhsam^s  (1954.)  figure  2F  of  this  apron  is  a  surprising- 
ly imsatisfactory  representation  of  its  actual  appearance  and 

supports  the  assumption  that  this  species  did  not  prosper  during 
the  laboratory  study  devoted  to  it. 

The  scutum  of  practically  every  field  collected  female  is 
blackish  and  with  few  punctations  among  which  a  few  fine  ones 
may  be  scattered.  The  scutum  of  a  few  specimens  bears  larger, 
superficial  punctations  scattered  about  its  surface;  that  of 
greatly  engorged  specimens,  as  usual  in  this  genus,  is  rugose. 
In  the  few  specimens  with  a  more  punctate  scuttmi,  the  genital 
apron  is  nevertheless  highly  distinctive  and  the  glossy  scutal 
appearance  Is  retGiined. 

Note  that  no  known  characters  distinguish  the  females  of 
H.  truncatum  from  those  of  the  less  common  and  more  restricted 

^.  albiparmatum. 
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NON-SUDANESE  SPECIES  OF  HYALOMMA 

(Figures  190  to  211) 

In  order  to  better  imderstand  this  group,  illustrations  and 
selected  data  for  all  species  presently-recognized  in  the  genus 
Hyalomma  have  been  assembled  in  this  section. 

KE?  TO  ALL  PRESENTLY  RECOGNIZED 

SPECIES  OF  THE  GENUS  HYALCMMA 

MALES 

1.  Without  subanal  shields.  Festoons 
not  fused.  Adanal  shields  un- 

usually large  and  wide.  Scutum 
with  few  large,  scattered  puncta- 
tions  and  long,  clear  lateral 
grooves .   (India) .   (Subgenus 
Hyalommina)*   H.  HUSSAINI 

Figures  l98  and  199 

With  subansil  shields  (exceptional, 
deformed  runts  may  lack  subanal 
shields)   2 

*rhe  status  of  H.  kumnri  Sharif,  1928,  which  falls  into  this 

classification,~is  uncertain. 
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2.  Coxa  I  simple,  with  two  wide,  short 
spurs  from  posterior  margin.  Scut\im 
smooth,  shiny  with  few,  scattered, 
large  pionctations;  festoons  unftised; 
lacking  lateral  grooves  and  caudal 
depression.  Adanal  shields  large, 
much  like  those  of  H.  hussaini;  sub- 
anal  shields  minuteT  (Tortoise  para- 

site; Mediterranean  and  Black  Sea 
areas,  southern  Russia  to  western 
Middle  East) .   (Subgenus  Hyalommasta)   H.  AEnYPTIUM 

Figures"l90  and  191 

Coxa  I  deeply  divided  into  narrow 
external  branch  and  wider  internal 
branch.  Festoons  partly  fused.  With 
short  or  long  lateral  grooves.  Adanal 
shields  not  so  large  and  wide  as  above. 
Subanal  shields  typically  larger  than 
above  (frequently  though  abnormally  as 
small  as  above).   (Palearctic,  Oriental, 
and  Ethiopian  Fauna!  Regions).   (Sub- 

genus Hyalomma)   3 

3.  Center  of  subanal  shields  characteris- 
tically exterior  of  the  axis  of  the 

adanal  shields   K 

Center  of  subanal  shields  characteris- 
tically in  line  with  the  axis  of  the 

adanal  shields  (frequently  laterally 
displaced  when  greatly  engorged)   6 

4.  Spiracular  plates  of  female  type, 
with  short,  blunt  "tail".  (Camel 
parasite,  Iran  to  Egypt;  large  size, 
up  to  8  mm.  long)   H.  SCHULZEI 

Figures  "202  and  2U3 

Spiracular  plates  of  normal  male 
type ,  with  long  "tail"   5 
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5.  Lateral  grooves  reaching  scutal  mlcL 
length;  scutum  largely  covered  by 
small  and  medivim-size  punctations. 
(Medium-size;  Near  East:  North,  West, 
and  coastal  East  Africa)   H.  IMPELTATUM 

Figures  170  and  171 

Lateral  grooves  confined  to  posterior 
third  of  scutum;  scutum  smooth  with 
few,  scattered,  usual 1 y  large  puncta- 

tions; posterior  grooves  characteris- 
tically marked.   (Large  ticks  of  camels 

wherever  these  animals  now  or  recently 
occurred  )   H .  DROMEDARII 

Figures  162  and  163 

6.  Lateral  grooves  confined  to  posterior 
third  of  scutum;  scutum  almost  im- 
punctate  except  in  caudal  depressed 
area.  (Usually  small  ticks;  Mediter- 

ranean Basin,  Near  and  Middle  East; 
East  African  coastal  areas  and  northern 

Sudan)   .H.  EXCAVATUM 

FigTn*es~166  and  167 

Lateral  grooves  reaching  at  least  scutal 
midlength  (if  specimen  is  heavily  punc- 

tate, grooves  may  be  obscure)   7 

7.  Scutum  smooth,  shiny  with  rare,  scattered 
large  punctations;  lateral  grooves  long 
and  usually  very  distinct;  posterior 
grooves  well  marked;  legs  usually  not 

ringed   H .  DETRITUI'l* 

Figures''l60  and  161 

*A  closely  related  "form"  of  uncertain  taxonomic  status,  "H. 
scupense",  with  some  biological  and  morphological  characters 
differing  from  those  of  typical  H.  marginatum,  occurs  in  parts 
of  the  Soviet  Union  and  southeastern  Europe. 
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Scutum  either  densely  punctate,  ir_ 
reg\ilarly  punctate,  or  lightly  punc- 

tate except  in  caudal  area  where  punc- 
tations  are  dense   

8.  Scutum  densely,  entirely,  and  almost 
always  uniformly  covered  by  puncta. 
tions  often  obscuring  the  lateral 
grooves   

Scutum  lightly  or  irregularly  punc- 
tate, or  densely  punctate  only  pos- 
teriorly  11 

9.  Scutum  strongly  narrowed  postero- 
laterally  to  form  an  almost  recti- 

linear posterior  margin.   (West 
Africa)   H.  IMPRESSUM 

Figures"l7/|.  and  175 

Scutum  bluntly  rounded  posteriorly   10 

10.  Circumspiracular  area  glabrous. 
Scutvun  brownish,  punctations  not 
so  dense  as  in  H.  rufipes.  Legs 
with  dorsal  enamelling  on  middle 
segments  of  two  hind  pairs. 
(Russia,  Middle  East,  and  South 
African  Karroo)   H.  TURANIGUM 

Figures~204  and  205 

Circumspiracvilar  area  hirsute. 
Scutum  black,  punctations  usually 
very  dense.  Leg  segments  usually 
distinctly  annul at ed  but  lacking 
dorsal  enamelling.   (Near  East, 
Arabia,  Northeast  Africa,  tropical 
and  South  Africa)   H.  RUFIFES 

Figures  l22  and  183 
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11.  Lateral  grooves  long  but  often  not 
well  marked.  Scutum  irregularly 

pvmctate,  posterior  area  not  stri- 
kingly differentiated,  posterior 

margin  bluntly  rounded.  (Far, 
Middle,  and  Near  East,  Arabia, 
Northwest  Africa,  rare  in  North- 
east  Africa)   H.  MARGINATUM 

Figure's  178  and  179 

Lateral  grooves  long,  distinct, 
deeply  and  cleanly  delineated. 
Scutum  smooth  and  shiny  except 
posteriorly  where  it  is  densely 
punctate,  posterior  margin  usual- 

ly rectangular.   (Strictly  African, 
not  including  North  Africa)   12 

12.  Central  festoon  undifferentiated. 

(Throughout  Ethiopian  Faunal 
Region)   H.  TRUNCATUM 

Figures~186  and  ia7 

Central  festoon  forming  a  whitish 
or  brownish  parma.  (East  and  West 
Africa)   H.  ALBIFARI^TUM 

Figi5es  1%  and  195 
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FEMALES 

1.  Genital  apron  divided  into  two 
lateral  fields  by  a  vertical 
median  depression  extending 
from  posterior  margin  to  mid- 
length  of  apron.  Scutum  smooth. 
(Subgenus  Hyalommina)   H.  HUSSAIHI 

Figures  "200  and  ;iUl 

Genital  apron  not  divided  by  a 
vertical  median  groove   2 

2.  Coxa  I  simple,  with  two  wide,  short 
spurs  from  posterior  margin.  Scutum 
shiny,  smooth,  with  few  scattered, 
large,  deep  punctations.  Genital 
apron  a  flat,  widely  triangular 
shield  that  becomes  greatly  de- 

pressed posteriorly  upon  engorge- 
ment .   (Subgenus  Hyalommasta)   K.  AEGYPTIUM 

Figures~192  and  193 

Coxa  I  deeply  divided  into  a  narrow 
external  branch  and  a  wide  internal 

branch.   (Subgenus  Hyalomma)   

3.  Scutum  regularly  and  completely 
covered  by  rather  uniform,  discrete 
punctations  of  moderate  or  large 
size^   

Scutum  with  few  to  moderate  number 

of  irregular  punctations   6 

*Elxceptional  specimens  of  H.  tiiranicum  may  lack  this  aspect. 
Others  of  H.  marginatum  arid  H.  impeltatum  may  approach  this 
aspect. 
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A.  Genital  apron  a  wide  triangle  composed 
of  a  protruding  anterior  ridge  and  a 
deeply,  abruptly  depressed,  narrower 
posterior  button   H.  IMPRES3UM 

Figures-lVb  and  177 

Genital  apron  a  wide  shield  with  a 
broad  posterior  margin  and  not 
divided  as  above   5 

5.  Girc\imspiracular  area  hirsute. 
Middle  segments  of  two  pairs  of 
hind  legs  lacking  dorsal  enamel- 
ling  H.  RUFIPES 

Figures  iS^  and  185 

Circumspiraciilar  area  glabrous,  or 
with  few  hairs.  Middle  segments  of 
two  pairs  of  hind  legs  enamelled 
dorsally   H.  TURMICUM 

Figures'"206  and  idU7 

6.  Genital  apron  an  elongate  triangle 
or  circiilar   7 

Genital  apron  distinctly  wider  than 
long,  a  transverse  oval,  triangle, 
or  shield   10 

7.  Genital  apron  a  narrowly  pointed 
triangle  with  lateral  margins 
definitely  longer  than  dorsal  margin; 
gradually  depressed  in  profile. 
Scut\im  usually  as  wide  as  or  wider 
than  long;  with  few,  scattered  large 
punctations;  uncommonly  with  scat- 

tering of  smaller  punctations; 
surface  frequently  rugose.  Usually 

large  ticks   H.  DROMEDARII 

FigTore's  164-  and  165 
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Genital  apron  circialar  or  a  less  narrow- 
ly pointed  triangle  with  lateral  margins 

approximating  dorsal  margin  in  length. 
Scutum  usually  somewhat  longer  than  wide; 
ptmctations  variable;  usually  less  rugose. 
Size  moderate  (except  H.  schulzei)  to 
small   T   , 

8.  Genital  apron  a  triangle  bounded  on  each 
side  by  a  lobe;  greatly  bulging  in  pro- 

file. Scutum  usual  1 y  with  sinuous  pos- 
terior margin,  numeroTis  small  puncta- 

tions,  and  two  irregular,  submedian 
rows  of  large,  deep  punctations.  Usua!U 
ly  moderate  size   H.  BvIPELTATUI'I 

Figures  l"7?"anTT^ 

Genital  apron  circular  or  triangular 
but  lacking  lateral  lobes;  greatly 
bulging  or  gradually  depressed  in 
profile.  Scutum  usually  vrith  veiry 
few  punctations   

9.  Genital  apron  triangular;  gradually 
depressed  except  when  greatly  en- 

gorged but  never  convex  in  profile. 
Scutum  smooth  and  shiny  with  very 
few,  scattered  punctations  of  large 
size;  uncommonly  with  superficial 
small  punctations.  Usually  moderate 
size   H.  DETRITUM 

Figures  T60  and  161 

Genital  apron  small,  triangular  or 
circular,  convex  or  bixlging  in  pro- 

file. Scutum  usually  lacking  smooth, 
shiny  appearance  of  H.  detritum;  few, 
scattered  punctations,  those  present 
small  or  moderate  size;  almost  never 
large.  Usually  small  size  and  narrow 
shape   H.  BCCAVATUM 

Figure s~168  and  169 
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10.  Genital  apron  a  transverse  oval, 
in  profile  deeply  concave  poste- 

riorly and  vdth  a  narrow,  bulging 
lip  anteriorly.  Scutum  usually 
smooth  and  shiny  with  few  scattered 
punctations,  with  or  without  in- 

conspicuous interstitial  punctations. 
(Ethiopian  Faunal  Region  only)   11 

Genital  apron  not  deeply  concave 
in  profile.   (Absent  or  exceptional 
and  only  peripherally  in  Ethiopian 
Faimal  Region)   12 

11.  Common,  widely  ranging  species 
throughout  Ethiopian  Faunal  Region   H.  TRUNGATPM 

Figure  s~lS8  and  189 

Uncommon  species,  known  by  small 
populations  only  from  Kenya,  Tanga- 

nyika, and  Togo.  Differentiated 
only  by   association  with  male   H.  ALBIPARMATUM 

Figures  186  and  187 

12.  Genital  apron  a  large,  transverse 
oval;  flat,  somewhat  protruding, 
or  convex  in  profile.  Circunspiracular 
area  usually  markedly  pilose.  Usually 
large  size.   (Palearctic  Favmal  Region 
only)   H.  SCHULZEI 

Figiires  "   and 
Genital  apron  a  large  robust  shield; 
transversely  oval  or  widely  triangular 
in  outline;  strongly  bulging  in  pro- 

file; scutum  with  moderate  to  nttmerous 
punctations  of  variable  size   H.  MARGINATUM 

Figure's  180  and  181 
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Figures  190  and  191,  <?,  dorsal  and  ventral  views 
Figvires  192  and  193,  $,  dorsal  and  ventral  views 

A,  9,  genital  area.  B  to  D,  genital  apron,  outline  and  profile, 
B,  tinengorged.  C,  partly  engorged.  D,  fully  engorged. 

HYALCMMA  AB5YPTIIM 

Specimens  from  Land  Torxoise,  Eastern  Anatolia 
Hoogstraal  Collection 

PLATE  LV 
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tgALCMMA  AB:}YPTIIM  (Linne,  1758). 

(Figures  190  to  193) 

THE  TORTOISE  HYALCMMA 

The  much  mooted  name  H.  aegyptiiun  has  been  frequently  used 

as  a  "catchall"  by  workers~in  many  countries  for  a  number  of  spe- cies. Consequently  much  literature  referring  to  Hyalomma  ticks 
has  been  hopelessly  confused,  even  to  the  present  day. 

King  (1926)  lumped  all  Sudan  species  under  the  name  H. 

aegyptium*,  as  did  most  other  workers  on  African  and  Near'Eastern 
ticks  of  his  time.  H.  aegyptium  (Linne,  17$8)  is  now  recognized 
as  a  distinct  parasite  of  tortoises  in  the  Mediterranean  area  and 
Near  East.  In  Russia  it  is  confined  to  Crimea,  Georgia,  Armenia, 
the  Caiocasus,  Azerbaijan,  Turkmen,  Uzbek,  and  Tadzhik  (Pomerantzev 
1950).  It  is  common  in  many  parts  of  Asia  Minor  (Hoogstraal,  ms.) 
and  occurs  in  Afghanistan  (Anastos  195A) . 

The  tortoise  hysdomma  does  not  occur  in  the  Sudan,  elsewhere 
in  tropical  or  southern  Africa,  or  in  Europe  away  from  the  Medi- 

terranean and  Black  Sea  areas.  Although  originally  described  from 
Egypt,  where  tortoises  are  said  to  have  been  numerous  on  the  Medi- 

terranean littoral,  H.  aegyptium  apparently  is  now  extinct  here. 
In  present-day  Egypt7  tortoises  occur  only  a  few  miles  east  of 
the  Libyan  border  -  extremely  rarely  as  far  as  seventy  miles  east 
of  Libya  -  and  in  Sinai  a  few  miles  west  of  Palestine.  No  ticks 
have  been  found  on  recent  Egyptian  tortoises,  except  on  specimens 
from  Palestine  in  Cairo  pet-shops. 

Tortoises  are  the  hosts  of  predilection  of  adult  H.  ae^ptium. 
Ebcceptionally,  lizards,  hares,  and  hedgehogs  are  attacTced .  While 
other  mammals  may  be  infested  rarely,  long  lists  of  various  hosts 
for  this  tick  are  all  erroneous,  based  as  they  are  on  old  records 
in  which  all  species  were  lumped  under  the  name  H.  aegyptium.  In 

*With  reference  to  reports  of  "H.  aegyptium"  from  the  Siiian,  it 

shoiild  be  noted  that  the  actual^tick  species  with  which  O'Farrell 
(1913A,B),  did  his  interesting  work  on  an  entomogenus  trypanosome, 
Crithidia  (?Herpetomonas)  hyalommae ,  cannot  now  be  determined. 
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Anatolia,  however,  when  rearing  larvae  and  nymphs  from  tick-infested 
animals,  it  was  found  that  these  stages  commonly  attack  tortoises, 
lizards  (Agama) ,  partridges,  man,  hares,  hedgehogs,  and  a  wide 
variety  of  rodents  (Hoogstraal,  ms.).  A  ninnber  of  Russian  host 
records  were  presented  by  Olenev  (1928B). 

The  life  cycle  of  "H.  aegyptium"  described  by  Nuttall  (1915) 
applies  to  H.  marginatumT  Nuttall ' s  lot  1305a  in  British  Museum 

(Natviral  Hi'storyJ  was  used  for  this  study.  No  material  for  his lot  X  (from  Rome)  can  now  be  located.  It  appears  that  the  study 
of  the  external  morphology  of  each  stage  and  of  the  bionomics  of 

"H.  aegyptiumf*  in  India  (Sharif  192^)  applies  actually  to  H. 
excavat\m,  but  this  is  not  certain. 

A  popular  article  concerning  the  actual  H.  aegyptium  has 
recently  appeared  in  the  Illustrated  London  iJews  (Browning  1950) . 
Based  on  living  ticks  arriving  in  the  British  Isles  on  pet-shop 
tortoises  from  southern  Europe,  this  accoimt  should  interest 
persons  who  frequently  encovmter  this  name  promiscuously  used 
in  the  literature.  Distribution  data  in  the  Browning  paper  are 
from  literature  references  imder  H.  aegyptium,  and,  therefore, 
far  more  extensive  than  the  actual  geographic  range  of  this 
species  in  nature. 

Contemporary  published  reports  on  disease  transmission  by 

ticks'lmfortunately  continue  to  perp'eliuate  the  early  confusion in  identification  of  species  in  Ihis  genus.  The  tortoise  para. 

"site,  H.  aegyptium,  has  neverTeen  incriminated  _as  a  vector  or reservoir  of  pathogenic  organisms  of  man,  other  mammals,  or 
birds . 

H.  aegyptium  does,  however,  transmit  two  sporozoa  to  land 
tortoises  in  northwestern  Africa  and  in  the  Near  East.  These 

are  Haemogragarina  ma\n:itanica  and  H.  stepanovi  (cf .  Sergent 

and  Sergent  I9O/V,  Laveran  and  N8gre'~1905,  Nicolle  and  Gomte 1905,  Laveran  and  Pettit  1910,  Brumpt  1933C;  and  Laveran  1901, 
Marzinowsky  1927,  Popovici-Baznosano  1901,1906,1907,  and 
Reichenow  1910) .  Another  parasite  from  this  tick  Coelomoplasma 
hyalommae,  has  been  briefly  described  by  Brumpt  (193SD;  without 
further  classification  as  to  group  (see  also  Brun^at  1938E) . 
Further  stvidies  on  these  parasites  have  not  been  encovmtered . 
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Certain  unusual  morphological  characters  of  this  easily  recog- 
nized species  cause  the  tortoise  hyalomiaa  to  be  considered  in  a 

separate  subgenus,  Hyalorainasta  Schulze,  1930. 

H.  aegT.'-ptium  punctata  Schulze,  1919  (see  also  Kratz  19A-0) ,  a 
name  proposed  for  a  single  specimen  from  Malta  and  subsequently 
overlooked  by  even  Schulze  himself,  is  undoubtedly  a  synonym  of 
H.  aegyptium. 

Pomerantzev  (1950)  considers  Dermacentor  rosmari  Ass  (1935 )» 
described  from  nymphs  from  walrus  in  the  Kara  (White J  Sea  and 

said  to  be  the  northernmost  ticks  on  record,  as  a  sj-nonym  of  H. 
aegyptium.  On  the  basis  of  the  original  description  and  illus- 
trations  of  D.  rosmari,  its  systematic  position  is  uncertain  but 
this  synonyny  is  hardly  convincing. 

The  sj-nonjinous  name  H.  syriacum  Koch,  18^^-,  has  frequently 
been  used  for  the  actual  H.  aegyptium.   So  far  as  has  been  deter- 

mined, H.  s^yTiacum  has  been  confused  with  no  other  species. 

Both  sexes  can  be  readily  distinguished  from  key  characters 
provided  herein. 
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Figures  19A  and  195,  cf,  dorsal  and  ventral  views 
Figures  196  and  197,  9,  dorsal  and  ventral  views 

A,  5,  genital  area.  B  and  C,  ̂ ,  genital  area, 
outline  and  profile,  unengorged. 

HYALaMA  ALBIPARMATUM 

Specimens  from  cattle,  Kenya;  from  Nuttall  lot  3773,  exchange, 
British  Miiseum  (Natural  History).  Hoogstraal  collection. 

PLATE  LVI 
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HYALa^IMA  ALBIPARI'lATUM  Schulze  and  Schlottke,  1930 

(=  H.  BRUNNKLFARMATUM  S.  and  S.,  1930). 

(Figures  19^  to  197) 

THE  PARMATED  AraiCAN  HYALCMMA 

H.   albiparmattim,  presently  known  only  from  Kenya,  Tanganyika, 
and  Togo,   is  similar  to  H.  tiauacatum  except  that  the  central  fes- 

toon is  differentiated  as  a  parmaTn  the  form  of  a  cellailoidlike 
cover  of  variable  size,   shape,  and  color.     No  constant  characters 
have  been  discovered  for  differentiating  females  of  these  two 
species. 

Delpy   (1949B)  considered  H.   impressum  albiparmattim  Schulze 
and  Schlottke,   1930,  from  East  Africa,   as  a  synonym  of  H.   raar- 
ginatijm  (=  H.   savignyi)  or  questionably  of  H.   truncatum  (=  H. 

transiensjj^he  considered  H.  brimneiparmatum  of  Schulze  and Schlottke   (1930)   to  be  a  synonym  of  H.   marginatvun  (=  H.   savignyi). 

Feldman-Mvihsam  (1954-)  stated,   after  examining  Kenya  laboratory- 
reared  material  of  H.   albiparmatum  submitted  by  J.  B.  Walker  that 
H.   albiparmatum  is  a  synonym  of  H.  truncatum.     Dr.  Theiler  and  the 

writer,   after  examination  of  the^same  material,   are  convinced  that 
Walker's  H.   albiparmatum  is  a  distinct  genetic  entity  worthy  of 
full  species  rank.     It  is  also  apparent  from  Walker's  material 
and  from  other  series  in  British  Museum  (Natiiral  History)  collec- 

tions that  H.  impressum  brunneiparmatum  Schulze  and  Schlottke, 
1930,  from  Togo  is  a  synonym  of  H.   albiparmatum  and  not  of  H. 
truncatum  as  stated  by  Feldman-Muhsam  1954 •     F^ss  Walker  is 
preparing  a  report  on  this  species  for  publication  in  Parasitology. 
Hosts  of  the  parmated  African  hyalomma  appear  to  be  the  same  as 
those  of  H.  truncatum. 

British  Museum  (Natural  History)  collections  contain  material 
from  cattle  and  from  a  rhinoceros  from  Zatta  Plains,  Kajiado, 
Najnanga,   and  the  Masai  Reserve,  Kenya   (HH  det.).     J.  B.  Walker 
(conrespondence)  has  seen  specimens  from  a  rhinoceros  from  Iringa 
District,  Tanganyika,   and  from  a  warthog  in  Ghunya  District, 
Tanganyika. 
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?/^^?(r/' Figvires  198  and  199,  c?,  dorsal  and  ventral  views 

Figures  200  and  201,  5,  dorsal  and  ventral  views 

L,  5,  genital  area.  B  to  E,  o,  genital  apron,  outline  and  profile; 
all  unengorged;  E  dried,  contracted  specimen. 

HYALQ'^^  HUSSAINI 
Specimens  from  Bihar,  India  (det.  Sharif) 
(Rocky  Mountain  Laboratory  collection). 

PLATE  LVII 
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HYALa»IMA  HUSSAINI  Sharif,  1928. 

(Figures  198  to  201) 

HUSSAIN'S  INDIAN  HZALCMMA 

AND  RiyjffiKS  ON  THE  SUBGENUS  HYALQ-5MINA 

Special  note  should  be  made  of  the  subgenus  Hyalommina,  es- 
tablished by  Schulze  (1919)  for  the  new  species  H.  rhipicephaloides 

from  the  Red  Sea  area.  Subsequently,  Schulze  (1^36^  placed  H. 
lewisi  from  Tanganyika  (and  Kenya)  in  this  subgenus  and  Sharif 
(1928  and  1936)  incliided  H.  kumari  and  H.  hussaini  from  India. 

These  are  discussed  belowT  ~ 

The  criterion  proposed  by  Schulze  for  this  subgenus  is  the 
absence  of  subanal  shields. 

With  regard  to  the  so-called  "H.  rhipicephaloides" ,  it  has 
been  ovr   experience  during  field  coTlecting  and  st\ady  of  Hyalomma 
material  from  the  Near  East,  Asia  Minor,  Arabia,  North  Africa, 
and  tropical  Africa,  that  weak,  poorly  developed,  apparently 

undernourished,  riints  _of  any  Hy^^ma  species  frequently  lack 
subanal  shields.  Such  individuals  may  be  part  of  a  series  in 

which  some  are  typical  of  _a  common  species  (suclT'as  H.  excavatum) and  others,  usually  smaller  and  weaker,  conform  to  tne  same  spel 
cies  in  morphologic al  characters,  except  that  they  lack  subanal 
shields.  It  has  also  been  noted  from  personal  field  experience 
and  from  series  in  British  Museum  (Natural  History)  collections, 
especially  those  of  the  late  Professor  Buxton  from  Iraq  and 
Palestine,  that  when  nymphs  are  removed  from  a  bird,  lizard, 
or  small  raanimal  and  placed  in  a  vial  to  molt,  the  resultant 
adults,  obviously  affected  by  abnormal,  artificial  conditions, 
are  frequently  frail  and  lack  subanal  shields.  This  feature 
is  the  rule  rather  than  the  exception  among  adults  reared  from 
nymphs  that  have  become  overgrown  by  the  host  skin  (see  below 
and  page  UUl) . 

Schulze  (1932c)  referred  to  "Hyalomma  (Hyalommina)  rhipL- 
cephaloides"  as  a  "half  endo parasite"  (and  compared  it  with 

_  520  - 



Amblyongna  nymphs  to  support  a  morphological  theory).  The  concep- 

tion  of  a  separate  species  with  unique  "half_endoparasitic'*  habits 
is  not  supported  by  field  and  laboratory  observations.  In  several 
Hyalomma  species  observed  in  Egypt,  long-feeding  immature  stages 

become  overgrov/n  by  the  host  skin.  Poorly  developed  adult  "Hyalom- 
minas"  resxilt  from  these  nymphs.  If  removed  early  enough,  such 
nymphs  may  molt  into  typical  though  frail  adults  of  recognized 
species  with  or  without  subanal  shields.  Other  larvae  and  nymphs 
that  attach  to  the  ears,  which  do  not  react  to  the  engorging 
ticks  by  producing  a  large  amount  of  tissue,  usually  develop 
normally. 

On  the  basis  of  many  such  variants  among  specimens  of  H. 
excavatum  examined  for  the  present  study  it  is  apparent  that 

Delpy's  (19A9B)  synonyuy  of  H.  rhipicephaloides  under  H.  exca- 
vatum is  correct. 

H.  lewisi  Schulze,  1936,  from  tropical  Africa  is  the  result 
of  similar  misinterpretation  of  H.  truncatum  by  Schulze  and  his 
students. 

In  the  present  collection,  a  few  specimens  of  H.  trunc atum 

are  poorly  developed  and  lack  subanal  shields.  The"se  are  similar to  specimens  (in  the  Rocky  Mountain  Laboratory)  determined  by 
Schulze  as  H.  lewisi  from  Kenya  and  Tanganyika.  There  is  no 
question  but  that  H.  lewisi  is  a  synon;yTn  of  H.  truncatum. 

Delpy  (19^9B),  probably  inadvertently,  listed  K.  lewisl~as  a synonym  of  H.  excavatum.  Kratz  {l9J+o)   retained  H.  lewisi  in 

the  "subgenus  Hyalomnilna"  even  though  he  noted  t"Hat  "some  spec- 
imens retained  subanal  shields  while  others  lacked  therf*. 

With  regard  to  H.  hussaini  Sharif,  1928,  the  Rocky  Mountain 
Laboratory  collections  contain  enough  constant  specimens  of  this 
species  (described  below)  from  India  to  indicate  beyond  a  doubt 
that  H.  hussaini  is  a  valid  species.  It  is  coincidental  that 

this  "species  conforms  to  the  criteria  proposed  for  the  subgenus 
Hyalommina;  H«  hussaini  rather  than  H.  rhipicephaloides  ndght, 

therefore,  be  considered  as  the  type^species  of  this  subgenus. The  absence  of  subanal  shields  apparently  has  become  a  genetically- 
established  character  in  Indian  populations.  As  stated  below, 
other  constant  male  and  female  characters  also  validate  this  spe:- 
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cies.  Thus,  recognition  of  the  subgenus  Hyalommina  would  be  justi 
fied.  It  is,  however,  likely  that  the  absence  of  subanal  shields 
is  not  a  genetic  character  in  Hyalomma  populations  of  Africa  and 
the  Near  East. 

Conclusions  on  the  subgenus  Hyalommina  may  be  summarized  as 
follows:  Such  an  entity  apparently  does  exist,  but  criteria 
.proposed  for  it  apply  to  a  species  (H.  hussaini  and  possibly 
H.  kumari)  different  from  that  originally  proposed  as  the  type 
Tor  this  subgenus  (H.  rhipicephaloides) ,  this  latter  species 
being  merely  a  morpHological  variant  of  H.  excavatum. 

These  conclusions  are  based  on  study  of  series  of  preserved 
specimens,  on  field  rearing  of  specimens,  and  on  laboratory  obu 
servations  of  wild_caught  subdermal  specimens  from  rodents. 
More  formal  laboratory  studies  on  the  phenomenon  of  loss  of 
subanal  shields  among  other  species  are  indicated. 

Sharif  (1928)  also  described  H.  hussaini  brevipunctata  and 
H.  kumari  from  Indian  populations  on  the  basis  of  slight  dif_ 
Terences  in  color,  lateral  grooves  and  tarsi.  No  specimens  of 
these  forms  have  been  available  for  the  present  study. 

Sharif  (1928)  lists  specimens  of  H.  hussaini  from  the  fol- 
lowing India  areas:  Bihar,  Orissa,  Central  Provinces  and  Madras 

and  Bombay  Presidencies.  The  subspecies  brevipunctata  is  listed 
from  the  same  areas  as  well  as  from  Bengal.  H.  kumari  is  also 

known  from  the  first  localities  and  Assam  and~"Punjab.  Hosts 
are  cattle,  buffalos,  horses,  goats,  sheep,  dogs,  tiger,  and 
various  kinds  of  deer. 

Sharif  (1930)  illustrated  a  specimen  of  H.  hussaini  with 
unequal  adanal  shields.  Material  from  Portugese  India  has  been 
reported  (Santos  Dias  1954J). 

Both  sexes  of  H.  hussaini  have  such  unique  morphological 
characters  that  it  is  difficult  to  comprehend  why  Delpy  (19^9B) 

placed  this  species  in  synonymy  under  H.  excavatim.  Sharif's 
(1928)  original  description  is  excellent  as  are  the  illustrations 
of  the  male.  This  sex  is  characterized  by  large,  broad  adanal 
shields,  absence  of  subanal  shields;  bright,  shiny  scutum  with 
long,  pronounced  lateral  grooves;  long,  narrow  posteromedian 

_  522  _ 



grooves,  shorter  and  wider  paramedian  grooves;  rarity  of  punctations 
that  are  widely  scattered  over  scutal  surface  but  usually  arranged 
in  lines  bordering  the  posterior  grooves,  and  small  size  (less  than 
3.00  ram.  long  and  2.00  ram.  wide). 

The  female  also  has  a  smooth,  shiny  scutum  with  few  punctations,. 
those  present  are  similar  to  those  of  the  male.  Porose  areas  of  the  //; 
females  at  hand  are  notably  large  and  distinct.  The  genital  apron 
is  unique  in  that  it  is  divided  by  a  medioposterior  depression  that 
is  either  a  narrow,  median,  posterior  groove  or  expanded  posterior- 

ly to  include  the  posterior  periphery.  In  outline  the  genital  apron 
is  subrectangular  to  subtriangiiLar,  in  profile  it  is  more  or  less 
gradually  depressed  posteriorly.  The  female  size  unengorged  is 
only  slightly  greater  than  that  of  the  male. 
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HYALOMI'lA  SCHULZEI  Olenev,  1931(B). 

(Figures  202  and  203,337  and  338) 

THE  NEAR  EASTERN  CAI'lEL  HYALOl-H-'Jl 

H.  schulzei  a  hyalomma  of  restricted  geographical  range,  appears 
from  male  characters  to  be  a  giant  relative  of  H.  dromedarii .  The  fe- 

male genital  apron,  however,  differs  so  greatly'from  that  of  H.  drome- darii that  the  relationship  of  these  two  species  does  not  appear  to 
be  actually  so  close  as  previously  considered.  It  is  also  likely 
that  females  associated  by  Olenev  with  males  of  H.  schulzei  in  the 
original  description  of  the  species  included  some  specimens  of  K. 
dromedarii. 

The  geographic  range  of  H.  schulzei  extends  from  Iran  (Olenev 

1931A,B,  Delpy  1937)  and  Afgh"anistan  ̂ Anastos  195^),  through  Iraq (Hoogstraal,  ms.),  and  Palestine  (Schulze  1936C;  Kratz  19A-0,  Adler 
and  Feldman-Muhsam  194-6, 19A.8)  into  Sinai  and  the  Eastern  and  V/estern 
Deserts  of  Egypt  some  200  miles  west  of  Alexandria  (Hoogstraal,  ms.). 
It  is  absent  in  Russia  (Pom.erantzev  1950)  aJ^d  is  not  represented  in 
the  present  collections  from  Libya,  Yemen,  coastal  East  Africa,  or 
Turkey . 

Hosts  of  adults  mentioned  by  all  authors  and  represented  in  our 
collections  are  camels,  and  Pomerantzev  (1950)  adds  cattle.  Hosts 
of  immature  stages  have  not  previously  been  determined.  In  Sinai 
and  Egypt  (Hoogstraal,  ms.),  nymphs  (reared  to  adults)  have  been 

fo\ind  on  hares,  Lepus  capensis  subsp.,  and  fat  sandrats,  Psammom^'s 
o.  obesus.  Unfed,  newly  molted  adults  have  been  taken  from  bur- 

rows of  jirds,  Heriones  c.   crassus. 

The  male  is  large  and  when  engorged  measures  up  to  8,00  mm. 
in  length  and  7.00  ram.  in  width.  The  extreme  width  is  due  to  con- 

siderable lateral  stretching  of  the  integument  during  feeding;  vin- 
engorged  specimens  are  approximately  ^.00  mm.  wide.  The  scutum 
of  specimens  at  hand  and  previously  described  has  parallel  lateral 
margins  while  those  of  H.  dromedarii  are  usually  convexly  arched. 
The  palpi  of  available  specimens  are  notably  short  and  robust; 
the  parraa  is  subr octangular;  in  H.  dromedarii  it  is  typically  tri- 

angular. The  most  notable  distinction  between  the  two  species  is 
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the  short,  alnost  tailless,  female- type  spirac\alar  plate  of  the 
male  H.  schulzei  that  is  usually  surrounded  by  numerous  hairs. 

This  type  of  spiracular  plate  is  found  in  the  male  of  no  other 

species  in  the  genus.  ̂ An  approach  to  this  spiracular  form 

occurs  in  "H.  scupense" ;  see  page  /U-S^  In  other  characters, 
these  two  species  are  similar. 

Females  of  these  two  species  are  also  superficially  similar 

but  the  genital  apron  of  H^  schulzei  is  considerably  different 
and  the  scutum  (of  available  specimens)  is  slightly  more  elongate 
than  that  of  H.  droraedarii.  The  genital  apron  is  subrectangular 

with  slightly"~convex  anterior  and  posterior  margins  and  rovinded 
junctxrres;  this  convexity  is  increased  with  extreme  engorgement. 
In  profile,  the  apron  is  flat  when  unengorged  but  after  feeding 
it  protrudes  and  is  markedly  depressed  posteriorly.  The  female 
is  illustrated  herein  in  the  APPHTOIX  (PLATE  XIXC)  inasmuch  as 

distinguishing  features  were  recognized  only  near  the  termination 

of  the  present  study  after  other  illustrations  had  been  numbered. 

Delpy  and  Adler  and  Feldman-l'tuhsam  did  not  describe  the  female 
genital  apron  of  the  meagre  aiODunt  of  material  available  to  them. 
The  short,  wide  scutal  outline  with  a  bluntly  rounded  posterior 

margin,  as  illustrated,  is  similar  in  all  available  specimens 

and  corresponds  to  that  delineated  by  Pomerantzev  (1950).  Other 
workers  however,  have  shovm  it  as  more  elongate  and  with  the 

posterior  margin  gradually  converging  to  a  fairly  narrow  point. 
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Figures  20^  and  205,  <?>  dorsal  and  ventral  views 
Figures  206  and  207,  5,  dorsal  and  ventral  views 

A,  Q,  genital  area,  unengorged.  B  to  H,  $,  genital  apron,  outline. 
B  and  C,  unengorged.  D  and  E,  slightly  engorged.  F  to  H,  moderately 

engorged.  J,  c?,  Leg  III,  dorsolateral  view  to  show  enamelling. 

HYALQ^IMA  TURAInIICUM 
South  African  Karroo  Specimens  Reared  by  Dr.  G.  Theiler 

PLATE  LIX 
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HIALCM^A  TURANICUM  Pomerantzev,  19^.6 

(=  H.  RUFIFES  GLABRUM  Delpy,  19A9) 

NEW  NAME  CCMBINATION 

(Figures  204  to  207) 

THE  ENAME[^LEGGED  HYALCMMA 

H.  tiiranic\3m,  is  considered  by  South  African  and  French  work- 
ers as  a  subspecies  of  H.  rufipes  and  by  Russian  workers  sis  a  sub- 

species of  H.  marginatiim  ̂ a  H.  plumbeum  of  Pomerantzev). 

The  specific  entity  of  H.  glabrum  has  been  de:x)nstrated  in 
laboratory  rearings  by  Theiler,  who  has  kindly  provided  material 
for  the  present  study  and  has  provided  a  manuscript  (Theiler  1956) 
on  distribution  and  ecology  in  South  Africa  for  use  herein  in  ad- 

vance of  her  own  publication. 

H.  ttiranicum  (■  H.  glabrum)  appears  to  have  been  introduced 
into  the  arid  South  ilJrican  Karroo  on  Persian  sheep.  It  is  un- 

known elsewhere  in  Africa.  Persian  sheep  were  originally  intro- 
duced into  South  Africa  in  1872,  having  been  purchased  from  a 

ship  from  the  Mediterranean  then  anchored  in  Table  Bay  (Lounsbury 
190/JE).  Subsequently  others  were  iii^xtrted  from  Aden.  The  exact 
locality  from  whence  any  of  these  importations  originated  does 
not  appear  definitely  to  be  known.  A  number  of  flocks  were  scat- 

tered about  South  Africa  at  the  time  (190A)  Lounsbury  reported 
their  high  degree  of  immunity  to  heartwater. 

H.  rxafipes  glabnim  was  briefly  described  by  Delpy  (19/+9A) 
from  material  reared  from  females  from  Karroo  sheep  sent  to  him 
by  Theiler.  The  source  of  this  material  has  been  identified  in 
correspondence  with  Dr.  Delpy  and  Dr.  Theiler;  it  is  not  found 
in  the  literature.  Subsequently,  Delpy  (19490,1952)  indicated 
that  H.  rufipes  glabrum  is  a  poorly  known,  two  host  tick,  that 
it  also  occurs  in  Iran,  and  that  it  is  not  of  considerable  im- 

portance in  the  transmission  of  bovine  theileriasis,  Theileria 
annulata.  This  species  occurs  in  southern  Russia  (Pomerantzev 
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1950j  as  H.  plimibeTim  turanicum)  and  a  single  specimen  has  been  coL- 

lected  in''Afghanistan  (Anastos  195^j  as  H.  rufipes  glabrum) . 

H.  marginatum  tiiranicum  Pomerantzev,  1946  /subsequently  (1950) 
considered  as  a  subspecies  of  H.  plumbeum  by  the  same  author  7  is 

obviously  the  same  tick  as  H.  rufipes  glabrum  Delpj'',  1949.  Tt  is 
necessary,  therefore,  to  give  the  Soviet  name  priority.  There  is 
no  biological  reason  or  taxonomic  utility  for  considering  H. 

turanicim  as  a  subspecies  of  any  species.  Theiler  (1956)  "continues to  apply  the  name  H.  glabrum  to  South  African  populations  of  this 

species.        " 

Rousselot  (1951)  reported  H.  rufipes  glabrum  from  French  West 
Africa  but  omitted  it  from  his  T953B  work,  apparently  after  having 
reconsidered  the  identification  of  pertinent  material.  Villiers 
(1955)  also  used  this  name  for  material  from  the  same  area.  It 
is  assumed  that  these  data  refer  actually  to  H.  rufipes. 

Fonesca,  Pinto,  Colaco,  Oliveira,  Branco,  da  Gama,  Scares 

Franco,  and  Lacerda  (1951)  reported  "H.  rufipes  glabrata"  from 
Portugal,  but  Theiler,  who  has  seen  their  material,  states  (cor- 

respondence) that  it  is  an  entirely  different  species,  probably 
H.  marginatum. 

According  to  Pomerantzev  (1950)  the  biology  of  H.  turanicum 

was  reported  in  1945  by  Lototsky,  pp.  69-130,  but  it~has  been impossible  to  secure  further  details  for  the  present  study.  The 
distribution  of  this  tick  is  stated  to  be  southern  Khazakstan, 
Middle  Asia,  and  Iran.  To  this  range,  the  South  African  Karroo 
and  Afghainistan  should  be  added. 

Where  it  occurs  in  the  Soviet  area,  H.  turanicum  ranges 
through  a  number  of  altitudinal  zones.  I^  lives  in  tugai  meadows, 
in  semidesert,  and  in  low  areas  of  fields  at  the  base  of  hills 
and  on  mountain  slopes  to  the  wooded  belts.  Adult  hosts  are 

"large  and  small  horn- bearing  animals",  especially  cattle,  and 
also  horses.  A  single  Afghanistan  male  was  taken  from  a  camel 
(Anastos  1954).  Immatiire  stages  attack  birdsj  these  hosts  are 
listed  below  and  those  most  commonly  infested  are  preceded  by 
an  asterisk. 
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Alectoris  kakelik  kakelik  (?=  A.  graeca  falki) ,  Chukar  partridge 

Phasianvis  chrysomelas  bianchii"' (=  P.  colchicus  bianchii) ,  Ring- 

neck  pheasant  
" 

Columba  livia  neglecta,  Rock  dove 
Coliimba  eversmanni,  Eastern  stock  pigeon 
Streptopelia  tixrtur  arenicola,  Turtle  dove 
Neophron  percnopterus,  Egyptian  vulture 

Coracia's  garrulus,  Roller Kerops  persicus,  Iranian  beeater 
Upupa  epops,  Hoopoe 
Sturnus  vulgaris  dresseri,  Starling 
Pastor  roseus,  Rosy  starling 
Carduelis  carduelis  subcaniceps,  Goldfinch 
Passer  domesticus  bactri anus,  House  sparrow 

^Passer  montanus  zaissanensis.  Tree  sparrow 
Miliaria  calandra  buturlini  (=  Bnberiza  c.   butiirlini) ,  Corn  bunting 
Bmberiza  stevarti,  White-capped  bunting 

*Emberiza  buchanani  huttoni ,  Grey- necked  bunting 
Bmberiza  icteric a7  Red- headed  bunting 

^lelanocorypha  calandra,  Calandra  lark 
Galandrella  acutirostris,  Oriental  short-toed  lark 

*Alauda  gulgula  inconspicua.  Oriental  sky  lark 
Anthus  campestris  griseus,  Tawny  pipit 
Sitta  tephronota,  Rock  nuthatch 

Lanius~ininor ,  lllesser  grey  shrike Lanius  collurio  isabellinus,  Red- backed  shrike 
Phylloscopus  nitidus  viridanus,  Greenish  willow  warbler 
Sylvia  curruca,  Less er  whitethro at 

Sylvia  althaea,  Hume's  lesser  whitethroat 
Saxicola  torquata,  Stone  chat 
Oenanthe  capi strata,  White-headed  chat 

Oenanth'e  opistoleuca,  Strickland's  chat Phoenicurus  ochruras  phoenicuroides ,  Black  redstart 

Russian  adults  feed  during  the  warm  period  of  the  year,  com- 
mencing late  in  March  in  the  valleys  and  at  the  end  of  April  or 

early  in  May  in  the  mountains.  Maximum  infestations  occur  during 
the  warm  summer  period.  The  duration  of  the  life  cycle,  period 
of  most  active  attack  by  larvae,  and  seasonal  dynamics  are  not 
completely  known.  The  overwintering  period  is  seven  months. 

Lototsky's  experimental  observations  are  as  follows:  The  female 
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remains  quiescent  for  28  days  between  terminating  feeding  and  com- 
mencing oviposition.  Eggs  hatch  after  36  daysj  larvae  and  nymphs 

each  feed  for  eight  days.  Twenty-foixr  days  after  feeding,  nymphs 
molt  to  adTilts.   (See  also  Tselishcheva  1953). 

The  ecology  and  distribution  of  H.  turanicum  (s  H.  glabrum) 
in  southern  Africa  are  described  by  fEeiler  (195fc>).  It  is  present 
only  in  the  Karroo  areas  of  the  eastern  Cape,  western  and  south- 
western  Cape,  the  Cape  midlands,  and  the  Brokenveld  of  southern 
Orange  Free  State,  but  absent  elsewhere  in  the  Union  and  in  Basu- 
toland,  Namaqualand,  Bvishmanland ,  Bechuanaland,  and  Southwest 
Africa.  Although  this  tick  exists  in  areas  with  as  little  as 
0.5  inches  of  annual  rainfall,  it  is  more  common  where  five  to 
ten  inches  of  rain  falls  annually.  It  is  absent  in  areas  with 
over  fifteen  inches  of  anntial  rainfall,  in  winter  rainfall  areas, 
and,  with  a  single  exception,  where  rain  is  distributed  throughout 
the  year.  South  African  cold  and  heat  do  not  appear  to  restrict 
the  range  of  H.  turanicum  inasmuch  as  it  is  found  in  areas  with 
up  to  150  days  of  frost  per  year.  This  is  the  only  Hyalomma  in 
localities  where  snow  occurs  in  South  Africa.  Karroo  type  vegeta- 
tion  areas  including  those  mixed  with  Mesembrianthemum,  sourveld 
grass,  and,  to  a  lesser  extent,  sweetveld  grass  support  H.  turanL- 
cum.  It  is  absent  in  all  forests,  parklands,  greisslands^  and  other 
desert  thorn,  succulent,  and  grass  areas.  Adults  are  active  during 
the  summer  and  in  some  localities  during  the  entire  year. 

Peirvomaisky  (19^^.9)  tmsuccessfully  attempted  the  rearing  of 
a  full  Fi  generation  from  parthenogenetic  females  of  H.  turanicum. 

Neitz  (1954)  was  tinable  to  achieve  transmission  of  the  virtis 
of  sweating  sickness  of  cattle  in  South  Africa  by  means  of  H. 
turanicum  (=  H.  rufipes  glabrum) ♦  As  already  noted,  Delpy  Tl952) 

indicated  tha^  this  tick  is  "not  of  considerable  importance*  in 
transmission  of  bovine  theileriasis,  Theileria  annulata,  in  Iran. 

The  vertical  rings  of  the  leg  segments  of  both  sexes  of  H. 
tiiranicum  are  usually  not  so  contrasty  as  they  are  in  H.  rufipes 

but  the  middle  segments  of  the  two  pairs  of  hind  legs  "show  a dorsal  enamelling  not  found  in  H.  rufipes;  this  is  especially 

distinct  in  dry  specimens.  The^circumspiracular  area  of  neither 
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sex  is  pilose  and  the  scutal  punctations  are  not  so  dense  as  in 
H.  rufipes,  except  in  the  scapxilax  area.  There  is  some  variation 
Tn  density  of  scutal  punctations  and  both  sexes  may  resemble  ex- 

ceptionally heavily  punctate  individuals  of  H.  marginatum;  leg 
characters,  however,  readily  distinguish  them.  The  scutum  is 
usually  more  leathery  and  not  so  black  as  in  H.  rufipes .  The 
female  genital  aperture,  although  vmusually  variable,  is  much 
like  that  of  H.  marginatum  (page  4-78)  and  considerably  different 
from  that  of  T5.  rufipes .  The  various  outlines  of  the  genital 
apron  in  avedTable  material  are  illustrated  in  Figure  207  A  to 
H. 

These  notes  are  made  from  material  reared  and  presented 
by  Dr.  G.  Theiler  and  from  a  small  number  of  field  collected 
specimens  from  Iran.  A  more  extensive  comparative  study  of 
larger  amounts  of  reared  and  field  collected  specimens  is 
indicated. 

Theiler 's  laboratory  rearings  show  the  specific  entity  of 
this  species.  Consideration  of  H.  turanicum  as  more  closely 

related  to  H.  marginatiam  than  to~H.~rlifipes  appears  justified. 
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Figures  208  and  209,  o",  dorsal  and  ventral  views 
Figures  210  and  211,  ̂ ,  dorsal  and  ventral  views 

A,  2,  genital  area. 

HYALg^lA  ?SPffiIES 

French  Somali land  Specimens 
Hoogstraal  Collection 

PLATE  LX 
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HYALCMMA  ?SPn]IES 

(Figures  208  to  211) 

The  exact  statxis  of  this  form  is  imcertain.  Since  first 
mentioned  from  French  Somaliland  (Hoogstraal  1953D),  a  small 
amoxint  of  additional  material,  all  from  camels  in  the  Somali 
biotope,  from  British  Somaliland  and  Gebel  Elba  of  southeastern 
Egypt,  has  been  seen.  An  attempt  will  be  made  to  obtain  living 
material  for  rearing  studies  in  order  to  define  the  morphological 
characters  and  taxonomic  position  of  this  form,  both  sexes  of 
which  resemble  extreme  variations  among  other  species.  The  con- 

sistency with  which  males  and  females  of  this  form  are  found  to- 
gether throughout  coastal  eastern  Africa  north  of  the  equator 

arouses  suspicion  that  this  is  a  distinct  genetic  entity. 

The  male  subanal  shields  lie  directly  posterior  of  the  cen- 
tral axis  of  the  adanal  shields;  the  scutum  has  ©iaaracters  in 

common  both  with  heavily  pionctate  H.  marginatiim  and  H.  impeltatum. 

The  female  scutum  is  also  similar  "^o  that  of  both  of  these  species 
but  the  genital  apron  is  like  that  of  K.  dromedarii  although  more 

depressed  posteriorly.  The  outline  of^this  apron  in  the  specimen 
illustrated  (Figure  211 )  represents  the  maximum  width  of  this 
structure  observed  among  available  material;  in  other  specimens 
it  is  more  narrowly  and  elongately  triangtilar,  as  in  H«  drome- 

darii. The  apron  is  not  flanked  by  two  lobes  as  in  hT  impeltatum, 
and  its  profile  differs  greatly  from  that  of  H.  impeTtatum. 
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I XODES 

INTRCDUCTION 

Ixodes  ticks  are  highly  specialized  in  their  habits.  They 
frequently  parasitize  small  or  seldom-examined  hosts  and  are  so 
small  themselves  that  they  are  easily  overlooked.  Of  some  twenty- 
five  species  in  Africa,  six  occur  in  the  Sudan.  Only  sixteen 
specimens  of  the  whole  genus  have  been  collected  in  the  Sudan, 

all  but  three  of  these  by  the  writer.  This  paucity  "of  material 
is  in  striking  contrast  to  Kenya,  Cameroons,  and  Nigeria,  where 
careful  collecting  is  fairly  productive  for  several  species. 

Phylo genetic ally,  Ixodes  ticks  occupy  a  solitary  position  as 
a  xmique,  highly  specialized  branch  from  proixodoidea  stock.  Sev- 

eral exceptional  morphological  characters  may  be  seen  easily  by 
comparison  of  Ixodes  illustrations  vrith  those  of  other  genera. 
The  absence  of  eyes  in  this  genus  is  believed  by  some  to  be  a 
primitive  character  and  the  sexual  dimorphism  of  the  raouthparts 
is  unparalleled  in  other  ixodid  ticks. 

Intraspecific  variation  in  the  African  Ixodes  fauna  is  still 
poorly  understood  because  only  small  araoimts  of  material  from  many 
localities  are  available  and  probably  also  because  these  variations 
do  not  conform  to  those  typically  expected  in  ticks.  Dr.  D.  R. 

Arthvir  of  King's  College,  University  of  London,  is  presently  linder- 
taking  an  exhaustive  stiidy  of  this  subject. 

Biologically,  ticks  of  this  genus  offer  a  wide  field  for  re- 
search; their  habits  differ  from  all  others.  To  el\icidate  this, 

Nuttall  (1911A)  erected  the  following  biological  criteria  for 
Ixodes  ticks: 

I.  Species  in  which  both  male  and  female  occur  on  the  host. 

(a)  Species  in  which  the  sexes  are  found  in  copula 
on  the  host  (usually  on  wandering  hosts). 

(b)  Species  in  which  the  sexes  are  found  near  each 
other  on  the  host  (on  either  wandering  or  fixed 
habitat  hosts). 
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II.  Species  in  which  only  females  are  foimd  on  the  hosts, 
and  in  which  males  may  or  may  not  be  knovm. 

Althoiigh  the  males  of  species  confined  to  the  Ethiopian  Faunal 
Region  (except  Ixodes  nairobiensis  Nuttall,  1916  and  I.  hoogstraali 
Arthur,  1955)  are  known,  their  habits  are  still  obscure. 

The  genus  Ixodes  has  been  reviewed  by  Nuttall  and  Warburton 
(1911),  to  which  important  additions  have  been  made  by  Nuttall 
(19130,1916).  The  African  representatives  of  this  genus  are  re- 

viewed by  Arthur  (ms.),  who  also  proposes  a  number  of  new  species. 

Careful  examination  of  rodents  and  other  small  animals,  and 
of  dogs  and  other  domestic  animals  will  probably  reveal  other  spe- 

cies in  the  Sudan,  especially  on  the  west  bank  of  Ekjuatoria  Prov- 
ince. Search  in  rodent  nests,  animal  lairs,  and  bat  caves  and 

retreats  shoiiLd  prove  fruitful. 

No  African  Ixodes  has  been  reported  to  transmit  human  disesises, 
but  at  least  Ixodes  cavipalpus  and  I.  rasus  are  known  to  bite  man. 
In  southern  Africa,  I.  rubicundus  is  an  important  cause  of  tick 

pareilysis  of  sheep.  "l.  pilosus,  to  which  this  condition  is  most- commonly  attributed  in  literature ,  plays  no  known  role  in  this 
affliction;  early  misidentification  was  the  cause  of  this  frei- 
quently  quoted  misstatement  (Theiler,  correspondence). 

KE?  TO  SUDAN  SPECIES  OF  liCODES 

MALES* 
1.  Legs  longer  than  body.   (From  bat 

habitats)   I.  VESPERTILIONIS 
Figures  232  and  233 

Legs  not  longer  than  body.  (Not 
from  bats)   2 

*The  males  of  I.  nairobiensis  and  of  I.  s.  simplex  are  not  known. 
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2.  Palpal  base  forming  a  lateral  pro- 
jection from  basis  capitiali,  palpi 

converging  anteriorly.  Scutum 
sharply  narrowed  posteriorly. 
(Shrew  parasite,  uncommonly  on 
other  insectivores  and  rodents)   I.  ALLUAUDI 

Figures  339  and  34.U 

Palpi  normal,  arising  from  anterior 
of  basis  capituli  and  parallel. 
Scutiom  gradually  or  bluntly  rounded 
posteriorly   3 

3.  Anal  grooves  united   I.  RASUS  SUBSP. 
Figures  ii22  and  223 

Anal  grooves  not  united  posteriorly   U 

4.  Scutum  with  faint,  shallow  puncta- 
tions   I.  CAVIPALFUS 

Figures  2lb  and  ZYl 

Scutum  with  n-umerous  large,  uneven 
ptmctations.   (Monkey  parasite)   _! .  X  HILLING  SI 

Figures  226  and  227 

FMALES 

1.  Legs  longer  than  body.      (Bat 
parasite)   I .  VESPHITILIONIS 

Figvires  234  and  235 

Legs  not  longer  than  body   2 

2.  Palpi  arising  laterally  from  basis 
capituli.  Scutum  abruptly  conver- 

ging posteriorly,  with  few  meditan 
punctationsj  cervical  grooves 
lacking;  lateral  grooves  fine   I.  ALLUAUDI 

"Figure  341 

Palpi  normal,   arising  from  anterior 
margin  of  basis  capituli   3 
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3.  Anal  grooves  horseshoe  shaped  or 
elliptical,  not  imlted  posteriorly. 

.U 

Anal  grooves  either  tmited  poste- 
riorly or  parallel  or  divergent 

posteriorly   5 

U>     Scutxim  at  least  1.5  times  as  long 
as  wide;  punctations  few  and  fine; 
lateral  ridges  distinct   .1.  NAIROBIENSIS 

Figures  220  and  221 

ScutTira  only  slightly  longer  than 
wide;  punctations  large,  distinct, 
deep;  lateral  ridges  absent   I .  SCHILLING  SI 

Figures  2Z8  and  229 

5.  Anal  groove  closed  posteriorly   I.  RASUS  SUBSP. 
FigvJes  22A  and  225 

Anal  grooves  not  closed  poste- 
riorly   6 

6.  Anal  grooves  short,  divergent  pos- 
teriorly. Basis  capituli  without 

comua  or  auriculae.  Scutal  punc- 
tations fine   I.  S.  SIMFLBC 

Figtu-es  230  and  231 

Anal  grooves  long,  parallel  poste- 
riorly. Basis  capituli  with  comua; 

auriculae  lacking.  Scutal  puncta- 
tions large   I.  CAVIPALFUS 

Figures  218  and  219 
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215 

Figures  212  and  213,  d',  dorsal  and  ventral  views 
Figxires  214  and  215,  $,  dorsal  and  ventral  views 

SPECIAL  MORPHOLOGICAL  FEATURES,  IXODES  TICKS 

PLATE  LXI 
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Figtires  216  and  217,  o',  dorsal  and  ventral  views 
Figures  218  and  219,  $,  dorssil  and  ventral  views 

IXODES  CAVIFALPUS 

Sudan  specimens 

PLATE  LXII 
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IXCDES  CAVIFALPUS  Nuttall  and  Warburton,  1908  ̂ lot  1907). 

(Figures  216  to  219) 

THE  ANGOLMI  RUSSET  TICK 

L   N   5   c?      BQiUATORIA  PROVINCE  RECORD 

1   1    Obbo    Civettictis  civetta  congica        Apr 

This  is  the  only  record  of  this  species  from  the  Sudan. 

DISTRIBUTION 

I.  cayipalpus  is  probably  more  generally  distributed  in  Africa 
than  the  following  meagre  records  for  central,  eastern,  and  southern 
Africa  indicate.  Theiler  (correspondence)  states  that  in  her  ex- 

perience, Angolan  records  are  the  most  nvmierous. 

CMTRAL  AFRICA;  BELGIAN  CONGO  (As  I.  rubicundus  limbatus; 

Neumann  1908B.  Schwetz  1927C.  Bequaert  193QA,B,193l"  Theiler and  Robinson  195 A.  Arthur,  ms.). 

EAST  ATOICA;  SUDAN  (Hoogstraal  1954B.  Arthur,  ms.). 

KENYA  (Lewis  1931B.C).  UGANDA  (Specimens  from  Lvigaga,  Ankole, 
5000  ft.  elev.,  in  EMNH). 

SOUTHERN  AFRICA;  AI^OLA  (Nuttall  and  Warburton  1908,1911. 
Sousa  Dias  1950.  Santos  Dias  1950C).  NORTHERN  RHODESIA  (Massey 
1908.  Nuttall  and  Warburton  1908,1911.  Matthysse  1954.  Theiler 
and  Robinson  1954.  Arthur,  ms.).  NYASALAND  (Nuttall  1916). 

HOSTS 

Domestic  animals;     Cattle   (Nuttall  1916,  Schwetz  1927C, 
Matthysse  19^4,  Theiler  and  Robinson  1954),  goats   (Neimann  1908B, 
Lewis  1931B),   and  sheep  (Neumann  1908B).     "Various  domestic 
animals"    (Sousa  Dias  1950). 
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Man  (Nuttall  and  Warburton  1908). 

Wild  animals:  Baboon  (Nuttall  and  Warburton  1908,  Massey  1908). 

HaxeHiewis  15515).  Waterbuck,  steinbuck,  and  hare  (Lewis  19
313). 

Duiker  (Massey  1908,  Schwetz  192X,  Bequaert  1931).  Congo  
civet 

(Sudan  record  above).  Damalisus  korrigum  ugandae  (Uganda  
material 

noted  above). 

BIOLOGY 

I  cavipalpus  belongs  to  the  group  within  the  genus  Ix
odes  in 

which'males  and  i'emales  are  usually  found  together,  not  necessar
ily 

in  copula,  on  either  a  "wandering"  or  a  "fixed  habita
t"  host  (Nuttall 

-^  Wkrburton  1911).  The  immature  stages  are  not  known.  In  A
ngola, 

Sousa  Dias  (1950)  collected  "several  females  but  only  a
  single  male  . 

Massey «s  specimens  from  a  baboon  consisted  of  two  mal
es  and  seven 

females.  In  Northern  Rhodesia,  Matthysse  (1954)  obtained  a
  few 

collections  of  adults  from  cattle  only  in  October  an
d  November. 

We  obviously  know  very  little  about  the  biology  of  I.  
cavipalpv 

DUS. 

It  appears  likely  that  this  species  inhabits  foreste
d  or  wooded 

savannah  areas  rather  than  open  savannah  country. 

DISEASE  RELATIONS 

Ixodes  cavipalpus  has  been  taken  feeding  on  a  human  ch
ild  but 

is  not  known  to  transmit  pathogenic  organisms. 

REMARKS 

Nuttall  and  Warburton' s  (1911)  key  to  Ixodes  is  confusing 
 at 

couplet  10  (male)  in  that  to  reach  I.  cavipalpus  one 
 must  consider 

coxa  I  as  having  no  spur.  A  small  spur  is,  however,  i
ndicated  on 

coxa  I  in  Nuttall  and  Warburton's  descriptions  of  this  s
pecies, 

is  present  in  our  Sudan  specimens,  and,  according  to  T
heiler  (cor- 

respondence) and  Arthur  (ms.),  occurs  on  East  African  specimens  m 

their  collections.  It  also  occurs  in  material  from  th
e  Belgian 

Congo  in  our  collection. 
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A  small  external  spur  is  also  present  on  coxa  IV  of  Theiler*s 
and  some  of  the  present  material;  on  one  specimen  no  spur  or  sign 

of  a  spiir  is  present.  Ntrttall  and  Warburton  describe  this  as  "a 
very  slight  tubercle"  in  their  specimens.  The  presence  and  size 
of  a  spur  on  coxa  IV  is  quite  possibly  subject  to  some  variation. 

Previously  it  has  been  difficult  to  differentiate  between 
Ixodes  cavipalpus  and  I.  rubicundus  Neumann,  190^..  It  is  probable 
that  niwierous  published  remarks  about  East  African  and  Congo  I. 
rubicundus  apply  actually  to  I.  cavipalpus,  as  is  true  for  all 
such  material  seen  by  Arthxar  Tins . ) ,  who  presents  a  more  complete 
description  with  adequate  criteria  for  each  species.  I.  rubicundus 
limbatus  Neumann,  1908,  is  considered  a  synonym  of  I.  cavipalpus 

on  the  basis  of  examination  of  type  material,     ~ 

Although  Nuttall  and  Warburton  in  subsequent  reports  stated 
the  date  of  authorship  of  I.  cavipalpus  as  1907,  the  actual  date 

of  issvie  of  number  U   of  voTiuik"!/.  of  the  Proceedings  of  the  Cam- bridge Philosophical  Society,  in  which  the  original  name  and  des- 
cription was  published,  was  10  March  1908.  Massey  (1908)  men- 

tioned: "Ixodes  cavipalpus,  Nutt.  &  Warb.  (sp.  nov.),"  without 
further  reference  except  that  the  material  came  from  a  baboon. 
This  obviously  referred  to  specimens  that  he  had  sent  to  Nuttall 
and  Warbxirton  who  used  them  as  type  specimens  for  the  description 
of  this  species.  The  date  of  publication  of  number  5  of  volume 
12  of  the  Journal  of  Tropical  Medicine  and  Hygiene,  in  which 

Massey's  paper  appeared,  is  2  March  1908.  Massey's  usage  of  this 
name  therefore  comprises  a  npmen  nudum. 

IDENTIFICATION 

Males  fall  in  the  group  in  which  anal  grooves  are  slightly 
divergent  posteriorly;  the  degree  of  divergence  may  be  so  slignt 
that  the  grooves  are  almost  parallel.  The  long,  ovate  scutum  is 
widest  at  midlength  and  has  only  faint,  shallow  punctations  and 
short,  divergent  cervical  grooves;  lateral  grooves  are  absent  and 
the  marginal  fold  gradually  widens  posteriorly;  the  scutal  surface 
is  glossy  and  bears  short,  fine  hairs.  Ventrally,  the  basis  capi- 
tuli  has  a  wide  V_shaped  point  medially  near  its  posterior  border. 
Coxa  I  has  a  slight  posteromedian  spur,  and  coxa  IV  has  either  a 
slight  external  tubercle,  a  small  external  spur,  or  no  tubercle 
or  spur;  the  other  coxae  are  unarmed. 
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Females  have  anal  grooves  similar  to  those  of  males.  The 

scutum  is  very  slightly  longer  than  wide;  has  a  slightly  sinuous 

posterior  margin;  dark  brown  color;  long  but  shallow  cervical 

grooves;  no  lateral  grooves;  and  numerous,  fine  punctations. 

The  basis  capituli  has  distinct  cornvia  dorsally  and  no  auriculae 

(lateral  spurs)  ventrally,  in  place  of  the  latter  is  a  rounded 

or  acutely  angled  bulge.  Coxae  I  and  IV  have  a  faint  tubercle, 

that  of  I  situated  at  the  posteromedian  point,  of  IV  externally 

near  the  posterior  margin. 

Fuller  descriptions  of  both  sexes  are  presented  by  Airthur 

(ms.).  The  immature  stages  are  unknown. 
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220 

Figures  220  and  221,  5,  engorged,  dorsal  and  ventral  views 

IXODES  NAIROBIEMSIS 

Specimen  from  Er  Renk,  Upper  Nile  Province,  Sudan  (SGC), in  poor  condition. 

PLATE  LXIII 
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IXODES  NAIROBIENSIS  Nuttall,  1916. 

(Figures  220  and  221) 

THE  RODENT  RUSSET  TICK 

L   N   $   <?     EQUATQRIA  PROVINCE  RBCOEIDS 

7  Torit        Mastonys  natalensis  ismailiae  Dec 
1  Lotti  Forest  Ifestonys  natalensis  ismailiae  Mar 

The  Lotti  Forest  specimen  was  taken  at  ̂ 500  feet  elevation. 

DISTRIBUTION  IN  THE  SUDAN 

Upper  Nile;  Er  Renk,  a  single  female  from  a  dog,  H.  H.  King 
legit,  2  July  1909.  King  (1926)  had  referred  to  this  specimen  as 
"Ixodes  rasus" .  See  OTHER  SUDAN  NOTES  under  Ixodes  rasus  ? sub- 
species. 

DISTRIBUTION 

Ixodes  nairobiensis  is  a  seldom  collected  tick  of  East  Africa 

that  ranges  as  far  south  as  Southern  Rhodesia  and  Angola. 

EAST  AFRICA;  SUDAN  (Hoogstraal  1954B). 

KENYA  (Nuttall  1916.  Bedford  1932B).  UGANDA  (Theiler,  un- 
published). 

SOUTHERN  AFRICA;  ANGOLA  (CNHM  collection,  from  near  Dundo, 

LundaTT — tWUTHlJiN  RHODESIA  (Theiler,  unpublished). 

HOSTS 

The  strange  assortment  of  hosts  listed  below  indicates  that 
there  is  much  to  learn  about  this  tick  and  that  some  records  may 
be  due  to  misidentification. 
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Femeiles 

Domestic  dogs  (Nuttall  1916.  Sudan  record  above).  Waxthog 
and  multimammate  mouse  (Mastonys )  (Bedford  193 2B).  Shrew,  civet, 
and  the  following  rodent si  rat  (Rattus  rattus);  creek  rat, 
Pelonys  fall  ax  concolor;  rock  rats,  A.e^homys  spp.;  and  groove- 
toothed  rat,  Otonys  tropicalis  pretoriae  ^Theiler,  impublished) , 
and  striped  grassmouse ,  Lemiuscomys  s.  striatus  (Angola  specimen 

mentioned  above).  ~ 

Immatxire  Stages 

Nymphs  from  raultimammate  mice  (Equatoria  Province  records 
above),  and  Aethomys  spp.  (Theiler,  unpublished).  Larvae  from 
Otomys  tropicalis  pretoriae  (Theiler,  unpublished).  Unstated 
stage  from  kusu  or  grass  rat,  Arvicanthis  abyssinicus  (Theiler, 
xinpublished). 

BIOLOGY 

The  male  is  unknown.  It  either  takes  no  blood  or  feeds  for 

only  short  periods,  and  should  be  searched  for  especially  in 
rodent  nests.  Immature  stages  have  been  collected  from  nest- 
inhabiting  rodents  and  probably  eilso  feed  on  insectivores  as 
well.  Females  parasitize  carnivores  and  the  warthog.  It  is 
noteworthy  that  Roberts  (1935)  did  not  obtain  this  tick  in  his 
survey  of  rodent-nest  inhabiting  ticks  in  the  Nairobi  area. 
See  HOSTS  above. 

DISEASE  RELATIONS 

Unstudied. 

IDEaJTIFICATION 

The  female  is  readily  identified.  The  anal  grooves  are 
horseshoe  shaped.  The  scutum  is  1.5  times  as  long  as  wide  or 
even  longer,  widest  just  anterior  of  the  midlength;  it  has  a 
moderate  number  of  mostly  fine  amd  a  few  moderate  size  puncta- 
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tions  many  of  which  give  rise  to  a  pale  hair,  distinct  lateral 
ridges,  and  a  depressed  cervical  area;  its  color  is  chestnut 
brovm.  Coxae  are  without  internal  spurs  except  on  I,  but  each 
has  a  small  basoextemal  spur.  The  auriculae  (i.e.  lateral 
spurs)  of  the  ventral  basis  capittili  are  long  and  retrograde. 

The  immature  stages  have  not  yet  been  described  and  the 
male  is  vinkno\m. 
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Figures  222  and  223,  c?,  dorsal  and  ventral  views 

Figures  22^^.  and  225,  9»  dorsal  and  ventral  views 

IXCDES  RASUS  SUBSP. 

Kenya  specimens 
For  comment  on  these  specimens,  see  REMARKS  under 

Ixodes  rasus. 

PLATE  LXIV 
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IXODES  RASUS  Neumann,  1899  (?SUBSPBCIES) 

(Figures  222  to  225) 

THE  CENTRAL  AFRICAN  RUSSET  TICK 

L   N   $   cf    BiUATORIA  PROVINCE  RBCCRD 

1    Torit    Lepus  victorieie  microtis       Mar 

This  specimen,  which  cannot  be  assigned  to  any  described  sub- 
species, is  the  only  one  of  Ixodes  rasus  actually  knovm  from  the 

Sudan. 

King  (1926)  believed  that  two  other  ticks  that  had  engorged 
on  him,  one  within  the  nostril  the  other  behind  the  knee,  while 
he  was  in  the  Yei  River  area  of  Equatoria  Province  might  have  been 
Ixodes  rasus » 

OTHER  SUDAN  NOTES 

King  (1926)  listed  Ixodes  rasus  from  Er  Renk  and  Kaka,  Upper 
Nile  Province.  The  Er  Renk  specimen,  now  in  Sudan  Government  col- 

lections, is  a  female  of  Ixodes  nairobiensis.  It  was  taken  from 
a  domestic  dog  on  2  July  1909,  by  H.  H.  King.  Nuttall  evidently 
saw  the  specimen  some  time  before  he  described  Ixodes  nairobiensis 

(1916)  because  the  label  with  this  specimen  reads  "Ixodes  rasus. 
Nuttall 's  note:  Agrees  with  cavipalpus,  but  scutum  longer" .  The 
Kaka.   specimen  is  a  poorly  preserved  nymph  that  appears  to  be  I. 

rasus  but  cannot  definitely  be  assigned  to  this  species.    ~ 

DISTRIBUTION 

The  actual  range  (and  identity)  of  subspecies  of  Ixodes  rasus 
is  unknown  (see  REMARKS  below).  The  species  is  especially  nximerous 
in  many  parts  of  West  and  Central  Africa  and  locally  common  in 
East  Africa.  Material  on  which  the  few  records  of  South  African 

specimens  are  based  should  be  restvidied. 
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WEST  AFRICA;     NIGHIIA  (Pearse  1929) .     FRENCH  WEST  AFRICA 
(Neumann  1899,1901,1911.     Rousselot  1951,1953B.     Villiers  1955). 
GOLD  COAST   (Nuttall  and  Warburton  1911.     Nuttall  1916.     Stewart 
1936). 

CENTRAL  ATOICA;     FERNANDO  PC   (Schvilze  194.3A).     CAMEROONS 
(Neumann  1899,1901,1911.     Ziemann  1912A.     Nuttall  1916.     Jo jot 
1921.     Rageau  1953.     Schulze  19A3A.    Rageau  1951,1953.     Dezest 
1953.     See  HOSTS  below).     FRENCH  EftUATCRIAL  AFRICA  (Bequaert  1931 
refers  the  type  locality  to  French  Equatorial  Africa,  not  to 
Belgian  Congo.     Fiasson  19A3B.     Rousselot  1951,19536).     RIO  MUNI 
(Nuttall  1916.     Schulze  1943A).     BELGIAN  CONGO   (See  French  Equa- 

torial Africa  above.     Neumann  1899,1901,1911.     Nuttall  1916. 
Nuttall  and  Warburton  1916.     Schwetz  192X,1932.     Schouteden  1927. 
Bequaert  1930A,B,1931.     Schoenaers  1951A.     Rousselot  1951,1953B. 
Theiler  and  Robinson  1954- ). 

EAST  AFRICA;     SUDAN   (King  1926.     Hoogstraal  195AB). 

ETHIOPIA   (Nuttall  1916). 

KENYA  (Neave  1912.     Nuttall  1916.     Anderson  1924A.     Lewis 
1931A,B,C,1939A.     See  HOSTS  below).     UGANDA  (Nuttall  and  Warbur- 

ton 1911.     Mettam  1932,1933.     See  HOSTS  below).     TANGANYIKA 
(Neumann  1899,1901,190X,1910B,1911.    Morstatt  1913.     Bequaert 
193QA.     Reichenow  19UB.     Schulze  1943A). 

SOUTHERN  AFRICA;      SOUTHERN  RHODESIA   (Nuttall  1916).     /TUNION 
OF  SdUTH  m.lCk  (Bedford  1929A,1932B.     Cooley  193A.     Some  or  all 
of  this  material  refers  actually  to  Ixodes  pilosus;     Arthur,  cor- 
respondenceJ7 

HOSTS 

The  range  of  hosts  of  advilt  Ixodes  rasus  incliodes  a  large 
variety  of  aiiimals  from  mice  and  elephant  shrews  (small  insecti- 
vores)  to  leopards,  large  antelopes,  and  domestic  dogs.  It  is 
difficult  to  determine  whether  this  tick  displays  predilection 
for  any  group  of  mammals.  The  picture  for  immatvure- stage  host 

preferences  is  equaULy  uncertain.  Whether  individual  "subspecies" 
have  characteristic  preferences  differing  from  each  other  remains 
to  be  demonstrated. 
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Published  reports  of  adults  and  iminature  stages  fo
und  together 

on  a  single  host  are  categorized  below  by  associate
d  stage  and  sex 

for  what  they  may  be  worth  in  eventually  answering 
 questions  of 

host  preferences  and  biology  of  this  species. 

Stage  or  sex  not  specified;     Domestic  cattle  fro
m  Uganda, 

leopa?riSd-3ol5^tTrd-3f??SFGold  Coast   (Nuttall 
 and  Warburton 

1911).     Domestic  sheep  from  Kenya   (Lewis  1931B}.
 

Cricetonys  emini   (giant  forest  rat),  Crocidura  sp.    (^hr^w),
 

Croridura  msAira^WS  univittatu^   (baclustriped  mouse
),  Leggada 

-^^^^^^^erWg^^r^^yTT^^m^  striatic   (striped  grass- 
mouse),  kaitu^rattus   (housTTOTTHerillus  gracilus  ange

l^ 

(gerbii)TT!^o'H5wrswinderianus   (cane  rat;    (Pearse  19
29,  ITom 

Nigeria) . 

Buffalo,  blue  duiker,  forest  or  red  duiker,  an
d  domestic  cattle 

(Mettam  1932,  from  Uganda).     Black  duiker   (Villi
ers  1955,  from 

ivory  Coast).     Warthog   (Ziemann  1912A,  from  Came
roons).     Cane-rat 

(ScSetz  192X,  from  Belgian  Congo).     Okapi   (Sc
houteden  1927,  from 

Belgian  Congo).     Impala  (Bedford  1932B  and  Coole
y  193A,  from 

South  M-rica).     Tree  hvrax.  Dendrohyrax  (Schoenaers 
 1951A,  from 

Belgian  Congo). 

Larvae  alone;     Common  on  small  and  large  birds  m  
Kenya   (stat^ 

ment  should  "BTcHecked  for  accuracy)    (Lewis  193 9A). 

Nymphs  alone;     Bdeogale  mongoose   (Schulze  19f3A,  ̂ ^"^ Jf  ga- 

nyikalPknIihIttall  1916,  from  Ethiopia).     
"Antilope  brune 

(Bequaert'T^31,  from  Belgian  Congo). 

Females  with  larvae;     Okapi   (Schwetz  192X,  from
  Belgian 

CongoT^ 

Females  with  larvae  and  nymphs;     Akeley's  suni
  or  dwarf 

antel^BTlTis^tF^c^ir^lc^atus^Te^,    (from
  Kenya;  this  female 

SS  rr^elpH^rfee-TT^i^t^TjAescription  f  I^  lasus 
cumulatimpunctatus  than  any  other  specimens  

that  I  have  seenj. 

>lole  rat,  I'acH^^ctes  sp.    (HH  legit  at  Njoro, 
 Kenya). 
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Females  with  nymphs;  Water  chevrotain,  giant  elephant  shrew, 
giant  forest  rat,  wild  pig,  mongoose,  and  domestic  dog  (Schulze 
1943A,  from  Tanganyika  and  Cameroons).  Hyrax  (Procavia  sp.) 

(Bedford  1929A,1932B,  from  South  Africa).  "Whiie  mongoose" 
(specimens  seen  by  HH,  from  Cameroons). 

Females  alone;  Domestic  dog  (Schulze  19A3A,  from  Tanganyika; 
Rageau  1951,  from  Cameroons;  Nuttall  1916,  from  Gold  Coast).  Do- 

mestic cattle  (Nuttall  and  Warburton  1911,  from  Uganda*).  Domestic 
goat  (Nuttall  1916,  from  Belgian  Congo). 

Tree  hyrax,  Dendro hyrax  ar bore us  (Bequaert  1931,  from  Belgian 
Congo).  Hyrax  (?Procaviaj  (Schwetz  192X,  from  Belgian  Congo). 
Giant  forest  rat  ̂ Cricetomys)  (Schulze  19A3A,  from  Rio  M\mi;  others 
seen  by  HH,  from  Uganda ;.  Grass  rat  (Arvicanthis  abyssinicus 
nubilans )  and  grooveL- toothed  rat  (Otomys  tropicalis  elgonis)  (spec- 

imens from  the  latter  host  closely  correspond  to  description  of 
Ixodes  rasus  cumulat imp\3nc t atTis  (HH  legit  at  Njoro,  Kenya).  Duiker 
(Bequaert  193QA,  from  Tanganyika).  Serval  from  Kenya,  pangolin  and 
bush  pigs  from  Cameroons  (Nuttall  1916),  Leopard  (Nvtttall  et  al 

1911,  from  Cameroons*).  Large  gray  mongoose  (Herpestes  cafTerT" and  slender  mongoose  ̂ yonax  cauui)  (Bedford  1932B,  from  South 
Africa) . 

Females  and  males;  '*Man  and  domestic  dog"  (Nuttall  et  al, 
from  Gold  Coast* 71  Hyrax  (Neumann  1899,  from  French  Eqviatorial 
Africa  -  not  Belgian  Congo  according  to  Bequaert  1931);  bush  pig 
(Schulze  19A-3A,  from  Tanganyika);  leopard  (Nuttall  1916,  from 
Southern  Rhodesia;  others  seen  by  HH,  from  Kenya).  Pangolin 
(Specimens  seen  by  HH,  from  Uganda), 

Males  alone;  Hare  (Sudan  record  above).  Caged  chimpanzee 
(Specimens  seen  by  HH,  from  Cameroons). 

*Stages  or  sex  not  reported  in  literature  cited,  but  determined 
from  Nxrttall  collection  in  British  Museim  (Natural  History). 
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BIOLOGY 

After  having  collected  mimerous  specimens  of  Ixodes  rasus 
from  many  small  mammals  in  Kenya,  from  sea  level  to  8000  feet 
elevation,  it  was  surprising  to  find  this  species  so  rare  in 

the  Sudan.  From  Pearse*s  (1929)  report  on  Nigerian  ectoparasites, 
I.  rasus  appears  to  be  common  on  small  mammals  there.  The  reasons 
Tor  these  considerable  differences  in  local  populations  remain  to 
be  explained. 

Nuttall  (1911)  categorized  I.  rasus  in  the  biological  group 

within  the  genus  Ixodes  in  which^males  and  females  are  usually found  together  on  a  host  that  either  wanders  or  does  not  travel 
far  and  in  the  subgroup  in  which  the  sexes  are  often  found  in 
copula  on  the  host.  Present  evidence  partially  supports  the 
inclusion  of  Ixodes  rasus  in  the  last  subgroup  ajid  careful  col- 

lecting may  subsequently  prove  that  this  species  should  be  so 
considered. 

Systematic  search  probably  will  show  Ixodes  rasus  to  be  a 
common  tick  in  many  parts  of  tropical  Africa.  Examination  of 
rodents  in  certain  areas  should  prove  fruitful.  Seeking  for 
every  tick  on  a  variety  of  animals  will  undoubtedly  reveal  a 
few,  small  inconspicuous,  weLL-hidden  Ixodes  ticks  along  with 
more  apparent,  more  numerous,  larger,  and  more  colorful  ticks 
of  other  genera. 

(Questions  concerning  the  biology  of  Ixodes  rasus  in  its 
varioiis  forms  (i.e.  subspecies)  offer  a  challenge  in  one  of  the 
most  fascinating  zoological  areas  of  the  world. 

DISEASE  RELATIONS 

Unstudied, 

RMARKS 

Schvilze   (19^1)  noted  certain  features  of  the  haller's  organ 
of  I.  rasus   (cf.   also  K.  W.  Neumann  194-3).     A  comparison  of  this 
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organ  with  that  of  other  Ixodes  species  is  presented  in  table  form 
by  Arthur  (1956B). 

Remarks  on  morphology  of  this  species  are  contained  in  papers 
by  K.  W.  Neumann.  These  have  not  yet  been  seen  and  complete  ref- 

erences are  not  available  except  for:   (19^2)  Z.  Morph.  ftkol.  Tiere, 
38(2) ;358,  362.   (Morphology  of  subcoxa  of  subspecies  cumulatim- 
lunctatus);  and  (l9i!k5)  Zool.  Jb.  (Anat.),  69(2): 286,  fig.  8.  Jakob 

T552[B7~Tncluded  this  species  in  his  review  of  the  relationship  of tick  genera  from  the  standpoint  of  comparative  morphology. 
f 

Both  sexes  are  readily  distinguished  by  their  completely  closed, 
usually  circular  anal  grooves,  an  easily  observed  character  in  all 
specimens  except  some  greatly  engorged  females  in  which  the  anal 
area  is  depressed  and  the  associated  grooves  are  difficult  to  dis- 

cern. Only  one  other  African  species,  Ixodes  ugandanus  Neumann, 
1906  (with  which  Ixodes  ampullae eus  Warbxirton,  1933,  from  Uganda 
is  quite  possibly  synonymous J,  is  known  to  have  closed  anal  grooves; 
these  are  not  circular  but  characteristically  oval  and  \mite  in  a 
slight  posterior  elongation,  I.  ugandanus  has  not  yet  been  found 

in  the  Sudan.  ~ 

Schulze  (1943A)  indicated  that  circular  anal  grooves  are  char- 
acteristic of  this  species  but  that  some  specimens  in  which  these 

grooves  are  expanded  to  a  broad  oval  outline  are  merely  atypical 
individuals  of  the  same  species.  According  to  Schulze,  the  ansuL 
grooves  of  I.  rasus  may  even  be  narrowed  posteriorly. 

Schulze  (19A3A)  differentiated  three  subspecies  of  I.  rasus 

and  one  "related  species"  as  follows:  " 

I.  rasus  rasus;  Short,  broad  palpi  and  hypostome;  retro- 

grade""atiriculae  (lateral  spurs  of  ventral  basis  capitiili);  pro- nounced single  punctations  on  scutum.   (From  Cameroons). 

1.   rasus  cvimulatlmpunc tatus :  Long,  narrow  palpi  and  hypo- 

stome"  perpendicular  auric\xlae;  and  small  scutal  punctations, some  of  which  appear  to  be  formed  of  a  small  group  of  smaller, 
contiguous  punctations.   (Tanganyika  to  Fernando  Po). 

1.   rasus  eidmanni;  The  sajne  characters  as  given  above  for 

I.  ra'sus  rasus,  but  "more  strongly  chitinized  and  darker",  and 
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denticles  of  hypostome  with  a  small  apical  "hook" ,  proximity  of 
sensory  organs  in  the  integxnnent,  and  absence  of  a  definite 

"peripheral  zone"  of  the  integiiment.   (Rio  Muni,  or  Spanish 
Guinea). 

I.  vanidicus;  Similar  to  I.  rasus  but  with  anal  grooves 

horse"shoe  shaped  or  circular  but  not  closed  posteriorly.   (Tanga- nyika to  Cameroons). 

IDENTIFICATiaN 

Meiles  are  characterized  by  circular  anal  grooves  (see  REMARKS 
above ^,  narrow  marginal  fold  beside  the  scutiun,  fairly  many  to 
niomerous  fine  scutal  punctations,  and  short  palpi  with  segments 
2  and  3  of  about  equal  length.  This  reddish  brovm  species  is 
about  2.8  mm.  long  and  1.8  mm.  wide  and  has  a  broadly  rounded 
posterior  margin.  The  tarsi  axe   usually  hximped  but  in  some 
specimens  which  otherwise  conform  to  this  description  they  are 
tapering. 

Females  also  have  closed  anal  grooves.  Their  scutal  puncta- 
tions  are  similar  to  those  of  males.  The  hypostome  and  palpi  are 
long  and  narrow  and  the  basis  capituli  ventrally  has  a  large  spur 
(auricula)  arising  from  each  latersd  margin.  The  tarsi  are  either 
tapering  or  somewhat  humped. 

Note;  As  presently  considered,  any  African  Ixodes  male  or 
female  with  circular,  closed  anal  grooves  is  I.  rasus .  Within 
the  large  amount  of  material  seen  in  various  collections  there  is 
considerable  variation  in  most  other  characters,  the  significance 
of  which  await  to  be  determined  by  Dr.  Arthur. 
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.4j^m^ 

227 229 

Figiires  226  and  227,  cf,  dorsal  and  ventral  views 
Figures  228  and  229,  $,  dorsal  and  ventral  views 

IXODES  SCHILLINGSI 

§  Sudan  specimen 
d'  Kenya  specimen 

PLATE  LXV 
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IXCDES  3CHILLINGSI  Neumann,  1901. 

(Figures  226  to  229) 

THE  COLOBUS  RUSSET  TICK 

L   N   $   cf     HJUATQRIA  PROVINCE  RBCCRD 

1      Lotti  Forest  Colobus  polykomos  dodlngae    Apr 

Lotti  Forest  is  at  4500  feet  elevation.  This  is  the  only 
record  of  this  species  from  the  Sudan.  About  a  dozen  monkeys  of 
the  same  species  examined  in  Lotti  Forest  and  at  other  places  at 
different  altitudes  in  the  same  forest  were  free  of  ticks.  An 
equal  number  of  monkeys,  Cercopithecus  mitis  stuhlmanni,  from 
Lotti  Forest  were  tickless,  as  were  numerous  specimens  of  other 
monkeys  (Setzer  1956)  examined  elsewhere  in  the  Sudan. 

DISTRIBUTION 

I.  schillingsl,  a  parasite  of  East  African  Colobxis  monkeys, 
does  not  appear  to  range  outside  of  wooded  savannah  and  forested 
areas.  It  is  the  sole  described  African  representative  of  a 
complex  of  species  occurring  in  Asia,  Madagascar,  Australia, 
and  Europe. 

EAST  AFRICA;  SUDAN  (Hoogstraal  1953E,195AB.  Arthur,  ms.). 

KENYA  (Nuttall  1916.  Lumsden  1955-  Arthur,  ms.  See  HOSTS 
below).  TANGANYIKA  (Neumann  19Ol,19O7C,1910B,1911.  Nuttall  and 
Warburton  1911.  Morstatt  1913.  Arthur,  ms.).  ZANZIBAR  (Arthur, 
ms.). 

SOUTHBIN  AFRICA;  MOZAMBIQUE  (Neumann  1919A,1911.  Nuttall 
and  Warburton  1911.  Santos  Dias  1953B) . 

HOSTS 

Man  is  parasitized  by  I.  s.  schillingsl  according  to  a  single 

record  for  a  female  tick  of''thIs  species  from  Njoro,  Kenya  (Lumsden 
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1955).  Aside  from  this,  Colobus  monkeys,  also  knovm  as  gtiereza 
or  leaf-eating  monkeys,  are  the  only  knovn  hosts.  As  stated 
below,  eill  other  records  from  different  mammals,  incliiding  man 
and  monkeys  other  than  Colobus  refer  to  vtndescribed  Ixodes  spe- 

cies or  subspecies. 

Colobus  polykomos  caudatus  (Neumann  1901,190X,1910B.  Nuttall 

and  Warburton  1911  j"  C .  polykomos  dodingae  (Sudan  record  above), 

Colobus  sp.  (Nuttall  1^1677"^ 

Anderson  (1924B)  recorded  Rattus  rattus  kLjabius  as  a  host 
in  Kenya.  Specimens  of  this  tick  species  collected  by  Anderson 
in  Kenya,  now  in  British  Museum  (Natural  History)  collections,  are 
labelled  as  from  Colobus  monkeys  and  others  bear  no  host  data 
(Arthur,  ms.).  The  rodent  host  is  believed  to  be  an  error, 

Lewis  (1931c )  listed  this  tick  from  a  duiker,  bushbuck,  and 
domestic  cattle  in  Kenya.  These  four  collections,  two  from  bush- 
bucks  and  one  each  from  the  other  hosts  have  been  examined  at 

British  MuseTxm  (Natioral  History)  and  found  to  refer  to  an  entirely 
different  species.  They  were  then  referred  to  Dr.  Arthtir,  who 
considers  them  to  be  an  undescribed  subspecies  of  Ixodes  pilosus 
(Arthur,  ms.), 

Rageau  (1953B)  reported  specimens  from  man  and  from  another 
kind  of  monkey,  Cercopithecus  (=  Lasiopyga)  cephus  cephus.  These 
represent  an  undescribed  species  related  to  Ixodes  scnillingsi 
(Arthur,  ms.). 

BIOLOGY 

This  species  is  a  parasite  of  Colobus  monkeys  and  uncommonly 
of  man.  It  is  said  to  prefer  young  hosts  and  attaches  exclusively 
to  the  eye  according  to  collecting  notes  furnished  Nexomann  (1901), 
Females  have  been  taken  from  around  the  eyes  and  ears  and  in  the 
axillae  of  eidult  Colobus  monkeys  in  Kenya  and  on  the  eyelid  of  a 
Colobus  monkey  in  the  Sudan. 

The  male  has  been  found  only  in  copula  on  the  host  (and  once 
alone  on  a  tree  trunk)  and  its  feeding  nabits  are  not  known.  Lar- 

vae, nymphs  and  both  sexes  of  adults  may  occur  on  the  same  host 
(Arthur,  ms.), 
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e- 

Extremely  few  ticks  of  any  genus  attack  primates  as  hosts  of 

predilection  (Hoogstraal  1953E).  Ixodes  schiUingsi  appears  to
  be 

one  of  these  few. 

Monkeys,  lemurs,  and  other  primates  usually  groom  themselv
es 

and  each  other  so  meticulously  that  external  parasites  have  l
ittle 

chance  of  surviving  on  them.  Certain  exceptions  should,  howev
er, 

be  noted.  When  wishing  to  examine  baboons  for  ectoparasites, 
 one 

should  choose  large,  lone  males  who  wander  separate  from  the  gr
oup 

Individual  baboon  hobos  have  yielded  as  many  as  350  ticks  (Rhipic
e. 

phalus  simus  sims)  while  others  living  in  groups  in  the  same  a
reas 

have  been  free"or"ticks  or  have  been  infested  by  only  one  or  two 

specimens.  The  striking  rarity  with  which  one  observes  easi
ly- 

visible  groups  of  Colobus  monkeys  grooming  each  other  immedx
ately 

suggests  that  because  this  practice  is  so  infrequently  indulged,
 

I.  schillingsi  has  managed  to  survive  on  this  genus  of  monkeys 

"But  not  among  others. 

REMARKS 

The  close  relation  of  Ixodes  schillingsi  to  Ixodes  lunatus 

Neumann,  1907,  a  Madagascan  parasite  of  rodents  that  also
  infests 

insectivores  (Hoogstraal  1953E),  has  been  described  by  Colas-  _ 

Belcour  and  Grenier  (19^2)  who  consider  that  these  two  tick
s  might 

be  regarded  as  related  subspecies.  The  features  of  th
e  haller«s 

organ  of  I.  schillingsi  are  Usted  in  a  table  by  Arthur  (19
56B;. 

IDOTTIFICATKai 

Males  are  easily  recognized  among  the  African  Ixodes
  fauna 

by  th'eToIlowing  characters :  Anal  grooves  racket- shape
d  (ante- 

riorly slightly  wider  than  "horseshoe  shaped"),  not  closed
. 

Legs  normal  length,  but  fourth  pair  comparatively  long
,  coxae 

with  first  three  pairs  bearing  a  small  internal  spu
r  posterior- 

ly, coxa  IV  with  a  small  external  spur.  Scutum  with  
one  lateral 

fold,  convex,  with  many  large,  subequel  punctation
s.  Basis 

capituli  with  a  sharp,  pointed  posteromedian  spur  v
entrally. 

Measures  about  2.3  mm.  long  and  l.U  mm.  wide. 
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Females  have  elliptical,  open  anal  grooves.  Coxa  I  has  a 
concave  posterior  border  prolonged  internally  to  a  long  spine 
and  external Ty  to  a  shorter  spine.  The  scutum  is  longer  than 
broad,  broadest  at  anterior  third;  it  lacks  lateral  grooves, 
has  niunerous  deep,  xmiform  punctations,  and  its  cervical  grooves 
diverge  from  the  anterior  third  and  are  deeper  posteriorly  than 
they  are  anteriorly.  The  basis  capituli  ventrally  has  pointed, 
retrograde  spurs  (aviriculae).  Total  length  of  gorged  specimens 
may  reach  7.0  mm. 

The  nymph  has  been  described  and  figured  by  Nuttall  and 
Warburton  (1911).  The  larva  is  described  by  Arthur  (ms.),  who 
also  redescribes  the  nymph  and  both  sexes  of  adults. 
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Figures  230  and  231,  $,  dorsal  and  ventral  views 

IXODES  SIMFLEK  SIMPLEK 

Kenya  specimen 

PLATE  LXVI 
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IXODES  SIMPLEX  SIMPLSiC  Neumann,  1906. 

(Figures  230  and  231 ) 

THE  SHORT-LEGGED  BAT-RUSSET-TICK 

L   N   9   cf    ECkUATORIA  PROVINCE  RECORD 

1  Katire   Rhinolophus  clivosus  zambesiensis  May  (CNHM) 

Katire  is  at  3500  feet  elevation  in  the  Imatong  Mountains.  The 
tick  noted  above  was  sent  for  identification  after  having  been  re- 

moved at  Chicago  Natural  History  Museum  from  a  host  collected  by 
Mr.  John  Owen.  This  is  the  only  record  of  this  species  from  the 
Sudan. 

DISTRIBUTION 

The  subspecies  simplex  has  a  wide  distribution  throughout 
the  warmer  parts  of  the  Old  World.  In  Africa,  it  is  thus  far 

known  only  from  the  Sudan,  Kenya  ̂ where  the  only  other  subspecies, 
africanus  Arthur,  1956(A),  also  occurs  7>  and  the  Union  of  South 

Africa .  Elsewhere ,  it  is  found  in  the~Near  East,  southern  Europe, and  Asia  from  Shanghai  to  Japan.  A  larger,  closely  related  South 
African  form  has  been  noted  by  Arthur  (1956A)  as   Ixodes  sp.  incer- 
tae. 

Africa 

/"CENTRAL  AFRICA;  BELGIAN  CC»JGO.  The  subspecies  mentioned by  Bequaert  (193 UB, 1931)  is  not  now  certain.  Records  from  French 
Equatorial  Africa  (Neumann  1906,1911,  and  Nuttall  and  Warbvurton 
1911),  refer  actually  to  material  from  Kashmir  or  a  neighboring 

country  in  southern  Asiaj  cf .  Arthur  (1956a)_j7 

EAST  AFRICA;  SUDAN  (As  I.  simplex:  Hoogstraal  1954B.  As 
1.   simplex  simplex;  Arthur  1956AJ. 

KENYA  /Krthvir  1956A.  Note;  I.  simplex  was  listed  by  Love- 
ridge  (I936S)  from  Kenya;  his  specimens,  from  Mt.  Elgon,  are  not 

-  563  - 



avfiiilable  for  subspecies  determination.  Material  from  the  crater 
of  Mt.  Menengai  (HH  legit)  recently  has  been  described  by  Arthur 
(I956A)  as  I.  simplex  africanus  7. 

SOUTHERN  AFRICA;  UNION  OF  SOUTH  AFRICA  /"Arthur  (1956A) . Note;  According  to  Bedford  (1932B),  the  record  of  I.  pilosus 

howardi  from  a  bat,  reported  by  Howard  (1908),  may  "Be  I.  simplex, but  the  material  is  not  now  available  and  the  subspecies  or  spe- 
cies cannot  be  determined.  The  specimens  referred  to  as  I. 

simplex  by  Zumpt  (1950B)  have  not  been  reexamined.  A  clolely 
related  species  or  subspecies,  of  uncertain  taxonomic  status, 

is  noted  by  Arthur  (1956A)  from  the  Irene  caves  near  Pretoria_y. 

/'?NORTH  AFRICA;  Specimen  with  this  designation  noted  by 
Arthii?  (TOT7T7   

Near  East 

PALESTINE  (Arthur  1956A). 

Europe 

GREECE  (Schulze  1937B.  Pandazis  19^7.  Arthur  1956A). 
FRANCE  (Arthur  1956A). 

Asia 

"KASHMIR  CR  A  NEIGHBORING  COUNTRY"  /"Type  locality  according 
to  Arthur  (1956A)  7-  CHINA  (Neumann  19C)6,1911.  Arthur  1956A). 
JAPAN  (Kishida  1930.  Arthur  195^^). 

HOSTS 

Bats  known  to  be  hosts  of  I.  simplex  simplex  or  of  "I. 
simplex"  axe  those  of  the  genus^^Rhinoiophus,  family  RhinoTophidae , the  horseshoe  bats:  Miniopterus ,  long-fingered  bats  (all  pre- 

viously vinreported);  and  iVotis,  mouse-eared  bats.  Both  latter 
genera  are  in  the  family  Ve spert ilionidae  and  both  families  are 
in  the  suborder  Microchiroptera  (insectivoroiis  bats). 
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(=  geoffroyi  auger*)  according  to  Bedford  (193^) .' clivosus  zambeslensis  (Sudan  record  above). 

Myotis  (=  Vespertilio)  sp.  (Neumann  1906).  Myotls  tric^or 
(Bedford  193 2B>,  and  Irene  caves  material  mentioned  under  SOUTH 
AFRICA,   above .  Myotis  macrodactylTJS  (Arthur  1956A) . 

Miniopterus  natalensis 

(subsp.  probably  japoniae"^ schreibersi  (Arthur  195feA.) . 

Miniopterus  natalensis  arenarius  and  Miniopterus  schreibersi 

(subsp.  probably  japoniae"^  from  Japan,  M.  schreibersi  and  M.  s. 

BIOLOGr 

Aside  from  the  fact  that  larvaa,  nyn^ihs,  and  females  are  taken 
on  bats,  nothing  is  known  concerning  the  biology  of  I.  simplex. 
Males  either  do  not  take  blood  or  feed  very  rapidly  and  quickly 
secrete  themselves  thereafter;  they  sho\ild  be  searched  for  in  re- 

treats frequented  by  bats.  Ixodes  simplex  is  widely  spread  through 
the  tropics  and  temperate  climates  of  the  world  and  must  be  an  uru 

comnonly  adaptable  tick.  Its  hosts'  ability  to  fly  undoubtedly 
accounts  in  part  for  the  great  range  of  this  species. 

DISEASE  RELATIONS 

Unknown. 

RIMARKS 

The  haller*s  organ  of  both  subspecies  of  I.  simplex  is  like 
that  of  I.  vespertilionis  (Arthur  1956b). 

*I  am  indebted  to  0.  0.  Sanborn,  Curator  of  Mammals  at  Chicago 
Natural  History  Musexim,  and  an  outstanding  authority  on  bats, 
for  checking  the  bat  host  neimes  in  this  section. 
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IDENTIFICATION 

Females  are  readily  separated  from  those  of  the  only  other 
knovm  bat- infesting  species  of  this  genus,  I.  ve spertilioni s  ty 
the  fact  that  I .  simplex  has  normal-length  Tegs,  although  the  last 

pair  is  longer"than  usual  (all  pairs  of  legs  of  I.  vespertilionis are  exceedingly  long).  Anal  grooves  are  short  and  divergent.  The 
scutum  is  slightly  longer  than  broad,  has  gently  curved  postero- 

lateral margins,  and  converging  anterolateral  margins;  widely 
scattered,  subequal  punctations,  shallow  cervical  grooves,  no 
lateral  grooves;  its  color  is  brownish,  reddish,  or  yellowish. 
The  basis  capituli  is  triangular,  without  comua  or  auriculae. 
Coxae  are  flat  and  without  spurs.  For  a  fuller  description,  see 
Arthur  (1956A). 

Msiles  are  unknown.  Immature  stages  are  described  by  Arthur 

(195^77" 
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Figures  232  and  233,  c?,  dorsal  and  ventral  views 

Figures  234  and  235,  9,  dorsal  and  ventral  views 

HOPES  VESPglTILIONIS 

English  specimens,  d  loaned  by  British  Museum 

(Natural  History).  $  loaned  by  Dr.  D.R.  Arthur 

PLATE  LXVII 
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IXODES  VESPERTILIC^IS  Koch,  18AA. 

(Figures  232  to  235) 

THE  LONG-LEGGED  BAT-RUSSET  TICK 

L   N   5   cf      SJUATORIA  PROVINCE  RBCCRD 

1  Torit     Bat,  unidentified  Feb 

This  is  the  only  specimen  of  I.  vespeirbilionis  knovm  from  the 
Sudan. 

DISTRIBUTICM 

I.  vespertiliords  is  widely  distributed  in  the  Old  World  and 
is  kniovm  from  scattered  areas  in  Africa  where  search  will  probably 
reveal  numerous  new  locality  records. 

The  distribution  of  I.  vespertilionis  was  first  summarized  by 
Nuttall  and  Warburton  (l^Il)  and  later,  more  extensively,  by 
Neunann  (I9l6).  The  present  distributional  summary  is  based  on 
the  latter  paper,  with  only  subsequent  reports  added.  More  recent- 

ly, Arthur  (1956A)  has  broxight  these  records  up  to  date. 

Africa 

NORTH  AFRICA;  ALGERIA  (Neumann  1916.  Hirst  1916.  Nuttall 
1916.  Senevet  1937).  MOROCCO  (Arthur  1956A). 

EAST  AIRICA;  SUDAN  (Hoogstraal  195AB.     Arthur  1956A). 

UGANDA  (Arthur  1956A).  KENYA  (HH  collecting  in  crater  of 
Mt.  Menengai). 

SOUTHHIN  AFRICA;  UNION  OF  SOUTH  AHIICA  (Arthur  1956A.  See 
NOTE  five  paragraphs  below. 
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Europe 

GIBRALTAR  (Neumann  1916).  PORTUGAL  (Hirst  1916).  SPAIN 
(Neumann  1916.  Schulze  1927.  Gil  Collado  1936,1938,19^8).  FRANCE 

(Neumann  1916.  Hirst  1916.  Jeannel  1926.  Schulze  1927.  Senevet" 
1937.  Gooreman  195/tk,B.     Lamontellerie  1954-.  Arthur  1956A).  GSl- 
MANY  (Neumann  1916.  Schulze  1923B, 19-^5 .  Schulze  and  Schlottke 
1929).  SWITZERLAND  (Arthur  1956A).  AUSTRIA  (Neumann  1916.  Nuttall 
1916).  BRITISH  ISLES  (Neumann  1916.  Nuttall  1916.  Hirst  1916. 
MacLeod  1939.  Arthur  1948,1953A,1956A).  BELGIUM  (Bequaert  1913. 
Schmitz  and  Beq\xaert  19H.  Leruth  193 9B.  Gooreman  1951).  LUXat- 
BURG  (Leruth  193 9B).  NETHERLANDS  (van  E^mdhoven  1939,1953). 
ITALY  (Neumann  1916.  Tonelli-Rondelli  1930A).  SARDINIA  (Kohls, 
correspondence).  GREECE  (Schulze  1936.  Pandazis  194-7.  Arthur 
1956A).  HUNGARY  (Neumann  1916.  Hirst  1916.  Kotlan  1921A,B). 
CZECHOSLOVAKIA  (Neumann  1910C.  Rosicky  1953).  BULGARIA  (Schxilze 
1927).  YUGOSLAVIA  (Nevimann  1916.  Oswald  1939).  RCMANIA  (Leruth 
1939A.  Gooreman  1951).  CRETE  (Hirst  1916). 

/"NOTE:  Schulze  (1927)  listed  a  nymph  from  Rhlnolophus 
hipposiderus  (sic)  (?ferrum,eqTiinum)  at  "Zelebor"  C ?Europe ) . 

Near  East 

TURKEY  (Arthur  1956A).  PALESTINE  (Arthur  1956A).  IRAN 
(Olenev  1927,1931.  Pomerantzev  1937,1950).  RUSSIA  (Olenev  1927, 
1929,1931.  Pomerantzev  1937,1950.  Karpov  and  Popov  19U). 

Far  East 

JAPAN  (From  Sawada,  l^agi,  Honshu,  A.  J.  Nicholson  legit; 
Kohls,  correspondence). 

NOTE;  I.  yespertilionis  has  been  reported  from  Axistralia 
Toy  Nuttall  aiid  Warburton  U91l)  and  quoted  by  Neumann  (I9l6), 
Ferguson  (1925),  and  Leruth  (1939B),  but  not  subsequently  veri- 

fied. The  host  was  listed  as  Vesperugo  tricolor .  The  only  ves- 
pertilionid  bat  known  to  have  the  specific  name  tricolor  is  Ifyotis 
tricolor*  of  East  and  South  Africa.  The  collecting  locality  for 

*I  am  indebted  to  C.  C.  Sanborn,  Curator  of  Mammals  at  Chicago 
Natural  History  Museum,  and  an  outstanding  authority  on  bats,  for 
checking  the  bat  host  names  in  this  section. 
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the  tick  is  Kingwilliamstown.  There  is  a  city  of  this  name  in 
Cape  Province,  South  Africa  but,  so  far  as  known,  none  in  Aus- 

tralia. The  specimen  came  from  the  Rothschild  collection,  a 
frequent  source  of  Soiith  African  material  for  Nuttall  in  the 
early  1900s.  With  little  hesitation,  therefore,  this  may  be 
considered  to  be  a  South  African  record.  Fielding  (1926)  re- 

corded I.  vespertilionis  from  North  (Queensland  bats,  but  this 

appears~to  be  merely  a  repetition  of  the  earlier  literature statement.  Taylor  and  Murray  (194-6,  p.  41)  state  that  this  spe- 

cies is  "doubtfully  Australian"  and  the  "original  specimen  is 
xmfortunately  lost". 

HOSTS 

All  authors  list  bats  except  for  the  probably  adventitious 
Hungarian  record  from  a  domestic  dog  (Kotlan  1921A,B).  Immature 
stages  and  females  are  usually  found  on  bats;  males  only  in  caves 
inhabited  by  bats. 

The  host  of  only  one  of  the  few  specimens  originating  in 

Africa  has  been  reported.  Nuttall's  (I9l6)  Algerian  specimen 
came  from  Pipistrellus  (a  Vespertilio)  kuhlii.  The  host  number 
of  the  specimen  collected  in  Torit  was  inadvertently  not  inclided 
in  the  vial.  The  nymphs  taken  in  Kenya  (HH)  were  found,  together 
with  the  holotype  female  of  Ixodes  simplex  af ricanus ,  on  Miniop- 
terus  natalensis  arenarius.  So  far  as  known,  there  are  no  other 
records  of  both  I.  vespertilionis  and  I,  simplex  subspp.  from  a 

single  collection.  Myotis  tricolor  of~South  Africa  has  been  dis- cussed in  the  NOTE  above.  Hipposideros  caffer  is  also  a  host  in 
South  Africa  (Arthur  1956A). 

Genera  of  European  bats  reported  by  Neumann  (l9l6)  are  Rhino- 
lophus ,  Plecotus,  Pipistrellus,  and  Myotis.  The  most  commonly 
listed  hosts  are  R.  ferrum-eqviinum  and  R.  hipposideros;  the  former 
species  is  also  tlie  host  of  the  Japanese  specimen  reported  by 
Kohls  (correspondence).  A  few  other  Rhinolophus  species  are  also 
mentioned  by  various  authors. 
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BIOLOGY 

Judging  from  its  considerable  geographical  range,  this  spe- 
cies is  able  to  adjust  to  marked  climatic  variations  only  par- 

tially modified  by  protected  cave  environment. 

I.  vespertilionis  is  rare  on  bats  in  B^uatoria  Province  east 
of  the  Nile.  Over  a  thousand  bats,  representing  almost  every  spe- 

cies in  Eastern  Bquatoria,  have  been  carefully  searched  without 
finding  more  than  the  single  specimen  listed  above.  There  has 
been  little  opportunity  to  examine  carefully  many  caves. 

Males  have  been  collected  only  from  caves  and  other  retreats 
in  which  bats  assemble.  No  males  have  been  fo\md  on  bats.  Nuttsill 

and  Warburton  (1911)  postulated  that  males  may  either  feed  very 
rapidly  and  then  leave  the  host  or  that  they  may  not  feed  at  all 
Nevunann  (1916)  believed  that  the  variotis  degrees  of  engorgement 
in  which  male  specimens  are  found  might  not  necessarily  prove 
that  males  do  feed  but  rather  may  be  an  indication  of  degree  of 
nymphal  feeding.  This  conclusion  is  based  on  the  atrophy  of  the 
male  hypostome  in  comparison  with  its  robust  development  in  fe- 

males and  in  immature  stages. 

Neumann  (loc.  cit.)  mentioned  the  preponderance  of  numbers  of 
males  in  relation  to  females  and  immature  stages  in  collections 
and  surmised  that  this  may  be  due  to  the  conspicxiousness  of  the 

male's  vagabond  search  for  females.  Females  secrete  themselves 
between  stones  of  the  caves  to  digest  their  blood  meals.  They 
probably  oviposit  in  these  niches,  though  this  is  not  certain. 
Engorged  nymphs  are  sometimes  found  in  similar  situations. 

When  females  are  found  on  the  host,  immature  stages  are 
frequently  found  with  them.  Feeding  is  probably  comparatively 
rapid,  otherwise  it  is  logical  to  assume  that  females  and  nymphs 
would  have  been  more  frequently  reported  from  bats. 

Arthur's  (1956A)  comparison  of  data  from  Switzerland  and 
from  Macedonia  leads  him  to  believe  that,  because  there  is  a 
reasonably  high  catch  of  partially  and  fully  engorged  ticks  be- 

tween October  and  Janviary  and  a  number  of  vinfed  nymphs  and  fe- 
males during  the  siunmer,  feeding  is  accomplished  mainly  during 
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the  vinter  months.  This  pictxire,  possibly  modified  by  the  host's 
seasonal  breeding  cycle  and  activity,  reqioires  further  observation. 

REMARKS 

The  exceptionally  long  legs  of  this  species  is  a  character 
shared  by  many  chiropteran  parasites,  notably  the  Streblidae  and 
Nycteribidae  (Diptera)  and  Argas  boueti  (cf .  Figtires  33  and  3A), 
This  feature  is,  however,  not  shared  by  all  bat  parasites,  es- 

pecially those  which  are  strongly  appressed  laterally,  as  fleas, 
or  appressed  dorsoventreilly  as  bugs  of  the  families  Cimicidae  and 
Polyctenidae .  Except  for  Argas  boueti,  all  the  known  chiropteran- 
infesting  Argas  species  have  normaL- length  legs,  and  indeed  some, 
as  for  instance  Argas  transgariepinus  White,  I846  (cf ,  Hoogstraal 
195 2A.),  have  comparatively  short  legs. 

Certain  morphological  peciiliarities  of  adults  and  immature 

stages  have  been  briefly  mentioned  by  Arthur  (1953A).  The  haller*s 
organ  is  described  by  Arthur  (1956B);  it  is  like  that  of  I,  simplex 

subs  pp.  
"" 

Schulze  (I938A,  figure  28)  has  utilized  this  species  to  il- 
lustrate the  thesis  of  morphological  indicators  due   to  pressure 

within  the  developing  nympb. 

The  subgeneric  position  of  this  species  has  been  discussed 
by  Neumann  (19I6) ,  but  this  is  moot;  Arthur  (1956A),  the  out- 

standing contemporary  specialist  on  this  genus,  disregards  it 
until  f\irther  study  can  be  imdertaken. 

IDENTIFICATION 

Both  sexes  and  the  immature  stsiges  of  I.  vespertilionis  are 

unique  in  the  extreme  elongation  of  the  leg's.  The  long  anel grooves  of  both  sexes  are  open;  those  of  the  male  slightly  con- 
verge posteriorly,  biit  female  anal  grooves  are  parallel.  The 

male  scutum  has  a  few  large  punc tat ions  in  three  rows  and  nu- 
merous fine,  scattered  punctations;  the  female  scutum  has  ntu 

merovis  small,  shallow  punctations. 
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The  larva  and  nymph  were  partially  illustrated  and  briefly 
described  by  Nuttall  and  Warburton  (1911)  but  Arthur  (1956A) 
provides  complete  descriptions  of  both  sexes  and  of  the  immature 
stages. 
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MARGAROPUS 

INTRODUCTION 

The  genus  Margaropiis,  closely  related  to  Boophilus  and  con- 
fined to  Africa  and  Madagascar,  consists  of  only  two  species,  M. 

winthemi  Karsch,  1879,  of  southern  Africa  and  Madagascar,  and  H. 
reidi  sp,  nov,  of  the  Sudan.  Earlier  assertions  that  M.  vfinthemi 

is  a  South  American  tick  apparently  are  erroneoiis.    "" 

Usual  remarks  in  the  introductory  sections  for  each  genus 
treated  in  the  present  work  are,  in  the  case  of  Margaropus,  in- 

corporated into  the  text  below  and  do  not  require  repetition 
here. 

IllTostrations  of  nymphal  M.  reidi  sp.  nov.  and  of  M.  winthemi, 

together  with  a  review  of  the  Tatter  species,  are  given~in  the APPENDIX,  pages  896  to  905.  The  unexpected  circimstance  of  the 
very  recent  acquisition  of  the  new  species  necessitates  this  treat- 
ment. 

KEI  TO  THE  GENUS  MARGAROPUS* 

MALES 

Six  pairs  of  hair  tufts  and  ventral  hook 
on  posterior  body  margin;  a  caudal  pro- 

jection present  when  engorged.  Adanal 
shields  sharply  pointed  distally,  acces- 

sory shields  absent.  Scutal  outline 
convex  laterally  and  bluntly  rounded 

posteriorly,  ft-ee  segments  of  leg  IV 
£is  wide  as  long.  (South  African  winter 
horse  tick)   M.  WINTHB^II 

Figures  339  and  360, 
363  to  367 

*The  characters  provided  in  the  key,  together  with  those  in  the 
generic  key,  are  sufficient  to  comprise  an  adequate  diagnosis  for 
each  species  in  this  genus. 
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Dense  row  of  scattered  hairs  on  posterior 
body  margin;   hook  lacking;  caudal  pro- 

jection not  knovm  to  be  present.     Adanal 
shields  bluntly  pointed  disteilly;   acces- 

sory shields  present.     Scutal  outline 
parallel  laterally  and  gradually  roimded 
posteriorly.     Intermediate  segments  of 
leg  IV  slightly  longer  than  wide. 
(Sudanese  giraffe  tick)   M.  RETDI 

Figures  23^and  237 

FMALES 

Palpal  segments  2  and  3  not  separated  by 
a  slight  constriction;  bsisis  capituli 
dor sally  three  times  as  wide  as  long; 
porose  areas  transversely  oval.  Scutum 
widest  at  level  of  eyes,  roxanded  poste- 
riorly  M.  WINTHMI 

Figures  361  and  3t>^ 
368  to  372 

Palpal  segments  2  and  3  separated  by  a 
slight  constriction;  basis  capituli 
dors ally  twice  as  wide  as  long,  porose 
areas  vertically  subtriangular .  Scutvm 
widest  midway  between  scapulae  and  eye 
level,  bluntly  pointed  posteriorly   M .  REIDI 

Figures  23^and  ̂ 39 
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Figiires  236  and  237,  d",  dorsal  and  ventral  views 
Figures  238  and  239,  9,  dorsal  and  ventral  views 

MARGAROPUS  RSTOI  SP.  NOV. 

Holotype  and  Allotype 

PLATE  L5CVIII 
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MARGAROPUS  REIDI  SP .  NOV . 

(Figures  236  to  239,  and  3A2  to  358) 

THE  SUDANESE  BEADY-LEGGED  TICK 

DISTRIBUTION  IN  THE  SUDAN 

Bahr  El  Ghazal;  All  from  Giraffa  camelopardalis  siibsp. , 
E.  T.  M.  Reid  legit;  Liednhom  (.south  bank  of  Jur  River);  l^dtf, 
19$5,  from  muzzle,  March  1955.  One  nymph,  same  locality,  8  March 
1955.  Twenty-four  nymphs.  Guar,  Galual-Nyang  Forest,  15  May  1953. 

DISTRIBUTION 

M.  reidi  sp.  nov.  is  known  only  by  the  above  specimens  from 
the  Sudan.  It  is  related  to  the  South  African  winter  horse  tick, 
M.  winthemi,  the  range  of  which  is  charted  by  Theiler  and  Salisbury 
X1956J .  fHe  small  males  may  easily. have  been  overlooked  by  ear- 

lier collectors  and  the  larger  females  may  previously  have  been 
quickly  identified  as  Boophilus  by  nonspecialists.  More  careful 
search  should  reveal  the  wider  distribution  of  this  interesting 
tick  in  the  Sudan  and  possibly  elsewhere  in  Africa.  See  M. 

winthemi  (page  900).  ~ 

HOSTS 

The  only  known  hosts  are  three  specimens  of  the  western  Su- 
danese form  of  giraffe,  Giraffa  camelopardalis  subsp.,  the  actvial 

subspecific  identity  of  which  is  considered  by  Setzer  (1956)  to 
be  a  moot  subject  that  cannot  presently  be  decided.  See  M. 

winthemi  (page  900) .  
"" 

BIOLOGY 

Unstudied.  See  M.  winthemi  (page  900). 
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DISEASE  RH.ATIONS 

Unstvidied. 

REMARKS 

M.  wlnthemi  and  M.  reidi  sp.  nov.  are  readily  distingiiished 
by  key  characters  (pages  57A  and  575). 

The  HOLOTYPE  cf  is  deposited  in  the  United  States  National 

Museiim,  nvunber2225.  The  ALLOTYPE  9  is  deposited  in  the  same 
institution,  together  with  one  of  the  PARATYPE  nymphs  collected 
on  15  May  1953.  The  data  for  these  specimens  are  presented  a- 
bove.  A  single  c?,  9,  and  nymph  (15  May  1953)  PARATYPE  are  depos- 

ited in  the  Onderstepoort  collection  (Dr.  G.  Theiler),  East  African 
Veterinary  Research  Organization  (Miss  J.  B.  Walker),  British  Mu. 
seum  (Natxoral  History),  Rocky  Moxintain  Laboratory,  and  Chicago 
Natiiral  History  Musevun.  The  remainder  of  the  PARATYPE  material 
is  in  the  writer *s  collection. 

See  M.  winthemi  (pages  899  to  905). 

DEXRIPTION 

MALE  (Figures  236,  237,  3/^2  to  3^6):  Length  overall  approx- 
imately 3.0  ram.,  width  approximately  1,A   mm,  Color  (dry)  dark 

reddish  brown,  legs  yellowish;  integument  white,  yellowish,  or 
dsirk  brown.  Outline  oval  with  integument  bulging  beyond  scutum 
laterally  and  posteriorly,  but  lacking  cavdal  protrusion  (avail- 

able specimens  are  moderately  engorged). 

Capitulum;  Basis  capituli  twice  as  wide  as  long;  lateral 
margins  markedly  diverging  anteriorly,  basal  margin  slightly 
concave;  dorsal  surface  bearing  a  horizontfid  row  of  twenty  hairs 
at  level  of  midlength;  ventrally  more  elongate,  length  and  width 
equal,  lateral  margins  slightly  concave,  basal  margin  convex. 

Palpi  comparatively  short;  overall  length  and  width  of  each  palpus 

approximately  equal;  segment  1  forming  a  short,  wide  pedicle  for 

segment  2.  Segment  2  subquadrate,  approximately  twice  as  wide 

as  long;  outer  margin  slightly  expanded  basally,  inner  margin 
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straight  or  slightly  convex;  anterior  and  posterior  margins  strsdght, 
parallel.  Segment  3  triangular,  outer  margin  approximately  tvfice  as 
long  as  inner  margin.  Palpi  vent rally  with  segments  2  and  3  of  al- 

most equal  length,  segment  3  bearing  a  small  triangular  retrograde 
spur  extending  just  beyond  the  apex  of  segment  2;  segment  U   small, 
inserted  in  pit  of  segment  3;  segment  1  forming  a  slight  pedicle 
for  palpi  and  bearing  at  its  inner  basal  margin  a  slight  knob  with 
at  least  one  bristle.  Hypostome  twice  sis  long  as  \rf.de,  apical 
margin  broadly  rounded  and  notched  medially j  a  dense  corona  present; 
dentition  5/5,  with  nine  to  eleven  denticles  in  each  file,  files  of 
equal  length. 

Scutm;  Outline  narrowly  elongate  with  lateral  margins  par- 
allel,  posterior  margin  bluntly  rounded;  lateral  margins  widening 
slightly  over  scapulae;  anterior  emargination  deep.  Posteromedian 
and  paramedian  grooves  shallow,  narrow,  short,  and  indistinct, 
situated  at  level  of  spiracular  plates.  Cervical  grooves  shallow 
but  distinctly  divergent  to  lateral  margin  posterior  of  eyes. 
Eiyes  on  latercG.  margin  at  level  of  coxa  2j  small  but  distinct, 
rounded  and  slightly  raised.  Surface  of  scutum  smooth  and  shiny, 
with  a  narrow  median  field  of  few  scattered  pxmctations  extending 
the  fiill  length  of  the  scut\m;  a  single  row  of  twelve  hairs  along 
posterior  margin  and  a  few  hairs  among  posterior  grooves;  area 
between  cervical  grooves  and  lateral  margins  punctate  and  bearing 
scattered  fine,  long,  white  hairs;  a  row  of  hairs  also  situated 
on  anterior  margin  between  cervical  grooves.  Integument  bulging 
around  scutum  from  level  of  eyes  posteriorly;  furnished  with  reg- 

ularly scattered,  dense,  long,  white,  conspicuous  hairs  bordering 
scutum  to  level  of  spiracular  plates;  thence  these  hairs  more 
confined  to  narrow  lateral  surface  of  integument  around  posterior 
margin  of  scutimi,  few  or  no  hairs  on  dorsal  svtrface  in  this  area. 

Spiracular  plate  subcircular,  with  one  and  a  half  rows  of 
large  gotlets  surrounding  aperture.  Genital  apertvire  sitviated 
at  midlevel  of  coxa  II,  anterior  and  posterior  margins  paredlel, 
lateral  margins  slightly  converging  posteriorly.  Genital  grooves 
extending  from  genital  aperture  to  level  of  anvis,  slightly  diver- 
gent.  AdansJ.  shields  commencing  at  anterior  level  of  coxa  IV  and 
extending  beyond  level  of  anus  almost  to  posterior  margin  of  body 
(depending  on  degree  of  integumental  stretching  due  to  feeding), 
narrowly  elongate,  slightly  expanded  just  anterior  of  anxis. 
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tapering  and  bluntly  rounded  distally;  divided  from  each  other  by 
narrow  area  of  integument;  unattached  to  integument  posterior  of 
anus;  surface  bearing  a  few  scattered  hairs  distally.  Accessory 
shields  extending  from  level  of  anus  to  approximately  same  level 
as  apex  of  adanal  shields,  tapering,  bluntly  rounded  apically; 
narrower  than  adanal  shields.  Hairs  on  ventral  surface  fairly 
dense  and  evenly  distributed  but  shorter  than  those  on  lateral 
surfaces. 

Legs  with  free  segments  appearing  beaded  due  to  width  and 
constriction  between  several  segments;  length-width  ratio  of  seg- 

ments variable  but  width  of  none  equalling  length  of  same  segment; 
free  segments  with  ntimerous  long,  fine  hairs  dor  sally  and  ventral— 
ly.  Tarsi  apically  extended  into  a  downweird  projecting,  spiirlike 
point;  IV  also  with  a  short  ventral  subapical  spur;  outline  nar- 

rowly elongate;  claws  and  pads  arising  from  dorsal  siurface  at 
apex;  claws  long,  narrow,  recurved  at  some  distance  beyond  pads. 
Coxa  I  narrowly,  elongately  subtriangular  and  extending  anterior- 
ly  almost  to  anterior  margin  of  basis  capitxxli,  visible  from 
dorsal  view;  posteriorly  deeply  cleft  to  form  a  widely  triangtilar 
outer  spur  and  a  narrower,  tapered  inner  spur;  other  coxae  sub- 
rectangular  with  roiinded  margins;  posterior  margins  slightly 
cleft;  all  coxae  with  numerous  hairs. 

FM&LE  (Figtires  238,  239,  3A7  to  351):  Unengorged  specimens 
are  very  slightly  larger  than  males;  engorged  specimens  meastire 
up  to  6.2  mm.  long  but  retain  the  linear,  podshape  appearance  of 
boophilid  females  due  to  the  severely  parallel  lateral  margins  of 
the  body.  Female  characters  recall  those  of  the  male  but  the  leg 
segments  are  less  expanded  and  the  palpi  are  more  elongate  with  a 
slight  constriction  between  the  second  and  third  segments. 

Capitulum;  Basis  capitxili  from  one  and  a  half  to  twice  as 
wide  as  long;  basal  margin  moderately  concave  and  joined  to  lateral 
margins  by  slight  expansions  s\iggestive  of  cornua;  lateral  margins 
concave  to  widest  point  at  anterior  third,  thence  recurved  to 
anterior  margin;  porose  areas  small,  shallow,  and  indistinct, 
subtriangular  or  pear  shaped;  bearing  four  or  five  hairs  lateral, 
ly  on  dorsal  surface.  Palpi  more  elongate  than  those  of  male, 
segments  2  and  3  separated  by  a  pediclelike  constriction  and  of 
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approximately  equal  length;  segment  2  arising  from  pedicle,  with 
straight  outer  margin,  convex  inner  margin,  and  subparallel  ante- 

rior and  posterior  margins;  segment  3  with  lateral  margins  slightly 
converging  to  bluntly  rounded  anterior  margin,  posterior  margin 
straight  though  forming  a  slight,  more  or  less  downcurved  projec- 

tion at  junct\ire  with  inner  margin;  segment  3  ventrally  with 
short,  broad  spur  reaching  basal  margin;  segment  1  narrow, 
pediclelike,  not  observed  to  bear  a  ventral  knob  as  in  male; 
palpi  with  hairs  as  illustrated.  Hypostoroe  larger  but  otherwise 
similar  to  that  of  male. 

Scutum  three-fourths  as  wide  as  long;  outline  slightly  convex 
anterior  of  eyes,  slightly  converging  from  eyes  to  juncture  of 
cervical  grooves,  abruptly  converging  posteriorly;  anterior  emar- 
gination  deep.  Cervical  grooves  reaching  lateral  margins  as  in 
male  and  delimiting  an  anterolateral  area  that  is  hirsute  and 
somewhat  punctate  as  in  male.  Surface  otherwise  smooth  except  for 
a  transverse  row  of  hairs  bordering  anterior  margin  between  cervical 
grooves  and  a  few  scattered  hairs  arising  from  punctations  in  cen- 

tral field.  Etyes  on  lateral  margins  at  scutal  midlength,  slightly 
convex. 

Spiracular  plate  of  similar  construction  to  that  of  male 
but  differing  slightly  in  outline.  Genital  apron  a  wide  oval 
at  level  of  coxae  II .  Genital  grooves  subparallel  to  level  of 
spiracular  plates,  thence  divergent  to  level  of  posterior  margin 
of  anvis. 

Integument  with  numerous  fairly  regular  rows  of  short  hairs 
on  both  dorsal  and  ventral  svirfaces;  heiirs  more  dense  on  posterior 
margin  between  spiracular  plates. 

Legs  similar  to  those  of  male  except  that  the  free  segments 
are  narrower  and  tarsi  more  elongate;  tarsus  IV  lacking  ventral 
siibapical  spur;  anterior  projection  of  coxa  I  variable,  as  dis- 

tinctly produced  as  that  of  male  or  more  truncate. 

NYMPH  (Figures  352  to  358):  Gapitulum.  Basis  capituli 
three  times  as  wide  as  long,  with  straight  basal  margxn,  roiinded 
junctures,  and  divergent  lateral  margins.  Palpi  four  times  as 
long  as  wide;  segment  1  forming  a  slight  pedicle;  segments  2 
and  3  of  approximately  equal  length  and  subrect angular;  apex 
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more  or  less  bluntly  rovmded;  segment  3  ventrally  with  a  short, 

wide  spur  not  reaching  basal  margin  of  segment.  Hypos to me  similar 
to  that  of  adults  but  with  smaller  corona  and  3/3  dentition  in 
files  of  eight  denticles. 

Scutum  with  length-width  ratio  approximately  equal;  outline 
gradually  diverging  from  scapulae  to  midlength,  thence  abruptly 
converging  to  narrow,  blvintly  rounded  posterior  margin.  Surface 
lightly  shagreened  and  with  a  few  scattered  hairs;  cervical 
grooves  as  in  adults  (not  visible  in  all  specimens);  eyes  small, 
indistinct  or  invisible. 

Spiracular  plate  subcircular,  with  six  large  goblets  in  a 
circlet  Integument  with  long  hairs. 

Legs  with  length- width  ratio  of  free  segments  intermediate 
between  those  of  male  and  females  sexes;  coxa  I  not  so  deeply 
cleft  and  truncate  anteriorly;  tarsi  short,  robust,  not  tapered 
downwards  as  in  adults;  dorsal  margin  gradually  tapering;  claws 
and  pads  as  in  adults. 

LARVA:  Unknown. 
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RHIPICEPHALUS 
INTRODUCTION 

It  appears  well  established  that  continental  Africa  is  the 
place  of  origin  and  center  of  distribution  of  Rhipicephalus  ticks. 
Of  the  4-6  rhipicephalid  species  and  subspecies  that  Zumpt  (1950A) 
recognized  in  his  preliminary  generic  revision,  39  (including  the 
now  cosmopolitan  R.  s.  sanguineus)  are  endemic  in  the  Ethiopian 
Fauna!  Region;  two  are  Oriental;  and  five  range  from  southern 
Europe  and  northern  Africa  into  Russia. 

The  genxos  Rhipicephalus  comprises  almost  a  third  of  the  known 
Sudan  tick  fauna  and  contains  more  than  twice  as  many  endemic 
African  species  as  any  other  ixodid  genus  in  the  Ethiopian  Faunal 
Region. 

King  (1926)  listed  five  forms  of  Rhipicephalus  from  the  S\i_ 
dan.  In  addition,  R.  capensis  has  been  apparently  erroneously 
referred  to  the  Sudan  ( Zumpt  19A2B).  During  the  present  study, 
seventeen  species  and  two  additional  subspecies,  or  nineteen 
different  forms,  have  been  discovered  in  the  Sudan. 

Zumpt *s  (I95OA)  major  contribution  in  bringing  together  the 
basic  taxonomic  data  for  this  difficult  genus  id.ll  facilitate 
greatly  the  final  revision  of  rhipicephalid  species.  Earlier, 
Theiler  (l9/i.7,1949B,1950A,B)  had  commenced  study  of  individual 
species,  an  effort  that  is  still  imderway  (Theiler  and  Robinson 
1953B,  Theiler,  Walker,  and  Wiley  1956).  Very  caref\il  and  thor- 

ough studies  are  also  in  progress  by  Walker  (1956),  who  has 
severed  further  reports  completed  or  in  an  advanced  stage  of 

preparation.  Since  Zvimpt's  classic  preliminary  work,  Wilson 
(1954)  described  a  new  species,  R.  hurti,  from  Kenya  and  Santos 
Dias  has  provided  a  number  of  new  names,  the  validity  of  which 
are  uncertain.  Obviously,  new  criteria  must  be  sought  to  sep- 

arate many  rhipicephalid  species  and  subspecies.  In  an  attempt 
to  apply  characters  surrounding  the  female  genital  aperture, 
Feldman-Muhsam  (1952A)  has  distinguished  another  species,  R. 
secundus,  among  populations  appearing  to  be  R.  s.  sanguineus. 
However ,  problems  of  morphological  and  biological  criteria  for 
this  genus  are  not  likely  to  be  solved  until  more  exhaustive 
field  research  and  patient  laboratory  investigation  have  been 
devoted  to  them. 
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study  of  comparative  morphology  in  the  genus  Rhipicephalus 
and  of  chaetotaxy  in  the  family  Ixodidae  led  Pomerantzev  ll936J 
to  reconstrxict  radially  generic  concepts  of  this  family.  This 
approach  merits  further  investigation;  however,  the  pitfalls  of 
hasty  conclusions  based  on  worn  or  poorly-preserved  field  col- 

lected specimens,  in  which  the  chaetotaxic  picture  is  imperfect, 
may  resTilt  in  additional  confiision  of  species  concepts  (Hoog- 
straal  1955C). 

Rhipicephalids  tend  to  considerable  variation  in  appearance 
and  morphological  details  oidjig  to  crowding  on  the  host,  welfare 
of  immature  stages,  and  availability  of  suitable  hosts,  factors 
that  play  a  part  in  the  determination  of  size,  robustness,  and 
even  certain  physical  characteristics.  Distinguishing  characters 
in  many  specimens  tend  to  become  so  generalized  that  diagnosis 
is  difficult.  This  is  especially  true  for  females.  The  question 
of  biological  races  remains  to  be  explored;  many  data  suggest 
this  phenomenon  to  be  operable  in  certain  groups  of  rhipicephalids. 
The  genus  is  divided  into  clearly  defined  species  and  species 
variable  enough  to  cause  confusion.  It  contains  extremely  common 
£is  well  as  rare  species. 

Host  predilections  within  this  genus  are  fairly  wide  among 
several  groups  of  available  animals,  althovigh  the  lack  of  interest 
in  other  animals  easily  available  in  the  same  area  is  conspicuous 
by  rarity  of  records  of  their  infestation.  A  few  species,  such 
as  R.  pravus,  have  an  exceedingly  wide  host  range,  being  common- 

ly Teiken  on  man  and  all  domestic  and  many  feral  animals,  such  as 
carnivores,  antelopes,  hares,  birds,  elephant  shrews,  elephants, 
buffalos,  and  others.  Other  species,  sxich  as  R.  distinctus  from 

hyraxes,  are  known  only  from  a  single  kind  of  "HosTT  It  is  sig- nificant  that  immatures  and  adults  of  most  rhipicephalid  species 
do  not  attack  birds  and  reptiles. 

The  life  cycle  is  either  the  two  host  or  the  three  host 
type  and  hosts  of  immature  stages  may  be  either  the  same  as  those 
parasitized  by  adults  or  smaller  and  different  animals.  In  some 
species,  records  of  lajrvae  from  both  cattle  and  rodents  are  so 
common  as  to  confuse  the  picture  of  the  preferred  hosts  of  this 
stage.  R.  appendiculatvis  is  an  interesting  example  in  point. 

In  R.  s.~simus  there  is  so  much  data  indicating  immature  stage 
preSiiection  for  burrowing  rodents  that  it  is  disconcerting  to 
find  that  in  certain  areas  where  this  tick  is  common  larvae  are 
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frequently  foiind  on  other  animals.  Reasons  for  these  differences 
are  beyond  our  present  ability  to  explain. 

Immature  stages  of  many  rhipicephalid  species  remain  vox. 
described  and  distintjuishing  criteria  for  a  nvimber  of  those  that 
are  known  are  insufficient  for  identification  of  field  collected 
material. 

Ecological  stratification  is  quite  restricted,  various  spe- 
cies being  confined  to  forests,  highlands,  semidesert  areas,  or 

certain  rainfall  conditions.  The  degree  and  distribution  of 
relative  humidity  appear  to  be  the  most  critical  of  limiting 
factors.  Vegetation  types  associated  with  this  factor  and  in- 

fluenced by  the  length  of  the  rainy  season  or  proximity  to 
moisture  laden  air  beside  the  seas  can  often  be  associated  with 

rhipicephalid  distribution. 

Economically,  many  species  are  of  considerable  importance  as 
reservoirs  and  vectors  of  a  variety  of  animal  and  some  human 
pathogens.  The  kennel  tick,  R.  s.  sanguineus,  has  been  shown  to 
have  a  particvilarly  wide  specTnim  of  actual  or  potential  relation- 

ships as  a  vector  of  diseases. 
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KEY  TO  SDDAN  SPECIES  OF  RHIPICEPHALUS 

MALES 

1.  Eyes  convex  or  hemispherical,  distinctly 
furrowed  laterally  or  protruding  from  a 

depression  ("orbited").  Coxa  I  with 
distinct  dorsal  projection   

Eyes  flat  or  slightly  rovmded,  not 
convex,  hemispherical,  fiirrowed,  or 
orbited.  Coxa  I  with  or  without  dorsal 

projection   

2,  Eyes  hemispherical,  in  a  depression 
(orbited).  Adanal  shields  large, 
enonnously  widened  posterolaterally. 
Scutiun  dark  with  dense  medium  and 

large  size  punctations;  color  con- 
trasting with  reddish  body  integument 

and  saffron  legs.  Frequently  large 
(about  5.0  mm,  long).   (Common  through 
much  of  Sudan)   .R.  B.  EVHITSI 

Figures  2*55  and  265 

Eyes  convex,  with  an  encircling  fur- 
row. Adanal  shields  mildly  rovmded 

laterally,  not  exceptionally  large. 
Color  overall  brownish.  Scutum  with 
moderately  numerous  fine  and  medium 
size  punctations.  Fairly  small  (about 
3.5  ram.  long).   (Southeastern  Sudan)   R.  PRAVUS 

Figures  2^  and  285 

3.  Coxa  I  with  distinctly  pointed  dorsal 

projection*.   (Localized  areas  in 
southern  Sudan)   4- 

Coxa  I  without  a  distinctly  pointed 
projection  though  a  smaller,  rounded 
hump  may  be  visible  in  its  place. 
(More  or  less  widely  distributed)   11 

^.  simpsoni  (R.  simus  group),  a  small  parasite  of  canerats  only, 

typicEuLly  bear's  this  projection  but  this  projection  is  so  small and  frequently  so  reduced  that  it  is  not  considered  distinct 
enough  to  include  in  this  section. 

-  5B6  - 



U>     Lateral  grooves  faint,  absent,  or 
indicated  only  by  a  row  of  puncta- 

tions.   (Rare  species)*   5 

Lateral  grooves  distinct  as  such*   8 

5.  Scutal  punctations  in  more  or  less 
definite  rows  of  R.  simus  type, 
interstitials  variable  but  always 
insignificant  in  comparison  with 
primary  punctations   6 

Scutal  punctations  scattered,  not 
in  rows ,  fairly  numerous   7 

6.  Posteromedian  and  paramedian  grooves 
absent.  Adanal  shields  with  inner 

margin  in  a  straight  line  centrally 
and  with  a  peculiar  protrusion  at 
juncture  of  inner  and  posterior 
margins   R .  LONGICOXATUS 

Figiffes  273  and  274 

Posteromedian  groove  long,  narrow, 
paramedian  grooves  shorter,  wider, 
less  well  defined.  Adanal  shields 

with  inner  margin  concave  centrally 
and  its  jimcture  with  posterior 

margin  rounded   .R.  BEQUa^TI 
Figure s'ZJ^   and  250 

7.  Basis  capituli  sharply  angled  lat- 
erally and  with  long  cornua.  Scutal 

punctations  large,  unequal,  unevenly 
distributed,  small  laterally,  larger 
anteriorly   R .  ARNOIDI T'igure  245 

Basis  capitiili  slightly  convex  lat- 
erally and  with  brief  comua.  Scutal 

punctations  medium  size,  superficial,  u 
dense,  fine  laterally   R.  MUHLENSI 

Figures  "281  and  282 

*R.  distinctus  atypically  may  have  apparently  shallow  lateral 
grooves  due  to  the  size  and  depth  of  the  row  of  large  punctations 
in  its  bed. 
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8.  Scutal  punctations  few,  in  foxir 
irregular  rows  (siraus  type). 
Posteromedian  and  paramedian 
grooves  present  but  sometimes  much 
reduced   

Scutal  punctations  scattered,  not 
in  rows   10 

9.  Lateral  grooves  containing  pronu 
inent,  large  punctations.  Adanal 
shields  with  rounded  or  ajigoalar 
posterior  marginal  jionctures  but 
these  not  produced  into  spurlike 
points   R.  DISTINCTUS 

Figure's  251  and  2bZ 

Lateral  grooves  without  prominent 
punctations.  Adanal  shields  with 
both  posterior  marginal  jvinctures 
extended,  the  outer  junctxire  spur- 
like,  the  inner  rounded  or  spur like; 
accessory  shields  distinct  and 

pointed   R.  TRICUSPIS 

Figures~317  and  313 

10.  Scutal  punctations  nraderate  size, 
rather  few  and  well  spaced  central- 

ly, even  fewer  or  none  laterally. 
Cervical  fields  moderately  or  non- 
reticulate.   (Common  only  in  Yei 
District)   R .  APPEND ICULATUS 

FTg\ires  2^0  to  ̂ 2^2 

Scutal  punctations  lar^e,  dense, 
partly  confluent.     Cervical  fields 
markedly  reticulate .      (Always  rare )   R .   SUPEETRITUS 

Figures  313  and  3M- 
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11.  Scuteil  punctations  either  excessively- 
rare  or  in  a  pattern  of  four  more  or 
less  linear  rows  (sometimes  with  one 
or  two  partial  additional  rows);  among 
these  interstitial  or  secondary  puncta- 

tions are  present  or  absent,  if  present 

they  are  smaller  and  more  superficial*   12 

Scutal  punctations  not  in  these  patterns, 
rather  dense,  not  separated  into  primary 
and  interstitial  punctations  but  uniform 
or  mixed.  (Uncommon  southern  species)   16 

12.  Scutum  impunctate  or  with  excessively- 
few,  shallow  punctations.  Adanal 
shields  typically  tending  towards 
sickleshape  but  quite  variable  in 
series  from  single  hosts.  Postero- 

median and  paramedian  grooves  pres- 
ent or  absent.  Lateral  grooves 

distinct  or  indicated  only  by  a  row 
of  punctations.  Coxa  I  \ri.th  a  small 
dorsal  projection  which  may  be  much 
reduced.  (Small,  rare,  pear shaped, 
variable  species,  confined  to  cane 
rats)   R.  SIMPSONI 

Figures  ̂ 97  and  29S 

Scutiim  with  more,  larger,  and  deeper 
punctations.  Other  combinations  of 
characters  differing   13 

*The  linear  punctation  pattern  of  heavily  punctate  specimens  of 
R.  _s.  sanguineus  in  southern  Sudan  may  be  somewhat  obscured  by 

"Sense,  moderately  large  interstitial  punctations,  but  can  be discerned  by  turning  the  specimen  obliquely  to  the  source  of  the 
light. 
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13.  Posteromedian  and  paramedian  grooves 

pronounced,  deep,  and  wide*.  Inter- 
stitial punctations  varying  from  faint 

to  large  and  numerous  enoTigh  to  some- 
vhat  obscure  basic  pattern  of  fovir  rows 

of  larger  punctations.   (Common,  widely 

distributed  in  Sudan)   R.  S.  SANGUINEUS 
Figures  289  and  290, 

293  and  294. 

Posteromedian  and  paramedian  grooves 

indistinct,  shallow,  or  absent   H 

H,  Adanal  shields  elongately  triangular 
with  rounded  marginal  junctvtres.  Only 
middle  festoon  protrudes.  Posterior 

grooves  absent,  rarely  very  faintly 
indicated  (but  never  distinct).  Scutum 

arched;  interstitial  punctations  usual- 
ly absent  or  insignificant,  rarely  more 

definite  but  never  confusing  basic 

pattern.  (Common,  widely  distributed 

in  Sudan)   -R.  S.  SIMUS 

Figures  301  anI7o2 

Adanal  shields  either  distinctly  sickle- 

shaped  or  with  peculiar  inner  or  outer 

posterior  protrusion,  (More  localized 
in  southern  Sudan  and  less  common)   15 

*rhis  character  is  constant  in  this  variable  species  in  all  but 

a  very  few  individuals  obviously  misformed  in  several  characters. 
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15.  Adanal  shields  slckleshaped.  Three 
middle  festoons  may  protrude.  Postero- 

median groove  shallow  but  usually  dis- 
cernible. Punctations  slightly  more 

dense  bordering  posteromedian  groove. 
Interstitieil  punctations  varying  from 
absent  to  fairly  ntomerous  but  not 
obscuring  basic  pattern.   (Specimens 
may  integrade  with  R,  s.  sinius)   .  .E.  S.  SENBGALENSIS 

iTgtires  305  and  306 

Adanal  shields  unusually  wide,  with 
rounded  outer  and  posterior  margins 
but  with  an  elongated  point  at  the 
junctmre  of  the  posterior  and  the  con- 

cave inner  margin,  this  point  reaches 
the  festoons.  Scutum  exceptionally 
flat  and  broad   

16.  Lateral  grooves  replaxied  by  a  line  of 
almost  contiguous  punctations.  Pos- 

terior grooves  merely  faint,  shagreened 
lines.  Pimctations  numerous,  close  or 
contiguous,  mixed  large  ajid  small. 
(a  mountain-inhabiting  species)   

  R.  CUSPIDATUS 

Figures  257  and  258 

  R.  KOCHI 

Figures  269""and  27U 
Lateral  grooves  present, 
ter s  various   

Other  charac- 
.17 

17.  Posteromedian  and  paramedian  grooves 
wide  and  deep  (like  those  of  R.  s. 
sanguinevis ) .  Adanal  shields  Typical— 
ly  oroadly  triangular  (like  those  of 

R.  s.   sanguineus)  but  may  be  reduced 

"^o  a  pseudosickleshape .  Punctations deep,  dense,  medium  to  large,  some 
confluent;  fewer  laterally     R.  SULCATUS 

Figures  309  and  310 

Posteromedian  and  paramedian  grooves 
long  and  very  narrow  or  vague  or 
obsolete   
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18.  Scutal  punctations  imiformly  shallow, 
small  or  medium  size,  dense  and  close 
everywhere  except  in  scapular  areeis, 
on  festoons,  outside  lateral  margins, 
and  in  narrow  area  just  inside  latereLL 
margins.  Posteromedian  and  paramedian 
grooves  vague  or  obsolete.  Adanal 
shields  typically  sickleshape  (reduced 
in  small  specimens)   R.  LONGUS 

Figures  2fi   and  21^ 

Scutal  punctations  uniformly  large, 
deep,  dense  but  not  contiguous  in 
central  area,  variable  in  size  in 
cervical  area,  fewer  laterally. 
Posteromedian  and  paramedian  grooves 
long  and  narrow.  Adanal  shields 
broadly  triangular  but  with  rounded 
margins,  inner  margin  slightly  con- 

cave and  more  or  less  pointed  at 
juncture  with  posterior  margin, 
other  jvmctures  rounded   R.  COMFOSITUS 

Figures  253  and  254 
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FEMALES 

1.  Eyes  convex  or  hemispherical,  distinctly 
furrowed  or  in  a  depression   2 

Eyes  flat  or  slightly  rounded   3 

2.  Eyes  small,  hemispherical,  in  a  depres- 
sion ("orbited").  Scuttim  with  broadly 

rounded  posterior  margin;  punctations 
dense,  large  and  meditun  size,  extending 
to  lateral  margins.  Body  reddish,  legs 
saffron,  scutxim  dark   R.  E.  EVIRTSI 

Figure's  2"S7  and  268 

Eyes  moderate,  convex,  with  an  en- 
circling furrow.  Scutum  with  posterior 

margin  sinuous,  strongly  converging  pos- 
teriorly; moderate  numbers  of  lODstly 

medium  size  punctations  extending  to 
lateral  margins  only  anteriorly   R .  FRAVTJS 

Figures  2^  and  288 

3.  Palpi  markedly  conical  in  outline. 
Scutum  longer  than  wide;  lateral 
grooves  absent;  lateral  margin  elevated; 
cervical  grooves  pronounced;  punctations 
large  and  small  mixed ,  fairly  numerous   R .  ARNOIDI 

7igure  2^6 

Palpi  not  converging;  normally  sub- 
rectangular   k. 

U'     Scuttim  vrith  great  density  of  moderate 
size  to  large,  contiguous  or  closely 
adjacent  punctations  size  and  depth  of 
which  do  not  markedly  differ   5 

Scutum  vrith  few  to  moderate  numbers  of 
iiniform  or  mixed,  noncontiguous  puncta- 
tions   , 
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5.  Punctations  exceptionally  rugose, 

dense;  cervical  fields  markedly- 
reticulate   R.  SUPBITRITUS 

Figures  315  and  31b 

Punctations  not  exceptionally  rugose; 
cervical  fields  mildly  or  nonreticulate   6 

6.  Lateral  grooves  lacking;  scutum  slight- 
ly wider  than  long;  numerous  moderate 

size  punctations  onto  lateral  ridges   R.  KOCHI 

Figures  27l"ancr772 
Lateral  grooves  present  and  distinct   7 

7.  Scutum  no  longer  than  or  not  so  long 
as  vrLde;  posterior  margin  blvmtly 
rounded;  nvimerous  large  punctations; 
lateral  ridges  extending  to  posterior 
margin,  raised,  wide,  glossy,  mostly 

inpunctate   R.  Ca-jPOSITUS 

Figure's  255  and  2^6 

Scutum  longer  than  vri.de;  lateral 
ridges  not  markedly  raised  or  glossy; 
with  some  punctations  on  lateral 

ridges   8 

8.  Scutal  punctations  fairly  large,  deep, 
and  uniform,  dense,  evenly  distributed 
between  lateral  ridges,  fewer  on  lateral 
ridges  and  beside  lateral  grooves;  pos- 

terior margin  gradually  rotmded,  non- 
sinuous  .  Large  tick   R .  LONGUS 

Figures  27^  and  230 

Scutal  punctations  mixed  medium  to  large 
size;  tinevenly  but  densely  distributed 
and  extending  onto  lateral  ridges;  pos- 

terior margin  tapering  and  sinuous. 
Medium  size  tick   R.  SULSATUS 

Figures  3ll  and  312 
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9.  Punctations  Inconsplciious ,  obsolete 
or  rare,  small,  interstitials  obsolete 
or  inconspicuotis.  Scutum  generally 
but  not  always  longer  than  vrLde. 

Small  parasite  of  cane  rats   R.  SD^'SONI 

Figures  "299  and  3CX) 

Punctations  conspicuous,  rare  to 
moderate  numbers.  Moderate  to  fairly 
large  size  species   10 

10.  Scutum  vath  notably  few,  moderate  or 
large,  scattered  punctations  in  central 
field   11 

Scutum  xd.th  moderate  to  large  number  of 
small,  meditim  size,  or  large  punctations   l6 

11.  Lateral  grooves  typically  long  and 
distinct  (frequently  reduced  inR. 
3.   simus,  see  page  752)   .T   12 

Lateral  grooves  absent  or  typically 
so  short  and  indistinfct  as  to  be 

questionable,  frequently  replaced  by 
several  large,  deep,  punctations   13 

12.  This  and  the  following  subspecies  cait. 
not  be  distinguished  with  certainty. 
Size  moderate.  Scutal  posterior  margin 
usually  somewhat  sinuous;  punctations 
restricted  to  few  of  moderate  size  but 

deep,  distinct,  and  widely  scattered; 
interstitials  normally  few,  rare,  in- 

conspicuous, sometimes  fairly  numerous 
but  small  and  superficial   R.  SIMUS  SIMJS 

Figures  303  and  304 

Size  fairly  large.  Other  characters  as 
above,  although  punctations  are  often 
somewhat  larger  than  in  subspecies 
sinnis.  Differentiated  with  certainty 
only  by  association  irfith  male   R .  SIMUS  SMEGALENSIS 

~  Figures  307  and  30i5 
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13.  Coxa  I  with  two  robust  posterior 
spurs  widely  but  not  deeply  divided. 
Scutum  distinctly  wider  than  longj 
margin  abruptly  converging  posterior 
of  eyes;  lateral  grooves  replaced  by 
four  very  large,  deep  punctations; 
central  field  with  only  four  to  seven 
large,  deep  punctations;  cervical 
grooves  shallow  but  almost  reaching 
posterior  margin   R .  CUSPIDATUS 

Figure's  259  and  260 

Coxa  I  deeply  divided   lU 

lU.     Scutxam  with  very  short  lateral 
groove  containing  foxtx   to  six 
closely  adjacent  piuictations; 
several  moderate  size  punctations 
in  central  field;  outline  typically 
shield shape;  cervical  grooves  narrow, 
deep,  and  converging.  A  fairly  small, 
variable  species   R .  TRICUSPIS 

Figures~319  and  320 

Lateral  grooves  absent  or  very  slightly 
indicated  posteriorly;  scutal  outline 
not  shieldshape.  Moderately  large 
tick   15 

15.  Scutum  with  lateral  grooves  absent  or 
faintly  indicated  posteriorly;  punc- 

tations few,  moderate  size  or  fine; 
interstitials  rare  or  obsolete;  width 
lightly  greater  than  length   R.  LONGICOXATUS 

Flgarea   275  and  27b 

Scutum  lacking  lateral  grooves;  with 
three  to  seven  large  punctations  in 
place  of  each  groove  and  with  an  equal 
number  of  same  size  in  the  central 
field.  Hyrax  parasite.  Other  char- 

acters uncertain;  see  pages  638  to  64O   R.  ?DISTDJGTUS 
Figures  263  and  2b4. 
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16.  Scuttim  with  variable  backgrotind  of 
irregularly  scattered  fine  to  medium 
size  punctations  among  which  fewer 
larger  punctations  are  more  or  less 
distinct;  lateral  grooves  pronounced, 
long;  outline  distinctly  longer  than 
wide  and  with  characteristically 
sinuous  posterior  margin   R .  S.  SANGUINEUS 

Figures  291  and  id9^ 
and  295  and  296 

Scutum  with  scattered  punctations  not 
as  above;  lateral  gixjoves  short, 
poorly  developed,  or  absent,  never 
rectilinear  or  deep   17 

17.  Porose  areas  large,  circxilar  or  sub- 
circular;  interval  between  these  areas 
no  greater  than  their  diameter.  Scutum 
with  widely  scattered  fairly  large  punc- 

tations and  moderate  n\mber  of  superfi- 
cial interstitials  of  variable  size; 

outline  somewhat  wider  than  long  or 
length-width  ratio  approximately  equal; 
lateral  grooves  short  or  indistinct; 
cervical  grooves  shallow,  indistinct, 
may  extend  to  posterior  margin. 
(Rare)   R.  BEQUAgfTI 

Figures~251  and  252 

Porose  areas  small  or  moderate,  inter- 
val separating  them  greater  than  their 

own  diameter   18 
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18.  Scuttm  lacIdLng  lateral  grooves;  punc- 
tations  dense  but  superficial,  medium 
size  with  finer  interstitials,  rare 
laterally  anterior  of  eyes  and  on 
scapulae;  posterior  margin  typically  n 
gradually  rounded.  (Rare)   R.  MDHLENSI 

Figures  "283  and  idS4 

Scutal  characters  frequently  modified 
by  cro\rcling;  lateral  grooves  superficial, 
short  to  long;  lateral  ridges  more  or 
less  elevated;  punctations  widely  spaced, 
fewer  laterally,  small  to  moderate  size, 
interstitials  rare  or  absent;  posterior 
margin  abruptly  rounded  or  slightly 
tapering.  (Common  in  restricted  areas 
only )   R .  APPMDICULATUS 

Figures  243  and  '^Uj^ 
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Figtires  2^.0  and  2^1,  c?,  dorsal  and  ventral  views 
Figure  2^2,  cf,  variation  in  adanal  shields 
Figures  2^.3  and  244,  $»  dorsal  and  ventral  views 

RHIPICEPHALUS  AFPBJDICPLATUS 

Sudan  ~Spec  imens 

PLATE  LXU 
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RHIPICEPHALUS  APPMDICTLATTJS  Neixmaim,  1901 

(Figures  2^0  to  2UU) 

THE  BROWN  EAR-TICK 

N   9   c?     BIJUATORIA  PROVINCE  RECORDS 

Man  (engorged  on)  Dec 
Hippo tragtia  equinus  bakeri  May  (SVS) 
domes tic  c  at tie  Jan 
domestic  cattle  Dec  (3) 
domestic  cattle  Jan 

domestic  cattle  Dec  (2) 
domestic  cattle  Jan 
domestic  sheep  Jan 
domestic  sheep  Dec 
domestic  sheep  Dec 
domestic  goats  Dec 

In  the  Sxidan,  R.  appendlciilatus  is  known  only  from  Kajo  Kaji 

and  Yei  on  the  west"'bant  of  Bqtiatoria  Province  and  from  Katire 
(3500  feet  elevation)  and  Ngangala  (-1700  feet  elevation)  on  the 
east  bank  of  Bquatoria  Province  (Hoogstraal  195^) . 

The  engorged  nymph  removed  at  Torit  ftom  the  leg  of  one  of 
our  party  who  had  jxost  come  almost  three  htmdred  miles  from  Kajo 
Kaji  is  a  good  example  of  how  an  important  tick  species  may  easily 
be  spread  far  from  its  present  range  by  modem,  fast,  transporta- 
tion. 

There  appears  to  be  little  reason  why  R.  appendiciilatus  should 
not  be  able  to  maintedn  itself  east  of  the  l?ile  In  certain  scattered 
areas  of  Torit  District,  though  as  yet  it  has  been  found  only  at 
Katire,  which  is  cooler  and  more  forested  than  are  the  plains.  To 
the  east  and  north  of  Torit  District,  conditions  are  most  likely 
too  arid  for  the  brown  tick.  Most  of  the  west  bank  of  Bq.uatoria 
Province  is  probably  suitable  for  this  tick. 

1 Torit 
1 Ngangala 

1     1 Katire 
31  2A5  622 Kajo  Kaji 

21    32 Kajo  Kaji 
12  131  U8 Yei 

1    13 Yei 
5 Yei 

6      12 Yei 
5    U Kajo  Kaji 

U    A8 Kajo  Kaji 
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The  first  Stidanese  specimens  of  R.  appendiculatus  were  collected 
by  Mr.  H.  Ltocmoore  at  Kajo  Kaji  and  Yei  in  1950  in  connection  vri.th 
the  first  definitely  known  outbreak  of  East  Coast  fever  in  the  Siu 

dan*  (Evans  1952).  Mr.  LiDonoore  sent  these  specimens  to  the  writer 
for  determination,  and  their  identity  was  later  corroborated  by  Dr. 
G.  Theiler.  A  restriction  was  then  placed  on  the  movement  of 
cattle  from  Uganda  into  Kajo  Kaji  and  out  of  Kajo  Kaji  and  Yei 
District. 

*If  East  Coast  fever,  of  which  R.  appendiculatus  is  the  chief 
vector,  had  been  a  significant  problem  in  the  Sudan  earlier,  it 
seems  most  likely  that  the  hard-working  Sudan  Veterinary  Service 
woxild  have  recognized  it. 

Without  presenting  data,  Schwetz  (1934)  accxised  the  Anglo- 
Egyptian  Svidan  as  being  the  source  of  an  epizootic  of  East  Coast 
fever  in  Stanleyville,  Belgian  Congo. 

In  Egypt  (Mason  1920) ,  32  cases  of  this  disease  were  diagnosed 
in  Sudan  cattle  at  the  Cairo  abattoir  in  1917.  Mason  (1922)  further 
reported  that  East  Coast  fever  had  been  demonstrated  in  Sudan  cattle 
arriving  at  Egyptian  quarantine  as  early  as  1913.  So  far  as  it  has 
been  able  to  determine,  the  bulk  of  Egyptian  cattle  imports  from 
the  Sudan  has  always  been  from  Kordofan  and  Darfur  Provinces.  The 
occurrence  of  this  tick  and  of  this  disease  in  these  two  Provinces 

wotild  be  surprising  indeed.  It  seems  unlikely  that  (l)  the  disease 
is  xmrecognized  in  Kordofan  and  Darftir,  (2j  tne  brown  ear-tick  oc- 

curs in  these  commercially  important  cattle-raising  areas  of  the 
Sudan,  and  (3)  a  secondary  vector  plays  an  important  role  in  Prov- 

inces from  which  cattle  are  exported. 

Possibly,  early  Egyptian  veterinarians  lumped  animals  imported 

from  Ethiopia,  Kenya,  and  Tanganyika  under  the  designation  "Sudanese" , 
as  is  still  the  practice.  In  the  course  of  svcrveying  the  ticks  ar- 

riving in  Egypt  on  "Sudanese  cattle",  numerous  specimens  of  Amblyomma 
gemma  have  been  obtained.  This  species  is  not  represented  in  avail- 

able Sudan  collections.  Investigation  has  revealed  the  present 
practice  of  referring  to  all  cattle  imported  into  Egypt  from  Africa 

as  "Sudanese".  In  connection  with  Brumpt's  (1920)  reference  to 
Blast  Coast  fever  in  Egypt  and  the  possibility  of  its  transmission 
by  R.  simus  and  R.  bursa,  see  DISTRIBUTION  of  R.  s.  simus  (page 
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Diiring  the  1951-52  visit  for  the  present  stiody  in  the  Sudan, 
R.  appendiculatus  was  found  to  be  still  extremely  numerous  on  aL. 

most  all  cattle~In  the  Kajo  Kaji  area,  and  sttrprisingly  common  on the  Yei  dairy  herd  in  spite  of  a  gammexane  spray  program  in  effect 
there.  In  December  of  1952,  we  also  collected  many  specimens  on 
cattle  at  Yei.  A  careful  watch  for  this  tick  in  southern  Sudan 

is  indicated,  especially  since  a  program  for  restocking  areas  from 
which  cattle  have  earlier  been  eradicated  by  the  tsetse  fly  has 
recently  been  undertaken.  It  is  conceivable  that  this  tick,  if 
unchecked,  covild  spread  to  the  point  where  the  value  of  the 
entire  program  on  the  west  bank  of  Bquatoria  Province  might  be 
severely  jeopardized. 

DISTRIBUTION 

The  brown  ear-tick  reaches  its  northern  limit  in  southern  Sudan 

and  somewhere  in  Ethiopia.  From  this  level  it  extends  to  South 
Africa,  where,  south  of  about  Pretoria,  it  occurs  only  on  the 
coastal  strip.  Within  this  range,  it  is  absent  in  deserts  and  in 
areas  without  shrub  cover.  It  is  common  in  the  Congo  but  most 
probably  absent  or  edmost  entirely  absent  in  West  Africa. 

The  range  of  R.  appendiculatus  has  been  mapped  by  the  American 
Geographical  Society  (1954;  see  also  HIRATUM  sheet). 

/"WEST  AFRICA;  NIGEEUA:  Simpson  (1912A) .  Mettam's  (1940) 
remark  apparently  refers  to  Simpson's  report.  GOLD  COAST: 
Stewart's  (1933)  statement  that  this  tick  is  common  here  requires 
substantiation  .7 

CpJTRAL  AFRICA;  /"CAMHIGONS:  Neumann  (l91l).  Rageau  (1951, 1953A,B^  did  not  find  this  species  in  the  Cameroons  and  it  is 

possible  that  Neumann's  record  is  in  error.  FRMCH  EQUATORIAL 
AFRICA;  Fiasson  (1943B).  Rousselot  (1951)  noted  a  single  col- 

lection from  Oubangui— Chari  but  did  not  again  report  this  record 
(1953B)_.7 

BELGIAN  CONGO  and  RUANDA-URUNDI  (As  R.  nitens ;  Newstead, 
Dutton,  and  Todd  1907.  Nuttall  and  Warburton  1916.  Marcq  1924. 
Seydel  1925.  Schwetz  1927A,B,C, 1932, 1933A, 1934.  Schwetz  and 
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Collart  1929.  Bequaert  1930A,1931.  Bouvier  194-5.  Schoenaers 
1951A,B.  Roiisselot  1951,1953B.  Theiler  and  Robinson  1954. 
Santos  Dias  195^^-.  Van  Vaerenbergh  1954) . 

EAST  AFRICA;  SUDAN  (Evans  1952.  Hoogstraal  1954B). 

ETHIOPIA  (Stella  193 8A, 193 9A,B, 1940.  Roetti  1939).  ERITREA 
(Carpano  1912,  Stella  1939B,1940.  Sforza  1937.  FerroJitiazi  1948). 
BRITISH  SCMALILAND  (Neumann  1922.  Stella  1938A,1939A,1940). 

/"ITALIAN  SOMALILAND:  Paoli  (1916).  Franchini  (1927,19290 ,E). Niro  (1935).  Stella  (1938A,1939A,B,1940).  Pellegrini  (1950) 
says  R.  appendiculatus  is  absent  on  sheep  with  Nairobi  sheep 
disease,  and  Tonelli-Rondelli  does  not  list  it  in  any  of  her 

papers.  FRENCH  SCMALILAND:  Probably  absent;  HH  observation^ 

KENYA  (Neumann  1912.  Neave  1912.  A.  Theiler  1912B.  Mont- 
gomery 1913, 1917A,B, 1919.  Stordy  1914.  Neumann  1922.  Anderson 

1924A,B.  Harrison  1928.  Walker  1928,1931,1932.  Cowdry  and  Ham 
1930,1932.  Lewis  193U,B,C,1932A,B,1934,1939A,B,1943 ,1946,1950, 
1952.  Brassey-Edwards  1932,1933.  Cowdry  and  Danks  1933.  Daubney 
1933, 1934,1936A,B, 1937,1939.  Daubney  and  Hudson  1931A,B,1933, 
1934.  Fotheringham  and  Lewis  1937.  Reichenow  1937,1940.  Mulligan 
1938.  Lewis  and  Fotheringham  1941.  Lewis,  Piercy  and  Wiley  1946. 
Dick  and  Lewis  1947.  Beaumont  1949.  White  1949.  Binns  1950,1951, 
1952.  Worsley  1950.  van  Someren  1951.  Wilson  1953.  Wiley  1953, 
195  ). 

UGANDA  (A.  Theiler  191QA,1911A,1912B.  Bruce  et  al  1911.  Neave 
1912.  Warburton  1913.  Hutchins  1917,1924.  Neumann  T522.  Richard- 

son 1926,1930.  Mettam  1932,1933.  Mettam  and  Carmichael  1936.  Laws 
1948.  Wilson  1948A,B,C,1949,1950A,C,D,E,1951A,B,1953.  Taylor  1954. 
Taylor  and  McAnulty  1951.  Wiley  1953.  Clifford  1954.  Lucas  1954). 

TANGANYIKA  (A.  Theiler  1910A.  Neumann  190X,1910B,1911. 
Donitz  1905,  probably  with  excellent  reason,  stated  that  the  R. 
sanguineus  of  Koch  1903  is  a  mistake  in  identity  of  R.  appendiculatus . 
A.  Theiler  1912B.  Morstatt  1913.  Loveridge  1928.  bequaert  1930A. 
Allen  and  Loveridge  1933.  Moreau  1933.  Cornell  1936.  Reichenow 
1937, 1940, 1941A,B.  Zumpt  1942B.  Lowe  1944.  Beakbane  and  Wilde 
1949.  Wilson  1953). 
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SOUTHHIN  AFRICA;  ANGOLA  (Manetti  1920.  Sousa  Dias  1950. 
Santos  Dias  195QB;.  MOZAMBIQUE  (Howard  1908,1911.  Bedford  193 2B. 
Theiler  19A3B.  Santos  Dias  195QB,1951B,1952D,H,1953B.  Wilson 
1953). 

NCRTHHIN  RHODESIA  (Neave  1912.  Le  Roux  193/^,1937,1947. 
Matthysse  1954.  Theiler  and  Robinson  1954).  SOUTHHIN  RHODESIA 
(Robertson  1904B.  Bevan  1910,1915,1920,1927.  Edmonds  and  Bevan 
19U.  Sinclair  1916.1920.  Jack  1921,1928,1936,1942.  Lawrence 
1935,1937,1938A,1942).  NYASALAND  (Old  1909.  Garden  1912.  Neave 
1912.  De  Meza  19iaA.  Lamborn  1929.  Wilson  1943,1944,1945,1946, 
195QB.  Beakbane  and  Wilde  1949.  Binns  1951). 

SOfOTHWEST  AFRICA  (Neumann  1901.  Tromsdorff  1914).  BECHUANA- 
LAND  (Eastern  part;  Theiler,  unpublished). 

UNION  OF  SOUTH  ATOICA  (Neumann  1901,1911.  A.  Theiler  1903, 
1905B,1906,1909A,B,C,1910A,1911B,1912B,1921.  As  R.  nit ens; 
Neumann  1904.  A.  Theiler  and  Stockman  1904.  Lounsbury  1^4A, 
B,C,1905A.  Howard  1908.  A.  Theiler  and  Christy  1910.  Donitz 
191QB.  Moore  1912.  Nuttall  1914A.  Van  Saceghem  1914.  Dixon 
1914.  Borthwick  1918.  Bedford  1920,19298.  Cowdry  1925B,C, 
1926a, 1927.  A.  Theiler  and  du  Toit  1926,1928.  Sergent,  Donatien, 
Parrot,  Lestoquard,  and  Plantureux  1927B.  P.  J.  du  Toit  1928, 
1931,1947.  Cur son  1928.  P.  J.  du  Toit  and  Viljoen  1929.  Bed- 

ford 19328,1934.  Alexander  and  Neitz  1933,1935.  Bedford  and 
Graf  1934,1935,1939.  Cooley  1934.  Pijper  1934.  Pijper  and  Dau 
1934.  M.D.  1936.  J.  H.  S.  Gear  and  Bevan  1936.  Nieschulz  and 
du  Toit  1937.  Pijper  and  Crocker  1938.  Neitz  and  du  Toit  1938. 
J.  H.  S.  Gear  1938.  Neitz  1939,1948,1950,1953.  Neitz,  Alexander, 
and  Mason  1941.  R.  du  Toit,  Graf,  and  Bekker  1941.  R.  du  Toit 
19428,0,1947.  Thorburn  1947.  Bekker,  Graf,  Malan  and  Van  der 
Merwe  1949.  Graf  and  Bekker  1949.  Whitnall  and  Bradford  1949. 
Theiler  19498 ,C,1952A,B.  Jansen  1952.  Meeser  1953.  J.  Gear 
1954). 

Note:  The  South  African  "aberrant  strain"  which  was  con_ 
sidered  possibly  an  arid-adapted  strain  (Theiler  19498,  p.  283) 
is  actually  R.  pravus  according  to  Theiler  and  Robinson  (1953). 

The  range  of'this  tick  in  South  Africa,  as  mapped  by  the  American 
Geographical  Society  (1954),  was  modified  on  their  Erratum  Sheet. 

OUTLYING  ISLANDS;  ZANZIBAR  (Neave  1912.  Aders  1917). 
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HOSTS* 

Most  prominently  listed  as  hosts  of  all  stages  of  R.  appendicu- 
latus  by  most  authors  are  cattle,  but  domestic  goats,  sTieep,  horses, 
mules,  donkeys,  and  dogs  axe  also  commonly  listed.  The  comparative 
incidence  on  these  animals  has  seldom  been  carefully  observed.  The 
brown  ear-tick  appears  to  feed  more  readily  on  cattle  than  it  does 
on  sheep,  according  to  Worsley  (1950).  A  single  male  has  been  re- 

ported from  a  domestic  chicken  (Lucas  195A). 

Wild  antelopes  and  buffalo  are  frequently  reported,  and  nu- 
merous other  animals  are  infested  on  occasion.  Wild  carnivores 

appear  to  be  parasitized  only  rarely. 

Larvae  and  sometimes  nymphs  feed  on  medium-small  animals  such 
as  hares  and  cane  rats,  and  may  also  attack  man.  Mostly,  however, 
they  are  known  from  the  same  larger  size  hosts  as  adults.  The 
question  of  why  some  larvae  and  nymphs  choose  smaller  hosts  de- 

serves further  investigation. 

In  connection  with  the  account  of  noninf  estation  of  yoiing  anta- 
lopes  (below),  it  is  of  interest  that  Binns  (1951)  has  reported  that 
calves  tied  to  trees  in  the  Lela  District  of  Kenya  were  attacked 
within  two  days  after  birth.  Although  these  calves  harbored  only 
one  or  two  ticks  during  the  first  week,  four  to  ten  ticks  infested 
them  after  a  fortnight.  At  the  end  of  the  month,  over  twenty 
brown  ear-ticks  were  feeding  on  some  calves.  Afterwards,  the  coxznt 
fluctuated  considerably  but  averaged  weekly  12.9  adult  ticks  per 
animal  for  six  calves  for  three  months.  This  was  a  lower  average 

than  for  freely  grazing  older  animals  (but  "adequate  to  provide  a 
reasonable  exposure  to  East  Coast  fever"). 

Adult  Hosts  (only  wild  animals  listed) 

Antelopes ;  Death  of  waterbuck  due  to  heavy  infestation  (Hutchins 
1917) .  Most  of  the  following  antelope  hosts  have  been  reported  by 
several  authors.  Uganda  kob  (Warburton  1913).  Nyala,  kudu  (Bed- 

ford 1932B,  Santos  Dias  1952D).  Impala  (Bedford  1932B.  Santos  Dias 
1952D.  Meeser  1952).  Bushbuck,  waterbuck  (Bedford  1932B).  Sable 

antelope,  Livingstone's  suni,  steenbuck,  klipspringer  (Jack  1942). 

*The  matter  of  domestic  animal  hosts  will  be  treated  in  the  forth- 
coming volume  on  disease  relations  of  African  ticks.  Numerous  addL- 

tional  host  records  are  provided  in  the  APPMDIX. 
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White-beaxded  gnu  (Loveridge  1928).  Dik-dik  (Loveridge  1928, 
Stella  1939b).  Kobus  ellipsiprymus  and  Adenota  vardoni  (Schwetz 
and  Collart  1929) .  Hippotragus  niger  roosevelti  (Santos  Dias 
1952D).  Hartebeest  and  lechwe  (Matthysse  195^^. 

Mettam  (1933)  reported  the  interesting  observation  that 
newly- born  kob,  duiker,  bushbuck,  and  reedbuck  in  an  Entebbe 
paddock  heavily  infested  with  R.  appendiculatus  and  R.  evert si 

were  in  no  instance  affected  by  these  ticks.       ~ 

Buffalo;   (Howard  1908,  Richardson  1930,  Lewis  19310,19^3, 
Walker  1932,  Jack  19A2,  Santos  Dias  1950B,1952D). 

Carnivores;  Hxinting  dog  (Lycaon  sp.)  (Howard  1908).  Lion 
(Zumpt  19^26,  Santos  Dias  1953H,  Matthysse  1954.) .  Felis  capensis 
hindei  (Allen  and  Loveridge  1933).  Jackal  (Santos  Dias  195^D, 
1953B;.  Leopard  (Santos  Dias  1952H,1953B,  Matthysse  195A). 

Man;   (Howard  1908). 

Miscellaneous ;  "All  game  animals  in  Kenya"  (Lewis  1939A) 
but  "rare  on  game  in  Masai  Reserve"  (Lewis  1934-).  Warthog  and 
elephant  (Zumpt  19428).  Zebra  (Lewis  1931,1932,  Santos  Dias 
1952D,  Matthysse  1954).  Giraffe  (Santos  Dias  1953B). 

Stage  of  Tick  Questionable 

Squirrel  (Bedford  1932B).  Hares  (Schwetz  1927A,  Jack  1942). 

Nymphal  Hosts 

Hares  and  rock  rabbits  (Pronolagus  sp.)  (Theiler,  unpublished), 
Large  cane  rat  (Wilson  1950B)1  Bush  squirrel  (Santos  Dias  1952D). 
Duiker  (Lewis  1931C).  Zebra,  hartebeest,  lechwe,  kudu,  hares 
(large  numbers),  and  jackals  (Matthysse  1954).  Man  (Bquatoria 
Province  record  above.  Pijper  and  Dau  1934). 

Tick  identification  "probable";  elephant- shrews  (Rhinonax 
chrysopygus  and  Petrodromus  s.  sultani)  and  Peter's  gazelle 
(Lumsden  1955).  Parasitism  of  elephant  shrews  by  nymphs  of  this 
species  is  probably  rare  or  questionable. 
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Larval  Hosts 

Hares   (Lewis  193A.) .     Man  (Pijper  and  Dau  193^).     See  APPENDIX. 

BIOLOGY 

R.  appendicail atus  is  a  three  host  tick.  In  Nyasaland,  where 
there  is  a  single  rainy  season  each  year,  the  brown  ear-tick  pro- 

duces one  generation  a  year  (Wilson  1946,19508)  but  in  South  Africa 
it  may  produce  one  or  two  generations  a  year  (Loimsbury  1904).  In 
Kenya  and  Uganda,  where  two  rainy  seasons  occur  each  year,  multi- 

plication is  faster  and  two  or  three  generations  breed  within  a 

twelve  months*  period  (Wilson  1953).  As  stated  in  the  section 
on  HOSTS  above,  adults  feed  on  large  animals,  nymphs  attack 
large  or  medium  size  hosts,  and  larvae  appear  to  prefer  small 
to  meditim  size  animals  above  the  size  of  usvial  rodents.  Varia- 

tion in  size  and  structure  of  this  species,  as  influenced  by 
hosts  and  environment,  are  discussed  under  REMARKS  below. 

Life  Cycle 

In  Nyasaland,  Wilson  (195CB)  fotmd  that  under  optimum  condi- 
tions of  high  humidity,  from  110  to  129  days  are  necessary  to 

complete  the  life  cycle.  In  South  Africa,  Loxmsbviry  reared  the 
brown  ear-tick  throvigh  its  life  cycle  in  from  61  to  14-6  days 
depending  on  the  season.  Nuttall  (1913B),  working  in  an  English 
laboratory,  reared  this  species  in  a  minimum  of  115  days,  from 
preoviposition  to  preoviposition  period,  when  maintained  at 

between  17°C.  and  20°C. 

Nuttall  (1913B)  summarized  his  life  cycle  studies  about  as 
follows:  R.  appendiculatus  requires  three  hosts  upon  which  to 

feed  in  its  larval,  nj-mphal,  and  adult  stages.  Larvae  usually 
remain  on  the  host  for  from  three  days  to  a  week;  when  they  re- 

main considerably  longer  they  either  do  not  imbibe  blood  freely 
or  they  may  not  actually  attach  on  the  day  on  which  placed  on 
the  host.  Engorged  larvae  drop  off  up  to  fifteen  days  after 
having  been  placed  on  the  host.  Nymphs  remain  on  the  host  for 
five  to  eleven  days.  Fertilized,  replete  females  abandon  the 
host  after  six  to  fourteen  days.  Males  attach  to  the  animal 
for  longer  periods,  and  unfertilized  females  may  remain  on  the 
host  up  to  24  days. 
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The  temperatiire  at  which  the  host  is  maintained,  id. thin  the 
limits  obseirved,  exerts  no  apparent  influence  on  the  time  that 
different  stages  remain  attached.  Postfeeding  metamorphosis  re- 

quires the  following  time;  from  egg  to  larva,  32  to  65  days  at 

17°C .  to  19°C . ;  from  larva  to  nvrnph;  Tour  to  six  days  at  30°C . , 
or  21  to  U  days  at  15^.  to  JTmTT,   or  60  to  75  days  at  13°C.  to 
lA*^.;  from  nymph  to  adult,  ten  days  at  37°C.,  or  21  to  38  days  at 
20°C.,  or  Sit.   days  at  l^yc .     Away  from  the  host,  therefore,  tem- 

perature markedly  influences  the  rate of  development. 

Once  the  female  abandons  the  host,  oviposition  commences 

after  six  to  23  days  at  17°G.  to  19°C.,  or  after  fifty  to  sixty 
days  at  12°G.  Oviposition  continues  for  from  fifteen  to  56  days, 
dxiring  which  period  the  female  lays  from  3000  to  5770  eggs. 

Nuttall's  average  minimum  times  and  Theiler's  minimum  and 
maximum  times  for  various  periods  of  the  life  cycle  are  summarized 
as  follows: 

PERIOD DAYS 

Nuttall  (1913B)  Theiler  (1943B) 

Preoviposition 6 

5-^0 
Oviposition  to  hatching 32  (17-19^C.) 

»28 

Larval  prefeeding  period 7 _ 

Larva  feeds 3 

3-7 
Premolting  period a  (i7°c.) 

ia.A9 

Nymphal  prefeeding  period 7 — 

Nymph  feeds 5 
3-7 Premolting  period 21  (20°C.) 

10.61 

Adult  prefeeding  period 7 — 

Female  feeds 6 

A-10 Total 

115 

63-202 

Field  observation  indicates  the  extreme  importance  of  knowing 
not  only  the  temperature  but  also  relative  humidity  at  which  all 
rearing  experiments  such  as  these  are  accomplished. 

*Eggs  require  three  months  for  hatching  in  wintertime.  South  Africa. 
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Life  cycle  figures  published  by  Wilson  (1950B)  for  Nyasaland 
fall  well  within  the  above  limits.  Lewis  (1939B)  in  Kenya  found 
that  larvae  and  nymphs  remain  on  their  host  for  several  days 
longer  than  the  above  periods. 

Females  in  Nyasaland  engorge  and  oviposit  only  during  the  wet 
season  when  the  relative  humidity  is  above  1%.     Adults,  especially 
engorged  females,  are  rare  at  other  times  of  the  year.  Unengorged 
larvae  die  in  large  numbers  during  the  cool,  dry  months  of  the  year, 
but  nymphs  are  common  at  this  season.  Under  optimum  conditions  of 
high  humidity,  110  to  129  days  are  necessary  to  produce  adults  of 
the  Fi  generation  in  Nyasaland  (Wilson  19^4,19A6,1950B) . 

The  life  cycle  in  Northern  Rhodesia  is  much  like  that  of  A. 
variegatvim  (Matthysse  195^),  although  adult  brown  ear- ticks  are 
more  severely  restricted  to  the  wet  season.  No  adults  appear  until 
November,  when  they  reach  a  high  peak  of  abundance,  but  their  num- 

bers drop  rapidly  in  the  dry  season,  late  March  and  early  April, 
and  until  October  adxilts  are  rare.  In  some  areas,  however,  a  few 
adults  persist  through  the  dry  season.  Larvae  are  not  found  until 
late  in  the  rainy  season,  late  Februarj?^,  and  are  abvindant  from 
March  throijgh  August.  Laorval  and  nyraphal  incidence  overlaps  from 
early  April  through  August,  but  nymphs  rapidly  disappear  with  SepL- 
tember's  hot  weather  and  are  completely  absent  by  early  November. 
Incidentally,  adults  of  R.  compo situs  (=  R.  ayeri)  preceed  those 
of  R.  appendiculatus ,  being  abundant  in  September  and  October  and 
present  in  some  numbers  in  July,  August,  and  November.  This  may 
have  some  significance  in  maintaining  and  transmitting  East  Coast 
fever  in  cattle  when  adult  brown  ear-ticks  are  absent. 

In  laboratory  studies  on  the  effect  of  artificial  climates 
(Mulligan  1938),  engorged  females  proceeded  to  oviposit  when  re- 

turned to  a  temperatiire  of  24°C.  to  27°C.  after  having  been  ex- 
posed to  1°C.  to  Zk°C.  for  eight  or  nine  days.  Many  of  the  re- 

sulting eggs  shriveled  and  died;  some  larvae  that  hatched  did 
survive  but  many  others  succumbed.  Eggs  hatched  after  having 
been  exposed  to  the  same  low  temperatvure  range  for  six  hours. 
About  half  of  the  engorged  larvae  subjected  to  the  low  temper- 

ature failed  to  molt  and  died. 

The  sxirvival  of  ticks,  whether  fed  or  unfed,  is  of  practical 
importance.  Lewis  (1939B),  working  in  Kenya,  has  recorded  the 
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longest  sujrvival  time  for  unfed  stages  of  R.  appendiculatus ;  larvae 

about  nine  and  a  half  months,  nymphs  about^twenty  months,  and  adults about  two  and  a  half  years.  In  South  Africa,  du  Toit  (1928B)  noted 
the  same  survival  time  for  advilts  in  the  laboratory  and  also  that 
unfed  adults  remained  in  the  field  for  fourteen  months.  Nuttall 
(1913B)  was  able  to  keep  unfed  larvae  alive  for  eleven  months 

(slightly  longer  than  Lewis*  observations)  but  siurvival  periods 
for  other  stages  were  shorter  than  those  of  Lewis.  Wilson  (1946) 
could  not  maintain  unfed  larvae  in  his  Nyasaland  laboratory  for 
more  than  a  week  or  so. 

Ecology 

As  many  as  1000  individuals  of  this  species  may  be  found  on 
single  host,  most  commonly  on  the  ear,  on  the  inner,  concave, 
surface  and  especially  along  the  anterior  margin.  When  the  in- 

festation is  heavy,  fewer  numbers  also  attack  around  the  base 
of  the  horns,  eyelids,  cheek,  neck,  tail  switch,  udders,  scrotum, 
vnlva,  anus,  and  flanks  (Wilson  19483,1949,  Beakbane  and  Wilde 
1949) .  Immature  stages  are  mostly  on  the  ears  but  not  deep  in 
them,  as  is  true  of  immature  R.  evertsi.  Immature  B.  decoloratus 
are  frequently  associated  with  R.  appendiculatus  along  the  edge 
of  the  ear.  If  the  host  is  heavily  infested,  immature  brown  ear- 

ticks  may  be  foimd  on  many  parts  of  the  animal *s  head.  Unengorged 
larvae  and  nymphs  are  so  small  that  they  are  difficult  to  detect 
on  the  host  (Wilson  194SC). 

Heavy  infestations  of  brown  ear-ticks  and  of  nymphs  of  R. 
evertsi  on  and  in  the  ears  of  cattle  frequently  leads  to  a  severe 

bacterial  otitis,  caused  by  Corynebacterium  pyogenes,  and  sloughing 
of  the  external  ear  (Clifford  1954).  Dr.  J.  i.  Taylor,  recently 
Director  of  the  Uganda  Veterinary  Service,  states  (conversation) 
that  the  tympanic  membrane  is  frequently  ruptured  by  heavy  infesta- 

tions and  a  severe  lymphangitis  occurs  in  the  head  and  neck  regions. 

In  oixier  to  assess  the  degree  of  infestation  of  cattle  in 
the  Lela  district  of  Kenya,  an  area  with  about  58  inches  of  well 
distributed  annual  rainfall  and  with  a  high  average  temperatiure 
and  humidity,  the  East  African  Veterinary  Research  Organization 
(Binns  1951)  removed  a  single  animal  out  of  each  local  herd  at 
fortnightly  intervals  and  collected  the  ticks  from  its  ears. 
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Over  a  period  of  seven  months  the  weekly  coaint  per  animal  averaged 
only  27.3  adiilt  brovm  ear- ticks,  varying  from  sixteen  to  Ul   on 
each.  Higher  counts  had  been  anticipated  in  view  of  the  apparently 
favorable  conditions  for  these  ticks  in  the  area  and  because  of  the 
presence  of  East  Coast  fever.  The  same  report  gives  average  counts 
from  other  areas,  correlated  with  rainfall,  vegetation,  and  incidence 
of  disease. 

The  distribution  of  the  brown  ear-tick  in  South  Africa,  brief- 
ly summarized  from  Theiler's  (1949)  detailed  study,  is  as  follows: 

It  is  present  in  areas  with  annual  rainfall  above  fifteen  inches, 
provided  that  bush  and  shrub  coverage  is  adequate.  With  proper 
dipping  practices  and  restriction  of  wild  game  movement  this  tick 
can  be  eradicated*.  Theiler's  report  should  be  consulted  by  any- 

one seriously  concerned  with  this  parasite. 

In  Kenya,  where  temperatures  are  higher  than  in  South  Africa, 
an  average  rainfall  of  twenty  inches  or  more  appears  necessary  for 
R.  appendicirLatus  to  maintain  itself  (Wiley  1953).  Because  various 
workers  have  so  intimately  associated  their  studies  on  the  life 
cycle  and  their  observations  on  the  seasonal  incidence  of  the  brown 
ear-tick,  this  subject  has  been  discussed  under  Life  Cycle  above. 
Other  climatic  factors  are  presented  below. 

Lewis'  (1939A)  findings  in  Kenya  corroborate  Theiler's  state- 
ments for  South  Africa.  There,  the  tick  is  absent  from  the  plains, 

desert,  and  high  plateau  areas,  but  common,  especially  between 
4,800  feet  and  7,000  feet  elevation,  where  vegetation  provides 

enough  shade  to  meet  its  requirements.  /~It  is  of  interest  to interpolate  here  that  Kajo  Kaji,  Yei,  ana  Katire,  from  where  these 
specimens  were  taken  in  the  Sudan,  are  at  about  3000  feet  elevation; 

these  areas  are  more  forested  than  most  of  Torit  District  "J.     Lewis concluded  that  R.  appendiculatus  is  active  at  all  times  of  the  year 
but  more  so  during  tne  rainy  season,  and  that  it  thrives  best  when 

the  mean  maximum  temperatiH-e  is  between  60°F.  and  80°F.,  and  the 
mean  minimum  between  50°F.  and  60°F.  Lewis'  1931  and  1932  papers 
give  other  details  of  the  presence  or  absence  of  R.  appendiculatus 

in  Kenya.  
" 

*A  niunber  of  veterinarians  believe  that  under  most  African  condi- 
tions complete  eradication  is  impossible  and  while  control  to 

prevent  otitis  and  lymphangitis  should  be  practiced,  restricted 
populations  shoiild  be  allowed  to  remain  to  induce  East  Coast  fever 
immunity  in  calves. 
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In  Uganda,  after  a  series  of  dry  years,  the  numbers  of  R. 
appendiciilatus  decrease  to  the  point  where  East  Coast  fever  xs  not 
maintained  in  cattle  in  endemic  form.  When  the  disease  is  intro- 

duced during  the  great  increase  of  the  species  in  abnormally  wet 
years,  the  mortality  of  the  novt- susceptible  cattle  may  be  serious 
(Wilson  1%8A)  .  It  has  been  suggested  that  this  tick  shoiild  not 

be  entirely  eradicated  in  order  to  maintain  its  hosts'  immunity 
to  East  Coast  fever. 

By  way  of  sviraming  up  the  ecology  and  distribution  of  the  brown 

ear-tick,  Wilson  (1953)  has  designated  the  "R.  appendiculatus  _  A. 

variegatum  association"  of  East  and  Centra]  ̂ rica.  This  inter-" esting  and  important  contribution  is  reviewed  herein  under  A. 
variegattim  (cf .  page  27A;  also  R.  pravus,  page    )  and  should 
by  all  means  be  consulted  by  anyone  concerned  with  the  biology  of 
the  brown  ear-tick.  Reichenow  (1941A,B),  from  his  own  observa- 

tions in  Tanganyika,  has  also  stressed  the  practical  importance 
of  knowing  the  ecology  and  distribution  of  this  parasite. 

The  red- billed  oxpecker,  or  tickbird,  Buphagus  erythrorhyn- 
chus  (Stanley) ,  which  attends  all  the  larger  nerbivores  except 
the  elephant  and  the  hippopotamus,  has  been  shown  by  Moreau  (1933) 
to  be  a  predator  of  some  importance  on  R.  appendiculatus  and  on 
other  economically  important  ticks.  Of  the  5^  tickbirds  examined 
in  Tanganyika,  almost  500  brown  ear- ticks  were  found  in  the  stom- 

ach of  thirty.  The  number  of  brown  ear-ticks  per  stomach  ranged 
from  one  to  96. 

In  Kenya,  van  Someren  (1951)  removed  59  adult  and  nymphal 
brown  ear-ticks  from  the  stomachs  of  eight  of  the  same  birds  that 
he  examined;  none  were  found  in  four  others  of  the  same  kind.  He 
found  112  njonphs  and  adults  in  stomachs  of  all  seven  specimens 
of  B,  a.  africanus  that  he  examined  in  Kenya. 

A  further  discussion  of  birds  feeding  on  ticks  is  presented 
under  biology  of  A.  variegatum,  page  275. 

The  chalcid  wasp  parasite  Hunterellus  hookeri  Howard,  1908, 
has  been  found  infesting  n^iaphal  brown  ear-ticks  removed  from 
hares,  Lepus  capensis  subsp.,  in  South  Africa  (Cooley  193A-). 
Cooley  did  not  find  this  wasp  in  ticks  in  Kenya  (Price  19^8) 
but  Philip  (195^)  has  found  it  in  nymphal  kennel  ticks  there. 
For  a  brief  discussion  of  this  wasp,  see  biology  of  R.  s. 
sanguineus,  pages  710  to  712. 
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DISEASE  RELATIONS 

MAN;  Boutonneuse  fever  (Rickettsia  conorii) . 

The  vinos  of  Rift  Valley  fever  of  man  and  animals  survives 
only  until  the  tick  molts  and  is  transmissible  only  experimentally. 

CATTLE;  The  common,  important  vector  of  East  Coast  fever 

(Theileria  parva);  experimental  work  with  the  "tvtming  sickness" 

form  als~reported .  Pseudo  East  Coast  fever  (T.  mutans).  Red- 
water  (Babesia  bigemina) .  Louping-ill  (virus)" (experimental) . Not  a  vector  of  bovine  infectious  petechial  fever  (Ondiri  dis- 

ease) (virus). 

SHEEP;  Nairobi  sheep  disease,  and  (experimentally)  louping- 
ill  (both  virus). 

GOATS;  Nairobi  sheep  disease  (virus) . 

HCRSES;  Louping_ill  (virus)  (experimental).  Not  a  vector 
of  horsesicknessj  virus  is  not  transmitted  to  the  progeny  of 
ticks  from  fat ally- infected  hosts. 

RMARKS 

Integumentary  sense  organs,  which  are  fixed  in  n\imber  and 
location,  and  which  are  essentially  similar  in  all  stages  of 
the  tick,  though  more  primitive  in  larvae,  have  been  described 
and  illustrated  by  Dinnik  and  Zumpt  (194-9). 

A  misformed  specimen  has  been  described  and  illustrated  by 
Nuttall  (I9IAA)  (repeated  by  most  subsequent  workers  on  the  sub- 

ject) and  a  gynandromorph  has  been  reported  by  Santos  Dias  (1952E) . 

Schulze*s  work  on  the  brown  ear- tick  has  included  certain 

aspects  of  the  larval  gut  (1943B),  of  the  larval  haller^s  organ 
(1941),  and  of  the  external  body  structvire  of  males  (1932C). 

II 

Copulation  has  been  observed  by  Donitz  (1905)  and  discussed 
by  Christophers  (1906);  the  same  remarks  as  for  R.  e.  evert si 

(page  652)  apply  to  the  brown  ear-tick.        ~  ~ 
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That  the  wide  range  of  adult  size  and  appearance  (scutal 
smoothness,  degree  of  punctation,  depth  of  lateral  grooves,  pres- 

ence of  hairs  on  basis  capittili,  presence  of  dorsal  concavity  of 
palpi,  shape  of  adanal  shields,  presence  of  accessory  shields, 
size  and  shape  of  tarsi  and  of  porose  areas,  etc.)  is  due  to 
variation  in  fullness  of  feeding  of  the  immature  stages  has  been 
convincingly  presented  by  Nuttall  (1913). 

It  appears,  however,  that  no  matter  how  variable  this  species 
may  be,  it  is  seldom  difficult  to  distinguish  from  other  species. 

When  maJcing  the  rather  sizeable  collections  of  R.  appendicxi- 
latus  at  Kajo  Kaji  and  Yei,  in  December  of  1951,  it  was  noted 
that  specimens  from  the  ears  of  cattle  were  consistently  of  rather 

■uniform  size  and  similar  in  structure  and  appearance.  But  spec- 
imens from  sheep  and  goats  varied  considerably  in  size  and  struc- 

tvire,  and  many  were  malformed.  Upon  returning  to  Yei  in  December 
of  1952,  additional  specimens  were  obtained  from  cattle.  Many 

of  these  were  as  variable  and  misshapen  as  the  previous  year's 
collections  from  goats  and  sheep.  The  factors  behind  these  dif- 

ferences are  too  complex  to  allow  conjecture  over  the  reason, 
interesting  as  it  might  be  to  do  so.  It  is  suggested,  however, 
that  other  reasons,  besides  immature  stage  nutrition,  may  draaa- 

tically  influence  the  parasite's  well-being  and  shoxild  be  inves- 
tigated. 

IDENTIFICATION 

Males  vary  in  overall  length  from  1.8  mm.  to  A.^  mm.;  "normal " 
males  are  3.0  mm.  or  above  in  length.  They  are  usually  brownish 
or  reddish- brown,  but  may  be  very  dark;  the  legs  are  always  red- 

dish-brown. The  clearly-defined  dorsal  process  of  coxa  I  res- 
tricts this  species  to  a  rather  small  group  among  which  it  can 

be  distinguished  by  the  deep,  long  lateral  grooves,  peculiar 
scutal  punctation,  shape  and  rounded  posterior  margins  of  adanal 
shields,  flat  eyes,  etc.  Scutal  punctations  of  moderate  size 
are  evenly  spaced  in  the  central  area  of  the  scutum  but  almost 
or  entirely  disappear  in  the  lateral  fields  and  outside  of  the 
lateral  grooves.  Posteromedian  and  paramedian  grooves  are  narrow 
but  distinct  and  the  cervical  fields  are  more  or  less  reticulate, 
especially  in  large  specimens.  A  caudal  process  is  sometimes 
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present.  The  characteristic  elongate  shape  of  the  adanal  shields 
with  their  slightly  rounded  angles  is  most  distinctive  after  some 
series  have  been  examined.  Variation  in  shape  of  the  adanal 
shields  is  illustrated  (Figure  242).  The  basis  capituli  is  some- 

what variable  in  that  the  lateral  margins  may  be  more  or  less 
angled,  depending  largely  on  the  size  of  the  individual. 

Females  are  similar  to  males  in  color  and  quality  of  puncta- 
tions.  The  scutvun  ha^  a  distinctive  outline  (Figure  243)  that 
may  be  slightly  more  narrowly  rounded  posteriorly  than  the  spec- 

imen herein  illustrated;  it  is  as  wide  as  or  slightly  wider  than 
long.  The  lateral  grooves  are  frequently  short  or  poorly  defined; 
the  transition  to  the  raised  lateral  border  of  the  scutvtm  may  be 
gradual  or  abrupt;  the  lateral  grooves  are  often  picked  out  by  a 
row  of  medium  size  punctations.  The  long  cervical  grooves  that 
extend,  albeit  shallow,  to  the  posterior  margin  of  the  scutum 
demarcate  oval  fields  beside  the  central  field,  a  characteristic 
aspect  of  this  species;  combined  vdth  it  is  the  moderate  density 
of  small  to  moderate  size  punctations  scattered  over  the  scutum. 
In  small  females,  the  punctations  are  frequently  less  numerous 
and  the  scutal  surface  is  not  so  markedly  divided  into  a  central 
and  two  oval  fields  within  a  raised  lateral  border.  The  porose 
areas  vary  with  the  size  of  the  individual. 
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248 

Figiire  2/V5,  c?,  dorsal  view.     Figure  A,   adanal  shield. 

Figvire  2/^6,  5,  dorsal  view.     Figiore  2^7,  larva,  dorsal  view. 
Figiire  2lS,  nymph,  dorsal  view. 

RHIPICEPHALUS  ARNOLD I 

/"After  Theiler  and  Zumpt    (1950)   in  Zimpt   (1950A)J7 

PLATE  L>DC 
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RHIPICEPHALUS  ARNOLDI  Theiler  and  Zumpt,  1950*. 

(Figures  2A5  to  248) 

ARNOLD'S  BROWN  TICK 

L   N   5   cf     EQUATORIA  PROVINCE  RECORDS 

10      I koto        Lepus  capensis  crawshayi       Feb 
1  Lotti  Forest  Praomys  tiillbergi  sudanensis    Apr 

These  are  the  only  records  of  this  species  aside  from  the 
original  collections  from  Transvaal  and  Cape  Province,  South  Afri- 

ca. Dr.  Theiler 's  identification  of  the  larval  specimen  noted 
above  is  tentative. 

DISTRIBUTION 

The  actual  distributional  picture  of  R.  arnoldi,  presently 
knovm  only  from  the  Union  of  South  Africa  and  the  Sudan,  remains 
to  be  ascertained. 

EAST  AFRICA;  SUDAN  (Hoogstraal  1954B) . 

SOUTHERN  ATOICA;  UNION  OF  SOUTH  AFRICA  (Theiler  and  Zumpt, 
in  Zumpt  1950A; . 

HOSTS 

Hare,  Lepus  sp..  and  rock  hare,  Pronolagus  sp.  (Theiler  and 
Zumpt  in  Zumpt  1950A) .  Lepus  capensis  crawsnayi  and  larva  on 
Praomys  tullbergi  sudanensis  (.Equatoria  Province  records  above). 

BIOLOGI 

Unstvidied. 

^Described  in  Zumpt  (1950A) . 
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DISEASE  RELATIONS 

Unstudied. 

RMARKS 

The  Sudan  material  was  identified  by  Dr.  G.  Theiler.  Santos 
Dias  (1952H)  has  compared  this  species  with  R.  serranoi . 

IDENTIFICATION 

The  following  diagnosis  is  taken  from  the  original  description 
of  this  species. 

II 

Males  are  like  those  of  R.  muhlensi  in  that  they  possess  a 

well  developed  dorsal  projectTon  of  coxa  I  and  have  Ijjiteral  grooves 
indicated  only  by  punctations.  They  differ  fromR.  niuhlensi  in 

that  the  scutal  punctations  are  larger,  the  basis~capituli  is broader  and  has  more  acute  lateral  angles,  the  palpi  are  more 
compressed,  and  the  adanal  shields  and  spiracular  plates  are 
different.  The  middle  festoons  do  not  protrude j  the  postero- 

median groove  is  narrow  and  long,  the  paramedian  grooves  are 
elongate-oval,  and  all  the  grooves  are  reticvilate.  Size  is 
2,25  ram,  to  3.00  mm.  long  and  1.66  mm,  wide;  color  light  to 
dark  brown;  shape  convex. 

Female  palpi  are  unustially  triangular  in  combined  appearance 
when  the  mouthparts  are  tilted  downwards.  The  basis  capitvili, 
about  twice  as  wide  as  long,  converges  strongly  anteriorly  in 
an  extension  of  the  same  angle  as  the  lateral  margins  of  the 
palpi.  The  scutum  is  slightly  longer  than  wide  and  posterior 
of  the  eyes  is  sharply  narrowed  to  a  comparatively  long,  nar- 

rowly pointed,  posteromedian  angle.  No  lateral  grooves  are 
present  but  the  scutal  periphery  is  raised  and  the  cervical 
fields  depressed;  the  cervical  grooves  converge  from  the  deep 
anterior  pits  to  the  anterior  third  of  the  scutum  and  thence 
diverge  as  shallow  grooves  extending  almost  to  the  posterior 
margin.  Scutal  punctations  are  mixed,  irregular,  larger  and 
denser  than  those  of  the  male  in  the  centrel  area  but  fewer 
in  lateral  raised  areas, 

Theiler  and  Zumpt  (loc.  cit.)  also  described  and  illustrated 
the  immature  stages. 
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250 252 

Figiires  249  and  250,  cf,  dorsal  and  ventral  views 

Figures  251  and  252,  5,  dorsal  and  ventral  views 

RHTPICETH&LUS  BEgUAERTI 

d*,  Central  African  Specimen  (after  Zumpt) 

^,  Sudan  Specimen 

PLATE  LZZI 

-  619  _ 



RHIFICEPHALUS  BEftUAERTI  Zumpt,  1950. 

(Figures  2/^9  to  252) 

BEQUAJET'S  BROWN  TICK 

L   N   9   cf       BJUATCRIA  PROVINCE  RECORD 

1       Nagichot     domestic  goat  Dec 

Nagichot  is  at  65OO  feet  elevation  in  the  Didinga  Mountains 
of  Eastern  District.  R.  bequaerti  is  known  from  the  Sudan  by 
only  this  single  specimen. 

DISTRIBUTION 

R.  beqiiaerti  appears  to  be  a  rare,  mountain-inhabiting  tick 
of  Central  Africa  and  nearby  mountains  of  the  Sudan. 

CENTRAL  AFRICA;  "Central  Africa,  Lissenji"  (Zumpt  195QA). 
Dr.  Theiler  and  I  cannot  locate  "Lissenji"  but  believe  that  it 
may  be  a  misspelling  for  Kisenyi,  which  is  in  Ruanda  Urundi.  RUANDA 

URUNDI  ("Ljenda;  2500  meters  altitude,"  Rousselot  1951,1953B.  This 
material  has  been  checked  by  Dr.  G.  Tlieiler). 

EAST  AFRICA;  SUDAN  (Hoogstraal  1954£). 

HOSTS 

Bvtffalo   (Zumpt  1950A).     Domestic  goat   (Sudan  data).     Cattle 
(Rousselot  1951,19536). 

BIOLOGY 

Unknown.  This  tick  should  be  searched  for  especially  at  high 
altitudes. 
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DISEASE  RELATIONS 

Unknown. 

IDENTIFICATION 

With  so  few  specimens  extant,  the  variability  of  R.  bequaerti 

cannot  be  determined.  
"" 

Males.  This  sex  is  easily  recognizable  by  complete  absence 
of  lateral  grooves  that  are  replaced  by  a  line  of  large  pionctations 
bounding  the  raised  lateral  ridge.  Medium-size  scutal  punctations 
are  arranged  linearly  like  those  of  R.  simus  but  are  interspersed 

with  numerous  fine  interstitial  punc'^ations .  The  posteromedian groove  is  long  and  narrow,  the  paramedian  grooves  are  curved  and 
wider.  The  cervical  pits  are  short,  deep,  and  punctiform.  The 
adanal  shields  are  L  shaped  with  a  heavy,  broad  base,  convex 
internoanterior  margin,  and  other  margins  straight  with  rounded 
junctures.  Coxa  I  has  a  small  but  distinct  dorsal  projection. 
The  original  description  states  that  the  spixrs  of  coxa  I  are 

"strikingly  short"  but  the  illustration  accompanying  the  des- 
cription hardly  verifies  this  statement.  Color  is  reddish- brown. 

Females.  The  scutum  is  approximately  as  wide  as  long  and 
its  posterior  margin  is  abruptly  rounded.  Lateral  grooves  are 
greatly  reduced,  being  restricted  to  the  anterior  half  of  the 
scutum;  bordering  these  grooves  the  lateral  ridges  rise  sharply. 
Cervical  pits  are  wide  and  deep;  cervical  grooves  reach  almost 
to  the  posterior  scutal  margin.  Punctations  are  large  and  widely 
scattered,  interstitial  pvinctations  are  stronger  than  in  the  male. 
The  basis  capituli  is  twice  as  wide  as  long,  with  rightangled  lat- 

eral angles  and  short,  rounded  comua;  large  porose  areas  are 
circulair  or  subcircular  and  spaced  apart  from  each  other  by  less 
than  their  ovm  diameter  (in  R.  s.  simus,  these  are  small,  circular, 

and  spaced  far  apart).     ~  ~ 

A  small  dorsal  process  of  coxa  I  is  present  on  the  Sudan  spec- 
imen, thovigh  this  process  is  stated  to  be  absent  on  the  type  fe- 

male. Eyes  of  the  Sudan  specimen  are  situated  on  the  scutal  mar- 
gin, dark  amber  color,  elongately  oval,  very  slightly  convex,  and 

delimited  by  a  shallow  groove  along  the  internal  border.  The 
Svdan  specimen  was  identified  by  Dr.  G.  Theiler. 
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Figures  253  and  254,  <?,  dorsal  and  ventral  views 

Figtrres  255  and  256,  5,  dorsal  and  ventral  views 

RHIPICEPHALUS  CCMPOSITUS 

Slid  an  Spec  iraens 

PLATE  LXXII 
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RHIPICH'HALUS  CCMPOSITUS  Neumann,  1897 

(=  R.  AYBII  Lewis,  1933). 

(Figures  253  to  256) 

THE  EAST  AFRICAN  HIGHIAND  BROWN  TICK 

L   N   $   (?     EQUATORIA  PROVINCE  RECORDS 

2  1   Nimule     Syncerus  caffer  aequinoctialis  Dec 
3  2   Kheirallah  ̂ mcerus  caffer  aequinoctialis   _  (SGC) 

These  specimens,  from  the  east  and  west  banks  of  Bquatoria 
Province,  are  the  first  of  R.  compositus  from  known  localities  in 
the  Sudan.  Although  the  Kheirallah  (spelled  Hierallah  on  the 
label)  specimens  were  collected  in  1911  by  H.  H.  King,  they  had 
remained  iinidentified  in  Sudan  Government  collections.  For 
further  comments  on  these  specimens,  see  BIOLOGY  below. 

DISTRIBimON  IN  THE  SUDAN 

The  type  locality  given  by  Neumann  (1897)  for  R.  compositus 
is  Khartoum.  It  is  obviously  impossible  that  this  Tick  has  been 
established  in  this  desert  environment  in  recent  times.  Un_ 

fort\anately,  the  source  of  specimens  provided  Neumann  was  fre- 
quently incorrect  and  his  acceptance  of  collectors'  information 

has  subseq\aently  led  to  ntunerous  misconceptions  before  knowledge 
of  the  species  concerned  became  detailed  enough  to  recognize 
these  errors.  It  is  hardly  likely,  in  the  troubled  and  harassed 
times  when  the  type  specimens  were  reputed  to  have  been  collected 
at  Khartoum,  that  cattle  were  being  imported  there  in  any  numbers 
from  areas  where  this  tick  is  likely  to  occur.  It  is  possible, 
but  not  very  probable,  that  the  collector  merely  lumped  the  vast 
poorly- explored  northeastern  African  area  of  his  day  under  the 
heading  Khartoum.  The  normal  occurrence  of  R.  compositus  out- 

side of  Equatoria  Province  in  the  Sudan  is  hardly  to  be  expected, 
and  even  in  this  Province  it  is  probably  restricted  to  the  rather 
few  highland  outcrops  and  their  vicinity. 
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DISTRIBUTION 

R,  compositiis,  as  shown  by  Theiler,  Walker,  and  Wiley  (1956), 
is  a  Toe  ally  common  East  African  highland  parasite  with  scattered 
populations  in  the  highlands  of  Central  Africa  and  of  eastern 
West  Africa.  Literatiire  before  1933  refers  to  it  as  R.  coraposltus, 
from  1933  onwards  mostly  as  R.  ayeri .  See  REMARKS  beTow  and  Theiler, 
Walker,  and  Wiley  (1956). 

WEST  AFRICA;  NIGERIA  (Mettam  1950.  Unsworth  19^9,1952. 
Gambles  1951.  Theiler,  Walker,  and  Wiley  1956). 

CENTRAL  AFRICA;  CAMEROONS  (Unsworth  1952.  Theiler,  Walker, 
and  Wiley  1956;.  SeLGIAN  CONGO  and  RUANDA-URUNDI  (Bequaert  1930A, 
B,1931.  Theiler  remarks  in  Santos  Dias  19A9D,  p.  170.  Hoogstraal 
1954C.  Theiler  and  Robinson  195A.  Van  Vaerenbergh  195^.  Theiler, 

Walker,  and  Wiley  1956.  It  seems  likely  that  the  "R.  capensis" 

of  Schoenaers  1951A,B,  refers  to  R.  compositus).   ~ 

EAST  AFRICA;  SUDAN  (Neumann  1897,  see  DISTRIBUTION  IN  THE 
SUDAN  above.  I!oogstraal  195-^.  Theiler,  Walker,  and  Wiley  1956). 

KENYA  (Lewis  1933, 193^.  Theiler,  Walker,  and  Wiley  1956). 
UGANDA  (Wilson  19^8, 1950A,1952, 1953.  Theiler,  Walker,  and  Wiley 
1956).  TANGANYIKA  (Donitz  1905.  Neumann  1911.  Theiler,  Walker, 
and  Wiley  1956.  J.  B.  Walker,  \inpublished;  see  HOSTS  below). 

SOUTHERN  AFRICA;  NORTHERN  RHODESIA  (Le  Roux  19A7.  Theiler 
remarks  in  Santos  Dias  1949D,  p.  170.  Matthysse  1954-.  Theiler, 
and  Robinson  195/h.  Theiler,  Walker,  and  Wiley  1956).  NYASALAND 
(Theiler  remarks  in  Santos  Dias  1949D.  Wilson  1950B.  Theiler, 
Walker,  and  Wiley  1956).  MOZAMBIQUE  (Santos  Dias  19A9A,E,F, 
1952H,1953B,195AA.  Theiler,  Walker,  and  Wiley  1956). 

HOSTS 

The  buffalo  appears  to  be  the  preferred  host  of  R.  compositus 
and  other  larger  game  animals  to  be  second  choice.  Iji  some  areas, 
this  tick  transfers  to  cattle  but,  as  shown  by  Theiler,  Walker, 
and  Wiley  (1956),  it  is  not  known  to  do  so  in  Kenya.  In  Northern 
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Rhodesia,  Matthysse  (l95A-)»  however,  recorded  this  tick  only  from 
cattle.  A  single  incidence  of  parasitism  on  man  has  been  reported. 
Hosts  of  the  immature  stages  in  nature  are  tmknown. 

Man  (Hoogstraal  1954C). 

Domestic  animals;  Cattle  (Neumann  190Zh,1911,  Wilson  194.8, 
1950A,B,  Santos  Dias  19A9A,F,1953B.  Matthysse  195A.  Van  Vaeren- 
bergh  1954-,  Theiler,  Walker,  and  Wiley  1956).  Dog  (Donitz  1905, 
Theiler,  Walker,  and  Wiley  1956). 

Wild  animals;  Buffalo  (Lewis  1933,  Wilson  1948,19506,  Santos 
Dias  T^B,  Theiler,  Walker,  and  Wiley  1956).  Rhinoceros  (Lewis 
1933.  Theiler,  Walker,  and  Wiley  1956).  Roan  antelope  (Lewis 
193A).  ELand  (Theiler,  Walker,  and  Wiley  1956).  Lichtenstein»s 
hartebeest  (Santos  Dias  1952H,1953B).  Sitatunga  (j.  B.  Walker, 
Tanganyika;  unpublished).  Lion  (Lewis  1933,  Wilson  1950B, 
Theiler,  Walker,  and  Wiley  1956).  Cheetah  (Wilson  1950B). 

"Game"  (Wilson  1950^).  Bushpig  (Santos  Dias  1953B).  Warthog 
(Bequaert  1930A,1931,  Santos  Dias  1953B). 

BIOLOGY 

Life  History 

Details  of  the  life  history  under  laboratory  conditions  will 
be  presented  by  Theiler,  Walker,  and  Wiley  (1956).  Observations 
on  the  seasonal  occurrence  of  various  stages  are  presented  below. 

Ecology 

R.  compositus  (=  R.  ayeri )  is  included  in  the  ecological  zone 
referred  to  as  the  R.  appendiculatus  -  A.  variegatum  association 

(cf.  page  274),  but~restricted  to  highland  forests  where  it  may occur  locally  together  with  R.  kochi  (=  R.  jeanneli). 

It  is  likely  that  R.  compositus  and  R.  kochi  were  once  more 

isolated  than  they  presently  are  and  that~they  now  occupy  in  part 

-625- 



the  same  unique  ecological  zones  due  to  movements  of  wild  hosts  or 
of  domestic  hosts.  They  are  sympatric  species  in  which  hybridiza- 

tion is  not  known  to  occior. 

The  highland  range  of  R.  compo situs  is  confirmed  by  the  care- 
ful study  of  numerous  recor3s  by  Theiler,  Walker,  and  Wiley  (1956). 

Sudan  specimens  from  a  buffalo  near  Niraule,  which  is  a  savaru 
nah  area  at  the  level  of  the  Nile  River,  2,059  feet  elevation, 
might  appear  to  be  exceptions  to  the  highland  concept  of  this 
species.  They  were,  however,  collected  in  December,  shortly  after 
the  end  of  the  rainy  season,  when  there  is  a  tremendous  movement 
of  outlying  animal  populations  towards  the  river.  It  seems  protu 
able  that  the  buffalo  from  which  these  ticks  were  taken  had  re- 

cently come  to  the  river  from  the  nearby  Acholi  mountains,  where 
he  had  acquired  these  parasites. 

In  Nyasaland,  adults  were  collected  only  in  December  and  Jazu 
uary  (middle  rainy  season),  when  adults  of  the  closely  related  R, 

capensis  were  absent  (Wilson  1950B).  *" 

Matthysse  (195^4-),  working  in  Northern  Rhodesia,  considers  it 
noteworthy  that  adults  of  R.  compo situs  preceed  those  of  R.  appeix. 
diculatus ,  being  found  abundantly  before  the  rains,  in  Septemoer 
and  October,  and  also  being  present  in  July,  August,  and  November. 
Rains  commence  in  November.  This  factor  may  be  of  importance  in 
the  transmission  of  East  Coast  fever  diiring  the  absence  of  adiilt 

brown  ticks.  "Cattle  examinations  during  the  latter  part  of  the 
dry  season  and  during  the  early  rains  will  show  many  brown  ticks 
on  the  undersides  of  the  body,  in  the  tail  brush,  and  on  the 

feet,  but  not  in  the  ears.  These  ticks  are  largely  R.  compo situs* 

(=  R.  ayeri)  (Matthysse  1954-).  The  same  author  list's  a  single collection  from  the  ears   of  cattle. 

DISEASE  RELATIONS 

CATTLE:  A  vector  of  East  Coast  fever  (Theileria  parva) . 
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RH4ARKS 

The  conftision  regarding  the  taxonomic  position  of  this  spe- 
cies is  reviewed  in  detail  by  Theiler,  Walker,  and  Wiley  (1956) 

in  a  report  so  easily  available  to  all  specialists  who  might  be 
concerned  with  this  matter  that  it  is  not  abstracted  here. 

These  authors,  with  admirable  conservatism,  persist  in  refer- 
ring to  that  tick  herein  called  R.  compositus  by  the  name  R.  ayeri. 

However,  their  various  rearing  and  di stributional  studies  "show  R. ayeri  to  incltide  all  morphologic eil  and  ecological  features  of  rT 
capensis  compositus  and  to  be  a  valid  species  and  taxonomic  entity, 
separate  and  distinct  from  R.  capensis,  which  they  have  also  reared 

through  the  Fi  generation.  "They  say:  "As  to  whether  R.  ayeri  is 
R.  compositus  or  not,  we  are  inclined  to  think  that  it''is,  but  we 
are  at  the  moment  not  in  a  position  to  commit  ovirselves" .  In  their 
summary,  it  is  stated  that:  "(R.  ayeri)  is  shown  to  be  a  valid 
species  and  is  in  all  probability  synonymous  with  Neumann's  1897 
R.  compositus" . 

While  there  is  some  possibility  that  eventually  R.  congxasitus 
and  R.  ayeri  will  be  shown  to  be  separate  species,  thas  at  present 
appears  so  \mlikely  that  I,  more  rashly  than  n^r  friends,  am  calling 
this  material  R.  compositus. 

Santos  Dias  (1948A)  attributed  a  slightly  misshapen  specimen 
to  R.  ayeri . 

The  Sudan  material  has  been  checked  by  Dr.  Theiler. 

IDENTIFICATION 

Males;  Size  medium  to  large  (A. 00  mm,  to  7.75  ram.  long). 
Scutal  punctations  are  numerous,  very  closely  spaced,  but  mostly 
noncontiguous,  uniformly  large  in  central  area  (in  R.  capensis, 
large  punctations  are  scattered  among  ntimerous  smaller  punctations 
in  central  area),  fewer  or  absent  bordering  at  least  the  anterior 
half  of  the  lateral  grooves.  The  cervical  area  may  have  somewhat 
more  variable  punctations  within  lateral  grooves  (few  in  R. 
capensis).  Cervical  pits  are  short  and  deepj  cervical  grooves 
are  shallow,  diverging  (frequently  indistinct)  (deep  and  long 

-  627  - 



in  R.  capensis).  The  body  margin  is  regularly  rounded  or  slight- 

ly "Bulging  posterior  of  the  eyes*.  Lateral  grooves  are  deep, extending  from  usually  clearly-marked  pseudoscutum  to  margin 
between  second  and  third  festoon.  The  posteromedian  groove  is 
long  and, narrow  (possibly  wider  and  sometimes  shorter  in  R. 

capensis) ;  paramedian  grooves  are  narrow.  A  small  dorsal^hump of  coxa  I  is  visible.  The  basis  capituli  is  nearly  twice  as 
wide  as  long;  lateral  angles  are  at  the  basal  third  and  acute. 
The  color  is  dark  brown  (usually  light  brown  in  R.  capensis)  to 
black.  Adanal  shields  are  of  the  widely  triangular  type  with 
rounded  junctures  and  margins  and  a  slightly  emarginate  inner 
margin. 

The  wide,  glossy  scutal  periphery  and  the  numerovis,  regular 
scutal  punctations  are  striking. 

Females;  This  sex  has  a  similarly  wide,  glossy  border  of 
the  dark  brown  or  black  scutum,  with  but  few,  small  p\inctations 
outside  the  definite  lateral  grooves,  which  extend  the  full 
length  of  the  scutxim.  The  scutum  is,  therefore,  qiiite  distinctive. 
This  feature,  together  with  the  roxmded  scutal  margin  (sometimes 
slightly  indented  posterior  of  the  eye),  nimerous,  uniformly  large 
punctations  in  the  central  field  and  a  few  small  punctations 
anteriorly,  and  scutal  length  (only  slightly  wider  than  long) 
rather  easily  separates  R.  compositus  from  the  female  of  R. 
capensis  (which  has  puncTations  reaching  the  lateral  scutal 
margin,  slightly  greater  scutal  width,  and  numerous  small  punc- 

tations irregularly  scattered  among  fewer  large  punctations). 
CervicsQ.  grooves  are  short  and  deep.  Females  are  about  7.5  mn. 
long  and  5.0  mm.  wide,  scut\am  about  2.2  mm.  long,  and  2.3  mm. 
wide. 

Note;  In  the  Sudan  tick  fauna  there  should  be  little  dif- 
ficulty  in  determining  R.  compositus.  The  criteria  separating  this 

species  from  R.  capensi's  have  been  included  above  because  of  the 

•According  to  Santos  Dias  (1949F)  the  body  outline  of  R.  capensis 
bulges  more  than  in  R.  compositus  (=  R.  ayeri )  jvist  posterior  of 
the  eyes.  This  is  not  necessarily  true  in  nonrobust  specimens. 
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possibility  that  this  important  species  may  some  day  be  introduced 
into  the  Sudan.  This  is  the  only  Sudanese  species  in  which  the 
male  scutal  punctations  are  large,  deep,  dense  and  noncontiguous 
centrally,  the  margins  are  wide  and  glossy,  and  the  posterior 
grooves  are  narrow.  The  dense,  uniform  female  scutal  punctation, 
the  glossy,  smooth  scutal  periphery,  and  the  wide,  regvilar  scutal 
outline  easily  distinguishes  this  sex  in  the  Sudan  fauna. 
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258 

259 260 

Figures  257  and  258,  cf,  dorsal  and  ventral  views 
Figures  259  and  260,  5,  dorsal  and  ventral  views 

RHIPICEPHALUS  CUSPIDATUS 

Sudan  Specimens 

PLATE  LXXIII 
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RHIFICBPHALUS  CUSPIDATUS  Neumann,  1906 

(Not  R.  CUSPIDATUS  sensu  Zumpt,  1950A)* 

(Figures  257  to  260) 

THE  WEST  AHIICAN  WARTHOG  BROWN  TICK 

DISTRIBUTION  IN  THE  SDDAN 

Bahr  El  Ghazal;  Galual-Nyang  Forest,  15c2:f  and  31$$  from  tvo 
warthogs,  pKacochoerus  aethlopicus  subsp. ,  and  IdP  from  ground,  21 

and  23  February  1953,  H.  H.  legit"  ̂tSd',   6o$,  same  locality  and host  species,  7  June  1953,  E.  T.  M.  Reid  legit.  These  are  the 
only  specimens  of  this  interesting  West  African  tick  from  the 
Sudan. 

DISTRIBUTION 

This  West  African  warthog  and  aard-vark  parasite  ranges 
eastward  as  far  as  the  western  part  of  southern  Sudan. 

WEST  AFRICA;  FRENCH  WEST  AFRICA  (Neumann  1905,1911.  Theiler 
1947.  Rousselot  1951,1953B.  Specimens  from  Fort  Foureau  and 
French  Sudan,  collected  by  Rageau  and  Rousselot,  are  present  in 

the  Theiler  collection.  It  seems  likely  that  the  "R.  complanatus" 
reported  by  Fiasson  (1943B)  from  wild  pigs  refers  actually  to  R. 
cuspidatus.  PORTUGESE  GUINEA  (As  R.  sp.:  Tendeiro  1948.  As!?. 
cuspidatus:  Tendeiro  1951A,E,1952J  ,1953 ,1954). 

CBfTRAL  AFRICA;  CAMEROONS  (Rageau  1953A,B). 

EAST  AFRICA;  SUDAN  (Hoogstraal  1954B). 

Note;  Stella  (l940)  listed  R.  cuspidatus  from  the  Harrar 
area  of  Ethiopia.  Pending  further  investigation,  this  record  is 
considered  questionable. 

»See  RMARKS,  page  632. 
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HOSTS 

Warthogs,  Phacochoerus  aethiopicus  subsp.  (Neumann  1906,1911, 
and  Svidan  records  above  J.  Aard-vark,  Orycteropus  afer  senegalensis 
(Rousselot  1951,1953B,  Tendeiro  1952C). 

BIOLOGY 

It  seems  strange  that  this  large  tick  from  much-hunted  wart- 
hogs  shoxild  not  have  been  more  often  reported  from  West  Africa, 
though  misidentification  of  specimens  may  account  for  this  situa- 
tion. 

DISEASE  RELATIONS 

Ten  of  the  above-mentioned  Sudanese  female  specimens  were 
inoculated  into  mice  and  guineapigs  in  the  Cairo  laboratories 
of  Naval  Medical  Research  Unit  No.  3,  for  attempted  isolation 
of  viruses  or  rickettsiae.  The  host  animals  produced  no  sign 
of  infection. 

It  is  claimed  that  specimens  naturally  infected  with  Q 
fever  (Goxiella  burnetii)  occxir  in  Portugese  Guinea. 

REMARKS 

It  was  impossible  to  identify  with  certainty  the  Sudan  spec- 
imens and  some  were  sent  to  Dr.  Theiler.  She  had  received  sim- 

ilar material  from  French  West  Africa  (noted  above)  and  fotmd 

that  it  corresponded  to  Neumann* s  (1906)  description  of  R.  cus- 
pidatTis  but  differed  markedly  from  Zumpt's  (1950A)  interpreta- 

tion of  this  species.  Thereupon  she  sent  the  French  West 
Africa  specimens  to  Dr.  D.  R.  Arthur  for  comparison  with  the 
R.  cuspidatus  type  specimens  in  the  British  Museum  (Natural 
IRi story ^.  He  found  these  to  be  the  same.  What  the  tick  reported 
by  Zumpt  (loc.  cit.)  as  R.  cuspidatus  should  be  called  is  not 
known. 
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R.  cuspidatVLS  falls  into  the  subgenus  Rhipicephalus  (sensu 

stric'Eu)  of  Zumpt  (1950A)  and  not  in  Rhipicephalus  in  which  he placed  the  species  attributed  by  him  to  this  name. 

IDENTIFICATION 

Males  are  readily  recognized  by  the  unique  interno posterior 
curved  or  straight,  pointed  projection  of  the  adanal  shields, 
which  reach  to  the  festoons.   (Slight  variations  in  these  projec- 

tions ■ have  been  illustrated  by  Tendeiro  1951E) .  The  width  of  the 
adanal  shields,  which  is  almost  half  as  great  (at  the  posterior 
two-thirds)  as  the  total  length,  is  also  distinctive  as  is  the 
broadly  triangular  shape  of  the  anterior  two- thirds,  the  acutely 
rounded  and  posteriorly  sloping  posterior  margin,  and  the  concave 
emargination  of  the  posterior  half  of  the  inner  border.  Accessory 
shields  are  absent.  Dorsally,  a  small  rounded  (not  pointed)  dorsal 

projection  of  coxa  I  is  visible.  The  scutum  is  remarkably  flat 

and  broad,  threei-fourths  as  wide  as  its  lengt'E'from  scapulaie  to posterior  margin;  its  surface  is  smooth  except  for  twelve  to 
twenty  widely  scattered,  large,  deep  punctations,  six  or  eight 
small,  deep  ones,  and  two  short,  posterior  rows  of  three  or  four 
adjacent,  large,  and  deep  punctations.  Many  specimens  have  one, 
two  or  three  mild  longitudinal  depressions  at  one  place  or  another 
on  the  scutal  surface;  these  are  obviously  due  to  injvtry,  crowding, 
malnutrition,  or  molting  conditions.  The  deep  lateral  grooves, 
which  are  marked  by  a  row  of  large,  adjacent  punctations,  begin 
at  the  first  festoon  and  extend  to  the  level  of  coxa  III;  thence 
they  continue  anteriorly  as  a  ciirved  row  of  four  equidistantly 
spaced,  large,  deep  punctations.  The  very  deep  cervical  grooves 
are  parallel  or  slightly  convergent  and  short,  reaching  only  the 
level  of  trochanter  II.  The  impunctate  basis  capit\ali  is  three 
times  as  wide  at  its  anterior  third  as  its  totgil  width.  Unfed 

specimens  are  reddish  brown,  engorged  individuals  are  an  intense 
black  with  reddish- brown  legs.  Overall  length  varies  from  3.50 
mm.  to  4.90  mm.;  width  from  1.98  mm.  to  2.54  nm. 

Females  unengorged  average  4. 40  mm.  in  overall  length  and 
2.70  ram.  in  width;  our  largest  engorged  specimen  is  11.00  mm. 
long  and  6.30  mm.  wide.  The  scutum  is  distinctly  wider  than  long; 
lateral  margins  diverge  gradually  to  the  midlength  of  the  scutum 
from  whence  they  rather  abruptly  converge  as  a  straight  or  slightly 
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siniiDtis  posterior  margin  merging  with  the  narrowly  blunt  posterior 
margin.  The  cervical  grooves  are  very  deep  and  convergent,  and 
reach  the  midlength  of  the  scutumj  thence  they  continue  as  very 
shallow,  divergent  grooves  extending  to  or  almost  to  the  posterior 
margin.  Lateral  grooves  as  such  are  absent;  their  place  is  marked 
by  three  to  seven  very  large,  deep  ptmctations  that  may  be  either 
free  or  in  a  shallow  depression;  the  lateral  field  beyond  these 
grooves  is  more  or  less  abruptly  raised.  The  scutum  is  slightly 
depressed  between  the  lateral  punctations  and  the  shallow  exten- 

sions of  the  cervical  grooves,  but  its  intense  black  surface  is 
otherwise  marked  by  only  four  to  seven  large,  deep,  scattered 
punctations.  The  basis  capituli  is  three  times  as  wide  as  long 
and  widest  at  its  midlength;  the  porose  areas  are  oval,  vertical 
(not  tilted),  about  twice  as  long  as  wide,  deep,  separated  by  a 
distance  of  one  and  a  half  times  their  own  length,  and  extend 
from  alioDst  the  posterior  margin  to  just  past  the  midlength  of 
the  basis  capituli.  Ventrally,  it  is  important  to  note  that 
coxa  I  is  not  deeply  divided  but  that  its  posterior  margin  bears 
two  robust  spurs;  the  broadly  triangular  internal  spur  is  not 
quite  so  long  as  the  more  narrowly  triangular  external  spur  and 
the  division  between  these  two  spurs  is  equi triangular  with  the 
internal  spur. 
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Figtires  261  and  262,  d',  dorseil  and  ventral  views 
Figures  263  and  264,  9,  dorsal  and  ventral  views 

RHIPICEPHALUS  7DISTINCTUS 
cf  Sudan  specimen 

5  Southwest  Africa  specimen 
(See  comments  on  $  specimen,  see  RMARKS,  page  638) 

PLATE  LXXIV 
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RHIPICEPHALUS  ?DISTIM;TUS  Bedford,  1932(b)* 

(=  R.  FUHCTATUS  Bedford,  192%). 

(Figvires  261  to  26A) 

THE  HYRAX  GLOSSY  TICK 

L   N   9   c?     BQUATQRIA  PROVINCE  RECORD 

1    Rejaf  Hill   Procavia  habessinica  slatini   May- 

No  other  specimens  of  this  species  have  been  found  in  the 
Sudan.  See  HOSTS  and  REMARKS  below, 

DISTRIBUTION 

The  hyrax  glossy  tick  ranges  from  southern  Sudan  to  Southwest 
Africa.  Its  distribution  is  probably  more  continuous  than  present 
records  indicate.  Possibly  two  species  are  represented  in  the 
material  quoted  below. 

EAST  AFRICA;  SUDAN  (Not  previously  reported). 

UGANDA  (A.  J.  Haddow,  correspondence;  common  at  Kaabong,  Kara- 
mo  j  a).  TANGANYIKA  (Theiler  1947). 

SOUTHEEN  AFRICA;   SOUTHERN  RHODESIA  (Bulawayo  specimens; 
Theiler,  unpublished).  MOZAMBIQUE  (Santos  Dias  1953C). 

SOUTHWEST 'AFRICA  (Bedford  1929A,1932B.  Zumpt  19A3A.  Theiler 
19^7.  BMNH  collections  contain  numerous  specimens  from  Bellrode, 
Naukluft,  and  Otjosongombe;  K.  Jordan  legit,  H.  H.  det.).  UNION 
OF  SOUTH  AFRICA  (Cooley  1934.  Theiler  1§47.  Note:  Occurs  in 
Cape  Province,  Orange  Free  State,  and  Transvaal.  Earlier  records 
appear  to  be  based  on  misidentification;  see  HOSTS  below). 

*The  possibility  that  the  single  specimen  available  from  the  Sudan 
represents  an  undescribed  species  should  be  considered.  See 
RMARKS  and  IDENTIFICATION  (pages  638  and  639). 
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HOSTS 

Hyraxes,  or  dassies,  both  rock  and  arboreal  kinds,  are  the 
chief  host  of  this  tick.  Procavia  coombsi  (Bedford  1929,1932B). 
P.  capensis  meneliki  (Uganda  material  noted  above).  P.  habessinica 

"slatini  (Sudan  record  above).  P.  johnstoni  matschiei^and  Hetero- 
hyrax  velwitschi  volkmanni  (TheTler  194-7^.  Procavia~waterbergensi3 
(Southwest  Africa;  Theiler,  unpublished).  Dendro hyrax  a.  arbor eus" 
(Santos  Bias  1953C).  Procavia  sp.  and  Heterohyrax  sp.'  "(All  other records. 

Althoiogh  other  animals  have  been  reported  as  hosts,  Theiler 
(correspondence)  now  believes  these  records  to  be  based  on  in- 

correct identification.  Bedford  (1934-)  and  Theiler  (1947)  referred 
to  domestic  sheep  in  Cape  Province  of  South  Africa;  and  A.  J. 
Haddow  (correspondence)  to  the  long-snouted  dikdik  in  Karamoja, 
Uganda. 

It  is  of  some  interest  that  we  found  only  a  single  specimen 
of  this  tick  on  the  numerous  rock  hyraxes  taken  in  Torit  and 
Juba  Districts  in  Bquatoria  Province.  Few  of  these  mammals  were 
taken  at  Rejaf ,  where  the  tick  was  found,  but  good  series  were 
obtained  and  carefully  examined  in  a  number  of  other  localities. 

It  is  of  equal  interest  to  note  that  while  21  rhipicephalid 
larvae  and  nymphs  were  found  on  two  hyraxes  (Heterohyrax  brucei 
hoogstraali)  in  Torit  District,  these  represent,  according  to 
Theiler  (correspondence),  an  unidentifiable  species,  not  R. 
distinctus.  Inasmuch  as  hyrax  parasites  are  most  distinctive 
and  host- specific,  it  is  probable  that  these  larvae  and  nymphs 
represent  the  same  species  as   the  single  Sudanese  male,  which 
differs  from  Southwest  African  specimens  of  R.  distinctus,  and 

that  these  represent  an  undescribed  species." 

BIOLOGY 

Nymphs  and  adults  are  found  on  rock  hyraxes.  Nothing  else 
is  known  about  the  biology  of  this  species. 
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DISEASE  RELATIONS 

Unstudied. 

RMARKS 

This  species  is  a  member  of  the  R.  simus  group  (Zumpt  19A2A). 
On  superficial  examination,  males  migHt  be  confused  with  either  R. 
s.  sanguineus  or  R.  s.  simus,  or,  as  noted  below,  they  may  easily 

"Ee  miskeyed.  Once  t*Ke  basic  characters  are  learned,  the  worker recognizes  this  as  a  most  distinct  species,  the  female  of  which  is 
even  more  unique  than  the  male.  This  note  applies  to  material 
from  both  southwestern  and  eastern  Africa. 

The  single  Sudanese  male  agrees  with  numerous  specimens  from 
Southwest  Africa  in  all  respects  except  the  width  and  shape  of 
the  exter.ioposterior  jiincture  of  the  adanal  shields  (see  below). 
Should  further  Sudanese  specimens  be  consistent  in  this  respect, 
it  is  likely  that  they  represent  a  subspecies  or  species  differing 
from  R.  distinctus  of  Southwest  Africa.  In  this  respect,  the  Mozanu 

bique~specimen  illustrated  by  Santos  ̂ ia.s   (1953C,  figure  3)  is 
like  the  Sudanese  specimen.  The  female  accompanying  Santos  Dias' 
male  has  a  much  longer  scutum  than  those  from  Southwest  Africa 
and  a  much  more  narrowly  pointed  posterior  margin.  This  fact 
may  support  the  premise  that  pop\ilations  from  Mozambique  to  the 
Sudan  represent  an  vindescribed  species.  Note  that  the  female 
herein  illustrated  (Figures  263  and  26^)  is  from  Southwest  Africa 
and  possibly  not  representative  of  Sudanese  populations.  Pre- 

sumably, also,  the  immature  specimens  referred  to  as  Rhipicephalus 
sp,  (page  778),  which  differ  from  R.  distinctus,  may  be  associated 

with  the  single  available  Sudanese~raale . 

It  is  unfortunate  that  more  time  could  not  have  been  devoted 

to  detennining  the  actual  status  of  the  Sudanese  male  during  the 
course  of  the  present  study.  Although  we  collected  this  specimen 
in  194-8,  it  had  been  separated  from  the  rest  of  the  collection  by 

another  member  of  the  party  and  eventually  sent  to  the  I'hiseum  of 
Compeirative  Zoology.  Just  as  the  present  work  was  being  completed. 
Dr.  J.  Bequaert  noted  this  specimen  and  kindly  returned  it  to  our 
collection. 
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IDHITIFICAriON 

This  is  a  member  of  the  R.  simus  group  (page  751). 

Males;  Males  are  characterized  by  a  combination  of  char- 
acters including  few,  large  scutal  punctations  arranged  in  four 

irregular  longitudinal  rows  that  form  an  especially  distinctive 
pattern  posteriorly  (as  in  R,  simos  senegalensis);  lateral  grooves 
varying  from  deep  to  shallow  (narrow  and  shallow  in  Sudanese  spec- 

imen) but  containing  a  row  of  large,  deep,  almost  adjacent  puncta- 
tions  extending  from  the  first  or  second  festoon  to  the  eyes 
(this  row  of  punctations  also  extending  from  the  eyes  to  the 
scapulae  but  more  widely  spaced  and  not  in  a  groove;  coxa  I 
with  a  dorsal  projection  that  is  small  but  definitely  pointed; 
posteromedian  groove  and  paramedian  grooves  more  or  less  marked, 
indicated  by  narrow,  shallow  depressions  (uncommonly  all  but  ob- 

solete; distinct  in  Sudanese  specimen) .  The  adanal  shields  of 
material  from  southern  Africa  are  narrowly  elongate,  subovate, 
with  rounded  external  margin,  pointed  anterior  and  posterior 
junctvires,  and  slightly  recurved  inner  margin  posteriorly;  those 
of  the  single  available  Sudanese  specimen  (Figure  262)  are  broader 
posteriorly  and  the  externoposterior  juncture  forms  almost  a  right 
angle  (see  RS4ARKS  above).  Accessory  shields  are  indicated  only 
by  posterior  points.  In  addition  to  the  already  mentioned  scutal 
punctations,  there  is  a  cluster  of  several  punctations  on  the 
scapulae  and  two  to  six  others  may  be  scattered  on  the  scutvim; 
interstitial  punctations  are  faintly  indicated. 

Females;  The  scutum  of  specimens  from  Southwest  Africa  is 
subcircular  and  either  as  wide  as  long  or  slightly  wider  than 
long;  lateral  grooves  are  entirely  absent  but  are  replaced  by 
a  convex  line  of  three  to  seven  large  punctations;  in  the  median 
field  four  or  five  other  large  punctations  are  scattered  and  a 
few  others  are  clustered  on  the  scapulae;  interstitial  puncta- 

tions are  fine  and  cover  most  of  the  scutal  surface.  Lateral 

margins  are  slightly  elevated,  devoid  of  punctations  posterior 

of  the  scapulae,' and  bear  flat  eyes.  Cerviceil  grooves  are  shoirt, deep,  and  either  convex  or  narrowly  ovate  eind  converging.  Porose 
areas  are  small,  circular,  and  not  widely  separated.  Color  is 
as  in  males;  size  is  slightly  greater  than  that  of  males  but 
increases  greatly  when  feeding;  upon  engorgement  the  body  out- 

line is  subcircular. 
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As  stated  in  REMARKS  above,  it  is  possible  that  when  females 
of  this  species  are  found  in  the  Sudan  they  will  be  similar  to 
those  described  and  illustrated  herein  except  that  the  scutum 
will  be  considerably  more  elongate  and  narrowly  pointed  posterior- 
ly. 

Note:  Zumpt  (1950A)  attributes  the  name  R.  distinctus  to 

"Bedford,  Fmg.  S.  Afr.,  no. 11,  1935,  p.6,"  an  error  repeated 
by  Santos  Dias  (1953C).  The  name  R.  distinctiis  was  proposed 

on  page  523  of  Bedford's  (1932B)  checklist. 
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Figures  265  and  266,  c?,  dorsal  and  ventral  views 
Figttres  267  and  268,  5,  dorsal  and  ventral  views 

RHIFICEPHALUS  SVERTSI  EV^TSI 
Sudan  Specimens 

PLATE  LXXV 
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RHIPICB>HALUS  EVglTSI  EVglTSI  Ne\imaim,  1897. 

(Figures  265  to  268) 
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EQUATCRIA  PROVINCE  RECORDS 

Elephantulus  rufescens  hoogstraali 

'Ourebia  otirebi  aequatoria 
Ourebia  ourebi  aeqviatoria 

Hippotragus  eqiiinus  bakeri 

Taurotragus  oryx  pattersonianus 
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domestic  goats 
domestic  goats 
domestic  goats 
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Dec 
Jul 
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DISTRIBUTION  IN  THE  SUDAN 

All  Provinces,  except  Northern  Province  (King  1926).  As  noted 
below,  however,  Sudan  Government  collections  contain  specimens  from 
Shendi,  which  is  on  the  Nile  in  the  southern  part  of  Northern  Prov- 

ince (16%2*N,  latitvide),  but  this  tick  is  probably  absent  from  most 
areas  of  Northern  Province. 

Collections  containing  specimens  with  the  following  data  have 
been  seen: 

Bahr  BII  Ghazal;  Vau  (sheep,  goats,  especially  common  on  horses 
and  donkeys;  SVS,  HH).  Fanjak  (sheep  and  goats;  HH).  Yirol  and 
GaluaL-Nyang  Forest  (horses;  SVS).  Lake  Nyubor  (cattle;  SVS). 
The  absence  of  the  red  tick  on  the  many  wild  animals  examined 
in  this  Province  is  noteworthy. 

1 Kapoeta domestic cattle 
2 Kapoeta domestic cattle 

1 1 Iliu domestic cattle 

k 4 Loronyo domestic cattle 
2 5 Katire domestic cattle 
1 Katire domestic cattle 

27 

42 

Gilo domestic cattle 
26 

29 

Torit domestic cattle 
8 22 Torit domestic cattle 

5 1 Torit doinastic cattle 
1 2 Torit domestic cattle 

2 Lobwara domestic cattle 

9 22 Juba domestic cattle 

18 35 Juba domestic cattle 
1 2 Terakeka domestic cattle 
2 

17 
Terakeka domestic cattle 

1 6 Mijni domestic cattle 
26 22 Kajo  Kaji domestic cattle 

k 7 Meridi domestic cattle 
6 9 Li  Rangu domestic cattle 
2 2 Yambio domestic cattle 
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Upper  Nile;  Akobo  Post  and  Melut  (mules;  SGC).  Bor  (cattle; 
SGC).  Maban  (pigs  and  goats;  SVS).  Malakal  (donkeys,  sheep  and 
cattle;  HH;  cattle  and  donkeys;  Balfour  1911F). 

Blue  Nile;  Singa  (native  goat  with  surago  disease;  SGC). 
Wad  Medani  (horses,  donkeys,  goats,  sheep  and  cattle;  HH,  SGC). 
Roseires  (cattle;  SGC),  Sennar  (donkey;  SGC). 

Darfur;  Fasher  (goats;  SVS).  Zalingei  (goats  and  sheep;  SVS). 

Kordofan;  Talodi  (mules  and  sheep;  SGC). 

Kassala;  Abu  Ganal  (goats;  SGC).  Kassala  (horses,  goats,  and 
cattle;  SVSj. 

Khartoum;  Khartoum  (goats  from  Meshra,  SGC;  goats,  sheep, 
horses,  asses,  and  donkey s>  HH).  (introduced  into  Khartovm  on 
cattle  and  donkeys  from  Malakal;  Balfour  1911F). 

Northern;  Shendi  (sheep;  SGC). 

DISTRIBUTION 

R.  evertsi  evert si  is  widely  distributed  throughout  the 
Ethiopian  Faunal  Region  (including  the  mountains  of  Yemen,  south- 

western Arabia;  Hoogstraal,  ms.).  It  is  not  foxind  in  very  dry 
regions  of  Southwest  Africa  (Theiler  and  Robinson  1954)  where 
it  is  replaced  by  the  banded-legged  subspecies  mimeticus.  The 
two  subspecies  do  occvtr  together,  however,  in  the  savannah  of 
northern  Angola  and  range  through  the  southwestern  Congo  to  the 
Ubangi  savannah  near  the  Sudan  border.  The  typical  form  is  re- 
duced  in  numbers  or  is  absent  in  large  areas  of  the  Somalilands 
and  in  northern  Nyasaland,  but  in  these  places  it  is  not  replaced 
by  the  banded-legged  variety.  It  also  appears  to  be  absent  in 
areas  of  West  Africa. 

WEST  AFRICA;  NIGERIA  (Mettam  19^0,1950.  Unsworth  1949, 
1952.  Gambles  1951).  TOGO  (Ziemann  1905).  GOLD  COAST  (Stewart 
1933).  FRENCH  WEST  AFRICA  (Girard  and  Rousselot  1945.  Rousselot 
1951,1953B). 
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CBJTRAL  ATOICA;     CMHIOONS  (Zvaapt  19A2B.     Rageau  1951A953A,B. 
Rousselot  1953B;.     FRHTCH  HJDATORIAL  AFRlCk  (Roiisselot  1951,1953B. 
Unsworth  1952). 

BELGIAN  CONGO  and  RUANDA-DRUNDI   (Schwetz  1927A,B,C,1932. 
Schwetz  and  Collart  1929.     Bequaert  19306,1931.     Bovtvier  1945. 
Schoenaers  1951A,B.     Rotisselot  1951,1953B.     Theiler  and  Robinson 
195iV.     Santos  Dias  195AD.     Van  Vaerenbergh  1954). 

EAST  AFRICA;     SUDAN   (Balfour  1906,1911F,H.     King  1908,1911, 
1926.     Hoogstraal  1954B). 

ETHIOPIA  (Stella  1939A,1940.     Roetti  1939.     D»Ignazio  and 
Mira  1949).     HUTREA  (Franchini  1929D.     Tonelli-Rondelli  1932E, 
1935.     Niro  1935.     Stella  1939A,1940).     FRHTCH  SCMALILAND 
(Hoogstraal  1953D).     ITALIAN  SQl&LILAND   (Tonelli-Rondelli  1935. 
Stella  1938A,1939,1940). 

KENYA  (Neumann  1907C,1910B,1922.     Neave  1912.     Lewis  1931A, 
B,C,1932B,1934,1939A,B.     Brassey-Bdwards  1932.     Walker  1932. 
Daubney  1933, 1934, 1936B.     Daubney  and  Hudson  1934.     Roberts  1935. 
Fotheringham  and  Lewis  1937.     Mxilligan  1938.     Zumpt  1942B.     Weber 
1948.     Binns  1951,1952.     van  Someren  1951.     Wilson  1953.     Wiley 
1953).     UGANDA   (A.  Theiler  1910A.     Bruce  et  al  1911.     Neave 
1912.     Neumann  1922.     Loveridge  1923A.     PoulTon  1929.     Mettam 
1932,1933.    Mettam  and  Carmichael  1936.     Wilson  1948B,C,1949, 
19500,1953.     Clifford  1954.     Taylor  1954).     TANGANYIKA  (Neumann 
1901,19070, 19108,1911.     Koch  1905.     Neave  1912.    Morstatt  1913. 
Loveridge  1923A.     Moreau  1933.     Evans  1935.     Cornell  1936. 
Reichenow  1940,1941A,B.     Zvmqjt  1942B.     Beakbane  and  Wilde  1949. 
Wilson  1953). 

SOTJTHHIN  ATOICA;     ANGOLA  (^anetti  1920.     Santos  Dias  1950C. 
Note:     Only  the  variety  mimeticus  is  listed  by  Sousa  Dias  1950). 

MOZAMBIQUE  (Neumann  1897"^     Howard  1908,1911.     Nuttall  1911B. De  Oliviera  1915.     Zumpt  1942B.     Theiler  1943B.     Tendeiro  1951B. 
Santos  Dias  1947B,1948A,1952D,1953B,C,1954H.     Bacelar  1950). 

NORTHHIN  RHODESIA  (Neave  1912.     Chambers  and  Smith  1914. 
LeRoux  1937,1947.     Matthysse  1954.     Theiler  and  Robinson  1954). 
SOUTHHIN  RHODESIA  (Koch  1903.     Bdnonds  and  Bevan  1914.     Bevan 
1920,1927.     Jack  1921,1928,1942.     Lawrence  1932.     Theiler  1943A). 
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NYASALAND  (Neave  1912.  De  Meza  1918A.  Absent  in  northern  area: 
Wilson  19^5,1953). 

SOUTHWEST  AFRICA  (Donitz  1905.  Howard  1908.  Trorasdorff 
1913,19U.  Warburton  1922.  Bedford  1926,1927,19328). 

UNirai  OF  SOOTH  AFRICA  (Neumann  1897,1901,1911.  Mxon  and 
Spruell  1898.  Lomsbury  l899C,190OA,19O/iA,B,19O5B,19O6B,C. 
A.  Theiler  1905B,1906,1909A,B,C.1911B,1912B,1921.  Howard  1908. 
A.  Theiler  and  Christy  1910.  Donitz  191QB.  Moore  1912.  Van 
Saceghem  19U.  Bedford  1920,1926,1927,1929,1932B,193A.  Cowdry 
1923,1925B,C,1926A,1927.  Curson  1928.  Bedford  note  in  Cooley 
1929.  Cooley  193A.  Clark  1938.  Mclntyre  1939.  Bedford  and 
Graf  1939.  R.  du  Toit,  Graf,  and  Bekker  19A1.  R.  du  Toit 
19^2B,C,1947.  De  Meillon  19^2.  Zumpt  19A2B.  Cluver  Y)IM.. 
Bekker  and  Graf  194-6.  Thorbum  194-7,1952.  Schreuder  and  Wright 
194-8.  Graf  and  Bekker  194-9.  Whitnall  and  Bradford  194-9.  Bekker, 
Graf,  Malan,  and  Van  der  Merwe  194-9.  Theiler  1950B.  Meeser  1952. 
J.  Gear  1954-). 

OUTLYING  ISLANDS;  ZANZIBAR  (Neave  1912.  Aders  1917).  MAURI- 
TIUS (De  Gharmoy  1915.  Moutia  and  Mamet  194-7).  CANARY  ISLANDS 

(Nuttall  lot  3226  in  BMNHj  H.H.  det.).  See  also  IMPORTED  SPBDMEKS 
below. 

ARABIA;  YEMBI;  Franchini  (1930)  stated  specimens  heid  been 
found  at  the  seacoast  town  of  Hodeida.  Our  experience  here  indi- 

cates that  if  this  locality  record  is  correct,  the  ticks  were 
from  cattle  imported  from  the  Yemen  highlands.  Sanborn  and 
Hoogstraal  (1953),  Hoogstraal  (ms.). 

IMPORTED  SPECIMENS;  MADAGASCAR:  R.  e.  evertsi  arrives  at 

quarantine  but  is  not  established  on  the  i"sland  (Buck  194-0, 194-8A, Hoogstraal  1953E).  EGYPT:  Mason  (1915,1916)  reported  specimens 
on  cattle  imported  from  the  Sudan.  Nowadays  at  the  Cairo  abattoir 
we  find  a  few  specimens  on  Sudan  cattle  and  sometimes  many  spec- 

imens on  Somali  or  EJthiopian  cattle  that  occasionally  reach  here. 
Specimens  from  cattle  and  donkeys  were  reported  by  Mason  (1916) 
without  mention  of  source.  The  species  is  not  established  in 

Egypt.  BRAZIL:  Specimens  "were  found  on  angora  goats  in  the 
animal  hospital  in  Rio  de  Janeiro.  If  they  had  not  been  found 
they  woTild  certainly  have  been  scattered  throioghout  our  country 

like  R.  sanguineus"  (de  Beaurepaire  Aragao  1936). 
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HOSTS 

Adult  red  ticks  most  commonly  occur  on  domestic  cattle,  equines, 
goats,  and  sheep,  and  on  wild  antelopes,  zebras  and  a  few  other 
large  game  animals.  If  a  comparative  host- predilection  stxidy  of 
this  species  could  be  undertaken,  it  is  likely  that  domestic  horses, 
mules,  and  donkeys  and  wild  zebras  might  rank  highest  as  preferred 

hosts.  /"Althoxigh  Lewis  (1931B)  considered  it  peculiar  that  horses in  the  Rift  Valley  of  Kenya  yielded  no  red  ticks,  I  have  subsequent- 
ly collected  many  specimens  from  horses  there  T*  Immature  stages 

normally  feed  on  the  same  type  of  large-size  host  as  do  the  adults, 
thoxigh  their  feeding  sites  on  the  animal  differ  markedly.  Under 
some  conditions,  larvae  and  nymphs  attack  hares,  elephant  shrews, 
tree  rats,  and  baboons,  but  the  factors  causing  these  presumably 
atypical  infestations  are  not  known. 

Domestic  animals;  Cattle  are  mentioned  as  hosts  by  all  authors 
noted  above  and  equines,  sheep,  and  goats  are  also  commonly  listed 
by  the  same  persons.  A  single  record  from  camel  is  known  (Wiley 
1953).  Dogs  are  seldom  infested  (Theiler  1953),  as  are  pigs 
(Theiler,  correspondence),  although  a  few  specimens  from  each  of 
these  animals  have  been  taken  in  the  Sudan.  Dogs  have  been  re- 

ported as  hosts  by  Mettam  (1932)  in  Uganda. 

Wild  antelopes;  In  one  of  the  earliest  host-lists  of  African 
ticksT^ward  U908)  noted  the  eland  and  reedbuck.  Bedford  (1932B) 
listed  the  biioe  wildebeest,  sable  antelope,  blesbok,  roan  antelope. 
Cape  kudu,  impala,  steenbuck.  Cape  duiker,  springbok,  bushbuck, 
waterbuck,  and  (for  nynqphs)  the  bontebok,  steenbok,  and  grysbok. 
In  the  Sudan,  King  (1926)  noted  specimens  from  the  Isabella  gazelle, 
while  we  have  found  others  on  the  teL-tel  (Roosevelt*s  hartebeest), 
eland.  Baker's  roan  antelope,  and  oribi.  Mettam  (1932)  reported 
duiker  and  kob  from  Uganda,  and  Weber  (1948)  took  specimens  from 

the  eland.  Grant's  gazelle,  duiker,  hartebeest,  and  in?)ala.  The 
inopala  has  also  been  reported  by  Meeser  (1952;  see  ecology  below), 
Santos  Dias  (1953B),  and  Tendeiro  (1951A,B),  while  Jack  (19A2) 
aided  the  tsessebe.  In  the  Masai  Reserve  of  Kenya,  Lewis  (1934) 
fooind  the  roan  antelope,  wildebeest,  and  hartebeest  infested.  The 
sable  antelope,  eland,  wildebeest,  and  kudu  were  reported  as  hosts 
in  Northern  Rhodesia  by  Matthysse  (1954)  •  These  records  are  repu 
resentative  of  others  relating  to  wild  antelopes  as  hosts. 
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other  wild  animals;  Zebras,  various  kinds  (Neumann  1907C, 
1910B,19iJ;^,Toveridge  1923A,  Lewis  1931B,193^,  Bedford  1932B, 
Mettam  1932,  Weber  19^8,  Matthysse  1954).  Giraffe  (Howard  1908, 
Neumann  1901,190X,1910B,  Moore  1912).  Warthog  (Neumann  1922, 
195A.;  other  specimens  in  MJZ).  Cane  rat  (Bedford  1932B.  These 
somewhat  larger  than  ordinary  rodents  appear  to  harbor  an  vui- 
xosual  n\imber  of  stray  ticks  that  do  not  normally  infest  rodents). 

Noninfestation  of  young  antelopes;  Mettam  (1933)  made  the 
interesting  observation  that  newly  bom  kob,  duiker,  bushbuck, 
and  reedbuck  in  an  Entebbe  paddock  heavily  infested  with  R. 
appendiculatus  and  R.  evert si  were  in  no  instance  affected  by 
tnese  ticks.  Wild  advilts  of  these  antelopes  are  comnonly  at- 
tacked. 

Immature  stages;  As  already  stated,  larvsie  and  nynqjhs  com- 
monly  infest  the  same  kinds  of  hosts  as  adiilts.  Sometimes, 
however,  they  do  attach  to  other  animals,  especially  hares,  for 
reasons  not  yet  understood.  Hares  have  been  reported  as  im- 

mature stage  hosts  bv  Moore  (1912),  Bedford  (1932B),  Sanborn 
and  Hoogstraal  (1953),  Matthysse  1954-;  and  others;  see  also 
BIOLOGY  below.  Some  specimens  are  foiond  in  ears  of  elephant 
shrews  (Sudan  records  above)  and  Theiler  (correspondence)  has 
a  single  record  from  another  genus,  Nasilio,  of  these  insectL- 
vores,  as  well  a^  another  from  a  tree  rat,  ThflHonys.  Bedford 
(193 2B)  reported  nymphs  from  various  antelopes,  and  Lewis  (1932B) 
found  both  immature  stages  common  in  the  ears  of  hartebeests. 
Dogs  are  satisfactory  hosts  for  laboratory  reeiring  of  the  im- 

mature stages  (Lounsbury  190iU.). 

BIOLOGY 

Life  Cycle 

R.  evertsi  is  one  of  the  few  rhipicephalid  ticks  with  a  two^ 
host  type  of  life  cycle.  Both  immature  stages  occupy  the  same 
hosts,  but  engorged  nymphs  drop  and  molt  on  the  gro\md.  As  adults 
they  seek  a  new  host.  All  stages  normally  infest  domestic  or  wild 
herbivores,  but  under  some  conditions  immature  stages  may  attack 
insectivores,  rodents,  and  hares.  Theiler  (correspondence)  has 

observed  that  this  may  be  due  to  unustial  or  local  factors;  "For 
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years  ny  records  did  not  show  R.  evertsi  immatures  on  any  hosts 
(other  than  herbivores) ,  except  a^  an  incidental  infestation 
perhaps;  then  last  year  (1950)  we  recorded  heavy  infestations 

among  all  species  of  hares  in  the  East  London  district," 

Details  of  the  life  cycle  and  periods  of  survival  have  been 
frequently  reported  by  various  South  African  workers  beginning 
with  Dixon  and  Spruell  (I898).  As  noted  by  Theiler  (1943B)  these 
periods  are: 

PERICD  DAYS 

Oviposition  to  hatching  28  to  70 
Larvae  and  nymphs  on  host  10  to  15 
Nymphal  premolting  period  L^   to  56 
Female  feeds  6  to  10 

Preoviposition  period  6  to  24 

Total  92  to  175 

The  periods  between  larval  hatching  and  feeding  and  between 
adult  emergence  and  feeding  and  oviposition  are  not  stated. 

When  larvae  molt,  they  loosen  their  hold  on  the  host.  Nymphs 
reattach  nearby  on  the  same  animal.  Nymphs  drop  from  the  host 
when  engorged  and  molt  to  adults  on  the  ground.  Adults  mate  on 
the  host. 

Unfed  larvae  svirvive  for  seven  months  and  unfed  advilts  sm*- 
Vive  twice  as  long. 

Ecology 

Adults  attach  almost  invariably  in  the  perianal  region  under 
the  base  of  the  tail,  less  coranonly  on  the  teats,   at  the  base  of 
the  legs,  or  on  the  scrotum.     Larvae  and  nymphs  cluster  deep  in 
the  depressions  of  the  inner  ear  svrrface  especially  at  the  base 
of  the  avtrictila;  rarely  on  the  host's  flanks.      (For  comparison,  im- 

mature B.  decoloratus  and  R.   appendiculatus  usually  attach  along 

the  edge  of  the  ear  j .     All""autnors  and  our  own  observations  are in  agreement  on  these  feeding-site  predilections.     It  appears 
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that  the  messy  area  in  which  adults  usually  feed  influences  to  some 
extent  the  numbers  of  red  ticks  represented  in  collections  made  by 

Europeans  though  this  is  seldom  a  deterrent  to  "unspoiled"  African 
assistants.  An  exception  to  the  above  statements,  however,  was 
made  by  Meeser  (1952),  who  noted  that  red  ticks  on  the  impeila 
antelope  of  southeastern  Transvaal  is  infested  on  the  genitalia 
and  shanks  and  almost  nowhere  else  on  the  body.  R.  e.  evert si, 
together  with  B.  decoloratus,  are  the  chief  tick  parasites  of 
this  common  anTelope  there. 

Theiler's  (195QB)  study  of  the  distribution  of  the  red  tick 
in  South  Africa  shows  that  it  is  present  in  all  types  of  forest, 
in  all  parklands  except  dry  ones,  and  in  all  types  of  grasslands. 
It  maintains  itself  with  difficulty  in  shortgrass  country  sind  is 
generally  absent  from  desert-shrub  areas,  but  may  persist  in  thorn 
country  and  in  mixed  desert- shrub  grassland.  Altitude  and  low 
temperatiire  do  not  limit  the  red  tick,  but  rainfall  below  ten  or 
fifteen  inches  per  annum  seems  to  be  a  limiting  factor.  There 
appears  to  be  no  seasonal  variation  in  the  activities  of  this  spe- 
cies. 

In  parts  of  Africa  warmer  than  South  Africa,  a  son^what  higher 
critical  level  of  anntial  rainfall  is  probably  necessary  for  the  red 
tick  to  maintain  itself,  but  definite  limits  have  not  yet  been  as- 
certained. 

As  already  noted,  another  subspecies  (miiaeticus)  takes  over 
from  this  subspecies  in  the  arid  areas  of  southwestern  Africa  but 
both  are  fotind  together  in  the  savannahs  of  western  equatorial 
Africa.  Such  evolution  of  a  rhipicephalid  species  in  Africa  is 

as  unusual  as  the  red  tick's  morphology  and  as  its  life  cycle. 

In  Kenya,  the  red  tick  appears  to  be  somewhat  more  adaptable 
than  in  South  and  West  Africa.  There  it  occurs  in  the  deserts  of 

Northern  Province,  in  coastal  areas  and  open  plains,  as  well  as 

in  forests  above  8000  feet  altitude;  "in  fact     almost  any- 
where" (Wiley  1953). 

Wilson  (1953)  noted  that  the  red  tick  occurs  in  both  the  same 

areas  as  the  R.  pravus  -  A.  gemma  association  (cf .  page  68l)  and 
the  R.  appendiculatus  -  AT  variegatixm  association  (cf .  page  27^). 
While  absent  from  wet  zones  of  Ny as aland  and  Tanganyika,  it  is 
the  dominant  species  in  the  Masai  grasslands  and  occurs  seasonally 
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in  small  numbers  in  dry  areas  of  the  R.  pravus  -  A.  gemma  associa- 

tion. The  ecology  of  this  tick  reqviires  further  "Setailed  investiga- tion. 

Around  Mbui,  Adamawa  Province,  Nigeria,  the  red  tick  forms 
sixty  percent  of  the  specimens  in  tick  collections  (Unsworth  1%9)  • 
Reasons  for  this  density  should  be  interesting  to  investigate. 

In  the  Sudan,  the  red  tick  is  absent  in  true  desert  areas 
but  does  occur  and  is  common  in  a  wide  variety  of  forested  savan- 

nah and  semidesert  areas. 

In  Moreau's  (1933)  study  of  ticks  in  the  stomachs  of  the  tick- 
bird,  Buphagus  erythrorhynchus  (Stanley)  in  Tanganyika,  specimens 
of  R.  e.  ever^si  were  found  in  three  of  58  birds  examined.  They 
nimBered  one,  six,  and  eighteen  ticks  per  stomach.  In  Kenya,  van 
Someren  (1951)  found  three  adult  red  ticks  in  the  stomachs  of  two 
of  the  same  kind  of  bird,  but  none  were  fovind  in  ten  other  of  the 
same  kind  that  he  examined  and  none  were  found  in  stomachs  of 
seven  B.  a.  africanus.  A  further  discussion  of  this  subject  is 

presented~under  A.  variegatum,  page  275.  The  concealed  places  in 
which  the  red  ti'ck  usually  feeds  probably  protects  it  from  this predator  except  in  special  circumstances. 

Nymphal  R.  evert si  removed  from  hares,  Lepus  zuluensis ,  have 
been  found  in?ected  with  the  chalcid  parasite  Hunterellus  hookeri 
Howard,  1908  (Cooley  1934,  see  also  note  by  Bedford  in  Cooley 
1929). 

RS4ARKS 

Integumentary  sense  organs,  which  are  fixed  in  number  and 
location,  and  which  are  essentially  similar  in  all  stages  of 
the  tick,  thoixgh  more  primitive  in  larvae,  have  been  described 
and  illustrated  by  Dinnik  and  Zumpt  (1949).  This  subject  has 
also  been  discussed  by  K.  W.  Neumajtin  (194-2) . 

Preliminary  studies  on  spermatogenesis  by  Warren  (1931), 
which  do  not  appear  to  have  been  completed,  indicate  that  in 
R.  e.  evert si  a  single  spermatid  gives  rise  to  several  sperma- 

Tozoa  of  extremely  variable  size.  Wgrren's  observations  differ 
considerably  from  those  of  Nordenskiold  (1920)  on  Ixodes  ricinus. 
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Misformed  specimens  of  R.  e.  evert si  have  been  reported  on  by- 
Santos  Dias  (l947B,194.aA,193^.  An  egg  toxin  has  been  fooind  in 
this  species  (De  Meillon  19/i2) .  Symbiotes  have  been  reported  and 
disctissed  by  several  workers:  Cowdry  (1923,19250,1927),  Buchner 
(1926),  and  Jaschke  (1932).  The  arch  of  the  eye  has  been  briefly 
mentioned  by  Gossel  (1935).  Donitz  (1905)  observed  copulation  _ 
by  insertion  of  the  male  hypos tome  into  the  female  genital  aperture 
while  the  legs  are  used  as  clasping  organs  adjacent  to  the  cor- 

responding legs  of  the  female  _  but  was  unable  to  ascertain  how 
seminal  fluid  was  passed;  Christophers  (1906)  stated  that  ob- 

viously it  is  accomplished  by  transfer  of  spermatophores  during 
the  mating  act. 

The  life  cycle  and  morphology  of  the  red  tick  are  so  peciiliar 
within  this  genus  that  a  special  subgeneric  niche  might  seem  in- 

dicated for  R.  evert  si.  ̂ Theiler  informs  me  (correspondence) 
that  Dr.  CooTey  also  entertained  this  idea  while  he  was  in  South 
Africa,  but  that  the  immature  stages  are  so  normally  rhipicephalid 
as  to  dampen  any  urge  to  take  this  step  7« 

DISEASE  RELATIONS 

MAN;  Boutonneuse  fever  (Rickettsia  conorii). 

CATTLE;  East  Coast  fever  (Theileria  parva) .  Pseudo-east 
coast  fever  (T.  rautans).  Redwater  (Babesia  bigemina).  Spiro- 

chetosis (Borrelia  theileri).  Not  a  vector  of  heartwater  (Rickett- 
sia ruminantiumj .  A  secondary  bacterial  infection  by  Corynebacterium 

pyogenes  causes  an  otitis  leading  to  the  sloughing  of  the  host's 
external  ear  when  infested  by  larvae  and  nymphs.  The  virus  of  "a 
specific  transmissible  petechial  fever  of  cattle"  may  be  trans- 

mitted to  sheep  by  the  red  tick. 

SHEEP;  Lamb  paralysis  (? toxin).  Apparently  not  a  vector  of 
Nairobi  sheep  disease  (virus).  See  paragraph  above. 

HORSES,  MULES,  and  DONKEYS;  Equine  piroplasmosis  (biliary 
fevers  J  (Babesia  eqxii  and  B.  caballi).  Spirochetosis  (Borrelia 
theileri). 
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iDHrriFicAriON 

Males;  The  red  tick  is  usixally  large  (5  mm,  long)  though 
smaller  specimens  do  occur.  Its  dark  scutum  contrasts  greatly 
with  the  reddish  body  integument  and  saffron  legs.  The  dark 
eyes  are  hemispherical,  protriiding,  smd  orbited,  similar  to  those 
of  hyalommids  but  to  no  other  rhipicephalids  except  R.  oculatus 
(and,  partially,  to  R.  pravus).  Scutal  punctations  are  of  mediim 
and  large  size  and  so  numerous  as  to  cause  the  scutxim  to  appear 
shagreened.  Lateral  grooves,  a  posteromedian  groove,  and  para- 

median grooves  are  pronounced.  A  large,  pointed  process  from 
coxa  I  is  visible  dorsal ly.  The  hx:ige  adanal  shields,  very  wide 
and  posteriorly  semicircular  in  outline,  are  also  unique. 

Female:  This  sex  is  colored  as  in  the  male  and  has  similar 
scutal  punctations  and  eyes  so  that  it  can  never  be  mistaJcen. 
The  scut\m  lacks  lateral  grooves. 

The  larva  and  nymph  have  been  described  and  illustrated  by 

Theiler  (19^).   "^ 

Note;  The  subspecies  R.  evert si  mimeticus  Donitz,  1910(b), 

has  yellow-ringed  legs  whil'e  those  of  the  typical  evert  si  are unicolorous. 

-  653  - 



269 

270 272 

Figttres  269  and  270,  d',  dorsal  and  ventral  views 
FigTires  271  and  272,  5,  dorsal  and  ventral  views 

RHIFICpHALUS  KOCHI 
Belgian  Congo  Specimens 

PLATE  LXXVI 
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RHIFICEPHALUS  KXHI  Donitz,  1905. 

(=  R.  JEA^mSLI  Neumann,  1913). 

(Figures  269  to  272) 

THE  CMTRAL  AFRICM  HIGHLAND  BROWN  TICK 

N   Q   c?     EQUATORm  PROVINCE  RECORDS 

1 1 Nagichot domestic  cow Dec 
2 Kipia host  not  stated Dec  (Bl-INH) 
2 Kipia on  grass _  (Weber  1948) 

The  Nagichot  specimens,  from  a  cow  at  65OO  feet  elevation  in 
the  Didinga  Mountains,  were  collected  by  l^r.  H.  B,  Luxmoore  in 
1951.  The  British  Museum  (Natiiral  History)  specimens,  found  un- 

identified in  their  collections,  were  taken  by  Mr.  J.  D.  MacDonald 
in  1938  at  Kipia,  8800  feet  elevation,  in  the  Imatong  >fountains. 
The  Weber  specimens  from  the  same  locality,  but  reportedly  at  one 
hundred  feet  lower  elevation,  were  identified  (Weber  1948)  as  R. 

bursa.  Weber's  specimens,  kindly  loaned  by  Dr.  J.  Bequaert,  were 
independently  identified  by  Dr.  Theiler  and  by  me  as  R.  kochi. 

R.  kochi  is  known  in  the  Sudan  only  from  the  high  mountains 
in  the  central  part  of  the  eastern  half  of  Equatoria  Province. 

DISTRIBUTION 

R.  kochi,  a  tick  of  the  more  humid  and  temperate  highlands 
of  Central  Africa,  less  commonly  also  inhabits  the  highlands  of 
East  Africa  (see  also  Ecology  of  R.  compositus,  p.  625).  Records 
previous  to  1950  should  be  accepted  with  caution. 

CENTRAL  AFRICA;  BELGIAl^  CONGO  and  RUANDA-URUNDI  (Schoenaers 
1951A,B.  Rousselot  1953B.  Theiler  and  Robinson  1954.  Van 
Vaerenbergh  1954). 

EAST  AFRICA;  SUDAN  (As  R.  bursa;  Weber  1948.  Hoogstraal 
1954B7T 
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UGANDA.  (Wilson  1952,1953).  KSIYA  (Neumann  1913.  Anderson 

1924A,B.  Lewis  193M,B,C,193^*.  Daubney  1933.  Binns  1952). 
TANGANYIKA  (Donitz  1905,1907,  cf.  HOSTS  below.  Neumann  1913. 
Morstatt  1913.  Moreau  1933 j  cf.  REMARKS  below.  Theiler  19A7. 
Schoenaers  1951A). 

HOSTS 

R.  kochi  is  known  chiefly  from  domestic  cattle.  Duikers 
and  oTher  forest  antelopes  may  be  presumed  to  have  been  its 
original  hosts.  Animals  on  which  immature  stages  feed  are  un- 
known. 

Domestic  animals;  Cattle:  Donitz  (1905,1907).  Lewis  (1934) > 

Schoenaers  ^1951A,B^.  Rousselot  (1953).  Theiler *s  records  are 
from  cattle.  Donitz 's  material  from  Soadani  and  Lindi  was  prob- 

ably taken  from  introduced  cattle.  Dogs  (Lewis  1931B). 

*Wild  animals;  Lion  and  spurfowl  (Lewis  1934).  Buffalo 
(Theiler,  unpublished). 

BIOLOGY 

Life  Cycle 

Eggs  hatch  in  2A  days  and  larvae  feed  for  five  or  six  days 
according  to  Rousselot  (1953B).  No  other  details  are  known. 

Ecology 

Schoenaers  (1951A,B)  found  R.  kochi  only  above  2000  meters 
elevation  in  Ruanda-Urundi  and  specimens  sent  to  Rousselot  (1953B) 
were  from  altitudes  between  2400  and  2500  meters  elevations.  Van 
Vaerenbergh  (1954)  also  reported  the  same  altitudinal  range,  and 

Theiler  and  Robinson's  (1954)  Congo  localities  are  at  similar 
elevations.  As  already  noted,  Sudan  specimens  have  been  taken 

*Lewis  (1934,  p.  41,  footnote),  states  that  these  specimens  may  be 
R.  capensis. 
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only  between  65OO  and  8800  feet  elevation.  Wilson  (1953)  states 
that  this  tick  is  limited  to  upland  forests  in  East  and  Central 
Africa,  and  work  on  its  ecology  and  of  that  of  another  upland 
species,  R.  compositus  (=  R.  ayeri )  is  in  progress.  See  also 
Ecology  oT  R.  compositus  (p.  625 J. 

When  present,  this  tick  often  appears  in  great  numbers 
(Theiler  and  Robinson  195^) •  Its  specialized  high  altitude 
preference  may  account  for  rarity  in  collections  and  for  paucity 
of  records. 

DISEASE  RELATIONS 

Cattle;  A  vector  of  East  Coast  fever,  Theileria  parva, 
though,  on  epidemiological  grounds  some  observers  have  indicated 
that  this  species  is  not  a  vector. 

REMARKS 

Our  present  knowledge  of  the  biology,  morphology,  and  tax- 
onomy of  those  heavily-punctate  rhipicephalids  that  have  shallow 

lateral  grooves  or  none  at  all  is  in  an  unsatisfactory  state. 

This  complex  may  be  referred  to  as  the  "Tl.  ziemanni  group"  in 
place  of  the  *R.  aurantiacus  group"  of  Zumpt  (19/i.3B).  Sub- 

sequently, Zumpt  (I95OAJ  has  included  several  species  of  this 
group,  previously  considered  as  valid,  in  synonyity.  Species 
now  recognized  are:  R.  ziemanni  Neumann,  190A  (=  R.  aurantiacus 

Netimann,  1907,  and  R.""cuneatus  Neiimann,  1908),  R.  kochi  Donitz, 
1905  (=  R.  ieanneli  Neumann,  1913),  R.  masseyi  Nuttall  and  War- 

burton,  T9O8*  Jjs.   R .  attenuatus  Neiimann,  1^08(6 )^^  and  ?  =  R. 

tendeiroi  Santos  T5ias,  1950(E^  7  and  R.  muhlensi  Zumpt,  1'5^3(b). To  this  group  should  be  added  R.  hurti  Wilson,  1954  of  Kenya 
and  R.  serranoi  Santos  Dias,  1^50(Gj  of  Mozambique.  It  is  pos- 

sible that  these  two  species  may  eventiially  be  shown  to  be  heavily 

punctate  specimens  of  R.  kochi.  /~Theiler  states  (correspondence) that  from  evidence  presently  available,  she  agrees  with  the  above 
synonymy_7- 

»It  appears  that  the  R.  attenuatus  of  Santos  Dias  (195^)  from 
RuandsuUrundi  is  R.  kochi,  since  Theiler,  Schoenaers,  and  Vaeren- 

bergh  have  found  1^.  kochi  "most  plentiful"  at  the  same  collecting 

sites  from  which  "Santos  Dias'  material  was  sent.   (Footnote continued  on  next  page). 
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A  more  comprehensive  morphological,  taxonoraic,  and  biological 
study  of  this  group  is  indicated,  large  series  of  specimens  from 
many  areas  are  required  to  solve  these  problems,  which  are  outside 
the  scope  of  the  present  work.  In  the  known  Sudan  tick  fauna,  R. 

kochi  is  easily  distinguished.  The  remarks  below  are  only  for  "" local  use  and  are  not  sufficiently  detailed  for  differentiation 
of  material  from  elsewhere  in  Africa.  The  Sudan  material  noted 

herein  was  identified  by  Dr.  G.  Theiler.  Miss  J.  Walker  is  now 
reviewing  this  group. 

Four  specimens,  identified  as  H.  kochi  by  E.  A.  Lewis,  were 
found  by  Moreau  (1933)  in  the  stomach  of  a  tick  bird  in  Tanganyika. 
I  have  examined  these  specimens,  in  the  collections  of  British 
Musevun  (Natural  History),  but  cannot  identify  them  to  species. 

IDENTIFICATION 

Males;  Lateral  grooves  are  replaced  by  a  line  of  almost  con- 
tinuous punctations,  the  posteromedian  groove  is  merely  a  fine, 

shagreened  line,  and  the  paramedian  grooves  are  indicated  by  sha_ 
greening  only.  A  blunt  dorsal  hump  of  coxa  I  is  present.  Scutal 
punctations  are  nximerous,  close  or  contiguous,  mostly  moderate 

There  has  been  some  difference  of  opinion  among  specialists 
over  which  of  the  synonymous  names,  attenuatus  or  masseyi  has  pri- 

ority. The  background  is  as  follows :  Ne\imann •  s  name  at£enuatus 
was  published  on  20  March,  1908.  Although  Nuttall  and  Warburton*s 
name  masseyi  was  read  orally  at  a  scientific  meeting  on  28  December 
1907,  it  was  actually  published  on  10  March  1908.  Therefore,  ac- 

cording to  Opinion  15  (July  1910)  of  the  International  Code  of 
Zoological  Nomenclatiire  (reconfirmed  at  the  Paris  conference,  19A-8), 

in  which  it  is  stated  that,  '*The  mention  of  the  new  name  in  a  paper 
presented  orally  before  a  meeting  of  any  kind"  does  not  constitute 
publication,  the  question  is  decided  definitely  in  favor  of  the 
name  masseyi,  which  was  published  ten  days  earlier  than  attenuatus . 
Authority  for  the  publication  dates  of  these  two  papers  is  the 
Index-Catalogue  of  Medical  and  Veterinary  Zoology,  part  II,  pages 
3539  and  3627  (1950).  Some  workers  consider  that  the  Nuttall  and 
Warburton  paper  was  published  in  May  1908,  which,  if  true,  would 
reverse  the  prior  name  of  this  tick. 
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size,  with  a  scattering  of  widely  separated  large  punctations  among 
them.  Certain  populations  have  fewer  punctations  that  are  excep- 

tionally shallow.  Cervical  pits  are  deep  but  cervical  grooves  are 
absent  or  very  short.  The  central  festoon,  but  not  adjacent  fes- 

toons, may  be  extended  in  engorged  specimens.  Basis  capituli  has 
prominent  lateral  angles.  Body  outline  is  pear-shaped.  Adanal 
shields  are  distinctive,  as  illustrated  (Figiore  270; . 

Females;  This  sex  also  lacks  a  lateral  groove  and  has  scutal 
punctations  similar  to  those  of  the  male,  but  these  punctations 
may  tend  to  be  somewhat  larger.  The  cervical  grooves  are  pro- 

nounced and  gradually  converge  to  the  level  of  the  eyes,  thence 
diverge  almost  to  the  posterior  margin  of  the  scutum.  The  scutal 
shape  is  subcircular,  slightly  wider  than  long. 

Note:  Some  variation  is  to  be  expected  in  specimens  refer- 
able to  R.  kochi  but  the  significance  of  such  differences  is  dif- 

ficult to  evaluate  at  this  time. 

The  larva  and  nymph  have  been  briefly  described  and  illus- 
trated by  Rousselot  U953B). 
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Figvjres  273  and  27A.,  d",  dorsal  and  ventrsil  views 
Figures  275  and  276,  9,  dorsal  and  ventral  views 

RHIPICSPHALUS  LONGICQXATUS 

c?,  French  Somaliland  Specimen 

9,  Kenya  Specimen 

PLATE  LXXVII 
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RHIPICEPHALUS  LQNGICOXATUS  Neumann,  1905. 

(Figures  273  to  276) 

THE  SCMALI  GLOSSI  TICK 

DISTRIBUTION  IN  THE  SUDAN 

Bahr  El  Ghazal  Province;  Galual-Nyang  Forest,  I5  ex  Syncerus 
caffer  aequinoctialis,  18  Febniary  1953,  H.  Hoogstraal  legit . 

DISTRIBUTION 

R.  longicoxatus  is  an  extremely  rare  tick  from  scattered 
localities  throughout  East  and  Central  Africa.  The  bulk  of  records 
referring  to  this  species  are  from  the  arid  Somalilands  and  coastal 
lowlands  of  East  Africa,  with  a  few  savannah  records  from  a  cir- 

cumscribed area  in  the  interior  of  the  continent. 

CENTRAL  AFRICA;  FRENCH  EQUATORIAL  AFRICA  (Rousselot  1953B) . 

EAST  AFRICA;  SUDAN  (Hoogstraal  195/hB). 

FRENCH  SOMALILAND,  BRITISH  SOMALILAND,  KENYA  (Hoogstraal  1953D). 
TANGANYIKA  (Neumann  1905.  Hoogstraal  1953D) .  Note:  Recently  while 
identifying  specimens  for  British  ^fllse^lm  (Natural  History),  another 
male  R.  longicoxatus  with  the  following  data  has  been  encountered; 
Caniel7  Las  Anod,  British  Somaliland,  21  September  1936;  B.  F.  Peck 
legit  (with  R.  pravus ,  Hyalomma  dromedarii,  H.  rufipes,  and  H. 

truncatum) .  ""  ~ 

/"7ITALIAN  SOMALILAND;  Figure  17  and  18  in  Paoli  (1916), reported  as  R.  ecinictus,  on  the  basis  of  two  males,  one  from 
the  ground  and  one  from  a  camel,  may  refer  to  R.  longicoxatus 
with  the  characteristic  shape  of  the  adanal  shaelds,  as  illus- 
trated,  very  slightly  modified,  or  to  R.  humeralis.  / 
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HOSTS 

Domestic  animals;  Camel,  goat,  and  sheep  (Hoogstraal  1953D). 
Note  the  two  other  records  for  camels  above. 

Wild  animals;  African  buffalo  (Sudein  record  above)  and  bush- 

pig  (I^ousselot  1953B). 

BIOLOGY 

The  East  African  records  of  R.  longicoxatus  give  the  impression 
that  this  is  a  Somali  tick  spec ia!Ii zed  for  rather  arid  situations. 
The  Sudsm  focus  is  in  an  area  far  removed  but  with  a  long,  intense 
dry  season.  The  fact  that  this  tick  also  occiirs  in  the  more  humid 
French  Equatorial  Africa  is  perplexing  and  indicates  that  we  are 
still  poorly  acquainted  with  its  biology.  This  appears  to  be  a 
decidedly  uncommon  species. 

DISEASE  RELATIONS 

Unknown, 

IDENTIFICATION 

Male;  The  scutum  varies  from  2.0  to  A. 5  mm.  in  length,  and 
from  2.0  to  3.1  mm.  in  width;  it  is  widest  at  about  midlength  or 
slightly  posterior  of  this  level,  and  slightly  convex,  shiny, 
reddish  brown.  Cervical  grooves  are  short  and  deep;  marginal 
grooves  are  lacking  but  indicated  by  a  row  of  large,  deep  puncta- 
tions.  Festoons  are  short  and  superficial.  Scutal  punctations 

are  rare,  large,  distant,  in  irregular  lines  like  those  of  R.  _s. 

simus;  interstitial  punctations  are  very  few  to  numerous,  very"" fine  or  almost  obsolete.  The  illustrated  distribution  of  scutal 

punctations  is  typical.  Posteromedian  and  paramedian  grooves 
are  absent  thoiogh  it  is  possible  that  posterior  depressions  may 
develop  after  death  and  contraction  of  the  specimen  simulate 
these  grooves.  Eyes   are  flat,  vellowish,  large,  marginal  or 
almost  marginal  (see  note  below).  The  adanal  shields  are  strong- 

ly punctate  and  triangular;  the  juncture  of  the  lateral  and  pos- 

-  662  _ 



terior  margins  is  subrect angular;  the  junctiore  of  the  posterior 
and  inner  margin  forms  a  very  slight,  rovmded  protrusion;  and 
the  inner  margin  is  posteriorly  slightly  convex  and  sinuous, 
anteriorly  narrowing,  and  slightly  concave.  The  accessory  shields 
are  short,  not  heavily  thickened,  and  do  not  extend  beyond  the 
outer  margin  of  the  adanal  shields.  The  basis  capituli  dorsally 
is  about  twice  as  wide  as  long  and  \d.th  at  least  two  punctations, 
lateral  margins  widest  at  anterior  third,  comua  broadly  rounded. 
The  hypostome  has  3/3  dentition  in  files  of  nine  to  eleven  den- 

ticles. PaJ-pi  are  slightly  longer  than  wide,  flat  dorsally. 
Coxa  I  has  a  distinct,  dorsally-projecting  process. 

Note:  In  the  very  anterior  position  of  the  eyes,  the  spec- 
imen described  and  illustrated  by  Rousselot  (1953B)  conforms  more 

closely  to  the  original  description  of  R.  longicoxattis  than  do 

o\ir  specimens.  
~ 

Female;  The  scutum  is  short  and  wide,  with  length  not  quite 
equalling  width.  Although  Neumann  originally  described  it  as 
longer  than  wide,  this  is  not  true  of  the  only  available  para- 
type  specimen  (cf.  Hoogstraal  1953D).  The  posterior  margin  is 
broadly  rotinded.  Lateral  grooves  are  absent  or  slightly  indi- 

cated posteriorly;  cervical  grooves  are  deep  basally,  distally 
superficial,  and  extend  almost  to  the  eyes  or  slightly  beyond 
the  eyes.  Scutal  punctations  are  variable  in  number  but  few, 
fine,  and  distant  with  very  few,  almost  obsolete  interstitials. 
The  eyes  are  flat  and  on  or  very  slightly  renoved  from  the 
lateral  margin. 
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Figures  277  and  278,  cf,  dorsal  and  ventral  views 
Figures  279  and  280,  5,  dorsal  and  ventral  views 

RHglCEPrnXUS  LONGUS 

Sudan  specimens 

PIATE  LXXVIII 
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RHIFICEPHALUS  LONGUS  Neumann,   1907(A)*. 

(Figures  277  to  280) 

THE  SCIMITAR-SHiaD  CAPE  BROm  TICK 

N       9       o~  BQUATORIA  PROVINCE  RECORDS 

2  3         Laboni  Sync er us  caffer  aequinoctialis     Feb 
3  3         Kheirallah     Syncerus  caffer  aequinoctialis    Mar   (SGC) 

R.   longus  is  not  knovm  from  other  Provinces  of  the  Stdan. 

DISTRIBUTION 

Although  R.  longus  appears  to  be  chiefly  a  Central  and  West 

African  tick,  "scattered  populations  occvcc  in  East  Africa  and  in the  northern  part  of  southern  Africa,   apparently  in  more  humid 
areas.     The  possibility  that  some  specimens  in  the  reports  listed 
below  have  been  confused  with  R.   capensis  must  be  considered. 

See  footnote  below. 

WEST  AFRICA;     NIGERIA  (Zumpt  19A2B.     Unsworth  1952).     TOGO 
(Zumpt  19A^B;.     LIBERIA.  (As  R.  falcatus;     Neumann  1908C). 

CENTRAL  ATOICA;     CAMEEOONS   (Zumpt  19A2B.     Rageau  1951,1953A, 
B.     Unsworth  1952.     Rousselot  1953B).     HIEIICH  EQUATORIAL  AFRlGk 
(Rousselot  1951,1953B).     BELGIAI\I  CONGO   (Neumann  1907A,1911. 
Nuttall  and  Warburton  1916.     Schwetz  1932.     Bequaert  1930A,1931. 
Fain  19^9.     Rousselot  1951,1953B.     See  also  HOSTS  below). 

EAST  AFRICA;      SUDAN   (Hoogstraal  195^). 

UGANDA  (As  R.   falcatus;     Theiler  1947). 

*R.  falcatus  Neumann,   1908,   is  a  synonym  of  R.   longus ,  but  few 
literature  records  of  R.  falcatvis  can  be  assumed  to  refer  to  R. 
longus .     The  name  R.   falcatus  was  long  used  indiscriminately  as 

a  "catch-all"  for  "Heavily  punctate  rhipicephalids  with  sickle- shape  adanal  shields  and  many  species  were  lumped  under  it. 
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SOUTHERN  ATOICA;     ANGOLA   (Zumpt  19A2B.     Theiler  and  Robinson 
195/k.     See  also  HOSTS  below).     NYASALAND    (All  as  R.  falcatus; 
Neumann  1908C.     Old  1909.     Warburton  1912.     Wilson  195 OB.     See 
also  HOSTS  below).     MOZAMBICiUE   (As  R.  falcatus;     Theiler  19A3B, 

194.7.     Santos  Dias  1952H,1953B).      ~ 

HOSTS 

Larger  domestic  animals  and  wild  game  animals  serve  as  hosts 
of  R.  longus.  Available  data  are  not  extensive  enough  to  demons- 

trate further  host  predilection  within  this  range. 

Domestic  animals;  Cattle  (Neumann  1907A,  Schwetz  1932,  Fain 
19A9,  Rageau  1951,19536,  Rousselot  1951).  Dogs  (Nuttall  lot 
1950A  from  Angola  in  BMNH.  Zumpt  19i4.2A,  Rageau  1951,1953B). 
Horses  (Fain  19A9,  Wilson  1950B;.  Pigs  (Fain  19A9,  Santos  Dias 
1952H,1953N). 

Wild  animals;  Buffalo  (Nuttall  lot  UJ>Uk   from  Semliki  Plains 
in  BMNH.  Bequaert  1930A,1931,  Zumpt  19/h2A.,  Theiler  194.3B,  Fain 
1949,  Wilson  1950B,  Rousselot  1951,  Santos  Dias  1952H,1953B,  and 
Sudan  records  above).  Eland  (Bequaert  1931).  Sable  antelope 
(Zumpt  1942A,  Santos  Dias  1953B).  Roan  antelope  (Nuttall  lot  227 

from  Nyasaland  in  BMNH.  Wilson  1950B).  Lichtenstein's  hartebeest 
(Santos  Dias  1952H,1953B).  Wild  pig  (Schwetz  1932,  Fain  19A9). 
Warthog  (Nuttall  lot  1099A  from  Nyasaland  in  BMNH.  Zumpt  1942A, 
Wilson  1950B,  Santos  Dias  1953B).  Jackal  (Fain  1949).  Lion 
(Rageau  1953B). 

BIOLOGY 

R.  longus  appears  to  be  a  tick  of  somewhat  more  humid  areas 
than  the  closely  related  R.  capensis,  or  else  it  is  a  rainy 
season  species,  while  R.  capensis  is  a  dry  season  form.  The  geo- 

graphic range  of  the  two,  formerly  considered  to  be  West  African 

sind  East  African  respectively,  is  now  known  to  incl"ude  some  areas, 
Mozambique  and  Nyasaland,  in  which  both  occur,  though  the  data 
are  not  sufficiently  detailed  to  indicate  whether  they  are  foimd 
together  or  in  different  seasons  or  ecological  zones  within  these 
political  boundaries. 
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DISEASE  RELATIONS 

Unstudied . 

RH-IARKS 

Schulze  (1944,  p.  410)  mentioned  this  species  in  a  stiidy  of 
tick  integument. 

Zumpt  (l9/t2B,195ClA)  considered  R.  longus  to  be  a  West  and 
Central  African  subspecies  of  R.  capensis  but  has  stated  mare 

recently  (1950  correspondence )'~that,  after  having  received  addi- tional material  from  Mozambique  and  Nyasaland,  he  has  come  to 
regard  each  as  a  separate  species. 

Santos  Dias  (1953D)  confused  R.  longus  and  R.  simus  senega- 

lensis  and,  in  so  doing  described  Tor  the  latter'yet  another species,  obviously  synonymous,  R.  pseudolongus .  In  an  effort  to 
determine  his  ideas  concerning  This  specxes,  we  sent  him  (1954) 
Sudan  specimens  consisting  of  numerous  R .  simus  senegalensis 
which  were  returned  marked  as  R.  longusT  ajid  all  ny  nvmlgblft 
R.  longus ,  which  were  returnecfas  R.  capensis  pseudolongus . 

R.  longus  is  closely  related  to  R.  capensis,  as  already  noted. 

Zumpt"  (1942B ,  1950A)  stated  that  the  r'ange  of  "R.  capensis  capensis" 
includes  the  Sudan.  This  is  most  probably  in  error.     ~ 

R.  simus  senegalensis  males  are  mostly  readily  separated  from 

those~of  R.  longus,  but  individuals  of  the  former  species  that have  exceptionally  heavy  interstitial  or  secondary  punctation  may 

moment ai'ily  be  confused  withR.  longus.  Turning  such  a  specimen 
obliquely  to  the  source  of  the  light  will  reveal  the  typical  ar- 

rangement of  larger  posterior  punctations  as  described  for  R. 
simus  senegalensis  (cf .  page  759)  among  the  smaller,  more  super- 
ficial,  secondary  punctations,  a  characteristic  not  associated 
with  R,  longus.  Both  species  may  occur  on  the  same  host. 

IDENTIFiCATICN 

Male;  This  is  a  fairly  large,  robust  tick  (up  to  6.0  mm. 
long  and  3.5  rm.   wide),  usually  jet  black  in  color  (smaller  spec- 
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imens  often  reddish  brown)  with  reddish  brown  legs.  It  has  def- 
inite, long,  deep  lateral  grooves  but  the  narrow  posteromedian 

groove  is  vague  or  obsolete  and  the  paramedian  grooves,  if  present 
at  all,  are  even  more  vague.  The  scutal  punctations  are  distinctive, 
being  of  a  imiformly  shallow,  small  or  medium  size,  densely  and 
closely  distributed  in  irregtilar  lines  everywhere  except  in  the 
scapular  areas,  on  the  festoons,  outside  the  lateral  margins, 
and  in  a  narrow  area  just  inside  the  lateral  margins;  most  punc- 

tations are  clean  and  discrete.  Shallowness  of  punctations  varies 
among  individuals,  but  the  pits  are  never  deep  and  are  sometimes 
quite  superficial.  The  overall  appearance  is  one  of  rej^arity 
of  punctations  within  the  impunctate  periphery  bordering  the 
lateral  grooves;  no  pattern  of  larger  and  deeper  punctations  is 
visible  among  the  normal  punctations.  If  the  punctations  are 
exceptionally  shallow,  those  in  the  area  of  the  posterior  grooves 
tend  to  be  slightly  larger  and  deeper  than  elsewhere.  Coxa  I  has 
a  stump  showing  dorsally,  but  no  dorsal  process.  In  engorged 
specimens,  the  three  median  festoons  protrude.  The  adanal  shields 
of  typically  large  specimens  are  sickleshaped,  with  a  deeply  cxirved 
inner  margin,  but  in  smaller  specimens  this  feature  may  be  con- 

siderably reduced  (at  the  moment,  I  woiild  not  know  how  to  dis- 
tinguish runt  specimens  with  narrowly  elongate,  xoncurved  adanal 

shields  from  small  specimens  of  R.  capensis). 

Female ;  This  sex  (which,  so  far  as  known,  cannot  be  dis- 
tingxiished  from  R .  capensis)  has  a  subcirciilar  scutum  densely 
beset  with  uniform,  fairly  large  punctations  very  much  like  those 
of  the  male,  but  usually  somewhat  larger,  deeper,  and  more  dense; 
these  punctations  are  evenly  distributed  in  the  depression  within 
the  lateral  grooves  but  are  sparse  or  almost  entirely  absent  in 
a  narrow  area  along  the  posterior  margin  and  on  the  elevated 
ridge  outside  the  lateral  margins. 

Note;  A  male  and  a  female  cotype  of  R.  falcatus  examined 

in  British  I'^useum  (Natural  History)  collec'^ions  conform  to  the 
description  of  typical  specimens  of  R.  longus  as  provided  above. 

-  668  - 



281 
283 

282 
284 

Figures  281  and  282,  c?,  dorsal  and  ventral  views 
Figures  283  and  28^.,  5,  dorsal  and  ventral  views 

RHIPICEPHALUS  MUHLENSI 

Belgian  Congo  specimens 
Gift  of  Dr.  G.  Theiler 

PIATE  LXXIX 
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RHIPICEPHALU5  MUHLENSI  Zumpt,  1943(B). 

(Figtires  281  to  28Z^) 

MUHLMS*  BROWN  TICK 

L       N       2       c?  B5UAT0RLA  PROVINCE  RECORD 

1  Yei  domestic  cattle  Jan 
n 

R.  muhlensi  is  known  in  the  Sudan  by  only  a  single  specimen. 

DISTRIBUTION 

Theiler  (correspondence)  believes  that  R.  muhlensi  has  been 
frequently  misidentified  and  that  its  range  is  more  extensive 
than  present  records  indicate. 

CENTRAL  AFRICA;  BELGIAN  CONGO  (Theiler  and  Robinson  195A. 
These  authors  also  attribute  certain  other  earlier  published 
remarks  by  other  authors  to  this  species) . 

EAST  AFRICA;  SUDAN  (Hoogstraal  1954B). 

KENYA  (Specimens  from  Makuenij  J.  B.  Walker,  unpublished; 
see  HOSTS).  TANGANYIKA  (Zumpt  1943B.  Hoogstraal  195AC.  J.  B. 
Walker,  unpublished;  see  HOSTS). 

SOUTHERN  AFRICA;  MOZAMBIQUE  (Santos  Dias  1950B,1953B) . 

UNION  OF  SOUTH  AFRICA  /"As  R.  masseyi  in  Zululand:  Theiler (1947)  (Theiler,  correspondence;.  See  HOSTS. 7 

HOSTS 

It  is  at  present  impossible  to  evaluate  the  relative  impor- 
tance of  the  few  records  from  domestic  animals  in  relation  to 

the  wide  variety  of  large  game  animals  that  this  tick  is  known 
to  attack.  As  workers  become  better  acquainted  with  the  identity 
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of  this  tick  more  accxjrate  data  concerning  its  hosts  and  biology 
are  boiond  to  resiilt.     Hosts  of  the  iimnature  stages  are  unknown, 
except  for  a  single  njinph  (J.  B.  Walker,  correspondence)  from  an 
African  civet  in  Tanganyika. 

Domestic  animals;     Cattle   (Svidan  and  Walker's  Kenya  records, 
above;.     Dog   (Santos  Dias  1953B). 

Wild  animals;     Bushbuck  and  giraffe   (Zumpt  19A3B).     Roan 
antelope    (Zumpt  194-3B,  Hoogstraal  195AC).     Nyasaland  warthog 
(Theiler  19Ul) .     Buffalo,  nyala,    and  South  African  bushbuck 
(Santos  Dias  1950B,1953B) .     Impala,   sable  antelope,   suni  ante- 

lope, reedbuck,   greater  kudu.  Cape  duiker,  Zambesi  eland,  wart^ 

hog,   and  buffalo   (Santos  Dias  1953B).     Kudu  (Walker's  Kenya 
record  above) . 

Theiler 's   (unpublished)   host  records   (number  of  hosts,   if 
more  than  one,  indicated  in  parenthesis)   are;     from  Mkuzi  Game 
Reserve,  Zululand,  impala,  nyala  bushbuck  (3),  reedbuck  (2), 
dviiker   iU) ,   steenbuck,  warthog,   and  bushpig;  from  Ubombo  Flats, 

Natal,  nyala  bushbuck.     In  Miss  Walker's  collections   (corres- 
pondence) from  large  nvunbers  of  game  animals  from  Tanganyika, 

19  males  from  two  buffalo s  are  represented. 

BIOLOGY 

This  species  is  now  being  reared  at  Onderstepoort   (Theiler, 
correspondence) . 

DISEASE  RELATIONS 

Unstudied. 

RMARKS 

The  Sudan  material  recorded  above  was  compared  by  Dr.  G. 

Theiler  with  type  material  in  Dr.  F.  Zumpt 's  collection. 
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IDENTIFICATION 

Male;  A  distinct,  long  dorsal  process  of  coxa  I  associates 
this  species  with  the  R.  appendiculatus  group  of  Zumpt  (19A2C) 
but  peculiar  scutal  characters  place  it  with  the  R.  atgantiacus 
group  (1943B)  to  which  it  is  referred,  not,  however,  for  reasons 
of  indicating  phylogenetic  relationships  but  rather  for  the  sake 
of  convenience.  Lateral  grooves  are  indicated  by  a  row  of  some- 

what dense  and  regular  punctations,  though  shaillow  lateral  grooves 
eis  such  may  be  present  just  anterior  of  the  proximal  festoons. 
Posteromedian  grooves  are  shagreened,  distinct,  long,  and  narrow; 
paramedian  grooves  are  shorter  and  wider,  also  shagreened.  Punc- 

tations are  of  medium  size,  fairly  superficial,  and  moderately 
dense;  some  fine  interstitials  may  be  apparent,  especially  lat- 

erally. The  basis  capituli  is  strongly  angled  laterally  in  small 
specimens  (2.2  mm.  long;  1.3  mm.  wide)  but  more  blunt  and  elon- 

gate in  large  specimens  (4-. 7  mm.  long;  2.6  mm.  wide)  (as  in  R. 
appendiculatus ) .  It  should  be  noted  that  in  the  specimen  i2lus- 
trated  (Figure  281 ),  the  basis  capituli  is  exceptionally  short 
and  wide.  The  adanal  shields  (Figure  282)  are  most  characteristic 
though  in  some  individuals  the  width  of  the  posterior  section  is 
not  so  great  as  in  the  specimen  illustrated.  The  body  greatly 
bulges  posteriorly  upon  engorgement  and  the  median  festoon  pro- 

trudes. Long,  pale  hairs  are  especially  conspicuous  on  niunerous 
specimens  in  the  present  collection  and  should  receive  further 
study. 

Female;  The  elongately  ovoid  scutum  of  this  small  species 
lacks  lateral  grooves  and  has  punctations  like  those  of  the  bale; 
punctations  are  rare  laterally  anterior  of  the  flat  eyes  and  on 
the  scapulae;  cervical  grooves  are  faintly  indicated  if  at  all. 
The  basis  capituli  appears  to  be  more  consistently  sharply  angled 
than  that  of  the  male,  but  this  might  be  a  variable  character. 

-  672  _ 



Figures  285  and  286,  d',  dorsal  and  ventral  views 
Figures  287  and  288,  5,  dorsal  and  ventral  views 

RHIPICEPHALUS  PRAVUS 

Sudan  Specimens 

FL&TE  LXXX 
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RHIFICEPHALUS  FRAVUS  Donitz,  1910(b) 

(3  R.  NEAVI  Warburton,  1912, 

R.  NEAVI  PUNCTATUS  Warburton,  1912;   and  others
) 

(Figures  285  to  288) 

THE  EAST  AFRICAN  CQNVEX-EZED  BROWN  TICK 
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2 1 Kapoeta 
3 3 Kapoeta 
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domestic  dogs  Dec 
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Bquatoria  Province.  Although  absent  or  rare  west  of  Torit  District, 
apparent  ecological  preferences  indicate  that  it  may  be  expected 
to  occur  in  Upper  Nile  Province,  to  the  north  of  eastern  Bquatoria. 

Some  of  the  above-mentioned  collections  have  already  been 
quoted  by  Theiler  and  Robinson  (1953B)  and  Walker  (1956).  Ekcept 
for  a  few  Kapoeta  specimens,  none  from  the  Sudan  have  been  found 
in  Sudan  Government  collections  or  in  British  Museum  (Natural 
History) . 

DISTRIBUTION 

The  drier  areas  of  East  Africa  appear  to  be  the  center  of 
distribution  of  R.  pravus,  which  also  extends  into  Central  and 
Southern  Africa  and  may  range  just  inside  the  borders  of  West 
Africa.  This  species  is  often  common  in  the  localized  areas 
where  it  occurs. 

WEST  AFRICA;  NIGERIA  (As  R.  neavi  punctatus;  Gambles  1951. 
Walker  1956 J. 

CENTRAL  miCA;  CAMHIOONS  (Unsworth  1952).  BELGIAN  CONGO 
and  RUANDA-URUNDI  (Theiler  and  Robinson  1953B,195A,  and  Walker 

1956  presume  that  R.  pravus  is  the  actual  identity  of  the  "R. 
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bursa"  of  Newstead,  Button,   and  Todd  1907;   Schwetz  1927C;   and 
Beqviaert  1930A,1931;  however  these  authors  have  not  examined 
the  "R.  bursa"   specimens  in  question.     Theiler  and  Robinson 
1953B7195A-  give  the  only  available  definitely  correct  locality 
records  for  this  species  here.     As  R.  neavi;     Santos  Dias  195-^3). 

EAST  AFRICA;     SUDAN   (Hoogstraal  1953B;  ms.  quoted  by  Theiler 
and  Robinson  1953B  and  Walker  1956) . 

ETHIOPIA  (Zumpt  19A2C) ,     ERITREA  (Hoogstraal,  personal  col- 
lecting around  Asmara;  common) .     FRENCH  SOMALILAND   (Hoogstraal 

1953D.     Theiler  and  Robinson  1953B).     BRITISH  SOMALILAND   (See 
record  of  R.  pravus  with  R.  longicoxatus ,  p.         .     Walker  1956). 
ITALIAN  SCHALILAND   (Numerous  specimens  m  Hoogstraal  collection. 
Walker  1956). 

KHJYA  (As  R.  neavi  and  as  R.  pravus ;     Neave  1912  and  Anderson 

192AA,B.     As  R.~neavi;     Neave  1^12;  Warburton  1912;  Daubney  193A; Lewis  1934,1939A;  Mulligan  1938;  Lewis,  Piercy,  and  Wiley  19^6; 
Binns  1952;  Wilson  1953.     As  R.  neavi  punctatus;     Lewis  1931C. 
As  R.   pravus;     Zvunpt  19/k2B;  rfoogstraal  195AC;  Walker  1956). 
UGAltoA  Us  R.  neavi;     Neave  1912;  Mettam  1932,1935;  Wilson  19/V8, 

1950C,1953.~  As  R.  prayus:     Theiler  and  Robinson  1953B,1956. 
Comnon  in  Karamo^a  District;     Haddow,  correspondence).  "TANGANYIKA 
(Donitz  1910B.     Zumpt  19A2B.     Theiler  and  Robinson  1953B.     Hoog- 

straal 1954C.     Walker  1956). 

SOUTHERN  AFRICA;     ANGOLA  (As  R.  bursa  and  R.  neavi  punctatus; 
Santos  Dias  1950C.     As  R .  neavi  piinctatus;     Soiiia  Dias  1950.     As 

R.   pravus;     Theiler  and'lRobinson  1953B; .     MOZAMBIQUE  (As  R.   bursa; loward  1908.     As  R.   punctatus;     Santos  Dias  1951B,1953A,bT    Is 

R.  neavi;     Santo s'^Dias  1950B,1952D,E,H,1953A,B,C .     As  R.  mossam- 
"Eicus;     Santos  Dias  1950B,1952H.     As  R.  piresi;     Santo"s  Dias 195QF,1952D,1953B.     Synonyny  of  Santos  Dias  names  by  Walker 
1956.     As  R.  pravus;     Santos  Dias  1952D). 

NORTHERN  RHODESIA  (As  R.  neavi;     Warburton  1912.     Neave 

1912.     Theiler  and  Robinson"l953B .     Matthysse  1954-.     As  R. 
pravus ;     Theiler  and  Robinson  1953B,1954-.     Matthysse  195Z) . 
SOUTHERN  RHODESIA  (Theiler  and  Robinson  1953B).     NYASALAND 
(As  R.  neavi  and  R.  neavi  punctatus ;     Warburton  1912.     Neave 
1912T     Davy  and  Newstead  ig^TT     ̂ BTIson  1950B.     As  R.  pravus; 
Theiler  and  Robinson  1953B) . 
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BBCHUANALAND  and  SOUTHWEST  AFRICA  (Theiler  and  Robinson 
1953B).  UNION  OF  SOUTH  AFRICA  (As  R.  bursa:  Howard  1908.  As 

R.  pravus;  many  details  in  Theiler'and  Robinson  1953B). 

Note;  This  species  has  iindoubtedly  been  much  misidentified, 

but  more  records  for  it  will  probably  appear  since  Zumpt's, 
Theiler 's,  and  Walker's  recent  works  have  established  its  identity. 
Many  or  most  records  of  R.  bursa  from  tropical  and  South  Africa 
pertain  actually  to  R.  po^avus  according  to  Theiler  and  Robinson 

(1953b),  but  Lewis'  various  references  to  R.  bursa  in  Kenya  refer 
to  R.  kochi  and  to  R.  hurti  Wilson,  195/V  (Walker  1956)  as  well 

as  "^o  R.  pravus.   " 

HOSTS 

K.  pravxis  is  rather  mor-t 
than  most  other  rhipicephalids,  being  common  on  domestic  cattle, 
sheep,  goats,  and  dogs,  equally  common  on  many  antelopes  and 
carnivores,  and  not  at  all  uncommon  on  hares.  Several  incidental 
hosts,  from  a  bird  to  an  elephant,  and  including  man,  are  listed 
below.  Immature  stages  utilize  rodents  and  insectivores  as  hosts. 

Adult  Hosts 

Domestic  animals;  Cattle  (Wilson  1950B,  Unsworth  1952, 
Theiler  and  Robinson  1953B;  Sudan  records  above;  Hoogstraal 
Eritrean  collections.  Matthysse  195A-  states  that  this  tick  is 
more  common  on  wild  game  than  it  is  on  domestic  cattle  in  North- 

ern Rhodesia).  Sheep  (Sousa  Dias  1950,  Theiler  and  Robinson  1953, 
Hoogstraal  1953D,  Matthysse  1954-,  Walker  1956;  Sudan  records 
above).  Goats  (Sousa  Dias  1950,  Theiler  and  Robinson  1953B, 
Wailker  1956;  Sudan  records  above).  Dogs  (Sousa  Dias  1950, 
Theiler  and  Robinson  1953B;  Sudan  records  above).  Donkey 
(Theiler  and  Robinson  1953B,  Matthysse  195A).  Camel  (Walker 
1956.  See  also  British  Somaliland  record  of  this  species  with 
R.  longicoxatus ,  p.  661). 

Man  (Sudan  records  above.  Haddow,  correspondence). 

Antelopes;  Reedbuck  (Warburton  1912).  Kudu  (Warburton 
1912,  Davey  and  Newstead  1921,  Theiler  and  Robinson  1953B; 
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Haddow,  correspondence).  Impala  (Warburton  1912,  Davey  and  New- 

stead  1921,  Santos  Dias  19521)).  Roosevelt's  hartebeest  (Sudan 
records  above).  Bushbuck  (Schwetz  192X,  Bequaert  1931,  Theiler 
and  Robinson  1953B).  Sable  antelope  (Santos  Dias  1953D,  Matthysse 
195/^).  Eland  (Davey  and  Newstead  1921,  Matthysse  195/Vj  Haddow, 
correspondence).  Oryx  (Donitz  1910B,  Zumpt  19/!^2B,  Theiler  and 

Robinson  1953B).  Grant's  gazelle  (Donitz  1910B,  Zumpt  19/!^2B. 
Theiler  and  Robinson  1953B).  Thomson's  gazelle  (Walker  1956). 
Bright 's  gazelle  (Theiler  and  Robinson  1953B).  Gerenuk  or 
Waller's  gazelle  (Wiley  195  ).  Nyala  (Santos  Dias  1952D, 
Theiler  and  Robinson  1953B) .  Steinbok  (Santos  Dias  1952D, 
Theiler  and  Robinson  1953B).  KLipspringer  (Theiler  and  Robin- 

son 1953B).  Various  oribis  and   duikers  (Wilson  1950B,  Theiler 
and  Robinson  1953B,  Walker  1956;  Haddow,  correspondence;  Sudan 
records  above).  Various  dikdiks  (Siodan  records  above;  Haddow, 
correspondence) . 

Carnivores;  Spotted  hyena,  leopard,  lion  and  genet  (Theiler 
and  Robinson  1953B).  Jackal  (Sudan  records  above). 

Lagomorphs ;  Hares  (Lepus  spp.)  (Wilson  1950B,  Tendeiro  1951A, 
Santos  Dias  1952D,  Theiler  and  Robinson  1953B;  Haddow,  corres- 

pondence). "Grass  hare"  (Poelagus  sp.)  (Theiler  and  Robinson 
1953B;  Sudan  record  above). 

Miscellaneous;  Buffalo  (Donitz  191 OB,  Davey  and  Newstead 
1921,  Santos  Dias  1952D,  Theiler  and  Robinson  1953B,  Matthysse 
195A;.  Warthog  (Schwetz  192X,  Theiler  and  Robinson  1953B; 

Haddow,  cojfrespondence) .  Wild  pig  (Sudan  records  above). 
Giraffe  (Donitz  1910B,  Theiler  and  Robinson  1953B).  Elephant 
(Hoogstraal  collection  from  Italian  Somaliland).  Hedgehog 
(Sudan  record  above).  Ground  squirrel  (As  R.  piresi;  Santos 
Dias  I95CF).  Rodent  listed  as  ? jerboa  by  collector,  from  Kenya 
(Hoogstraal  195^).  Elephant  shrew  (insectivore)  (Matthysse  195A-). 

Bird  (shrike)  ("Telephonus  sp.")  from  Kenya  (Hoogstraal 

195^T~ 
Immature- stage  Hosts 

Antelope  (oribi)  (Sudan  records  above). 
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Hares  (Tendeiro  1951A,  Santos  Dias  19520,195^;  Stdan  records 
above ) . 

Rodents  (Mastomys  coucha,  Aethonys  namaquensis  auricomls,  and 
A.  cbrysophilisj  (Theiler  and  Robinson  1953bJ. 

Insectivores  ^Elephant  shrews,  Elephant uliis  rupestris  and 
Nasilio  br ac hyr hync hus  (Theiler  and  Robinson  1953BJ.  ElepHantulus 
ftiscipes  and  E.  rufescens  hoogstraali  (Stdan  records  above ) ,   and , 
species  not  indicated,  from  Tanganyika  (Hoogstraal  19$/iJC)  7 

BIOLOGY 

Life  Cycle 

Wilson  (I95OB)  was  unable  to  rear  R.   pravus  under  ordinary 
atmospheric  conditions  in  the  laboratory.     Theiler  and  Robinson 
(1953B)   also  foiind  this  tick  difficult  to  rear,   but  consider  that 
it  is  probably  a  three-host  type.     Lewis,  Piercy,   and  Wiley 
(1946)   had  difficiilty  in  inducing  larvae  to  feed  on  cattle  in 
the  laboratory.     They  concluded  that  these  animals  were  not 
suitable  as  larval  hosts  but  were  able  to  rear  R.  pravus  on 
rabbits.     The  original  specimens,  stage  not  stated,  were  found 
on  grass  in  tsetse-infested  areas. 

Recently,  Walker   (1956)   has  obtained  life  cycle  data  of  the 

three-host  type  from  engorged  females  maintained  at  25°C .   to 
27°C .     Larvae  and  nymphs  were  kept  between  16°C .   and  23°C . 
Under  these  conditions,   the  life  cycle  was  a^  follows: 

PERICD  DAYS 

Oviposition  to  hatching 
28  to  33 

Larva  feeds /V  to  8 
Premolting  period 7  to  12 
Nymph  feeds 

5  to  11 
Premolting  period 16  to  19 
Female  feeds 7  to  19 
Preoviposition  period 4.  to  6 
Total 71  to  108 

Prefeeding  periods  are  not  included. 
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Ecology 

"It  woTild  appear  that  R.  praviis  shows  a  preference  for  bush- 
veld  or  dry  parklands  (in  South  Africa,  and)  avoids  open  grasslands 
or  more  htunid  parklands.  It  occvirs  in  areas  with  seasonal  rainfall 
alternating  vfith  fairly  long  dry  periods,  and  with  a  rainfall  above 
ten  inches  and  below  25  inches.  It  appears  to  be  relatively  frost- 
resistant,  being  established  in  areas  with  over  90  days  of  frost 

per  annum."  ̂ Theiler  and  Robinson  (1953B)  f . 

These  conditions  are  generally  also  true  for  the  Sudan,  except 
that  R.  pravus  is  not  uncommon  in  the  open  grasslands  and  sparsely 

treed^savannah  of  Torit  District,  where  the  annual  rainfall  varies between  ^0  and  50  inches.  However,  it  is  much  more  common  in  the 
more  arid  grasslands  and  savannahs  of  Eastern  District.  It  is  rare 
or  absent  in  Juba  and  other  districts  to  the  west  of  Torit,  which 
have  higher  rainfall,  denser  savannahs,  and  forests.  Torit  and 
Eastern  Districts  both  have  long  dry  seasons.  The  apparent  absence 
of  R.  pravus  north  of  Torit  and  of  Eastern  Districts  may  be  due  to 
paucity  of  collections  or  lack  of  popvilation  pressure  on  the  north- 

ern periphery  of  its  range. 

Highland  records  from  goats  at  Katire  and  Nagichot  may  rep- 
resent introduced  individuals,  if  not,  they  are  difficult  to  ex- 

plain from  these  humid,  forested  areas. 

In  Central  Africa  and  Western  Province  of  Nigeria,  R.  pravus 
may  invade  high  rainfall  areas  (average  over  60  inches  per  annum} 
as  sxoggested  by  Walker  (1956).  Rosevear  (1953)  indicates  that  in 
areas  with  high  average  rainfall  but  long  dry  seasons,  vegetation 
may  be  of  a  more  xeric  type  than  in  areas  with  a  lower  rainfall 
but  higher  dry  season  hximidity.  Such  factors  may  explain  the 
rather  implausible  range  of  a  xerophilic  tick  like  R.  pravus 

into  certain  outlying  high-rainfall  average  areas.  ""Cattle  brought into  these  areas  for  slaughter  may  also  influence  the  picture. 

Lewis,  Piercy,  and  Wiley  (19/+6)  found  that  in  Kenya,  R. 
append  i  c  ill  at  us  and  R.  pravus  occur  together  in  some  areas 

pres\imably  marginai~for  both  species  (i.e.:  Karati  Forest, 
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Taveta  District,  northwest  section  of  Narok  District  in  the  Masai 
Reserve,  southern  part  of  Ukamba  Reserve,  Kapenguria  area  of 
Tiorkana  Province,  and  between  the  Athi  and  Tiva  Rivers;  also 
several  areas  of  Uganda  and  Tanganyika).  However,  only  R. 

pravus  occurs  in  drier  areas,  i.e.:  Loita  Plains  in  the^Masai Reserve  where  the  game  of  the  open  plains,  savannah,  and  forest 
are  favorite  hosts  and  cattle  and  sheep  are  also  infested. 
Native  stock  and  wild  game  in  the  dry  scrub  country  between 
the  Tiva  River  and  Somalia  are  heavily  infested.  R.  pravus 
is  also  extensively  distributed  in  certain  desert  areas  of 
Northern  Province  and  extends  into  Karamoja  District  of  Uganda 
and  into  Tanganyika. 

Since  the  above  remarks  were  written,  Wilson's  (1953) 
interesting  and  important  contribution,  concerning  the  R.  pravus 
(=  R.  neavi)  _  A.  geama  association  in  the  drier  parts  of  East 
Africa  and  the  !^.  appendiculatus  -  A.  variegatum  association 

in  the  more  humid  areas  of  East  and"*Central  Africa,  became available.  The  latter  association  is  discussed  herein  under 

A.  yariegattun  (page  27/h) .  R.  pravus  and  A.  gemma  are  invar- 
Tably  associated  where  rairi?ailvery  rareTy  exceeds  20  to  25 

inches  per  annum.  /~A.  gemma  is  not  known  from  the  Sudan; 
the  Stidan  distribution  of  R.  pravus  is  discussed  above_7« 
These  two  species  range  from  the  dry  Karamoja  District  of  north- 

ern Uganda  and  the  arid  Northern  Frontier  of  Kenya  in  the  dry 
belt  of  coTontry  between  a  line  drawn  east  of  Mt.  Kenya  and  the 
Machakos  highlands  and  west  of  the  hvunid  coastal  belt  of  Kenya. 

A.  lepidum  is  also  common  in  this  area  and  R.  e.  evert si, 
H.  truncatum,  and  H.  rufipes  occur  in  smaller  numbers  in  Kara- 

moja. In  Northern^Frontier,  Rhipicephalus  pulchellus  is  also present  in  small  ntombers  but  it  becomes  very  common  in  the  diy 
eastern  belt  of  Kenya,  where  smaller  numbers  of  a  great  variety 
of  ticks  were  found  in  association  with  the  two  species  under 
discussion  (R.  simus  simus,  R.  muhlensi,  R.  humeralis,  etc.). 

Karamoja  soils  (like  those  of  much  of  the  southern  Sudan) 
are  dark  grey  or  dark  brown  calcareoiis  clays  (previoxisly  freu. 

quently  called  "black?*  or  "cracking  cotton  soil")  which  become 
exceedingly  sticky  when  wet  and  form  large,  deep  cracks  when 
dry.  Vegetation  is  either  open  marshy  grassland  or  grassland 
associated  with  Acacia  and  CombretTjm  woodlands.  In  this  area 
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there  is  a  long,  intense  dir,-  period  but  in  the  shorter  rainy- 
season  fifteen  to  twenty  inches  of  rain  falls  per  anniira  thou^rh 
once  in  every  twenty  years  there  is  a  rainfall  of  over  25  inches. 

DISEASE  RELATIONS 

Man;  Note  the  several  records  of  R.  pravus  attacking  ma:i 

in  the  S\adan.  
~ 

Domestic  animals;  There  Is  a  suspicion  that  the  '*R.  bursa" 
which  Daubney  and  Hudson  (193/C)  considered  as  a  possible  vector 
of  Nairobi  sheep  diseases  is  actually  R.  pravus.   It  nay,  however, 

have  been  R.  kochi  or  R.  hurti.      *" 

R.  pravus  is  an  efficient  laboratory  vector  of  East  Coast 

.         par 
in  nature,  possibly  because  its  immature  stages  do  not  feed  on 
fever  (Theileria  parva)  but  is  not  knovm  to  act  in  this  capacity 
in  nature,  possibly  becai 
larger  domestic  animals. 

rh-:arks 

For  synonjTny  of  this  species,  see  Theiler  and  Robinson 
(1953B,  p.  13-^.)  and  Walker  (1956),  who  have  also  redescribed 
the  adult  stages  and  described  the  immature  stages. 

Santos  Dias  (1952E)  has  described  a  gynandroraorph  of  R. 

pravus  (as  R .  neavi ) .  
" 

IDENTIFICATION 

Kale;  The  combination  of  a  large,  triang\ilar,  dorsal 
projection  of  coxa  I  and  of  slightly  convex  eyes  bordered  by 
at  least  a  furrow  or  usually  by  a  completely  encircling  groove, 
readily  distinguishes  this  from  other  species.   In  South  Africa, 
the  convexity  of  the  eye  seems  to  be  more  variable  and  the  en- 

circling fxirrow  is  confined  to  the  anterior  margin  of  the  eye. 
No  Sudanese  specimens  without  convex,  mostly  fully  encircled 
eyes  have  been  seen.  The  moderately  numerous,  fine  and  medium- 
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size  punctations,  and  the  shape  of  the  adanal  shields  (Figure  286) 
further  distinguish  males,  as  does  the  narrow  posteromedian  froove 
and  the  short  but  wider  posterolateral  grooves,  kll   Sudanese  spec- 

imens are  small  (about  3.5  nm.  long  and  2.1  mm.  wide)  and  shiny 
brown. 

Females;  This  sex  can  be  readily  distin^julshed  by  the  ah_ 
sence  of  lateral  grooves  which  are  replaced  by  a  row  of  puncta- 

tions, and  by  the  conspicuous,  convex  (but  not  herdspherlcal) 
eyes,  with  a  groove  sometimes  entirely  but  rore  usually  only 
anteriorly  boimding  the  eye.  Scutal  punctations  are  rraderate 
in  niimber,  medium  size  with  scattered  larger  punctations;  the 
scutal  outline  is  slightly  longer  than  wide  and  has  a  strongly 
converging  posterior  margin.  The  body  and  legs  are  brown. 
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289 

291 

290 
292 

Figirres  289  and  290,  o",  dorsal  and  ventral  views 
Figures  291  and  292,  5,  dorsal  and  ventral  views 

cJ  greatly  engorged,  §  slightly  engorged. 
Typical  large,  lightly  punctate  specimens  from  northern  Sudan. 

RHEPICEPHALUS  SANGUINEUS  SANGUINEUS 

PLATE  LXXXI 
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294 
296 

Figures  293  and  294,  <?,  dorsal  and  ventral  views 

Figures  295  and  296,  5,  dorsal  and  ventral  views 

Heavily  punctate  specimens,  common  in  southern  Sudan  except 
on  birds.  These  are  sometimes  confused  with  R.  sulcatus. 

RHIFICEPHALUS  SANGUINEUS  SANGUINEUS 

PUTE  LXXXII 
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RHIPICEPHALUS  SANGUINEUS  SANGUn^IEUS  (Latreille,  1806) 

(Figures  289  to  296) 

TKE  KENNEL  TICK* 

N 9 cf EQUATOR 

1 Torit 
1 Torit 

1 Khor  Lado 
1 Torit 

3 Torit 
1 Sim  at 

Torit 
1 Imurok 

6 11 Torit 

2 Nagichot 
1 

Fara-'ok 10 9 Torit 
2 2 Torit 
1 A Torit 
6 22 Mafve 
2 

1/!. 
Juba 

7 3 Azzar 
11 

20 
Magwe 

1 I  koto 
X Torit 

1 ^ Torit 
25 

28 
Torit 

1 1 
Obbo 

2 2 Torit 
3 Torit 

1 
Opari 1 
iKUI'ok 

•1 

4 Nimiile 

A Hgangala 

MAN    (feeding  on) 
KiAN   (crawling  on) 
MAI\T    (no  details) 
Atelerix  priir.eri  oweni 
Atelerjy  primeri  oweni 
Atslerix  pnmeri  oweni 

^UJJL Slephantulus  riirescens  hoogstraali 
Gal ago  senegalensis  senegalensis 

Cercopiihecus  aethiops  subsp"! 
(captive) 
Lepus  capensis  crawghayi 
Lepus  sp. 

Lepus  victorias  irgcrotis 
Lepus  victoriae  microtis 

Le£ 

us  victoriae  microtis 

Lepus  victoriae  microtis 
Leous  victoriae  microtis 

Lepus  sp. 

Poelarus  mar  j  or  it.  a  oweni 
L'eliosciurus   '^ amb i anu g  ho o r s t r aal  1 

el.-Tonae Heliosciurus   ra.mbisr'US   hoo  "straali 
Caiiis  mo  so  me  la 
Can  is   aureus   souzi  aniens 
Civettictis  civetta  coni^ica 
Gcnetta  tirrTna  aequatorielis 
Fell  3  servaL  phillipsi 
Felis  libyca  ugandae 

Hetsroh',"r£X  brucei  hoogstraali 
Ourebta  ourebi   aeouator 

Hiopotra-'xis  ecuinus 

Jan 

Aug 

Oct Jan 
Feb 

Jan 
Jan Feb 
Feb 

Sep 

Mar 

Nov 
Dec Mar 

Sep 

Nov Kar 

Sep 

Feb 
Mar 

Dec Apr 

Apr 

Aug 
Aug 

Nov 
Feb 

!''ar May 

(SVS) 

(2) 

(SGC) 

(2) 

(3) 

(31' S) (3^/3) 

(S'./S) 

-"-Also  Icr.cjwa  as  the  Brown  Dog-tick  or  the  Trooical  Brown  Dog-tick 
(Theilcr  1952A,3). 
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N 

1 

1 
2 
1 

1 
19  11 

U 

23 

3 
1 
1 
8 
5 
6 

2 
1 
2 
1 

21  U 
17   8 
9  31 

1 

3 
6 

7iV  86 
37  37 
8  17 
2  2 
?  7 

33  181  2A2 
1 25 

1 
1 
2 

25 

7  8 
8  2 
8  6 

2A  36 

9  10 

JU      9  U  ̂ 9 

Tarangore 
Boma  Plains 

Kapoeta 
Kapoeta 
Nagichot 
Nagichot 
Loronyo 
Yei 
Narongyet 

Kapoeta 
Buya 

Keyala 
Labalwa 
Torit 
Loronyo 
Torit 
Torit 
Narongyet 

Kapoeta 
Buya 

Nagichot 
Loronyo 

Keyala 
Gilo 
Gilo 
Katire 
Torit 
Torit 
Torit 
Torit 
Torit 
Torit 
Iniurok 
Juba 
Juba 
Kajo  Kaji 
Lingah 
(Yei  River) 
Nroli 

(Zande  Pis. 

Taurotragus  oryx  patter so ni anus 
SyncertLs  caifer  aegvunoctialxs 
domestic  cow 
domestic  cattle 
domestic  cattle 
domestic  cattle 
domestic  cattle 
domestic  cattle 
domestic  sheep 
domestic  goat 
domestic  goat 
domestic  goat 
domestic  goats 
domestic  goats 
domestic  goats 
domestic  pig 
domestic  horse 
domestic  dog 
domestic  dogs 
domestic  dog 
domestic  dog 
domestic  dog 
domestic  dogs 
domestic  dogs 
domestic  dog 
domestic  dog 
domestic  dogs 
domestic  dog 
domestic  dogs 
domestic  dog 
domestic  dogs 
domestic  dog 
domestic  dog 
domestic  dog 
domestic  dogs 
domestic  dogs 
domestic  dogs 

domestic  dogs 

May  (SVS) 
Dec 

J\il 
Dec  (several) 
Jul  (several) 
Jan  (several) 
Jan  (several) 
Mar  (SGC) 

Dec Dec 

Dec 
Dec 
Dec  (8) 

Jan  (12) 
Jan  (20) 

Dec Mar 

Dec Jun  (SGC) 

Dec 
Dec Jan  (6) 
Dec  (2) Dec  (3) 

Jan Jan 
Jan  (10) 

Feb 
Apr  (3) 
Jun  (SVS) 
Nov  (2) 

Dec 
Jan Dec 

Jan  (3) 
Dec  (3) 

Jan  (SGC) 

Jun  (SVS) 
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L      N       $      c? 

1      Magwe  on  grass  May  (SVS) 
1      I'tvolo  on  grass  _     (SVS) 

1      3      Tambura  on  grass  Sep  (SGC) 

BIRDS 

8   Ikoto      Neotis  caTra  denhami  Feb 

U      Torit      Neotis  cafra  denhami  Jan  (2) 

1   Torit      SphenorT)ynchiis~abdiinii         Jan 

DISTRIBUTION  IN  THE  SUDAN 

According  to  King  (1926),  R.  sangiiineus  "occxirs  throughout  the 
country  but  is  relatively  scarce  in  the  south     this  is  the  coia- 

mon  dog  tick  of  the  northern  and  central  Provinces".  This  statement 
agrees  with  the  present  observations.  Although  the  kennel  tick  may 
be  very  common  locally  on  dogs  in  Equatoria  Province,  it  is  also 
frequently  absent  or  rare  in  this  Province.  Its  occurrence  and 
numbers  on  wild  animals  is  equally  as  erratic  as  on  domestic  dogs. 
Reasons  for  this  variability  of  abundance  are  poorly  understood  and 
suggest  an  interesting  topic  for  local  investigation. 

Localities,  hosts,  and  sources  of  specimens  that  have  been  exam- 
ined are  the  following: 

Bahr  El  Ghazal;  "Northern  oart  of  Province"  (Dog;  SVS). 
Fanjak  (caTEle  and  dogs;  SVS,  HH).  GaluaL-Nyang  Forest  (dogs, 
hedgehogs,  and  hares;  SVS,  HH).  Near  Kordofan  border  (greater 
bustard;  SVS).  Kenisa  (baboon;  BM(NH)).  Near  Yirol  (domestic 
dogs;  SVS). 

Upper  Nile;  Makier  (cattle;  SVS).  Malakal  (sheep,  goats, 
and  dogs;  fairly  common  on  cattle;  SVS,  HH).  Melirt  (man;  SGC). 
Akobo  Post  (lion;  SGC).  Bor  (dogs  and  horse;  SGC).  MaBan  (sheep 
and  lesser  bustard;  SVS).  Ler  (dogs;  SVS). 

Blue  Nile:  Wad  Medani  (cattle,  sheep,  dogs,  goats,  and  horses; 
SGC,  HH.  Herpestes  ichneumon  and  large  vulture;  SGC).  Hodft  and 
Hosh  (hedgehogs;  SGCX  Sing  a  (camels;  SGC). 
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Kordofan;  Heiban  (hedgehogs;  SGC).  Jebel  Tabull  (kxiduj  SGC). 
EL  Obeid  (cattle;  SVS).  Koalib  Hills  (fox  and  btistard,  Lissotis 
melanogaster;  SGC).  Tabanga  (domestic  pigsj  SGC).  Delami  (hare 

and  hedgehog;  SGC),  "Western  Kordofan"  (sheep;  SVS). 

Darfur;  Radom  (cattle;  SVS).  Sibdo  (horse;  SVS) .  Muhagariya 
(sheep;  SVS).  Zalingei  (donkey;  SVS).  Kulme  (Vtilpes  pallida;  Bl-INH). 
Fasher  (dog  and  goat;  SVS).  Nyala  (dog;  SVS).  60  miles  north  of 
Safaha  (sheep;  SVS). 

Khartoum;  Khartoum  (dogs;  Balfovcr  1911F.  Kite,  secretary 
bird  in  zoo,  dog,  and  fox;  SGC.  Sheep,  camels,  horses,  and  goats; 
HH). 

Kassala;  Sinkat  (hare;  BMNH.  Dogs;  SVS).  Port  Sudan  (dogs; 
SVS,  BMNH.  As  R.  macropis;  Schulze  1936.  Donkeys;  SVS).  Kassala 
(dogs,  sheep,  horses,  goats,  and  camels;  SVS).  Tokar  (dogs;  SVS). 

Northern;  Wadi  Haifa  and  Atbara  (dogs;  SGC,  HH).  Abu  Hamed 
(fox,  hare,  dogs,  and  camels;  HH),  Jebel  Barkal  (fox;  Sudan  National 
Museum) . 

DISTRIBUTION 

Although  R.  sanguineus  was  first  described  from  France  and 
authors  have  sEown  considerable  hesitancy  over  considering  this 
a  typically  African  tick,  there  is  no  apparent  reason  for  not  doing 
so.  The  genus  Rhipicephalus  is  veil  established  as  a  tightly- 
bound  group  with  Africa  as  its  center  of  dispersal.  The  species 
sanguineus  is  so  typical  of  the  genus  that  it  is  assumed  that 
this  is  an  African  tick  whose  predilection  for  domestic  dogs 
and  possibly  for  birds  has  facilitated  its  spread  throughout 
the  warmer  parts  of  the  world. 

Cooley  (194-6)  states  that  R.  sanguineus  is  probably  the  most 

widely  distributed  tick  species''in  the  world.  With  the  possible 
exception  of  the  fowl  argas,  Argas  persicus ,  this  is  undoubtedly 
true.  The  kennel  tick  now  inhabits  practically  all  countries 

between  50°N.  and  about  35°S.  and  is  known  freq-uently  to  spread 
rapidly  once  it  becomes  established  in  a  new  area. 
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Notwithstanding  their  wide  distribution  and  domestic  habitats, 
R.  sangirineus  populations  vary  considerably  in  density  from  one  area 
To  another.  This  tick  gradually  increases  in  number  from  southern 
Sudan,  where  it  is  frequently  encountered  but  seldom  exceedingly 
numerous,  through  central  and  northern  Sudan  to  Lower  Egypt  in 
which  areas  it  is  usually  a  most  ubiquitous  pest.  Although  this 

picture  appears  to  contradict  the  tick's  preference  for  a  warm, 
humid  climate,  it  is  undoubtedly  influenced  by  human  cultiiral 
patterns,  man-made  microhabits  such  as  buildings  and  irrigated 
fields,  and  concentration  of  human  and  animal  populations. 

The  known  distribution  of  R.  sanguineus  up  to  January  19^9, 
has  been  mapped  by  Leeson  (I95l7.  African  areas  left  unmarked 
on  this  map  are  far  too  extensive.  The  American  Geographical 

Society's  (19$/|.)  map  of  the  distribution  of  the  kennel  tick  also 
contains  many  gaps  in  Africa  as  well  as  in  other  parts  of  the 
world  where  this  tick  exists.  A  literature  svirvey  and  examina- 

tion of  British  Museum  (Natural  History)  collections,  the  Onder- 
stepoort  records,  and  oTir  collection  shovjsthat  this  species  is 
present  almost  everywhere  in  Africa  except  possibly  in  the  most 
extreme  situations  of  the  great  deserts  of  northern  and  southwest- 

ern Africa  and  perhaps  in  a  few  of  the  most  isolated  oases. 

The  following  distributional  records  are  for  continental 
Africa,  its  outlying  islands,  and  that  part  of  Arabia  within  the 
E^thiopian  Faunal  Region,  only. 

NCmTH  AFRICA;  EGYPT  (As  Ixodes  linnaei;  Savignyi  1826  and 
Audouin  1827.  Efeumann  1901,1911.  Donitz  19O5,1910B.  Samson 
1908.  Mason  1915,1916.  Nuttall  1915.  Bodenheimer  and  Theodor 
1929.  Carpano  1936.  Said  19A.8.  Hoogstraal,  Wassif,  and  Kaiser 
1955.  Hurlbut  1956). 

LIBYA  (Franchini  1927, 1928, 1929A,B.  Tonelli-Rondelli  1930A, 
1932D.  Giordano  and  Nastasi  1935.  Giordano  and  Giordano  1935, 
Garibaldi  1935,  Stella  19380,  Enigk  19A3.  Bartone  1950). 

TUNISIA  (Neumann  1911.  Galli-Valerio  1911A.  Chatton  and 
Blanc  1916a, 8,1917,1918.  Brumpt  1919.  Durand  and  Conseil  1930, 
1931.  Durand  1931,1932A,B.  Anderson  1935.  Anderson  and  Sicart 
1937.  Alexander,  Mason,  and  Neitz  1939.  Colas-Belcovir  and  Rageau 
1951). 
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ALGHIIA  (Neumann  1911.     Senevet  1928B.     A.  Sergent  1933,1936, 
1938A,B.     A.  Sergent  eind  Levy  1935.     Edm.  Sergent,  Et.  Sergent, 
and  Parrot  1935.     Clastrier  1936.     Donatien  and  Lestoquard  1935, 
1936a.     Edm.  Sergent  and  Poncet  1937,194-0,1952.     Edm.  Sergent, 
Donatien,   and  Parrot  19^+5.     Edm,  Sergent,  Donatien,  Parrot,   and 
Lestoquard  1945.     Edm.   Sergent  19^8,1953.     d«Arces  1952). 

MOROCCO   (Velu  1921.     Lavier  1923.     Beros  and  Balozet  1929. 
Brumpt  1930A.     Gaud  and  Nain  1935.     Blanc  and  Bruneau  1948,1954. 
Blanc,  Martin  and  Maurice  1946.     Chabaud  1950A.     Blanc,  Bruneau, 
and  Chabaud  1950B,1951.     Blanc  1951). 

TANGIHl   (Charrier  1925.     Remlinger  and  Bailly  1939).     SPANISH 
MCROCCO   (LopezuNeyra  1949). 

WEST  AFRICA;     NIGERIA  (Simpson  1912A,B.     Connal  and  Coghill 
1917.     Pearse  1929.     Philip  193U,B.     Mettam  1940.     Findlay  and 
Elmes  1947.     Findlay  and  Archer  1948.     Fiasson  1949.     Gambles 
1951.     Unsworth  1952). 

GOLD  COAST   (Warburton  and  Nuttall  1909.     Simpson  1914,1918. 
Macfie  1916.     Beal  1920.     Stewart  1933.     Findlay  and  Archer  1948). 
TOGO   (Neumann  1911). 

FRENCH  WEST  AFRICA  (Neumann  1911.     Nuttall  1925.     Peltier, 
Carriere,  Jonchere,  and  Arquie  1938.     Blanc,  Goiran,   and  Baltazard 
1937,1938.     Risbec  1944.     Rousselot  1951,1953B.    Villiers  1955). 
LIBERIA   (Bequaert  193 OA) .     SIERRA  LBONE   (Simpson  1913.     Entomo- 

logical Report  1916). 

PORTUGESE  GUINEA   (Fontovira  de  Sequeira  1936.     Tendeiro  1936A, 
B, 1948, 1951A,1952A,C, 1953, 1954).     GAMBIA   (Simpson  1911). 

CEMRAL  AFRICA;     CA14ER00NS   (Neumann  1901,1911.     Ziemann  1912A. 
Schulze  1943B.     Rageau  1951,1953A,B.     Rousselot  1951,1953B.     Remarks 

by  Dezest  1953  concerning  "Rhipicephalus"  probably  refer  to  this 
species). 

FRENCH  EQUATORIAL  AFRKA   (Warburton  1927.     Fiasson  1943B. 
Gaud  1949.     Pellisier  and  Trinquier  1949.     Pellisier,  Troquereau, 
and  Trinquier  1950.     Giroud,  Jadin,   and  Reizes  1951.     Giroud  1951. 
Rousselot  1951,1953A,B). 
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BELGIAN  CONGO  and  RUANDA-URUNDI   (Newstead,  Dutton,   and  Todd 
1907.     Massey  1908.     Neumann  1911.     Seydel  1925.     Schouteden  1927. 
Schwetz  1927A,B,G.     TonellJuRondelli  1930A.     Bequaert  1930A,B,1931. 

Remarks  concerning  "Rhlpicephalus   sp.   du  chien"  by  Van  Slype  and 
Bouvier  1936,  probably  refer  to  R.   s.   sanguineus.     Wanson,  Richard, 

and  Toubac  1947.     Cooreman  1948."  Fain  1949.     Dubois  1949B. Schoenaers  1951A.     Jadin  and  Giroud  1951.     Rovisselot  1951.     Theiler 
and  Robinson  1954.     Van  Vaerenbergh  1954). 

EAST  AFRICA;     SUDAN  (BaKour  1906,1908A,1911F.     King  1908,1911, 
1926.     As  R.  macro pis;     Schulze  1936C.     Hoogstraal  1954B). 

ETHIOPIA  (Neumann  1902B, 1911, 1922.     Tonelli-Rondelli  1930A. 
Stella  193aA, 193 9A, 1940.     Roetti  1939.     Cavazzi  1943.     Charters 
1946,  quoting  British  Army  Pathology  Service).     HUTREA  (Franchini 
1927,1929D,E.     Tonelli-Rondelli  1930A,1932C.     Stella  193aA,1939A,B, 
1940.     Cavazzi  1943.     Sforza  1947.     Ferro-Luzzi  1948) .     FRENCH 
SOMALILAND  (Neumann  1901.     Hoogstraal  1953D).     BRITISH  SOM&LILAND 
(Neumann  1901,1911.     Drake-Brockman  1913B.     Stella  1938A,1939A). 
ITALIAN  SOMALILAND  (As  R.  beccarii;     Pavesi  1883,1895.     As  R. 
stigmaticus  and  R.  limbatus:     Pavesi  1898.     Pocock  1900,     Paoli 
1916.     Neumann  1^22.     Franchini  1929C.     Niro  1935.     Stella  1938A, 
1939,1940). 

UGANDA  (Neave  1912.     Neumann  1922.     Richardson  1930.     Mettam 
1932.     Carmichael  1940,1942.     Wilson  1948,19500.     Fiedler  1953. 
Steyn  1955). 

KMYA  (As  R.   stigmaticus  and  R.  ptinctatissimus:     Ger stacker 

1873.     Neave  19T2.     Neumann  1912,l'^22t     Anderson  1924A,B.     Lewis 1931C, 193 2A, 1934, 193 9A,B.     Roberts  and  Tonking  1933.     Paterson 
1934.     Kauntze  1934.     Roberts  1935,1939.     Daubney  1936B. 
Fotheringhara  and  Lewis  1937.     Mulligan  1938.     Dick  and  Lewis  1947. 
Piercy  1948.1951.     Heisch  1950B.     Binns  1951,1952.     Wiley  1953. 
Philip  1954). 

TANGANYIKA   (Donitz  1905  stated  that  the  R.   sangtiineus  of 
Koch  1903  is  a  mistake  in  identity  of  R.   appendicvilatus .     Neumann 

19073,19108,1911.     Morstatt  1913.     Lov"eridge  1928.     men  and Loveridge  1933.     Evans  1935). 
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SOUTHERN  AFRICA;     ANGOLA   (Howard  1908.     Gambles  19U..     Sousa 
Dias  1950.     Santos  Dias  1950C.     Fiedler  1953).     MOZAMBIQUE  (Howard 
1908.     Theiler  19A3A.     Santos  Dias  1952D,H,1953B,195^,H,1955A). 

NORTHHIN  RHODESm  (Neave  1912.     Theiler  and  Robinson  195/h). 
SOUTHERN  RHODESIA  (Jack  1921,1928,1936,1942.     Lawrence  1938B,19A2). 
NYASALAND  (Old  1909.     Neave  1912.     De  Meza  1918A.     Lamborn  1929. 
Wilson  19A3,1950B.     Hardman  1951). 

BEDHUANALAND  (Few  collections  from  Ngamiland,  Ghanzi  Well  area; 
absent  or  rare  in  east:  Theiler,  correspondence).     SOUTHWEST  AFRICA 
(Sigwart  1915.     Warburton  1922.     Rare  here;  confined  to  northern 
areas;  Theiler,  correspondence).     UNION  OF  SOUTH  AFRICA  (Neumann 
1901,1911.     Howard  1908.     A.  Theiler  and  Christy  1910.     Donitz 
I9IOB.     Moore  1912.     Bedford  1920, 1926,1927, 1932B.     A.  Theiler 
1921.     Cowdry  1925C,1926A,1927.     Curson  1928.     Cooley  1934.     Neitz 
and  Thomas  1938.     Neitz  and  du  Toit  1938,     Bedford  and  Graf  1939. 
Neitz,  Alexander,  and  Mason  1941.     Neitz  1943.     Malherbe  1947. 
R.   du  Toit  1942B,1947A,B.     Neitz  and  Steyn  1947). 

OITTLYING  ISLANDS;     ZANZIBAR   (Neumann  1911.     Neave  1912.     Aders 
1917).     REUNION   (Gillard  1949).     MAURITIUS   (De  Charmov  1914,1915. 
MDutia  and  Mamet  1947).     MADAGASCAR   (Neumann  1911.     Buck  1935, 
1948A.C,1949.     Buck  and  Lamberton  1946.     Mlllot  1948.     Hoogstraal 
1953E).     SEYCHELLES   (Millot  1948). 

ARABIA;     PJMi  and  ADEN  PRarBCTQRATE  (As  R.  macropis;     Sch\alze 
19360,1941.     Hoogstraal,  ms.).    YEMEN   (Franchdni  Wli.     Mount  1953. 
Sanborn  and  Hoogstraal  1954.     Hoogstraal,  ms.).     SAUDI  ARABIA 
(Hoogstraal,  ms.). 

HOSTS 

Introduction 

The  host  lists  available  for  R.  ̂ .  sanguineus  are  vast  and 

include  numeroxis  medium  and  large  "size  mammals  wherever  the  tick occurs.  A  listing  of  each  host  reported  by  variovis  authors  would 
be  of  no  practical  value.  In  addition  to  mammals,  many  larger 
ground-feeding  birds  and  a  few  reptiles  have  been  found  infested. 
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Dissimilarity  of  frequent  hosts  from  area  to  area  is  apparent. 
Obviously,  the  numbers  and  kinds  of  available  animals  vary  over  the 
great  area  infested  by  this  tick  and  different  climatic  and  ecolog- 

ical conditions  affect  the  parasite's  life  cycle  and  its  relation 
to  different  hosts.  In  certain  areas,  physiological  races  special- 

ly adapted  to  feeding  on  certain  hosts  may  exist. 

It  appears  well  established  (l)  that  domestic  dogs  are  most 
frequently  parasitized  by  R.  s.  sanguineus  (though  in  tropical 
and  southern  Africa,  Haemaphysalis  1.  leachii  is  often  more  common 
on  dogs),  (2)  that  parasitism  of  large  groundfeeding  birds,  hares, 
hedgehogs,  and  domestic  sheep  and  goats  is  common,  (3)  that  all 

wild  carnivores  within  the  tick's  range  are  frequently  though 
seldom  heavily  parasitized,  and  (A.)  that  wild  ruminants  and  man 
are  only  erratically  chosen  as  hosts.  Wild  animals  in  zoological 
gardens  and  others  living  vmder  domestic  conditions,  especially 
when  in  manraade  buildings  or  enclosiires,  are  particularly  sus- 

ceptible to  attack  by  this  parasite. 

Human  Hosts 

Available  information  on  human  parasitism  by  the  kennel  tick 
is  difficult  to  evaluate.  From  accoxmts  of  this  species  in  rela- 

tion to  boutonnevise  fever  in  northwestern  Africa  and  in  southern 

Europe,  it  would  appear  that  human  beings  are  more  frequently 
bitten  in  these  areas  than  elsewhere  in  Africa.  There  is,  however , 
no  conclusive  evidence,  as  yet,  that  this  is  true .  The  considerable 

kennel  tick  populations  "In  North  Africa  and  the  density  and  intimacy of  human  beings  and  their  domestic  animals  may  be  responsible  for 
the  greater  incidence  of  human  infestation  in  this  area,  as  sug- 

gested by  Philip  (1952).  At  the  same  time  consideration  should 
be  given  to  the  possible  existence  of  a  biological  race  with  a 
greater  predilection  for  feeding  from  man. 

In  tropical  and  southern  Africa,  though  isolated  reports  of 
parasitism  of  man  exist,  only  Roberts  (1933)  and  workers  of  his 
period  in  Kenya  have  published  accounts  of  serious  infestation. 
On  one  occasion  boutonneuse  fever,  attributed  to  R.  sanguineus 
but  without  biting  specimens,  was  so  prevalent  that  it  caused 
disorganization  of  staffing  arrangements  of  the  Kenya  and  Uganda 
Railways.  Roberts  stated  that  when  the  land  is  covered  by  stand- 

ing water  these  ticks  seek  shelter  in  houses  and  human  inhabitants 
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are  likely  to  sioffer.  /"This  might  be  a  seasonal  coincidence since  it  would  appear  that  in  European  areas  of  Kenya  the  kennel 
tick  is  more  common  as  an  indoor  pest  than  as  an  outdoor  one.  At 
least,  an  interesting  research  problem  on  the  overall  subject  is 
suggested. 7 

Only  a  single  report  of  the  kennel  tick  attacking  people  in 
the  upland  Kilimani  area  near  Nairobi  reached  the  Kenya  Medical 
Research  Laboratory  during  1932.  At  the  same  time  in  coastal 
Mombasa,  houses  that  were  heavily  infested  by  R.  s.  sangtiineus 

yielded  a  number  of  cases  of  boutomieuse  fever" ("Tropical  typhus") 
following  bites  on  the  patients*  body  and  legs,  some  restilting  in 
primary  lesions,  and  all  definitely  associated  with  this  tick 
species  (Kauntze  193A).  In  Cameroons,  Rageau  (1953B)  reported 
feeding  by  a  kennel  tick  in  the  ear  of  a  young  girl.  Specimens 
sent  to  Theiler  (correspondence)  from  Beitbridge,  Southern  Rhode- 

sia (on  the  Limpopo  River  just  beyond  Messina)  were  said  to  have 
been  biting  people  and  causing  great  discomfort. 

The  few  present  records  for  parasitism  of  man  by  this  tick 
in  the  Sudan  are  noted  in  the  Equatoria  and  Upper  Nile  Province 
records  above.  Further,  my  associates  and  I  have  been  bitten  by 
R.  s.  sanguineus  at  Njoro,  Kenya;  several  times  in  the  wilds  of 

"sou"Ehe astern  Egypt,  on  the  Mediterranean  littoral,  and  in  the oasis  of  Sinai;  not  infrequently  in  the  mountains  and  lowlands 
of  the  Yemen;  and  once  each  in  Aden  Protectorate,  French  Somali- 
land,  Elritrea,  and  Turkey.  These  incidents,  while  not  common 
during  many  months  in  the  field,  bear  consideration.  We  have 
never  known  of  an  Egyptian  being  bitten  in  Cairo  or  in  the  Nile 
Valley.  After  several  years  of  canvassing  the  American  community 
in  Cairo,  many  of  whose  members  have  this  tick  in  their  home, 
only  three  children  have  been  reported  to  be  infested. 

From  field  experience  in  Africa  and  the  Near  East,  the  im- 
pression has  been  gained  that  this  tick  attacks  man  more  fre- 

quently in  hot,  dry  areas  than  elsewhere,  and  especially  that 
it  does  so  in  those  situations  where  it  is  a  common  pest  of 
cattle,  sheep,  and  goats,  but  where  domestic  dogs  and  moderate- 

ly large  sized  wild  animals  are  not  numerous. 

Philip  (1952)  has  remarked  that  during  his  fifteen  months 
in  West  Africa  he  did  not  hear  of  a  single  dog  owner  being  at- 

tacked by  this  tick. 
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One  of  the  most  striking  accotants  of  R.  s.  sanguineus  attack- 
ing persons  comes  from  the  LaJce  Region  of  ̂ exTcoTsirrzonHo  Langagne 

(19A7)  wrote  that  this  tick  swarms  in  rural  dwellings  and  indis- 
criminately attacks  persons  or  dogs.  In  this  area  more  than  five 

hundred  peasants,  mostly  yotmg  children,  presented  themselves  at 
clinic  for  removal  of  adult  ticks  feeding  in  the  canal  of  the 
external  ear.  These  ticks  were  considered  responsible  for  the 

cases  of  Rocky  l-fountain  spotted  fever  that  were  especially  fre- 
quent among  children. 

Much  further  north,  in  the  State  of  New  York,  Tompkins  (1953) 

found  a  specimen  of  this  tick,  that  "had  almost  certainly  left  a 
rabid  fox"  embedded  in  his  own  left  axilla.  Other  laboratory 
technicians  exhibited  -  or  refused  to  exhibit  -  tick  bites  on 

various  parts  of  their  body,  but  the  attacker  species  was  not 
identified.  The  hioman  victims  did  not  become  rabid. 

Previously,  Philip  (1952)  had  noted  the  few  instances  in 
which  the  kennel  tick  is  known  to  have  fed  on  people  in  the 
United  States  and  he  summarized  the  small  amount  of  available 
data.  A  single  case  of  a  female  tick  biting  a  person,  near 
the  ankle,  in  Nebraska  has  been  presented  (Helm  1952).  Fiasson 
(19^3A)  indicates  that  this  tick  does  not  bite  man  in  Venezuela. 

A  notable  Italian  incident  involved  a  female  kennel  tick 

lodged  in  the  ear  of  a  person  who  suffered  severe  pain  and 
distress  as  a  result  (Condorelli  Francaviglia  1913).  The 
Cameroons  and  Mexican  cases  noted  above  were  also  reported 
from  human  ears. 

In  his  study  of  Indian  tick  typhus,  Philip  (1952)  indicated 
his  belief  that  persons  acquire  this  disease  throTigh  bites  of 
kennel  ticks  that  have  previously  fed  on  infected  dogs.  There 
are,  however,  very  few  records  of  this  tick  attacking  man  in 
India.  One  such  noted  R.  _s.  sanguineus  on  a  patient  and  on 

his  dogs.  The  patient  "showed  no  eschar  but  clinically  resembled tick  typhus;  ticks  from  both  kinds  of  hosts  were  infected  but 
the  dogs  were  not  (Rao  1951).  Fotu:  records  of  kennel  ticks  from 
man  in  India  were  presented  by  Strickland  and  Roy  (1939).  In 

Australia,  this  tick  "seldom  attacks  man"  (Roberts  1939). 
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In  Europe,  Cox  (1942)  states,  R.  s.  sanguinetis  commonly  bites 

man.  From  a  review  of  the  insignificant  amount  oT'supporting literatiire  data,  this  wovild  appear  to  be  an  overstatement.  Through- 
out the  Mediterranean  basin  of  Europe  to  as  far  east  as  the  Crimea 

and  Kashmir,  and  in  Northwest  Africa,  various  forms  of  the  fre- 
quently common  disease,  boutonneiise  fever,  are  considered  to  be 

transmitted  only  by  the  bite  of  this  tick.  However,  the  wide- 
spread presence  of  the  disease  in  these  areas  coupled  iri.th  the 

few  definite  reports  of  the  actual  arthropod  biting  man,  suggests 
that  our  present  concepts  of  the  epidemiology  of  this  disease  may 
eventually  have  to  be  revised. 

Interestingly  enough,  since  the  above  was  written,  French 
workers  have  theorized  that  transmission  of  boutonneuse  fever 

from  dogs  to  man  is  actually  usually  accomplished  by  rubbing 

one*s  eyes  after  deticking  dogs  or  by  some  insect,  especially 
a  rediwiid  or  some  other  Heteroptera  (Sigalas  and  Lamontellerie 
1954).  A  similar  theory  had  already  been  advanced  by  Berri  (1953) 
in  Italy.  While  this  novel  approach  remains  to  be  demonstrated, 
it  suggests  the  r81e  of  the  kennel  tick  as  merely  a  reservoir  of 
infection  or  as  a  vector  from  dog  to  dog.  This  concept  may  explain 
the  few  definite  records  of  this  species  as  a  parasite  of  man, 
even  where  the  Mediterranean  type  of  boutonneuse  fever  is  common. 

Lamontellerie  (195A)  presents  some  evidence  to  support  his 
view  that  in  southwestern  France  the  kennel  tick  displays  little 
if  any  aggresiveness  in  attacking  man,  even  though  boutonneuse 
fever  is  common.  He  cites  some  published  references  to  indicate 
that  the  tick  sometimes  does  attack  man,  but  most  of  these  refer 
to  generalized  or  vague  statements  or  to  obviotis  repetitions  of 
previously  published  reports. 

In  Manila,  since  it  was  claimed  that  larval  kennel  ticks  at- 
tacked children,  de  Jesus  (1939)  attempted  without  success  to 

induce  larvae  to  feed  on  two  men  and  on  two  children. 

Cattle  Hosts 

Reports  of  the  incidence  of  R.  s.  sanguineus  on  cattle  show 
great  disparity  from  locality  to  Tocality,  as  does  the  data  in 
the  present  collection. 
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In  the  marshlands  of  Central  Sudan  cattle  are  frequently  ±ru 
fested  by  R.  _s.  sanguineus,  sometimes  in  large  numbers,  but  in 
southern  Sudan  cattle  are  only  exceptionally  and  never  severely 

infested.  This  fact  may  corroborate  Roberts'  suggestion  (above) 
that  at  flood  periods  this  parasite  seeks  exceptional  shelter  and 
hosts. 

Reports  of  R.  s.  sanguineus  on  cattle  in  tropical  and  southern 
Africa  are  decidedly  rare,  though  a  few  exceptions  have  been  noted. 
The  incidence  of  cattle  infestation  greatly  increases  as  one  travels 
through  northern  Sudan  to  the  Mediterranean,  but  it  is  by  no  means 
constant.  In  certain  localities  of  Yemen  and  Eritrea  the  incidence 

on  cattle  is  fairly  high  (KH  observation). 

Fotheringham  and  Lewis  (1937)  state  that  R.  _s.  sanguineus 
"is  not  often  found  on  cattle  in  Kenya;  in  fact,  only  on  a  few 
occasions  have  very  small  numbers  been  collected  from  this  host". 
Out  of  200  nymphs  placed  on  cattle  bj   these  investigators,  only 

five  fed.  On  the  other  hand,  according  to  Roberts  (1935),  "it 
is  of  some  importance  to  note  that  cattle  in  certain  areas  (of 
Kenya)  carry  quite  a  large  population  of  R.  sanguineus    
Cattle  in  this  colony  are  a  privileged  class  with  unrestricted 
license  to  wander  over  township  areas,  and  even  in  gardens  if 
herbage  is  available.   (These  animals)  thiis  become  a  very  potent 
factor  in  the  distribution  of  ticks  in  residential  areas.  House 

dogs  wandering  in  grass  along  roadsides  and  gardens  gather  up 
these  ticks  and  carry   them,  eventually  into  houses  (x^/here)  enormous 

nimbers  of  R.  sanguineus  (are)  encountered".  ^Unless  shown  other- 
wise, it  might  be  assumed  that,  as  a  rule  in  Kenya,  the  presence 

of  dogs  influences  the  incidence  of  attacks  on  cattle,  rather 
than  vice  versa  (HH).7 

Cultural  patterns  of  pastorail  peoples  probably  influence 
the  presence  of  kennel  ticks  on  cattle,  especially  in  those  tribes 
where  families  and  animals  sleep  in  the  same  hut  or  corral,  a  not 
uncommon  practice  in  Africa.  This  feature  may  also  largely  ac- 

count for  the  occasional  finding  of  another  dog  tick,  H.  leachii, 
on  cattle.  A  survey  of  the  present  Africa,  Arabian,  and  Near 
East  collections  indicates  the  considerable  importance  of  this 
relation.   In  Bechuanaland,  Theiler  believes  (corresixindence), 
the  kennel  tick  survives  only  where  such  conditions  prevail, 
especially  X'fhere  cattle,  goats,  sheep,  dogs,  and  people  congre- 

gate around  wells  ana  pans. 
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Canine  Hosts 

What  may  be  a  considerably  varying  incidence  of  R.  s.  sangttineus 
on  dogs  throughout  tropical  and  south  Africa  is  difficult  to  relate 
to  any  climatic  or  ecological  factor  in  the  absence  of  detailed  sur- 

veys. Many  published  remarks  on  this  subject  appear  to  have  been 
too  hasty,  since  observations  were  not  made  over  any  extended  period 
of  time. 

Lewis  (1934)  stated:  "Although  some  Masai  huts  (in  Kenya) 
sheltered  many  dogs,  no  R.  sanguineus  were  found  after  diligent 

search"    eind  (1939A7  ......  "The  tick  has  been  observed  to 
infest  dogs  heavily  in  townships  and  on  farms;  but  the  writer  has 
never  found  (it)  in  native  huts  where  dogs  rest  and  sleep  more  or 

less  with  the  family".  This  last  statement  is  certainly  contrary 
to  our  experience  in  Kenya  and  everywhere  else. 

On  several  recent  trips  to  the  southern  Sudan  we  have  checked 

native  "pied  dogs"  and  foimd  them  to  be  not  only  infested  but  fre- 
quently literally  covered  with  R.  s.  sangiiineus.  Dogs  kept  by 

Europeans,  when  they  were  still  irTthe  Sudan,  were  usually  so 
frequently  deticked  or  doused  with  insecticide  that  a  true  picture 
of  their  infestation  in  relation  to  that  of  village  dogs  was  im- 

possible to  obtain. 

In  the  Kilimani  area  near  Nairobi,  dogs  are  infested  with 
many  specimens  of  H.  leachii  but  few  of  R.  s.  sanguineus,  while 

in  lowland  ^bmbasa'"R.  s.  sanguineus  is  by  f"ar  the  predominent 
species  (Kauntze  19*5^)7  A  nunher  of  generalized  remarks  con_ cernj.ng  the  incidence  of  ticks  on  dogs  are  provided  under  R.  s. 

simus  (page  738).  
""  " 

Feline  Hosts 

Domestic  cats  appear  to  be  infrequent  hosts  of  this  tick. 
The  large  wild  felines  of  Africa  are  sometimes  attacked  but  then 
usually  only  by  a  few  ticks. 

Exceptional  Hosts 

Rare  or  unusual  hosts  that  have  been  reported  in  Africa  are: 
puff  adder  in  Tanganyika  (Loveridge  1928),  bats  (HH,  collecting 
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in  Egypt),  pangolin  (Howard  1908),  zebra  in  Soraaliland  (Stella 
1939B),  baboon  (Sudan  records  above),  bushbaby  (Villiers  1955  in 
French  West  Africa  and  Sudan  record  above),  okapi  in  the  Congo 
(Bequaert  193 OA) . 

Tortoise  (iSnitz  191  OB,  Neiimann  1911).  If  these  remarks 
refer  to  the  record  of  Michael  (1899)  from  Lake  Urmi,  Iran,  they 
are  probably  based  on  misidentification  of  H.  aegyptium. 

Laboratory  Hosts 

See  life  cycle  below. 

Commensal  Rodent  Hosts 

In  our  field  work  in  various  parts  of  the  tropics  and  sub- 
tropics  of  the  world  few  commensal  rodents  have  been  found  to  be 
attacked  by  immature  stages  of  the  kennel  tick.  In  two  areas  of 
Puerto  Rico,  Fox  (1950)  reported  an  infestation  rate  of  only  0.5 
and  3.2  percent  on  1326  Rattus  examined. 

Wild  SmalL-Mammal  Hosts 

Pearse  (1929)  collected  specimens  from  the  following  animals 
in  Nigeria:  two  species  of  hedgehogs,  and  four  rodents  (Lemnis- 
comys  striatus,  TateriUus  gracilis  angelus,  Thryrononys 
swinderianus,  and  Praomys  tnHbergi).  The  identifier  and  the 
stage  of  the  ticks  were  not  stated.  These  are  most  interesting 
data  that  few  others  have  duplicated.  In  Timisia,  the  grondi 
(Rodentia:  Ctenodactylus  gundi)  is  said  to  be  frequently  attacked 
by  larvae  and  nymphs  (Chatton  and  Blanc  1918). 

The  several  unusual  small  mammal  hosts  found  infested  in 

Bquatoria  Province  (listed  above)  were  all  taken  in  association 
with  native  villages.  The  elephant  shrew,  Elephantulus  rufescens 
hoogstraali,  was  caught  in  an  island  of  dense  shrub  and  tree 
vegetation,  among  which  shepherds  and  their  animals  so^lght  refuge 
from  the  glaring  sun,  in  the  grasslands  near  a  village.  The  bush- 
baby.  Gal ago  s.  senegalensis,  lived  in  a  fig  tree  under  which 
the  village  elders  and  their  dogs  congregated.  The  two  infested 
tree  squirrels,  Heliosciurus  gambianus  hoogstraali,  were  feeding 
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in  a  village  tree  and  above  a  community  watering  hole,  respect- 
ively. The  rock  hyrax,  Heterohyrax  brucei  hoogstraali ,  occupied 

a  ledge  a  few  dozen  yards  above  a  group  of  hillside  huts. 

A  significant  observation  of  all  stages  of  the  kennel  tick 

feeding  on  Eirropean  rabbits,  Oryctolagus  cuniculus,  in  a  forest 
near  Casablanca  has  been  reported  by  Blanc  and  Bruneau  (1954)- 
In  the  Yemen,  tremendous  infestations,  representing  varying  pro- 
portiorxo  of  all  stages,  were  found  on  all  hares  examined  (Sanborn 
and  Hoogstraal  1953;  Hoogstraal,  ms.).  In  Egypt  the  same  is  true 
of  hares,  some  two  hundred  of  which  have  been  examined.  Equatoria 

Province  records  sh^w  numerous  adults  on  hares  and  grass  rabbits 
(or  grass  hares,  Poelagus),  and  in  Bahr  El  Ghazal  Province  all 
stages  were  taken  from  the  several  specimens  of  hares.  Indeed, 
it  appears  that  in  both  the  Ethiopian  and  Palearctic  Faunal  Re^ 
gions  of  Africa  and  Arabia,  lagomorphs  may  be  exceedingly  imu 
portant  as  secondary  hosts  or  possibly  even  as  primary  hosts  of 
all  stages  of  the  kennel  tick.  Yet,  there  is  no  evidence  avail- 

able to  indicate  that  domestic  rabbits  kept  in  hutches  are 
seriously  infested  by  this  parasite,  althoiigh  as  a  rule  merely 
housing  any  animal  seems  to  be  an  important  factor  leading  to 
its  being  attacked  by  this  parasite.  European  rabbits,  an  in- 

tegral part  of  every  Bedouin  tenthold  in  Egypt,  are  usually 
infested.  These  rabbits,  which  seldom  venture  far  from  their 

owners*  tents,  are  carried  from  place  to  place  in  a  bag  on  the 
side  of  a  camel  when  Bedouins  move  in  search  of  pasturage.  Out- 

side of  Africa,  hares  have  been  found  infested  by  notable  niimbers 
of  this  tick  in  Anatolia  (Hoogstraal,  ms.). 

Without  going  into  detail,  a  survey  of  field  data  Indicates 

that  hedgehogs  ma^'-  play  a  role  in  supporting  this  tick  second 
only  to  that  of  lagomorphs.  These  spiny  insectivores  are  com- 

monly though  seldom  heavily  infested. 

In  Egypt,  most  kinds  of  desert  rodents  are  occasionally 
infested  by  larvae  and  nymphs,  as  are  also  grass  rats,  Arvi- 
canthis  n.  niloticus,  in  cultivated  areas.  These  data  are  too 
voluminous  and  complex  to  evaluate  in  the  present  study.  It 
is,  however,  apparent  that  in  field  situations  the  life  history 
differs  from  that  of  urban  populations. 
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Avian  Hosts 

It  should  be  of  some  interest  to  present  the  available  African 
records  of  avian  parasitism  by  R.  s.  sangiiineus  in  the  hope  of  in- 

stigating fiirther  investigation^of^this  subject.  The  immediate concern  over  this  problem  is  the  fact  that  specimens  from  birds 
in  Equatoria  Province  have  much  lighter  interstitial  punctations 
than  those  from  mammals  in  the  same  Province.  Material  from 

birds  resembles  the  majority  of  specimens  from  northern  Sudan 
and  Egypt  and  is  in  closer  conformity  to  the  general  conception 
of  the  appearance  of  this  species. 

Recorded  African  avian  hosts  are  the  follovdng: 

Ostrich 

Struthio  camelus  massaicus  in  Kenya  (Neumann  1911,1912). 
S.   camelus  subsp.   in  Uganda  (Theiler,  unpublished).     S.  camelus 

australis  in  l-tozambique   (Saxitos  Pias  1952D).  "" 

Bustards 

Lissotis  melanogaster  in  Mozambique  ̂ Specimens  in  B14(NH) 
and  from  Sudan  (Kordof an  Province  record  above).  "Greater 
bustard"  in  Kenya  (Lewis  193^).  "Lesser"  and  "greater"  bustards 
in  Sudan  (various  Province  records  above).  Neotis  cafra  denhami 

in  Sudan  (Equatoria  Province  records  above).  Neoti~cafra jacksoni  in  Uganda  (Theiler,  unpublished) .7 

Secretary  bird 

Sagittarius  serpent arius  in  Sudan  (Khartoum  zoo  record 
above)  and  in  Kenya  (Lewis  1934) . 

Plornbill 

Bycanistes  albotibialis  from  Yaounde,  French  Cameroons 
(J.  Itouchet  legit,  HH  det.j. 
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storks 

abovef^^'TeDto^ttr  ̂ ^^^^11  in  the  Sudan  (Equatoria  Province  record above;.  Leptoptilos  crumeniferus  in  Uganda  (Theiler,  unpublished). Ibis 

Hagedashia  hagedash  subsp.  (Neuinann  1911)  and  as  "Theristioi,., 
leucocephaius"  in  'f^..«n.HV.  (Neumann  190X,1910B).         ̂ ''^^ 
Hawks,  Kites,  Buzzards,  Eagles,  and  Owls 

m..   ̂ ^^  i"  the  Sudan  (King  1926  and  Khartoum  record  above) 
"Large  vulture"'  in  the  Sudan  (Blue  Nile  Province  record  abov^) B^^stur  rufipennis  in  Belgian  Congo  (Bequaert  1931)   E^Sro^l 

Bubo^^-^g^^  (=  strix  ascalaphusl  in  Egypt  (NeuS^  igS; 
Pigeon 

"Ringed  pigeon"  in  South  Africa  (Howard  1908) . 

mestifjoSls!^"^  ̂ °  ̂̂   "°  ̂""'""^  '■'"°'''^"  °^  ''^'   -^^^^  ̂ ^°™  ̂ °- 

of  fht^ZiT"^   parasitizing  birds  are  usually  found  on  the  crown of  the  head,  near  the  eyes,  around  or  in  the  ears,  at  the  base  of the  skull,  or  in  folds  of  skin  beside  the  beak. 

BIOLOGY 

Laboratory  studies  on  the  general  biology  of  the  kennel  tick 

Th^nlgScSr^'h;  J°r-V"-1^  biology'Ld  ecologJ^L'e'Sen hSboS  dn!f *     1  +  ^       f  °^  °^  ̂^^^  ̂ °™  ̂ ^^"  confined  to  houses 

bSTd^q^ftfi;  SuS'  ̂'''''''  ̂ '  ̂'^^  "^^^  ̂ °-'  ̂ -  -^ 

th«  k!^^r?'  J^°l°gi^^  ̂ d  ecological  questions  concerning 
T.ttlZt       ̂ "J  ir^''  "-^  ̂ "  ̂ ^ered.     Why  is  the  density  Ld distribution  of  African  populations  so  uneven?     What  is  the 
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significance  of  iKjrphological  variations  such  as
  the  lightly  puna, 

tafe  forms  from  Equatoria  Province  birds  in  an 
 area  where  most  of 

those  parasitiziS  mammals  ^e  heavily  P-fate?     ̂ ^l^^^flf^lf 
strains"  or  varieties  exist  in  Africa  and  do  some  

or  all  of  these 

react  with  equal  facility  to  domestication?     W
hat  is  the  life 

cycle  under  field  conditions  and  what  are  t
he  host  predilections 

of  the  immature  and  adult  stages  away  from  h
uman  and  domestic 

canine  habitations?     Why  does  parasitism  of  per
sons  -  aM  bou- 

tonneuse  fever  -  appear  to  be  so  much  more  c
ommon  in  north, 

western  Africa  thl^^TSewhere  on  this  continent 
  (and  why  is 

boS^^e^e  fever  absent  in  Egypt)?     J-t  w
hat  is  there  about 

a  habitation  shared  by  man  and  dogs,  whether 
 -t  be  an  African 

hut  or  a  Florida  mansion,   that  is  so  much  m
ore  attractive  to 

?Ss  tick  than  a  fox  den  in  a  rocky  hillside?   
  Is  the  greater 

incidence  of  parasitism  of  all  domestic  n
orucanme  animals  in 

Se  Near  East,   as  compared  with  tropical  Afr
ica     merely  a  matter 

o?  hosravaiUbility?'  These  are  but  a  few
  of  the  innumerable 

inquiries  that  suggest  themselves  as  a  re
sult  of  our  lack  of 

specific  information  concerning  this  co
mmon  tick. 

Life  Cycle 

The  life  cycle  of  R.  s.  sanguineus  
has  been  studied,  under 

laboratory  conditions,  -By  T^hrisiSphers
  (19QX),  Hooker,  Bishopp, 

^fwood  a912)S  Patron  and  Cragg  (1913)  wi
th  techniques  i^ 

Sttra?ed  Nutiail  (1915),  and  ̂ egendanz  and  Keichenow  (l93l) . 

In  the  discussion  below,  less  special
ized  life  cycle  reports 

S  stiiies  for  special  purposes  are 
 noted  following  the  suiiu 

mary  of  the  above-mentioned  papers. 

All  observers  agree  that  this  is  a
  three-host  tick.  Varia. 

tion  in  reports  of  Sngth  of  feeding  
time  of  each  stage  may  be 

die  to  the  kind  of  host  used  in  labo
ratory  experiments  (see 

tSlow).  During  nonfeeding  phases 
 temperature  and  humidity 

exert  considerable  influence  on  the  length  of  the  1^^^^^^^^'^^ 

Nuttall  concluded  that  feeding  times  are  ̂ °"^^^^'  J^^f  ̂^"3^^ 

of  temperature  variations,  and  that
  only  the  nonfeeding  phases 

are  affected  by  these  variables  (s
ee  also  discussion  of  this 

aspect  under  H.  dromedarii,  p.  U2.S) . 

^he  extensive  data  in  this  impor
tant  paper  are  not  reviewed  here. 
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T^^hhJ"  ̂ ^^^^'2  laboratory  experiments,  larvae  fed  on  dors  and 

doEs'a^d   iSs"  jIS'  '''^'"^^^^   ̂ '  hedgehogs,   and  adul?f  o^' dogs  and  jackals.     Lar^^ae  commenced  feeding  three  to  seven  days after  emergence,  nymphs  began  about  the  sa^e  length  of  Ume  Ster ^Itzng,   and  adults  about  a  week  after  molting.     Lar^L  f ed  ifr 

6l°C     ?o"0Oc   T'V'^i^H  'T  '^^^^    (temperature  r^^gS  fro" DO  0.   to  20^C.J.     Nymphs  fed  for  three  to  eleven  days    fmostlv four  days),  on  the  dog  or  Jackal;   but  when  hedgehogs  werHsed the  feedxng  txme   (ten  to  seventeen  days)  was  abou^douSed?     ̂  (temperature  ranged  from  SOQ .  to  ISOQ . ) .     Females  fed  from  one 
^ni^^^'/r"""  i"?'^^y  "^^^^  ̂ ^y^)  b^t  males  remained  auLhed xndennztely  and  transferred  to  another  host  if  the  first^mal 

are  of?  .^^J^^  ̂ ^ated,  the  length  of  intervals  during  which  ticks are  off  the  host  appears  to  be  influenced  by  temperature   (thoSh more  exact  and  extensive  research  is  certai^y  reqSrS)       In 

af  3^C  \uf '''  ''''.  Sf  ̂'^'  '"  '"°^  ̂ ^-"^-"  to'^net^en  days rlnlr-'  ?  ̂^q^^^ed  75  days  at  120c.  Larvae  molted  to  nympS from  five  to  eight  days  after  completing  feeding  (at  300cT  a^d 
nymphs  molted  to  adults  in  eleven  or  twelve  dayl  ̂\er  fe;kg  ' ;r  ̂ "^'i*  Oviposition  commenced  three  to  six  days  (averare 

at^'oor.'b;:^  ̂ lltll  '^^^^^  '^'^  ̂ ^^  ̂°^^'  wL^mSnTa^ned 

£gl^5;g  Stel  f^'r'fro'^niSTrSf^:^^^^^^^^  ̂ ^^^  ''  '^^'' 

in  Jlttlll\7ll^'.  ̂ '^^^./^^^^^ble  conditions,  may  be  completed 
nrol nn^i^^  ̂   ̂̂ ^f^     ̂ ^'^^''  Unfavorable  conditions,  it  may  be prolonged  for  many  months.  ^  "°-y   u« 

/"By  way  of  contrast  to  Nuttall's  findings  and  because  the InTrtf  °f,^^i^^°Ph---   (19073)  .'are  not  complete  Ld  do  not 
SaSe   nQ/O  ̂^:^P\^^ture  at  which  the  specimens  were  reared", 
ftlf   Ji^i.  undertook  similar  experiments  in  India  at  7500 
NnS.^         ?^/^^^  ̂ °S'  "^^  ̂ °  ̂ ^  the  hosts  for  aTL  stages. Nonfeedmg  ticks  were  observed  at  220c.    (eight  degrees  Wr 

,!i!^"^^^."^^!^^^^°^  ̂ ^^  ̂ ^^"  reported  for  Ornithodoros  arenlcolo.,. whose  females  feed  on  mice  for  A5  minutes  but  on  hedgehors  i'or  70 nunutes   (average),   and  whose  males  feed  on  mice  for Ir^nutef^ on  hedgehogs  for  57  minutes   (average)   (Hoogstraal  I^cf 
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than  the  temperature  in  Nuttall's  experiments)  and  at  80^  to  9Q5 
R.H.  Unfortunately  for  purposes  of  comparison,  Sapre  neglected 
to  report  how  soon  after  hatching  larvae  commenced  feeding  and 
other  such  details.  In  his  summary,  Sapre  stated  that  feeding 
periods  remain  constant  irrespective  of  temperature  variation 
but  nonfeeding  periods  appear  to  be  inversely  proportional  to 
an  increase  or  decrease  in  temperatiire .  In  the  introduction 

it  was  stated  that  nonfeeding  ticks  were  observed  at  22°C.  and 
the  report  of  the  experiment  shows  no  comparative  data  for 
length  of  feeding  time  at  different  temperatures.  The  svtramary 

stated  all  stages  were  observed  at  22°C.;  the  text  stated  hosts 
were  maintained  at  anywhere  from  l.^°C.  to  11.6°C.  for  larval 
feeding,  at  2.9°C.  to  5.1°C.  for  nymphal  feeding,  and  at  11.0°C. 
to  U..6°C.  for  adult  feedingJZ 

Survival  of  unfed  larvae  may  be  as  long  as  253  days;  nymphs 
appear  to  be  less  hardy,  for  only  a  few  survived  for  as  long  as 
97  days.  Adults  may  live  without  food  for  as  long  as  568  days, 
with  females  appearing  to  survive  longer  than  males  when  imfed. 

/"NuttallJ/ 

Nuttall  noted  that  females  may  outnumber  males  by  two  to  one 
and  Sapre  reported  the  sex  ratio  as  three  females  to  two  males. 
Copulation  occurs  on  the  hostj  males  may  move  about  on  the  host 
and  fertilize  several  females. 

Nuttall  counted  1^00  eggs  to  3900  eggs  from  individual  fe- 
males (Sapre  said  his  females  averaged  2140  eggs).  Lombardini 

(1950)  counted  from  ̂ 000  to  almost  5000  eggs.  Regendanz  and 
Reichenow  observed  that  the  number  of  eggs  varies  with  the  size 
of  the  female  but  averages  from  3000  to  4000.  However,  not  all 
eggs  are  deposited.  When  the  female  at  last  becomes  exhausted 
and  senile,  some  mature  eggs  remain  in  the  oviducts  and  egg  cells 
remain  in  the  ovaries.  A  rood  egg  batch,  from  an  engorged  fe^ 
male  measiffing  from  8.0  mm.  to  9.5  mm.  long,  weighs  from  0.09 
to  0.1  gram. 

A  classical  study  on  oviposition  and  survival  of  eggs  and 
larvae  tinder  certain  conditions  has  been  reported  by  Lombardini 
(1950).  Five  females  laid  from  4000  to  almost  5000  eggs  each, 
ovipositing  for  from  21  to  29  days  each.  The  nximber  of  eggs 
laid  in  the  latter  half  of  the  period  dropped  considerably. 
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though  erraticaUy,  from  week  to  week.  The  mechanism  of  oviposition in  the  kernel  tick  is  similar  to  that  reported  by  Nuttall  and  War- 
burton  (I9I5;  for  Haemaphysalis  punctata.  The  cephalic  gland,  or 
gene's  organ,  secretes  a  liquid  covering  as  each  egg  is  emitted. This  substance  protects  the  eggs  from  dessication  but  absorbs 
oxygen,  even  under  water.  Immersed  eggs  hatched  in  51  days  as 
compared  to  38  days  in  the  air  (20°C.  to  25°C.),  although  some embryos  were  killed  by  a  Fusarium  fungus.  Even  larvae  survived 
from  30  to  35  days  in  spring  water,  while  others,  unfed,  succumbed 
m  twelve  da^^s  in  moist  petri  dishes.  Larval  lonr^ivity  when immersed  in  various  fluids  was  also  noted.  Illustrated  with 
handsome  photographs  of  the  egg  covering,  various  glands  and organs,  the  Fusarium  which  attacked  eggs,  and  details  of  the 
larval  external  structure  including  integumentary  sense  organs, this  paper  should  be  studied  by  anyone  seriously  interested  in tick  biology. 

Other  laboratory  hosts  reported  by  various  workers  have  been 
hamsters  for  the  larval  and  nymphal  stages  (Malamos  1938).  Larvae detached  engorged  in  six  days  from  hamsters.  Nieschulz  and  Wawo_ 
Roentoe  (1930)  used  guineapigs  for  feeding  all  stages  of  the  tick- 
mice  were  also  used  for  larval  feeding,  although  guineapigs  were  ' preferred.  Feeding  time  was  stated  to  be  2k   hours  for  larvae  and 
two  or  three  days  for  nymphs.  Dogs  were  preferred  for  adult 
feeding.  These  experiments,  undertaken  at  26°C.  to  27°C.  and 
at  ordinarj^  (high)  humidity  (of  the  Netherlands),  are  notable 
for  the  rapid  feeding  of  the  immature  stages  (ticks  orix^inated 
from  Java).  In  contrast,  Blanc  and  Caminopetros  (l93l) ,  when 
using  ground  squirrels,  or  spermophiles,  Citellus  citellus,  in 
Athens,  noted  larval  feeding  times  of  five  to  eight  days. 
Korshunova  and  Petrov^Piontkovskaya  (1949)  fed  all  stages  on guineapigs  in  their  studies  of  boutonneuse  fever  in  the  Crimea. 
Blanc  and  Bruneau  (1948)  used  guineapigs  for  feeding  immature stages  and  a  hedgehog  as  adult  stage  host.  A  brief  abstract 
of  rearing  results  using  white  rats  and  guineapigs  for  larval 
hosts  and  dogs  for  nymphal  and  adult  hosts  has  been  presented by  Luttermoser  (I947). 

Ecology 

In  the  preceding  section  on  biology  of  the  kennel  tick 
the  number  of  queries  raised  suggest  how  much  information  is 
lacking  on  the  ecology  of  this  parasite. 

-  707  - 



In  Ervpt  it  is  certain  that  there  is  an  urban  race,   a
ttacking 

dogs  alniost  without  exception,   and  a  field  race  
that  parasitizes 

rodents,   hedgehogs;  hares,  and,  when  available,  
doirestxc  animals 

The  field  race  occurs  only  on  the  Mediterranean  lit
toral,  rarely 

in  scattered  desert  areas  and  oases,   and  in  conjunction 
 with  a_ 

few  rodents  of  cultivated  areas.     The  domestic  race 
 is  comraon  m 

urban  and   settled   areas;    along  with  hyalommas  it  is
  almost  the 

only  ixodid  ever  found  in  those  desert  areas  that 
 support  some 

grazing.     However,  the  propensity  pf  the  domestic
  race  for  seeking 

out  favorable  niches  of  human  habitations   and  dom
estic   animals, 

which  are  always   sheltered  from  thieves  and  from  
pedators  in 

th^se  areas     causes  it  to  be  irore  localized  than  are
  its  ubiquj- 

l:     freld  compSIons,   such  as  H.   excavatum.     The  -tual  r^^^^^ 

of  urban  and  field  races  we  hope  to  determine  as 
 early  as  possible. 

In  tropical  and  southern  Africa,   it  appears  that  R.   s.   san
g^ 

neus  is  generally  distributed  through  the  warm
  and  humid  zones  of 

THTcontfSnt.     In  the  more  arid  parts  of  this  
area,  its  presence 

or  absence  se^ms  to  be  dependent  largely  on  
human  cultural  Patterns, 

especiaSJ  of  pastoral  tribes   (see  Cattle  Hosts,
  page  698).     Whether 

SS  and  field  races  exist  in  Africa  soutTT
TTthe  northern  deserts 

is  at  present  difficult  to  determine  from  
available  data. 

Most  observations  on  host  parasite  relatio
ns  presented  below 

apply  to  domestic  populations. 

Larvae  attach  to  the  host  mostly  in  hairy  plac
es  but  may  oc- 

cur ^;^h:re  on  the  body.  N,-mphs  are  found  indi
scrimin^ely  among 

the  fur  or  elsewhere.  Adults  are  especially
  common  on  and  in  the 

ea^s  tho^h  they  may  attach  along  the  nap
e,  between  the  toes  or 

Z^LvTlse.  Specimens  on  birds  are  u
sually  found  on  the  crown 

or  about  the  ears,   eyes,   or  bill. 

Females  often  creep  upward  on  walls  after  ̂ ^f^j-^e  ̂ J^„J°^^ 
and  mav  hide  tightly  wedged  in  narrow  cracks  

as  high  as  fifteen 

?;tt^love  the  gromd   (C^istophers  190X).     
Eggs  aredeposited 

tLrTeL  the  ground  or  high  above  it,   i
n  crevices  in  woodwork, 

SerprafterfvStewash,  or^aper,   
or     out-of-doors,  under  stones 

(Lewis  193A,  Roberts  1935,  du  Toit  19
47). 

Tremendous  infestations  frequently  occur.      ̂
^  Cairo,   one  may 

see  houses  '^crawling  with"   kennel  ticks   and 
 mongrel  dogs  with  more 
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ticks  than  hairs  on  them.  Heavily  infested  houses  are  common 
elsewhere  and  are  frequently  noted  in  literature  from  the  United 
States. 

The  rapid  spread  of  this  pest,  once  introduced  to  a  new 
island  or  major  geographical  area,  is  also  the  subject  of  numerous 
reports.  Sometimes,  however,  its  paucity  and  relatively  slow  pace 
of  spread  in  apparently  favorable  areas,  as,  for  instance,  Mada- 

gascar, is  noted  (Hoogstraal  1953E).  In  the  United  States,  since 
first  reported  from  Texas  and  New  Mexico  (Banks  1908  as  R.  texanus ) , 
R.  s.  sanguineus  has  spread  widely  (Bishopp  and  Trembly  1.9U5 ,   Kohls 
and  Parker  19^3^  through  much  of  the  countjry.  It  now  occurs  in 
some  areas  where  winters  are  severe  but  its  spread  northward  ajp- 
pears  to  be  much  slower  than  in  warmer  states. 

In  those  parts  of  the  world  where  definite  seasonal  changes 
occiiT,  a  spring  peak  of  abundance  is  commonly  observed.  During 
summer  and  fall,  populations,  even  though  great,  are  not  so 
frequently  noticed,  probably  because  they  are  more  scattered  in 
minor  peaks  of  abundaince  res\ilting  from  rapidity  or  delay  with 
which  ticks  find  hosts.  As  one  example,  dogs  at  Rabat,  Morocco, 
which  has  seasonal  and  climatic  conditions  roughly  similar  to 
those  of  the  southern  United  States,  were  observed  to  be  very 
lightly  parasitized  during  the  months  of  December  through  Feb- 

ruary (Gaud  and  Main  1935).  In  March,  the  number  of  ticks  began 
to  increase,  and  in  April  and  May  nymphs  made  their  appearance. 
In  May,  the  count  was  highest  (33  ticks  per  dog,  average),  but 
the  infestation  rate  remained  high  through  August.  A  sharp 
decline  in  numbers  was  noted  in  September,  followed,  inexplicably, 
by  an  October  rise.  Among  the  9000  ticks  collected,  the  ratio  of 

males  to  females  was  two  to  one.  ̂ In  order  to  obtain  a  more  ac- 
curate picture  of  seasonal  incidence  and  abundance  in  relation  to 

the  tick's  life  cycle,  presumably  it  would  be  advisable  to  dis- 
regard the  long-feeding  males  and  count  only  larvae,  nymphs, 

and  females  (HH)_.7 

In  Algeria,  adults  appear  suddenly  in  large  numbers  on  do- 
mestic animals  at  the  end  of  April  and  may  be  found  till  August, 

with  the  maximum  numbers  in  May.  Adults  are  rare  or  absent  in 
autumn,  winter,  and  early  in  spring.  Nymphs  are  found  on  domestic 
animals  in  spring  (Sergent  and  Poncet  1937,19^0).  This  last  ob- 
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servation  would  appear  to  indicate  that  th
e  immtxire  stages  over- 

winter . 

In  southern  and  eastern  Europe,   adults  appear 
 on  hosts  in  the 

naddle  of  April,   are  n.st  numerous  from  M^to  J^y  
   and  by  the 

middle  of  September  again  become  scarce   (En
igk  1^4/;. 

In  equatorial  climes  with  rainy  and  dry  se
asons,  ticks  are 

frequently  reported  as  most  noticeable  at  th^^°™^^?^^^i  °^,^,^ 

the  rains  and^his  has  been  assumed  to  be
  an  indication  that  they 

are  then  most  numerous. 

ThniiPh  two  or  three  generations  a  year  see
m  likely  almost 

vherevSrthe  kenSel  tick  ranges,  no  de
finite  reports  concerning 

this  based  on  observations  in  nature  
are  available. 

overwintering  of  the  tick  in  temperate
  climes  is  probably 

+  •^^1,.  T^rtnors       For  example,  MacCreary   (1%5)   states
  tnat 

Sera  is  no  e°id;nce  of  ove?wlitering  o
utdoors  In  Delaware. 

Ihirtick  does  not  survive  long  at  te
mperatures  under  5°C. 

(Enigk  and  Grittner  1953). 

In  NAMP.U3    (Cairo)  laboratories,   as  a 
 piece  of  research  cor- 

--  Sb  STpSatS;s^srdrsi?f aid  ??r:r^ ScS"  t^  L^  Sae?  conS^lled  conditions.     Tvo 
 years  v.ll  be 

required  to  obtain  significant  data  o
n  this  subject. 

Parasites,     The  most  con^nly  reported  P^'''^^^^  °L*J"„SSaius 

tick»1^  the  cEalcld,  Hunterellus  hoolceri  
Howard,  1907  (-  Ixodiphagus 

.HabroloEls  sp.    (OJal=iaoidea    Eneyrtidae)  has  ̂ ^e^^-P^^-^J^r 

"fSftSwn  SSirJ  l;nl;rnirtas  report,  addressed  t
o  the (Risbec  1944-;.     An  mquxxy  ^^     ̂ ^,„t+„h  .-„  the  following   statement 

If  IT  f  tVr.r^Cs':SdoS:Si  'reJerrto^Habr^U  S^^
 

RLSc,\9?l,Te'!-Inst.  franc.   ̂ 'fl'Jl^X'l^^^'i^^Z. This  is  Hunterellus  hookeri  How.;   I  saw  the  types  m  ̂ ^^^J"       J^ 

JfrriereTOT^-^^^P-i--^  --3-1-h:-^-nr  dL species  probably  was  h20|ri,3u  ̂   transferring  his  spa. 

c"ftrHunteregu;,"Irg^tiU  thinks  his  
species  can  be  se^ 

arated  from  hookeri     " 
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cauci£tei  du  Buysson,  1912),  a  wasp  known  in  many  areas  of  the  world, It  IS  specialized  for  parasitism  of  ixodids  and  infests  most  genera. 
tioSw  species,  H.  theilerae*,  has  been  described  by  Fiedler U953;  from  R.  oculatus  and  H.  truncatum  in  southern  Africa.  Our 
knowledge  of  these  parasites  will  be  completely  reviewed  in  a forthcoming  volume  of  this  work,  but  a  few  preliminary  remarks are  indicated. 

In  Africa,  parasitism  of  the  kennel  tick  by  H.  hookeri  has 
been  occasionally  reported.  Nigeria  (Philip  1933l,Bj.  French 
West  Africa  (Blanc,  Goiran,  and  Baltazard  1938.  As  Habrolepis sp.:  Risbec  19U).  Uganda  (Fiedler  1953,  Steyn  193$).  Angola 
(Fiedler  1953).  Kenya  (Philip  195^).  We'have'Thus  fi;  ̂TenlL able  to  find  this  wasp  in  Egypt,  where  the  climate  is  probably too  dry  for  its  existence. 

Other  tick  species  known  to  be  attacked  in  Africa  are  Hyalomma (sp.  truncatum,  according  to  Theiler,  correspondence)  and  hT  leachii 
in  South  Ai-rica  (Cooley  1929,1930;  R.  e.  evgtsi  in  South-ifif^ (Bedford  note  m  Cooley  1929);  species  not  mentioned,  from  Mozam. 

Sr^J^)!"      '  ̂'  -*  ̂^°^1°"^  f^-  the  latter 'area  (stnt^ 

rri«  rl:A'T^^^?&^tT   rf-f  i%^*^^ked  by  H.  hookeri  in  Brazil (da  Costa  Lima  1915  ,  U.S.A.  (Smith  and  CoTe  T^UTTncludes  review of  previous  reports),  and  other  areas  of  the  world. 

As  summarized  by  Smith  and  Cole  (19^3),  infestations  of  H. 
hookeri  in  nature  are  not  known  markedly  to  reduce  tick  popul^ tions.  Experimental  attempts  in  this  direction  have  been  in. 
effective  for  tick  control  even  when  millions  of  parasites  were released  (Cooley  and  Kohls  1933)  to  attack  the  Rocky  1-fountain spotted  fever  vector,  Dermacentor  andersoni  (Stiles).  Soviet 
experiences  with  this  parasite  have  been  reviewed  by  Pervomaisky (1947;  and  Blagoveschensky  (1948). 

*Dr.  B.  p.  Burks  states  (correspondence)  that  this  unquestionably is  a  distinct  and  valid  species. 
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Larvae  of  H.   hookeri  feed  on  all  contents  of  engorged
  nymphal 

ticks  and  pupate  in  the  body  of  the  host.     Mult  w
asps  emerge  froni 

the  nymph  by  gnawing  a  hole  through  the  host's 
 expanded  integument. 

Mating  occurs  soon  after energence .     Oviposition,  by  insertion  of 

the  ovipositor  through  the  tick's  integument,  may  fol
low  immediate^ 

ly  after  mating.     Unfed  nyraphs  are  preferred  for  egg 
 laying,  though 

oviposition  in  engorged  nymphs  also  occurs.     Eg
gs  are  sometimes 

laid  in  tick  larvae;    in  these,  however,   the  parasit
e  undergoes  a 

latent  period  until  after  the  laxval-nymphal  molt.  
   Latency  con- 

tinues in  unfed,   hibernating  ticks  until  they  commence  en
gorging. 

/"Cooley  and  Kohls  1928, 193/!. ._7 

Brumpt   (1930B),  who  experimented  with  rearin
g  this  parasite 

in  R     s.   sanguineus,  noted  that  a  period  of  some  33
  days  passes 

befl;e-;ymphl  ext^It  signs  of  parasitism,   a  fa
ctor  of  Practical 

interest  in  transportation  of  the  wasps  to  n
ew  areas  or  labora. 

tories . 

Adult  wasps  may  sometimes  be  noticed  running  rapidly 
 oj  the 

dog's  hair  in  search  of  ticks    (da  Costa  Lima  1915
,  Philip  193U,B). 

Moruhological  characters  of  tick. parasitizin
g  wasps  have 

been  compared'by  Steyn   (1955)  who  concludes  ̂ ^^^^ J'  |^2ii-^ 
mic-ht  be  expected  to  be  of  greater  value  ^'^^t

)^°l°Sic^^ontrol 

Siln  the  other  species,      (if,   however,  H.   
theilera^  is  actually 

as  infrequent  in  nature  as  present  scanty  recor
ds  suggest     its 

Jangf  o^phi^siological  adaptability  may  ne
gate  this  possibility  - HH). 

Predators:     In  a  Corsican  house  invaded  by
  both  kennel  ticks 

and  TheriSS-^piders,  Teutena  triangulosa  W
ick. ,  the  spiders  were 

Served  feeding  on  the-TT^H"  (^autet  i9^b)
.     Under  experimental 

^ondllions     the^^  fed  on  both  the  inmature  and  adult
   stages  and 

oSg  spid;rs  akacted  ticks  shortly  after  
hatching.     Although 

tr^dators  also  fed  on  flies,  they  show
ed  a  Preference  for 

ticks       Und--  August,   midsummer  conditions,   the
  spider  life  cycle 

from  ;r^  to  aduS^required  three  weeks.     Six  to
  twelve  eggs  were 

iSd  S^ach  webbed  mass,   and  females  produc
ed  from  eight  to  ten 

of  these  balls. 
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m  Russia  a  staphylinid  beetle,  Juracekia  asphaltina.  devours 
Rhipicephalus  ticks  (?R.  sanguineus)  in  nesis  of  ihe  ground  squirrel 
Uiteilus  py^aeus  (Fleiontova  1535).  ^quirrex, 

DISEASE  RELATIONS 

Role  in  Nature 

_   IIAN:  R.  s.  sanguineus,  in  some  areas,  is  considered  to  be  the principal  vector  of  boutonneuse  fever  (ticl<_bite  fever),  Rickettsia conorii,^  (see,  however,  page  687).  It  is  known  to  transniTt-tH5   
rickettsia  causing  the  closely  related  "Indian  tick  typhus".  It IS  a  vector  of  Rocky  Mountain  spotted  fever  (R.  rickettsii)  in 
the  warmer  parts  of  the  AiBericas.   It  is  said~to  be  the  vector of  a  virus  causing  '"Congolese  red  fever",  a  syndrome  of  moot identity  and  etiology. 

Persons  bitten  by  this  tick  sometimes  complain  of  pruritus, due  possibly  to  injection  of  a  toxin  while  feeding. 

A  number  of  the  pathogens  listed  under  experimental  relations 
below  may  be  transmitted  in  nature  but  the  details  have  not  yet been  elucidated.  

^ 

V,-  un'^^^*  -•  -•  sanguineus  transmits  two  diseases  to  dogs,  the 
highly  fatal  canine  rickettsiosis,  caused  by  Rickettsia  canis, andcanine  piroplasmosis,  or  malignant  jaundice,  caused 'BT^^besia canis.  In  adaition,  it  is  an  intermediate  host  of  Hepatozo^I^   canis  which  results  in  an  anemia  and  infection  when  doc^s  swallow 
ticks.  Tick  typhus  or  boutonneuse  fever,  Rickettsia  conorii,  is apparently  transmitted  among  dogs  and  from  dogs  to  man  by  the kennel  tick.  It  seems  likely  that  this  arthropod  transmits Salmonella  enteritidis.  which  causes  a  paratyphoid  disease  in 
dogs  and  m  laboratory  animals.  When  dogs  are  heavily  infested, loss  of  blood  and  nervous  energy  from  irritation  may  be  severe. See  also  experimental  relations  below. 

Other  domestic  animals:  Spirochetosis  of  sheep,  goats, horses,  and  cattle,  caused  by  Borrelia  theileri,  is  transmitted by  the  orown  dog  tick  in  some  areas. 
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Although  this  tick  has  been  incriminated  as  a  ve
ctor  of 

several  pathogens  of  bovine  diseases,  it  ca
nnot  be  ascertained 

from  the  literature  that  they  are  yet  known  to  play  ̂ ^  ̂ ^ 

role  in  the  transmission  of  these  diseases  m  
nature.     The  sa-ne 

is  true  for  other  diseases  of  horses,   goats,   sheep,  
 and  dogs, 

listed  below. 

Experimental  (Human  Diseases  ̂   Syndromes) 

Tick  paralysis   (venom  or  toxin):     This  syndr
ome  can  be  in- 

due ed-ire^^SHfe^al  animals  by  injection  of  the 
 ticks'   eggs 

and  ovaries. 

Yellow  fever:     Although  the  virus  remains  vi
able  in  this 

tick  for  somTTT^,  it  is  not  transmitted  b
y  bitmg. 

Scrub  typhus:     Rickettsia  tsutsu<^amushi  
is  not  transmitted 

by  the  kennel  tick. 

0  fever-     Coxlella  burnetii  has  been  found  natur
ally  in- 

fecting-TTB'.   sl^^^^IK^s  and  experimental  tran
smission  has  been 

deSnstrlted  but  apparently  no  cases  of  
Q  fever  xn  man  attri- 

butable to  this  tick  have  been  reported. 

North  Queensland  tick  typhus:     It  has  been  ̂
^^ested,  on 

epideTSr^gical  groundr^^f^t  R. 
  s.   sanguineus  might  poa- 

sibly  be  a  vector  of  this  rickettsia. 

/■"Sao  Paulo  or  Minas  Gerais  typhus":     R
ockry  Mountain  spotted 

fever;   cf.   above_./ 

Louse-borne  typhus:     This  tick  does 
 not  transmit  Rickettsia 

prowazeki . 

Relapsing  fevers:     Spirochetes    ̂ ^^^J^^^^^l^  ^' 
transmitted  to  i^^  pigs  and  man  by  

the  bite  of  this  tick, 

^suc'sSS  and  only  exceptional  trans^i
ssloTTSflTEersica  has 

been  obtained. 
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Plague;  R.  _s.  sanguineus  does  not  appear  to  play  a  role  in 
the  natural  transmission  or  preservation  of  Pasteurella  pestis, although  it  is  claimed  that  the  subspecies  schulzei  has  been 
found  naturally  infected.    

Tularemia;  Bacterium  tularense  survives  from  the  larval  to 
adult  tick  and  may  be  transmitted  by  any  stage. 

Toxoplasmosis;  Toxoplasma  gondii  acquired  by  immature  stages 
feeding  on  an  infected  host  may  be  retained  during  the  later  devel^ 
opmental  stages  of  the  tick.  There  is  some  possibility  of  trana. 
o-varial  infection  but  this  has  not  been  definitely  proven.  Results of  experiments  in  these  respects  by  various  workers  are  contra 
dictory.  The  probability  of  natural  transmission  remains  unknown. 

^^s.  azar;  Leishmania  donovani  sxirvives  in  the  kennel  tick 
but  can  be  transmitted  only  experimentally. 

^^^3s   disease;  R.  s.  sangiiineus  may  mechanically  transmit 
Trypanosoma  cruzi.    "*  ~ 

Experimental  (Animal  Diseases  and  Syndromes) 

Tick  paralysis ;  See  above . 

ToxoplasiTPsis;  See  above. 

Guineapig  pneumonia  ("pneimopathie  du  cobaye" ) ;  The  kennel 
tick  is  not  a  vector  of  the  causative  virus  of  this  disease. 

^q^^^s  piroplasmoses;  R.  s.  san,^:uineus  is  a  vector  of  both 
Babesia  caballi  and  Nuttallia  equi. 

Rodent  piroplasmoses;  Circumstantial  evidence  indicates  that 
this  tick  may  transmit  Piroplasma  quadri.Teninum  of  the  gondi. 
This  tick  transmits  a  benign  x.uitd-lia  ivsp.j  to  jirds,  Keriones 
tristrami.  

  

Tropical  theileriasis;   It  is  said  that  this  tick  is  a  vector of  Theileria  annulata  of  cattle. 

^^st  Coast  fever;  R.  s.  sanguineus  does  not  transmit  Theileria 
parva  of  cattle.  ~    
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Anaplasmosis;     Gallsickness ,  Anaplasma  marF^inale,  of  cattle 

is  carried  by  the  kennel  tick. 

Redwater;     R.   s.   san^Tiineus  may  be  a  vector  of  Bab
esia 

biF'emina  of  c attTe . 

Trypanosomiasis:     The  causative  organism  of  surra,  Tr
ypanosoma 

evansiirrr^^nse),    dies  quickly  in  this  tick,  
 ̂ nd^hat  of  an 

IfTi^in  ti5^panosomiasis,  T.   congolense,   is  not  transm
itted  by^xt. 

Another  flagellate,  Critl^dia  christophersi,  has  bee
n  reportea  to 

occur  in  the  kennel  tick. 

Rabies;     Tompkins    (1953)  compares  textbook  sta
tements  that 

TableTTT^ot  transmissible  by  arthropods  to  saying 
 that  tne  aard- 

vark  is  immortal  because  nobody  has  seen  a  dead  one.     He
  f axled  to 

become  more  rabid  than  this  after  serving  as  a  host 
 for  a  kennel 

tick  that  aliaost  certainly  had  previously  fed  on  a  ra
bid  fox. 

More  than  this  nobody  knows  concerning  rabxes  and  t
xcks. 

Rodent  Cestodes;     The  mouse  tapeworm,  Hymenolepis  
microstoma, 

is  said  to  be  transmitted  by  this  tick. 

Canine  Filariasis:     The  canine  filaria,  Dipetalonema 
 ^assii, 

is  seTST^be  transmitted  by  the  kennel  tick,  which  
may  also  trans- 

mit Dirofilaria  immitis  and,  questionably,  Dipetalonema
  reconditura. 

So  far  as  known,  the  role  of  R.   s.   sanguineus  in 
 the  transmission 

of  these  parasites  in  nature  "Eas  not  been  elucida
ted. 

Salmonella;      In  dogs  and  laboratory  animals;    see  Do£S  ab
ove. 

Experimental   (Miscellaneous) 

Mistaken  Identity;  Cryptoplasma  rhipicephali  Chat
ton  and 

Blanc  (1^16aJ,  grouped  with  the  haemogregarines 
,  was  indicated 

by^he  sL  authors   (1916B)  to  be  really  the  
tick's  spermatozoa. 

RH^IARKS 

Taxonony 

In  his  generic  revision  of  Rhipicephalus ,  Zumpt   (1950A) 

considers  R.   sanguineus  as  a  group  of  subspecies
,  which,  besides 
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the  typical  form,  includes  the  subspecies  sulcatus  Neumann,  1908 of  Africa,  and   both  rossicus  Yakiraoff  and  Vakimo:Pf,  1911,  and schulzei  Olenev,  1929,  of  Russia.  R.  sulcatus .  now  considered 
as  a  distinct  species,  is  treated  separately  in  the  present  study. The  Soviets  (Pomerantzev  1950)  consider  the  Asiatic  forms  also 
as  distinct  species  and  add  the  following  related  species-  R 
turanicus  Pomerantzev,  1940;  R.  pmiilio  Schulze,  1922-  R.'le"Boris Pomerantzev,  1946;  and  R.  schulzei  Olenev.  1929.      "  — ^   

Owing  to  the  obvious  difficulty  of  an  independent  evaluation 
of  Soviet  species,  Zumpt's  (loc.  cit.)  terminology  is  utilized  in the  present  report.  However,  a  survey  of  our  own  material  from 
the  Near  East  and  ecological  observations  leave  us,  at  present, uncertain  over  which  of  these  two  schools  of  thought  is  the  cor- rect one. 

More  recently,  Feldman-Muhsam  C1952A)  has  designated  as  a  very closely  related  species,  R.  secundus,  distingiushable  from  R.  s 
sanguineus  only  by  the  form  of  the  female  genital  aperture  and'of the  capitulam  of  larvae  and  nymphs.  Although  Feldman_Muhsam's 
reared  material  shows  these  differences,  Mr.  Kaiser  and  I  have 
been  unable  to  distinguish  R.  secundus  after  weeks  of  study  of 
a  very  considerable  number  of  kennel  ticks  from  tropical  Africa, North  Africa,  Arabia,  and  the  Near  East.  Feldraai^-Muhsam  (1953) 
did  not  recognize  R.  secundus  in  American  specimens  she  studied, 
but  claims  to  have  found  it  among  materials  from  Palestine,  Turkey Yugoslavia,  France,  Algeria,  and  French  West  Africa  (and  _  uru 
published  -  Yemen  and  Egypt).  Specimens  identified  as  R.  secundus 
by  Feldman-Muhsam  have  been  reported  from  Iraq  alonp  wilh  "R — sT   
sanguineus  (Hubbard  1955).  '^  ~'  "' 

It  appears  obvious  that  full  understanding  and  agreement  of 
the  status  of  subspecies  and  species  related  to  R.  sanguineus 
awaits  more  refined  laboratory  and  field  techniques  than  have 
yet  been  accorded  this  problem;  possibly  a  more  advanced  con- 

sideration of  species  criteria  and  of  taxonomic  tools  than  have 
yet  been  applied  to  ticks;  and  freer  exchange  of  ideas  and  inter- 

course in  presently  antagonistic  regions  of  the  world. 

It  will  be  noted  in  the  section  on  IDENTIFICATION,  below, that  an  important  diagnostic  criterion  for  this  tick  is  the 
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presence  of  a  scutal  pattern  of  piinctations  arranged  in  four  more 
or  less  regular  longitudinal  rows.  This  characteristic  defines 
the  R.  simus  group  and  it  is  suggested  (page  751 )  that  R.  s. 

sanguineus  might  logically  be  considered  as  a  member  of^the  same 
group. 

Structure  and  Physiology 

Integumentary  sense  organs,  which  are  fixed  in  number  and 
location,  and  which  are  essentially  similar  in  all  stages  of  the 
tick,  though  more  primitive  in  larvae,  have  been  described  and 
illustrated  by  Dinnik  and  Zurapt  (194-9) .  See  also  Lombardini 
(1950) . 

The  integument  and  sections  of  the  scutum  have  been  illus- 
trated by  Schulze  (19A3B),  who  also  mentioned  the  color  of  the 

gut  contents. 

Water  balance  studies  of  various  ticks,  as  discussed  for  0. 
moubata  (page  153 j,  reported  by  Lees  (19^6A) ,  include  the  obser- 
vation  that  R.  s.  sanguineus  falls  in  about  the  middle  of  the 
range  among  the  species  studied  with  respect  to  its  power  of 
limiting  evaporation.  Variations  in  this  capacity  may  reflect 
specific  differences  in  the  nature  of  the  epicuticvilar  lipoid 
among  these  species.  See  also  Lees  (1947). 

Teratologic al  (malformed)  specimens  have  been  occasionally 
reported.  Warburton  and  Nuttall  (1909^  illustrated  a  Gold  Coast 
specimen  with  duplication  of  the  posterior  parts  of  the  body. 
Nuttall  (191/+A)  described  asymmetrical  specimens  and  others 
lacking  one  leg.  Sharif  (1930)  also  noted  absence  of  legs. 

Others  have  been  described  by  Sharif  (1930)  auid  Pavlovskj--  (194-0) . 
These  reports  have  been  incorporated  in  an  overall  review  of  the 
subject  by  Schulze  (1950B).  Posteriorly  joined  adanal  shields 
were  illustrated  by  Santos  Dias  (1955A).  A  remarkable  larva 
in  which  one  of  the  palps  appears  to  be  partially  converted 
into  a  typical  leg  has  been  described  and  illustrated  by  Pav_ 
lovsky  (1940)  and  reviewed  by  Campana  (1947). 

A  gynandromorph  has  been  described  by  Pereira  and  de  Castro 
(1945).   It  is  somewhat  interesting,  in  view  of  the  considerable 
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attention  devoted  to  this  subject  and  to  teratological  specimens 
in  some  schools,  that  no  other  such  observations  concerning  this 
common  and  widely  ranging  tick  have  been  reported. 

Tick  feeding  from  tick;  A  male  with  its  mouthparts  inserted 
in  the  integiiment  of  an  engorged  female  has  been  described  by 

Sharif  (1930).  /~In  Egypt  we  observe  that  males  of  various  tick species  insert  their  mouthparts  into  the  female  body  cavity  when 
the  latter  is  engorged  and  both  are  confined  in  tubes  for  several 
days  after  having  been  collected.  This  is  especially  common  among 
specimens  of  B.  annulatus  (=  B.  calcaratus )  .7 

Comparative  measurements  ("allometrie" )  of  sexual  variations 
among  the  Ixodidae  have  been  investigated  by  Chabaud  and  Choquet 
(1953).  For  the  kennel  tick,  the  length  of  the  adanal  shields 

and  the  spiracular  plates  in  relation  to  the  tick's  length  is 
logarithmically  illustrated.  Because  of  sexual  and  nutritional 
dimorphism,  these  authors  consider  ticks  as  important  biometric 
tools.  They  also  believe  that  certain  cases  of  intersexual  ticks 
may  result  from  nutritional  allometry.  If  a  male  structure  is 
similar  to  that  of  a  female  it  has  an  isometric  growth,  but  if 
different  an  allometrie  growth. 

Variation  in  body  size  and  morphology  parallels  that  already 
discussed  under  R.  appendiculatus  (page  0I4)  and  the  same  comments 
apply.  This  subject  nas  been  studied  by  Cunliffe  (191/hA.)  and 
Pervomaisky  (1954).  See  also  remarks  londer  IDEM  IF  IC  AT  ION,  below. 

Growth  and  increase  in  size  from  stage  to  stage  and  with 
adult  engorgement  has  been  noted  by  Campana-FLOUget  (I95'i+). 

Internal  anatomy  was  briefly  described  and  diagrammatically 
illustrated  by  Regendanz  and  Reichenow  (19A-1). 

Haller's  organ  of  this  tick  (=  R.  macropis)  has  been  illus- 
trated by  Schulze  (,19Al). 

Ovi position  and  the  larva  have  been  described  by  Samson 
(I9O8).  Included  in  this  report  is  a  sketch  of  the  female  laying 
eggs,  a  generalized  discussion  of  the  subject,  and  a  short  des- 

cription of  the  morphology,  including  the  internal  organs  (illus- 
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trated)  of  the  larva.  Spermatogenesis  has  been  briefly  described 
by  Sharraa  (19A.3). 

Cytology  in  the  kennel  tick  was  studied  by  Stella  (19333), 

who  "examined  the  coiorse  of  oogenesis  and  spermatogenesis   
from  the  larva  to  the  adult  (stages)     The  gonads  assume 
their  definitive  aspect  and  begin  to  function  only  after  the  last 
nymphal  casting.  The  maturation  with  expulsion  of  both  polar 
bodies  occxirs  inside  the  female  in  the  ovary.  The  fertile  sperma- 

tozoa are  formed  only  in  the  adult  male  and  are  of  a  unique  type 
with  flagellum  and  undiilating  membrane.  The  chromosomes  are 

probably  48  in  number,  grouped  in  twelve  tetrads".  This  paper 
is  nicely  illustrated  and  the  reproductive  organs  of  both  sexes 
are  described  and  illustrated. 

Cytoplasmic  inclusions  in  the  oogenesis  of  the  kennel  tick 
have  been  extensively  reported  by  Das  (1939),  who  correlated  his 
own  observations  with  a  considerable  amount  of  controversial 
conclusions  by  other  workers. 

Chromosome  studies  have  been  briefly  reported  by  Dutt  (1952). 

Adult  development  vrithin  the  nymph  has  been  studied  by 

Yalv  ac  (193'^ 

Excretory  habits  and  mechanisms  were  investigated  by  Enigk 
and  Grittner  (1952;. 

An  "anatomical- physiological  study  of  R.  s.  sanguineus"  by 
Stella  (l9A2j  bears  conclusions  which  I  have  translated  freely 
as  follows: 

"(l)  In  the  female,  anatomical  and  histologic  differentiation 
of  nDst  organs  commences  with  digestion  of  blood;  the  gut  develops 
completely  and  begins  to  function;  the  glands  begin  to  ax:tivate 
secretion;  the  gonads  enlarge  and  mature.  The  period  of  greatest 
functional  activity  corresponds  nearly  to  the  duration  of  the 
meal.  Abandoning  the  host,  the  female  begins  oviposition,  and 
during  this  period  completely  digests  the  engorged  blood,  thus 
its  body,  at  first  turgid  and  hard,  becomes  flaccid  and  soft. 
The  malpighian  tubviles  by  this  time  are  elaborating  the  substance 
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of  excretion,  which  fills  the  rectal  ampule,  and  continue  elimina- 
tion during  deposition  of  eggs.  The  glands  concerned  vith  ovi- 

position  become  active  the  moment  it  commences;  thus  the  accessory 
glands  of  the  uterus  secrete  a  substance  to  facilitate  the  passage 
of  the  eggs  to  the  genital  aperture;  the  gene's  organ  secretes  a 
substance  which  cooperates  in  the  formation  of  a  gluey  substance. 
The  salivary  and  coxal  glands,  the  function  of  which  is  associated 
strictly  with  the  digestion  of  blood,  work  afterwards  at  the  meal, 
reducing  and  degenerating  it  so  that  by  the  time  the  female  has 
finished  oviposition  hardly  any  traces  (of  ingested  blood)  can 
be  found." 

"(2)  The  young,  unfed  male,  whose  genital  organs  are  small, 
shows  indifference,  but,  differently  from  females,  these  organs 
mature  and  form  sperms  although  the  individual  has  not  yet  taken 
a  blood  meal.  The  gut  utilizes  the  gross  substance  accumulated 
during  the  immature  stage,  and  this  is  sufficient  for  mating, 
after  which  the  individual  dies.  The  salivary  glands  develop 
only  slightly  and  do  not  secrete  anticoagulin  or  toxin;  the 
coxal  glands  do  not  become  differentiated,  and  the  malpighian 

tubules  are  small  and  in  a  state  of  repose." 

"In  those  males  that  feed  on  blood  at  a  certain  time  in 
their  life,  always  after  having  first  mated,  an  immediate 
arousing  of  all  the  physiological  activities  comnences  in  those 
organs  that,  except  for  the  gonads,  have  been  in  a  torpor.  The 
salivary  glands  begin  functioning,  as  well  as  the  coxal  glands, 
and  produce  substances  of  agglutination  and  anticoagulin  for 
the  duration  of  the  blood  meal.  The  gut,  which  has  completely 
absorbed  the  reserve  substance,  proceeds  to  digest  the  blood 
and  the  malpighian  tubules  send  the  excretory  products  which 
they  have  elaborated  to  the  rectal  ampule.  Successively, 
sperm  formation  increases  the  secretory  activity  of  the  seminal 
vescile  and  of  the  appendage  of  the  white  gland  so  that  a  flood 
of  viscous  secretion  for  the  dilution  and  nutriment  of  the  sperm 

appears." 

"From  the  examination  of  the  anatomical  and  physiological 
results  it  is  evident  that  in  the  male  and  female  of  R.  sanguineus 

there  exist  noticeable  differences  in  the  development^and  period 
of  fvmction  of  the  various  organs,"  etc. 
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^Miscellaneous 

Symbiotes  of  the  kennel  tick  have  been  noted  by  Cowdry  (1923) 
and  Jaschke  U933).  See  also  l-tudrow  (1932). 

Artificial  feeding  of  this  and  other  ticks  by  a  capillary  tube 
arrangement  in  order  to  accomplish  physiological  and  pathogen- 
transmission  studies  was  described  by  Chabaud  (1950A). 

Whether  host  iimnunity  is  provoked  by  the  feeding  of  this  and 
other  ticks  has  been  investigated  by  Briimpt  and  Chabaud  (19A-7) 
and  Chabaud  (1950B),  who  concluded  that  this  phenomenon  does  not 
occur  when  the  kennel  tick  feeds  on  dogs.  Guineapigs,  however, 
react  with  an  almost  complete  immunity  and  rabbits  with  a  partial 
immunity  (1950B).  Infestation  of  guineapigs  by  R.  s.  sanguineus 
does  not  protect  the  host  against  Dermacentor  pictus.  The  kind 
of  host  and  kind  of  tick,  as  well  as  experimental  methods,  in- 

fluence experiments  of  this  natvire,  and  the  earlier,  classical 
results  of  Trager  (1939A,B,19A0)  should  not  be  generalized. 

IDEOTIFICATION 

Males,  though  extremely  variable  in  many  morphological  char- 
acters, retain  a  set  of  certain  features  that  are  constant  and 

differentiate  them  easily,   (l)  Posteromedian  and  paramedian 
grooves  are  always  present  and  distinct;  and  (2)  no  matter  how 
variable  the  general  scutal  punctations  may  be,  four  more  or 
less  regular  rows  of  widely  spaced  punctations,  always  larger 
and  most  commonly  somewhat  deeper  than  all  others  on  the  scutum, 
can  be  distinguished  (when  the  specimen  is  turned  obliquely  to 
the  source  of  the  light)  extending  from  the  level  of  the  para- 

median grooves  to  the  level  of  the  eyes. 

Males  vary  considerably  in  overall  size,  measuring  from 
1.7  mm.  to  Lr.K  nim.  long,  or  even  more.  Variation  among  most 
characters,  except  interstitial  punctation,  usually  can  be  asso- 

ciated with  size  and  robustness,  though,  imcomnonly,  a  large  or 
even  enormous  specimen  is  seen  with  weakly  chitinized  features 
normally  associated  with  otherwise  poorly  developed,  runty  spec- 
imens. 
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A  typical  male,  measioring  some  3.0  mm.  long,  is  pale  yellow, 
brown,  or  reddish  brown;  has  a  pearshaped  body;  slightly  convex 
scutum;  deep  lateral  grooves  and  distinct  festoons;  a  narrowly 
elongate  or  oval  but  medially  expajided,  deep  posteromedian 
groove;  shorter  and  broader  but  equally  deep  paramedian  grooves; 
very  slightly  convex  eyes;  sharply  angiolar  basis  capituli;  elon- 

gate, angular,  adanal  shields  that  in  the  posterior  half  of 
their  length  are  usually  distinctly  widened  and  anteriorly  are 
elongately  subtriangular;  and  fairly  distinct  accessory  shields. 

Scutal  pujictations  always  consist  of  four  regular  or  irregular 
rows  of  fairly  large  more  or  less  discrete  piinctations,  among  which 
a  variable  number  of  small  to  large  interstitial  punctations  are 
indiscriminately  scattered. 

If  the  specimen  is  engorged,  the  pearshape  of  the  body  is 
frequently  exaggerated  by  integumental  bulging  laterally  and 
posteriorly,  from  eye  to  eye,  and  the  legs  are  successively  larger 
from  the  anterior  to  the  posterior  pair;  the  posterior  pairs  are 
often  massive  and  armed  with  a  formidable  tarsal  hook  ventrally. 

The  single  character  that  most  frequently  confuses  identity 
of  this  species  is  the  density  and  size  of  interstitial  ptmcta- 
tions.  The  general  conception  of  this  species  is  one  of  a  tick 
with  four  more  or  less  definite  rows  of  larger  punctations  among 
which  rather  few  and  smaller  insignificant  punctations  are  pro- 

miscuously scattered.  This  form  (Figure  289)  is  fovind  throughout 
northern  Sudan  and  Egypt,  bxit  in  southern  Sudan  occurs,  to  the 
best  of  oTir  knowledge,  only  on  larger  groxondfeeding  birds,  such 
as  biostards  and  storks .  In  typical  southern  Sudan  specimens, 
interstitial  punctations  are  larger,  deeper,  and  more  numerous 
(Figiire  293).  If  it  were  not  for  the  four  rows  of  largest 
punctations,  one  would  be  tempted  to  refer  to  much  of  this 
material  as  R.  sulcatus  (as,  indeed,  some  students  of  African 
and  South  American  ticks  are  doing).  In  central  Sudan,  most 
specimens  are  fairly  heavily  punctate.   (Although  we  have  large 
files  of  notes  on  variation  among  specimens  from  throughout  the 
world,  a  further  disciission  of  this  matter  shoiild  await  a  thor- 

oughly exhaustive  study) . 

Spiracular  plates  in  this  species  are  surprisingly  variable. 
These  differences  appear  to  be  often  correlated  with  nutrition 
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(Cunliffe  191AA)  but  other  factors  must  also  be  inv
olved  since 

the  plates  of  Egyptian  average  specimens  are  somet
imes  massive. 

In  smaller,  weaker,  poorly  nourished  individuals,  t
he  color 

is  either  pale  or  darker  than  usual,  the  scutal  groo
ves  are  less 

distinct,  the  adanal  shields  are  more  linear  and  ha
ve  more  rounded 

iunctures  (similar  to  those  of  R.  appendiculatus ) ,  t
he  basis  capi- 

tuli  is  ra^re  linear,  the  legs  ̂ e  smaller,  and  other  characters 

are  less  distinctly  pronounced.  However,  a  defini
te  trace  of 

the  critical  characters  remains  in  all  except  exceeding
ly  few, 

obviously  misformed  specimens. 

Females  are  equally  as  variable  as  males.  The  a
bove  remarks 

concerning  scutal  punctations  also  apply  to  the  fe
male  except  that 

the  larger  punctations  are  less  uniformly  in  ro
ws  but  are  scattered 

even  more  indefinitely  over  the  central  area  of  t
he  scutum.  In 

areas  where  males  are  lightly  punctate,  intersti
tial  punctations 

of  females  are  frequently  more  dense.  The  elong
ate  scutum,  nor- 

mally five-sixths  as  wide  as  long,  narrows  acutely  poste
rior  oi 

the  eyes:  halfway  from  the  posterior  margin  of  the
  eyes  to  the 

posterior  angle  the  margin  normally  is  obtusely 
 angled,  ̂ iia  at 

the  posterior  Doint  there  is  a  minute  marginal  
expansion.  Though 

difficult  lucidly  to  describe,  this  slightly  u
ndulating  scutal 

pattern  forms  a  most  distinctive  picture  after 
 one  has  examined 

laree  series  of  specimens.  This  outline  may  be 
 more  generalized 

in  ̂ orly  developed  individuals,  and  its  length-
width  ratio  may 

be  more  equal,  but  it  is  often  maintained  even  
in  runts  ana  weak 

individuals.  The  usually  pronounced  lateral  
grooves  of  the  scutum 

are  additionally  picked  out  by  being  inset  wit
h  large  punctations; 

they  extend  about  three-fourths  of  the  scutal  len
gth;  though  m 

lightly  punctate  specimens  the  lateral  grooves
  are  often  less 

definite.  In  the  cervical  areas,  shat^reening  or 
 coarse  puncta- 

tions may  occur  and  the  scapulae  usually  have  a  group  of 
 large 

punctations.  /"Females  of  this  species  cannot  be  keye
o  m  Zumpt  s 

(195OA)  revision,  since  the  wrong  section  of  coupl
et  21  appiies_^/ 

The  immature  stages  have  been  described  by  Cunlif
fe  (I9ia), 

Theiler  (mW7c"SSTtr(l9^6) ,  Feldman-Muhsam  (1952A) ,  others 

noted  in  RH-IARKS,  above,  amd  in  numerous  othe
r  reports. 

NOTE:  For  further  references  to  variation
,  related  species 

and  subspecies,  etc.,  see  P.Et-iARKS,  above. 
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297 

298 300 

Figures  297  and  298,  <?,  dorsal  and  ventral  views 
Figures  299  and  300,  5,  dorsal  and  ventral  views 

RHIPICEPHALUS  SIMPSONI 
Sudan  Specimens 

PLATE  LXXXIII 
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RHIPICEPHALUS  S3MPS0NI  Nuttall,  1910. 

(Figures  297  to  300) 

THE  CANE-RAT  GLOSSY  TICK 

L   K   o   <?     KiUATCEIA  PROVINCE  RECORDS 

1    Torit   Thryonomys  gregorianus  subsp.     Feb 

2   5    Yei     "marsh  rai"       Feb  (SGC) 

These  records,  from  the  east  and  west  banks  of  Equatoria  Prov- 

ince, are  the  only  ones  of  this  species  from  the  Sudan.  The  Yei 

specimens  in  Siodan  Government  Collections  were  collected  in  1911 

by  H.  H.  King,  who  had  identified  them  as  R.  simus, 

DISTRIBUTION 

R.  simpsoni  has  been  reported  from  widely  scattered  localities 

throughout  if ric a  within  the  Ethiopian  Faunal  Region  and  probably 

occurs  wherever  its  favorite  host,  the  cane  rat,  does.  It  is  coiru 

non  in  Kenya  and  Uganda  although  it  has  not  previously  been  re- 
ported from  Kenya, 

WEST  AFRICA;  NIGERIA  (Nuttall  1910.  Simpson  1912B.  Rageau 
1953b7^ 

CENTRAL  AFRICA;  CAlffiROONS  (Rageau  1953A,B).  BELGIAN  CONGO 

(Schwetz  192'/C.  Bequaert  1931). 

EAST  AFRICA;  SUDAN  (Hoogstraal  195-^). 

KENYA  (Coranxjn  on  lesser  cane  rats,  Choeromys  _g.  gregorianus, 

at  Subukia,  Nakuru  District,  6^00  ft.  alt.;  Hoogstraal  legit;. 

UGANDA  (Mettam  1935.  Bedford  1936.  Theiler  19^7.  Numerous 

specimens  seen  in  collections  of  Uganda  Veterinary  Service.  See 
HOSTS  below).  TANGANYIKA  (Reichenow  19A1B). 

SOUTHERN  AFRICA;  NYASALAND  (Wilson  1950B).  MOZAMBIQUE 

(Santos  Mas  iVb'^ll).  UNION  OF  SOUTH  AFRICA  (Bedford  1936. 
Theiler  19^7). 
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HOSTS 

R.  simpsoni  has  been  reported  only  from  cane  (or  "edible") 

rat s ,""Thryononys  {-   Aulacodus)  spp.  and  Choeronys  spp.  (all  authors). What  appears  to  be  an  exceptional  host  is  the  giant  forest  rat, 
Cricetomys  gambianus;  specimens  from  this  host  from  Uganda,  A.  D. 
Fraser  legii,  are  in  British  1-tuseum  (Natxiral  History)  collections. 

BIOLOGY 

R.  simpsoni  appears  to  be  almost  entirely  restricted  to  cane 

rats."  The  paucity  of  records  is  possibly  due  to  rarity  of  host examination.  Present  evidence  would  indicate  that  this  is  one 

of  the  most  host-specific  of  rhipicephalid  ticks.  Although  R. 

simpsoni  is  closely  related  to  R.  simus,  this  latter  species""is 
imp: 

seldom  found  on  cane  rats. 

DISEASE  REIATIONS 

Unstudied. 

REMARKS 

Adults  were  figured  and  rede  scribed  by  Theiler  (l%7) .  The 
nymph  was  described  by  Santos  Dias  (1952G),  who,  incidentally, 
considered  this  species  as  a  synonym  of  R.  simus  longus  but  who 
subsequently  (1952G,H)  recognized  the  obvious  validity  of  R. 
simpsoni. 

Generally  one  may  be  suspicious  that  records  of  R.  simus 
from  cane  rats  actually  refer  to  R.  simpsoni ,  althougH  two  males 
of  R.  simus  from  a  cane  rat  near  Yirol  nave  been  seen,  (E.  T.  M. 

Rei'3  legit  J.  All  other  collections,  labelled  as  R.  simus  from cane  rats,  that  have  been  studied  by  the  writer  from  various 
parts  of  Africa  have  proven  to  be  R.  simpsoni . 
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IDENTIFICATION 

Male:  Size  is  usually  small,  from  2.3  mm.  to  3.6  mm.  long 

and  from"l.5  ram.  to  2.2  mm.  wide.  Typical  males  are  easily  dis- 

tinguished within  the  R.  simus  group  by  a  combination  of  characters
 

including  broadly  sickles"!lape3  adanal  shields;  sparse,  alm
ost  ob- 

solete, shallow,  scutal  punctations;  distinct  lateral  and  pos
terior 

grooves;  short,  converging  cervical  pits;  pearshaped  body;
  and 

slight  dorsal  process  of  coxa  I. 

The  several  fairly  large  series  of  specimens  in  the  presen
t 

collection  and  other  East  African  series  that  have  been  s
tudied 

show  considerable  variation  among  individuals,  though  always
  one 

or  more  of  the  distinctive  features  of  the  species  are  ret
ained. 

The  posterior  grooves  may  be  very  faint.  In  small,  weak  s
pec- 

imens the  lateral  grooves  may  be  more  shallow  than  usual  or  they 

may  be  indicated  by  only  a  row  of  punctations.  In  speci
mens  with 

exceedingly  small  adanal  shields,  the  characteristic  si
ckleshape 

is  frequently  reduced.  The  pointed  dorsal  projection  of  c
oxa  I 

is  very  small  and  in  a  number  of  specimens  it  is  reduced  to  
merely 

a  blunt  hump. 

Female;  This  sex  averages  3. A  tuti.  long  and  2.0  mm.  wide;  it 

ranges  from  2.5  mm.  to  3.^  mm.  long  and  from  1.5  mm.  to  2.5  
mm. 

wide.  The  scutum  is  about  one-fourth  longer  than  wide;  its 
 poste- 

rior margin  is  sinuous,  with  a  slight  medial  protrusion;  eyes  ar
e 

pale  and  flat;  lateral  grooves  almost  reach  the  poster
ior  scutal 

margin;  cervical  grooves  extend  posteriorly  for  about  
half  the 

scutal  length.  Scutal  punctations  are  sparse  and  superfi
cial; 

interstitial  punctations  are  usually  absent,  but  some  f
ine  ones 

may  be  present  with  a  few  larger  punctations  in  later
al  grooves. 

The  great  length  of  the  scutum  in  relation  to  its 
 width  distin- 

guishes females  from  those  of  R.  s.  simus,  R.  s.  senegalensis, 

Ind  R.  bequaerti.  This  character'is  an  especially  
important  one 

in  siecira^ns  in  which  interstitial  punctation  is  more 
 apparent 

than  is  common  for  R.  simpsoni. 
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302 

304 

Figures  301  and  302,  d",  dorsal  and  ventral  views 
Figures  303  and  30/^,  5,  dorsal  and  ventral  views 

RHIPICEPHALUS  SE-IUS  SBIUS 
Sudan  Specimens 

PLATE  LXXXIV 
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RHIPICEPHALUS  SIMUS  SIMUS  Koch,  18AA. 

(Figures  301  to  3QU) 

THE  GLOSSY  TICK* 

N   §   cf     EQUATORIA  PROVINCE  RBCCeDS 

MAN  (feeding  on)  Jan 
MAN  (feeding  on)  Dec 
MAN  (crawling  on)  Dec  {U) 
MAN  (crawling  on)  Jan  (3) 
MAN  (crawling  on)  Feb 
MAN  (feeding  on)  Mar 
MAN  (feeding  on)  Dec 
MAN  (crawling  on)  Avig 
Lemnisconys  striatus  massaicus  Feb 
Lemniscoinys  striatus  massaicus  Nov 
Bitrrows  of  L.  striatus  massaicus  Dec  (2) 

Lemnisconys~maJcculus  macculus  Dec Tatera  benvenuta  benvenuta  Dec 
Tat  era  benventita  benvenuta  Nov 
Burrows  of  T.  b.  benvenu£a  Nov  (2) 
Mastonys  natalensis  isnmliae  Dec 
Mastomys  natalensis  isinailiae  Nov 

Lotti  Forest  Fraomys"tullbergi  sudanensis  Apr Ikoto       Arvicanthis  niloticus  jebelae  Nov 
Arvicanthis  niloticus  jebelae  Dec 
Burrows  of  A.  niloticus  jebelae  Dec  (6) 
Burrows  of  1.  niloticus  jebelae  Jan  (8) 
Burrows  of  5.  niloticus  jebelae  Dec  {u) 
Lepus  capensis  crawshayi  Feb 
Lepus  victoriae  microtis  Jan 
Panthera  leo  leo  Sep 
Canis  aureus  soudanicus  Nov 
Canis  aureus  soudanicus  Dec  (2) 
Canis  aureus  soudanicus  Apr  (2) 
Canis  aureus  soudanicus  Aug 

*Also  known  as  the  black  pitted-tick,  the  glossy  brown  tick,  and  the 
tailtuft  brown  tick  (cf.  Theiler  1952A,B). 
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1 Torit 
1 Torit 
2 2 Torit 
2 1 Torit 

1 3 Torit 
1 Torit 
1 Juba 

2 Juba 
1 Gilo 

2   1 Torit 
1   2 2 3 Torit 

U Torit 
2 Torit 13 

Torit 
11 u 5 Torit 

2 Torit 
1 Ikoto 
1 Lotti 
5 Ikoto 
1 Torit 

18 6 7 Torit 

30 

19 
18 Torit 

1 
31 

28 Juba 
1 Ikoto 
1 Torit 

9 Torit 
7 6 Torit 
1 1 Torit 
6 7 Torit 
2 3 Torit 



cf 

3 
3 
8 
7 

8 
6 
2 
2 
7 
5 
1 
1 

3* 

8 
8 
2 
1 
8 

1 
1 
1 

1 
1 

1 
1  19 
21  32 

2 
1 

5  2 8  U 
22  25 
6  6 
1 
1 

2 
1 
1 

8 
8 
2 

1 
1   1 
67  69 
6   2 

Torit 
Torit 
Obbo 
Torit 

Lugxirren 
Torit 
Nifflule 
Nimule 
Terakeka 
Kidepo 
Torit 

Kapoeta 
Torit 
Ikoto 
Boma  Plains 
Torit 
Holo 
Lolianga 

Kapoeta 
Keyala 
Torit 
Torit 
Torit 
Torit 
Torit 
Torit 
Katire 
Loronyo 
Juba 
Juba 
Juba 
Nimule 
Lado 
Kajo  Kaji 
Torit 

Crocuta  crocuta  fortis 

Mellivora  capensis  abyssinica 
CivetticTis  civetta  congica 
Civettictis  civetta  congica 

Phacochoerus^aethiopicus  bufo Sus  scrofa  sennarensis 

Hippopotamus  amphibius  amphibius  May 
Hippo potajmis  amphibius  amphibiui  Oct  (SVS) 
Dainaliscus  korrigum  tiang        _  (SGC ) 
Tauro tragus  oryx  pattersonianus 
Tauro tragus  oryx  pattersonianus 
Hippotragus  eqmnus  bakeri 
Hippotragus  eqvanus  bakeri 
Rhynochotragus  guentheri  smithii  Dec 
Syncerus  caffer  aequinoctialis   Dec 
Syncerus  caffer  aeqmnoctialis 
Syncerus  caffer  aequinoctialis 
Syncerus  caffer  aequinoctialis 
domestic  dogs 
domestic  dogs 
domestic  dogs 
domestic  dog 
domestic  dog 
domestic  dog 
domestic  dog 
domestic  dog 

domestic  dog  Oct 
domestic  dog  Jan 
domestic  dog  Jan 
domestic  dog  Dec 
domestic  dog  May 

domestic  dog  l-Iar 
domestic  dog  Sep 
domestic  dogs  Dec 
domestic  pigs  Mar 

Oct 
Jan Apr 
Feb 

Jan Apr 

Jan Feb Dec 

Jan 

Jan Mar 

Jan Dec 
Dec 
Dec 

Jan 14ar 
Apr 

Jun 
Nov 

(3) 

(2) 
(SGC) 

(SGC) 

(3) 

*With  1  cfR.  simus  senegalensis.  This  is  the  only  collection  seen 
from  anywhere  in  Africa  in  which  typical  specimens  of  both  subspecies 
have  been  found  on  a  single  host. 
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3 5 Torit domestic 

pigs 
3 Torit doniestic 

pigs 
20 U Torit domestic 

pigs 
7 9 Torit domestic 

pigs 

1 Torit domestic cattle 
1 1 Katire domestic cattle 
1 1 Lolepori domestic cattle 

6 Loronyo domestic cattle 
17 

32 

Juba domestic cattle 
1 Juba domestic cattle 
1 8 Juba domestic horse 

6 
17 

Loronyo domestic 

goat 

2 Juba domestic 

sheep 

1 3 Juba domestic 

sheep 

3 Kajo  Kaji domestic 

sheep 

1 Torit on  grass 
? 9 Imatong  Mts. 

(8700  ft. alt.) 

?  host 

Apr 
Nov  (2) Dec  iu) 

Jan Dec 

Oct Dec 

Jan 
Jan Dec 

Jan 
Jan 

Jan 
Dec  (SGC) 

Dec 

Aug 

(Weber 

19A3) 

DISTRIBUTION  IN  THE  SUDAN 

King  (1926)  stated  that  R.  s.  simus  occurs  throughout  Bquatoria, 
Bahr  El  Ghazal,  Upper  Nile,  Blue  Tlile,  Kordofan,  and  Kassala  Prov- 

inces and  that  it  had  at  that  time  only  recently  established  itself 
in  Northern  Province  where  proper  conditions  of  humidity  for  its 
development  prevailed  around  newly  installed  pumps  and  basin  irri- 

gation. King  apparently  had  no  Darfur  Province  records  for  this 
species. 

Sudan  localities  from  which  specimens  of  the  glossy  tick  have 
been  seen  are; 

Bahr  El  Ghazal;  GaluaL-Nyang  Forest  (hyena,  black-legged 
mongoose,  leopard,  lion,  buffalo,  and  warthog;  domestic  dogs;  old 
male  baboons  infested  with  as  many  as  two  hundred  adult  specimens; 
25c^,   2qq  engorging  on  men;  SVS,  HH).  Jur  River  (hippopotamus:  SVS), 
Lau  (cattle;  SGCj.  Fanjak  (domestic  dogs  and  cattle;  SVS,  HH). 
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Wau  (domestic  pigs;  SVS).  Kenisa  (niJinerous  specimens  from  elephants; 
SGC).  Several  localities  near  Yirol  (elephants;  SVS).  Yirol  (hyena 
and  cane  rat;  SVS) . 

Upper  Nile;  Diik  Fadiat  (wild  pig  and  warthog;  SVS) .  Akobo 
Post  (lion;  SGC).  Maban  (cattle  and  goats;  SVS).  Pariak  (cattle; 
SVS).  Kaka  (roan  antelope;  SGC).  Bor  (domestic  dogs;  HH,  leopard; 
SGC).  Malakal  (domestic  dogs;  HH) . 

Blue  Nile;  Roseires  (cattle;  SGC). 

Par  fur;  Zalingei  (camels  and  horses;  SVS).  Kiilme,  Wadi  Oribo 

(fox;"3RITIT7. 

Kordofan:  Tabanga  (pigs:  SGC).  Talodi  (cattle  and  pony;  SGC). 
"Western  Jebels"  (cattle;  SVS). 

/"Khartoim;     No  records .7 

Northern;  Letti  Basin  (fox;  SGC).  Shendi  (bull;  SVS,  sheep; 
SGC).  These  populations  are  probably  quite  restricted. 

DISTRIBUTION 

R.  s.  simus  ranges  throughout  the  Ethiopian  Faunal  Region, 
In  West  ][frica,  it  is  more  or  less  widely  replaced  by  the  sub- 

species senegalensis .  The  Arabian  range  of  the  glossy  tick,  as 
mapped  by  the  American  Geographical  Society  (195A),  should  be 
limited  to  the  mountains  of  the  Yemen. 

/"west  AFRICA;  Early  records  should  be  checked  against  R. simus  senegalensis.  The  range  of  R.  s.  simus  in  West  Africa  is  im- 

perfectly  known.  NIGERIA  (Simpson~19l2A»,B.  Unsworth  1949,1952. Mettam  1950).  SIERRA  LEONE  (Neumann  1901,1911.  Simpson  1913).  TCu 
GO  (Neumann  1901,1911.  Ziemann  1909).  GOLD  COAST  (Simpson  19U. 
Beal  1920.  Stewart  1934).  IVORY  COAST  (Neumann  1901).  PORTUGESE 
GUINEA  (Tendeiro  1946A,B,1948,1951A,E,1952C,D,E,1954:  wherever 

*Specimens  referred  to  as  R.  simus  by  Simpson  (1912A,  p.  325)  are 

actually  R.  simus  senegalensi~  They  were  determined  as  R.  simus 
falcatus  "By  Nut tall  and  Warburton.  These  specimens  are  in  British Museum  (Natural  History)  collections. 
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illustrated  the  specimens  appear  to  resemble  the  subspecies  Senegal- 
ensis  rather  than  siraus).  FRENCH  WEST  AFRICA  (Neumann  1911.  Rousse- 
lot  1953B.  See  also  Sixdan  below.  Theiler  states  (correspondence) 
that  her  extensive  Senegal  collections  are  all  typical  R.  s.  simus). 

NOTE:  Tonelli-Rondelli's  (1938)  reports  from  Sierra  Leone ,~To'go^ and  Gold  Coast  are  probably  repetitions  from  Neumann.7 

CMTRAL  AFRICA;  CAMHIOONS  (Neumann  1902A.  Zumpt  1943A. 
Rageau  1951,1953A,B).  FREICH  EQUATQRIAL  AFRICA  (Rousselot  1951, 
1953B).  BELGIAN  CONGO  and  RUANDA-URUNDI  (Newstead,  Dutton,  and 
Todd  1907.  Massey  1908.  Nuttall  and  Waxburton  1916.  Roubaud 
and  Van  Saceghem  1916.  Schwetz  192X,1932.  Bequaert  1930A,B, 
1931.  Zumpt  19U3k.     Bouvier  19A5.  Wsmson,  Richard,  and  Toubac 
19/k7.  Schoenaers  1951A,B.  Rousselot  1953B.  Theiler  and  Robin- 

son 195^.  Van  Vaerenbergh  195A-). 

EAST  AFRICA;  SUDAN  _^The  synonymous  R.  shipleyi  from  "Soudan" 

(Neiunann  1902A)  refers  either  to  the  Sudan~or  to  French  West  Africa, King  (1908,1911,1926).  Zumpt  (19A3A).  Weber  (19A8).  Hoogstraal 
(195^)^7 

ETHIOPIA  (As  R.  simus,  R.  hilgerti ,  and  R.  erlangeri ;  Neumann 
1902A,B, 1911,1913  ,T92Z  §tella  1938A,1939A,b719/V0.  Roetti  1939. 

Zumpt  19A3A.  Charters  19^6.  D'Ignazio  and  Mira  19^9).  ERITREA 
(Stella  1939A,1940).  FRMCH  SOMALILAND  (Hoogstraal  1953D). 
ITALIAN  SOMALIIMD  (Paoli  1916.  Franchini  1926, 1927, 1929C,E. 
Veneroni  1928.  Niro  1935.  Stella  1938A,1939A,1940).  BRITISH 
SCMALILAND  (Drake-Brockman  1913B.  Sxella  1938A,X939A,19AO). 

Neave  1912.  Eoveridge  1923D.  Anderson  192AA,B.  Lewis  1931A,B,C, 
1932A, 6,1934,1943,1950.  Brassey-Edwards  1932.  Walker  1932. 
Daubney  1933, 1934, 193 6B.  Daubney  and  Hudson  1934.  Kauntze  1934. 
Roberts  1935.  Fotheringham  and  Lewis  1937.  Mulligan  1938. 

"Kenya  Vet.  Serv."  193 9A,B, 1940, 1947, 1949, 1951, 1952.  Lewis  and 

Fotheringham  1941.  Zumpt  1'943A.  Lewis,  Piercy,  and  Wiley  1946. 
Dick  and  Lewis  1947.  Weber  1948.  Beaumont  1949.  Heisch  1950B. 
Binns  1951,1952.  van  Someren  1951.  Wilson  1953.  Wiley  1953. 
Lumsden  1955). 
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UGANDA  (A.  Theiler  1910A.  Bruce  et  al  1911.  Neave  1912. 
Neumann  1922.  Richardson  1930.  Mettani  l7^2.     Carmchael  193^. 
Wilson  19/^8B,C,1950C.  Lucas  195-!^). 

TANGANYIKA  (Neumann  1901, 19070, 191 OB, 1911.  Morstatt  1913. 
Loveridge  1923A.  Bequaert  1930A.  Allen  and  Loveridtje  1933. 
I4oreau  1933.  Evans  1935.  Cornell  19^6.  Zumpt  19'^3A.  J.  B. 
Walker,  unpublished,  see  various  parts  of  HOSTS  section  below). 

SOUTHERN  AFRICA;  ANGOLA  (Manetti  1920.  Sousa  Dias  1950. 
Santos  Dias  1950C;.  MOZAMBIQUE  (Howard  1908,1911,  larval  iden- 

tification in  190s  paper  open  to  question.  As  R.  ecinctus; 

Howard  1909B.  Sant'Anna  1911.  Theiler  1943B.  "Zunpt  19^3A. 
Santos  Dias  19A7B,1952D,H,1953C,195^A,H,1955A) . 

NORTHERN  RHODESIA  (Neave  1912.  Le  Roux  193^,1937,19'!^7. 
Matthysse  1954.  Theiler  and  Robinson  195A).  SOUTFJiF.n  RHODESIA 
(Robertson  I9O4B.  Edmonds  and  Sevan  19U.  Bevan  1920.  Jack 
1921,1928,1937,19^2.  Lawrence  19^2).  KTASALAInID  (Old  1909. 
Neave  1912.  De  lleza  I9I8A.  Davey  and  Newstead  1921.  Zumpt  194.3A. 
Wilson  1943, 1945, 19^6, 195OB). 

BB^HUANALAND  (Theiler,  unpublished).  SOUTHWEST  AFRICA 
(Trommsdorff  1913, 19U.  See  irnmature  HOSTS  below).  UNION  OF 
SOUTH  AFRICA  (Koch  18U.  Neumann  1901,1911.  Lounsbury  1903A, 
1904A,B,1905B,1906C.  Robertson  I9O4.  A.  Theiler  and  Stockman 
1904.  A.  Theiler  1905B,1909B,1911B,1912A,1921.  Howard  1908. 
Galli-Valerio  1909B.  Speiser  1909.  A.  Theiler  and  Christy 
1910.  Donitz  I9IOB.  Moore  1912.  Van  Saceghem  1914.  Breijer 
1915.  Bedford  1920,1926,1929,1932,1934,1936.  Cowdry  1925B,C, 
1926A,1927.  R.  du  Toit,  Graf,  and  Bekker  1941.  Cur son  1928. 
Cooley  1934.  Bedford  and  Graf  1935,1939.  R.  du  Toit  1942B,C, 
1947.  Zumpt  1943A.  Ziompt  and  Glajchen  1950.  Meeser  1952). 

OUTLYING  ISLAiroSt  ZAl^IZIBAR  (Neave  1912.  Aders  1917). 
SEfC HETT.FS  (Desai  1952  ) . 

/"MDAGAXAR:  „Neumann  (1901,1911).  Poisson  (1927).  Tonelli- Rondelli  (1938).  Buck  (1948A)  indicated  that  this  species 

("Haemaphysalis  simus")  is  not  established  on  Madagascar. 
Hoogstraal  C1953E; ./ 
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■ARABIA.:  YMEM  (Sanborn  and  Hoogstraal  1953.  Hoogstraal,  ms.). 

NOTE:  The  known  distribution  of  this  species  in  Arabia  on 
the  map  of  the  American  Geographical  Society  (195A-)  should  be 
limited  to  the  mountains  of  the  Yemen. 

MISCELLAIJEOUS:  Tonelli-Rondelli  (1938)  noted  that  Stella 
(1938D^  had  reported  R.  simus  from  ITALY  and  indicated  that  this 
report  is  certainly  aii  error  in  identification;  also  that  this 

species  is  absent  from  LIBYA  /"reported  as  present  by  Stella (1938C)  7,  ALGERIA,  TUNISIA,  and  MQRCCCO.  Records  for  Mytilene, 

GREECE  "(Senevet  1920) ,  repeated  without  further  substantiation by  Pandazis  (1947),  and  records  for  TURKEY  (Stefko  1917)  are 
probably  also  erroneous  or  refer  to  introduced,  non-established 
specimens. 

Neumann  (l91l)  listed  R.  simus  from  EGYPT  and  Brumpt  (1920) 
stated  that  East  Coast  fever  exists  in  Egypt  and  might  be  carried 
by  this  tick.  Mason  (1922B)  quoted  this  as  an  erroneous  statement 
that  R.  simus  occured  in  Egypt,  to  which  Brumpt  (1923,  p.  43, 
footnote J  replied  that  he  had  merely  hypothesized  this  possibility 

on  the  basis  of  Neumann's  record.  Carpano  (1936)  reported  micro- 
organisms in  specimens  of  this  tick  (?imported  or  misidentified  - 

HH)  collected  from  carnivores  in  the  Cairo  zoological  gardens. 
Actually,  the  glossy  tick  is  not  established  in  Egypt,  as  con- 

firmed earlier  by  Mason  (1922B). 

Records  from  TURKESTAN  (Yakimov  and  Kohl-Yakimov  1911,  Yakimov 
1917,1922,1923)  are  based  on  material  now  considered  as  subspecies 

of  R.  sanguineus  (cf .  page  717).  The  "R.  simus  or  R.  sanguineus" 
from  tortoises  in  IRAN  C'-'ichael  1899)  probably  refers  to  H. 

aegyptium.  
~ 

Data  from  BCP.NEO  (Neumann  1901)  probably  refers  to  R. 
sanguineus  subsp.  or  to  R.  haemaphysaloides  subsp. 

Christophers  (190X)  reported  R.  simus  from  southern  INDIA 
but,  as  Sharif  (1928)  says,  this  too  is  probably  a  misidentifica- 
tion.  Patton's  (1910)  remarks  concerning  the  transmission  of 
Firoplasraa  gibsoni  of  India  by  a  new  species  of  tick  related  to 
R.  simus  have  been  elaborated  in  subsequent  reviews  to  indicate 
that  R.  simus  transmits  this  organism. 
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HOSTS 

Adtilt  hosts  of  predilection  are  carnivores,  pigs,  buffalo,  and 
other  large  or  medium  size  game  Euiimals.  Antelopes  are  usually 
second-choice  hosts.  Among  domestic  animals,  dogs  and  pigs  fre- 

quently are  preferred.  The  incidence  on  cattle  varies  locally 
and  may  be  either  very  high  or  very  low  even  where  the  glossy 
tick  is  common.  People  are  frequently  attacked,  especiallv  in 
the  vicinity  of  their  dwellings.  Although  Matthysse  (1954.)  con- 

siders advilts  to  be  parasites  of  medium  size  mammals,  overall 
data  indicate  that  host  size  is  only  one  factor,  the  type  of  host 
being  an  equally  important  consideration.  Larvae  and  nymphs  feed 
chiefly  on  burrowing  rodents,  less  commonly  on  other  small  animals. 

Adults 

Cattle:  Factors  influencing  parasitism  of  domestic  cattle 
by  R.  s.  simus  are  still  unknown.  Although  this  tick  is  common 
througlaout  Equatoria  Province,  its  incidence  on  cattle  is  nil  or 
low  everywhere  except  in  Juba  District  where  the  rate  may  run 
fairly  high.  In  Central  Sudan,  the  nxombers  on  cattle  are  variable 
but  never  high. 

R.  s.  simus  is  one  of  the  five  species  of  this  genus  that 
occurs  wTth  any  degree  of  frequency  on  Uganda  cattle  but  in  most 
districts  the  rate  of  infestation  is  low  (Wilson  1950C). 

In  South  Africa,  the  glossy  tick  "does  not  appear  to  thrive 
well  on  cattle"  (Lounsbury  1904B).  Theiler  (correspondence), 
however,  reports  that  in  cattle  raising  areas  of  South  Africa 
these  animads  are  the  favorite  host  of  the  glossy  tick. 

Wilson  (I95OB)  considered  this  to  be  an  uncommon  Nyasaland 
tick  because  he  took  it  on  only  IL,   occasions  dviring  an  extensive 
three  year  tick  svirvev.  Ten  of  these  collections  were  from  cattle. 
Earlier,  Wilson  (194-6)  doubted  that  females  ever  become  fully 
engorged  on  cattle.  Theiler  (correspondence)  has  found  that  the 
glossy  tick  is  more  common  in  Nyasaland  than  Wilson  believed. 
Rarity  of  cattle  infestation  here  probably  accounts  for  this 
discrepancy  inasmuch  as  relatively  few  wild  animals  were  examined. 
Matthysse  (1954-)  considers  this  to  be  a  rather  important  Northern 
Rhodesian  cattle  parasite,  but  does  not  provide  a  clear  cut  anal- 

ysis of  the  situation  there. 
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Low  incidence  of  R.  s.  simus  on  cattle  is  not  universal.  It 

is  not  only  conmon  but  niimerous  on  cattle  on  the  coastal  plains 
of  Kenya  (Dick  and  Lewis  19A-7). 

Do£S:  Throughout  the  range  of  R.  s.  simus ^  domestic  dogs 

are  frequently  among  its  most  common"~ho'sts  and  are  mentioned  by many  authors.  In  Equatoria  Province,  dogs  are  infested  by  this 
parasite  as  frequently  as  they  are  by  R.  s.  sanguineus ,  but  the 
numbers  of  siraus  are  considerably  lower  in  all  collections 
except  those  from  Kajo  Kaji.  The  yellow  dog-tick,  H.  1.  leachii, 
is  much  less  common  on  dogs  in  the  Sudan  but  in  certain  other 
areas  of  Africa  this  is  one  of  their  most  important  arthropod 
parasites.  Kauntze  (193A)  and  Roberts  (1935)  did  not  consider 
R.    s.  simus  to  be  an  important  pest  of  dogs  when  studying  bouton- 

neu"se  fever  in  Kenya,  but  Dick  and  Lewis  (194-7)  found  this  common 
tick  to  be  only  slightly  less  nvmerous  on  dogs  than  R.  s.  sangui- 

neus in  the  coastal  area  of  Kenya.  At  Nelspruit,  South~Africa, Lounsbixry  (190^A)  collected  more  glossy  ticks  than  kennel  ticks 
on  canines  in  the  same  place.  According  to  Theiler  (correspondence), 
R.  s.  simus  and  H.  1.  leachii  generally  are  more  common  on  South 
IfrTcan  dogs  than  il  R.  s.  sanguineus,  and  H.  1.  leachii  is  usual- 

ly the  most  common  of  the  three.  Matthysse  (l^5A)  listed  R.  s. 
sinus  only  once  from  Northern  Rhodesian  dogs,  and  noted  R.  appen-. 
dicixlatus,  R.  _s.  sanguineus,  and  R.  tricuspis  more  frequently. 

Pigs;  Wherever  I  have  encountered  domestic  pigs  in  the  range 
of  the  glossy  tick,  a  close  association  between  the  two  and  a  high 
rate  of  infestation  has  been  noted.  No  mention  of  similar  situations 

is  found  in  the  literature.  Wild  warthogs  and  bushpigs  (see  below) 
are  commonly  infested.  In  South  Africa,  on  the  other  hand,  domestic 
pigs  are  amazingly  free  of  ticks  and  more  are  recorded  from  bushpigs 
than  from  warthogs  (Theiler,  correspondence). 

Tendeiro's  reports  from  Portugese  Giiinea  (listed  above)  contain 
numerous  references  to  R.  _s.  simus  and  R.  _s.  senegalensis  on  domes- 

tic pigs.  The  identity""of  West  African  specimens  should  be  checked. 

Other  domestic  animals  are  more  or  less  frequently  reported  as 
hosts,  but  the  incidence  is  seldom  if  ever  mentioned.  In  addition 
to  the  Sudan  records  given  above,  some  of  these  are: 

Cat  (Jack  1921,1942). 
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Horses  (Neumajin  1901, 1902B,  1911,  Howard  1908,  Massy  1908, 
Lewis  1931A,  Bedford  1932B). 

Goats  (Howard  1908,  Lewis  1931A,  Bedford  1932B,  VR.lson  1950B). 

Sheep  (Howard  1908,  Lewis  1931A,C,1932A,1934,  Daubney  and 
Hudson  1934,  Wilson  1950B). 

Camels  (Neumann  1902B,191l). 

Chickens  (Lucas  1954). 

Man 

More  specimens  of  R.  s.  siimis  were  taken  on  members  of  our 
parties  in  southern  Sudan  than  any  other  tick  species.  Several 
of  these  were  engorging  and  others  might  have  done  so  if  they 
had  not  been  removed.  Galli-Valerio  (1909B),  Jack  (19^2),  and 
Lumsden  (1955)  noted  incidental  attacks  on  man.  Veneroni  (1928) 
and  Ziimpt  and  Glajchen  (1950)  reported  hxiraan  paralysis  after  bites 
of  the  glossy  tick.  Others  have  said  specifically  that  no  spec- 

imens were  found  on  people  during  surveys,  for  example,  Kauntze's 
(193A-)  report  on  the  Kilmani  area  near  Nairobi.  J.  B.  Walker 
(correspondence),  however,  reported  five  males  and  three  females 
from  man  in  tall  grass  country  south  of  Arusha,  Tanganyika. 

Wild  Animals 

Primates;  In  Bahr  EL  Ghazal,  hundreds  of  specimens  were 
collected  from  old  male  baboons,  some  of  which  harbored  as  many 
as  200  glossy  ticks,  chiefly  in  the  axilla.  In  the  same  areas, 
baboons  travelling  in  community  groups  were  consistently  free 
of  ticks.  In  Kenya,  we  found  specimens  on  Colobus  monkeys  (see 
also  I.  schillingsi,  page  558),  but,  except  for  a  note  ty  Lirmsden 
(19557  >  there  is  no  reference  in  the  literature  to  similar  col- 

lections. Theiler  (correspondence)  has  a  single  record  from 
Galago  crassicaudatus  agisymbanus  from  Zanzibar. 

Carnivores;  These  animals,  along  with  some  of  the  larger 
and  thicker  skinned  herbivores  of  Africa,  appear  to  be  hosts  of 

choice;  Lions  ̂ All  extensive  African  collections  studied  by 
the  writer  contain  specimens  from  lions.  Reported  by  Neumann 
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(1901, 190X,  19103,1911, 1922),  Howard  (1908),  King  (1926),  Bedford 
(1932B),  Lewis  (1932^,1934),  Wilson  (1946B,1950B),  Weber  (19^8), 

Santos  Dias  (1952H,1953C),  and  others  "] .     Leopards  (Loveridge 1923A,  King  1926,  Bequaert  193 OA,  Lewis  1932A,1934,  Zumpt  1943A, 
Wilson  I95OB.  Numerous  specimens  in  BMNH  collections). 

Cheetah  (Lewis  1932A,1934).  Serval  (Lewis  1931B,1932A) . 
Various  foxes  (King  1926,  Weber  194-8,  J.  B.  Walker,  unpublished). 
Various  hyenas  (Neumann  1922,  Loveridge  1923A,  Lewis  1934,  Zumpt 
19A.3A ,  J .  B .  Walker ,  unpublished).  Various  jackals  (Neumann 
1902B,  Lewis  1931A,1932A,1934,  Zumpt  1943A;.  Various  civets 
(Loveridge  1923A,  Bequaert  193 OA,  Allen  and  Loveridge  1933, 
Zumpt  19ii.3A,  Matthysse  1954).  Genet  (Bequaert  1930A) .  Hunting 
dogs,  Lycaon  pictus  (Howard  1908,  Van  Saceghem  1914,  Lewis  1931A, 
Beoford  1932B;  J.  B.  Walker,  unpublished).  Rat el  (Sudan  records 
above).  Marsh  mongoose  (Loveridge  1923A) .  The  Onderstepoort 
collection,  BM(NHJ,  and  the  present  collections  contain  numerous 
other  specimens  from  these  and  similar  carnivores. 

Antelopes;  In  Bquatoria,  the  only  records  of  this  tick  from 
antelopes  are  from  two  common  elands,  a  tiang,  a  large- snouted 
dik-dik,  and  two  roan  antelopes.  None  others  were  found  on  the 
several  hundred  antelopes  examined  in  Equatoria  and  BaJir  KL 
Ghazal  Provinces.  Elsewhere  in  the  Sudan,  there  is  only  a  single 
record  from  a  roan  antelope  at  Kaka  in  Upper  Nile  Province;  this 
was  reported  by  King  (1926) .  King  also  noted  the  gazelle  as  a 
host,  but  specimens  are  not  now  available. 

Simpson's  (1914)  records  for  a  West  African  oribi  and  a  reed- 
buck  quite  possibly  pertain  to  the  subspecies  senegalensis. 

Other  published  records  from  antelopes  are:  Duiker  (Bedford 

1932B).  Grant's  gazelle  (Lewis  1934).  Kudu  (Bedford  1932,  Lewis 
1932A).  Bushbuck  (Lewis  1931A,1932A).  Eland  (Lewis  1931A,1932A). 
Wildbeest  (Lewis  1932A,1934).  Sable  antelope  (Santos  Dias  1950). 
Impala  (Meeser  1952).  Steinbuck  (Lewis  1931B). 

On  49  Tanganyika  Thomson's  gazelles  that  yielded  many  ticks, 
R.  s.  simus  was  represented  by  only  two  females  although  this 

'sub'species  was  common  on  many  other  kinds  of  hosts  from  the  same 
area.   (J.  B.  Walker,  unpublished).  A  single  male  was  found  on 
an  eland. 
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In  Wilson's  (1950B)  list  of  nine  kinds  of  hosts  of  this  tick 
in  Nyasaland,  no  antelopes  are  represented,  and  none  were  incliided 

among  Howard's  (1908)  eleven  kinds  of  hosts  from  southern  Africa. 
The  Onderstepoort  collection  contains  only  seven  collections  of 
glossy  ticks  from  various  antelopes  throughout  Africa  (Theiler, 
correspondence).  In  addition  to  the  kinds  mentioned  above,  these 
are  a  topi  from  Uganda,  a  gemsbok  from  Southwest  Africa,  and  an 
oribi  from  Southern  Rhodesia. 

Other  hosts;  Elephants  _/~In  Bquatoria  Province  these  animals are  either  normally  attacked  by  A.  tholloni  or  are  free  of  ticks; 
but  in  Bahr  EL  Ghazal  Province  all  elephants  examined  were  heavily 
infected  by  R.  s.  simus  and  none  harbored  A.  tholloni .  Niimerous 

specimens  of~R.'"s.  simus  have  been  examined  in  various  collections 
from  elephant's  in  other  parts  of  Africa.  Others  have  been  reported 
by  Mettam  (1932 )_7.  Buffalo  ̂ These  animals  are  usually  infested 
in  the  Sudan  and  frequently  harbor  nvimerous  specimens  of  R.  ̂ . 
simus.  Elsewhere  they  are  also  important  hosts  of  this  tick. 
Records  have  been  published  by  Neumann  (190X, 191  OB, 1911, 1922), 
Davey  and  Newstead  (1921).  Bequaert  (l930A,193l) ,  Lewis  (1931B,C, 

1932A, 194-3),  Mettam  (1932),  and  Santos  Bias  (1952D)_7«  Rhinoceroses 

/"The  black,  or  narrow-lipped  rhinoceros  is  hardly  an  important host  because  it  is  seldom  niimerous  in  nature,  but  where  it  occurs 
most  individuals  appear  to  be  infested  by  the  glossy  tick.  See 
Neumann  (1922),  Lewis  (1932A),  Zumpt  (1943A),  J.  B.  Walker  (un- 

published). The  excessively  rare  white,  or  square-lipped  rhino- 
ceros has  been  reported  as  a  host  by  Breijer  (1915)  and  Z\irapt 

(19A.3A);  these  reports  apply,  however,  only  to  the  southern  race/. 

Hippo potajmis  /"Specimens  were  found  on  the  ears  of  three  specimens examined  in  the  Sudan;  three  other  specimens  were  free  of  ticks. 

No  other  records  are  available  "J .     Pigs  /"The  warthog  and  bushpig 
are  frequently  infested  in  the""Sudan  and" elsewhere.  See  Neumann 
(1901, 190X,1910B, 1911),  Howard  (1908),  Bequaert  (l930A,193l),  Lewis 
(1931B.C,1932A),  Bedford  (1932),  Mettam  (1932),  Weber  (19^8),  Wilson 

(1950b5,  and  J.  B.  Walker  (unpublished)  7.  Zebras  /"Reported  by Neumann  (l907C,1910B,191l),  Lewis  (1931£,1932A j ,  Mettam  (1932),  and 
Santos  Dias  (1952D)  /.  Antbear  or  aardvark,  Orycteropus  af er 

/"Neumann  (1922),  Bedford  (1532),  Lewis  (1932A),  Wilson  (T^B, 
1950B),  Matthysse  (195^)  7.  African  porcupines  /"Neumann  (1907C, 
19108,1911) ,  Lewis  (1932A),  Matthysse  (.1954; ,  J.  B.  Walker  (un- 

published) /•  Pangolin  ̂ Mettam  (1932)^. 
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/"Giraffe;  Inasmuch  as  adiilts  commonly  parasitize  so  many large  game  animals,  infestation  of  giraffes  is  to  be  anticipated. 
However,  no  published  records  have  been  found  indicating  that  this 
is  so.  In  Bahr  EL  Ghazal  Province,  vhere  this  is  a  common  tick 
and  where  numerous  giraffes  were  examined,  R.  s.  simus  was  not 

found  on  these  animals  .7  ""  ~ 

Exceptional  hosts;  Hedgehogs  (Howard  1908,  Van  Saceghem 
19U,  Bedford  1932B;.  Hares  (Loveridge  1923A,  Bedford  1932B, 
Lewis  1932A).  In  the  laboratory,  Lewis  (1932A)  foiond  that  adiilts 
feed  readily  on  hares  (see  also  immature  stages  below).  Rabbit 
(Howard  1908).  Cane  rats  (See  also  next  paragraph.  Sudan  records 
include  a  single  collection  from  Bahr  KL  Ghazal  and  the  Onderste- 
poort  collection  contains  three  lots  from  Southern  Rhodesia). 
Rodents  (South  African  Otonys,  Aet  ho  my  s,  and  Rhabdomys;  foiir 
records:  Theiler,  correspondence^ . 

?MistaJcen  identity;  Specimens  from  a  cane  rat  (Bedford  1932B) 
were  later  found  to  be  R.  simpsoni  and  not  R.  simus  (Bedford  193A). 

Neumann's  (1922),  Mettam's  ^1932j  and  Loveridge 's  (,1923A)  specimens 
from  cane  rats  should  be  checked  against  R.  simpsoni.  See  HOSTS 

of  R.  simpsoni,  page  ~ 

"Large  gray  cattle  tick  (?Rhipicephalus  sinus  Koch)  (sic) 
attached  to  and  completely  blocking  up  the  ear  opening"  of  a 
lizard,  Mabuia  striata  (Loveridge  1923D).  This  sounds  like  an 
Aponomma  tick. 

Note 

Adults,  found  frequently  in  rodent  nests  in  which  the  immature 
stages  feed,  are  always  newly  molted,  unmated,  unfed  individuals 

biding  their  time  before  ventiu-ing  forth  to  find  a  host  more  at- 
tractive to  them  than  rodents. 

Larval  and  Nymphal  Hosts 

Rodent  hosts;  All  of  the  numerous  records  of  adults  in  the 

Onderstepoort  collection  are  from  larger  size  animals  and  most 
records  of  immature  stages  are  from  small,  nest- inhabiting  mammals 
(Theiler,  correspondence).  Our  field  experience  in  East  Africa 
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and  Arabia  follows  the  same  pattern.  The  details  have  been  best 
worked  out  by  Roberts  (1935)  (also  noted  by  Kauntze  193A^)  who  foiond 
the  immature  stages  in  the  Nairobi  area  in  nests  of  the  following 
rodents:  grass  rats  or  kusu,  Arvicanthis  sp.;  groove-toothed  rat, 
Otomys  sp.;  striped  grass  mouse,  Lemniscomys  sp.;  four-striped 
grass  mouse,  Rhabdomys  pumilio;  and  raultiraammate  rat,  Mastomys 
(=  Mus)  coucha. 

In  the  Sudan,  some  larvae  and  many  nymphs  were  taken  on  the 
same  types  of  animals  mentioned  by  Roberts  and  also  on  gerbils, 
Tatera  b.  benvenuta.  Engorging  specimens  were  taken  on  these 

animals''trapped  away  from  their  nest.  We  also  took  a  single 
nymph  from  two  different  kinds  of  hares  in  two  localities  but 
it  seems  that  hares  should  be  considered  as  exceptional  hosts 
for  immature  stages.  In  Northern  Rhodesia,  Matthysse  (195A-) 
also  reports  larvae  from  hares. 

British  Museum  (Natural  History)  collections  contain  a  nymph 
from  another  probably  exceptional  host,  a  ground  squirrel  Fermos- 
ciurus  sp.,  collected  by  Karl  Jordan  in  Southwest  Africa.  A  breaks 
down  of  collections  of  immature  stages  from  South  Africa  in  the 
Onderstepoort  collection  (Theiler,  correspondence)  shows  that 
nine  are  from  hares,  two  are  from  springhaas,  five  from  hyraxes, 
one  from  ground  squirrel;  125  from  the  following  genera  of  raurid 
rodents:  Aethomys  (56),  Rhabdomys  (2A) ,  Lemnisconys,  Mastomys, 
Thallomys,  Arvicanthis,  Rattus,  and  Mus;  and  forty  from  the 
following  cricetid  rodents:  Otonys  (35),  l^otomys,  Parotonys, 
Tatera  and  Gerbillus. 

Other  reports  of  immature  stage  hosts  are  short-haired  rats, 
Praomys  sp.  for  larvae  (Bedford  1932B)  and  Praomys  jacksoni  for 
nymphs  during  the  dry  season  around  Leopoldville  (Wanson,  Richard, 

and  Toubac  19A7),  and  an  elephant  shrew  for  a  nymph  "probably  of 
this  species"  in  Kenya  (Lxmsden  1955). 

Exceptional  hosts  of  iramattire  stages  in  the  Onderstepoort 
collection  (Theiler,  unpublished)  are  three  elephant  shrews  and 
one  Crocidura  shrew  (insectivores) ,  one  hartebeest,  one  mongoose, 
and  one  mierkat .  Also  included  are  three  birds  from  the  region 
of  the  Sabi^Lundi  Function,  Southern  Rhodesia,  the  puff-back 

shrike,  Dryoscopus  cubla,  the  blue- breasted  waxbill,  Uraeginthus 
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angolensis,  and  the  dusky-faced  warbler,  Tricholais  acotops.  It 
is  difficxilt  to  determine  whether  so  many  kinds  of  exceptional 
hosts  are  the  resiilt  of  wider  and  more  extensive  field  search 
or  of  ecological  differences  (see  BIOLOGY  below). 

Laboratory  hosts;  Lewis  (193 2A)  observed  that  although 
nymphs  and  adults  fed  readily  on  hares,  larvae  were  more  reltictant 
to  do  so.  From  this  Lexn.s  concluded  that  hares  are  less  preferred 
hosts  of  larvae  than  they  are  of  other  stages,  an  inference  that 
probably  shoxild  be  modified  by  other  biological  considerations. 
At  Onderstepoort,  both  larvae  and  nymphs  feed  readily  on  guinea- 
pigs  (Theiler,  correspondence). 

Questionable  remarks  and  conclvisions;  Lewis  (1932A),  after 

examining  Roberts'  specimens  from  rodent  burrows,  concluded  that 
larvae  feed  less  readily  on  rodents  thaji  do  nymphs.  Supporting 
data  were  not  provided  but,  unless  we  are  still  unaware  of  some 
xinique  phase  in  the  life  cycle  of  this  tick,  it  appears  that  in 
East  Africa,  at  least,  larvae  and  nymphs  attack  the  same  host. 
Data  from  collections  made  throughout  the  entire  year  will  be 
necessary  before  other  conclvisions  can  be  drawn, 

Lewis  (1932A)  noted  a  number  of  larger  mammals,  from  the 
size  of  porcv^)ines  to  rhinoceros,  as  nymphal  hosts,  and  Stella 
(1939B)  indicated  gviineafowl,  Reidentification  of  pertinent 
material  is  indicated.  The  Onderstepoort  collection  (Theiler, 
correspondence)  contains  a  single  collection  of  nymphs  from  a 
red  hartebeest  in  Natsil, 

Lounsbury  (190AA)  "wholly  failed  in  attempts  to  rear  larvae 
on  dogs,  not  one  of  many  thousands  applied  having  fed  to  reple^ 

tion",  but  later  (1906C)  succeeded  in  doing  so.  The  ox  was 
considered  an  unsuitable  host  for  larvae  but  "nymphs  and  adults 
do  not  appear  to  dislike  cattle", 

Ajround  Lourenco  Marques,  Sant'Anna  (1911 )  noted,  larvae  of 
R,  s.  simus  are  encountered  and  so  is  a  human  disease,  possibly 
thaT  now  called  boutonneuse  fever,  following  tick  bites,  Subu 

sequent  reviewers  have  elaborated  this  remark  to  indicate  that 
larval  simus  bite  man,  and  the  more  enthvisiastic  have  quoted 
this  report  as  stating  that  the  larvae  transmit  boutonneuse 
fever. 
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BIOLOGY 

Life  Cycle 

Laboratory  studies  indicate  that  R.  s.  simus  undergoes  a  three- 

host  type  of  life  cycle.  "" 

Under  experimental  conditions,  Theiler  (unpublished),  Lewis 
(1932A) ,  and  Loionsbury  (19O5)  have  found  the  life  cycle  periods 
to  be  as  follows: 

PERIOD 
DAYS OC.  TEMPHIA.TURE 

Theiler  Lewis  Lounsbury  Lewis 

Oviposition  to  hatching 

20.24 

31 

21-27 

Larval  prefeeding  period 3 7 
Larva  feeds 

^-  5 

3 2 
Preinolting  period a.12 

11 
6 23^26 

Nymphal  prefeeding  period u 7 
Nymph  feeds 

3-11 
5 3 

Premolting  period 

13-21* 

27 

U 

2L.25 

Adult  prefeeding  period 7 7 
Female  feeds 7.24. 7 9 
Preoviposition  period 

3-  6 
6 

23-26 
80.125   111 

Note:  Theiler  rearings  at  24°C.  to  26°C.  and  approximately  8C5S  R.H. 

Hares  were  used  as  hosts  for  all  stages  in  Lewis*  experiments, 
though  not  with  great  success.  The  ease  with  which  these  observa- 

tions could  be  repeated  using  normal  hosts  and  normal  conditions 
of  temperatiore  and  humidity  found  in  rodent  bijrrows  suggests  an 
interesting  study  for  collecting  comparative  data. 

Field  observations  indicate  that  both  immature  stages  feed 
on  nest- inhabiting  rodents.  The  nymphal-adult  molt  occurs  in 
the  same  nest,  and  adults  remain  in  the  nest  for  some  time  before 
seeking  larger  hosts.  As  discussed  below,  a  considerable  amount 

*2  months  in  winter. 
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of  additional  field  study  is  required  to  answer  many  questions 
concerning  the  life  cycle  of  R.  s.  simus.  This  tick  and  H. 
leachii  are  the  only  ubiquitous  African  species  that  in  tlieir 
immature  and  adult  stages,  respectively,  feed  first  on  nest- 
inhabiting  rodents  and  then  on  larger  animals.  More  rigid 
field  observations,  besides  being  a  most  pleasurable  occupa- 

tion, should  be  easily  accomplished. 

In  the  following  paragraph  the  question  of  where  the  female 

oviposits  is  raised.  In  this  connection,  Howard's  (1909B)  ob- 
servation of  an  unengorged  male  and  female  of  R.  simus  («  R. 

ecinctus)  mating  on  the  leaf  of  an  Acacia  thorn  tree  on  the 
Zambesi  River  is  of  special  interest  (although  the  possibility 
of  misidentification  of  these  specimens  must  be  considered). 
Almost  invariably,  rhipicephalid  ticks  mate  on  the  host,  as 

do  most  other  ixodids.  Howard's  note  indicates  the  necessity 
of  further  research  to  determine  whether  R.  s.  simus  possesses 

a  unique  type  of  mating  and  egg  laying,  and,~if  so,  whether this  is  a  constant  or  an  exceptional  phenomenon,  and  whether  it 
is  associated  with  an  ability  of  larvae  to  seek  out  their  pre- 

ferred habitat  and  hosts  rather  than  waiting  for  a  passing 
rodent , 

Mating  observed  by  J.  B.  Walker  (correspondence)  in  Kenya 
has  been  of  the  ordinary  rhipicephalid  type,  on  the  host.  Walker 
also  says  that  engorged  females  that  have  already  dropped  from 
the  host  will  mate  with  males  that  have  been  feeding  on  the  same 
host  and  then  removed  and  placed  with  these  females.  This  might 
be  merely  a  mating  act  and  not  initial  or  essential  fertiliza- 

tion (HH),  for  generally,  it  appears,  female  engorgement  is  not 
complete  or  normal  imless  copulation  has  been  effected. 

Ecology 

From  Roberts'  (1935)  studies  in  the  Nairobi  area  it  appears 
that  the  immature  stages  of  R.  s.  simus  prefer  slightly  subsurface 

rodent  nests  rather  than  dee'per~nests  of  the  same  and  of  other kinds  of  rodents.  The  grass  rat,  Arvicanthis,  is  possibly  the 
most  important  immature  stage  host.  It  is  not  known  whether 
larvae  actually  seek  out  the  nest  and  attack  the  animal  there, 
or  whether  they  attach  to  a  rodent  wandering  in  search  of  food 
and  are  then  carried  to  any  nest  that  their  host  might  be  in_ 
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habiting.  It  would  be  contrary  to  all  previotis  observations  on 
ixodids  to  assume  that  the  female  selects  the  situation  in  which 

she  oviposits,  although  this  possibility  must  be  investigated. 

By  way  of  comparison,  immature  stages  of  H.  leachii  in  the 
Nairobi  area  prefer  deeper  nests  of  Mastorays  coucha.  Tn  the 
Njoro  area  of  Kenya  and  in  the  Sudan,  however,  we  have  taken 
larvae  and  nymphs  of  these  two  ticks  species  in  both  shallow 
and  deeper  nests. 

Arvicanthis  nests  are  usually  within  a  foot  of  the  surface 
of  the  groiind,  but  sometimes  they  are  two  or  three  times  as 
deep.  The  nest  is  reached  by  a  network  of  a  few  or  many  tun- 

nels, each  with  a  small  exit  among  vegetation.  The  round  nests, 
composed  of  lesser  or  greater  amounts  of  moist  grass  and  leaves, 
appear  to  be  occupied  for  several  generations.  Slight  rises, 
such  as  borrow  heaps,  mounds  beneath  bushes,  or  pathsides  are 
favorite  burrowing  sites.  These  rodents  frequently  nest  and 
search  for  food  in  close  association  with  human  activities. 

Habitats  of  some  of  the  chief  South  African  hosts  of  im- 

mature stages  (see  HOSTS  above)  differ  widely.  Aethoinys  nama- 
qiiensis  frequents  rock  crevices  and  piles  of  stones  while  A. 
chrysophilus  is  more  terrestrial  and  lives  in  sheltered  bush 
on  the  plains ,  among  rocks,  or  in  burrows  under  bushes  or  rocks. 
Otomys  lives  in  holes  in  the  ground  or  in  selfmade  shelters  in 
matted  vegetation;  those  in  the  Karroo  construct  these  shelters 
from  large  piles  of  weeds  while  others  utilize  small  grass  or 
weed  nests  in  marshes  or  among  rocks.  Rhabdomys  hides  in  holes 
in  the  ground  and  its  pathways  run  through  dense  vegetation. 
It  is  evident,  therefore,  that  the  usual  ecological  niches  of 
hosts  of  immature  stages  in  East  Africa  differ  from  those  in 
southern  Africa. 

In  southern  Africa,  Theiler  (-unpublished)  finds  that  the 
glossy  tick  occurs  from  the  eastern  tall  grass  veld  (Port  Eliza- 

beth) northwards  through  subtropical  evergreen  and  deciduous 
tree  and  thorn  forest  into  northern  Transvaal,  Southern  Rhodesia, 
and  Mozambique.  In  these  subtropical  stretches,  the  heavy  rain- 

fall areas  of  Natal  are  comparable  with  the  coastal  plains  of 
Kenya,  and  the  dry,  warm  conditions  in  Kruger  National  Park  and 
northern  Transvaal  are  comparable  with  central  Kenya  (see  next 
paragraph).  Records  indicate  this  tick  to  be  less  common  west 
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of  the  Drakensberg  escarpment,  but  to  occnr  up  to  10,000  feet  el- 
evation in  Basutoland.  It  is  common  in  Highveld  with  good  annual 

rains,  heavy  frost,  and  snow  in  winter  but  seldom  recorded  from 
dry  Highveld.  In  the  mixed  grass  veld  of  the  middleveld,  with 
ten  to  25  inches  of  rainfall  annually  and  cold,  sharp  winter 
frosts,  it  is  almost  entirely  absent,  though  it  does  occur  in 
southern  Transvaal  middleveld.  It  is  numerous  in  the  Bankenveld 

and  Limpopo  highlands  and  also  in  Bushveld  regions  of  Transvaal, 
In  Karroo  areas  it  dies  out  in  areas  with  less  than  ten  inches 

of  rainfall  annually.  Records  from  Southwest  Africa  are  only 
from  the  northern,  more  moist  areas.  In  Southern  Rhodesia,  it 
is  especially  common  in  eastern  and  northern  areas. 

In  the  hot,  more  or  less  humid,  coastal  lowlands  of  Kenya, 
R.  s.  simus  is  especially  common  (Wiley  1953).  Dick  and  Lewis 
119X7)  consider  this  to  be  the  most  abundant  and  widely  distri- 

buted tick  in  the  Kenya  coastal  lowlands  and  Wilson  (1953)  also 
notes  its  frequency  there  in  areas  where  R.  pravus  and  A.  gemma 
are  found  (cf .  pages  681  and  27A-).  In  the  arid  Northern  Prov- 

ince of  Kenya,  the  glossy  tick  is  less  common  than  elsewhere  in 
the  Colony,  but  it  does  occur  anywhere  under  a  variety  of  condi- 

tions, whether  these  be  hot  and  arid,  cold,  damp  high  altitudes, 
or  hot,  moist  coastal  lowlands  (Wiley  1953).  Theiler  (19A.3B), 
supported  by  subsequent  remarks  by  Santos  Dias,  noted  that  R. 

s.  simus  is  not  only  particularly  abundant  but  actually  the" 
"iiiost  ubiquitous  tick  in  some  parts  of  Mozambique. 

Study  of  data  for  the  Soraalilands,  in  the  coastal  areas 
joist  north  of  Kenya,  suggests  that  R.  s.  simus  is  common  only 
under  local  conditions  in  these  less  humid  areas.  From  details 

published  by  all  investigators  concerning  the  Belgian  Congo  it 
would  appear  that  in  most  parts  of  the  colony  this  tick  is 
decidedly  less  common  than  it  is  in  southern  Sudan. 

In  the  Sudan,  R.  s.  simus  is  coraraon  everywhere  in  the  south 
and  at  least  frequent  Tn  southcentral  areas.  It  becomes  more 
localized  and  xincommon  with  the  approach  of  semidesert  conditions. 
Many  areas  in  which  it  occurs  have  a  long,  severe  dry  season  but 
rainfall  of  twenty  to  almost  fifty  inches  anniially  during  the 
wet  season.  King  (1926)  noted  that  although  this  tick  is  absent 
in  the  desert  areas  of  Northern  Province,  populations  had  estabu 
lished  themselves  there  when  local  conditions  of  humidity  were 
modified  after  pimp  and  basin  irrigation  was  introduced. 
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Altitiiiinal  distribution  in  Kenya  is  from  sea  level  to  11,000 
feet  (Lewis  1932A) .  Lewis  (1931C)  considered  this  species  as  one 
relatively  little  affected  by  conditions  influenced  by  altitude. 
In  Ruanda-Urundi,  the  glossy  tick  ranges  to  about  56OO  feet  al- 

titude (Schoenaers  1951B).  Neumann's  (190X,1910B)  Tanganyika 
records  include  specimens  from  altitudes  up  to  about  6OOO  feet. 
In  Arabia  this  tick  is  known  only  from  the  temperate,  watered 
3500  foot  to  7000  foot  range  of  the  Yemen  mountains  but  not  from 
drier  and  hotter  lowlands  (Hoogstraal,  ms.). 

The  seasonal  cycle  of  R.  s.  simus  is  not  well  known.  During 

the  colder  months  of  the  year, "Wilson  (194-6)  found  no  adults  in Northern  Province,  Nyasaland  but  his  collections  were  mostly  from 
cattle,  which  are  not  common  hosts  there.  Engorged  females  were 
found  during  the  wet  season  (Wilson  1950B).  In  the  Svidan  newly 
molted  adults  were  collected  in  rodent  nests  during  the  dry  sea- 

son and  engorged  adults  on  larger  hosts  chiefly  diiring  the  dry 
season.  In  Northern  Rhodesia,  Matthysse  (1954)  found  adults  on 
cattle  chiefly  during  the  rainy  season,  but  some  also  in  dry 
periods.  The  emergence  of  adults  and  the  length  of  time  they 
normally  remain  in  their  host's  nest  at  different  seasons  of 
the  year  should  be  investigated. 

On  cattle,  adults  of  R.  s.  simus  are  usually  found  on  the 
tail  switch,  feet,  and  aniis  (Theiler  1943,  Wilson  1948B,  Matthysse 
1954).  On  dogs  they  feed  almost  anywhere,  as  noted  by  Theiler 
(1943B)  and  Wiley  (1953).  Our  Sudan  specimens  from  hippopotamus 
were  all  found  on  the  hosts'  ears.  Neumann's  thirty  specimens 
from  a  Kenyan  rhinoceros  were  taken  from  the  host's  inguinal  area. 

Adults  awaiting  a  host  show  "a  marked  predilection  for  tall 
grass  overhanging  paths,  but  are  common  everywhere",  including 
in  human  habitations,  where  they  were  associated  with  boutonneuse 
fever  by  Dick  and  Lewis  (1947) .  They  are  also  found  in  houses  in 
Somaliland  (Drake-Brockman  1913B,  Veneroni  1928),  where  they  bite 
children  and  cause  paralysis.  The  close  association  between  the 
glossy  tick  and  man  is  easily  understandable.  Adults  are  common 
on  domestic  dogs  and  less  frequently,  under  local  conditions,  on 
cattle.  The  immature  stages  feed  on  rodents  that  frequently 
nest  under  vegetation  bordering  garden  plots  and  cultivated  fields, 
beside  roads  and  paths,  near  buildings,  or  in  the  vicinity  of 
streams  where  people  congregate.  Many  of  these  rodent  hosts 
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are  also  attracted  to  man's  agricultural  activities  and  the  adult 
ticks  frequent  tall  grass  in  search  of  hosts.  All  these  factors 
bring  man  and  tick  closer  together. 

When  dragging  for  ticks  in  Nyanza  Province  of  Kenya,  Lewis 
(1931c)  obtained  adult  glossy  ticks  only  in  shady  woodlands  while 
the  other  species,  R.  appendiculatus ,  A.  variegatum,  and  H. 
leachii  were  obtained  from  open  country  with  grass  and  toishes. 

In  Moreau*s  (1933)  study  of  the  food  of  the  tickbird,  Buphagus 
orythrorhynchus  (Stanley),  in  Tanganyika,  fifteen  specimens  of  R. 
s.  siraus  were  found  in  the  stomachs  of  fovir  of  58  birds  examinee!. 
Tn  Kenya,  van  Someren  (1951 )  examining  the  stomachs  of  twelve  of 
the  same  kind  of  bird  found  four  females  in  two  of  them.  He  found 
seven  adults  in  three  out  of  seven  stomachs  of  B.  a,  africanus. 

DISEASE  RELATIONS 

MAN:  Boutonneuse  fever  (Rickettsia  conorii).  Paralysis 
(?toxinj. 

CATTLE;  East  Coast  fever  (Theileria  parva) .  Gallsickness 
(Anaplasma  marginale) .  Redwater  (Babesia  oigemina) . 

PIGS  ;  Piroplasmosis  (Babesia  trautmanni). 

SHEEP;  Not  a  vector  of  Nairobi  sheep  disease  (virus). 

/"CARNIVORES;  Statements  that  R.  sinrus  may  transmit  Babesia 
gibsoai  among  jackals  and   dogs  and  bT  fells  among  piimas  are  based 
on  errors  in  tick  identification  an3  on  errors  in  quoting  original 
reports. 7 

RH^JtflKS 

Misshapen  specimens  have  been  reported  by  Santos  Dias  (l9/k7B, 
1955A).  In  the  latter  paper,  a  gynandromorph  is  also  described 
and  illustrated. 
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Symblotes  have  been  reported  by  Cowdry  (1925C,1926A,1927)  and 
reviewed  by  Jaschke  (1933). 

Dinnik  and  Zximpt  (1949)  reported  on  larval  integumentary  sense 
organs  in  relation  to  those  of  nymphs  and  adults  as  well  as  of 
other  species. 

The  "R.  simus  group"  of  Zumpt  (19A-2A)  consists  of  the  species 
R.  simus  with  two  subspecies  simus  and  senegalensis,  and  of  several 
related  species,  R.  longicoxatus,  R.  lunulatus,  R.  tricuspis,  R. 

distinctus,  R.  p.  planus,  and  R.  pT  complanatus ,  R.  simpsoni,  "and R.  reichenowT  (probably  =  R.  zumpti  Santos  Dias  1^508).     These  are 
all  EJthiopian  Fauna!  Region  species.  Zumpt  also  included  the  Indo- 
Malayan  species  R.  h.  haemaphy s alo i de s  and  R.  h.  pilans ,  but  I 

hesitate  so  to  consider  them.  "  " 

The  outstanding  diagnostic  criterion  of  the  R.  simus  group  is 
a  scutal  pattern  of  few  large,  fairly  deep  punct anions  arranged  in 
about  four  more  or  less  regtilar,  individually  characteristic,  long- 
itudineil  rows.  Among  these,  interstitial  punctations  are  usually 
inconspicuous.  Adanal  shields  of  males  of  each  species  are  dis- 

tinctive. Female  scutal  patterns  may  be  more  variable  and  those 
of  certain  closely  related  species  or  subspecies  may  be  difficult 
to  differentiate. 

Actually,  R.  s.  sanguineus  conforms  to  this  group  criterion 

and  might  well  "Be  consicfered  as  a  member  of  the  R.  simus  group. It  woiild  then  also  be  much  easier  to  associate  tTie  Indo-Malayan 
species,  mentioned  above,  with  this  group.  Theiler  (correspond- 

ence) writes  that  she  agrees  with  this  view.  Santos  Dias  (1952C) 
has  considered  this  group  differently. 

IDENTIFICATION 

Males;  This  sex  is  easily  recognized  and  extremely  few  spec- 
iniens  ever  cause  doubt  as  to  their  identity.  The  group  criterion 
of  four  more  or  less  regular  rows  of  rare  scutal  punctations  is 
always  definite,  but  their  distribution  and  depth  are  somewhat 
variable.  Although  interstitial  punctations  are  usually  faint 
or  obsolete,  a  few  specimens  show  them  more  distinctly,  thovigh 
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never  enoxigh  to  confuse  the  picture.  Posteromedian  and  paramedian 
grooves  are  absent;  rarely  they  are  just  barely  discernible,  but 
never  pronounced.  This  latter  fact  is  an  important  distinction 
between  R.  s.  simus  and  those  specimens  of  R.  s.  sanguinevis  that 
otherwise  closely  approximate  R.  s.  simus  in  appearance.  The 
scutum  is  arched  and  usually  sliiny  blax;k,  less  commonly  reddish 
brown  or  reddish  yellow,  with  definite,  deep  lateral  grooves  and 
clear  festoons.  The  central  festoon  may  protnide  with  engorge- 

ment. A  hxunp   of  coxa  I  projecting  dorsally  frequently  is  large 
enough  to  resemble  a  pointed  projection,  but  closer  inspection 
indicates  its  bluntness.  Ventrally,  the  shape  of  the  adanal 
shields,  with  their  rounded  external  and  internal  margins,  is 
usually  characteristic;  but  in  some  specimens,  in  which  they 
are  abnormally  narrow  and  with  a  deeply  concave  inner  margin, 
they  approach  the  sickleshape  of  the  subspecies  senegalensis. 
Size  is  extremely  variable,  running  from  minute  (1.9  mm.  long  _ 
rarely)  to  well  over  5.0  ram.  long. 

Female;  The  outline  of  the  black  (rarely  reddish)  scutum 
is  subcircular  with  a  broadly  roxuided,  slightly  sinuous  posterior 
margin;  the  length-width  ratio  is  approximately  equal  or  slightly 
wider  than  long.  Punctations  are  normally  rare  but  may  be  some- 

what heavier  and  more  distinct  than  in  the  male.  Interstitial 

punctations  are  rare  and  inconspicuous,  or  absent;  rarely  they 
are  somewhat  pronounced  and  slightly  confuse  the  typical  picture 
of  this  species.  Lateral  grooves  are  of  variable  distinctness 
and  length;  frequently  they  are  extended  posteriorly  by  a  few 
punctations;  in  some  individuals  they  are  much  reduced.  The 
converging  and  thence  diverging  cervical  grooves  usually  clearly 
extend  to  or  almost  to  the  posterior  margin,  but  may  be  obsolete 
on  the  posterior  third  of  the  scutum.  Lateral  fields  usually 
contain  two  or  three  punctations;  eyes  are  flat.  Size  is  variable 
with  tremendously  engorged  individuals  reaching  15.0  mm.  in  length. 

Most  females  are  easily  keyed  but  those  with  reduced  lateral 
grooves  are  apt  to  be  confusing.  Females  of  the  subspecies  simus 
and  senegalensis  axe  quite  similar. 

The  nymph  and  larva  have  been  described  and  illustrated  by 
Theiler  (19A3). 
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305 

306 308 

Figures  305  and  306,  c?,  dorsal  and  ventral  views 
Figvires  307  and  308,  5,  dorsal  and  ventral  views 

RHIPICEPHALUS  SIMUS  SENBGALEMSIS 
S\xdan  Specimens 

PLATE  LXXXV 
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RHIPICEPHALUS  SIMUS  SMSGALENSIS  Koch,  l8/^A. 

(Figures  305  to  308) 

THE  XIMITAR-SHIBLDH)  GLOSSY  TICK 

L       N       $       cf  EQUATCEIA  PROVINCE  RECORDS 

5       5       Ninnile             Lycaon  pictus   somalicus  Jul   (SVS) 

1  Kapoeta*         Hippotragus  eqiiinus  ba^eri  Dec 

1     17       Boma                 Sync erus  caff er  ae'quinoctialis  Dec 

Plains** 2  Holo                  S:/ncerus  caffer  aequinoctialis  Mar 

3  Mongalla         Sync erus  caffer  aequinoctialis  -      (SGC) 

L,       Kheirallah     Sync  erus  caffer  aequinoctialis  Mar   (SGC ; 

1  LugTorren         Phacochoerus  aethiopicus  bufo  Jan 

10     15       Sunat               Phajcochoerus   aethiopicus  bufo  Apr 

3       k       Kheirallah     Phacochoerus   aethiopicus  bufo  -      (SGC; 

2  Bundle             domestic  dog  ^^^.r    (SGC) 
(Lado)  (c^-!o\ 

U       K      Magwe               on  grass  May   JSVS; 

K       U      Mvolo                on  grass  -      ̂  
1       3       Mvolo               on  grass  ''^^   ̂ ovo> 

Specimens  in  the  Sudan  Government  collection  noted  abov
e  were 

collected  by  H.  H.   King  in  1910  end  1911.     They  had  bee
n  identified 

as  R.   simus  and  as  R.   falcatus. 

DISTRIBUTIOM   IN  THE  SUDAN 

Bahr  El  Ghazal:     Ic?,   lo  from  buffalo,  Guar,  Galual-Nyang 

ForesTT^  J^TT953,  P.  J-   Henshaw  legit.     1/^,   and  5<^  and  18 
 $$ 

^Collected  with  30^  and  1$  R.    simus  simus.     This  is  th
e  only  col- 

lection seen  from  anywhere  In  -nTI^ainJhich  typical  spec
imens 

of  both  subspecies  have  been  found  on  a  single  host.
     The  host 

was  obviously  a  migrant. 

K»For  comment,    see  BIOLOGY  below. 
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from  two  warthogs,   same  locality  as  above,   7  J\me  1953,   and  8 
January  195^,  collected  by  E.  T.  M.  Reid  and  P.  Blasdale.     Nvi_ 
merous  other  specimens  collected  in  the  same  area  in  J\ily  by  the 
same  persons,  but  without  host  data.     Icf,  2^0,  recently  nolted 
clinging  to  grass    (with  Dermacentor  rhinocennus),  25  miles  west 

of  Yirol,  23  November  195A-,  E.  T.  M.  Reid  legit.     ICdt?  and  2295 
(some  of  which  intergrade  with  R.   simus  simusj    (cf.   IDENTIFICATION 

below),  from  elephant  near  Keni*sa,  May  1953,  E.  T.  M.  Reid  legit. Sudan  Government  collections  contain  other  Kenisa  area  specimens 
from  elephants,  collected  in  1911,  which  show  similar  intergrada- 
tion  with  R.   3.   simus    (cf.  RMARKS  below).     Mr.  Reid  has  sent  me 
numerous  specimens  from  three  elephants  shot  near  Yirol;  these 
are  typical  R.   s.   simus. 

DISTRIBUTION 

R.  simus  senegalensis  is  a  West  and  Centred  African  tick 
with  scattered  loci  in  more  humid  areas  of  East  Africa  as  far 
south  as  northern  Nyasaland. 

WEST  AFRICA;     NIGERIA   (Unsworth  1952.     As  R.   simus;      Simpson 

1912A,   p.   325;   det.   by  Nuttall  and  War burton  as^R.   simus  falcatus; see  p.  .     As  R.   simus  longoides;     Unsworth  19^9,  Mettam  1950, 
Gambles  1951).     TRMT^TW^f  MiCA   (Koch  18U.     Rousselot  1951, 
1953B.     As  R.   simus  longoides;     Villiers  1955) •     SI ffiRA  LEONE, 

IVORY  COAST,  GOLD  COAST,  TOCO   (Zumpt  19A3A*).     PCBTTJGESE  GUINEA 
(Tendeiro  1952B ,C, 1953, 1954) . 

CEOTRAL  AFRICA;     CAKEEOONS   (Zumpt  1943A*.     Rageau  1951,1953A, 
B).     FRENCH  EQUATORIAL  AFRICA   (Zumpt  1943A».     Roiisselot  1951). 
BELGIAN  CONGO  and  RUANDA-URUNDI    (?As  R.    simus  shipleyi;     Bequaert 

19308,1931.     Zumpt  1943A*.     Rousselot~1953B.     Thaller  and  Robinson 1954.     Van  Vaerenbergh  1954.     See  HOSTS  below) . 

EAST  AFRICA;     SUDAN   (in  part  as  R.    simus   and  as  R.  falcatus: 

King  1926.     Hoogstraal  1954B ,C ) .     UGANDA  and  TANGANYIKA  (Hoogstraal 
1954c.     J.   B.  Walker,   unpublished;    see  HOSTS  below). 

*A11  Zumpt    (1943A)   records  are  under  R.    simus  longoides  subsp.  nov, 

which  Ziampt    (1950A)  later  synonymized~under  R.    simus  senegalensis. 
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sour HERiN  AFRICA;  NYASALAInID  (As  R.  falcatus;   several  spec- 
iraens,  Nut  tall  lot  1099A  in  H-U'IH,  uitTi  numerous  R.  longus,  from 

Chitipa  Valley,  Dowa  District,  1910,  J.  B.  Davey'legitj . 

MOTE;  Koch's  (18^4)  record  from  Egypt,  subsequently  quoted 
by  numerous  authors,  is  either  based  on  a  mistaken  locality  label 
or  on  a  specimen  of  R.  s.  sanguineus.  Koch  based  his  original 
description  on  females,  only,  from  Senegal  (French  West  Africa) 
and  Egypt.  See  REMARKS  below. 

HOSTS 

Like  the  subspecies  simus,  R.   simus  senegalensis  attacks  a 
variety  of  larger  game  and  domestic   animals.     The  imraatxire  stages 
probably  feed  on  rodents,   but  no  data  concerning  their  host  pref- 

erences are  available. 

Domestic   animals;     Cattle    (Z\impt  1943 A*,  Rousselot  1951  > 
1953B,  Unsworth  195^,  Rageau  1953B,   Hoogstraal  1954C**).     Horses 
(Nuttall  lot  182  in  Br4IIH,    see  NIGERIA  above.     Zumpt  19/V3A*). 
Pigs    (Rousselot  1951,1953B,  Rageau  1953B).     Sheep   (Rousselot 
1951,1953B).     Dogs    (Rousselot  1951,1953B,    and  Uganda  and  Sudan 
records  above). 

Wild  animals;      Bushpig   (Zumpt  1943A*).      Warthogs    (Nuttall 
lot  lT3^,   see  NYASALAND   above.     Roiisselot  1951,19538.     Sudan 

records  above.     Uganda  specimens  in  MNH).     ̂ ?Giant  eland 
(Bequaert  1930B,1931.   see  BELGIAI>J  CONGO  above)  7-     Wildebeest 
(Walker,   unpublished).     Bongo    (Rageau  1951).     !Toan  antelope 

(Sudan  record  above).     Buffalos   (Hoogstraal  1954C**,  Van  Vaeren- 
bergh  1954-,  Villiers  1955,  Theiler,  unpublished.     Walker,  un- 

published.    Sudan  records  above).     Forest  dwarf  buffalo    (Tendei- 
ro  1952B, 0,1953,1954).     Elephants   (Common  hosts  in  Bahr  EL 
Ghazal;   recorded  above).      Hvinting  dog,  Lycaon  pictus    (Sudan 
record  above).     Lion   (Congo  specimens  in  MCZ  and  HH  collections), 

*A11  Zumpt    (1943A)   records  are  vmder  R.    simus  longoides  subsp.   nov. 

which  Ztraipt    (1950A)   later  synonymized^under  R.    simus  senegalensis. 
**My  1954c  report  of  domestic  cattle  should  be  wild  buffalo 
("Bos  caffer"   on  label) . 
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NOTE:  Rousselot  (1951>1953B)  records  specimens  from  the  cane 

rat,  Thryononys  swinderianiis.  These  specimens  should  be  checked 
against  R.  simpsoni.  In  the  same  reports  he  states  that  the  short- 
haired  rat,  Praomys  jacksoni,  is  a  host  in  the  Belgian  Congo.  Uix- 
less  this  note  refers  to  parasitism  liy   an  immature  stage,  this 
animal  would  be  a  most  unusual  host.  Santos  Dias  (1952C,1953» 
1954)  states  that  one  nymph  along  with  many  males  has  been  taken 
from  a  forest  dwarf  buffalo. 

BIOLOGY 

Life  Cycle 

It  cannot  be  determined  whether  the  life  cycle  data  presented 
by  Rousselot  (1953B,  p.  92)  under  R.  simus  senegalensis  concern 
this  subspecies  or  the  subspecies  simus;  other  remarks  under  the 
same  heading  refer  obviously  to  the  subspecies  simus.  Unfortvinate- 
ly,  no  clues  to  the  life  cycle  of  R.  simus  senegalensis  in  natvu:e 
are  available.  Rousselot  (1953B,  p.  91^  claims  that  this  is  a 
three-host  subspecies. 

Ecology 

This  is  a  tick  of  West  African  higher  rainfall  areas.  Popu- 
lations that  range  into  East  Africa  appear  to  be  confined  to 

animals  found  in  forests,  in  more  heavily  vegetated  savannah, 
and  in  the  vicinity  of  lakes.  The  Boma  Plains  buffalo  on  which 
some  Sudan  specimens  were  taken  was  probably  a  migrant,  for  the 
Boma  Plains  are  too  arid  for  many  months  of  the  year  to  allow 
this  tick  to  survive. 

According  to  Unsworth  (1952) ,  in  Nigeria  the  subspecies 

senegalensis  "appears  to  have  approximately  the  same  distri- 
bution  as  . . .  simus,  but  it  is  not  so  common". 

disea.se  relations 

It  is  claimed  that  specimens  of  R.  simus  senegalensis  nat- 
urally infected  with  Q  fever  (Coxiella  burnetii j  have  been  found 

in  Portugese  Giunea. 

-  757  - 



REMARKS 

Koch  (18/W.)  based  his  original  description  on  females  only. 
His  material  was  reported  as  from  Senegal  and  Egypt.  It  is  most 
likely  that  the  Egyptian  record  is  due  to  a  mistaken  locality 
label.  Just  how  the  Senegal  specimen  has  been  associated  vrith 
what  is  today  called  R.  simus  senegalensis  has  not  been  deter- 

mined. A  female  specimen  of  the  R.  simus  group  from  Koch's  time 
would  be  difficvilt  to  identify  vaTh  any  degree  of  certainty, 
especially  to  subspecies.  Neumann  (1911)  synonymized  senegalensis 
under  R.  simus.  Zumpt  (1%3A,1950A)  described  what  is  now  con- 

sidere'd  as  R.  simus  senegalensis. 

A  number  of  the  Sudan  and  Tanganyika  collections  listed  here- 
in were  sent  to  Santos  Dias  for  identification,  along  with  some 

specimens  of  R.  longus .  The  R.  simus  senegalensis  material  was 

determined  by^him  as  R.  longvis  and  the  R.  longus  material  was labelled  R.  capensis  pseudo longus . 

Zumpt  (19/i-3A,1950A)  warns  his  readers  that  heavily  punctate 

R.  simus  senegalensis  may  superficially  resemble  R.  longus .  The 
R.  longus  of  Santos  Dias  (1953D)  appears  to  be  what  Zumpt  cc 

"siders  a  heavily  punctate  R.  simus  senegalensis. 

coru 

A  further  note  is  necessary  concerning  collections  listed 
above  as  simus- senegalensis  intergrades  from  elephants  near  Kenisa, 
Bahr  El  Ghazal  Province.  These  are  comparatively  small,  brownish 
specimens,  with  simus  scutal  punctation,  posteromedian  and  para- 

median grooves  absent  or  very  faintly  indicated,  and  adanal  shields 
showing  every  degree  of  variation  from  the  most  typical  simus  type 
to  the  most  typical  senegalensis  type.  These  series  nicely  corro- 

borate  Zumpt 's  treatment  of  senegalensis  as  a  subspecies  of  simus. 

IDENTIFICATION 

Male;  Within  the  R.  simus  group,  as  described  in  the  key  and 
Tinder  R.  simus,  males  oT  the  subspecies  senegsilensis  are  referred 
to  a  group  vn.th  sickleshaped  adanal  shields.  The  scutal  outline 
is  definitely  id.der  in  relation  to  length  than  in  most  specimens 
of  R.  s.  simus  and  the  scutal  storface  is  flat,  not  arched  as  in 
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the  subspecies  siimis.  The  posteromedian  groove  is  long  and  narrow, 
the  paramedian  grooves  are  shorter  and  widerj  these  three  grooves 
vary  in  depth  and  distinctness  from  specimen  to  specimen  but  are 

never  deep  or  strikingly  apparent.  The  distribution  of  large ^ 
scutal  punctations  is  an  important  criterion  in  distingtiishing 
this  tick.  On  the  anterior  three-fifths  of  the  scutum,  large 
or  moderate  size  punctations  are  arranged  in  four  irregular  rows 
of  three  to  six  puncations  each.  On  the  posterior  two-fifths, 
there  are  from  six  to  twenty  large  punctations  in  one  and  a  half 
to  three  irregxilar,  closely  grouped  rows  on  either  side  of  the 
posteromedian  groove.  Scattered  about  the  paramedian  grooves 
are  four  to  eight  scattered  large  punctations.  The  interstitial 
punctations  are  always  very  shallow  but  they  may  vary  in  dis- 

tinctness from  almost  absent  to  large  enough  (though  still  super- 
ficial) initially  to  confuse  the  basic  pattern  of  large  puncta- 

tions as  described  above.  On  close  examination,  however,  this 
pattern  is  easily  discernible.  The  lateral  grooves  are  usually 
deep  and  long.  One  or  three  median  festoons  may  protrude  when 
engorged.  The  average  size  is  that  of  the  largest  R.  s.  simus 

and  the  color,  while  usually  jet  black,  may  also  be^^brownish, especially  in  smaller  specimens. 

Female;  This  sex  is  difficult  to  distinguish  from  that  of 
the  subspecies  simus,  but  in  general  its  larger  size,  similarity 
of  scutal  punctation  in  comparison  with  that  of  the  male,  and 
its  association  with  the  male  refers  most  specimens  to  the  sub- 

species senegalensis. 
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309 

Figures  309  and  310,  cf,  dorsal  and  ventral  views 

Figures  311  and  312,  §,  dorsal  and  ventral  views 

RHIFIGEPHALUS  SULCATUS 

Sudan  Specimens 

PLATE  LXXXVI 
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RHIPICEFHALUS  SULCATUS  Neumann,  1908. 

(Figures  309  to  312) 

THE  CKOOVED  BROVflJ  TICK 

DISTRIBUTION  IN  THE  SUDAN 

Bahr  El  Ghazal;   2dJ2^  from  an  oribi,  Ourebia  oirrebi  subsp., 

near  Ton j  ,~T3  March  1953,  N.  A.  Hancock  legit.  IcJt?,  3$$  from chest  of  leopard,  Pant her a  pardus  subsp.  and  I5  crawling  on  leg 

of  man,  Alel',  36  miles  south  of  Yirol,  18  March  1953,  E.  T.  M. Reid  legit.  These  specimens  are  in  the  HH  collection. 

These  are  the  only  definite  records  of  R.  sulcatus  from 
the  Sudan.  Those  reported  by  King  (1926)  have  proven,  upon 
examination  of  his  specimens  by  Dr.  Theiler,  to  be  R.  _s.  san- 

guineus .  A  single  male  was  R.  supertritus. 

DISTRIBUTION 

(Known  Correct  References) 

As  now  known,  the  range  of  R.  sulcatus  extends  from  the 
Congo  and  southwestern  Sudan  to  Uyasaland.  Whether  this  dis- 

tributional picture  is  more  restricted  than  this  tick's  range 
in  natiire  remains  to  be  seen. 

CENTRAL  AFRICA;  "CONGO"  /"Type  locality  as  stated  by  Neumann (190^71  According  to  Bequaert  (1931 )  this  probably  refers  to 
French  Equatorial  Africa  (French  Congo)  but  Theiler  and  Robinson 
(1953B)  refer  it  to  the  Belgian  ZongoJJ 

EAST  AFRICA;   SUDAN  /"Hoogstraal  (195'i^B) .  Material  iden- tified  by  Dr.  G.  Theiler. 

.7 

TANGANYIKA  fk  few  actual  $5  R.   sulcatus   among  R.   s.    sangid- 
neus  collection  reported  as  R.   sulcatus  by  Zumpt   (19^2B1;    see 
THfiler  and  Robinson  (1953B)27 
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SOPTHglN  AFRICA;  NORTHHIN  RHODESIA  (Theiler  and  Robinson 

1953B.19$ii.j.  MYASALAND  ($  from  Chitala,  Theiler  and  Robinson 
1953B). 

Known  Incorrect  References 

FRENCH  VEST  AFRICA:  Rousselot  (l95l)  reported  specimens  of 

"R.  sangtdneus  siilcatus",  which,  as  illustrated  (1953,  figure  37), 

represent  a  typical  d"  and  $  of  R.  s.  sanguineus . 

BELGIAN  CONGO:  Bequaert»s  (l93l)  "R.  sulcatus"  is  R.  longus 

according  to  Zumpt  (19^2B)  and  confirmed~by  Theiler  and  lobmson (1953B). 

SUDAN:  The  material  reported  by  King  (1926)  as  R.  sulcatus 

has  been  identified  by  Dr.  Theiler  as  R.  _s.  sanguineus  (Sudan 

Government  collections).  The  specimen~from  a  dog  at  Bor  is  R. supertritus. 

TANGANYIKA:  Zumpt  (194-23)  in  part.  See  Known  Correct 
References  above. 

QTxestionable  References 

FRENCH  WEST  AFRICA:  Adoilts  provisionally  identified,  from 

goats  at  Dakar  (Theiler  and  Robinson  1953B).  CAMEROONS:  Rageau 

(1953A,B).  UGANDA:  Two  doubtful  $9  mentioned  by  Theiler  and 

Robinson  (1953B) .  Mettam  (1932)  recorded  a  puff  adder  as  host. 

BaCIAN  CONGO:  Schwetz  (192X);  specimens  need  checking. 

NORTHHIN  RHODESIA:  Adults  from  hares,  civet,  and  genet  (Matthysse 

195A).  SOUTHSIN  RHODESIA:  Jack  (1921,1928,19^)  j  specimens  need 

checking.  MOZAlffilQUE:  As  R.  sanguineus  punctatissimus:   (Santos 

Dias  1952H).  SOUTHWEST  AFRICAI  Questionable  9  mentioned  by 

Theiler  and  Robinson  (1953B).  UNION  OF  SOUTH  AFRICA:  Cooley 

(1934);  specimens  need  checking. 

HOSTS 

(From  Known  Correct  References  Only) 

Hare  (Lepus  saxatilis)  and  two  leopards  (Theiler  and  Robinson 

1953B).  Leopard  (Zumpt  i^42B).  An  oribi  and  a  leopard,  also  one 

crawling  on  leg  of  man  (Sudan  records  above) , 
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BIOLOGY 

Life  Cycle 

The  developmental  periods  iinder  summer  laboratory  conditions 
have  been  reported  by  Theiler  and  Robinson  (1953B)  to  be: 

PERIOD  DAYS 

Preoviposition  to  larval  hatching  14\ 
Larva  feeds  3  to  5 
Postfeeding  period  8  to  18 
Nymph  feeds  5  to  16 

Adults  did  not  attach.  The  ]aboratory  hosts  were  guinea  pigs 
(Theiler,  correspondence). 

Ecology 

Unstudied. 

DISEASE  RELATIONS 

Unstudied, 

REMARKS 

Zumpt  (19/+2B)  included  R,  sulcatus  in  the  R.  capensis  group, 
which  is  represented  in  the  Sudan  also  by  R,  longus  (see  page  665) 

and  R.  supertritus,  ~ 

The  original  specimens  of  R.  sulcatus  are  in  collection  nxmu 
ber  L439  of  the  Veterinary  School  of  Toulouse. 

Santos  Dias  (1952H)  considers  R,  sulcatus  Neimann,  1908,  to 
be  a  synonym  of  R.  sanguineus  punctatissimus  Gerstacker,  1873, 
which  Zvimpt  (195^A)  considers  to  be  a  synonym  of  R.  s.  sanguineus. 

Inasmuch  as  the  original  description  of  R.  sanguineu's  punctatis- simus is  not  sufficiently  detailed  satisTactorily  to  settle  this 
question,  and  the  type  specimens  have  not  been  examined  by  Santos 
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Bias,  the  more  conservative  approach  of  Zumpt  for  this  difficult 
problem  is  utilized  here. 

Theiler  and  Robinson  (1953B)  stress  the  difference  between 

this  species  and  R.  capensis  Koch,  18/^.,  and  R.  serranoi  Santos 

Bias,  1950,  two  ticks  not  known  to  occur  in  t"He  Sudan.  In  our territory,  R.  sulcatus  is  easily  differentiated  from  all  species 

but  R.  s.  sangiiineus  in  its  coarser  forms.  In  northern  Sudan 

and  usiially  in  Central  Sudan,  R.   s,   sanguineus  is  usually  not 

coarse  enough  to  be  confused  wlthll  ."Sulcatus ,  but  in  southern 
areas  both  species  may  superficially  resemble  each  other.  Al- 

though Nevimann's  original  description  of  R.  sulcatus,  together 

with  its  illustration,  was  excellent,  the~perplexing  variation 
in  R.  s.  sanguineus  and  the  previously  unrecognized  fact  that 

the^latter  species  has  a  pattern  of  large  punctations,  no  matter 
how  densely  punctate  it  may  be,  has  long  confused  the  real  iden- 

tity of  R.  sulcatus.  We  have  spent  dozens  of  hours  trying  to 

differentiate  among  hvmdreds  of  collections  of  R.  s.  san^iineus 

before  the  arrival  of  R.  stilcatus  specimens  from  Dr.  Theiler 's 
reared  series.  Afterwards,  no  question  concerning  their  specific 
differences  remained. 

If  one  turns  a  questionable  male  obliquely  to  the  light, 

punctations  of  coarse  R.  s.  sang\iineus  will  be  observed  to  be 

relatively  shallow,  mostly  nondiscrete  and  sloping.  Most  im- 

portant, a  few  n»re  or  less  clearly  defined  rows  of  widely- 

spaced,  large,  deeper,  punctations  will  be  noted  among  the  shal- 

lower interstitial  punctations.  In  R.  sulcatus  no  row  formation 

of  large  punctations  is  present,  large  punctations  are  numerous 

and  deep,  and  medium  size  punctations  are  also  deep.  Specimens, 

if  well  preserved,  should  be  briskly  rubbed  with  damp  tissue 

paper  until  their  surface  shines  in  order  best  to  distinguish 
these  characters. 

In  females,  the  relative  isolation  of  large  punctations  among 

small  or  medium  size  ones  usually  differentiates  R.  s.  sanguineus 

from  R.  sulcatus  in  which  large  and  medium  size  punctations  are 

indiscriminately  scattered.  The  actual  relatively  greater  length 

of  the  sulcatus  scutiam,  which  gives  a  first  impression  of  being 

even  longer  than  it  is,  easily  distinguishes  most  specimens. 

Some  variable  R.  s.  sanguineus  females  may  so  closely  approximate 

this  elongate  sculal  appearance  that  care  must  be  used  when  apply- 
ing this  character. 
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Fiaterial  referred  to  as  R.  sulcatiis  by  Enigk  and  Grittner 
(1953),  in  their  remarks  on  tlie  breeding  and  biology  of  ticks, 
should  be  re-examined  for  identity. 

IDEOTIFICATION 

The  diagnosis  presented  below  is  modified  from  Theiler  and 
Robinson  (1953B). 

Male;  Size  small,  averaging  2.5  mm.  long  and  about  1.5  ram. 

wide  (Neumann's  specimens  from  2.9  mm.  to  3.4-  mm.  long  and  from 
1.5  mm.  to  1.8  mm.  wide).  Scutxim  narrow  anteriorly,  widening 
posterior  of  level  of  eyes,  surface  slightly  convex,  shiny. 
Lateral  grooves  discrete  and  pronounced,  may  contain  large  punc- 
tations;  in  some  specimens  extended  to  incli^ie  penultimate  fes- 

toon. Posteromedian  and  psiramedian  grooves  widely  elongate, 
wrinkled.  Punctations  deep,  medium  to  large  size,  dense,  some 
confluent;  fewer  laterally  but  some  on  festoons,  scapulae,  and 
lateral  folds.  Eyes  flat,  may  be  bounded  by  a  few  large  puncta- 

tions. Coxa  I  may  have  a  dorsal,  unpointed  hump.  Basis  capituli 
one  and  a  half  to  two  times  as  wide  as  long,  with  pronovinced 

lateral  angles  at  anterior  third  of  length  (Neumann's  original, 
frequently  reproduced  illustration  of  this  species  shows  the 
basis  capitiili  extremely  wide  and  pointed,  most  probably  the 

artist's  impression,  dravm  foreshortened,  gained  from  a  downward- 
pointing  capitulum).  Adanal  shields  typically  like  those  of  large 
R.  s.  sanguineus  but  in  some  specimens  they  may  be  more  elongately 
roiinded  and  the  inner  margin  emarginate  (as  is  common  in  smaller 
R.  s.  sanguineus);  an  approach  to  the  sickleshape  is  seen  in  a 

"smaTl  Sudan  male. 

Female;  Medium  size,  unengorged  about  3.00  ram.  long  and 
1.75  mm.  wide  (Nevunann;  3.0  ram.  x  1.5  mm.).  Scutum  flat,  shiny, 
rich  brown,  emargination  wide;  as  broad  as  long  or  slightly 
longer  than  broad,  but  appearing  long  due  to  the  pronounced 
lateral  grooves  and  the  somewhat  tapering,  sinuous  posterior 
margin  (Neumann;  1.5  mm.  x  1.25  mm.).  Cervical  pits  short, 
deep;  cervical  grooves  short  and  inconspicuous.  Lateral  grooves 
pronounced,  with  external  ridge,  and  picked  out  with  irregular 
punctations  which  may  be  confluent.  Eyes  large,  flat,  flush 

with  s-urface,  may  be  bounded  dorsally  by  a  few  large  confluent 
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punctations.  Punctations  medium  to  large,  deep,  somewhat  mil. 

evenly  densely  scattered,  sometimes  confluent,  extending  onto 
lateral  folds.  Basis  capituli  about  three  times  as  broad  as 

long;  cornua  short,  blunt  points;  lateral  angles  fairly  sharp 
at  midlength;  surface  not  so  heavily  pvmctate  as  in  male; 

porose  areas  circvilar,  a  little  more  than  their  own  diameter 

apart.  Palpi  slightly  longer  than  basis  capituli  and  twice 

as  long  as  laroad,  segments  2  and  3  as  long  as  broad,  segment 
1  visible  dorsally. 

The  larva  and  nymph  have  been  described  and  illustrated 
by  Theiler  and  Robinson  (1953B). 
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Figures  313  and  311+,  c7,  dorsal  and  ventral  views 
Figures  315  and  316,  5,  dorsal  and  ventral  views 

RHIFICEPHALUS  SlIPERTRITUS 
Sudan  Specimens 

PLATE  LXXXVII 
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RHIPICEPHALUS  SUPERTRITUS  Nevmann,  1907(b). 

(Figures  313  to  316) 

THE  EAST-AFRICAN  SHAGREHTED  TICK 

L   N   $   d'     EQUATORIA  FROVDCE  RECORDS 

1   2    Kajo  Kaji  Sync eras  caffer  aequinoctialis  Jan 
1   1    Juba  Sync eras  caffer  aequinoctialis  Nov  (SVS) 

1    "Alangu-  Syncerus'  caCfer  aequinoctialis  -  (SGC) 

Acholi" 
The  male  in  the  Sudan  Government  Collection,  collected  by  H.  H. 

King,  had  been  identified  by  him  as  R.  f ale at us.  The  collecting 

locality  of  this  specimen  may  now  be~just  inside  the  Sudan  or  just over  the  Uganda  border. 

DISTRIBUTION  IN  THE  SUDAN 

Upper  Nile;  Sudan  Government  collections  contain  a  male  spec- 

imen, "colIecTe3~frora  a  dog  at  Bor  by  H.  H.  King,  which  had  been identified  and  reported  by  him  (1926)  as  R.  sulcatum. 

DISTRIBUTION 

R.  supertritus  is  an  uncomiaon  East  African  tick  that  ranges 
into  Central  Africa  and  into  the  northern  part  of  southern  Africa. 

CH'TTRAL  AFRICA;  CAKSHOONS  (Schulze  19U).  BELGIAN  CONGO 

(Neumann  151^75,1911.  Massey  1908.  Nuttall  and  Warburton  1916. 
Bequaert  1930B,1931.  Zumpt  1942B). 

EAST  AFRICA;  SUDAN  (in  part  as  R.  sulcatus;  King  1926. 
Hoogstraal  1954B) . 

HIITREA  (HH  collection  from  Nacta).  UGANDA  (Nuttall  lot 
2396  in  BMNH  collections,  from  Gomba) .  KENYA  (Lewis  1931A,C, 
1933, 193^).  TANGANYIKA  (Zumpt  19A2b). 
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SOUTKERM  AFRICA;     ANGOLA    (As  R.  coriaceus;     Nuttall  and  Warbxir- 
ton  1908  and  Warburix)n  1912.     Sousa  Dias  1950.     Santos  Dias  1950C). 
NCETHHIN  RHODESIA  (Theiler  and  Robinson  195^) .     SOUTHHIN  RHODESIA 
(Jack  1921,1928,19^2).     NYASALAND    (As  R.  coriaceus;     Nuttall  and 
Waxburton  1908,     Old  1909.     Warburton  l9lZ     Neumann  19080,1911. 
Neave  1912.     Zunpt  19A2B.     Theiler  19^7.     Wilson  1950B.     Hoogstraal 
195AC).     MOZAl-IBKiUE  (Santos  Dias  1950B,1952D,1952H,1953B). 

HOSTS 

R.  supertritus  is  an  uncommon  parasite  of  larger  wild  animals 

and  fi^PQSJ^s  "to  feed  only  occasionally  on  domestic  animals.  Hosts 
of  immat^a^e  stages  are  unknovm. 

Domestic  animals;  Horse  (Neumann  19073,1911,  Massey  1908). 
Dog  (Sudan  record  above).  Cattle  (Nuttall  and  Warburton  1916, 
Matthysse  1954,  Theiler  and  Robinson  1954). 

Antelopes;  ELand  (Bequaert  193QB,193l).  Zambesi  eland 
(Santos  Dias  1953B).  Kudu  (Jack  1942,  Santos  Dias  1953B,  Hoog- 

straal collection  from  Eritrea.  Hartebeest  (Zumpt  19/+2B,  TiG.lson 

1950B).  Lichtenstein's  hartebeest  (Santos  Dias  1952H,1953B). 
Sable  antelope  (Theiler  1947,  Wilson  1950B). 

Other  mammals;  Buffalo  (Theiler  1947,  Wilson  1950B,  Santos 
Dias  1950B ,1952D,1953B ,  Sudan  records  above).  Rhinoceros  (Lewis 
1933).  Warthog  (Hoogstraal  1954C).  Lion  (Lewis  1934).  Zebra 
(Zumpt  1942B). 

BIOLOGY 

This  interesting  tick  seems  to  be  rare  wherever  it  occurs. 
Its  life  cycle  is  \inknown.  It  sometimes  occurs  in  large  numbers 

on  single  animals  or  herds.  For  instance,  in  Matthysse's  (1954) 
study  of  ticks  in  Northern  Rhodesia,  this  tick  was  found  only 
once  on  cattle,  but  the  collection  consisted  of  eighteen  males 
and  fifteen  females. 
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DISEASE  RELATIONS 

Unstvidied. 

RMARKS 

The  haller's  organ  of  R.  supertritus  has  been  illustrated  by 

Sch^llze  (l9Al).  Zumpt  (19^B)  includes  k.  supertritus  
in  the  R. 

capensis  group  (see  R.  longus,  page  667). 

IDENTIFICATION 

This  rugose  species  has  been  described  best  by  Theiler  (l
%7) 

Variations  are  within  the  general  remarks  below. 

Male:  This  species  is  usually  large,  from  3.3  mm.  to  5.3  mm. 

long  IHTfrom  1.3  mm.  to  3.3  mm.  wide,  and  usually  black
.  It  is 

easily  recognized  by  a  combination  of  characters  inc
luding  a 

pointed  dorsal  projection  of  coxa  I;  scutal  punctati
ons  that  are 

large,  dense,  and  closely  spaced  or  contiguous;  a
nd  conspicuous 

reticulation  or  shagreening  of  the  cervical  areas  an
d  of  the 

posterior  grooves.  The  posteromedian  groove  is  lon
ger  and  nar- 

rower than  the  paramedian  grooves;  the  lateral  grooves  are
  wide 

and  deep.  One  or  three  median  festoons  protrude  up
on  engorgement. 

The  narrowly  elongate  adanal  shields  have  a  moder
ately  convex 

outer  margin  and  an  almost  straight  or  slightly  
concave  inner 

margin;  these  margins  meet  at  a  pointed  or  a  rou
nded  anterior _ 

and  posterior  juncture  and  the  shields  are  mor
e  ovoid  than  tri- 

angular in  shape. 

Female:  Conspicuous  shagreening  or  reticula
tion  of  the  cer- 

vicallS:^  and  of  the  lateral  grooves  also  d
istinguishes  females 

of  this  species.  The  punctations  are  coarse 
 and  rugose,  adjacent 

or  contiguous  centrally.  The  dark  brown  scu
tum,  which  is  about 

as  wide  as  long,  has  flat  eyes  at  about  mid
length  and  a  sinuous 

or  gradually  rounded  posterior  margin.  It
s  pronounced  lateral 

grooves  are  impunctate  and  extend  to  the  pos
terior  margin;  the 

cervical  grooves  are  deep  and  converging  an
teriorly,  superficial 

and  diverging  posteriorly. 
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317 

Figures  317  and  318,  cf,  dorsal  and  ventral  views 
Figiires  319  and  320,  5,  dorsal  and  ventral  views 

RHIPICEPHALUS  TRICUSPIS 

Sudan  specimens 

PLATE  LXXXVIII 
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RHIPICEPHALUS  TRICUSPIS  Donitz,  1906» 

(s  R.  LTMILATUS  Neumann,  1907B). 

(Figures  317  to  320) 

THE  TRICUSPID  GLOSSI  TICK 

DISTRIBUTION  IN  THE  SUDAN 

Bahr  El  Ghazal;  All  from  GalueLUNyang  Forest,  1953;  E.  T.  M. 

Reid  or  N."T.  Hancock,  collectors;  2c3t5',  2^   from  tiang,  DaTnaliscus Icorrigum  tiang,  April.  Iff  from  warthog,  Phacochoerus  aethiopicus 

subspp.,  U   September.  Id"  from  oribi,  Ourebia  ourebi  "subs pp. ,  7 June,  Ic?  from  giraffe,  Giraffa  camelopardalis  subspp.,  17  August. 

2dy,  I5  from  domestic  horse  from  Busseri,  20  June. 

R.  tricuspis  is  not  known  from  elsewhere  in  the  Sudan  but 
probaBly  also  occurs  on  the  west  bank  of  Equatoria  Province. 

DISTRIBUTION 

R.  tricuspis  is  scattered  throTighout  Africa,  within  the 
Ethiopian  FaunSPRegion. 

WEST  AFRICA;  NIGERIA  (Unsworth  1949,1952.  Gambles  1951). 
TOGO  (As  R.  glyphis;  Donitz  1910A).  SIERRA  LEONE  (Zurapt  1943A). 
KIENCH  W^T  Mica  (Rousselot  1951,1953B).  PORTUGESE  GUINEA 
(Tendeiro  1951E,1952B,C,E, 1953, 1954).  GOLD  COAST  (Stewart  1935). 

^r.  G.  Theiler  has  kindly  made  an  extensive  study  of  the  morpho- 
logical variation,  distribution,  ecology,  and  taxonomy  of  this 

species  especially  for  this  work.  See  also  her  review  of  R. 
tricuspis  (1947,  pp.  292-298). 
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CENTRAL  AraiCA;  «CAMER0ONS  (Unsworth  1952.  Rageau  1953A,B). 
»FRENCH  EQUATORIAL  AFRICA  (Rousselot  1953B).  *BELGIAN  CONGO  (Neumann 
1907B.  Massey  1908.  Schoenaers  1951^.  Nuttall  and  Warburton  1916. 
Schwetz  1927B.  Bequaert  1930B,1931.  Fain  1949.  Theiler  and  Robin- 

son 1954.  Santos  Di as  1954D.  Van  Vaerenbergh  1954) . 

EAST  ATOICA;  SDDAN  (Hoogstraal  1954B). 

ITALIAN  SCMALILAND  (Paoli  1916.  Stella  1940). 

UGANDA  (Neave  1912.  Mettam  1932.  Wilson  1950C).  KENYA  (Lewis 
1931C.  Binns  1951).  TANGANYIKA  (Donitz  1910B.  As  R.  glyphis; 
Donitz  1910A.  Zumpt  1943A). 

SOUTHERN  AFRICA;  *ANGOLA  (Gamble  1914.  Sousa  Dias  1950. 
Specimens  collected  by  Wellman  seen  in  BMNHj  see  also  HOSTS  below). 
MOZAMBIQUE  (Santos  Dias  1950D,195aC,D,H,1953B). 

NORTHERN  RHODESIA  (Theiler  1947.  Matthysse  1954.  Theiler 

and  Robinson  1954).  *NYASALAND  (Neave  1912.  Warburton  1912. 
Theiler  1947.  Wilson  1950B). 

♦BBCHOANALAND  (Donitz  1906,1910B.  Theiler  1947).  SOUTHWEST 
ATOICA  (Donitz  1910B).  »UNION  OF  SOUTH  AFRICA  (Howard  1908.  Bed- 

ford 1920,1926,19326.  Theiler  1947). 

HOSTS 

Domestic  animals  and  many  larger  game  animals  serve  as  hosts 
for  R.  tricuspis.  Immature  stage  hosts  in  nattire  axe  unknown. 

Domestic  animals;  Horses  (Neumann  1907B,  Massey  1908,  Zumpt 
1943A,  Sudan  records  above).  Cattle  (Donitz  1910A,B,  Nuttall  and 
Warburton  1916,  Schwetz  1927B,  Zumpt  1943A,  Theiler  1947,  Wilson 
195QB,  Binns  1951,  Rousselot  1951,1953B,  Schoenaers  1951A,  Santos 
Dias  1953B,  Matthysse  1954,  Van  Vaerenbergh  1954).  Sheep  and 

^Theiler  (correspondence)  has  seen  additional  material  from  these 
territories. 
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goats  (Nuttall  ajnd  Warburton  1916,  Theiler  19^7,  Wilson  1950B) . 
Pigs  (Gamble  19U,  Tendeiro  1951E,1952E).  Dogs  (Gamble  19U, 
Nuttall  and  Warburton  1916,  Wilson  1950B,  Santos  Dias  1952D, 
Matthysse  1954). 

Wild  animals;  Lion  ajid  serval  (Wilson  1950B),  Leopard 

(ZumpTT545A.).  "Wild  dog"  (Lewis  1931C).  Buffalo  (Wilson  1950B, 
Santos  Dias  1953B).  Forest  dwarf  buffalo  (Tendeiro  19512,19528, 

C,E, 1953, 1954).  Zebra,  Lichtenstein*s  hartebeest,  and  sable 
antelope  (Santos  Dias  1953B).  Oribi  (gwape)  and  steinbuck 
(Wilson  1950B).  Duikers,  various  (Wilson  1950B,  Santos  Dias 
1953B).  Waterbuck  and  bushbuck  (Mettam  1932).  Reedbuck  (Wi]- 

son  1950B,  Santos  Dias  1950D,1953BJ.  Oribi,  tiang,  and  giraffe 
(Sudan  records  above).  Bushpig  (Donitz  191QA.,  Zumpt  1943A, 
Santos  Dias  195CD,1953B).  Warthog  (Wilson  1950B,  Saiitos  Dias 
1953B,  Sudan  record  above).  Hedgehog  (Neumann  1911).  Hares 
(Theiler  1947,  Wilson  1950B).  Fruit  bat  (Specimens  collected 

by  Karl  Jordaji,  now  in  BI-INH;  probably  a  decidedly  exceptional 
host). 

BIOLOGY 

Life  Cycle 

R.  tricuspis  has  been  reared  by  Theiler  (correspondence) 
for  tlie  morphological  studies  reported  by  her  (1947) .  The 
life  cycle  details  will  be  published  subseqiiently. 

Ecology 

In  order  to  determine  whether  there  might  be  ecological  or 
other  distributional  factors  between  R.  tricuspis  and  what  has 
been  reported  as  R.  lunulatus ,  Theiler  (correspondence)  has 
checked  all  locality  records  against  data  for  vegetation  type, 
rainfaill,  extent  of  dry  season,  and  relative  humidity.  She 
finds  that  both  range  indiscriminately  from  (l)  dry  forests  of 
the  Rhodesian  highlands  through  (2)  highgrass-low  tree  savannah 
or  Guinea-southern  Congo  savannah,  and  (3)  acacia  desert  grass 
savannah  of  the  Sudan  and  northern  Kalahari  to  (4)  tallgrass 
subtropical  evergreen  and  deciduous  tree  and  thorn  forest. 
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In  South  Africa  (Theiler  19A-7),  R.  tricuspis  occurs  in  the 
warmer  areas  with  thorn  trees,  from  tEe  seraiarid  bushveld  of  the 
Kalahari  to  the  moister  bushveld  of  the  lowveld  of  northern  and 
eeistern  Transvaal  and  of  Natal.  It  is  absent  in  the  Karroo 
scrubveld,  the  open  grassveld  of  Orange  Free  State,  and  the 
middleveld  and  highveld  of  Transvaal. 

Dr.  Theiler 's  present  study  indicates  that  R.  tricuspis 
appears  to  be  resistant  to  a  wide  range  of  humidxty  and  aridity. 
It  may  be  found  in  heavy  rainfall  areas  with  k-^   inches  annually 
and  in  areas  where  there  is  as  much  as  seven  months  of  drought. 

Santos  Dias'  (195CD,1952C)  records  of  R.  tricuspis  and  R.  lunu_ 
latus"  are  from  areas  with  the  same  kinds  of  vegetatiorTarS 
drought  periods  and  the  same  average  rainfall.  Donitz's  (1910B) 
specimen  from  Little  Namaqualand  probably  fell  from  its  host 
when  the  Trekboers  were  migrating  with  their  sheep  from  Bush- 
manland  and  the  southern  Kalahari  into  Namaqualand  in  search 
of  rains  and  pasturage. 

In  Northern  Rhodesia,  Matthysse  (1954)  found  adults  of  the 
tricuspid  brown  tick  mainly  in  the  tail  brush  of  cattle  but  also 
on  the  feet,  anus,  and  ears.  Most  specimens  that  I  have  seen 
have  been  from  the  tail  brush.  They  appear  to  be  present  chief- 

ly during  the  rains  but  also  in  the  drj'  season. 

DISEASE  PlEIATIONS 

MAN:  Specimens  from  Portvigese  Guinea  have  been  reported 
to  be  free  of  (4  fever  (Coxiella  burnetii). 

PIGS:  This  tick  is  "possibly  a  vector  of  porcine  piro- 
plasmosis  (Babesia  trautmanni)". 

RIMARKS 

R.  tricuspis  was  described  by  Donitz  (I9O6)  from  the  Kala- 
hari of  Bechuanaland.  The  following  year,  Neumann  (1907B)  des- 

cribed R.  lunulatus  from  the  Congo,  and  in  1910(A)  Donitz  des- 

cribed R.  glyphis  "from  Togo  and  Tanganyika.  Donitz 's  papers 

-  775  - 



were  long  overlooked  by  earlier  workers,  a
nd  obvious  specimens  of 

R.  tricuspis  were  identified  as  R.  lunu
latus. 

Zumpt  (l9i!.3A,1950A)  accepted  the  differin
g  descriptions  of 

R  tricuspis  and  R.  lunulatus  as  referring 
 to  separate  species. 

He   synonySized  R.-glypbis  under  R.  lunulat
us  but  dxd  not  see 

sieciB^ns  of  R rtrfeuspis .  Theiler  (^7) 
 reared  R.  tricuspis 

S  rse^ed  that  the  gange  of  variation  i
n  the  ̂ 1  generation 

from  a  single  female  included  characters  a
scribed  to  R.  tricuspis 

arwell  as  to  R.  lunulatus.  For  the  purpos
esof  the  present  work, 

Theiler  has  re-gtuilied  her  material  and  con
firmed  her  earlier  ob- 

se?ia?Ions.  Santos  Dias  (195QD,1952C)  d
escribed  differences, 

which  Theiler  has  found  to  be  intraspecific
,  for  R.  tricuspis 

and  R.  liinulatus . 

It  might  be  indicated  that  in  Theiler  and  
Robinson  (195^) 

the  term  rT  lunulatus  is  used  only  for  l
iterature  references  of 

thit  Sme-  bul  does  not  infer  that  these  aut
hors  consider  R. 

lun\ilatus  to  be  a  valid  species. 

In  the  following  description,  the  ran
ge  of  variation  in 

Theiler's  material  is  noted.  Only  typ
ical  specimens  "ere  des- 

cried in  her  19U7   paper,  in  which  R.  tricus
pis  was  compared 

with  R.  simas  simus. 

IDENTIFICATION 

Male:  The  somewhat  linear  arrangement  of  the  few  ̂ ^f
' 

deep  -i^al  puBctations  identifies  R.  tricuspis  
m  the  R.  simu^ 

SoSp  wSSn'Xch  it  staMs  out  easilF^
^^curiously  sinuous 

gsterior  margin  of  the  adanal  shields  that  are  P-J-^^^ J^^^ 

or  less  as  a  spur  at  the  inner  or  outer  
juncture,  or  at  both 

"^IZeT.     in'^pical  specimens,  these  two  PO^-f^J^JP^^.^ 
the  Dointed,  heavily  sclerotized  accessor

y  anal  shields  give 

tSs^ea  of  the  tick  a  tricuspid  appe
arance.  The  spurlike  outer 

^mctSe  is  pronounced  but  the  inner  
ix>int  is  frequently  more 

r^S  and  shorter.  Lateral  grooves,  usually  ̂ ^^l  ̂ "^^?^^^ >  ,^t 

r^y  may  be  much  reduced  or  indicated  by  only  a  l^^^.^^^^^f  ̂ f 

^ctations.  The  posterior  grooves  a
re  typically  distinct  but  in 

C  sp^:?^ns  tenTto  disappear.  /"Note  that  in  ̂ peci^-
  °^J- 

simpsoS  from  a  single  host  the  same 
 variation  m  scutal  grooves 
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occurs.  Small  rhipicephalid  species  that  crowd  into  a  small  area 01  the  host  frequently  show  these  modifications  7  Small  or  fine interstitial  punctations  are  present,  though  they  may  be  faint. Coxa  I  bears  a  pointed  dorsal  projection  that  typically  is  proml. nent  but  in  some  specimens  is  smaller,  though  still  pointed. This  reddish  to  black  tick  usually  has  a  pearshaped  body  and measures  up  to  3.5  mm.  or  even  /^.3  nmi.  long. 

.  ,  ,Z2^-  Usually  small  size  (up  to  A.5  mm.  long  and  2.3  mm. 

wide)-^5^sociation  with  the  male  distinguishes  this  sex  from that  of  R.  s.   £imug   Clearcut  characters  to  distinguish  these 
iS,ir   ̂ 'Jf^f^'^^  ̂ °   ̂^^^"^  i"  ̂ i^  °^  ̂ ^^  frequent reduction  of  the  lateral  grooves  in  R.  s.  simus.  In  m^st  spec 
imens  of  R.  tricuspis  the  shieldshaped  "icut^Iir^ontrasts  with the  subcircular  scutum  of  R.  s.  simus.  The  lateral  grooves 
are  characteristically  short  TshSHi?  than  in  R.  s.  simus)  and contain  four  to  six  closely  adjacent  punctations."    

Larvae  and  nymphs  have  been  described  by  Theiler  (19Z.7)  and 
con?)ared  with  those  of  R.  s.  simus.  v  ̂^'^  ̂ i^ 

-   777  _ 



RHIPICEPHALUS  ?SP. 

(not  illustrated) 

L       N       5       6^  EQUATORIA  PP.OVDrcE  RECORDS 

n     17  Imtonp     Ileterohyrax  bnicei  hoorstraali  Feb 

1     ■  1  lOTxrok       Heteroh:/rax  brucei  hoof:straalx  Feb 

RH-IARKS 

These  n:,Tr.phs  were  ori-inally  identified  
as  those  of  R. 

n&aensi  (Hoor.straal  195Ab1.  Subseque
nt  study  ofthe  difficult 

^i^of  iml^ature  rMpicephalid  id
entification  xndxcates  that 

thev  are  of  a  different  species  and  most
  closely  resemble  R. 

naculatus  Neimann,  1901,  (Theiler,  cor
respondence)  an  ornamented 

spe^es  from  southeastern  Africa  that  i
s  not  known  from  the 

Sudan. 

Note  (pa-e  63?)  that  it  is  quite  possibl
e  that  these  spec- 

imens are  tL''immature  stages  of  the  species  referre
d  to  herein 

as  R.  ?distinctus. 
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ANIMALS  AND  OTHER  SOURCES  FROM  WHICH 

TICKS  HAVE  BEEN  COLLECTED 

The  following  lists  are  a  resiune  of  Sudanese  tick  host  records 
in  the  present  collection.  The  fauna  of  Torit  District  in  Equatoria 
Province  has  been  most  thorovighly  studied,  that  of  Eastern  and  Juba 
Districts,  to  the  east  and  west  of  Torit  District  respectively,  has 
also  received  considerable  attention  though  not  to  the  extent  of 
that  in  Torit  District.  These  three  Districts  comprise  that  part 
of  Equatoria  Province  lying  east  of  the  Nile.  The  west  bank  of 
Equatoria  Province  remains  poorly  known  and  will  undoubtedly  pro^ 
vide  a  rich  source  of  new  data  to  future  workers. 

In  Bahr  El  Ghazal  Province,  the  area  from  Yirol  to  Wau  and 
northwards  has  been  fairly  well  stijdied;  the  remainder  of  this 
Province  has  been  surveyed  but  should  receive  more  attention. 
Upper  Nile  Province  is  the  least  studied  of  this  group  of  three 
Provinces  with  tropical  African  savannah  landscape  and  big  game 
animals.  Some  East  African  tick  species  presently  imknown  in 
the  Sudan  may  occur  on  animals  in  this  area.  Hosts  from  which 
ticks  have  been  collected  in  the  remaining  Provinces,  comprising 
desert  scrub,  semidesert,  and  desert  zones  of  the  Sudan,  are 
mostly  domestic  animals.  Kassala  and  Northern  Provinces  are 
less  well  represented  in  these  collections  than  Darfur  and 
Kordofan  Provinces. 

Equatoria  Province  data  are  more  representative  of  the  over- 
all picture  of  host  parasite  relationships  than  those  of  other 

Provinces  and  are,  therefore,  reviewed  in  greater  detail  than 
data  for  other  Provinces.  Certain  significant  negative  data  are 
also  included. 
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EQUATOR  I A  PROVINCE 

REPTILIA* 
OPHIDIA  (SNAKES) 

rJAJA  KSLAMOLEUCA  Hallowell.  Black  Cobra. 
NAJii  HAJS  Linne.  Egyptian  Cobra. 

PYTHOTTeGIUS  Shaw.  Regal  Pj-thon. 
DEI-nJROASPtS  P.  POLYLSPIS  (Guenther).  Black  Manba. 
BOASDON  L.  LImSATUS  Diuneril  and  Bibron.  Coranon  House  Snake. 

Small  niLTibers  of  adults  of  the  snake  tick,  Aponomma  laturn, 
were  found  on  individual  hosts  of  the  above  species;  n;yTDphs  were 
also  found  on  the  black  cobra.  All  specimens  were  taken  during 
the  dry  season  at  Torit  except  that  from  Boaedon,  which  was  co]— 
lected  during  the  rainy  season  at  Katire  In  the  forested  Inatong 
Mountains.  These  hosts  are  all  large,  poisonous  snakes.  Numerous 
specinens  of  the  same  and  smaller  snakes  examined  in  Torit  and 
other  Districts  of  Equatoria  were  free  of  ticks.  Ticks  are  usual- 

ly found  between  the  host's  dorsal  scales,  especially  just  behind 
the  neck,  sometimes  on  the  head,  rarely  on  the  venter.  In  excep- 

tional instances,  the  host  may  be  literally  covered  with  ticks  of 
this  species. 

LACSRTILIA  (LIZARDS) 

VARANUS  N.  NILOTICUS  Laurenti.  Nilotic  Monitor  or  Waran. 

^Reptiles  were  identified  by  Dr.  K.  P.  Schmidt,  Emeritus  Chief 
Curator  of  Zoology,  CMcago  Natiu'al  History  Museum.  Information 
on  the  same  and  other  reptiles  mentioned  in  the  text  was  kindly 
given  by  Mr.  A.  Loveridge,  Museum  of  Comparative  Zoology,  Harvard 
University,  who  has  published  a  paper  on  snakes  of  Torit  District 
(Svidaii  Notes  and  Records,  1955). 
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This  large  lizard  is  common  in  Bquatoria  Province,  especially 
near  streajns  and  in  association  with  trees.  A  few  among  many  spec- 

imens examined  yielded  snail  to  moderate  numbers  of  nymphs  and 
adults  of  the  monitor  lizard  tick,  Aponomma  exornatum.  A  single 
lizard  yielded  a  nymphal  Amblyomma  nuttalli  and  four  nymphs  and 
a  male  of  A.  marmoreum  (group) .  The  incidence  of  infestation  is 

not  high,  "infested  monitors  were  found  in  Torit,  Juba,  and  Yei Districts. 

VARA.WS  E.  EiCANTHB^IATICUS  Bosc.  Northern  Savannah  Monitor. 

This  monitor  is  less  common  than  niloticus  and  fewer  were 
examined.  Two  Torit  hosts  yielded  a  nymphal  A.  nuttalli  during 
the  dry  season  and  a  number  of  adults  and  nymphs  of  Aponomma 
exornatum  during  the  rainy  season. 

CHAMSLEO  G.  GRACILIS  Hallowell.  Graceful  Gham.elon. 

A  nymph  of  the  elephant  air-blyomma,  A.  tholloni  was  found 

on  a  chameleon  at  Lokila.  Many  other  ch'ameleons  and  hundreds of  smaller  lizards  examined  in  eastern  Equatoria  Profince  were 
free  of  ticks. 

CHELONIA  (TORTOISES) 

KINDCYS  B.  BELLIANA  Gray.  Bell's  Eastern  Hinged-Tortoise . 

Land  tortoises  are  fairly  common  on  the  east  bank  of  Equatoria 
Province  and  are  not  infrequently  tick  infested.  Tortoises  must  be 
anesthesized  or  killed  in  order  to  find  ticks  attached  deep  in  the 
axillae,  otherwise  specimens  are  easily  overlooked.  A  pair  of 
advilt  H.  trunc atum  was  found  on  a  Juba  tortoise,  another  yielded 
numerous  adults  and  nymphs  of  A.  marmoreum  (group).  The  latter 
species  was  found  in  small  ntimBers  on  a  Torit  tortoise,  and  at 
Farajok  and  near  Meridi  two  tortoises  bearing  a  few  adults  of  A. 

nuttalli  were  taken.  
"" 
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AVES  = 
FRANCOLINTJS  CLAPPERTONI  GEDGII  Grant.  Uganda  Clapperton  Francolin 

These  common  savannah  birds  were  one  of  our  chief  articles  of 

diet  and  hundreds  were  rapidly  examined  for  ticks.  The  three  spec- 
imens found,  all  from  Torit  during  the  diy  season,  were  a  nymph  of 

A.  nut t alii,  another  of  A.  cohaerens  (identification  questionable), 
and  a  female  H.  hoodi  hoodi . 

NUMIDA  MELEAGRIS  MAJOR  Hartlaub.  Uganda  Tufted  Guinea  Fowl 

As  many  of  these  common  savannah  birds  as  of  those  mentioned 
above  were  briefly  examined  with  equally  unspectacular  results. 
Only  nymphs  were  found,  all  during  the  month  of  December.  These 
were  one  A.  cohaerens  (identification  questionable)  at  Ikoto,  five 
A.  variegattxm  at  Kapoeta,  and  one  Hyalomma  sp.  at  Torit. 

GUTTERA  IPOUARDI  SETHa-lITHI  Neumann.  Blue-spotted  Forest  Guinea  Fowl 

These  handsome  birds  are  confined  to  forest  patches  and  open 
gallery  forests  and  therefore  very  localized  in  the  Sudan.  The  two 
specimens  examined  in  Lotti  Forest  in  April  yielded  eleven  larvae 
and  sixteen  nymphs  of  H.  par mat a. 

SPHEr^ORHYNGHUS  ABDIMII  (Lichtenstein) .  Abdim«s  Stork 

Of  several  specimens  examined  at  Torit  during  the  dry  season, 
one  yielded  two  nymphs  of  H.  hoodi  hoodi  and  another  two  nymphs  of 

A.  variegatum  and  a  male  rT  s.  sanguineus.  Large  flocks  of  Abdim's 

"storks  feed  in  durra  fields  Tn  Torit  District,  but  they  appear  to 
be  migrants  or  to  have  a  wide  range  of  feeding  areas. 

^Domestic  birds  are  listed  with  DCMESTIC  ANIMALS.  Bird  identifica- 
tions were  provided  by  Dr.  A.  L.  Rand,  Chief  Curator  of  Zoology, 

Chicago  Natural  History  Museum,  who  also  kindly  checked  references 
to  birds  mentioned  elsewhere  in  the  text. 
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NEOTIS  CAFRA  DENHAMI  (Children).  Denham«s  Greater  Bustard 

In  Torit  District  ten  greater  bustards  from  open  savannah  were 
examined  during  the  dry  season.  A  male  A.  lepidum  and  four  male  R. 

s.  sanguineus  were  found  on  the  head  of  one  at  Torit  and  eight   " males  of  the  latter  species  were  taken  from  the  head  of  another 
at  Ikoto. 

LISSOTIS  M.  MELANOGASTER  (Ruppell).  Black. bellied  Bustard 

Search  over  a  dozen  black-bellied  bustards  in  Eastern  and 

Torit  Districts  resulted  in  only  three  larvae  and  a  nymph  of  A. 

variegatum  at  Kapoeta  during  the  dry  season.  These  birds  are" common  in  open  grasslands  and  fields  in  Torit  District  and  es- 
pecially nimerous  in  Eastern  District. 

TPRDUS  LIBONYANUS  CENTRALIS  Reichenow.  Great  Lakes  Kurrichane  Thrush 

A  specimen  examined  at  Obbo  late  in  the  dry  season  yielded  a 
single  nymph  provisionally  identified  as  A.  cohaerens. 

TCHACmA  SENEGALA  ERLANGERI    (Neumann) .     Svdan  Blacli-headed  Tchagra 
3ErISe 

Several  specimens  were  examined.     One  at  Torit  dxiring  the  dry 
season  was  infested  with  a  nymph  of  A.  variegatum.     This  is  one 
of  the  most  common  birds  of  the  areaT 

MAMMALIA* 

INSECT IVOR A  (INSBCTIVORES) 

FAMILY  EHINACEIDAE 

ATELglK  PRUNHII  OWEMI  Setzer,  1953.  Owen's  Fovir-toed  Hedgehog 

^«Mamm£Ll  host  identifications  are  based  on  Setzer *s  (1956)  study  of 
mammals  (excluding  bats)  of  the  Sudan,  a  project  resulting  from  col- 

lections made  for  the  present  study  of  ticks  and  related  studies  of 
other  ectoparasites.  Bat  hosts  were  identified  by  Mr.  C.  C.  Sanborn, 
formerly  Cvtrator  of  Mammals,  Chicago  Natural  History  Museum. 
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Owen*s  four-toed  hedgehog  is  common  in  eastern  Equatoria  but 
comparatively  few  were  examined  for  ticks.     At  Torit,   a  nymph  of 
A.  variegatum,   a  female  H.   leachii  muhsami,   and  three  male  and 
a  female  R.    sanguineus  were  found  on  hedgehogs  dxiring  the  dry 
season,     a  single  female  of  the  latter  species  occurred  on  a 
Svmat  host  and  two  male  H.   leachii  muhsami  were  attached  to  a 

Tarangore  specimen.     A  number  of  hedgehogs  at  Juba  were  free 
of  ticks. 

FAMILY  MACROaCELIDIDAE 

ELEPHANTULUS  FUSCIPES   (Thomas,   1894).     Dark-footed  Elephant  Shrew 

The  only  specimen  of  dark-footed  elephant  shrew,  which  is 
rare  in  Torit  District,  was  found  to  have  two  nymphs  of  R.  pravus 

on  its  ears   (dry  season).  ~ 

ELEPHAMTULUS  RUFE3C MS  HOOGSTRAALI  Setzer,  1956.     Hoogstraal's 
Rtifous  Elephant  Shrew 

These  little  animals,  previously  identified  as  E.  rufescens 
dimdasi   (Hoogstraal  1950,  Hoogstraal,  Huff,   and  Lawless  1950) > 
are  common  in  islands  of  vegetation  in  Torit  and  Eastern  Districts, 
Practically  every  specimen  is  infested,   often  heavily,  by  immature 
stages  of  R.   pravus.     Occasionally  immature  R.   e.   evert si  attack 
these  animals  and  two  nymphs  of  R.   s.    sanguineois  were  among  the 

ticks  removed  from  the  hvindreds  of  "elephant  shrews  handled  in this  area. 

FAMILY  SORICIDAE 

CROCIDURA  SP.      Shrew 

A  single  nymph  of  Ixodes  alluaudi  from  the  tail  of  an  un- 
identified shrew  from  Kipia  at  8000  feet  elevation  in  the  Imatong 

Movintains  is  present  in  collections  of  the  British  Museum  (Natural 
History) . 

CROCIDURA  IJYATJSAE  TORIT EN3IS  Setzer,  1956.     Torit  Nyanza  Shrew 

Twenty-five  Torit  Nyanza  shrews  were  examined.     Two  of  them 
at  Torit  yielded  four  nymphs  of  H.  leachii  leachii   (subspecies 

uncertain) .  
*" 

-  786  - 



CHIROPTHIA   (BATS) 

A  considerable  ntimber  and  variety  of  bats  were  examined  on  the 
east  bank  of  Bquatoria  Province  but  few  ticks  were  found  on  them. 

The  report  on  these  bats,  not  included  in  Setzer's   (1956)  work  on 
Sudan  mammals,  will  be  presented  separately.     Caves  in  which  bats 
rest  in  this  area  are  rare  and  rock  crevices  usually  too  concealed 
and  narrow  for  examination  for  ticks. 

FAMILY  PTmOPIDAE 

ROUSETTUS  ABGYPTIACUS  (E.  Geoffrey,  1818).     Egyptian  Fruit  Bat. 

A  larval  A.  vespertilionis  was  found  on  a  fruit  bat  at  Lokui. 

FAMILY  EIEALLONURIDAE 

TAFHOZOUS  PERFORATUS  HAEDINUS  Thomas,  1915.     Tomb  Bat. 

At  Sunat  several  larvae  of  A.  boueti ,  A.  confusus,   and  A. 

vespertilionis  were  removed  from^torab  bats;''also  a  nymphal  AT 
boueti .  

*" 

FAMILY  RHINOLOPHIDAE 

RHINOLOPHUS  LOBATUS  Peters,   1852.     Horseshoe  Bat. 
RHINOLOPHUS  CLIVOSUS  ZAMBESISNSIS  Andersen,  190/i.     Horseshoe  Bat. 

Seven  larval  A.   boueti  were  fo\ind  at  Torit  on  R.   lobatus  and 

a  nymphal  I.   simplex  simplex  on  a  Katire  specimen  oT  the  latter 

bat .  
" 

FA14ILY  VESPERTILIONIDAE 

*EPTESICUS  PUSILLUS  (Leconte,  1857).  Serotine  Bat. 

At  Torit,  a  larval  A.  confusus  was  taken  from  a  serotine  bat. 

*Host  name  on  collector's  label;  host  identity  not  checked  by 
specialist  in  bats. 
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^<MIMETELLUS  ?MOLONBfI   (Thomas,  1891). 

FoTJT  larval  A.  vespertilionis  were  found  at  Katire. 

«PACHYOTUS  SP.     Brovm  Bat. 

Single  larvae  of  Argas  sp.   and  of  A.   confiisus  Infested  a 

brown  bat  at  Latome.  ~ 

FAMILy  MOLOSSIDAE 

CHAHIEPHON  MAJOR   (Trouessart,  1897).     Free-tailed  Bat. 

A  Torit  specimen  was  infested  by  two  larval  A.  confusus. 

HOST  UNIDENTIFIH) 

A  nymph  of  Ixodes  vespertilionis  was  taken  at  Torit. 

PRIMATSS   (PRIMATES) 

FAMILY  LORISIDAE 

GALAGO  S.   SENBGALENSIS  E.   Geoffroy,  1796.     Senegal  Galago  or 
5ushbaby. 

One  of  the  eleven  galagos  taken  in  Torit  and  Juba  Districts 
was  infested  by  a  male  R.   s.   sanguineus. 

FAMILY  C31C0PITHK;IDAB 

PAPIO  DOGUERA  HEUGLINI  Matschie,  1898.     Heiiglin«s  Baboon. 

It  is  noteworthy  that  the  numerous  specimens  examined  in 
Torit  District  were  free  of  ticks. 

*Host  name  on  collector's  label;  host  identity  not  checked  by 
specialist  in  bats. 
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CBICOPITHBCUS  MITIS  STUHmANNI  Matschle,  1898.  Stuhlman's  Guenon 
Monkey. 

Twelve  specimens  examined  in  Lotti  Forest  and  the  Imatong 
Mountains  were  free  of  ticks. 

CERCOPITMCUS  ASTHIOPS  SUBSP.  (Captive). 

Numerous  wild  specimens  of  this  common  monkey  were  free  of 
ticks  but  seventeen  adxalt  R.  s.  sangttineus  were  removed  from  two 

caged  specimens  at  Torit.  "Captive  monkeys  were  frequently  in- fested but  the  vials  containing  ticks  removed  from  them  during 
the  present  stxidy  have  been  lost. 

ERYTHROCEBUS  PAT AS  PYRRHONOTUS  (Hemprich  and  Ehrenberg,  1832). 
East  African  Red  Monkey. 

None  of  many  specimens  examined  yielded  ticks. 

FAMILY  COLOBIDAE 

COLOBUS  POIZKCMOS  DCDINGAE  Matschie,  1913.  Didinga  Mountain 
Colobus  Monkey . 

A  single  female  Ixodes  schillings!  was  found  in  Lotti  Forest 
on  the  eyelid  of  one  of  twelve  colobus  monkeys  taken  in  Torit 
District.  These  monkeys  inhabit  forests,  fairly  dense  stands 
of  trees  along  streams  and  rivers,  and  restricted  savannah  areas 
with  numerous  trees. 

PHOLXDOTA  (pangolins) 

FAMILY  MANIDAE 

MANIS  TEMMINCKII  Smuts,  1832.  Temminck's  Pangolin. 

No  ticks  were  found  on  the  single  pangolin  taken  in  Torit 
District,  where  this  animal  is  exceedingly  rare. 
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LAGCMORPHA  (HARES  and  RABBITS) 

FA14ILY  LEPORIDAE 

POELAGUS  KiARJORITA  OWMI  Setzer,  1956.     Owen's  Grass  Rabbit   (or  Hare) 

A  number  of  specimens  of  this  strange  and  highly  localized 
grass  rabbit  from  the  Katire  area  were  free  of  ticks  but  two 
individuals  taken  during  the  rainy  season  at  Magwe  yielded  a 
male  and  female  R.   pravus  and  31  exceptionally  heavily  punctate 
adult  R.   s.    sanguineus. 

LEPUS  GAPEt^^SIS  CRAWSHAyi  DeWinton,  1899.     Crawshay«s  Hare. 

Ticks  from  these  hares  at  Ikoto  included  a  nymph  of  R.   s. 
simus,ten  female  R.   arnoldi ,  nineteen  adult  R.   pravus  and  a  male 
H.   leachii  rauhsam.     A  hare  from  Nagichot,   a^  65OO  feet  elevation 
Tn  the  Didinga  Mountains,  bore  two  female  R.  _s.   sanguineus ♦     These 
hares  are  common  in  elevations  somewhat  above  the  average  of  the 
plains  of  Torit  District. 

LEPUS  VIGTORIAE  MICRCTIS  Heuglin,  IS65.     Victoria  Hare. 

Victoria  hares,  frequently  tick  infested,   are  common  in  the 
savannah  from  Torit  to  Juba.     The  only  inmature  tick  found  was  a 
nymph  of  R.    s.    simus  at  Torit  during  the  dry  season.     Many  were 
attacked  by  moderate  numbers  of  adults  of  R.   s.   sanguineus ,  fewer 
by  R.   pravus ,   and  one  by  Ixodes  rasus  ? subspecies. 

LEPUS  GAPENSIS  SUBSP. 

Several  Kapoeta  specimens  of  this  yet  unidentified  hare  were 
3ted  by  all  st! 

variegatum  and  one 

LEPUS  SP. 

infested  by  all  stages  of  R.  pravus  and  by  two  nymphs  of  A. 
)ne  female  H.  leachii  inuhsami. 

Hosts  from  various  sources  were  infested  by  adult  R.  s. 
sangiuneus. 
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RODEITriA  (rodents) 

The  paucity  of  tick  specimens  from  Equatoria  Province  rodents 
is  of  particular  interest  since  several  thousand  savannah-inhabiting 
rodents  were  examined  under  conditions  most  likely  to  retain  ecto- 

parasites and  reveal  them  after  sacrificing  the  animals.  Many 
rodents  found  to  be  infested  in  Equatoria  Province  are  from  the 
limited  collections  from  mountains  and  high  altitijde  forests, 
riparian  brush  and  forests,  and  stands  of  trees  and  shrubs  in 
and  about  villages.  In  other  parts  of  East  Africa,  findings  have 
been  similar  relative  to  rate  and  type  of  infestation  of  rodents. 
Although  African  rodents  are  generally  reputed  to  harbor  nimerous 
ticks,  it  appears  evident  that  a  large  number  of  savannah  species 
do  not  conform  with  this  generalization.  The  ubiquitous  field 
rodents  such  as  Arvicanthis  and  Lemniscomys  are  frequently  para- 

sitized by  the  nest-inhabiting  immature  stages  of  H.  1.  leachii 

and  R.  J.  simus  but  seldom  by  other  ticks.       ""  ~ 

Theiler*s  (1949C)  observations  in  South  Africa  are  similar. 
She  reports:  "It  has  always  been  taken  for  granted  that  the 
nuraeroxis  species  of  our  field  mice  serve  to  feed  the  immature 
stages  of  all  those  ticks  of  which  the  adults  only  are  to  be 
found  on  our  domestic  stock.  Thus  far  the  tick  survey,  in  it- 

self still  very  incomplete,  does  not  bear  out  this  assumption. 
Our  field  mice  are  extraordinarily  free  of  parasites  -  as  I  know 
from  personal  trapping  experience  and  as  Dr.  Roberts  and  Mr. 
Davis  will  bear  me  out.  The  numbers  present  on  individual  mice, 
and  on  the  mouse  po puliation  in  general,  in  no  way  correspond  with 

the  number  of  ad\alts  found  on  the  large  herbivores  and  carnivores". 

It  is  significant  that  in  desert  and  semidesert  areas  from 
northern  Africa  to  the  Far  East  where  Hyalomma  and  Ornithodoros 
ticks  are  common,  rodents  are  the  most  important  hosts  of  im- 

mature stages  of  both  genera  and  also  of  adult  Ornithodoros. 

FAMILY  SCIURIDAE 

HELIOSCIURUS  GAMBIANUS  HOOGSTRAALI  Setzer,  195U.     Hoogstraal»s 
Gambian  Tree  Squirrel. 

Ticks  are  rare  on  tree  squirrels  and  the  two  male  R.J. 

sanguineus  on  hosts  at  Ikoto  and  Torit  were  taken  in  close"" proximity  of  villages. 
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BUXHIUS  ERYTHROPUS  LEUCOIMBRINTJS  (RuppeU,  1835).  Light- sided 
Croimd  SquirreTT 

All  stages  of  the  specific  parasite  of  ground  squirrels,  H, 

houyi ,   infest  a  good  proportion  of  these  common  animals  on  the"" east  bank  of  Equatoria  Province.  Specimens  were  taken  during 
the  dry  season  at  Kapoeta,  Torit,  and  Latome.  Six  nymphs  of  A. 

variegatiun  were  also  found  on  a  groimd  squirrel  at  Torit.    " 

EUXHIUS  ERYTHROPUS  7LACUSTRIS  (Thomas,  1905). 

A  specimen  examined  at  Yei  was  infested  by  a  nymph  and  a 
male  H.  houyi. 

FAMILY  CRICETIDAE 

TATERA  BENVaroTA  BENVBTOTA  (Hinton  and  Kershaw,  1920).  Benvenuta 
Tatera. 

Tatera  gerbils,  although  numerous  in  the  Torit  vicinity, 
yielded  only  fifteen  nymphs  of  R.  s.  simus  and  two  of  H.  1. 

?leachii.  Two  burrows  of  these^animals  yielded  eleven~nyTttphs , four  females,  and  five  males  of  the  former  species.  The  adult 
ticks  were  unengorged. 

TATERILLUS  MINI  EMINI  (Thomas,  1892).  Einin's  Lesser  Tatera. 

These  are  about  as  common  as  the  Benvenuta  Tatera  but  no 
ticks  were  found  on  them.  Approximately  a  hundred  of  each  of 
these  tateras  were  examined. 

FAMILY  MURIDAE 

GRAMMCMYS  MACMILLANI  EHYTHROPYGUS  Setzer,  1956.  Red_rumped 
Arboreal  Rat. 

Upwards  of  seventy  arboreal  rats  examined  in  and  around  Torit 
were  not  infested,  however,  a  nymph  tentatively  identified  as  A. 

cohaerens  was  taken  on  a  host  at  Obbo.  
" 
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ARVICANTHIS  NILOTICUS  JEBELAE  Heller,  1911.  Southeastern  Sudan 
Kusu  or  Grass  Rat. 

Large  numbers  of  this  rodent,  possibly  the  most  common  one 
in  Torit  and  Juba  Districts,  yielded  only  a  few  nymphs  of  H.  1. 
?leachii  and  R.  s.  simus.  However,  burrows  examined  during  tTie 

dry  season  at""juEa  and  Torit  were  inhabited  by  fairly  large nvimbers  of  nymphs  and  recently  molted,  \mfed  adults  of  the  same 
tick  species. 

LEMNISCCMYS  MACCULUS  MACCULUS  (Thomas  and  Wroughton,  1910).  Striped 
Grass  Mouse. 

Four  nymphal  R.  s.  simus  were  taken  from  this  uncommon  mouse 

at  Torit.        ~ 

LmMISCOMYS  STRIATUS  MASSAICUS  (Pagenstecker,  1855).  Masai  Striped 
Grass  Mouse . 

The  Masai  striped  grass  mouse  is  exceedingly  common  in  eastern 
Bquatoria  Province  and  many  were  examined.  A  small  number  of  ira- 
matures  of  R.  s.  simus  were  found  on  a  few  grass  mice  and  in  the 
nests  of  otTiers.  A  nymphal  H.  acicTilifer  was  also  taken  on  a 

grass  mouse  at  Torit.      ~ 

MASTOMYS  NATALENSIS  laiAILIAE  (Heller,  19U).  Ismailia  Multimammate 
Rat. 

Two  multimammate  rats  infested  by  a  few  nymphs  of  Ixodes 
nairobiensis  were  foirnd  at  Torit  and  in  Lotti  Forest.  This  tick 
was  not  found  on  other  mammals  in  the  Sudan.  At  Torit  and  Ikoto 

two  hosts  yielded  a  few  immatiu*e  R.  s.  siraus.  Over  a  hundred  other 

multimammate  rats  examined  in  Torit," Juba,  and  Eastern  Districts were  free  of  ticks. 

PRACt-lYS  TULLBERGI  SUDAI\[EMSIS  Setzer,  1956.  Lotti  Forest  Soft-furred 
^i!at. 

This  rat  inhabits  higher  altitudes  of  Torit  District.  Four 
specimens  in  Lotti  Forest  were  infested  by  a  few  immature  ticks 
representing  H.  aciculifer,  H.  !•  ?leachii,  R.  s.  simus,  and  R. 

?arnoldi.  No^ticks  were  found  on  twenty- two^otTier  specimens  in Lotti  Forest. 
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ACgvgS  HYSTRELLA  Heller,  1911.  Niraule  Spiny  Mouse. 

Many  spiny  mice  representing  variolas  species  and  subspecies 
were  iinsuccessfully  examined  in  eastern  Equatoria  but  at  Nimule 
eight  specimens  of  A.  hystrella  yielded  a  few  immatures  of  A. 
brumpti  and  H.  1.  ?Teachii. 

FAMILY  GLIRIDAE 

GRAPHITJRUS  MURINUS  SUDANENSIS  Setzer,  1953.  Sudan  Dormouse. 

It  is  interesting  to  note  that  no  dormice,  which  are  common 
in  village  trees,  huts,  and  houses  in  Torit  District,  were  infested 
by  ticks. 

FAMILY  THRYONOl-IYIDAE 

"MARSH  RAT" . 

Several  adults  of  R.  simpsoni,  the  specific  parasite  of  cane 
rats,  also  known  as  marsh  rats  or  edible  rats,  from  Yei  are  present 
in  Sudan  Government  collections. 

THRYONCMYS  GRSGORIAIJUS  SUBSP.  Cane  Rat. 

A  single  male  R.  simpsoni  was  found  on  a  cane  rat  at  Torit. 
The  few  other  cane  rats  examined  there  were  brought  in  dead  by 
tribespeople,  which  may  have  accounted  for  the  absence  of  ticks 
on  them. 

CARNIVORA  (CARNIVORES) 

Infestation  density  ranging  from  light  to  fairly  heavy  but 
representing  only  a  very  limited  nuir.ber  of  tick  species  and  sub- 

species is  a  feature  of  carnivores  in  Equatoria  Province  and  in 
most  of  East  Africa  and  southern  Africa.   In  West  Africa  the 

variety  of  carnivore  infesting  ticks  is  frequently  somewhat  greater. 
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FM^ilLY  CMIDAE 

Available  data  tend  to  indicate  that  H.  leachii  leachii  favors 

members  of  this  family  over  all  other  carnivores.  It  is  certainly 
more  numerous  on  canines  than  H.  leachii  muhsami,  not  only  in  Equa_ 
toria  Province  but  elsewhere  in  Africa. 

CAI'IIS  AUREUS  SOUDAN ICUS  Thomas,  1903.  Sudanese  Jackal. 

The  Sudanese  jackal  is  numerous  around  Torit  village  but  only 
twelve  were  examined  for  ticks.  H.  leachii  leachii  was  represented 
by  183  adults  and  one  nymph,  H.  leachii  muhsami  by  four  adults,  R. 

sanguineus  sanguineus  by  53  aiSults,  R.  simus  simus  by  33  adults," 
R.  pravus  by  a  single  female,  and  A.~variegatum  by  five  nymphs 
and  two  larvae.  " 

CANIS  KSSQ-IELAS  HLGONAE  (Thomas,  19U).  Elgon  Blaclt-backed  Jackal. 

A  single  black-backed  jackal  from  Yubo  was  infested  by  36 
adult  H.  1.  leachii.  On  two  Torit  specimens,  a  male  of  the  same 
subspecies  and  three  adults  of  R.  _s.  sanguineus  were  found. 

LYCAON  PICTUS  Sa-IALICUS  Thomas,  190^.  Somali  Hunting  Dog. 

Five  pairs  of  adiilt  R.  simus  senegalensis  were  collected  from 
a  Somali  hunting  dog  at  Nimule. 

FAMILY  IflJSTELIDAE 

MELLIVORA  CAPMSIS  ABY3SIMICA  Hollister,  1910.  Ethiopian  Ratel 
or  Honey  Badger. 

The  only  specimen  known  from  this  Province  yielded  three 
adults  of  H.  leachii  muhsami  and  fourteen  of  R.  s.  simus. 

FAMILY  VIVERR.IDAE 

GENETTA  TIGRINA  AEQUATORIALIS  Heuglin,  1866.  Equatorial  Genet. 

Five  Torit  hosts  were  infested  by  two  pairs  of  adult  R.  s. 
sanguineus,  three  adult  H.  leachii  muhsami,  and  a  larval  A. 
variegatum.  Several  other  genets  in  Torit  District  were  Tree  of 
ticks. 
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CIVSrTICTIS  CIVErTA  CONGICA  Cabrera,  1929.     Congo  Civet. 

Five  hosts  at  Torit  and  Obbo  during  the  dry  and  rainy  seasons 
yielded  a  pair  of  adult  Ixodes  cavi palpus,   seven  adult  R.   s.   siraus, 

a  pair  of  adult  R.   s.   sanguineus,  fifteen  advilt  and  two~nymphal H.  1.  leachii,   and  Thirty  adult  H.   leachii  muhsami. 

HERPESTES  SANGUINEUS  SANGUINEUS   (Ruppel,  1835).     Black-tipped 
Mongoose . 

Several  animals  were  exeimined  between  Juba  and  Kapoeta  but 
ticks  were  found  only  on  one  at  the  latter  locality.     They  were 
six  iMnatures  of  A.  variegatum  and  seventeen  adult  H.  leachii 

muhsami.  
~ 

ICHNEUMIA  ALBICAUDA  ALBICAUDA  G.  Cuviet,  1829.     White-tailed 
Mongoose . 

A  few  adults  and  two  nymphs  of  H.  1.   leachii  were  found  on 
specimens  at  Yei  and  Torit.     Infestations  of  H.   leachii  muhsami 
were  much  heavier,   approximately  two  hundred  adults  and  three 
nymphs  having  been  taken  from  seven  hosts  in  these  localities. 
Several  other  whita-tailed  mongooses  examined  were  not  parasitized. 

FAMILY  HIAENIDAE 

CROCUTA  CROCUTA  FCRTIS  Allen,  192^.     Spotted  Hyena. 

The  only  spotted  hyena  taken  at  Torit  was  host  to  eight 
pairs  of  advilt  R.   s.   siraus. 

CROCUTA  CROCUTA  SUBSP. 

At  Jebel  Kathangor  a  nymphal  A.  variegatum  was  the  only 

tick  found  on  a  spotted  hyena.         ~ 

FAMILY  FHilDAE 

FELIS  IXBICA  UGANDAE  Schwann,  1904 .     Uganda  Wild  Cat. 

An  Opari  specimen  yielded  a  male  A.   lepidum  and  a  male  R. 
s.   sanguineus;   another  at  Torit  a  female  H.  leachii  muhsami. 
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FELIS  SmVAL   PHILLIFSI  Allen,  19U.  Phillips »  Serval. 

Three  pairs  of  adult  R.  s.  sanguineus  were  fo\ind  on  a  serval 

at  Torit.  "  " 

PANTHERA  PARDUS  CHUI  Heller,  1913.  East  African  Leopard. 

Several  leopards  examined  at  various  localities  throughout 
Bquatoria  Province  were  free  of  ticks. 

PANTHERA  LEO  LEO  Linnaeus,  1758.  African  Lion. 

Only  two  of  many  lions  examined  yielded  ticks;  these,  from 
Torit,  were  ten  adult  H.  1.  leachii  and  nine  adult  R.  s.  simus. 

TUBULIDENTATA  (AARD-VARKS) 

Aard_varks  (CRYCTHIOPODIDAE,  Orycteropus  afer)  were  not  en_ 
coTintered  in  this  Province. 

PR0B03CIDEA  (ELEPHANTS) 

FAMXLY  ELEPHANT  ID  AE 

LGXCDONTA  AFRICANA  OTfOTIS  Matschie,  1900.  Sudan  Plains  Elephant. 

No  elephants  were  examined  in  this  Province  west  of  the  Nile 
but  specimens  of  D.  c.  circumguttatus  fovind  on  grass  near  Kajo 

Kaji  probably  had~been  associated  with  these  animals.  East  of the  Nile  four  of  many  elephants  seen  immediately  after  death 
were  infested.  The  numbers  of  ticks  on  each,  all  ad\ilt  A. 
tholloni ,  were  six,  twelve,  23,  and  197.  It  is  of  interest 
that  in  Bahr  KL  Ghazal  Province  numerous  elephants  were  infested 
only  by  large  numbers  of  R.  simus  simus  and  R.  simus  senegalensis , 
none  by  the  specific  elepHant  parasite,  A.  tEolloni . 
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HYRApOIDEA   (HYRAXSS) 

FAI4ILY  PRCCAVIIDAE 

HCTEROHYRAX  BRUCEI  HOOGSTRAALI  Setzer,   1956.     Hoogstraal»s  Laxge- 
toothed  Rock  Hyr ax . 

This  is  the  common  hyrax  of  rocky  outcrops  in  the  plains  east 
of  the  Nile  and  some  twenty  were  examined.     Thirteen  larvae  and  a 
female  A.   brumpti  infested  three  specimens  at  Iraurok  and  Imatong. 
Eleven  adults  and  a  nymph  of  the  East  African  hyrax  tick,  H. 
bequaerti,  were  also  attached  to  the  two  Imurok  specimens  as 
well  as  a  single  male  R.   s.   sanguineus.     Twenty-one  immature 
R.   ?sp.  were  also  foun3  on  these  hyraxes;   these  latter  may 
prove  to  be  R.   ?distinctus.     Elsewhere  in  Torii.  and  Juba  Districts 
no  ticks  occurred  on  these  hyraxes. 

PROCAVIA  HABSSSINICA  SLAT INI  Sassi,   1906.      Slatin«s  Rock  Hyrax. 

In  western  Juba  District  and  west  of  the  Nile,  Slatin's 
rock  hyrax  is  common.     A  single  male  R.   ?distinctus  was  taken 
at  Rejaf  and  seven  male  H.  bequaerti  at  Lui.     Both  ticks  are 

specific  on  hyraxes.         ~ 

PERISSODACTYLA    (ODD-TOED  UNGULATES) 

FAMILY  RHINOGEROTIDAE 

CEF-ATOTHERIUl-I  SWm  COTTONI    (Lydekker,  1908).     Northern  Squara- 
lipped  or  White  Rhinocero s . 

DIG  EROS  BIG  CRN IS  SaiALIENSIS   (Potocki,  1900).      Somali  Black 
Rhinoceros . 

No  ticks  from  either  of  these  animals  are  available  from 

the  Sudan  and  none  were  examined  for  ectoparasites  during  the 
present  investigation.     The  white  rhinoceros  occurs  only  west 
of  the  Nile  and  the  black  rhinoceros  only  east  of  the  Nile  though 
stragglers  of  the  latter  are  reputed  rarely  to  be  seen  west  of 
the  Nile.     It  is  probable  that  the  Sudan  specimens  of  A.  rhinou. 
cerotis  and  D.   rhinocerinus  from  both  Equatoria  and  BaEr  El  Ghazal 
Provinces,   all  foiand  on  grass,  were  associated  with  these  animals. 
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ARTICDACTYLA  (EVQJ-TOH)  UNGULATES) 

FAMILY  SUIDAE 

PHACOCHOHIUS  AETHIOPICUS  BUFO  Heller,  191A.  Sudan  Warthog. 

A  warthog  at  Lugurren  was  infested  by  a  female  H.  truncatiim, 

fifteen  adiilt  R.  s.  simus,  and  a  male  R.  simus  Senegal ensis.  'K£ 
Sunat,  25  adiilts  of  R.  simus  senegalen'sis  were  taken  from  one  host and  at  Kheirallah  seven  adults  of  the  same  tick  were  found  on  a 

warthog.  Several  warthogs  in  Torit  District  were  tininfested. 

SUS  aCROFA  SMNAARMSIS  Gray,  1868.  Sudan  Wild  Boar. 

Two  wild  boars  near  Torit  were  infested  by  a  few  adults  of 
H.  trxincatum,  R.  pravus ,  and  R.  s.  simus. 

FAMILY  HIPPOPCfTAMIDAE 

HIFFOPOTAMUS  AMPHIBIUS  AMPHIBIUS  Linnaeus,  1758.  Hippopotamus. 

Two  hippos  shot  at  Nimule  in  May  and  October  (rainy  season) 
each  had  a  pair  of  adult  R.J.  simus  attached  to  the  ears. 

FAMILY  GIRAFFIDAE 

GIRAFFA  CAMELOPARDALIS  SUBSP.  Nubian  Giraffe. 

Scattered  giraffe  populations  occur  from  the  Nile  eastward 
at  least  to  Kapoeta  but  no  specimens  were  obtained  for  the  present 
stiidy.  A  comparatively  large  ainount  of  significant  data  on  in- 

festation of  giraffes  is  presented  \ander  Bahr  EL  Ghazal  Province. 

FAMILY  BOVIDAE 

SYNGHIUS  CAFFHt  AEQUINOCTIALIS  (Blyth,  1866) .  Northeastern  Buffalo 

Bviffalos  are  comnon  from  Yei  District  eastwards  and  are  aL- 
most  invariably  infested  by  ticks  all  of  which  (in  the  present 
collection)  are  adults.  The  buffalo  amblyomma,  A.  cohaerens, 
however,  is  represented  by  only  a  single  collection  of  34  males 
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from  the  Boma  Plainsj  fifteen  male  A.  lepidum  were  taken  from  the 
same  animal,  along  with  twenty  R.  sT  simus,  eighteen  R.  simus 
Senegal ensis,  a  single  R.  s.  sangr^neus,  and  55  A.  variegatum. 

Variable  niunbers  of  this  last  tick  infest  alma st^e very  buffalo on  the  east  bank  of  Biuatoria  Province.  Small  nximbers  of  H. 
rufipes  and  H.  tmncattim  on  a  few  buffalos  in  this  Province 
are  m  striloing  contrast  to  the  high  rate  and  density  of  infes- 

tation by  these  ticks  in  northeastern  Bahr  EL  Ghazal  Province. 
In  eastern  Equatoria,  infestations  of  R.  s.  simus  are  most  com- 

mon next  to  those  of  A.  variegatum.  in  Juba  and  Yei  Districts 

smaller  numbers  of  R.~composiiu3,  ̂ .  longus ,  and  R.  supertritus 
have  been  collectecTfrom  Dviffalos."  ~ 

Possibly  the  most  interesting  data  resulting  from  listing 
the  antelopes  below  are  the  generally  low  or  moderate  numbers 
of  ticks  infesting  them  on  the  east  bank  of  Equatoria  Province. 
Had  more  collections  been  obtained  during  the  rainy  season,  the 
rate  and  density  of  infestation  might  have  been  somewhat  higher. 

TRAGHAPHUS  3CRIPTUS  BCR  Heuglin,  1877.  Nile  Bushbuck. 

Several  bushbucks  obtained  near  Nimule  were  uninfested. 

TAUROTRAGUS  DHIBIANUS  GIGAS  (Heiiglin,  1863).  Derby's  Giant  Eland. 

Near  Meridi,  five  adult  B.  annulatvis  and  thirteen  adult  B. 

decoloratus  were  taken  from  a''giant  eland. 

TAUROTRAGUS  (BYX  PATTHISONIANUS  Lydekker,  1906.  East  African 
feland. 

An  eland  at  Loronyo  bore  a  female  A.  lepidiun  and  a  pair  of 
adults  and  seven  nymphs  of  A.  variegatum.  Single  adiilts  of  R. 
s.  simus  were  the  only  ticks  found  on  two  elands  near  Torit  and 
l^idepo.  At  Tarangore  another  yielded  four  adult  R-  £•  sanguineus 
and  one  at  Terakeka  a  single  adult  R.  e.  evertsi. 

CEPHALOPHUS  GABIULUS  MUSCULOIDES  Heller,  1913.  Eastern  Blue  Duiker. 

Blue  duikers  are  not  uncommon  in  the  moxintain  forests  east 
of  the  Nile  but  they  are  difficult  to  obtain.  A  female  H. 
parmata  has  been  taken  from  an  animal  in  the  Noli  Hills. 

-  800  _ 



SYLVICAPRA  GRD-flvlIA  ROOSEyELTI  Heller,  1912.     Roosevelt»s  Dulkerbok. 

Five  adults  and  two  nymphs  of  A.  variegatum  were  infesting  a 
diiikerbok  near  Torit.     Several  others  in  this  area  were  uninfested. 

KOBUS  DEFASSA  HARNIERI    (Murie,  1867).     Marnier «s  Waterbuck. 

'"Several"   H.   aciciilifer  from  Muragatika  have  been  reported  in 
literature.     WaEerbucks  that  we  examined  near  the  Nile  were  vm_ 
infested. 

ADENOTA  KOB  LEUCOTIS   (Lichtenstein  and  Peters,  1854).     White-eared 
Koh. 

No  ticks  were  recovered  from  a  few  kobs  shot  in  Eastern 
District. 

REDUNCA  BOHOR  COTTONI    (W.  Rothschild,  1902).     Cotton's  Reedbuck. 

A  few  reedbucks  examined  near  Niimile  and  Juba  yielded  no 
ticks. 

HIPPOTRAGUS  BQUINUS  BAKERI  Heuglin,  1863.     Baker's  Roan  Antelope. 

About  half  the  roans  obtained  in  Juba,  Torit,   and  Eastern 
Districts  were  parasitized  by  small  nimbers  of  adult  ticks  rep- 

resenting A.   lepidum,  A.  variegatum,  R.   append iculatus   (rare 
east  of  the  Nile ) ,  R .   e.    evertsi,  R.    s.    sanguineus,   and  R.    s. 

simus.  ~  
"" 

DMALI3CU3  KOPJ.IGUM  TIAInIG   (Heuglin,   13^6).     Tiang. 

Sudan  Government  collections  contain  single  adults  of  A. 
lepidum  and  R.    s.    simus  from  Terakeka. 

ALCSLAFHUS  3US5LAPHU3  ROOSEVELT I    (Heller,   1912).     Roosevelt's 
Hartebee st . 

In  Torit  District  from  one  to  fifteen  ticks  were  found  on 

infested  hartebeests,  locally  called  "teL-tel'*,  but  a  number  of 
others  examined  were  tickless.     Adults  and  nymphs  of  A.   lepidum 

_  801  _ 



and  A.  variegattim  were  represented  as  well  as  fifteen  adiilt  R.  e. 

evert  si ,  single  adiilts  i^of  R.  pravus  and  H.  aciciilifer,  and  a'pair 
of  B.  decoloratus.  ""  

~ 

ALCELAPHUS  BUSELAFHUS  SUBSP. 

Two  male  H.   aciculifer  from  an  vinidentified  hartebeest  from 
Atiambo   (Alungwe)  are  present  in  Svidan  Government  collections. 

OUREBIA  OUREBI  AEQUATORIA  Heller,  1912.     Southern  Sudan  Oribi. 

Approximately  one  in  eight  oribis  examined  in  Torit  District 
was  tick  infested.     The  number  of  parasites  per  animal  was  eight 
or  less.     Single  nymphs  of  A.  nuttalli,  A.  variegatum,  H.   acicu^ 
lifer,   and  R.  pravus,   as  weTl  as  adults  of  H.   aciciLlifer,  R. 

pravus ,   and"'R.   s.   sanguineus  were  found.       ""  ~ 

RHYNCHOTRAGUS  GUEMHEKI  SMrTHII  Thomas,   1901.     Smith's  Long- snouted 
Dik_dik. 

The  rate  and  density  of  tick  infestation  of  the  long- snouted 
dik_dik  are  similar  to  that  of  the  oribi.     Near  Torit  and  Ikoto, 
two  specimens  bore  three  and  fifteen  nymphal  A.  variegatum,  others 

single  adtilts  of  H.  leachii  muhsami  and  R.  pr'avus,   and  two  yielded 
seven  adults  of  tlie  latter  species.  ~ 

GAZSLLA  GRAI-^TI  BRIGHTI  Thomas,   1901.     Bright «s  Gazelle. 

Bright *s  gazelle,  to  the  best  of  our  knowledge,  occurs  only 
in  Eastern  District.     A  specimen  at  Jebel  Kathangor  in  December 
was  infested  by  sixteen  nymphs,  evenly  divided  between  A.   lepidum 
and  A.  variegatvim,   and  foiir  adults  of  the  former  species. 

MAN 

Europeans  and  Americans  who  venture  into  the  field  in  eastern 
Equatoria  commonly  pick  a  few  ticks  off  themselves  afterwards. 
The  ticks  are  usually  quickly  noticed  due  to  the  open  clothing 
and  numerous  baths  that  are  indulged  in  this  area.  Available 
specific  records  derive  only  from  our  own  partyj  other  persons 
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informed  us  of  being  bitten  by  ticks  but  failed  to  preserve  the 
specimens.  No  infestation  of  indigenous  people  was  observed. 

Ticks  actually  feeding  on  man  at  Torit  and  Ikoto  were  nymphal 
A.  variegatum  and  R.  appendiculatus ,  female  R.  pravus  and  R.  s. 

siimis,  and  male  R.  pravus,  R.  s.  sangxiineus ,"'and  R.  s.  siiTius;""the 
last  named  tick  was  also  recorded  at  Juba.  The  nympE  of  R.  appen- 

diculatus taken  from  the  leg  of  one  of  our  party  at  Torit''the  day after  returning  from  Kajo  Kaji  is  of  especial  interest  since  the 
parasite  tindoubtedly  attached  at  Kajo  Kaji,  some  three  hundred 
miles  from  Torit. 

Ticks  removed  from  human  beings  but  not  attached  were  advilts 
of  the  three  rhipicephalid  species  noted  above.  A  male  R.  s. 

sanguineus  "from  man"  at  Khor  Lado  was  presented  by  Mr.  ̂ eid. 

STRUCTURES 

HUMAN  DWELLINGS 

Three  specimens  of  the  African  relapsing  fever  vector,  0. 
moubata,  were  collected  in  a  hut  at  Liria  (cf.  page  121).  Others 
have  been  taken  in  a  hamlet  in  the  Kajo  Kaji  area  and  reported 

from  "four  Equatoria  Province  rest  houses  north  of  Nimule" . 

Ixodids  were  frequently  observed  in  houses  but  the  on]y  one 
retained  with  data  was  an  adult  A.  lepidum. 

POULTRY  HOUSES 

Wherever  chickens  are  confined  in  any  numbers  in  Juba,  Torit, 
and  Eastern  Districts  A.  persicus  can  be  found.  Few  specific 
data  were  retained  but  numerous  casual  observations  were  made. 

PIGEON  CCfTE 

A  cote  at  Juba  twice  yielded  a  few  A.  reflexus  but  additional 
material  could  not  be  found  on  subsequent  visits.  Other  cotes  at 
Juba  were  uninfested.  Pigeon  cotes  elsewhere  in  the  Sudan  were 
not  investigated. 
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DOMESTIC  FOWLS 

CHICKSM3 

The  same  remarks  as  for  poultry  houses  (above)  apply  to  the 

hosts  themselves.  At  Torit,  twelve  nymphs  of  A.  variegatum
  were 

also  found  on  chickens. 

TURKEYS 

Seven  nymphs  of  A.  variegatum  infested  a  turkey  at  
Katire. 

DOMESTIC  MAMMALS 

Large  numbers  of  ticks  collected  from  domestic  mamm
als  allow 

generalized  conclusions  concerning  distribution  and
  host  predilec- 

tion Systematic  collections  throughout  the  year  and  throug
hout 

the  Province  were  not  undertaken.  Eastern  District,
  the  mountains 

of  the  east  bank,  ajid  the  area  west  of  Yei  deserve  
more  attention. 

Significant  data  should  be  obtained  from  more  inten
sive  collecting 

during  the  rainy  season. 

HORSES 

There  were  probably  no  more  than  fifty  horses  
in  Equatoria 

Province  during  the  period  of  the  present  study
  and  it  is  unlikely 

that  many  of  these  remain.  Ticks  found  on  ho
rses  at  Tont  and 

Juba  were  nymphal  A.  variegatum,  nymphs  and 
 adults  of  B.  decolora- 

tus,  and  adult  R.  e.  evertsi,  K.  s.  sanguineus,
  and  R.  s.   _siraus. 

DOMKEyS 

Small  numbers  of  donkeys  are  maintained  by  the  T
aposa  of 

Eastern  District  and  by  small  tribes  in  this  area  b;j^^hese 

animals  were  not  examned  for  ticks,     lymphs
of  B.  decoloratus 

have  been  taken  from  a  donkey  at  More    (Yei  Rive
r;. 

PIGS 

Fewer  than  fifty  pigs  were  seen,  all 
 at  Torit  and  Katire. 

A  few  pijs  kept  at  AmaSi  did  not  thriv
e.  At  Katire,  nine  nymphal 
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A  yariegatum  were  the  only  ticks  on  four  pigs.  At  Torit,  several adults  of  R.  s.  Sims  could  be  found  on  each  pig  whenever  a  search was  made  and  ̂   were  collected  along  with  single  males  of  R.  e. evert si  and  R.  s,   sanguineus.  -  - 

DOGS 

Dogs  maintained  by  the  few  Europeans  previously  living  in 
Equatoria  Province  were  deticked  every  day  or  two  and  yielded 
the  same  species  found  on  pie-dogs.  Infestations  of  pie_dogs, oi ten  tremendous,  were  characterized  by  preponderence  of  R.  s 
sanguineus  in  practically  every  coUection  throughout  the~Prov 
mce,  smaller  numbers  of  R.  s.  simus  almost  everywhere,  and  a 
paucity  of  H.  1.  leachii.  T'Ee  T^^named  tick,  which  in  Equa- toria Province  appears  to  be  laore   common  on  dogs  at  high  alti- 

tudes, IS  represented  by  about  U5   specimens,  but  the  subspecies H.  1.  muhsam  by  only  a  single  specimen.  In  Eastern  and  Torit 
Districts,  A  lepiduin  and  R.  pravus  parasitize  dogsj  near  the Nile  a  few  adults  of  R.  simus  senegalensis  have  been  taken.  A 
single  female  B.  decoToratus  was  found  at  Gilo.  The  localization 
of  A.  yariei^atum  infestations  is  of  some  interest.  This  ubiqui- 

tous tick^T^i^^und  on  dogs  only  at  Katire  and  Kajo  Kaji.  Both localities  are  at  higher  elevations  than  the  plains  and  received less  attention  than  Torit  and  the  surrounding  country. 
CATTLE 

Cattle  are  so  frequently  of  considerable  importance  in  sut^ 
porting  and  transporting  large  numbers  of  ticks  of  known  or  pot^r^ 
u  -.r V  ''^  ̂ ^  veterinary  importance  that  special  consideration 

should  be  given  to  cattle  history,  breeds,  numbers,  husbandry, and  movements  wherever  a  tick  survey  is  attempted. 

Before  the  devastating  slave  raids  of  the  nineteenth  century cattle  were  more  numerous  in  areas  bordering  the  Nile  than  now. 
Since  the  low  ebb  of  that  period,  herds  of  livestock  have  varied 
greatiy^due  to  epidemics,  encroachment  of  tsetse  flies,  and intertribal  relations.  The  largest  cattle  populations  occur  in 
Eastern  District,  eastern  Torit  District,  and  the  Kajo  Kaji  area. Elsewhere  small  herds  are  maintained  in  isolated  situations  but west  of  Yei  cattle  are  rare  indeed. 
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Luxn^ore   (1950)  lists  three  breeds  of  catt
le  m  this  Province. 

The  huge,  big  humped,   short  legged     short  horne
d  Tapos a  ̂ eed  of 

Eastern  District  is  guessed  to  number  from  ̂
0, 000  to  70  000  head. 

It  will  be  generations  before  a  thorough  
study  of  cattle-tick 

relations  can  be  undertaken  in  this  fascinating
,  wild  area.     The 

second!  or  Mongalla  breed,   is  a  dwarf  East  Afr
ican  zebu,  less   _ 

Xa^f^u?  feet  high,  with  thin  skin,  fine  coat,
  nervous  daspos^ 

uZ,   and  considerable  agility.     This  iso
lated  ucuntain  breed  is 

ii^h'less  comn^n  than  the  Taposa.     TheDidin
gan^untain  cattle 

Tnav  represent  a  separate  breed.     Long-horned
  Nilotic  type  cattle, 

Z  wSch  "e  SudaS  is  famed,   are  kept  in  small  nu^-^  --^^.J^ 
Nile  bv  the  Mandari,  Bari,   and  Nyangwara  

tribes.     Nilotic  cattle 

were  frequently  brought  iAto  various  par
ts  of  ̂ he  Province,  mostly 

for  slaughter,  during  the  period  of  the  pr
esent  study.     In  Torit 

StricTs^l  herds'of  mixed  Mongalla-Taposa  bree
ds  e^^t  - 

tsetse-free  areas.     Juba  District,  once  
an  important  cattle  area, 

nnr^sesses  only  small  herds  as  does  Yei
  District  except  for 

+r  ?^^n  Ku  ̂a      A  strong  cattle  tradition  from  the  nine
teenth 

centSv  P^Jsisfs  t;  ttis  SeL     A  hundred  
square  miles  of  tsetse^ 

Slih^^z^  :ri:!  --ti^a^d^v^r^:^^-^^^  st 

s^ed  from  Ai:S^lave  traders  by  being 
 hidden  in  Lanya  Hill  caves. 

A    variegatum  is  represented  in  pract
ically  every  collection 

fromtttretioughout  tL  Province  
but  ̂ he  few  collections  from 

the  west  bank  contain  many  more  specime
ns  than  those  from  the 

n^e+^i^t.,       A     leoidum  and  R.   pravus,   most  
numerous  in  eastern 

Zstl^l  St  rare  or'abinrtH-EHTeast  b
ank  except  po^sjbly  i" 

rr^ls  Ot.e.  apecia^  a^irex,  o.  l^^^^^-^. east  bank  ncuntains  are  H.    acicuiiier ,  _ n .    P-=^  >  rs.„+-icT1?^ 
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H.   rrrfipes,   H.   truncatum,  R.    s.   sangiiineus,   and  R.    s.   simus.     An 
exceptionally  large  collection  or  the  last  named"species  from  Juba is  inexplicable. 

SFra«P 

Smaller  numbers  of  sheep  run  with  the  goat  herds  of  east  bank 
tribes.  Except  for  the  Taposa  fat-tailed  breed  of  Eastern  District 
and  a  few  in  mountainous  areas,  Equatoria  sheep  are  "miserable 
little  beasts  that  always  look  prepared  to  give  up  the  iinequal 
struggle  with  the  least  encouragement"  (Luxmoore  1950). 

Ticks  are  seldom  if  ever  numerous  on  sheep  in  this  Province. 
Small  numbers  of  R.  e.  evertsi  are  found  everywhere.  In  Eastern 
District,  R.  pravus  Is  common  and  A.  lepidum  occiu-s  on  some  hosts. 
In  Yei  District,  R.  append iculatus~par as it izes  sheep  in  some  nunu bers.  Small  numbers  of  A.  variegatum,  B.  decoloratus,  H.  truncatm, 
R.  s.  sanguineus,  and  R.  s.  simus  also  attack  sheep  in  various    " 
localities.         ~  ~ 

GOATS 

Goats  axe  kept  by  all  tribes  from  Yei  District  eastward  and 
large  numbers  exist  in  Torit  District  where  they  largely  substitute 
for  cattle  as  food  and  dowry.  Although  far  from  impressive  in  ap. 
pearance,  goats  thrive  on  the  east  bank  and  in  parts  of  Yei  Dis- 

trict. Their  importance  as  tick  hosts  is  difficult  to  assess. 
Hundreds  were  found  to  be  free  of  ticks  but  several  collections 
suggest  that  goats  must  not  be  overlooked  in  epidemiological considerations. 

Those  goats  that  are  tick  infested  harbor  the  same  species 
as  sheep.  R.  _s.  sanguineus,  however,  is  somewhat  nore  numerous 
and  frequent  on  goats  but  R.  s.  simus  is  scarce.  In  Katire  and 
Kajo  Kaji  collections,  nymphal  A.  variegatxm  were  present  in  good 
numbers.  At  Loronyo  and  Kajo  Kaji  large  numbers  of  nymphal  R.  e. 
evertsi  were  also  found.  ""  "" 
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MISCELLANEOUS  SITUATIOKS 

ON  GRASS 

Small  numbers  of  adults  of  H.  kocM,  R.  s.  sanguineus,  R. 
 s. 

siirais,  and  R.  simus  senegalensis'anTXTvariegatum  
vere  collected 

TF3F grass  It  TS^us  localities.  The  only  specimens
  of  A.  rhincx- 

cerotis,  D.  c.  circumguttatus ,  and  D.  rhinocerinus  known  from  the 

Sudan  vere  taken  on  grass. 

I-IAI-IMAL  BURROWS  AND  DEIJS 

Mammal  burrows  and  dens  should  be  carefully  studied
  in  Equa- 

toria  Province.  A  special  trip  planned  to  invest
igate  this  impor- 

tant aspect  of  tick  biology  was  cancelled  due  to  unset
tled  condi- 

tions in  southern  Sudan.  See  pages  792  and  793. 

BaHR  el  GHAZaL  PROVmuE* 

All  statements  below  pertain  to  the  Galual-Nyan
g  Forest  uii- 

less  other  localities  are  specified.  For  a  de
scription  of  this 

forest,  see  Reid  (1955).  The  Galual-Nyang  fo
rest  lirol,  and 

Wau  areas  have  been  moderately  well  explored  fo
r  ticks,  although 

much  remains  to  be  accomplished  in  this  regio
n.  Scattered  rec- 

ords for  other  localities  noted  on  Figure  3  have  
been  obtained. 

The  western  half  of  the  Province  should  yield 
 many  interesting 

new  data. 

*Data  from  this  Province  result  chiefly  from
  the  energy  and  interest 

*Data  f^om^^^^^  ̂ ^^.^^  veterinary  entomologist,  and  to  his  associates 

on  th^  Tsetse  Survey  and  Reclamation  Teaiu,  
Messrs.  N.  A.  Hancock, 

A  W  Wild,  P.  J.  Henshaw,  W.  I.  A.  Dees,  P.  Bl
asdale,  and  H_.  G. 

Bray^e  under  the  direction  of  Mr.  T.  W.  C
horley.  Our  own  visit 

to  Wau' and  the  Galual-Nyang  Forest,  at  the  inv
itation  of  Mr  J. 

T  R  Evans,  formerly  Director,  Sudan  Veter
inary  Service,  and  as 

a'ruest  of  Mr.  Chorley,  produced  many  worthwhi
le  specimens  and 

obSrvatfons  due  largely  to  the  courtesy  and 
 assistance  of  the 

persons  mentioned  above.  In  this  and  the  '^^^^^^^^^Jl^/^ZT:,,^^ 

small  ajaount  of  host  data  omitted  from  the
  main  body  of  this  work 

are  inclioded. _  808  _ 



The  western  half  of  Bahr  El  Ghazal  is  poor,  hilly  country 
with  iineven  rainfall,  more  or  less  dense  forests  with  tsetse  flies, 
and  few  permanent  herds  of  cattle.  The  eastern  half  is  chaxaLcter- 
ized  by  rich  dry  season  meadows,  or  toich,  along  the  nximerotis  rivers, 

several  lakes,  and  the  northern  '*Nile  sponge'*  area  that  becomes  a 
vast  laQce  dviring  the  rains.  Large  numbers  of  livestock  are  main- 

tained in  eastern  Bahr  El  Ghazal  and  restricted  populations  of 
the  big  game  animals  of  Africa  reach  their  northern  limit  here. 

REPTILIA 

No  records  for  monitor  lizards  or  tortoises  are  available 

from  this  Province.  A  number  of  specimens  of  A.  latum  have  been 

taken  from  cobras  and  pythons  in  the  eastern  s'ector, 
AVES 

Infestations  of  Francolinus  clappertoni  by  nymphs  of  A. 
variegatum  in  the  Forest  area  are  heavier  and  much  more  common 
than  those  observed  in  Equatoria.  A  female  H.  h.  hoodi  was  found 
on  a  tchagra  shrike.  Near  the  Kordofan  border  and  near  Yirol 
several  adults  of  R,  s,  sanguineus  and  a  single  male  A,  lepidtun, 

respectively,  were''ta5en  from  two  greater  b\istards.  " 

MAMMALIA 

Thirty  HEDGEHOGS,  Atelerix  pruneri  oweni ,  were  examined; 
six  were  infested  by  two  to  four  adult  R .  s,  sangtiineus  and  a 

total  of  five  male  H,  leachii  muhsami,  "A  male  and  female  of 
the  latter  tick  were  eilso  collected  from  a  hedgehog  by  Mr,  Reld, 

Althoiigh  Mr,  Reid  examined  some  BATS,  no  ticks  were  obtained. 

Among  primates,  sone  fifty  GALAGOS,  or  bushbabies,  examined 
by  Dr,  T,  Work  and  the  writer  were  uninfested,  A  nvunber  of 
BABOONS  from  several  large  families  throughout  the  Forest  were 
also  free  of  ticks,  but  all  old  male  hobos  wandering  alone  were 

infested  by  severad  to  two  hundred  adult  R.  £.  siraus,  British 
Museum  (Natural  History)  collections  contain  a  few  adult  R.  _3. 
seaiguineTis  from  a  baboon  at  Kenisa  (on  the  Bahr  El  Ghazal  _ 
Upper  Nile  border). 
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HARES  were  seldom  collected.  Seven  adult  R.  s.  sangu
ineus 

specimens  from  one  host  are  represented. 

GROIM)  SQUIRRELS,  Euxerus  erythropus  subsp.,  are  c
ommon  in 

the  Forest.  Five  squirrels  obtained  in  February  
yielded  twelve 

males,   six  females,   and  four  nymphs  of  H.  houyi. 

Small  MURID  RCDENTS  have  not  been  collected  and  se
arched  in 

this  Province.     Twelve  male  and  six  female  H.   lea
chii  muhsami. 

were  found  on  a  small  rodent  burrowing  in  a  termi
te  mound. 

CME  RATS  (THRYONa/KIDAE)  are  not  known  to  be  infeste
d  by 

R.  simpsoni  in  this  Province  but  an  unusual  record 
 of  two  male 

I  s.  simus  from  a  cane  rat  at  Yirol  was  obtained  by 
 Mr.  Reid, 

who"al^3~T3und  a  nymph  of  A.  variegatum  on  a  cane  rat  37  mile
s 

west  of  Yirol. 

CARNIVCRES  have  received  considerably  less  atten
tion  than 

antelopes,  buffalos,  giraffes,   and  warthogs  in  this  P^°^^^^^; 

TblacClegged  nKjngoose  in  the  Forest   (May)  was 
 infested  by  six- 

teen ad^ltH.  leacMi  muhsami,   another  at  Yirol   (January) 
 by  only 

a  sJngle  m^e  ̂ TtHIi  ̂ ^^^Hi.     A  leopard  36  miles  south  of  Yirol 

bore  two  males  of  the  same  tick  as  well  as  a  mal
e  and  three  fe- 

males of  R.   sulcatus.     Another  mongoose  in  the  Forest  "
as  in- 

fested by~ad\ilts  of  "R.   s.   simus,   a  tick  also  represented  by  a 

single  male  from  a  h^enl,  7^^  adults  from  a  1^°?^^^'   ̂ ^!^^. 
male  from  a  lion.     A  hyena  at  Yirol  yielded  a 

 male  H.  1.  leachii 

SS  seven  adult  R.   s.  ̂ ^.     It  is  of  some  i
nterest  tT^at  no  spec. 

imens  of  R.   s.   sanguineus  were  recovered  fr
om  carnivores. 

ELEPHANTS  in  this  Province  appear  to  be  outsid
e  the  geo- 

graphic range  of  their  usual  parasites,  A.   tholloni  jn
d  D.  c. 

Srcumguttatus.     Small  to  moderately  large  numbers 
 of  R.  |- 

simrSa  K.   simus  senenalensis  infested  
every  elephazil  examned 

Trle^ouIhe^gtg?n  spu^  of  this  Province   (i-^f -S^-J-/" 

the  Upper  Nile  Province  border).     In  the  case  of 
 R.   s.   simu|, 

hnth  sexes  were  taken  on  elephants  during  ea
ch  season  of  the 

veaS      S    Chorley,  who  shot  several  ele
phants  in  the  western 

paS'of^he  Province,   stated  that  no  ticks  
infested  these  animals. 

No   specimens  of  RHraOCEROS  were  examned  but
  seven  male  and 

six  r!lirS'^hinocerinus  on  grass  from  two  local
ities  near  Yirol 

suggesftMi  tick's  infestation  of  those 
 animals  that  do  occur. 
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were; 
WARTHOGS  were  common  in  the  Forest.  Ticks  from  six  hosts 

Host 

1 
2 

3 

k 
5 

Month 

Jan 
Feb 
Feb 

Apr 
Jun Sep 

c? 

5 
6 
1 

9 
K 
1 
2 
1 
1 
3 
5 

9 

18 

31 
1 

R.  simus  senegalensis 

U.  cuspidatTis  "~
~ 

Tl.   s.   simiis 
1?.  CTispidatus 
5.   s.   simus 

U.  "simus  senegalensis 
1?.  ctispidattis 

U.  variegatum 
1?.  tricuspis 
1?.  s.  simus 

1?.  "simus  senegalensis 
1?.  simus  subspecies 

Discovery  of  the  eyeless  tampan,  0.  noubata  in  three  warthog 
burrows  in  the  Forest  area  is  of  extreme  interest  (pages  121,129, 
1U,U9). 

A  HIPPOPOTAMUS  shot  in  the  Jur  River,  in  the  northeastern 
corner  of  the  Province,  in  April  had  nine  male  and  one  female  R. 

£.  simus  on  its  ears.  " 

GIRAFFES  in  northeastern  Bahr  KL  Ghazal  comprise  one  of  the 
most  northern  populations  of  these  animals  in  eastern  Africa. 
The  first  four  hosts  on  the  table  (page  813)  were  taken  at  Liednhom 
on  the  south  bank  of  the  Jur  River,  near  the  Galua3^Nyang  Forest 
where  the  remainder  of  the  hosts  were  secixred.  Data  for  the  num. 
ber  of  giraffes  examined  but  free  of  ticks  were  not  obtained.  The 
chief  tick  species  infesting  thirty  hosts  are  listed  in  the  table 
on  page  813. 

There  were  no  significant  differences  between  infestations  of 
male  and  female  hosts.  The  only  ticks  in  addition  to  those  listed 
in  the  table  were  a  male  R.  s.  simus  (Host  3),  two  male  A.  lepidum 

(Hosts  8  and  17),  and  a  male"lR ."^rlcuspi s  (Host  30).    "      

Inasmuch  as  cattle  passing  the  bovmdaries  of  this  area  are 
heavily  infested  by  A.  variegatum,  the  absence  of  this  tick  on 
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seventeen  of  these  giraffes  and  the  light  to  moderate  infestations 

on  the  remainder  of  these  animals  is  noteworthy.  These  data  con- 

tribute to  other  from  this  area  indicating  that  the  bulk  of  the  A. 

variegatum  population  does  not  commence  reproduction  tintil  well 
into  the  rainy  season  (June,  July). 

The  presence  of  two  male  A.  lepidum  on  these  giraffes  is  of 

some  interest  inasmuch  as  ecological  conditions  in  Bahr  KL  Ghazal 

seldom  meet  this  tick»s  requirements.  A.  lepidum  populations  iji 

this  Province  are  either  small,  rare,  and  restricted,  or  else 

introduced  but  not  thriving.  From  the  fact  that  only  a  single 

male  R.  s.  si"ni=i  and  no  R.  e.  evertsi  were  taken  it  would  appear 

that  giraffes  are  not  favored  hosts  of  these  ticks,  which  are 
common  on  other  animals  in  the  area. 

The  frequency  with  which  both  sexes  of  H.  rufipes  and  of  H. 

truncatum  were  foimd  on  the  same  hosts  from  Harch  through  June 

iH3Icates  breeding  of  these  species  late  in  the  dry  season  and 

through  the  first  half  of  the  rains.  Data  for  other  seasons  are 

not  available.  The  small  araoxmt  of  data  for  both  sexes  of  H. 

truncattun  feeding  in  August  may  indicate  that  adults  continue 

to  appear  and  mate  throughout  the  rainy  season  or  else  that  a 

second  generation  has  reached  adulthood  later  in  the  rains. 

M.  reidi  sp.  nov.  is  known  only  from  these  collections. 

Whether  it  is  a  typical  parasite  of  giraffes  remains  to  be  deter- 

mined. The  small  amount  of  available  data  suggest  that  the  repro- 

ductive season  commences  early  in  the  rains. 
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TICKS  FROM  GIRAFFES 

A. \ 

H. 

H • 
HOST MONTH VARiBlATDM RUFIPES TRTOCATUM HYAL.   SP. 

M. 
RKiDI 

<? 9 

d- 

9 

d' 

$ 
Nymphs 

c? 

2     N 

1 Mar U 

10 

2 Mar 1 
3 Mar 

42 

20 

U Mar 6 2 

5 Mar 

24 

4 
6 Apr 

18 

24 

7 
May 

8 
May 

8 8 

9 
May 

1 
18 

13 

10 
May 2 U 3 4 3 

11 
May 

9 1 11 4 

12 

May 
U 7 2 

13 May 
1 3 2 11 5 

U 
May 

2 3 
15 May 

1 5 
16 

May 
2 

17 
May 

3 5 1 8 
»18 

May 
2 

19 
May 

3 2 
20 Jun 33 9 
21 

Zxax 1 3 
22 Jim 3 5 23 

Jul 1 1 24 
Jul 2 25 
Jul 2 1 

26 Jul 1 1 
27 

Aug 
18 6 

28 
Aug 

U 6 29 
Avig 

3 8 

30 

Aug 
9 2 2 

TOTAL 

50 

12 

87 

52 

150 

65 

2 U 
10    25 

*Imnia ture  host. 
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Nineteen  BUFFALOS  in  the  Forest  were  infested  by  186  ticks, 

as  shown  in  the  table  below.  Seasonal  data  for  males  and  fe
males 

are  in  general  similar  to  those  obtained  from  ticks  infes
ting 

giraffes  in  this  area.  The  low  incidence  of  infestation  
of  these 

bioffalos  by  H.  truncatiim  is  noteworthy. 

TICKS  FROM  BUFFALOS 

HOST     MONTH     A.  VARIEGATUM     H.  RUFIPSS       OTHHIS 

c?         $               d^        $  c?        $ 

3^3         Feb                                         6         U         (H.  longicoxatus  1 
(H.  tnmcatum  7         6 
R.   s.   simus  16        4 

I          "5.  Tepidum  1 

H.   truncatvun  1 

^.   s.   simos"  1 
U.  "^lotncatxjm  18 
^.   3.   siraus  U        1 

u Feb 1 

5 Mar 6 

6 Mar 2 
7 Mar 2 

8 Apr 1 
9 Apr 

10 Apr 
11 Apr 

12 

May 
2 13 May 
1 5 

U 
May 

2 
15 

Jun 
18 

6 

16 Jim 1 
17 Jun 6 2 2 

18 Jtin 
10 

7 
19 

Jtm 
17 

60 

9 

TOTAL 

25 

21 
R.   3.   senegalensis  1 

18  Ul      15 

Of  the  AIWELOPES,  the  TIANG  was  most  common  in
  the  Forest  area 

and  all  specimens  observed  were  tick  infested.  
   When  we  arrived  in 

February,   approximately  a  hundred  dried  s
kins  of  tiang  obtained 

eLue/in  Ze  dry  season  were  examined.     Each
  bore  from  one  to  23 

dead  nymphs  of  A.  variegatm,  the  average  nu
mber  being  in  the  vicn^ 

niS  ofLn  or  lEwelve.     A  few  dead  male  H.  trunc
atum  and  A.  vari|. 

gatL  also  remained  on  the  skins.     Several 
 hosts  secured  earlFT?! 
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the  rainy  season  were  infested  by  adult  A.  variegatum.  The  high 
incidence  of  A.  variegattun  infestation  and  the  absence  of  other 
common  ticks  Ti'S'  R.  s.  sinms,  R.  e.  evert si,  H.  rufipes)  on  the 

tiang  is  of  interesT.  "Animals  examTned  immediately  afx-er  death yielded,  besides  A.  variegatum,  only  a  few  H.  truncatum  and  B. 
decoloratus.  In  Tpril,  two  pairs  of  R.  tri^uspis  and  a  female 
of  H.  leachii  muhsami  were  foojnd  on  one  host  and  in  July  fotir 
males  and  seven  females  of  H.  acicttlifer  were  removed  from  an- 

other. The  latter  species  also  infested  a  tiang  near  Tonj  (March). 

Also  noteworthy  is  the  fact  that  no  ticks  were  found  on  a 
ntunber  of  WATERBUCKS  and  WHITE-EARED  KOBS  in  the  Forest.  Three 

ROAN  ANTELOPES  were  infested  by  (l)  two  male  and  a  female  H. 
truncatum  and  the  same  number  of  A.  variegatum  (September )7  (2) 
seven  male  and  a  female  A.  variegatum  (August j,  and  (3)  a  male 
H.  truncatum  and  a  nymphal  A.  variegatum  (March).  On  a  HARTEL 

"BeEST  shot  in  July,  single  "adults  or  A.  variegatum  and  B.  decolo- ratus were  found.  An  ORIBI  obtained  in  June  yielded  a  msile  R. 
tricuspis;  another,  near  Tonj  in  March,  two  male  R.  sulcatusT 

MAN 

Two  pairs  of  advilt  R.  s.  simus  and  nine  nymphal  A.  variegatum 

were  taken  engorging  on  memBers  of  our  party  in  the  P'orest  in 
Febmary.  South  of  Yirol,  a  female  R.  sulcatus  was  taken  while 

crawling  on  the  collector's  leg.    *" 

DOMESTIC  FOVtLS 

A.  persicus  is  common  at  Wau,  the  only  locality  in  which  a 

searc'E  for  this  tick  has  been  made. 

DCMESTIC  MAMMALS 

HORSES  are  attacked  chiefly  by  B.  decoloratus  and  R.  e. 

evertsi ;  several  collections  from  single  hosts  contain  "as  many as  sixty  ticks  of  each  species.  One  horse  at  Wau  was  infested 
by  twenty  adult  A.  variegatum,  another  at  Busseri  by  eleven 
adults  of  this  tTck  as  well  as  by  three  adult  R.  tricuspis ,  and 
others  by  single  males  of  H.  rufipes. 
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DONKEIS  are  heavily  Infested  by  R.  e.  evertsi.     Found  on 

them  in  lesser  niunbers  are  nymphal  A.~vairiegatum,   and  adiilts  of B.   annul atus,  B.  decoloratus,  H.  rtiTipes,   and  H,  truncatum. 

A  PIG  at  Wau  (August)  was  infested  by  five  male  and  two  fe- 
male A.  variegatoim  and  a  pair  of  adiilt  R.   s.   simus. 

DOGS  throughout  the  Province  are  almost  invariably  infested 

by  several  specimens  of  R.   s.   sanguineus  and  some  serve  as  host 

for  dozens  of  nymphs  and"adults.     Rare  adults  of  R.   s.   simus  and 
H.  1.   leachii  and  nymphs  of  A.  variegatum  were  also  found  at 
various  localities.     A  number  of  female  B.  decoloratus  from 

Dinka  dogs  at  Fanjalc  indicate  that  where~dogs  and  cattle  sleep 
in  the  same  hut  the  former  are  attacked  by  the  latter »s  para- 
site. 

CATS  at  the  Forest  and  at  Wau  provided  a  few  specimens  of 
H.  leachii  muhsami. 

CATTLE  were  observed  in  all  areas  shoirfn  on  the  map  (Figure 

3). 

Dinka  long-horn  cattle  are  regarded  with  religious  fanaticism 

by  their  owners.     During  the  dry  season  the  young  tribesmen  and 

their  great  herds  migrate  to  the  toich,  low  lying  pastures  along 
the  rivers  that  are  intindated  during  the  floods.     At  the  onset  of 

rain  they  return  to  their  homeland  for  grazing.     People,  dogs,   and 

cattle  sleep  together  around  the  campfire  or  in  huge,   smoke  filled 

huts.     It  was  estimated  that  a  quarter  of  a  million  cattle  passed 

the  Jut  Narrows  area,  in  which  the  Galual-Nyang  Forest  is  situat- 

ed, on  their  annual  trek  to  the  toich,  but  no  estimate  of  the  total 

livestock  population  of  this  Province  is  available.     For  twelve 

ronths,  1950-1951,  the  Veterinary  Department  reported  64,031 
hides  from  Bahr  EL  Ghazalj   in  contrast,  only  775  from  Bquatoria. 

Cattle  are  almost  always  parasitized  by  variable  numbers 

of  A.  variegatum.     The  infestations  are  commonly  moderate  but 

not-inPrequentiy  heavy,   as  many  as  fifty  to  a  hundred  ticks  being 
found  on  a  single  animal.     During  the  dry  season  the  proportion 

of  females  to  males  is  in  the  range  of  one  to  five  hundred,  but 

late  in  April  it  becomes  one  to  fifty,   and  in  Jvily  and  August 
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one  to  twenty.  The  July-Aiigust  figures  probably  represent  the 
peak  reproductive  season  of  A.  variegatum.  A  single  dry  season 
collection  from  Wau  (February) ,  not  Included  in  the  breakdown  above, was  exceptional  in  that  eight  females  and  35  males  were  found  on  a 
single  cow.  Nymphs  were  carefully  searched  for  on  many  large  cattle herds  in  the  Forest  area  in  Febniary  but  fewer  than  a  dozen  were 
found.  This  is  in  notable  contrast  to  the  invariable  infestation 
of  tiang  by  nymphs  in  January  and  February. 

Other  species  common  on  cattle  in  this  Province  are  B.  deco_ 
loratus  and  B.  annulatus.  In  the  dry  season,  B.  decoloraTus"was 
approximately  ten  times  as  common  as  B.  annulaEus  '^  during  the 
rains  the  ratio  became  more  equalized~and  in  some  collections  B. annulatus  exceeded  B.  decoloratus  in  numbers.  B.  decoloratus  Is 
represented  in  all  collections  from  this  Province.  Very  light 
infestations  of  H.  rufipes  are  frequent  but  H.  truncatum  is  rep. 
resented  by  only  seven  adults  in  three  collections.  Exceptional 
parasites  of  cattle  are  A.  lepidum  (three  adults  in  two  collec- 

tions), R.  s.   siraus  (six~adulls  in  two  collections),  and  a  single female  R.  eT  evertsi.  This  last  named  tick  is  so  common  on  sheep, 
goats,  andequlnes  in  Bahr  EL  Ghazal  that  its  almost  con^jlete  ab- 

sence on  cattle  is  striking;  it  is  also  common  in  Bquatoria  Prov.. ince  collections  from  cattle. 

GOATS  and  SHEEP  are  infested  chiefly  by  R.  e.  evertsi,  most 
collections  containing  only  this  species.  Otler'ticks  on  "these animals  are  A.  variegatiun  and  B.  decoloratus . 

UPPER  NILE  PROVINCE* 

Available  data  for  this  poorly  explored  Province  refer  chief- 
ly to  localities  in  the  vicinity  of  Nile  steamer  wood  stations  and, 

«Data  for  this  Province  are  from  several  lots  of  specimens  inT""" 
Sudan  Government  and  British  Museum  (Natural  History)  collections 
and  small  amounts  of  material  obtained  by  personnel  of  the  Sudan 
Veterinary  Service  and  by  the  writer.  In  this  report,  some 
references  to  Kenisa,  on  the  Upper  Nile_Bahr  El  Ghazal  border, are  Included  under  the  latter  Province. 
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to  a  lesser  extent,  along  the  Sobat  River  and  the  Malakal-Juba 
land  track.  Host_tick  relationships  in  this  Province  are  prob- 

ably similar  to  those  of  the  east  bank  of  Eqiiatoria  Province. 
Some  East  African  species  not  yet  recorded  from  the  Sudan  may 
occur  near  the  Ethiopian  border. 

As  one  travels  northwards  in  this  Province  the  big  game 
animsLLs  of  Africa  gradually  decreeise  in  numbers  and  disappear. 
Er  Renk  is  the  northern  boundary  of  the  fine,  lean,  naked  Nilotic 
tribes  of  Negro  Africa;  further  on  the  country  is  inhabited  by 
white- gowned  Arabs  of  unique  personal  dignity  and  character, 

REPTILIA 

Cobras  at  Kenisa,  Nasir,  and  Er  Renk  have  been  found  in- 
fested with  A.  latum  while  A.  exomatum  has  been  collected  from 

monitor  lizards  at  Er  Renk." 
AVBS 

R.  s.  sanguineus  and  R.  s.   siimis  were  taken  fjrom  lesser 

bust€?ds~at  Maoan.  ""    " 

MAMMALU 

BABOONS  are  infested  by  R.  _s.  simus. 

caiOUND  SQUIRRELS  at  Bor  were  the  source  of  H.  houyi. 

A  LION  at  Akobo  Post  was  parasitized  by  single  pairs  of 
R.  simus,  R.  s.  sanguineus ,  and  H.  1.  leachii  and  a  LEOPARD 

at  Bor  by  a  pair  of  R»  s.  simos.'"  " 

Probable  infestation  of  RHINOCiKOS  is  indicated  by  King's 
specimens  of  A.  rhinocerotis  from  grass  near  Bor. 

W&RTHOGS  and  WIII>  PIGS  shot  near  Duk  Fadiat  were  hosts  of 
numerous  A.  variegatum  and  R.  s.   simus. 

Two  BUFFALOS  at  Rom  were  infested  by  six  male  and  four  fa- 
male  A.  lepidum  (July). 
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A  ROAN  ANTELOPE  at  Kaka  supplied  four  male  A.  lepidum  and 
one  female  R .  s .  simus .  A  TORA  HARTEBEEST  on  the  Daga-Kigllle 

track  yielded  "a.  few  female  B.  decoloratus. 

MAN 

Two  male  R.  s.  sanguineus  feeding  on  man  at  Mel\it  were 
sent  for  identificatxon. 

DQ^ESTIC  FOWLS 

Argas  persicus  has  been  recovered  at  Malakal. 

DCMESTIC  MAMMALS 

HORSES,  DONKEYS,  and  MULES  are  attacked  chiefly  by  R.  evertsi 
but  several  collections  including  A.  lepidum  and  B.  decoToratus 
have  also  been  made  and  others  contain  K.  s.  sanguineus  and  B. 
annulatiis . iguine 

A  PIG  at  Maban  was  infested  by  two  B.  decoloratus  and  three 

R.  e.  evertsi.  " 

DOGS  at  Er  Renk  and  Bor  were  the  source  of  two  unusual  tick 
records,  one  female  Ixodes  nairobiensis  and  one  male  R.  super- 
tritus  having  been  secxired  by  King.  THe  first  tick  is  the  only 
one  of  this  species  known  from  the  Sudan  and  the  second,  not  inown 
from  other  specimens  in  this  Province,  is  rare  wherever  it  occurs. 
Infestation  by  H.  1.  leachii  is  known  only  from  So bat;  special 

efforts  made  to~secure  this  tick  at  Malakal  were  unsuccessful. 
R.  s.  sanguineus  is  represented  in  all  collections. 

CATTLE  density,  breeds,  and  handling  habits  here  are  in 
general  similar  to  those  of  Bahr  El  Ghazal  and  long  east-west 
migrations  are  xmdertaken  in  search  of  grazing.  Herds  observed 
in  Upper  Nile  were  invariably  parasitized  by  A.  variegatum  and 
B.  decoloratus.  Frequently  included  were  smaTler  numbers  of  A. 
Tepidxxm,  B.  annulatus,  H.  ruf ipes ,  R.  e.  evertsi,  R.  s.  sanguineus, 
and  R.  s.  simus.  Inclusion  of  the  Tas^   two  rhipiceptialids,  not 
ordil^xly  fo\ind  on  cattle  in  the  Sudan,  is  difficult  to  explain, 
yet  several  collections  from  different  localities  contain  a  nuniber 
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of  specimens.  Infestations  of  R.  e.  evert si  are  similar  to  those 
of  Equatoria  but  heavier  and  more  widely  spread  than  those  of  Bahr 
EL  Ghazal.  H.  truncattm  is  represented  by  only  a  single  collection 

from  Makier." 

SHEEP  and  GOATS  have  furnished  specimens  of  A.  lepidvun,  R. 

e.  evertsi,  R.  s.  ̂ sanguineus,  and  R.  s.  siraus.   ~         ~ 

DARFUR  PROVINCE* 

Northward  from  the  Bahr  El  Arab  (River)  that  separates  Darfur 
from  Bahr  EL  Ghazal  Province,  the  landscape  gradually  changes  from 
tall  to  short  grasslands  with  fewer  and  fewer  trees  and  thence  to 
desert  scrub  and  extreme  desert  conditions.  Few  big  game  animals 
exist  across  the  Bahr  EL  Arab  and  those  that  do  are  confined  to  the 

southern  periphery  of  Darfur.  Camels  make  their  first  appearance 
here  and  horses  and  donkeys  are  considerably  more  common  than  here- 

tofore. Cattle  and  sheep  aboiond.  Volcanic,  fertile,  terraced 
Jebel  Marra,  with  an  altitude  of  almost  10,000  feet,  is  unexplored 
for  ticks.  Differences  in  the  tick  faunae  of  plains,  hills,  and 
mountains,  and  various  kinds  of  grasslands  remain  to  be  invest!— 

gated . 

MAMMALIA 

A  FOX  was  infested  by  R.  s.  simus  and  another  (Viilpes  pallida) 

by  R.  s.  sanguineus.      ~  ~ 

DCMESTIC  FOWLS 

A.  persicus  has  been  found  at  Fasher. 

*Most  data  for  Darfur  are  from  material  collected  by  Sudan  Veter- 
inary Service  personnel  from  domestic  animals  in  six  areas  in  the 

central  part  of  the  Province  during  the  dry  season.  Scattered 
records  in  Sudan  Government  collections  have  also  been  obtained. 
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DCKESTIC  MAIidALS 

CAMELS,  common  in  the  north,  graze  down  to  the  southern  grass 
lands  in  the  dry  season  but  not  to  the  Bahr  EL  Arab  toich.  These 
animals  transport  goods  throughout  northern  and  central  Sudan. 
They  are  infested  chiefly  by  H.  rufipes,  possibly  the  nost  common 
tick  of  Darfur,  and  frequently  by  smaller  numbers  of  H.  dromedarii, 
H.  in^aeltatum,  H.  in^ressvan,  and  H.  truncatum.  0.  savignyi  also 

occurs  and  R.  sT  simus  is  pre3ent~in  a  single  collection.  Few specimens  oT  rf7  dromedarii  from  camels  are  inclvided  but  most  col- 

lections from'Darfxir  cattle  include  several  specimens  of  this tick. 

DCWJSSriC  RABBrrS  are  parasitized  by  R.  s.  sanguineus. 

DOGS  carry  R.  s.  sanguineus  and  a  single  lot  of  H.  1.  leachii 

has  been  obtained.  ~  ~  ~ 

HORSES,  DC»n(EyS,  and  MULES  are  common  and  of  good  breeds. 
They  are  usually  infested  by  a  number  of  B.  decoloratus  and  H. 

rufipes .  Most  collections  also  contain  rfT  dromedarii,  H.   " impressum,  and  H.  truncatum  and  several  include  H.  ing)eTtatum, 

R.  s.  sanguinevis,  and  R.J.  simus.  0.  savignyi  "Has  also  been 
collected  from  a  horseT  "        ~ 

CATTLE  ajid  goats  and  sheep  are  numerous  in  Darfur.  It  is 
said  that  sheep  are  more  common  and  important  than  goats  here. 
Cattle  migrate  over  a  wide  area,  feeding  on  the  Bahr  El  Arab 

toich  during  the  dry  season  and  grazing  up  to  13°N.  during  the 
rains. 

Herds  in  each  of  the  areas  represented  are  most  heavily  par- 
asitized by  H.  rufipes,  the  total  number  of  specimens  of  which 

equal  those  of  a1 1  other  species.  Also  common  but  fewer  in  num- 
bers are  H.  dromedarii,  H.  t  rune  at  vim,  H.  impressum,  and  H.  inroeL. 

tatum.  A^few  specimens  of  A.  lepi3um,"'A.  variegaTum,  B.~decoloL- 
ratus  and  R.  s.  sanguineus  "are  also  pre"sent.        ~ 

GOATS  and  SHEEP  include  R.  e.  evert si  in  all  collections  but 
this  tick  has  not  been  fovuid  on  other  Darfur  hosts.  Less  nvtmerous 

but  frequent  are  R.  s.  sanguineus,  H.  rufipes ,  and  H.  truncatum. 

Single  collections  contsiin  H.  dromedarii  from  goats" and  B.  decolou 
ratus  from  sheep.        ~  ~ 
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KORDOFAN  PROVINCE* 

The  very  few  available  data  from  Kordof an  are  divided  between 
collections  from  EL  Obeid,  in  the  short  grass- scattered  acacia 
region,  and  from  various  localities  in  the  southwestern  Nuba 
Mountain  area.  The  Nuba  Mountains,  which  reach  an  altitude  of 
some  5000  feet,  with  permanent  water  supplies  in  the  mountains 

'and  nearby  plains,  influence  the  area  sufficiently  to  allow 
the  survival  of  such  tropical  ticks  as  A.  variegattun  and  R.  s. 

simus.  The  gradual  gradation  of  the  plains  from  acacia  tall" grass  forest  to  desert  scrub  in  the  north  is  similar  to  that 
of  Darfur. 

RETT ILIA 

A.  biounpti  infests  the  LIZARD  Agama  colonorum  in  the  Nuba 
Mountliins;  A.  exornatum  has  been  taken  from  Varantis  e.  exanthe- 

maticus  at  "Rhuwei,  and  A.  nuttalli  is  known  from  a  I5ND  TORTOISE 

at  Talodi.  
~ 

AVES 

GUINEA  FOWL  examined  for  A.  bnimpti  were  free  of  this  tick 
(page  8^).     A  BUSTARD  in  the  K!oalib  Hills  provided  R«   s.   sangui- 
neus, 

MAMMALU 

The  presence  of  A.  brunyti  in  the  Nuba  Mountains  infers 
parasitism  of  small  mammals. 

R.  s.  sanguineus  has  been  found  on  HEDGEHOGS  at  Heiban, 
and  Delami  (ntimerous  in  both  localities),  on  a  HARE  at  Delami, 
on  a  FOX  in  the  Koalib  Hills,  and  on  a  KUDU  on  Jebel  Tabuli. 

DOMESTIC  FOWLS 

A.  persicxis  occurs  at  Delami. 

»Kordofan  data  were  obtained  largely  by  Mr.  C.  Karrar  of  the  Sudan 
Veterinary  Service.  The  few  wild  animal  records  are  from  Sudan 
Government  and  the  HH  collections. 
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DCMESTIC  MAMMALS 

CAMH.S  bear  H.  dromedarii,  H.   excavatum,   and  H.   impressum, 

and  _0.   savignyi  also  feeds  on  thiem.  ~ 

PIGS  at  Tabanga  are  infested  by  R.   s.   sangtiineus  and  R. 

s.   simus.  ~    ~  "" 

HORSES  provide  H.   excavatum  at  EL  Obeid  and  R.  s.   simus 

at  Talodi.  ~  ~    ~ 

MULES  at  Talodi  yield  R.  e.  evert si. 

CATTLE  populations  and  movemsnts  are  comparable  to  those  of 
DarfvjT.     Herds  at  El  Obeid  and  northwards  are  infested  by  B. 
decoloratus,  H.  dromedarii,  H.  excavatum,  H.  marginatum,  hT 
rufipes,  and  ̂ .   s.   sanguineus.     B.  decoloratus  is  probably 
chiefly  transported  this  far  norTh.     In  the  south  herds  are 
parasitized  by  A.  variegatixm,  B.   annulatus,  B.  decoloratus, 

H.  impressum,  rfT  rufipes,  H.  truncatum,   and  "K,  s.   simusT     A Tew  B.   annulatus  and  H.  detritum  have  been  taken  from  Kordof an 

cattTe  at  Quarantine  "Stations . 

SHEEP  and  GOATS  have  provided  specimens  of  H.  excavatum 
from  El  Obeid  and  of  H.  dromedarii,  R.   e.  evertsT,  R.  s.   sanguL- 

neus,   and  R.   s.  3iimi3'"from  the  west  and*" south.  "    ~ 

BLUE  NILE  PROVINCE* 

The  chief  tick  species  and  a  few  of  the  more  uncommon  ones 
are  known  from  this  Province  but  collections  have  been  sparse, 
scattered,  and  uneven.  Careftil  surveying  should  show  differences 
between  tick  faunae  in  the  sparse  grass  semidesert  north  of  Wad 
Medani,  the  acacia  short  grass  scrub  southwards  that  becomes 

*Most  Blue  Nile  data  were  supplied  by  Sudan  Government  veterina- 
rians and  by  the  writer *s  collections  from  Wad  Medani.  Specimens 

from  wild  animals  are  from  Sudan  Government  collections,  Mr.  D.  J. 
Lewis,  and  Museum  of  Comparative  Zoology. 

_  823  _ 



acacia  tall  grass  forest  south  of  Singa,   and  the  heavily  ciilti— 
vated,   irrigated  fields  of  the  Gezira  Scheme. 

REFTILIA 

Infestation  of  LIZARDS  by  A.  brmnpti,   specinens  of  which 
have  been  secured  at  Gebelein  and  in  "Bltie  Nile  districts", 
appears  likely.     A.  exomatxim  has  been  taken  from  monitor  liz- 

ards at  Singa  and^Hassa  Heissa. 
AVES 

A  male  and  two  female  R.  s.  sanguineus  parasitized  a  "large 
VULTURE"  at  Wad  Medani. 

MAMMALIA 

A.  bnunpti  is  assumed  to  infest  a  variety  of  small  mammals 
in  this  Province  but  definite  records  are  lacking. 

HEDGEHOGS  at  Hodft  and  Hosh  provided  several  pairs  of  R.  _3. 

sanguineus .  
""  " 

A  CHEETAH  in  the  Sennar  area  has  been  reported  to  be  in- 
fested by  A.  lepidvun  and  specimens  of  H.  1.  leachii  were  taken 

from  a  CABJCAL.     At  Wad  Medani,  eight  "R.  Teachii  muhsami  and 
several  R.  s.  sanguineus  occurred  on  a^-lGNGOOSE. 

GROUND  SQUIRRELS  at  Roseires  parasitized  by  H.  hoiyi  have 
been  reported. 

MAN 

A  male  A.  lepidum  was  taken  at  Wad  Medani  feeding  between 
the  toes  of  a  man. 

DCMESTIC  FOWLS 

A.  persicus  is  present  in  several  localities. 
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DOMESTIC  MAMMALS 

CAMELS  are  heavily  Infested  by  0.  savignyi  at  Wad  Medani  and 

Kosti.     Material  from  Wad  Raiya  has  "also  been  seen.     This  tan^jan probably  occurs  in  most  areas  where  camels  are  employed.     A* 
lepidum  is  also  common  but  specimens  of  H.  dromedarii  are  res- 
tricted  to  the  northern  half  of  the  Province  as  are  those  of  H. 
excavatum.     H.  rufipes  and  R.   s.   sanguineus  are  represented  ty 
single  collections  and  H.  truncatvim  by  scattered  collections. 

R.   e.   evertsi,  although""common  on  equines,   goats,  and  sheep,   is 
not~present  in  collections  from  camels. 

HORSES,  DONKE?S,   and  MULES  throughout  Blue  Nile  are  fre- 
quently parasitized  by  R.  e.  evertsi  and  to  a  lesser  extent  by 

R.   s.  ̂ sanguineus.     A.   lepicfum  is  not  imcommon  on  these  hosts. 
!7uflSrous  H.   excavatum  occvu:  on  some  horses  at  Wad  Medani. 

DOGS  bear  ntimerous  R.  J-   sanguineus. 

CATTLE  are  localized  in  Blue  Nile  Province.     Large  area^, 
although  apparently  suitable  for  grazing  and  close  to  markets 
and  transportation,   support  little  livestock.     In  cultivated 
areas  some  work  animals  are  employed.     In  Kosti  District,  the 
Baggara  tribes  do,  however,  maintain  large  herds  of  cattle, 
goats,   and  sheep,   and  migrate  with  them  to  northern  Kordofan 
or  down  to  Er  Renk  in  search  of  grazing.     Other  pastoral  tribes 
inhabit  the  area  between  the  Blue  Nile  and  Kassala. 

Herds  are  commonly  parasitized  by  A.  lepidvun  and,   at  Wad 

Medani,  by  H.  rufipes.     B.  decolor atus, "A.  variegatum,  and  R. 
s.   simus  are  represented^by  single  collections  from  the  southern 
"Kalf  of  the  Province,  while  H.   excavatum  and  H.  dromedarii  in- 

fest cattle  in  the  northern  "Half .     H .  trunc atum  is  present  in scattered  localities. 

GOATS  and  SHEEP  are  hosts  of  R.  e.  evertsi  and  R.   s. 

sanguineus.     Comparatively  heavy  infe'stations  of  eitlier^or  both of  these  species  are  common  in  most  areas  of  Blue  Nile  Province. 
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KASSALA  PROVINCE* 

Grading  from  a  small  area  of  acacia  tall- grass  forest  in 

the  extreme  south  to  large  wastes  of  barren  desert  in  the  north, 

Kassala,  by  reason  of  its  hilly  character  and  hvaoid   sea  breezes, 

undoubtedly  supports  a  number  of  tick  species  not  yet  recorded 

from  this  Province.  A  few  miles  north  of  Kassala  Province,  in 

Egypt,  we  have  found  Omithodoros  f oleyi ,  and  H.  tnincatum  fol- 

lows the  coastal  plain  to  its  northern  limit  just  inside  Egypt. 

Excellent  riding  camels  are  a  notable  product  of  Kassala  and 

camels  and  goats  are  common  throughout  the  Province  except  in 

the  inland  deserts.  Cattle  herds  range  from  the  south  to  soma- 

what  north  of  Port  Siidan  and  sheep  axe  common  in  the  same  area 

except  in  the  far  south. 

VTELD  ANIMALS 

The  presence  of  A.  brumpti  at  Erkowit  indicates  parasitism 

of  reptiles  and  small~mammals .  A.  exornatum  has  been  taken  from 
a  Varanus  LIZARD  in  the  Butana  areal  A  HAKE  at  Sinkat  was  ia. 

fested  by  R.  s.  ̂ sanguineus. 

MAN 

0.  savignyi  has  been  taken  feeding  on  human  beings,  near  a 

well, "and  in  several  other  situations  (page  191). 

DOMESTIC  FOWLS 

A.  persiciis  has  been  found  at  Suakin. 

pg^ESTIC  MAMMALS 

CAMELS  at  Kassala  are  infested  by  numerous  H.  dromedarii 

and  fewer  numbers  of  H.  excavatum,  H.  marginatum^  H.  rul'^P®^^ 

and  R.  s.  sanguineus."  0.  savignyi  Is  also  present  (page  191;. 

«Dry  and  early  rainy  season  data  for  livestock  parasites  f
rom  sev- 

eral localities  were  provided  by  Mr.  M.  J.  Henigan  of  the  Sudan 

Veterinary  Service.  Sudan  Government,  British  Museum 
 (Natural 

History),  and  the  HH  collections  have  added  a  few  
additional 

records. 
_  826  _ 



DOGS  at  all  localities  svirveyed  are  heavily  infested  by  R. 

s.  ̂ sanguineus.     In  May  at  Port  Sudan,  LM.  nymphs  of  this  tick  ~ and  a  few  adult  H.  1.  leachii  were  also  taken. 

HCESES  and  DCWKHfS  are  parasitized  chiefly  by  H.   excavatum 
and  by  fewer  H.  detritum,   H.  dromedarii,  H.   impeltatum,  R.   e. 

evertsi,   and  R.   s.  ̂ sanguineus.  "    "" 

CATTLE  bear  chiefly  H.  dromedarii,   H.   excavatum,  H.   impel- 
tatum,  H.   rufipes,   and  H.   truncatun,   along  with  fewer  I.   lepidum, 

H.   detrTtum,   and  R.   e.  "evertsi.  ~ 

GOATS  and  SHEEP  yield  chiefly  H.   excavatum  and  R.   s.    sangui- 

neus,  and  fewer  H.   truncatiim  and  R.~e ."evert si.  ""    ~ 

KH/^,RTQUM  PROVINCE* 

Khartoum  Province,  a  small  area  aroxmd  the  capital,  Khartoum, 
industrial  town,  Khartoum  North,  and  residential  and  marketing 
center,  Omdurman,  is  a  region  of  poor  grass  acacia  scrub  with  no 
special  biological  features  except  for  snail,  irrigated  gardens 
along  the  Nile.  Large  numbers  of  horses,  donkeys,  camels,  sheep, 
and  goats  live  here  or  come  into  the  Province,  and  some  cattle 
are  maintained. 

The  presence  of  a  zoological  garden  and  of  a  cattle  quaran- 
tine station  brings  many  wild  and  domestic  animals  with  a  large 

variety  of  ticks  into  the  Khartoum  area  and  several  exotic  rec- 
ords for  this  locality  appear  to  have  been  based  on  material  of 

species  not  established  in  this  Province. 

AVES 

King  reared  H.  rufipes  from  nymphs  from  a  KITE,  Milvus 
migrans.  Adults  of  R .  s .  sanguineus  were  found  on  another  kite. 

*Khartoura  data  derive  from  the  vrriter's  collections,  a  few  lots 
in  Sudan  Government  collections,  and  four  lots  sent  by  Sudan 
Veterinary  Service  personnel . 
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MAMMALIA 

BATS  are  parasitized  by  A.   confusus  and  A.  vespertilionis. 

RODENTS  in  the  desert  often  bear  larvae  and  nymphs  of 

Hyalomma  ticks;   immatiare  tick  specimens  of  this  genus  have  not 
yet  been  identified.     A  FCK  shot  near  Khartoum  bore  a  number  of 
H.   1.   leachii  and  another  four  male  H.   1.   muhsami  and  several 

T?.  "s.   sanguineus. 

DCMESTIC  FOWLS 

A.  persicus  is  common  in  Khartoiun  and  Oradurman. 

DCMESTIC  1-lAMMALS 

CAMELS  yield  large  nximbers  of  H.  excavatum,  H.  dromedarii 

and  R.  s.  sanguineus,  and  smaller  numbers  of  H.  impeltatum  and 
H.  ruf ipes .     0.   savignyi  is  common  here. 

DOGS  bear  R.   s.   sangtdneus  and  less  commonly  H.   1.   leachii, 
H.  dromedarii,  T[,  excavali-iim,   and  H.  rufipes. 

HCRSES  and  DONKEfS  are  parasitized  chiefly  by  H.   excavatum 

but  also  bear  good  numbers  of  H.    impeltatxjm,   H.  dromedarii,  H. 

excavatum,   H.  rufipes,  R.   e.   everts! ,   and  R.  "s.   sanguineus  and 
a  few  B.  decolor atus.     "Small  populations  oT  tHe  last  named 
species  appear  to   be  established  in  irrigated  gardens  along 
the  Nile. 

CATTLE  provide  H.  dromedarii,  H.  excavatum,   and  R.  _s. 

sanguineus ,   and  fewer  H,   impeltatum" and  H.   ruilpes. 

SHEEP  and  GOATS  are  parasitized  by  the  same  species  as 

cattle,  except  that  R.   e.   evertsi  is  also  cominon  on  them. 
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NORTHERN  PROVINCE* 

Small  herds  of  domestic  animals  are  maintained  in  the  narrow 
strip  of  cultivation  along  the  Nile.  Away  from  the  Nile,  Northern 
Province  is  a  vast  barren  desert  that  supports  little  life.  The 
few  available  tick  collections  are  from  the  Nile  area.  Xerophilic 
tick  species  undoubtedly  remain  to  be  discovered  in  the  desert. 

MA^^MALIA 

BATS  at  Dongola  are  infested  by  A.  confusus  and  A.  vesper- 
tilionis.  FOXES  in  the  desert  near  tHe  llile  rarely  iJear  R.  s. 

simus,  more  commonly  H.  1.  leachii  and  R.  s.  sanguineus.  ~The 
latter  tick  has  also  "Been  found  on  HARiS.  ~ 

DOMESTIC  FOWLS 

A.  persicus  occurs  in  a  number  of  localities  along  the 

Nile." 
DOMESTIC  MAMMALS 

CAMEL  yards  frequently  contain  0.  savignyi.  H.  dromedarii 

is  the  chief  tick  parasite  of  camels~but  H.  excava^um,  H. 
rufipes,  and  R.  s.  sanguineus  also  occur  on  them.     " 

DOGS  are  infested  by  R.  s.  sanguineus  and  H.  eaccavatujn. 

HCRSES  and  DONKESfS  bear  H.  excavatum  and  fewer  H.  dromedarii, 

H.  rufipes,  and  R.  s.   sanguineus.  ~ 

CATTLE  yield  H.  dromedarii  and  H.  excavatum;  less  comanonly 

H.  rufipes  and  R.  ̂ .  sanguineus;  rarely  R.  s.  simus  at  Shendi. 

SHEEP  and  GOATS  harbor  H.  excavatum  and  R.  s.  sanguineus. 

At  Shendi  a  few  R.  e.  evert sT  occur.        "  " 

*Northern  Province  data  were  obtained  by  Sudan  Veterinary  Service 
personnel  and  the  writer.  A  few  lots  from  this  Province  are  in 
Sudan  Government  collections. 
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MEAN    ANNUAL  TEMPERATURE  CC) 

(TO  194-0) 
Figtire  323 

MEAN  ANNUAL  TEMPERATURE  OF  THE  SUDAN 

/"From  Ireland   (19A-8).     In:  Agriculture  in  the  3iiian. 
With  permission  of  Oxford  Press  and  Sudan  Government^/ 

PLATE  XIC 
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VI 

^^'^'^"I'lC  iiND  BIOTIC  FEATURES  OF   T]HE  SUDAN 

CLIMATE* 

+  oo3    "f^'   entirely  within  the  tropics  from  latitudes  22°!^. 
to  3;^.  and  with  a  simple  topography  from  the  meterological  aspect. IS  almost  entirely  landlocked  and  possesses  a  continental  climate. Maritime  characteristics  are  confined  to  the  narrow  eastern  coastal plain  and  eastern  slopes  of  the  Red  Sea  Hills.  Elsewhere  the  vast plain  is  broken  only  by  the  Marra  Mountains  of  Darfur,  the  Nuba 
Mountains  of  southern  Kordofan,  (and  the  few  small  ranges  of  Bqua. 
toria).  The  swampy  Sudd  of  the  Upper  Nile  is  the  only  inland  body of  water  large  enough  to  influence  climate.  The  Sudanese  plain extends  far  west  and  north,  but  eastward  and  southward  it  is  linu 
ited  by  the  Ethiopian,  East  Africa,  and  Congo  highlands. 

Mean  annual  isotherms,  or  lines  of  equal  temperature,  in  the Sudan  (Figure  323)  range  from  25°C.  to  29OC.  Temperatures  in  this 
figure  are  not  reduced  to  a  standard  level  and  caution  is  necessary in  dealing  with  these  due  to  relatively  small  amount  of  available data. 

In  the  north  and  the  Red  Sea  area,  the  highest  mean  maxima 
occur  m  June  or  July;  these  are  in  the  range  of  a.l°C.  to 
43.8  C.  Elsewhere  they  precede  the  rains  and  vary  from  May  at Khartoum  to  January  in  Bquatoria;  these  range  from  36.9OC.  to 
40.9"C.  in  the  plains  and  less  in  highland  localities.  The  low- est n^an  maxima  occur  in  January  in  the  north  and  during  the rains,  July  or  August,  south  of  about  U°N.  Seasonal  variation 
decreases  from  north  to  south.  The  highest  daily  maxima  (37.5'^. 
to  52.5°C.  at  Wadi  Haifa)  occur  in  the  north,  the  lowest  in  the 
south  (36.7^C.  to  A3.7°C.  at  Juba). 

*This  section  is  abstracted  from  Ireland  (1948)  in  Agriculture in  the  Sudan. 
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MEAN  ANNUAL  RAINFALL    (mm) 

(TO    I94  0) 
FigTore  3?-^ 

MEAII  ANNUAL  RAINFALL  OF  THE  SUDAl^ 

/"From  Ireland   (19/+8).     In:   Agricultiore  in  the  Sudan. Wxth  permission  of  Oxford  Press  and  Siidan  Government.  7 

PLATE  XIIC 
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iUimii^ii 
•»« 

MEAN  ANNUAL  RAINFALL  DISTRIBUTION 
(TO  19-40) 
Figiire  325 

MEAN  ANNUAL  RAINFALL  DISTRIBUTION  IN  THE  SUDAN 
rFrom  Ireland  (19^8).  In:  Agriculture  in  the  Sudan. 
With  permission  of  Oxford  Press  and  Sudan  Government^ 

PLATE  XIIIC 
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The  lowest  mean  minima  throughout  the  Sudan  occur  in  the  win- 

ter     Mean  dedly  minima  are  lowest  in  the  extreme  north  (7.8  C.  to 

23  8°C     at  Wadi  Haifa)   and  in  the  west  and  highest  in  the  Red  Sea 

area  (19  20C.  to  28.8°C.   at  Port  Sudan).     At  Juba  they  range  from 

19  8°C     to  22.0°C.;   at  Wau  from  17.6°C.  to  22. ̂ °C.;   and  at  Wad 

Medani  from  U.3°C.  to  2^.3°C.     The  seasonal  variation  d
ecreases 

from  north  to  south  and  is  very  small  south  of  Malakal.     Nu
merous 

other  temperature  data  may  be  found  in  Ireland's   (19^8)  
original 

summary. 

Rainfall  in  the  Sudan  (Figures  324  and  325)  is  charac
terized 

by  a  remarkably  regular  decrease  in  mean  annual  total
  from  UOO  mm. 

in  the  south  (1500  mm.   in  eastern  Bquatoria  mountains J 
 to  ̂ 5  nm. 

or  less  in  the  northern  deserts.     Figure  325  shows  th
e  annual 

rainfall  distribution  expressed  as  monthly  percentages
  oi  the 

total,     accept  coast ally,  diagrams  represent  means  ov
er  four 

degree  squares.     Inland  increase  in  rainy  season  le
ngth  from 

north  to   south  and  the  anomalous  Red  Sea  area  regime 
 are  clear- 

ly shown,   as  is  the  notable  latitudinal  uniformity  and 
 the  equa- 

torial double  maximum  in  the  extreme  south.     See  Ireland   (1948; 
for  further  details. 

Climaticaay  the  Sudan  may  be  divided  into  three  r
egions: 

1.  North  of  about  latitude  19  N. 
2.  South  of  atout  latitude  19^.  ^  „  ̂   ̂      „..,, 
3.  Red  Sea  coast  and  eastern  slopes  of  Red  Sea 

 mils. 

North  of  about  latitude  19°N.  the  desert  recei
ves  little, 

infrequent  rain  or  none  at  all.     Strong  wint
er  winds  with  sand, 

storir^  and  occasional  frontal  rain  occur  with 
 an  influx  of  coxd 

air  behind  a  vigorous  Mediterranean  depression.
     The  desert 

SLSe  characteristically  experiences  wid
e  diurnal  and  annual 

temperature  variations. 

South  of  about  latitude  19°N.  the  typical  
tropical  conti- 

nental Sim^te  is  dominated  by  the  annual  movement
  of  the  boundary 

be?wSn  d^northerlies  and  moist  southerl
ies,   a  boundary  reaching 

its  nortSn  limit  in  midsummer  and  its 
 southern  limit  mmid- 

iJnter       ?he  southerlies  bring  rain  that
  extends  five  hundred 

Sles  ;r  so  south  from  the  actual  boundary
.     The  raany  season 
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is  shortest  in  the  north  and  loncest  in  the  south.     !-!ost  of  the 
rain  is  convectional  with  a  marked  afternoon  and  evenin-  Tnaximin. 
Dirj  winter  weather  is  verj^  stable  but  intense  thunderstorms  occur 
in  suramer.      In  the  seraiarid  north,   early  rainy  season  winds  asso- 

ciated with  thunderstorms  bring  dust  storms  or  ho boobs. 

The  Red  Sea  coast  and  the  eastern  slopes  of  the  Red  Sea  Hills, 
influenced  by  the  Red  Sea,   have  northerlies  throughout  the  year. 
These  bring  rain  and  clouds,  rain  falling  chiefly  in  winter.     The 
higher  relative  humidity  of  this  narrow  coastal  strip  markedly influences  the  flora  and  fauna  of  the  area. 

FLORAL  DISTRICTS 

The  vegetation  of  the  Sudan   (Andrews  1%8)  is  divided  into 
seven  principal  Districts  from  north  to  south   (Figure  326): 

1.  Desert 

2.  Acacia  Desert  Scrub 
3.  Acacia  Short  Grass  Scrub 
A.  Acacia  Tall  Grass  Forest 
5.  Broad-leaved  Woodland  and  Forests 
6.  Forests 

A.  Gallery'  Forests 
B.  Bowl  or  Depression  Forests 
C .  Cloud  Forests 

7.  Sv/amps  and  Grasslands 
A.  Permanent  Swamps 
B.  Seasonally  Inundated  Land 
C .  Grassland 
D.  Mountain  Meadow 

Isolated  areas  unrelated  to  their  immediate  surroundings  are 
the  Red  Sea  Hills  (Erkowit)  and  Gebel  Elba  (southeastern  Ep/pt 
adjacent  to  the  Sudan  frontier  and  administered  by  the  Sudan  Gov- 

ernment ) . 

The  following  brief  abstract  provides  a  generalized  picture 
of  the  chief  floral  aspects  of  the  Sudan.  For  further  details, 
see  Andre\;s  (l%8)  and  various  chapters  in  Tothill  (19^8). 
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Figure  326 
FLORAL  DISTRICTS  OF  THE  SUDAN 

TFrom  Anderson  (19-^8),     In:   Agricult
ure  in  the  Sudan. 

tith  permission  of  Oxford  Press  and  Su
dan  GoverninentV 
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1.  Desert  District 

The  Libyan  and  Nubian  Deserts  receive  from  zero  to  two  inches 
of  unequaUy  distributed  rainfall  annually.  The  southern  margin  of this  District  west  of  the  Nile  is  about  16°N.  Towards  the  Nile  and 
eastwards,  this  margin  swings  gradually  northward  from  a  point  inu 
mediately  south  of  Dajner  to  just  north  of  Port  Sudan.  Except  for the  Nile  area,  vegetation  in  these  areas  is  confined  to  a  few  da. 
pressions  and  rare  watercourses  harboring  some  runoff  moisture. 
Almost  no  woody  plants  occur.  Towards  the  southern  boundaries, 
on  broadly  undulating  plains  of  loose  red  sand,  a  very  few  clumps of  plants  exist  and  towards  the  Nile  scant  stands  of  samr  acacias 
appear.  In  the  stark,  rocky  mountain  masses  of  Kassala  Province 
slight  vegetation  persists  in  valleys. 

In  the  Nile  Valley  there  are  a  greater  variety  of  plants, 
especially  date  and  dompalms,  and  some  shrubs,  herbs,  and  grasses, besides  four  species  of  acacia  trees.  Cultivation  of  the  seluka 
type,  confined  to  Nile  basin  areas,  utilizes  silt  deposited  by Nile  floods.  Some  waterwheels,  saqiyas,  are  used.  Even  this 
will  disappear  with  the  advent  of  the  lake  behind  the  proposed High  Dam  just  south  of  Aswan  in  Egypt. 

2.  Acacia  Desert  Scrub  District 

This  and  the  following  semidesert  areas  are  nowhere  so  rich 
as  semidesert  in  the  American  sense  of  the  word.  The  Acacia 
Desert  Scrub  District  extends  as  a  sandy,  rocky  two  hundred  mile 
wide  belt,  sometimes  rolling  and  with  dunes,  bordering  the  northu ern  desert  area.  Two  to  twelve  inches  of  annual  rainfall  is  dis- 

tributed through  the  four  winter  months.  Many  areas  are  entirely 
treeless;  where  vegetation  does  occur  Acacia  trees  and  some  shrubs, 
or  a  few  shrubs,  short  grasses,  and  no  trees  are  found.  A  slight- ly greater  variety  of  trees  exist  near  the  Nile.  The  Red  Sea 
Hills  at  the  eastern  periphery  of  this  District  support  a  separate 
flora  characterized  by  the  dragon's  blood  tree  and  various  drought- 
resistant  herbs.  Here,  too,  valleys  and  plains  contain  dompalms 
and  samr  acacia  trees.  The  seacoast  supports  a  separate  flora, among  which  mangrove  is  noteworthy. 
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3.  Acacia  Short  Grass  Scrub  District 

A  rather  narrow,  short  grass  belt  frinces  the  Desert  Scrub
 

District  to  the  south.  Rainfall  increases  from  twelve  to  t
wenty 

inches  annually  and  falls  six  to  eight  months  a  year,  thus
  main- 

taining an  open  woodland  type  of  country  with  short  grasses  and
 

herbs.  The  soil  is  more  water-retaining  than  that  of  d
eserts 

and  supports  a  greater  variety  of  trees,  of  which  A
cacia  species 

dominate.  The  Butana  area  (Figure  3)  is  partially  tree
less  des- 

ert and  elsewhere  open  grass  plain  with  thorn  scrub.  
Taller 

grasses,  and  denser  shrubs  and  trees  grow  near  the 
 Atbara  River 

and  dompalm  forests  exist  at  the  River's  upper  rea
ches. 

The  southern  limit  of  the  distribution  of  camels  in  the
 

Sudan  coincides  with  the  southern  margin  of  this  Dis
trict. 

The  intensively  cultivated  and  irrigated  Gezira  
area  between 

the  Blue  and  Vrnite  Niles  is  a  special  feature  of  th
is  region. 

Resources  from  this  area  produce  most  of  the  reve
nue  for  the 

Sudan  Government  and  it  is  one  of  the  most  densel
y  settled  areas 

of  the  Sudan. 

For  purposes  of  the  present  study,  special
  attention  should 

b-  called  to  the  outlier  of  the  Acacia  Short  G
rass  Scrub  District 

in  eastern  Equatoria  Province,  from  near  Kapo
eta  eastwards,  and 

in  southeastern  Upper  Nile  Province. 

U.     Acacia  Tall  Grass  Forest  District 

Extending  from  the  previous  District  to  the  
Bahr  El  Arab  and 

thence  southwards  to  the  borders  of  Equatoria  P^^^^^^^f '^^^^,  f^^ 

cia  Tall  Grass  Forest  District  is  the  largest
  ̂ ^^"^le  vegetational 

unit  of  the  Sudan.  Much  of  it  is  frequently
  called  the  Central 

Rainlands,  on  which  vast  herds  of  cattle  gra
ze  and  some  effort 

devoted  to  cotton,  peanuts,  melons,  various 
 legumes,  dura  ana 

teff  grass  is  undertaken.  Three  highland  ̂ ^^^'  ̂ ^\^^^^VhT 

.roup^  the  Nuba  Mountains,  and  the  Ingassana 
 Hills,  break  the 

™notonous  plains.  The  vast  sudd  or  papyrus
  swampsof  the  Nile 

r.ad  the  seasonally  inundated  noicW  areas  f^^^^^'-fj^f'^^ 

of  this  area.  Rainfall  ranges  from  twenty  to
  forty  inches  an- 

^u^■^^y   and  soil  types  vary  from  dark  heavy  clays 
 to  light  sandv 
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loams.  While  acacia  trees  are  still  outstanding,  Combretaceous 
and  other  broad  leaf  trees  are  scattered  among  them,  in  some 
places  quite  thickly  and  with  r^round  cover  not  seen  to  the  north. 
The  species  of  Acacia  also  differ  in  part  fror.i  those  northwards. 
A  large  number  of  floral  associations  are  described  by  Anderson 
(loc.  cit. )  from  this  District.  This  is  the  area  of  vast  migra- 

tions of  domestic  animals  from  May  to  September  during  the  rainy 
season. 

5.  Broad-leaved  Woodland  and  Forest  District 

This  red  ironstone  area,  with  forty  to  sixty  inches  of  rain- 
fall annually,  supports  grassy  woodlands  of  varyin^  characterxa- 

tics,  swamps,  toich,  and  luxuriant  tropical  forests.  From  Yei 
westward  we  find  the  most  extensively  forested  area  of  the  Sudan. 
In  this  area  of  high  elephant  grass  woodlands,  depression  and 
gallery  forests  are  interspersed  with  forested  grasslands  and 
low  mountains  and  hills.  Northwards  from  the  Congo  watershed 
the  trees  become  shorter  but  much  varied  in  species  and  density. 
Extensive  swamps  and  important  dense,  higliland  forest  areas  oc- 

cupy part  of  the  ea^t  bank.  Gradually,  from  Yei  to  near  Kapoeta, 
the  grassy  plains  lose  their  forest  aspect  and  become  more  open. 
Thorny  acacias  are  scattered  on  the  plains  and  broad  leaf  trees 
are  confined  to  patches  surrounding  termite  mounds  and  fringes 
bordering  streams. 

From  Kapoeta  eastwards  less  rain  falls  and  an  outlier  of 
the  Acacia  Short  Grass  Scrub  District  takes  over. 

6.  Forest  Districts 

A.  Gallery  Forests  fringe  larger  streams  in  the  previous 
District  and  are  most  highly  developed  in  the  Yarabio  and  Yei 
areas.  In  eastern  Equatoria  these  forests  are  restricted  to 
streams  at  the  base  of  mountains  and  to  mountain  ravines.  Or 
smaller  streams  the  forest  is  only  a  single  ranked  fringe; 
downstream  it  consists  of  heavier  gallery  forest  trees  in  wider 
ranks  that  form  a  close  canopy  and  provide  rain  forest  condi- 
tions. 
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B       Bowl  or  Depression  Forests  occur  where  there  is  s
ufficient 

runoff  *of"T^e7-fro!n  surrounding  slopes.     These  are    .he  Azza  Forest 
in  M-ridi  District,   and  the  Lotti  and  Laboni  Forests  oi

   the  Acholi 

Hills.     These  approach  the  true  climatic  rain  forest
s  of  the  Congo. 

C .     Cloud  Forests  of  the  Sudan  axe  limited  to  the  hig
her 

reaches  oTTHe  ftongotona  and  Imatong  Mountains. 

7.     Swamps  and  Grassland  Districts 

A       Permanent  Swamps  are  chiefly  the  vast  Sudd  a
rea  of  the 

White  Nile  and  oiheTITr smaller  rivers.     These 
 are  of  lesser 

importance  for  the  present  study. 

B       Seasonally  Inundated  Land,  or  toich,   along
  the  White  Nile 

and  it;  triUAaries,   supports  tHTvast  cattle
  herds  of  the  Dinka 

Sd  Nuers!     Tree  growth  is  inhibited  and  vas
t  grass  meadows  stretch 

?S  the  hokzon!     A  foot  or  so  of  water  covers
  these  meadows  during 

the  rains!     Sther  seasonally  inundated  land  
along  the  Blue  Nile 

supports  sunt  forest. 

C.     Grasslands  as  such  are  negligible  in  the  
Sudan  except  for 

the  toich  and  c^.eforested  areas  or  recently 
 abandoned  cultivation. 

Short  iSrf  occurs  on  roclcy  hills,   plateau,    an
d  ironstone  pans. 

D  Moimtain  meadows  on  shallow  soil  high  in
  the  Imatongand 

Donr^otonalto^STtSnTT^TIt^n  grasses  and  herb
s  growing  to  a  height 

of  three  feet. 
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Figure  327 
FAUNAL  AREAS  OF  TliS  SUDAN 

Based  on  Tabanidae.     ̂ From  Lewis    (1953). 7 
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FAUI^IAL  DISTRICTS  AND  AREAS 

All  of  the  Sudan,  from  an  overall  zoo geographical  standpoi
nt, 

lies  within  the  Ethiopian  Faunal  Region  (Figure  l)  except  the
 

desert  wastes  in  the  extreme  northwestern  corner  that  
are  included 

in  the  Falaearctic  Faunal  Region. 

Faunal  Districts,  although  based  on  a  combination  o
f  factors, 

are  mightily  influenced  in  the  Sudan  by  quantity  
and  seasonal  dis- 

tribution of  rainfall.  The  effect  of  rauifall  is  dramaticall
y  il- 

lustrated as  one  travels  from  north  to  south  by  the  gradual  
grada- 

tion from  extreme  desert  to  African  savannah  with  few 
 trees  and 

short  prass  in  the  north  and  irore  numerous  trees 
 and  tall  elephant 

grass  in  the  south.  Restricted  patches  of  "jung
le- type"  forest 

are  encountered  in  western  Bquatoria,  along  the  C
ongo  watershed, 

and  in  the  mountains  of  eastern  Equatoria. 

Except  for  a  small  component  of  the  fauna  that  re
quires  a 

cool  climate  combined  with  relatively  high  rainfall  a
nd  ̂ s  there- 

fore confined  to  the  highlands  of  eastern  Equatoria, 
 distribution 

of  animal  life  in  the  Sudan  is  in  general  less  mod
ified  by  ex- 

tremes of  temperature  than  by  rainfall.  Those  animals 
 that  do 

ranpe  into  the  Sudanese  plains  are  per  se  adapted 
 to  high  temper- 

atures and  within  the  Sudan  their  dlHrTBution  is  limited
  pri- 

marily by  floral  and  rainfall  factors.  Before  differe
nces  in 

temperature  extremes  can  exert  definitive  infl
uence  the  animal 

has  succumbed  to  extremes  of  other  factors. 

The  Faunal  Districts  of  the  Sudan  and  of  the
  remainder  of 

the  Ethiopian  Faunal  Region  (Figure  3),, as  delin
eated  by  Chapm 

(1932)  for  birds,  nicely  illustrate  zoo geo
graphical  relation- 

ships and  differences  on  a  continental  basis.  Dis
regarding  the 

bulee  of  the  Falaearctic  Faunal  Region  into 
 northeastern  Sudan, 

a  barren  and  almost  entirely  lifeless  deser
t,  the  northernmost 

f-inge  of  the  country  is  part  of  the  narrow
  Sudanese  Arid  Dis- 

trict  belt  that  extends  across  Afriaa  from  t
he  Atlantic  to  the 

Red  Sea.  As  readily  reaJAzed  from  data  c
oncerning  temperature 

(nat-e  831),  rainfall  (pa-e  83^),  and  vegetation
  (page  837),  the 

eSremely  sparse  animal  life  that  exists  
here  is  liiTated  to  the 

world's  Ls?  highly  adapted  xerophilic  spe
cies.  Bordering  this 

^strict  to  the  south,  the  Sudanese  Savan
nah  District,  extending 

from  the  Atlantic  to  the  Ethiopian  highland
s,  embraces  most  of 
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the  vast  plains  of  the  Siadan.  Here  short  to  tall  grasslands  are 
dotted  with  scattered  trees  that  are  often  thorny  acacias  and  in 
southern  latitudes  include  various  broadleaf  species.  Although 
including  much  of  West  Africa  beyond  approximately  5°N.*,  both  of 
these  Districts  are  faunistically  an  extension  of  the  East  and 
South  African  Subregion. 

West  African  faunal  elements  in  the  Sudan  are  confined 
largely  to  Bahr  EL  Ghazal  Province,  Bquatoria  Province  west  of 
the  Nile,  and  isolated  populations  in  and  about  the  bases  of 
mountain  masses  in  eastern  Equatoria  Province.  This  fauna,  in 
the  Ubangi-Uelle  Savannah  District,  reaches  southwestern  Sudan 
from  central  Nigeria.  Isolated  from  that  of  the  more  open  sa- 

vannahs of  East  African  Districts,  this  fauna  is  composed  of 
numerous  genera,  species,  and  subspecies  not  found  in  East  Afri- 

ca.^ It  is  a  peripheral,  grassier  extension  of  the  West  African 
(Guinean)  Forest  Districts  that  in  the  Sudan  are  represented  by 
only  a  few  limited  forests  in  Bquatoria  Province. 

In  southern  Sudan,  Equatoria  Province  east  of  the  Nile  and 
southern  Upper  Nile  Province  support  populations  of  animals 
typical  of  the  East  African  Highland  District.  Open,  grassy 
plains,  with  scattered  thorn  trees  and  with  broad  leaf  trees 
around  termite  mounds  and  beside  rivers,  carry  to  its  northern 
limit  the  magnificient  plains  fauna  for  which  East  Africa  is 
famed.  In  general,  these  animals  differ  at  least  subspecifi_ 
cally  from  their  relatives  west  of  the  Nile,  althoiigh  there  is 
some  interdigitation  of  East  African  elements  into  the  western 
and  northern  Districts  bordering  the  East  African  Highland. 

Eastward,  the  effect  of  the  Abyssinian  Highland  District 
is  expressed  in  poorly  explored  outlying  hills  just  within 
the  Sudan  frontier. 

The  Red  Sea  coast  and  the  eastern  slopes  of  the  Red  Sea 
Hills,  by  reason  of  higher  relative  humidity  and  nxjre  rainfall 
than  surroimding  areas,  carrj   the  fauna  of  the  Somali  Arid  Dis- 

trict northward  at  least  to  Port  Sudan. 

*See  modification  of  this  latitudinal  zonation  for  the  Sudan, 
page  8/^. 
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As  already  stated,  Chapin's  outline  of  Faimal  Districts  is 
a  most  functional  one  for  generalized  faunistic  concepts.  Be- 

fore turning  to  the  relation  of  ticks  to  these  Faunal  Districts 
it  is  useful  to  consider  briefly  the  only  stvidy  devoted  to  Faunal 

Areas*  of  the  Sudan,  that  of  Lewis  (1953)  based  on  the  distribu- 
tion of  Tabanids  (Figure  327).  In  Lewis'  map,  the  combination 

of  the  Raga-Loka  Areas  with  the  eastern  Flood  Plain  Area  and 
the  Sudd  Area  collectively  form  a  unit  equivalent  to  though 

slightly  wider  than  Chapin^s  Ubangi-Uelle  District.  Lewis' 
Beja  Area,  on  the  Red  Sea  coast  and  extending  as  a  narrow  in- 

land strip  to  Kassala,  is  a  slightly  extended  version  of  that 

part  of  Chapin's  Somali  Arid  District  that  reaches  into  the 
Sudan.  The  division  of  Chapin's  Sudanese  Savannah  District 
into  a  Central  Rainlands  Area  in  the  south  and  a  Fasher-Butana 
Area  in  the  north  reflects  the  effects  on  animal  distribution 

of  increasing  aridity  from  south  to  north.  Chapin's  Sudanese 
Arid  District  is  modified  by  Lewis'  eastward  restriction  of 
the  Baiyuda  Area  to  exclude  the  plains  south  of  El  Darner.  These 

discriminations,  resulting  from  Lewis'  vast  experience  with  in- 
sects of  medical  importance  in  the  Sudan,  considerably  assist 

the  evaluation  of  data  for  distribution  of  ticks  in  this  country''. 

TICK  DISTRIBUTION 

Introduction 

Prior  to  analysis  of  the  Sudanese  tick  fauna  distributional- 
ly,  it  might  serve  a  useful  purpose  to  analyze  briefly  a  few  of 
the  specialized  criteria  that  must  be  applied  to  ectoparasites 
and  especially  to  ticks. 

A  complex  variety  of  factors  limits  the  geographic  range 
of  any  animal  and  deternines  the  optimal  and  marginal  environ- 

ments in  which  populations  may  thrive  or  simply  survive.  For 
ectoparasites  in  general  a  number  of  apparent  and  obscure  in- 

trinsic host-ectoparasite  relationships  must  be  considered  in 

*Fatinal  Areas,  as  here  used,  are  regional  subdivisions  of  Faunal 
Districts  that,  in  tvirn,  are  regional  subdivisions  of  the  two 
Subregions  of  the  Ethiopian  Faunal  Region,  i.e.  the  West  African 
Subregion  and  the  East  and  South  African  Subregion. 
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addition  to  such  extrinsic  environmental  factors  as  physical  bar- 
riers, temper atvire,  and  humidity.  For  ectoparasites  that  com- 

monly attack  both  wild  and  domestic  animals  a  double  set  of 
values  needs  be  employed. 

The  distribution  of  parasites  that  utilize  widely  differing 
hosts  in  each  developmental  stage  is  effected  not  only  by  the 
physiological  range  tolerable  to  the  ectoparasite  but  also  by 
that  tolerated  by  the  several  types  of  hosts  required  to  complete 
the  life  cycle.  In  families  of  insects  consisting  of  many  spe- 

cies certain  basic  distributional  patterns  are  more  easily  dis- 
cerned than  in  the  family  Ixodidae  composed  of  relatively  few 

species  variously  adapted  to  a  wide  range  of  environments  and 
hosts. 

In  Africa  and  in  the  Sudan  in  particular,  where  both  domes- 
tic animals  and  many  wild  animals  make  long  migrations  in  search 

of  water  and  grazing,  particiilar  caution  should  be  exercised  in 
geographic  evaluation  of  collections  consisting  only  of  male 
ticks,  which  remain  attached  to  the  host  for  many  months.  Males 
may  be  unaccompanied  by  females,  which  generally  feed  for  four 
to  ten  days,  either  because  the  reproductive  season  is  not  yet 
at  hand  or  because  they  have  been  transported  far  beyond  their 
normal  range  by  hosts  wandering  in  search  of  food  and  water. 
When  outside  their  normal  geographic  range,  these  unassociated 
males  are  not  only  false  zoogeographic  indicators  but  of  re- 

duced epidemiological  significance  since  they  do  not  normally 
leave  the  host  and  attach  to  another.  Inasmuch  as  domestic 

animal  parasitizing  ticks  are  frequently  those  also  directly 
or  indirectly  associated  with  human  diseases  these  considera- 

tions assume  additional  importance. 

The  wide  disparity  in  size  and  beauty  between  different 
species  of  ticks  as  well  as  in  degree  of  exposure  or  conceal- 

ment of  feeding  sites  on  the  host  may  give  a  false  distribii- 
tional  picture  v;hen  collections  are  gathered  haphazardly  and 
by  nonspecialists. 

It  goes  without  saying  that  in  great  areas  of  the  world 
and  especially  in  the  Sudan,  remoteness  of  considerable  areas 
and  lack  of  general  and  specialized  interest  by  collectors  may 
often  result  in  skewed  data  or  samplings  that  are  far  from 
homogenous. 
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Tick  species  having  marked  host  predilections  may  occupy  the 
same  geographic  area  as  the  favorite  host  or  only  a  certain  seg- 

ment of  the  host  range;  for  example,  H.  houyi  appears  to  be  pres- 

ent in  most  areas  where  its  favorite  "Host,  tne  groiind  squirrel Euxerus  erythropus,  occvirs.  On  the  other  hand,  the  elephant  para- 
site  A.  tholloni  is  not  known  from  the  northern  and  southern  peri— 

phery~of  its  host's  range,  the  Varanus  lizard  parasite  A.  exorna. turn  does  not  follow  its  host  into  arid  areas,  and  such  Tiyrax  para- 
sites  as  H.  bequaerti  and  its  related  species  occiir  in  only  a 

restrictecf  area  of  the  host's  range. 

Distributional  data  for  most  argasid  species  of  the  world  are 
extremely  sparse  due  to  the  specialized  and  laborious  techniques 
necessary  for  collecting  them.  Even  such  a  commonplace  species 
as  that  presently  considered  to  be  0.  moubata,  long  believed  to 
be  well  understood  geographically,  is  now  confused  by  a  mounting 
body  of  biological  evidence  that  tends  to  discredit  or  at  least 
to  iTiodify  critically  earlier  impressions  but  is  yet  too  limited 
to  be  definitive. 

The  number  and  variety  of  hosts  an  individual  species  uti- 
lizes throughout  its  life  cycle  profouadly  effects  its  distri- 

bution and  density.  A  single  host  tick  such  as  B.  decoloratus 
that  feeds  on  easily  available  herds  or  groups  oT  antelopes  and 
cattle  is  spared  many  of  the  dangers  resulting  from  being  for- 

saken as  a  newly  hatched  larva  or  a  newly  molted  nymph  or  adult 
in  an  inhospitable  environment  where  it  must  seek  an  entirely 
different  type  of  host  for  survival.   It  may  thus  become  locally 
numerous  and  also  be  carried  afar  by  both  wild  and  domestic  hosts 
under  conditions  frequently  favorable  for  survival  and  reproduc- 

tion. Similar l^A,  a  species  that  utilizes  the  same  type  of  host 
for  all  developmental  sta>:es,  even  though  it  releases  and  re- 

attaches two  or  three  times,  has  advantages  over  one  that  cannot 
survive  unless  a  certain  variety  of  hosts  for  nourishing  the 
different  stages  are  present. 

The  frequency  with  which  immature  stages  of  several  African 
amblyommas  attack  birds  probably  accounts  in  part  for  their 
relatively  wide  distribution  and  population  density.  In  semi arid 
climes  of  North  Africa  and  the  Near  East,  where  small  mammals  are 

rare  or  localized,  the  great  predilection  of  immature  hyalommas 
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for  birds  is  most  important  for  the  survival  and  distribution  of 
these  species.  Bird  migrations  may  be  of  extreme  importance  in 
spreading  certain  ticks j  in  Egypt  a  considerable  body  of  yet  un- 

studied data  is  being  amassed  on  this  subject. 

The  apparent  adaptability  of  some  hyalommas  and  rhipicephalids 
in  altering  the  number  and  kinds  of  hosts  they  require  when  and  if 
the  situation  demands  is  a  most  important  factor  where  the  supply 
of  a  variety  of  hosts  is  a  critical  factor  of  survival,  which  in 
turn  determines  distribution. 

The  only  seriotis  studies  on  African  tick  distribution  are 
those  of  Theiler  (l9/h8,1949A,B,1950A,B,C,1956),  Theiler  and  Robin- 

son (1953A),  and  Theiler  and  Salisbury  (1956),  for  South  Africa. 
In  these,  a  combination  of  valuable  criteria,  i.e.,  vegetation 
plus  range,  mean,  and  seasonal  distribution  of  temperature  and 
rainfall,  are  carefully  correlated  with  localities  from  which 
ticks  have  been  collected.  Vegetation  types  are  shown  to  have 
a  close  kinship  to  outlines  of  tick  distribution  and  the  same 
appears  to  be  largely  true  in  the  Sudan.  These  reports  should 
be  studied  by  anyone  interested  in  the  geographical  distribution 
of  ticks.  Theiler  freqtiently  mentions  uneven  distribution,  an 
aspect  of  the  overall  picture  often  most  difficult  to  evaluate 
because  of  the  complex  factors  mentioned  in  the  present  brief 
discussion. 

For  epidemiological  and  economic  purposes  tick  species  to 
be  considered  zoogeographically  are  more  ntimerous  than  those  that 
majf  be  readily  considered  academically  strictly  as  indicators  of 
zoogeographic  Districts.  Domestic  animal  parasitizing  ticks,  so 
important  from  the  standpoint  of  hvunan  and  animal  diseases  and 
numerically  so  common  in  observations  and  collections,  are  often 
more  widely  distributed  than  they  might  be  in  the  absence  of 
domestic  hosts.  Similarly,  host  specific  ticks  of  wild  animals, 
which  are  frequently  those  rapidly  disappearing  with  the  advance 
of  civilization  and  hunters,  are  becoming  more  restricted  in 
their  contemporary  range.  In  the  following  discussion  an  at- 

tempt has  been  made  to  strike  a  functional  medium  from  both  the 
practicaj.  and  the  academic  standpoints. 
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The  known  Sudanese  tick  fauna  comprises  62  identifiable  spe- 

cies plus  two  additional  subspecies.  It  is  conservatively  esti- 
mated that  twelve  to  fifteen  additional  species  remain  to  be  dis- 

covered here  and  that  when  a  future  count  is  made  the  presently 

unknown  components  of  the  fauna  will  include  approximately  equal 

numbers  of  northern,  eastern,  and  western  species.  Of  the  64. 

known  forms,  ten  are  either  Palaearctic  in  origin  or  are  tenta- 

tively referred  to  this  Region,  one  is  an  introduced  American 

(Neotropical)  species,  and  53  are  Ethiopian. 

Palaearctic  Species 

H.  dromedarii  A.  persicus 

15.  excavalum"  I.  reflexus 

1.  impeltatum  '?0.  savipyi 
■fl.  detritum  ?"T.  s.  simplex 
^.   marginatum  ^  vespertilionis 

The  hyalommas  are  Palaearctic  in  origin  and  distribution  al- 

thovigh  they  invade  a  narrow  vegetated  northern  fringe  of  the 

Ethiopian  Region.  H.  impeltatum  has  also  gained  fairly  extensive 

foothold  in  the  savannahs  of  West  Africa.  The  first  three  spe- 

cies listed  above  conceivably  could  have  reached  the  far  flung 

areas  where  they  do  exist  even  without  the  assistance  of  domestic 

animals  although  there  is  little  doubt  that  these  vehicles  have 

greatly  facilitated  their  spread.  Details  of  the  distribution 

of  H.  detritum  and  H.  marginatum  in  the  Sudan  and  elsewhere  out- 

side ot   the  Palaearctic  Region  in  Africa  are  vague. 

I.  vespertilionis  and  A.  persicus  probably  should  be  treated 

as  P^aearctic  species  that"have  been  able  to  establish  themse
lves 

as  far  south  as  the  Cape  through  bat  and  human  agencies. 

Consideration  of  0.  savignyi,  A.  reflexus,  and  I.  s.  simplex 

as  Palaearctic  species"is  entirely  tentative.  The  xerophilic
 

tampan  ranges  from  India  to  Southwest  Africa  and  its  di
stribution 

has  probably  been  influenced  by  cominon  association  with 
 camels, 

except  in  southern  Africa  where  other  factors  must  be  con
sidered. 

0  savic-nyi  in  the  Sudan  is  confined  strictly  to  arid  areas. 
 The 

^^t  parasite  I.  s.  simplex  is  known  only  from  a  few,  scattere
d 

Oriental,  Pallea?ctic,  and  Ethiopian  records  that  defy  zoo
geograptu 

ical  evaluation.  The  pigeon  parasite  A.  reflexus,  probabl
y  Palaa. 
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arctic  in  origin  though  possibly  Oriental,  is  seldom  established 
in  tropical  Africaj  the  single  population  of  this  species  known 
from  the  Sudan  may  already  have  died  out  (page  75). 

In  summary,  H.  dromedarii,  H.  excavatum,  H.  impeltatum,  and 

0.  savignyi  might^be  considered  as  normal  inhaBitants  of  the  semi- 
He  seFEsor"  short  grass  savannahs  of  the  Sudan,  although  extensive^ ly  distributed  by  domestic  animals.  The  presence  of  H.  detritum 
ajid  H.  marginatum  in  the  Sudan  is  inexplicable  on  the  basis  of 
our  present  information.  The  two  bat  parasites,  I.  s.  simplex 

and  I.  vespertilionis  are  not  vmexpected  due  to  tTieir  hosts' 
fligTit  range.  A.  persicus  and  A.  reflexus  are  here  as  a  result 

of  human 'activities.  ~ 

Ethiopian  Species 

Fifty-three  of  the  Sudan's  6^  tick  species  appear  to  have 
originated  in  the  Ethiopian  Faunal  Region  and  few  exist  else- 

where except  for  the  now  cosmopolitan  R.  s.  sanguineus ,  A. 
brvimpti  that  reaches  a  comparatively  few  miles  Into  Egypt, 
and  A.  variegatuin  that  has  become  established  adventitiously 
in  tlEe  West  Indies. 

The  Ethiopian  tick  fauna  of  the  Sudan  is  largely  East  and 
South  African  in  origin.  It  appears  best  to  dispose  briefly  of 
the  vmcertain  elements  and  of  the  small  and  relatively  unimpor- 

tant West  African  and  montane  components  of  the  fauna  before 
considering  the  bulk  of  the  species. 

Uncertain  Components 

Several  species  in  the  present  collection  are  represented 
by  so  few  specimens  and  data  that  inferences  as  to  manner  of 
occurrence  in  the  Sudan  or  in  certain  local  areas  should  be 

postponed  pending  further  facts.  A.  reflexus ,  H.  detritum,  and 
H.  marginatum  have  been  discussed  under  Palaearctic  species 

"Xpage  8^8;. 

The  single  specimen  of  A.  pompo sum  appears  to  be  far  from 

its  favored  montane  habitat  "and  movements  of  cattle  between nontane  areas  known  to  be  infested  and  Yei  are  not  believed 

recently  to  have  occurred.  This  specimen  may,  however,  point 
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to  a  limited,  vindiscovered  focus  in  poorly- explored  mountains  near 
Yei. 

R.  longicoxatus  appears  to  be  so  patently  a  rare  Somali  low- 

land tick  that  the  single  specimen  from  Bahr  EL  Ghazal  and  others 

reported  from  French  West  Africa  are  difficult  to  reconcile  with 

previous  information,  and  their  significance  cannot  be  evaluated 

properly  iintil  further  specimens  and  data  become  available. 

Montane  Components 

The  Imatong  Area  mountain  masses  (page  85?)  harbor  outliers 

of  the  flora  and  fauna  of  both  the  West  and  of  the  East  and  South 

African  Subregions  that  occur  almost  nowhere  else  in  the  Sudan. 

H.  par  mat a,  R.  beguaerti,  and  R.  kochi  are  typical  West  African 

Subregion  forms  found  in  the  Imatong  and  Didinga  Mountains.  The 

few  specimens  of  H.  par  mat a  from  the  plains  level  around  Torit 

are  asstuned  to  have  been  acquired  by  their  hosts  in  the  vicinity 

of  the  single  stream  reaching  this  area  from  the  mountains. 

The  bat  parasite  I.  s.  simplex  has  already  been  discussed 

under  Palaearctic  species"* (page  8^8).  Two  other  species,  I. 
schillingsi  and  I.  alluaudi,  occur  on  monkeys  and  on  shrews, 

respectively,  in'the  Imatong  forests  and  reach  here  from  east
ern 

and  southern  Africa. 

R.  compositus,  a  species  of  eastern  Africa  that  also  e
xtends 

into  limited  areas  of  western  and  southern  Africa,  is  generall
y 

associated  with  highland  or  montane  areas  but  attacks  a  w
ide 

variety  of  game  animals  not  necessarily  confined  to  th
ese  zones. 

The  several  specimens  from  the  Sudan  have  been  found  ne
ar  moun- 

tains but  not  actually  in  them.  This  species  is  tentatively 

categorized  as  montane  on  the  basis  of  its  known  dis
tribution 

elsewhere. 

West  African  Components 

West  African  savannah  species  in  the  Sudan  fauna  are  B. 

annulatus*,  D.  c.  circumfiuttatus,  R.  cuspid atus,  R.  longus  a
nd 

»B  annulatus  is  an  introduced  American  species  that  in  th
e 

Ethiopian  Paunal  Region  is  known  chiefly  from  the 
 West  African 

Subregion. 
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R.  simus  senegalensis;  the  last  two  forms  have  limited  extensions 
into  East  Africa.  West  African  forest  species,  in  the  Sudan  known 
only  from  montane  forests  and  lower  streambanks  of  the  Imatong  and 
nearby  mountain  masses  of  the  east  bank  of  Equatoria  Province,  are 
H.  par mat a,  R.  bequaerti ,  and  R.  kochi.  The  Imatong  Area  also 
harbors  several  specialized  Ea"st  African  forms  not  found  elsewhere in  the  Sudan. 

The  occurrence  of  popvdations  of  any  of  the  first  five  species 
listed  above  outside  of  the  Raga_Loka  Area  (Figure  328)  is  excepL. tional. 

„  It  should  be  noted  that  the  term  West  African,  as  here  vised 
zoogeographically,  applies  to  elements  originating  in  the  first 
six  of  the  Faunal  Districts  listed  in  Figure  1.  Several  species 
logically  considered  as  West  African  from  a  generalized  point  of 
view  and  in  common  name  terminology  are  not  considered  West  Afri- 

can in  the  more  strictly  defined  zoogeographical  sense  of  the 
terra.  For  instance,  H.  impressum,  although  confined  to  West 
Africa  in  the  generalized  geographical  sense,  is  a  savannah  spe- 

cies of  the  East  African  (zoogeographical)  Subregion.  H.  houyi 
appears  to  be  common  in  the  savannahs  of  both  Subregionsj  aJU 
though  it  is  difficult  to  determine  in  which  Subregion  it  shoiild 
be  considered  typical  the  evidence  strongly  suggests  East  Africa. 

M.  reidi  sp.  nov.  is  tentatively  incliided  here  as  a  species 
of  the  West  African  Subregion  since  it  has  been  found  in  only  a 
restricted  sector  of  the  Raga_Loka  Area  (Figure  328) .  Fiirther 
investigation  may  modify  this  concept  but  it  is  unlikely  that  a 
large  amount  of  data  will  ever  be  amassed  on  this  curious  spe- 

cies. The  iinique  biological  characteristics  and  distributional 
picture  of  the  two  species  in  this  genus,  combined  with  their 
localization  in  remote  areas,  confuse  an  interpretation  of  their 
pattern  of  distribution. 

East  African  Components 

Species  limited  mostly  to  the  area  politically  considered 
as  East  Africa  are  of  considerable  value  as  zoogeographical 
indicators  for  the  present  st\ady.  The  fact  that  several  of  these 
species,  stich  as  Amblyonma  gemma  and  Rhipicephalus  pulchellus , 
are  not  known  to  reach  the  Sudan,  is  of  additional  interest. 
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Two  East  African  species,  A.  lepidtun  and  R.  pravus  are  espe- 

cially interesting  in  that  they~are  typical  of  the  Kapoeta  Area (Figure  328)  and  extend  to  Torit  but  little  if  any  further  west 
into  Equatoria  Province.  The  reduced  rainfall  and  consequent  mod- 

ification of  vegetation  in  the  Kapoeta  Area  has  already  been  noted 
(pages  836,838,839).  R.  pravus  is  unknown  elsewhere  in  the  Sudan; 
A.  lepidum  does  spill  over  via  the  Eastern  Floodplain  to  the  Cen_ 
tral  Mainlands  where  it  is  often  common.  A.  lepidum  is  a  species 
strictly  confined  to  E^st  African  areas  wiTh  reduced  rainfall  while 
R.  pravus,  though  n>ost  common  in  the  same  areas,  has  a  number  of 
restricted  outlying  populations  in  southern  and  western  Africa. 
It  is  therefore  noteworthy  that  A.  lepidum  appears  to  be  more 
aggressive  in  its  Sudanese  distribution  than  R.  pravus .  Reasons 
for  these  differences  should  be  sought  among  the  various  factors 
noted  for  uneven  tick  distribution  (pages  8^5  to  8^8) . 

A.  cohaerens,  a  strictly  East  African  species  that  reaches 
its  western  limits  in  eastern  Belgian  Congo,  is  also  knovm  in  the 
Siidan  chiefly  from  the  Kapoeta  Area  and  questionably  from  adjacent 
parts  of  the  Torit  Area.  H.  bequaerti  of  Torit  and  Raga_Loka  Areas 
is  confined  to  East  Africa  except  for  a  single  known  population  in 
western  Sudan;  this  tick  belongs  to  a  group  of  hyrax  parasitizing 
species  not  known  otherwise  to  occur  in  V/est  Africa.  R.  append icu- 
latus ,  on  the  other  hand,  is  chiefly  an  East  African  species,  but 
in  the  Sudan  occurs  only  in  the  Imatong  forests  and  a  small  corner 
of  the  Raga-Loka  Area,  where  it  is  common.  R.  append i c ul atus  re- 

quires a  more  humid  environment  than  many  East  African  species  and 
is  therefore  absent  in  most  East  African  areas  of  the  Sudan.  Popu- 

lations of  this  tick  also  occur  in  the  highlands  of  Central  and 
southeastern  Africa,  probably  in  part  due  to  movements  of  cattle. 

East  African  components  typical  of  arid  areas  not  infrequent- 
ly extend  their  range  into  the  Southwest  Arid  District  (south- 

western Union  of  South  Africa,  Ovamboland,  Angola).  An  example 
of  this  pattern  is  A.  brurapti .  The  ability  of  this  species  to 
reach  and  sxorvive  in  dry  niches  such  as  hyrax  dens  in  otherwise 
hiimid  areas  may  account  for  its  wide  distribution  and  presence 
in  areas  that  appear  unsuitable  for  its  survival.  Although  A. 
brumpti  thrives  and  is  best  known  from  dry  areas,  its  range  of 
humidity  toleration  may  be  more  extensive  than  presently  realized. 
The  general  outline  of  the  distribution  of  0.  savignyi  in  Africa 
is  somewhat  similar  to  that  of  A.  brumpti. 
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East  African  components  of  montane  forests,  I.  schillingsi 

and  R.  compo situs,  have  already  been  mentioned  (p'age 

Species  not  already  discussed  are  in  part  too  poorly  known 
to  be  designated  as  typically  East  African  or  as  typically  South 
African.  Examples  are  A.  marmoreum  (group),  R.  ?distinctus, 
and  I.  rasus  ? subspecies,  the  exact  relationsTiips  of  which  are 
still  unknown.  Others,  such  as  R.  arnoldi,  R.  muhlensi,  and  R. 

supertritus ,  are  widely  spread  but  data  are  so  few  and  incom-" 
plete  that  they  shed  little  light  on  ecology  or  distribution 
patterns. 

A  certain  group  of  species  that  commonly  attack  domestic 
animals  and  that  tolerate  a  moderately  low  to  medium  range  of 
humidity  factors  are  widely  distributed  throughout  the  Ethiopian 
Fa\mal  Region.  They  are  common  in  much  of  the  Union  of  South 
Africa,  in  western  Africa,  and  in  the  Sudan.  In  the  Sudan,  their 
range  includes  the  Central  Rainlands  and  sometimes  even  fairly 
arid  areas  such  as  the  Red  Sea  Hills  and  coastal  plains.  The 
outstanding  examples  of  this  group  of  pan_Ethiopian  species 

are  R.  s.  siimis,  R.  e.  evertsi,  R.  _s.  sanguineus ,  B.  decolor atus, 

H.  iT  leachii,  H.'"ruripes,  and  rfT  truncatm.     "" 

Another  important  group  of  species  is  almost  as  widely  spread 
as  those  listed  above  but  their  apparent  demand  for  high  tenqjer- 
ature  and  a  medium  humidity  range  restricts  them  from  much  of  the 
Union  of  South  Africa  and  from  the  northern  savannahs  (Fasher- 
Butana  Area)  of  the  Sudan.  These  species  are  often  common  in 
western  and  eastern  Africa  as  far  south  as  Mozambique.  The  out- 

standing example  is  A.  variegatum.  H.  h.  hoodi,  H.  aciculifer, 

and  A.  tholloni  are  other  specxes  in~thiis  group.  "R .  supertritus and  ̂ .   muhlensi  might  also  be  considered  in  this  category. 
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Species  apparently  largely  confined  in  S-odan  to  Inaton^-:  Area  nontane 
forests:   H.  par mat a,  R.  bequaerti,  R.  compo situs,  R,  kochi,  I. 
alluaudi,  T.  s.  simplex,  I.  schillingsi. 

Species  of  questionable  relationships  in  Sudan:  A.  reflexus,  A. 
pomposum,  R.  longicoxatus,  K.  detritum,  H.  marginatum. 
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MISCELLMJEOUS  PARASITES 
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Sudanese  Faimal  Areas  Based  On 

Tick  Distribution 

A  somewhat  arbitrary',  preliminary  mapping  of  Faunistic  Areas 
of  tick  distribution  in  the  Sudan  has  been  suggested  (Figure  328, 
and  pages  85A  and  855).  This  scheme  conforms  as  closely  as  per- 
missable  with  that  of  Lewis  (1953),  which  reflects  the  importance 
of  critical  and  specialized  factors  of  aquatic  and  semiaquatic 
breeding  places  of  Tabanids  as  well  as  availability  of  hosts. 
Further  study  may  reveal  that  additional  divisions  shoiild  be 
designated  for  ticks  but  the  limits  are  not  presently  well  under- 

stood. Lewis*  Watershed,  Marra,  Nuba,  Boma-Gemi,  (western) 
Floodplain,  Sudd,  and  Gezira  Areas  are  not  charted  for  ticks 
since  data  are  not  yet  sufficient  to  indicate  the  specialized 
character  of  tick  faiina  in  these  regions.  The  more  intensive 
tick  collections  from  southeastern  Sudan,  however,  allow  the 

specification  that  Lewis'  Torit-Loelli  Area  may  be  separated 
into  two  distinct  areas,  the  Torit  Area  and  the  Kapoeta  Area. 

Inasmuch  as  Lewis*  western  sector  of  the  Floodplain  Area  is 
abandoned  for  the  present  purposes,  the  eastern  sector  is  re- 

ferred to  here  as  the  Eastern  Floodplain  Area. 

WEST  AFRICAN  SUBREGION 
UBANGL-UEIiE  SAVAI^NAH  DISTRICT 

RAGA-LOKA  AREA 

The  Raga-Loka  Area,  as  here  considered  (Figure  328),  is 
wider  than  that  originally  proposed  by  Ghapin  as  the  zone 
typical  of  West  African  fa\ana  in  the  Sudan  (Figiire  l).  It  is 

a  combination  of  Lewis'  several  southwestern  Areas  (Figure 
327),  the  (Congo)  Watershed,  the  Raga-Loka,  the  (western)  Flood 
plain,  and  the  Sudd.  Consisting  of  various  types  of  forests 
and  savannahs  with  more  numerous  trees  than  found  elsewhere  in 

the  Sudan,  this  Area  largely  lacks  the  broad  grassy  plains  char- 
acter of  so  much  of  the  Sudan.   Indicator  tick  species  are  those 

characteristic  of  the  West  African  Subregion  (page  852)  though 
they  represent  only  a  small  part  of  the  total  tick  fauna  ende- 

mic in  West  Africa.  As  already  stated,  indicator  species  ty- 
pical of  the  West  African  Subregion  are  exceptional  in  the 

Sudan  outside  of  the  Raga-Loka  Area. 
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Forests  and  wooded  savannahs  of  this  Area  also  shelter  sev- 

eral species  of  the  East  and  South  African  Subregion  that  are  un- 

known elsewhere  in  the  Sudan.  ^These  are  R.  sulcatus,  R.  super- 

tritus,  R.  tricuspis,  and  R.  rmihlensi.  R'estriction  of^these  fovir ticks  to  this  Area  may  indTcate  that  they  are  characteristic  of 
more  humid  and  shaded  East  African  areas  than  those  found  else- 

where in  the  Sudan  and  therefore  they  have  survived  only  here. 
Each  is  a  species  of  little  known  biology. 

EAST  AFRICATJ  SUBREGION 
EAST  AFRICAN  HIGHLAI©  DISTRICT 

TOR  IT  AREA 

Data  for  this  Area  are  more  extensive  than  for  any  other  in 
the  Sudan.  Commencing  a  few  miles  west  of  the  Nile,  which  does 
not  in  itself  appear  to  be  an  effective  barrier,  Torit  Area  is 
a  vast,  tree-dotted  and  clustered  grassy  plain  that  gradually 
becomes  short  grassy  scrub  east  of  Kapoeta.  From  its  southern 
margin  rise  the  various  montane  masses  of  limited  extent  that 
comprise  the  Imatonr  Area.  To  the  north,  the  area  becomes  less 
densely  wooded  and  numerous  tick  species  vanish  in  the  tall 
grass  savannah.  Few  permanent  streams  break  the  plain  but  sev- 

eral extensive,  poorly  explored  swamps  fill  depressions  in  the 
northern  part  of  the  Area. 

Almost  half  of  the  tick  species  known  from  the  Sudan  have 
been  collected  in  this  Area.  West  African  con^xDnents  are  rare 
indeed  owing  primarily  to  the  open  forest  or  scattered  tree  as- 

pect of  the  plains  and  absence  of  extensive  forests  fringing 
streams.  As  already  noted,  such  moderately  xerophilic  species 
as  A.  lepidum  and  R.  pravus  occur  in  the  eastern  sector  of  this 

Are'a  but  are  consi*^erably  less  common  than  in  Kapoeta  Area. 
Ticks  requiring  moderately  cool  temperatures  and  high  humidity, 
such  as  R.  appendiculatus ,  are  absent  here.  Others  that  require 

moderate^humidity,  such  as  A.  variegatum,  are  common  here  but their  numbers  are  not  so  great  as  when  the  same  species  occur 
in  restricted  situations  in  the  Raga-Loka  Area  to  the  west. 

B-LATONG  (MOOTANE)  AREA 

The  specialized  tick  fauna  representative  of  both  Subregions 
that  is  supported  in  these  low,  cool,  partially  forested  motm- 
tains  is  listed  on  page  85O. 
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The  montane  masses  consist  of  the  horseshoe  shaped  Acholi- 
Iraatong  Mountains,  the  highest  peak  of  which  is  Mount  Kinyeti 
(10,4.56  feet  elevation).  To  the  east,  the  Dongotona  Mountains 
that  rise  to  86O5  feet  elevation  have  an  isolated  northwesterly 
extension  in  the  Lafit  Hills.  The  more  eastern  Didinga  Hills 
with  Mount  Lotuke  the  highest  point  at  9169  feet  elevation, 
are  carried  to  the  northwest  by  the  Boya  Hills.  The  base  of 
these  mountains  in  the  plains  is  at  an  approximate  altitude 
of  2000  feet.  The  vertebrate  and  tick  fauna  of  none  of  these 
montane  masses  is  well  known. 

SUDANESE  SAVANNAH  DISTRICT 
KAPOETA  AREA 

Kapoeta  Area,  an  extension  of  KaramDJa  District  of  Uganda, 
is  characterized  by  three  important  species  that  are  coranon  here 
but  become  less  numerous  westwards  toward  Torit,  their  western 
boundary  in  southern  Sudan.  These  are  R.  pravus,  A.  cohaerens, 
and  A.  lepidum.  Only  the  last  named  species  is  known  to  extend 
nortliward  into  the  Eastern  Floodplain  Area  from  where  it  fans 
out  and  becomes  quite  common  in  the  Central  Raanlands.  A  number 
of  species  present  in  adjacent  Torit  Area  are  not  known  from  the 
Kapoeta  Area.  The  more  intensive  work  in  the  Torit  Area  may 
partially  account  for  this  disparity  but  the  short  grass  scrub 
aspect  of  the  eastern  plains  and  the  long  and  intense  dry  season 
are  factors  that  may  exclude  many  of  these  species.  This  is  the 
area  of  vast  migrations  of  tens  of  thousands  of  game  animals 
from  Upper  Nile  Province  (Zaphiro  1%9),  a  spectacular  phenomenon 
that  should  be  investigated  for  its  significance  in  relation  to 
tick  distribution. 

EASTERN  FLOCDPLAIN  AREA 

The  pictxire  of  tick  distribution  in  this  Area  is  character- 
ized by  the  presence  of  most  of  the  widely  ranging,  common 

tropical  species  of  the  Sudan  plains  and  by  the  apparent  ab- 
sence of  ntimerous  more  specialized  tropical  species  and  north- 

em  species.  More  extensive  exploration  is  required  before 
the  true  composition  of  the  tick  fauna  of  this  Area  can  be 
evaluated. 
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CMTRAL  RAINIANDS  AREA 

In  the  Central  Rainlands,  ticks  of  big  game  animals  are  ex- 
ceedingly restricted  or  entirely  absent.  Few  species  typical  of 

tropical  East  Africa  that  do  range  into  this  zone  extend  fxarther 
north.  Some  populations  of  North  African  hyalommas  penetrate 
this  area  though  whether  they  are  merely  transported  or  actually 
reproduce  here  is  uncertain.  The  presence  of  two  Palaearctic 
species  is  intriguing.  H.  marginatxxm  may  be  established  here 
from  nymphs  introduced  hy   migrating  birds  but  this  explanation 
cannot  be  applied  to  the  single  host  tick  H.  detritum.  The  north- 
em  limit  of  this  Area  is  probably  the  raosT  critical  and  definite 
of  any  boimdary  in  the  Sudanese  plains  save  those  of  the  few 
nontane  masses  that  rise  from  these  plains.  H.  impressum  is 
found  only  in  this  and  parts  of  the  adjacent  Srea  to  the  north. 

The  Nuba  Mountains  should  be  considered  as  a  separate  sector 
of  this  Area  but  data  on  tick  distribution  are  not  yet  sufficient-, 
ly  definitive  to  allow  designation  of  these  mountains  as  a  dis- 

tinct faxinal  Area. 

FASHEE-BUTANA  AREA. 

Here  the  desert  aspect  emerges.  Further  research  will  prob- 
ably show  that  this  Area  may  be  divided  into  a  southern  sector 

in  which  rare,  small  populations  of  several  tropical  African  tick 
species  siorvive  and  a  northern  sector  inhabited  only  by  xerophilic 
species.  The  narrow  Nile  Valley  carries  a  small  number  of  spe- 

cies northwards  to  its  great  bend,  beyond  which  only  H.  1.  leachii 
is  established.  Various  hyalommas,  R.  s.  sanguineus,  an3  0. 

savignyi  are  tne  indicator  species  oT  t"His  Area  in  which  few others  are  known  to  be  established.  Palaearctic  components 
are  here  a  strong  feature,  especially  in  the  north.  Like  the 
Nuba  Mountains  in  the  Central  Rainlands,  the  Marra  Mountains  may 
prove  to  be  a  distinct  f aunal  Area  after  sufficient  data  have 
been  obtained  from  this  region. 

ARID  DISTRICTS 
BAIYUDA  AREA 

No  tick  records  are  available  from  these  harsh  deserts  al- 

though rare  populations  of  argasids  and  hyalommas  are  suspected 
to  occur  in  restricted  localities. 
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BEJA  AREA. 

Specialized  collecting  will  probably  reveal  a  snail  but 
interesting  specialized  tick  fauna  mixed  v;ith  the  Fashsr-Butana 
fauna  that  exists  on  the  coastal  plains  and  in  valleys  of  the 
eastern  slopes  of  the  Red  Sea  Hills.  This  Area  night  be  sub- 

divided into  a  southern  sector  containing  tropical  ticks  such 
as  R.  e.  evert si  and  B.  decolor atus,  species  that  nake  their 

last  stand  aiaong  the  "Eyalonnas,  R.  s.  sanguineus,  and  0. 
savignyi.  In  the  north,  even  th'ese'"are  lost  but  Ilyalonna  and R.  s.  sanguineus  populations  are  denser  than  in  the  desert  and 
undiscovered  Palaearctic  species  are  expected  to  occur.  The 
preponderence  of  Hyalonna  species  provides  this  Area  v/ith  a 
strongly  Palaearctic  aspect.  Specialized  Sonali  tick  fauna 
of  the  more  southerly  coastal  plains  is  not  known  to  reach  the 
Sudan.  The  composition  of  tick  species  that  intrude  into  this 
Area  has  some  similarity  with  that  further  south  along  the 
coast  but  population  densities  appear  to  be  much  lower. 
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VII 

APPENDIX 

Additional  data  and  references  pertinent  to  a  given  species 
obtained  or  noticed  too  late  for  inclijsion  in  the  main  body  of 
the  text  are  incliided  herein.  For  the  sake  of  completeness  it 
is  intended  that  this  section  be  continued  in  subsequent  volumes 
in  an  attempt  to  provide  up-to-date  information  on  all  species 
treated. 

ARGAS  PERSICUS 

TASCHMBHIG  (l873).  Egypt.  Mention  of  specimens. 

JACK  (1910).  Southern  Rhodesia.  Control  and  general  remarks. 

WHJJCCCKS  (1922).  Egypt.  Remarks  on  habitats,  hosts,  importance, 

NICOLLE,  ANDERSON,  &  COLAS.BELCOUR  (1928D).  Tunisia.  Local 
material  izsed  for  adapting  Spanish  strain  of  fowl  spiro- 
chetes. 

QLENEV  (1929A,B,1931A,193A).  USSR.  Life  cycle  graphically  por- 
trayed in  193 lA  report;  others  deal  with  distribution. 

OlIMALDI  (1934).  Libya,  Eritrea,  Somalia,  Ethiopia;  collecting 
localities. 

PAVLOVSKf  (19A0).  Abnormality.  "A  heart-like  shape  of  the  body 
of  Argas  persicus  is  described  in  different  degrees  of 
development .  Analogous  forms  are  shown  in  the  literature 
in  other  ticks  also  (Amblyomma,  Ixodes);  it  is  doubtful 
that  this  character,  observed  in  the  only  tick  specimen 

in  hand,  should  have  any  taxonoraical  significance".  I 
should  hope  not!   (HH). 

SHARMA  (19/U-).  Spermatogenesis  briefly  described. 

CHUMAKOV  il95U).     USSR.  Isolation  of  Q  fever  (R.  burnetii). 
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TMDKERO  (1955).  Mozambique.  Review  of  previous  reports  from colony. 

SCHULZE  (1955).  Discussion  of  metabolic  products. 

TAYLOR  et  al  (1955).  Egypt.  Larvae  become  infected  with  Sindbis 
virus  when  feeding;  nymphs  and  adults  are  not  susceptible  to paraenteral  infection. 

WALKER,  J.  B.  (Correspondence).  Tanganyika.  Although  no  pubu lished  records  of  the  fowl  tick  appear  to  be  available 
from  this  territory,  I-Ir.  Evans,  formerly  Senior  Veterinary 
Research  Officer  there,  states  that  it  is  certainly  present and  in  fact  widespread  in  Tanganyika. 

ARGAS  REFLEXUS 

OPPERlUie  (1935).  As  A.  columbarum;  studies  on  sperm  formation. 

MACNAY  (195^).  Canada.  Specimens  reported,  with  other  ticks, 
from  a  bird's  nest  in  British  Columbia.  Kohls  (correspond- ence) finds  that  these  specimens  are  similar  to  those 
referred  to  as  A.  reflexus  elsewhere  in  North  America. 

PETRISHEVA  (1955).  USSR.  Presence  in  certain  areas,  with  res- 
pect to  control  of  disease  foci. 

SCHULZE  (1955).  As  A.  columbarum;  discussion  of  metabolic 

products.     ~ 

BOETTGER  &  REICHHTBACH-KLIITKE  (1955).  Germany.  As  A.  columbarum; 
well  documented  and  illustrated  account  of  sjTidrome  in 
person  follovdng  tickbite. 

ZHMAEVA,  PCHELKINA,  MISIEHH^KO,  &  KARULIN  (1955).  USSR,  Uzbe- 
kistan. Parasite  of  field  sparrows  and  host  and  vector  of 

C.  burnetii  (Q  fever). 

ARGAS  BRUMPTI 

MOUCHET,  J.  (1956  correspondence).  Cameroons.  A  male  specimen  from 
a  warthog  burrow,  Waza,  North  Cameroons,  sent  for  identification 

represents  the  first  population  known  from  West  Africa  and  a  new' host  record. 
-  863  - 



*ORNITHCDCROS  ANNULATUS 

OlIMALDI   (193A) .     Libya  (page  508) .     Nomen  nudum,  probably  mis- 

print for  Boophilus  amnulatus ♦ 

^OElNrrHCDOROS  CAPENSIS 

SPEISER   (1909).     Ascension  Island,  South  Atlantic  Ocean.     Record 
of  two  specimens. 

«ORNITHCDCROS  FOLSfl 

GRIMALDI   (1934).     Libya.     As  0.  franchinii,  collecting  localities. 

^^ORNITHaDCeOS  LAHORETSIS 

FRANCHINI   (1927X).     Libya.     Erroneous  report,  refers  to  0.  foleyi. 

CKIMAIDI   (1934).     Libya.     Repetition  of  Franchini. 

ORNITHCDOROS  MOUBATA 

MASSES    (19O8).     Angola.     Tick  common  in  Benguela  District. 

JACK  (1910).     Control  and  general  remarks,   apparently  not  based  on 
personal  observation. 

SCHOUTH)M   (1929).     Belgian  Congo.     Abundant  in  Kivu. 

(miMALDI   (1934).     Libya.     Erroneous  report.     Eritrea,  Ethiopia, 
and  Somalia,  collecting  localities. 

CraHRY    (1955).     Uganda.     Summary:     "A  campaign  using  a  water 
miscible  preparation  of  BHC  and  simple  equipment  against 

0.  npubata  in  heavily  infested  areas  is  described  and 

its  effects  on  the  incidence  of  relapsing  fever  assessed. 

The  cost  is  low  and  its  success  favors  the  acceptance  of 

other  public  health  measures  by  primitive  coraraunities" . 
Other  observations  on  therapeutics  of  the  disease  in  hiiman 
beings. 

*This  species  is  not  known  from  the  Sudan  (cf .  pages  114  and  115). 
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WALTON  (1955).  Kenya  and  neighboring  areas  of  Tanganyika.  A  val- 
uable account  of  conditions  under  which  0.  moubata  exists  in  Digo 

(Kwale)  District  and  epidemiology  of  relapsing  fever,  this  report  of 
an  \inique  area  should  point  the  way  for  further  comparative  research 
under  a  variety  of  conditions.  Although  settled  tribes  engage  in 
fishing  and  a  small  amount  of  animal  husbandry,  farming,  and  home 
industries,  there  is  qiiite  a  little  movement  of  peoples.  On  the 
sandy  coastal  plain,  vegetation  varies  from  short  grasslands  with 
forest  patches  to  grasslands  with  open  bush  and  termite-mound 
dominated  islands  of  vegetation  giving  way  to  scant  thorn  bush  in 
the  interior.  Rain  falls  each  month  (50  to  60  inches  annual  at 
coast,  30  to  A.0  inches  in  hinterland).  Mean  air  temperatvire  is 

80°F.,  RH  at  0830  about  1%,   falling  to  70^  at  U30. 

Domestic  fowls  are  an  important  source  of  blood  meals  for  0. 
noubata  in  huts  (cf.  pages  128,129,U7,U8,150,iai),  113  of  IZT 
samples  being  positive  for  fowl  blood  by  the  precipitin  test.  In 
another  sample  of  25  ticks  from  Tiwi,  all  had  fed  on  fowls  alone 
(the  question  of  chickens  preying  on  ticks  is  not  considered). 
Ticks  were  not  found  on  the  fowls  or  in  their  nests,  but  usually 

in  diisty  cracks,  holes,  or  depressions  in  the  floor  near  chickens* 
roosting  places.  Scarcity  of  chickens  and  absence  of  ticks  in 
damp  houses  is  (inconclusively)  correlated. 

Other  blood  meals  among  the  124  samples  mentioned  above  were 
eight  for  man  only,  two  for  man  and  fowl,  and  one  for  sheep  or  goat 
(from  this  it  would  appear  either  that  fowls  are  more  accessible 
and  therefore  nore  frequently  utilized  as  hosts  or  else  that  the 
author  was  possibly  dealing  with  a  fow]_ blood  adapted  strain  _  HH). 
It  could  not  be  demonstrated  that  the  presence  of  sheep  and  goats 
in  dry  or  in  humid  areas  acted  as  a  deterrent  to  ticks  (cf.  pages 
127,128,14-7),  also,  it  does  not  appear  from  this  study  that  sheep 
and  goats  are  frequently  parasitized. 

Bedsteads  are  a  definite  deterrent  to  tick  infestation  (cf . 
pages  147  and  180)  because  ticks  have  difficulty  in  climbing 
smooth  legs,  bedlegs  do  not  break  the  floor,  and  sweeping  and 
repairing  floors  is  easier.  More  primitive  beds  are  easily 
reached  and  provide  shelter  for  ticks.  Broken  floors  are  favor- 

able to  the  tick  (cf.  pages  146  and  180). 

Human  urination  in  huts,  as  a  single  factor,  cannot  be  cor- 
related with  tick  infestation.  Coastal  strip  recent  sediments 
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and  corals,  combined  with  correct  climatic  conditions,  are  ad- 
mirably suited  to  tick  infestation  (cf.  page  1^5),  but  Duruma 

sandstones,  grits  of  the  karroo,  and  limestone  and  shale  areas 
are  less  stiitable.  Many  huts  seem  to  have  been  infested  by 
visitors  traveling  from  infested  areas  with  blankets  (cf .  pages 
145  and  180)  for  social  purposes,  funerals,  shopping,  and  during 
troop  movements. 

One  of  the  most  interesting  aspects  of  this  study  is  the  cor- 
relation of  infestation  with  definite  climatic  conditions.  The 

coastal  area,  with  over  fifty  inches  of  rainfall  annually  and  with 

average  hut  floor  RH  of  88$  and  temperature  of  77.8°F.,  is  almost 
entirely  devoid  of  ticks.  Infested  areas  are  those  with  thirty 
to  fifty  inches  of  rainfall  annually  and  with  hut  floor  RH  aver- 

aging 83.3$,  apparently  the  optimum  for  the  tampan  (consideration 
of  ticks  above  the  floor  level,  in  niches  with  different  RH,  or 
seeking  certain  conditions  with  greater  or  lesser  RH  within  the 
huts  is  not  attempted).  The  tick-free  hinterland  receives  about 
35  inches  of  rainfall  annually;  here  the  hut  floor  RH  is  79%  and 

the  average  temperature  78.4°F.  (cf.  pages  137,156  and  157). 

Clearly,  this  study  represents  the  first  generalized  attempt 
to  correlate  tick  infestation  with  climatic  factors  and  tribal 

customs  and  habits.  The  incidence  of  spirochete- infected  ticks 
is  also  noted.  It  should  be  of  some  significance  to  determine 
just  how  far  ticks  will  endeavor  to  seek  out  niches  with  varying 
microclimates  in  an  infested  strticture  and  what  the  optimum  and 
threshold  conditions  are. 

TEI^EIRO  (1955).  Mozambique.  Review  of  previous  reports  from 
colony. 

SCHULZE  (1955).  Discussion  of  metabolic  products. 

LOVETT  (1956).  Somaliland.  Summary:  "Tick-borne  relapsing  fever, 
formerly  common,  has  been  eradicated  in  the  Somaliland  Protectorate 
by  planned  and  systematic  destruction  of  the  vector,  0.  moubata,  by 
a  programme  of  spraying  of  all  human  dwellings  with  a  water  dis- 
persible  preparation  of  gammexane  (P. 520).  The  last  indigenous  case 
was  seen  in  September,  1952.  It  is  considered  that  the  danger  of 
reintroduction  of  the  disease  is  small  as  0.  moubata  tend  to  pass 
their  lives  in  or  near  their  hatching  place,  with  little  tendency 
for  dissemination,  so  that  they  are  unlikely  to  become  re-established 
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in  the  settlements  that  have  been  cleared  by  spraying."  Whether 
this  surmise  is  sustained  by  future  experience  will  be  interesting 
to  which  for.  0.  savignyi  is  considered  of  no  epidemiological 
significance  and  the  indoor  and  outdoor  habitats  of  the  two  spe- 

cies are  strictly  localized  in  Somaliland,  except  for  the  soil 
under  one  large  shade  tree  in  town,  which  yielded  large  numbers of  _0.  moubata.  Persons  sleeping  under  this  tree  contracted 
relapsing  fever  from  the  bites  of  0.  moubata. 

ORNITHODORQS  SAVIGNYI 

FEIANCHINI  (1927X).  Ethiopia,  common  in  eastern  lowlands. 

(21IMALDI  (193^).  Libya,  Eritrea,  Ethiopia,  and  Somalia;  records. 

TENDEIRO  (1955).  Mozambique.  Unsubstantiated  review  of  previous 
reports  from  colony. 

SCHULZE  (1955).  Discussion  of  metabolic  products. 

LOVETT  (1956).  Somaliland.  See  0.  moubata  above. 

ORNITHODORQS  THOLQZAMI 

WILLCOGKS  (1922).  Egypt.  Introdxiction  of  nymphs  into  Cairo  among 
hair  on  humps  of  camels  from  Sinai.  Specimens  seen  by  HH  in 
British  Museum  (Natural  History) . 

AMBLYdlMA  COHAERENS 

HOSTS  (page  213).  Ugeuida.  A  d"  specimen  from  an  elephant. 
West  Nile  Province,  seen  in  Veterinary  Service  collection, Entebbe . 

AMELYCMMA  LEPIDIM 

CSRIMALDI  (193^).  Eritrea,  Ethiopia,  and  Somalia;  records. 

AlffiLYgg-lA  MARt-lOREUM  (group) 

ORIMALDI  (1934).  Somalia  and  Ethiopia;  records. 

TEMDEIRO  (1955).  Mozambique.  Review  of  previous  reports  from colony. 
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THEILER  (Correspondence) .  Preliminary  study  of  a  large  amount
  of 

African  material  indicates  that  populations  in  the  Sudan  may 

be  referrable  to  A.  schlottkei  Schulze,  1932(A),  originally 

described  from  two  males  without  host  data  from  Tanganyika. 

AMBLYCMMA  NTJTTALLI 

TENDEIRO  (1955).  Mozambique.  Review  of  previous  reports 
 from 

colony. 

LOVERIDGE  (Correspondence).  Cf.  Pelusios  s.  sinuatus  
as  a  host 

(last  paragraph,  page  235).  This  aquatic  turtle  
suns  lU 

self  on  logs  and  must  be  an  exceedingly  uncommon  host  of
  ticks 

AMBLYCMMA  PCMF0SI3M 

AMBLYCMMA  THOLLONI 

AMBLYCMMA  RHINXEROTIS 

TENDEIRO  (1955).  Mozambique.  Review  of  previous  r
eports  from 

colony . 

SCHULZE  (1955) .  Discussion  of  metabolic  products
  of  A.  rhina- 

cerotis. 

AMBLYCMMA  VARIEGATI3M 

GRIMALDI  (1934).  Eritrea,  Ethiopia,  and  Somali
a,  records;  that 

from  Hodeida,  Yemen,  undoubtedly  from  cattle  bro
ught  for 

slatighter  or  mislabelled  locality. 

TENDEIRO  (1955).  Mozambique.  Review  of  previo
us  reports  from 

colony. 

Presence  of  Amblyomma  ticks  in  Europe  (cf.  Pfg^  266
)   Specimens 

from  southern  i^^ance  are  no  less  unusual  thaji  tha
t  of  the 

South  African  species,  A.  hebraeum,  from  a  cow 
 in  southern 

Bulgaria  (Pavlov  and  Po^ov  l")^!).  This  tick  
is  presumed 

to  have  arrived  in  Europe  as  an  immature  stage  on  a
 

migrant  bird.  Such  individuals  probably  seldom
  if  ever 

survive  the  winter  or  find  mates. 
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AF0NQ-J4A  EXQRNATUM 

APONQ-IMA  LATUt'I 

TiM>EIRO  (1955).  Mozambique.  Review  of  previous  reports  on  both species  from  colony. 

BOOPHILUS  ANI'JULATUS 

SAMPAIO  &  FAIA  (1952A,B)  and  SAt'IPAIO,  DA  CRUZ,  &  FAIA  (1952,1953). Portugal.  Boutonneuse  fever  (R.  conorii).  The  first  two 
papers  give  laboratory  findings  and  generalized  remarks  on 
increasing  incidence  and  geographical  distribution  of  dis- 

ease in  Portugal.  In  the  third,  a  strain  of  the  rickettsia 
from  Boophilus  ticks  is  reported;  the  authors  believe  that 
these  ticks  may  play  a  role  in  transmitting  the  organism to  human  beings.  The  last  is  a  brief  statement  that  the 
rickettsia  is  transmitted  by  the  bite  of  R.  sanguineus  and 
has  been  isolated  from  Boophilus  ticks  that  had  been  in 

the  laboratory  for  two  years.  /"The  significance  of  this finding  would  appear  to  be  more  in  the  line  of  a  reservoir host  than  a  vector  _  HHT. 

BOOPHILUS  DBSOLQRATUS 

LAHILLE  (19U).  Argentina.  Two  females,  presumably  this  spe- cies, found  on  camels  brought  to  Buenos  Aires  from  the 
Canary  Islands.  These  may  form  the  basis  of  Minning's 
(1934)  record,  though  it  cannot  be  determined  whether 
or  not  Winning  examined  the  material. 

GRI14ALDI  (1934).  Eritrea,  collecting  locality.  Not  listed 
from  Ethiopia  or  Somalia. 

TENBEIRO  (1955).  Mozambique.  Review  of  previous  reports  from colony. 

SCHULZE  (1955).  Discussion  of  metabolic  products. 
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BOOPHILUS  MICROFLUS 

HrrCHCOCK  (1955).     Australia.     Life  cycle   (cf.  page  32l).     De
tails 

of  cycle  on  hosts. 

TENDEIRO   (1955).     Mozambique.     As  B.  fallax;     review  o
f  previous 

reports  from  colony. 

DHMACSNTOR  C.  CTRCUMGUTTATUS 

VAN  VAEHENBHIGH   (195^).     Belgian  Congo.     Record  of 
 specimens. 

THOEIRO   (1955).     Mozambique.     Review  of  previoxis  r
eports  from 

colony.     Subspecies  here  is  cunhasilvae. 

DERI-IACEMOR  RHINCCEEINUS 

CKIMALDI   (193^).     Somaliland.     Obbia,  collecting 
 locality. 

TENDEIRO  (1955).  Mozambique.  Review  of  previ
ous  reports  from 

colony. 

HOSTS  (vaj^e  335):  One  male  from  cattle,  local
ity  unstated,  in 

UgSda;  see;  in  collections  (Number  309)  of  U
ganda  Veter. 

inary  Service,   Entebbe. 

HAB'IAPHYSALIS  ACICTJLIFER 

TMDEIRO  (1955).  Mozambique.  Review  of  pre
vious  reports  from 

colony. 

MOPJX,  P.  (1956  correspondence).  French  W
est  Africa.  Occurs 

in  Senegal  across  the  east  point  of  Gambia,  o
n  bushbuck, 

reedbuck,  oribi,   gray  mongoose,    and  civet.
 

HAa-lAPHY SALTS  HOODT  HOODI 

TMDEIRO  (1955).  Mozambique.  Review  of  p
revious  reports  from 

colony. 
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MCRHi,  P.  (1956  correspondence).  French  West  Africa.  On  Centropus senegalensis  at  Gorom  (50  km.  from  Dakar),  Mbour  (lOO  km.  from 
Dakar  on  Atlantic  coast),  and  BaiTnako  (French  Sudan).  On 
^Q^oli^^^  bic^caratus  at  Barmako  and  Bouake  (ivory  Coast). On  Ftilostomus  aler  at  Gorom.  All  stages  of  this  tick  on these  birds. 

HAMAPHYSALIS  HOUYI 

MCEIEI.,  P.  (1956  correspondence).  French  West  Africa.  On  Euxerus 
erythropus  at  Nioro,  French  Sudan  (adults  and  nymphs),  and  at 
Massakori,  Tchad,  about  forty  kilometers  east  of  Lake  Tchad 
(adults). 

HAMAPHYSALIS  T.VJtr.HTT  LEACHII 

TEM)EIRO  (1955).  Mozambique.  Review  of  previous  reports  from colony. 

HAMAPIgSALIS  LEACHII  I-fUHSAIdl 

TEM)EIRO  (1935).  Mozambique.  Review  of  previous  reports  from 
colony  (as  H.  leachii  indica). 

HYALCMMA  DETRITIM  and  H.  SCUPQiSE 

QLMEV  (1931B).  USSR.  As  H.  detritum  rubrum:  description. 
?As  H.  volgense  and  H.'"uralense;  notes  (see  page  4.07). As  K.   verae;  description  (see   page  Z^07). 

MARKOV,  KURCHATOV,  &  MIRZABEKOV  (1939).  USSR.  H.  detritum, 
transmission  of  theilerosis  in  zebu  cattle." 

MARKOV  &  BHINADSKAIA  (1939).  USSR.  H.  detritum,  ability  of 
males  to  transmit  theilerosis,  in   spite  of  the  slight 
amoimt  of  blood  they  imbibe,  to  zebu  cattle  after  having 
fed  on  infected  hosts  in  immature  stages. 

KDRCHATOV  &  KAIMYKOV  (193A) .  USSR.  As  H.  volgense;  distribu- 
tion  (see  page  407 ) .  ""       
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DMIDOVA  (19A2).  USSR,  Uzbekistan.  As  H.  volpnse;  gives  a
n 

account  of  raethods  of  grazing  and  quart erxng  cattle  in 

Uzbekistan  and  importance  of  knowing  where  ticks  seek 

shelter  around  buildings  and  farmyards  due  to  their  im- 

portance in  transmission  of  human  and  animal  diseases. 

A  few  engorged  females  found  in  cracks  in  walls  10  to 

15  cm.  above  ground.  See  also  H.  excavatum,  pa^e 

BARBETTI  (l%3).  Yugoslavia.  H.  scupense,  presence
  in  southern 

Croatia.  No  other  Hyalomma  species  listed. 

GALUZO  &L«VOVA  (1945).  USSR.  H.  detritum 

For  review  of  other  reports  on  this  tick  by  Galuzo,  se
e 

page  All. 

An  ecologicaj.  study  in  the  Gissarian  Valley  to  dete
rmine  the 

fate  of  engorged  females  that  drop  from  cattle  in
  various  situa- 

tions and  the  effect  of  environmental  factors  on  time  of  ha
tching, 

this  field  study  merits  careful  attention.  Althou
gh  cattle  wander 

over  a  variety  of  biotopes,  H.  detritum  is  encounte
red  m  only 

certain  of  these.  In  the  field  ii  is  difficult  t
o  discover  inore 

than  an  occasional  engorged  female  on  the  ground,  eve
n  when  pas- 

tures are  dug  up,  manure  is  scattered,  and  grass  is  pulled
  out 

by  the  roots.  Earlier  studies,  aimed  at  determin
ing  whether  fe- 

males detach  from  the  host  during  the  day  while  cattle  
are  in 

the  field  or  at  night  when  they  are  confined,  ha
d  shown  that  en. 

gorged  females  fall  to  the  ground  at  any  time  of 
 the  day  or  night. 

Females  might  be  expected  to  find  suitable  nic
hes  for  hiding, 

preoviposition  resting,  and  egg  laying  in  gra^s  root
s,  ̂ ^^nt 

burrow^  reptile  haunts,  -insect  nests",  cr
acks  and  crevices  in 

the  soil,  or  under  cakes  of  cow  dung,  lumps  o
f  earth,  stones, 

grass  bedding,  or  the  like.  Observations  p
reliminary  to  the 

Sesent  experiment  showed  that  when  the  te
mperature  is  partic- 

SSy  high  (from  35°C.  to  40°G.)  and  the
  sunlight  extremely 

strong,  females  leaving  the  host  immediate
ly  crawl  into  any 

shaded'place  and,  if  possible,  burrow  into  the  soil
  or  hide  in^ 

cracks  or  crevices.  Females  that  depart  
their  host  in  the  evo- 

^ScrSl  slowly  over  the  soil  until  they  fin
d  a  crack  or  cre^ 

^S   ?Ms  they  enter  as  deeply  as  the  
size  of  their  body  will 

^e^t.  iLy  may  pass  one  apparently  
suitable  niche  or  enter  it 
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and  depart  again  in  search  of  another.  Rodent  burrows,  grass  roots, 
or  spaces  under  cow  dung  or  stones  are  not  chosen  in  preference  to 
cracks  in  soil  or  under  grass  bedding.  Oviposition  commences  from 
ten  to  foTirteen  days  after  leaving  the  host. 

To  observe  the  effect  of  the  environment  of  niches  in  various 

biotopes  on  oviposition  and  the  life  cycle,  engorged  females  were 
placed  in  each  conceivable  type  of  situation  (in  test  tubes  10  cm. 
long,  2  to  3  cm.  in  diameter;  into  one  end  four  reeds  10  cm.  in 
length  were  placed  and  cheesecloth  wrapped  around  them,  the  oppo- 

site end  plugged  with  cotton;  cheesecloth  end  placed  down). 

1.  Northern  slopes  of  hills,  without  roots,  i.e.  ploughed 
or  overgrazed,  no  wild  or  cultivated  vegetation;  where  untouched 
a  variety  of  vegetation  persists  (scientific  names  given) .  Two 
tubes  containing  engorged  females  were  placed  in  cracks  in  soil, 

two  in  "insect  nests,"  one  in  a  rodent  burrow,  four  under  grass 
roots,  and  two  under  a  cake  or  cow  dung. 

2.  Southern  slopes  of  hills,  which  are  considerably  steeper 
than  northena  slopes  and  covered  by  a  thinner  layer  of  loess  but 
with  more  vegetation  near  the  summit;  little  cultivated  or  not  at 
all;  annual  grasses  with  many  xerophilic  perennials;  almost  no 

cracks  in  soil,  rodent  burrows,  or  "insect  nests".  Here  the  only 
place  in  which  a  female  may  hide  is  in  shallow  interstices  of  an- 

nual grass  roots;  three  tubes  were  placed  in  this  situation. 

The  remainder  of  the  experiment  was  undertaken  in  an  irri- 
gated part  of  the  valley,  a  weakly  undulating  plain  of  river 

deposits  and  mostly  under  cultivation. 

3.  Motmtain  steppe  (in  lower  part  of  valley);  neglected  weed 
patches  of  different  age.  The  only  hiding  places  for  ticks  are 
in  cracks  in  soil  and  xmder  grass  bedding;  fotir  tubes  placed  in 
each  of  these  situations. 

U'     Irrigated,  cviltivated  plots,  rice,  melons,  etc.;  pre- 
viously used  melon  field  now  deserted  and  overgrown  by  weeds 

utilized  for  exjjeriment;  five  tubes  placed  in  cracks  of  soil, 
two  tubes  under  roots  of  grass.  Owing  to  frequent  irrigation, 
these  were  the  only  situations  in  which  ticks  covild  sturvive. 
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5.  Banks  of  irrigation  ditches;  these  are  numerous  and 
covered  by  grasses  and  other  plants;  three  tubes  placed  under 
bedding  of  dead  vegetation  among  roots. 

6.  Cattle  sleeping  places  on  north  slopes  of  hills;  lacking 
vegetation,  soil  cracks,  or  stones,  but  with  cattle  dimg  mixed 
with  loess  dust;  only  place  for  females  is  powdered  mixture  of 
loess  and  cow  dung;  three  tubes  placed  here  and  one  imder  an 
entire  cake  of  cow  dimg. 

Results:  in  tubes  in  cracks  in  soil  in  any  situation  lar- 
vae hatched  most  qviickly  (37  to  50  days).  Among  grass  roots 

in  irrigated  valleys  and  meadow  steppes,  larvae  hatched  in  68 
or  69  days.  Females  in  all  other  situations  perished  without 
ovipositing. 

The  microclimate  of  these  niches  was  determined  as  follows; 
I 

Places  of  Observation Place  of 

Average  24 hourly Maximum Minimum 

Duration  of 

temperature 

of  
air 

© 

1 
© 
p 

© 

1 
1 
© 
p 

Issue 

relative 

hiomidity 

relative 

humidity 

relative 

humidity 

embryonic 
development in  days 

Meadow- steppe Cracks 26.0 

72 

38.6 100 

20.0 

50 

47 

Different  aged  deposits Herbage 22.2 

75 

30.9 100 
13.0 

34 

69 

Irrigated  plot  of 
val  1  ey 

Cracks 
Herbage 

24.6 

24.0 

69 
64 

33.7 

40.0 

89 

95 

19.0 U.5 39 

32 
50 

68 

Northern  hill  slope Cracks 
Herbage 
Burrow 

27.1 25.5 

27.6 

32 

63 

35.0 

35.0 
33.9 

75 

57 

80 

22.2 

19.2 
24.1 

33 

10 

40 

37 
eggs  perished 

40 

Southern  hill  slope Herbage 27.2 

42 

45.3 
60 

19.0 

27 

QO  perished 
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Temperature  was  ascertained  by  means  of  a  mercury  therioometer 
or,   in  deeper  niches,  by  a  Strelmikov  thermocouple.     Humidity  was 
determined  by  Buxton's  dew  point  device.     Observations  were  made 
twice  a  month  every  two  hovirs  of  the  day  from  2L,  July  to  6  Sep- 

tember . 

On  northern  hill  slopes,   air  temperature  in  soil  cracks 

fluctuated  from  22°G .  to  28°C .  in  one  day  but  in  a  Meriones  bur- 
row on  the  same  slope  only  from  23.5°C.  to  26.0°C.     In  the  morning, 

RH  was  maximum  (54^),   at  1300  minimum  (40^).     In  these  places, 
hatching  was  most  rapid. 

In  tubes  on  the  soil  siu"face  among  herbage,  on  southern  hill 
slopes,  in  which  females  died,   air  temperature  before  sunrise  was 

19.0°G.  but  at  midday  ̂ 5.3°C.     RH  varied  from  2%  at  1100  to  60^ at  2300. 

In  certain  soil  cracks  where  RH  fell  to  extreme  midday  lows, 
(10  or  15$S),   eggs  perished. 

Tubes  among  grass  roots  in  raountain  steppes  and  in  irrigated 
plots,   in  which  larvae  hatched  more  slowly  than  in  those  in  soil 

cracks,   experienced  daily  temperatures  ranging  from  13.5°C.  to 
29.0°C.   in  the  former  biotope  and  from  U.5°C.  to  31.5°C.  in  the 
latter.     RH  in  the  former  varied  from  3-^  to  100^,  in  the  latter 
from  32%  to  3%.     A  number  of  other  data  are  provided,  but  these 
are  the  high  points  and  indicate  the  overall  planning,  methods, 

and  resvilts  of  the  experiment.     /"Translated  copies  of  the  entire 
paper  may  be  obtained  from  NAl-IRlLr3,  Cairo.     The  translation  con- 

tains certain  irregularities  that  may  slightly  modify  some  of 
the  above  statements  but  the  general  approach  is  of  interest_^ 

3CHULZE   (19$0B)  .     France.     As  H.   steineri  enigkiantim  subsp.  nov.: 
includes  description  and  illustration  of  male  with  mis- 
formed  capitulum. 

ABRAMOV,  TSAPRUN  &  LEBEEEV    (1950).     USSR.     H.   detritum,   importance 
as  transmitter  of  equine  piroplasmosis. 

PSlva-IAISKY    (1954).     USSl.     H-   scupense,  morphological  variation. 
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GANIEV  (1954).  USSR.  H.  detritvm  and  H.  scupense,  short  ecolog- 
ical notes  from  Ural  District  middle  stream. 

SURBOVA  (1955).  Bvilgaria.  H.  scupense,  distribution,  biology, 

ecology,  epidemiology.  ""(Not  translated). 

GAJBUSM  (1956).  USSR.  Uzbekistan  heioDrrhagic  fever.  H. 
detritiim  feeds  on  man  and  is  considered  a  possible  vector 
of  virus;  organism  has  been  isolated  from  this  tick;  brief 
review  of  host  data. 

HYALCMMA  DROIgDARII 

cf .  page  hUO.     USSR.  H.  tiirkmeniense  is  included  under  H.  exca_ 

vatum  on  the  basis  of  Delpy^s  (19A-9B)  surmise  that  it  may 
be  a  synonym  of  H.  excavatum.  Pomerantzev  (1950),  however, 
considers  H.  turSmeniense  to  be  a  synonym  of  H.  dromedarii 

(s  H.  asiaTicumj  .  
" 

FRANCHINI  (1927X).  Libya.  Collected  at  Giarabub. 

OLMEV  (193IB).  USSR.  As  H.  dromedarii  asiaticum;  description. 
As  H.  pavlovsltyi;  note  (c  ?H.  excavatumj .  As  K.  kozlovi; 
description;  considered  by  Pomerantzev  (1950)  as  a  sub_ 
species  of  H.  asiaticum. 

GRIMALDI  (1934-).  Libya,  Somalia,  and  Yemen.  H.  dromedarii, 

collecting  localities.  " 

PERVCMAISKf  (I95OB).  USSR.  H.  dromedarii  males  mate  with  fe- 

male H.  anatolicim  excav'atum,  which  act  as  unfertilized femaies  remaining  on  the  host  for  a  month,  taking  little 

blood,  -and  depositing  only  a  few  sterile  eggs  £'see   also Pervomaisky  (l954-)_7« 

PHlVCMAISKf  (1954.).  USSR.  Description  of  variation  in  laorphology 
summarized  as  follows:  Most  males  reach  5.8  mm.  in  length,  fe- 

males 6.1  mm.  In  average  and  large  males  common  variables  are 
width  of  the  middle  festoon  and  size  and  number  of  subanal  shields 

(division  or  fragmentation  of  subanal  shields  is  rare  in  material 
in  the  present  collection  and  appears  to  be  a  localized  phenome- 

non _  HH).  In  minute  males,  1.5  nm.  in  length,  great  changes 
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occxir  in  the  adanal  shields,  which  are  rounded  posteriorly  and 
laterally;  the  accessories  tend  to  be  obsolete,  and  subanal 
shields  fail  to  develop  (See  Hyalommina,  pages  520  to  522 J. 
Large  females  are  typical  of  the  species  but  small  females 
have  smooth  cervical  grooves,  narrow  tail  of  spiracular  plate, 
and  unhanded  legs. 

H.  asiaticum  asiaticun  and  H.  asiaticum  caucasicum  (both 
considered  as  synonyms  of  H.  dromedarii  by  Delpy  -  HH^  are  here 
considered  as  separate  geographical  rsices  with  distinct  morpho- 

logical characteristics.  Under  experimental  conditions  they 
mate  readily  and  produce  fertile  progeny.  Male  H.  a.  asiaticum 

vary  from  2.5  mm.  to  7.0  ram.  in  length  and  from  T.2~mm.  to  4.0  mm. in  width.  Their  critical  characters  are  minute  punctations  com- 
bined with  large  punctations  (both  sparse);  wide  white  parma; 

strongly  concave  basis  capituli;  and  very  narrow  tail  of  spira- 
cular plate.  In  every  lot  of  H.  a.  asiaticum,  one  encounters 

specimens  grading  from  this  suBspecies  to  H.  a.  caucasicum, 

males  of  which  measure  from  2.5  mm.  to  6.0~mra.  in length  and from  1.2  mm.  to  U-O   mm.  in  width  and  average  0.5  mm.  smaller 
than  those  of  H.  a.  asiaticum.  Scutal  punctations  of  the  two 

subspecies  are'^similar,  on  small  males  of  both  only  minute 
punctations  may  be  present.  The  fusion  of  festoons  of  H.  _a. 
caucasicum  is  variable;  however,  the  tail  of  the  spiracular 
plate  is  wide  and  the  tarsal  pads  are  large,  these  characters 
vary  but  little.  Females  of  H.  a.  caucasicum  differ  from  fe- 

males of  H.  a.  asiaticum  not  only  by  smaller  size  but  chiefly 
by  larger  tarsal  pads  and  absence  of  rings  on  legs;  the  width 
of  the  tail  of  the  spiracular  plate  may  be  either  like  that 
of  H.  a.  asiaticum  or  wider. 

Parthenogenetic  females  of  H.  dromedarii  give  rise  to  many 
deformed  larvae,  those  that  survive  are  all  females  not  outwardly 
distinguishable  from  normal  specimens.  Both  sexes  are  represented 
when  F]_  females  are  mated  with  males. 

NOTE.  Yugoslavia.   In  various  lists  of  Yugoslaviai  ticks  pre- 
sented by  Oswald  (see  Bibliography)  H.  dromedarii  or  syno- 

nyms of  this  species  are  not  included.  The  possibility 
that  material  mentioned  in  the  following  two  papers  refer 
to  a  different  species  in  this  genus  must  be  considered. 
Specimens  have  been  requested  from  Yugoslavian  workers. 
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MIKACIC  (1952  and  19^+9).  Yugoslavia.  H.  dromedarii  present  in 
Adriatic  Islands  on  domestic  animals  in  spring  and  early 
summer  (19^9).  Relation  to  piroplasmosis  (1952). 

CVJETAiroVIC  (1953).  Yugoslavia.  Tick  reservoirs  in  an  epidemic 
of  Q  fever  at  Ogulin  believed  to  be  R.  sanguineus  and  H. 
dromedarii.  Epidemic  commenced  at  height  of  spring  when 
sheep,  which  were  the  source  of  human  infection,  were  most 
heavily  infested  by  these  two  species,  along  with  fewer 
numbers  of  R.  bursa  and  H.  punctata.  Patients  had  no 

history  of  tickbite .    ~ 

HYALa-fl'lA  EXCAVATIM 

OLEIffiV  (193 IB).  USSR.  As  H.  savipyi  armenorium;  Note  (sjtio- 
nymy  uncertain).  As  H.  anatolicum;  Notes. 

IIARKOV,  KURCHATOV,  &  MIRZABEKOV  (1939).  USSR.  As  H.  sayignyi 

(may  refer  to  H.  marginatum) ;  transmission  of''theilerosis in  zebu  cattle. 

SERDYUKOVA  (l9^l).  USSR.  As  H.  anatolicum  excavatum;  spiro- 
chetes of  Central  Asiatic  relapsing  fever  can  be  trans- 
mitted to  guinea  pigs  try   inoculation  of  emulsified  in- 
fected ticks  up  to  24.  hours  after  having  been  taken  from 

infected  animals.  Similar  results  obtained  with  H. 

marginatum,  D.  pictus ,  and  D.  marginatus ♦  See  also  H. 
marginatum,  page 

DMIDOVA  (19^2).  USSR,  Uzbekistan.  As  H.  savignyi  (see  also  K. 
detritxm,  page  872):  remarks  appear  to  apply  to  H.  excavatxim 

rather  than  to  H.  marginatum,  but  this  is  not  certain"!  All  stages of  ticks  found  Tn  cracks  of  buildings  from  level  of  grcund  to 
roofs  of  sheds  where  cattle  sleep;  also  in  holes  bored  by  insects 
in  walls,  cracks  in  poles,  and  under  piles  of  corn  beside  stalls. 
Outside  these  buildings,  numerous  males  and  females  were  found 
up  to  above  the  height  of  a  man  under  the  loose  bark  of  acacia 
trees  but  none  were  observed  in  a  nearby  cracked  wooden  feeding 
trough.  In  other  localities,  some  were  collected  under  plaster 
but  numerous  unengorged  adults  of  both  sexes  sheltered  in  cracks 
in  walls  and  under  manvire  as  well  as  in  pole  holes  excavated 
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by  wood  boring  beetle  larvae  and  under  rags  on  poles  supporting the  shed.     In  a  borrow  pit  in  which  cattle  slept,  ticks  were  found in  cracked  walls  of  the  pit,  under  turf,   etc. 

PERVa-IAISKY    (l95CfB).     USSR.     As  H.   anatolicum  excavatun;      mating 
wi't'^  H*   marginatum,    r-mandromorphs .     See  H.   marginatum, P^e         ,   also  H.   dromedarii  above,    and  Pervomaisiq^   (1954-). 

PSlva-IAISHT   (195^).     USSR.     Breeding  experiments  demonstrate 
that  progeny  of  H.   a.   anatolicum  may  in  part  resemble  H. 
a.    excavatum  and  that  progeny  of  H.    a.   excavattra  may  in 
part  resemble  H.   a.   anatolicum.     IJriTical  characters  of 
both  subspecies  described.     ITesults  obtained  from  partheL. 
nogenetic  oviposition  are  similar  to  those  described 
above  for  H.   dromedarii. 

Mosaic  gynandromorphs   (H.   a.   anatolicum) ,   after  feeding  ai;id 
mating  with  males  of  the  same  species,   give  rise  to  normal 
males  and  females.      (There  follow  some  remarks  in  support 
of  genetic  theories  in  vogue  in  the  USSR  at  the  time\his 
was  written.     Similar  remarks  occur  in  this  author's  1950B 
paper).     Variations,   deformities,   survival  in  spite  of 
physical  damage,   etc.,    are  discussed  in  some  detail. 

CHUliAKOV   (195-^).     USSR..     As  H.   anatolicum;      isolation  of  Q  fever 
(C.   burnetii)  from  specimens  in  Central  Asia. 
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Figures  329  and  330,  d",  dorsal  and  ventral  views. 
Figures  331  and  332,  o,  dorsal  and  ventral  views. 

A,  o  genital  area.     3  to  D,  o  genital  area,  outline  and  profile, 
unengorged  and  immated.     E  to  G,   spiraciJLar  plates  of 

(E)  "K.    sp.   no. 2,"    (F)  H.   excavatum,    and    (g)  "H.   sp.   no.l." 

iriALOyJl  SPECIES  NO.   1  iJEAR  EKCAVATUI-l 
^ared  Eg\"ptian  Specimens 

PLATE  XVIIC 
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HYALCMMA  SPECIES  NO.  1  NEAR  EXCAVATDM 

(Figures  331  to  334) 

DISTRIBUTION 

This  species  occurs  in  EGYPT  and  probably  extends  eastward and  westward  from  here. 

HOSTS 

Adults  feed  on  camels;  immature  stages  on  lizards,  Acantho-. 
dactylus  and  Agama.  In  the  laboratory,  rabbits  serve  as  host 
for  all  stages  and  man  has  been  utilized  to  feed  adults. 

BIOLOGY 

This  is  a  fairly  common  tick  locally  on  Egyptian  desert 
lizards.  Life  cycle  and  other  biological  data  will  be  pre- 

sented subsequently  (Hoogstraal,  ms.). 

RMARKS 

Although  probably  already  described,  we  are  not  yet  certain 
which  name  applies  to  this  species.  The  male  runs  to  H.  excava- 

tm  in  the  Delpy  (1949A)  and  in  the  present  (page  397)''keysT   The  female  superficially  resembles  that  of  H.  detritum  but  is 
morphologically  distinct  from  all  others.  Tn  size,  both  sexes 
are  considerably  larger  than  H.  excavatum.  Adults,  reared  from 
nymphs  removed  from  Egyptian  lizards,  have  produced  uniform  F]_ 
adults,  thus  indicating  the  validity  of  this  species.  All  spec- 

imens are  remarkably  similar,  a  phenomenon  seldom  seen  in  this 
genus.  However,  further  search  of  field  collections  and  addi- 

tional rearing  will  probably  reveal  more  variable  individuals. 
Means  to  separate  this  species  from  "H.  species  no.  2  near 
excavatum"  may  be  found  on  page 
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I  DiUTIFI  CATION 

Male.  The  scutiim  measures  from  3.%  mm.  to  4.37  mm.  in  length 
and  from  1.95  ram.  to  2.90  mm.  in  viidth;  specimens  with  a  scutum 
measviring  less  than  4.10  mm.  long  and  2.66  mm.  wide  are  uncommon. 

^The  scuttim  of  H.  excavatum  measures  from  3.52  mm,  to  4.18  mm. 
long  and  from  2.150  mm.  to  ̂ 119  mm.  iri.de,  but  seldom  exceeds  3.75 

mm.  in  length  and  2.09  mm.  in  width^  The  appearance  is  that  of 
a  strong  hyalorama  in  comparison  with  the  typical  frail  guise  of 
H.  excavatum.  The  shiny  dark  brown  scutum  is  in  contrast  to  the 
Typically  yellowish  brovm  scutiim  of  H.  excavatum.  Scutal  p\mcta_ 
tions  are  few;  minute  but  distinct  punctations  are  widely  scattered 
over  the  entire  surface  and  become  dense  in  the  characteristically 
triangular  caudal  depression;  large  punctations  ntmiber  no  more 
than  those  on  the  specimen  illustrated  (Figure  331)  and  may  be 
even  rarer.  Lateral  grooves  are  strictly  confined  to  the  posterior 
third  of  the  scutum  where  they  are  deep  and  distinct.  The  caudal 
depression  is  an  approximately  eqtiilateral  triangle  (margins  curved 
in  H.  excavatum)  boiinded  by  a  ridge  that  is  not  so  elevated  as  in 
H.  excavatum;  the  apex  of  the  depression  is  level  with  the  apex 
of  the  lateral  grooves;  the  posteromedian  groove  is  poorly  devel- 

oped and  does  not  extend  beyond  the  depression,  the  paramedian 
grooves  are  faint,  rounded  depressions  extending  as  faint  grooves 
to  the  middle  of  the  third  pair  of  festoons.  The  posterior  margin 
of  the  scutim  is  bluntly  rounded  while  that  of  H.  excavattmi  is 

more  narrowly  rovinded.  The  adanal  shields  are  "strong,  broad,  and quadrate  posteriorly  (Figure  332),  and  the  subanal  shields,  that 
lie  directly  posterior  of  them, are  larger  than  is  usual  in  H. 
excavatum.  The  spiraciilar  plate  (Figure  332G)  is  distinguished 
from  that  of  H.  excavatum  (Figure  332F)  especially  by  the  narrow- 

ly tapered,  v'ery  slightly  curved  tail  (the  tail  of  H.  excavatum 
is  wider  and  curves  more  abruptly  apically) .      "" 

Female .  Scutal  meas\ireraents  in  most  specimens  are  approx- 
imately  2.50  mm.  in  length  and  2.38  mm.  in  width;  the  minimum  is 
1.95  mm.  by  2.00  mm.;  the  maximum  2.71  mm.  by  2.52  mm.;  the  out- 

line is  subcircular  and  the  surface  is  smooth  with  very  few, 
large,  widely  scattered  punctations,  thus  being  similar  to  that 
of  H.  detritum  (the  typical  outline  in  H.  detritum  tapers  more 

abruptly  from  the  level  of  the  eyes  and''is  narrower  posteriorly) . The  genital  apron  (Figure  334A  to  D)  is  similar  to  that  of  H. 
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truncattmi  and  might  easily  be  confused  with  it  (cf .  Figure  189A 
to  D  and  page  503);  its  deeply  depressed  profile  and  wide  outline 
is  in  strong  contrast  to  the  gradual  slope  and  narrower  outline 
in  H.  detritum  and  to  the  strongly  convex  profile  and  subcircular 
or  more  narrowly  triangular  outline  in  H.  excavatum. 
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Figtires  333  and  334,  d",  dorsal  and  ventral  views. 
Figures  335  and  336,  5,  dorsal  and  ventral  views. 

A,  5,  genital  area.  B  to  D,  5,  genital  area  outline  and  pi*ofile. 
B,  unengorged.  C,  partly  engorged.  D,  fully  engorged, 

HYALCMIA  SPECIES  NO.  2  NEAR  EXCAVATUM 

Reared  Egyptian  Specimens 

PLATE  XVIIIC 

_  884  - 



HYALCMMA  SPECIES  NO.  2  NEAR  EXCAVATm 

(Figures  335  to  338) 

DISTRIBUTION 

EGfYPT,  including  Sinai,  and  LIBYA  (H.H.  collection).  PALESl. 

TINE  (various  lots  in  EMNH  identified  as  "H.  excavatum  large  race", 
HH  det.).  MORXCO  (Lot  08^2-3-10-13  in  EMIJh,  HH  det.j.  CANARY 
ISLANDS  (Nuttall  lot  3226  in  34NH,  HH  det.).  YMEN  (HH,  ms.). 

HOSTS 

Knovm  hosts  of  adults  are  camels  and  cattle.  In  Egypt,  im- 
matvire  stages  (reared  to  adults)  have  been  taJcen  from  spiny  mice, 
Acomys  r us sat us,  at  5000  feet  altitude  in  Sinai;  lesser  gerbils, 
G.  g.  gerbillus,  near  Cairo;  and  fat  sandrats,  Psammoiws  o. 
obesus,  in  saline  desert  areas  on  the  Mediterranean  littoral 
and  beside  the  Nile  Delta. 

BIOLOGY 

Biological  and  life  history  data  id.ll  be  presented  separately 
(HH,  ms.).  It  is  notable  that  in  Egypt  we  find  this  species  only 
in  certain  desert  situations  from  sea  level  to  5000  feet  elevation 
but  never  in  cultivated  areas. 

REMARKS 

"Species  number  2"  is  a  large  race  or  species  closely  related 
to  H.  excavatum  but  differing  from  it  in  color  and  size.  The  size 

is  even  greater  than  that  of  "species  number  1"  but  the  color  is 
similar. 

Recently  Mr.  Glen  M.  Kohls  of  the  Rocky  Mountain  Laboratory 

kindly  sent  us  the  Schulze  collection  of  "H.  anatolicun"  for 
study.  The  bulk  of  this  material  conforms  exactly  to  "Hyalomma 
species  no.  2  near  excavatum".  Although  a  surprising  mixture  of 
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other  species,  H.  marginatum,  H.  rufipes,  H.  detritum,  H.  excavatum, 
ajid  ticks  of  other  genera  are  inclxided  in  the  same  vials,  the  pre- 

sent  species  may  be  considered  as  "H.  anatolicum  (sensu  Schulze)". 
It  is,  however,  far  from  certain  that  this  is  the  same  species 
that  contemporary  Soviet  workers  are  labelling  H.  anatolicum. 
FeldmanuMiihsam  (195A-)  states  that  the  type  specTmen  of  H.  anato- 

licum "seems  to  be  lost".  The  true  identity  of  this  name,  there^- 
fore,  should  be  difficult  to  establish.  She  also  considers  H. 

anatolicim  specimens  in  the  Schulze  collection  as  "within  tlae 
range  of  variation  of  H.  excavatum",  a  conclusion  not  corroborated 
by  present  rearing  stiiSies.  Kratz  (19A-0)  also  indicated  that  the 
type  specimen  of  H.  anatolicum  was  lost,  and  suggested  that  his 
mentor,  Schulze,  applied  this  name  because  of  the  frequency  of 
this  species  in  collections  from  Anatolia.  It  is  obvious  that 
the  complicated  problem  of  identity  and  of  species  and  subspecies 
related  to  the  present  form  will  require  a  considerable  amount  of 
study  before  valid  and  firm  conclusions  can  be  drawn.  Typical 

specimens  of  "H.  anatolicum  (sensu  Schulze)*  in  the  Schulze  col_ 
lection  are  from  Macedonia,  Anatolia,  Skyros  and  Thassos  Islands 
(Greece),  Egypt,  and  Rio  de  Oro.  A  male  from  Kabete,  Kenya,  is 
also  included;  this  range  is  difficult  to  explain,  except  on  the 
basis  of  accidental  introduction,  and  bears  further  investigation. 
Hosts  of  typical  specimens  are  cattle,  horses,  camels,  sheep,  and 
an  antelope  (Rio  de  Oro ) . 

The  presence  of  this  species  in  the  nortnwe stern  area  of 
Africa  appears  well  established  by  reason  of  representatives  from 
Morocco  and  Canary  Islands  in  British  Museum  (Nattiral  History) 
collections,  from  Rio  de  Oro  in  the  Schulze  collection  (Rocky 
Mountain  Laboratory),  and  from  Libya  in  the  HH  collection. 

IDENTIFICATION 

Male.  The  scutum  measures  from  /|..28  mm.  to  5.12  ram.  in 

length  and  from  2.66  mm.  to  3.52  mm.  in  width,  thus  being  con- 
siderably larger  than  H.  excavatum  (for  measToreraents,  see  page 

U^l) .     It  is  colored  a's  in  "species  nvtraber  1"  and  slightly  more punctate  than  either  of  the  other  two  species;  the  caudal  de- 
pression is  more  rugose  and  more  densely  furnished  with  mixed, 

contiguous  punctations  than  in  H.  excavatum  but  its  characteris- 
tic outline  is  the  same  in  both  species  and  pronounced  elevated 

ridges  border  it.  Lateral  grooves  are  like  those  of  H.  excavatum, 
but  may  appear  to  be  continued  slightly  more  anteriorTy  due  to 
the  presence  of  several  large  punctations  in  line  with  them.  The 
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spiracular  plate  is  very  slightly  larger  than  that  of  H.  excavatum 

but  otherwise  similar  to  it.  "" 

Female.  The  scutiun  measures  from  2.09  mm.  to  2.61  ram.  in 

length  and  from  2.04.  mm.  to  2.^2  mm.  in  width,  thereby  exceeding 
the  size  of  that  of  the  largest  specimen  of  H.  excavatum.  Spec- 

imens of  the  present  species  measuring  less  Than  2.23  mm.  by 
2.I4  mm.  are  rare;  2.33  mm.  by  2.23  mm.  is  a  common  ratio.  The 
genital  apron  is  like  that  of  H.  excavatiun  but  the  scutum  is 

colored  as  in  "species  number  T"  and  is  slightly  more  punctate 
than  that  of  the  other  two  species. 

HYALCMMA  MARGINATUM 

QLENEV  (193IB).  USSR.  As  H.  marginatum,  H.  marginatum  olenevi, 
and  H.  marginatum  subsp.;  descriptions  and  notes. 

KURGHATOV  &  KAmiKOV  (193A).  USSR.  As  H.  marginatum  balcanicum; 

distribution  records  from  1932.    " 

KDRGHATOV  (1935).  USSR.  H.  marginatum,  collecting  records. 

KURGHATOV  (1939B).  USai,  Grimea.  H.  marginatum.  Details  of 

life  cycle,  seasonal  incidence,  and~host  preferences  conform  to those  of  other  authors  and  of  this  author  in  other  papers.  Addi- 
tional interesting  facts  are  also  provided.  In  laboratory  rear- 

ing, the  length  of  the  life  cycle  is  in  direct  proportion  to 

temperatijre  range  (7°G.  to  37°G.)  but  the  length  of  life  (?  of 
unfed  ticks  -  ?  stage)  is  in  inverse  proportion  to  tenperature . 

Temperatures  of  from  7°G .  to  10°G .  and  42°G .  are  unfavorable; 
the  range  from  22°G.  to  27°C .  is  most  favorable  with  relative 
humidity  from  75  to  100^.  Engorged  nynphs  tolerate  any  relative 

humidity  from  zero  to  100^  and  tenperature  from  7°G.  to  /t2°G.; 
in  this  respect  they  exceed  other  stages.  Larvae  and  nymphs  are 
most  active  in  Grimean  foothills  during  the  summer- autximn  period 

in  the  morning  and  evening  (2A.°G .  to  30°G.,  RH  50^  to  75%).  In 
temperatures  over  30°G.,  nost  ticks  hide  in  shady  places  and  some 

burrow  into  the  soil.  At  night  ten^jeratiares  below  21°C.  or  22°G. 
and  also  with  high  relative  humidity  and  strong  winds  almost  no 
tick  activity  is  noticed.  The  northern  limits  where  this  tick 

is  common  is  from  A6°G  .  to  A-9°G .  northern  latitude  (annual  isou 
therm  9°C.).  Gattle  are  rarely  infested  in  summer  in  open  semi- 
deserts  and  deserts.  Most  heavily  infested  areas  are  lowlands 
and  foothills  of  steppes,  forested  steppes,  and  low  mountain 
forest  zones.  High  mountain  belts  are  rarely  infested.  The 
fact  that  immature  stages  attack  migrating  birds  may  account 
for  finding  this  tick  rarely  in  northern  latitijdes. 
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MARKOV,  ABUSALBIOV,  &  DZASOKHOV  (1939).  USSR.  As  H.  marginatum; 

epizootic  piroplasmosis  of  swine;  transmission""not  achieved. 

KURCHATOV  (19/VOG).  USSR.  H.  marginatum;  an  extensive  review  of 
biological  and  ecological  information;  not  yet  translated. 

SERDYUKOVA  (19^1  )•  USSR.  As  H.  marginatum.  See  H.  excavatum 
page  878.  Also:  Transovarial  transmission  oT  spirochetes 
does  not  occur,  whether  when  atten5)ted  by  injection  of 
emulsified  eggs  or  when  F±   larvae  or  nyn^hs  from  infected 
females  are  allowed  to  feed  on  guineapigs. 

DMIDOV,  STARUKHIW,  &  DMITRIEV  (19AA).  USSR.  H.  marginatum 
infests  stabled  horses  in  North  Caucasus  during  the  winter 
and  may  infect  them  with  Nuttallia  equi  at  that  time . 

ABRAMOV  (1949).  USSR.  H.  marginatum  in  relation  to  eqiiine 
piroplasmosis  (P.  caballi) . 

ABRAl'IOV,  TSAPRUN,  &  LEBEDEV  (1950).  USSR.  In^xjrtajnce  of  H. 

marginatum  as  transmitter  of  equine  piroplasmosis.   "" 
PERVaiAISKf  (195OB).  USSR.  As  H.  p.  plximbeum;  females  mated 

with  males  of  H.  anatolicum  excavatum  feed  normally,  become 
enlarged,  and  Tay  normal  quantity  of  eggs,  which  are  in_ 

fertile.  When  male  H.  £.   plumbeum  fertilize  female  H. 
anatolicum  excavatum^  from  20^  to  100^  of  the  eggs  are 
fertile;  the  majority  of  Fi  females  have  maternal  traits, 
the  majority  of  the  Fi  males  have  combined  maternal  and 

paternal  traits.  When  "extremely  normal"  F]_  males  and 
females  were  mated,  the  progeny  consisted  of  61  gynandro- 

morphs  in  a  batch  of  A35  individuals  /"see  also  R.  sangui- 

neus, page  910,  and  Pervomaisky  (195A}._7      ~ 

PERVCMAISKf  il95A).     USSR.  As  H.  p.  plumbeum;  males  vary  from 
3.2  ram.  to  6.3  mm.  in  length  and  from  1.8  mm.  to  3.6  mm. 
in  width.  Three  types  of  scutal  punctations  are  observed 
on  individual  specimens,  (l)  most  common,  numerous,  even- 

ly distributed  minute  among  large,  (2)  common,  numerous 
minute,  (3)  on  small  males,  minute  and  large  mixed.  The 
middle  festoon  is  narrow,  the  tail  of  the  spiracular  plate 
is  wide,  and  the  inner  margin  of  the  ad anal  shield  is 
slightly  extended.  The  female  size  is  quite  variable 
and  scutal  punctation  varies  as  among  males,  but  diagnos- 

tic characters  are  "relatively  constant." 
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B       4  C       3  D 

Fi£:ures  337  and  338,  o,  dorsal  and  ventral  views. 

A,  g,   j^enital  area.     3  to  D,  o,    r;enital  apron,  outline  and 
profile.     B  and  C,  imen^orced.     D,   enforced. 

IgALCM4A  SCIIULZEI 
E astern  De sert,  Egypt 

See  pages  5^4  to  526 

PLATE  XECC 
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SURBOVA  (1955).  Btilgaria.  As  H.  _£.  plunbevim;  distribution, 
biology,  ecology,  epidemiology.   (Not  translated). 

SEEIDYUKOVA  (1955).  VSSR.     As  H.  plumbeum;  larva  illustrated 
and  compared  with  those  oT  other  genera. 

TARASEVICH  (1955).  USSR.  As  H.  _£.  plumbeum;  vector  of  Q 

fever  (R.  burnetii) .    "" 

HYALQD4A  RUFIFES 

DAUBNEf  (19AA).  Kenya.  Morphology  and  biology  under  stvidy. 

HYALQ-II^  TRUNCATUM 

WALKER,  J.  B.  (Correspondence).  Kenya.  Life  cycle.  At  Muguga, 
when  all  stages  were  fed  on  the  ears  of  rabbit,  the  life  cycle 
was  the  two  host  type.  Miss  Walker  believes  that  the  type  of 
host  to  which  the  larva  attaches  influences  the  number  of  hosts 

involved  in  the  life  cycle.  The  following  data  were  obtained 

when  nonf eeding  stages  were  maintained  at  25°C .  to  27°C . 

PERICD  DAYS 

Preoviposition  5 
Oviposition  to  hatching  28 
Larvae  feed  and  molt;  nymphs 

feed  on  same  animal  15  to  23 

Nymphal  preraolting  period  17 
Adult  prefeeding  period  7  to  17  or  more 

Disease  relations:  Experimentally,  East  Coast  fever  (Theileria 
parva)  develops  and  is  transmitted  by  H.  truncatum  (experiments 
by  Dr.  S.  F.  Barnett  and  Mr.  K.  P.  BaileyT^  Inasmuch  as  im- 

mature stages  do  not  normally  feed  on  bovines,  transmission 
in  nature  is  rare. 
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339 340 

Figiires  339  and  3^0,  d",  dorsal  and  ventral  views 
Figure  3A1,  §,  dorsal  view 

IXODES  ALLUAUDI 
(After  i:heiler  l^U) 

PLATE  C 
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IXODES  ALLUAUDI  Neumann,  1913. 

(Figures  339  to  3a) 

THE  SHREW  RUSSET  TICK 

L   N   9   (J     EQUATORIA  PROVINCE  RECORD 

1         Kipia    Crocidura  sp.  Jan  (BMNH) 

This  nymph  was  taken  at  8000  feet  elevation  in  the  Imatong 
Mountains  from  the  tail  of  an  unidentified  Crocidura  shrew.  It 

is  specimen  number  1950.3-20-^2  in  British  Museum  (Natural  History) 
collections  and  has  recently  been  identified  by  Arthxir  (1956  cor- 

respondence) . 

DISTRIBUTION 

Ixodes  aTTuaudi  is  known  only  from  the  Imatong  Mountains  of 
the  Sudan,  highland  forests  and  ̂ pine  meadows  of  Tanganyika, 
Kenya,  and  several  localities  in  Basutoland  and  the  Union  of  South 
Africa.  Intervening  populations  undoubtedly  have  been  overlooked. 

EAST  AFRICA;  SUDAN  (Not  previously  recorded.  Arthur,  ms.). 
TANGANYIKA  (Neumann  1913).  KENYA  (Arthur,  ms.). 

SOUTHERN  AFRICA;  Ul^ION  OF  SOUTH  AFRICA  (Theiler  1941.  Arthur, 
ms.).  BASUTOLAND  (Arthur,  ms.). 

HOSTS 

The  species  of  the  Sudan  host  is  not  knovm.  Crocidura  shrews 
recorded  from  the  Imatong  Mountains  during  the  present  study  are 
C.  hildegardeae  phaios  and  C.  ny ansae  toritensis  (common),  both 
of  which  are  described  as  new  subspecies  (Setzer  1956).  The  host 
of  Neumann's  material  was  not  stated. 
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From  Theiler*s  (l94l)  study  of  South  African  data  it  appears 
that  the  red  shrew,  C.  flavescens,  may  be  the  true  host  and  infes- 

tation of  other  rodents  and  insectivores  is  incidental.  These 

hosts  are  the  vlei  or  groove- toothed  rat,  Otomys  irroratuis  subsp.j 
the  four-sbriped  grass  mouse,  Rhabdomys  pumilio  subsp. ;  Brant's 
gerbil,  Tatera  brantsi  maecalinus;  Lobengula^s  gerbil,  T.  loben- 
gulae  subsp.;  and  the  Eastern  Province  golden-mole,  AmbTysomus 
nottentotus  subsp.  Thirteen  collections  were  made  from  red  shrews 
and  twelve  from  other  hosts.  Collections  from  red  shrews  also 
contained  the  most  specimens.  Arthur  (ms.)  records  the  same 
hosts  and  adds  Cryptomxis  capensis. 

BIOLOGY 

Life  Cycle 

"Probably  a  three  host  tick;  adults,  nymphs,  and  larvae 
invariably  have  been  collected  separately  except  for  two  records 

from  Brant's  gerbil  when  adults  and  nymphs  were  taken  together" 
(Theiler  1941). 

Ecology 

The  fact  that  the  few  specimens  known  from  the  Sudan  and 
Tanganyika  were  taken  in  highland  forests  or  alpine  zones  is 
of  some  interest.  In  southern  Africa  this  altitudinal  distri- 

bution is  not  so  restricted. 

The  red  shrew  frequents  rtinways  made  by  rodents  in  long 
grass  beside  streams  and  rivers.  In  drier  areas,  this  tick 
is  taken  in  the  smaller  and  shorter  runways  of  other  rodents 
associated  with  bunches  of  grass  at  the  base  of  thorn  bushes 
and  other  shrubs.  Red  shrews  also  inhabit  the  underground 
nesting  burrows  abandoned  by  rodents  (Theiler  1941) • 

REMARKS 

Theiler  (194-1)  has  made  an  extensive  study  of  the  morpho^ 
logical  features  of  this  species  to  show  its  exceptionally  prim- 

itive characters.  This  report  should  be  studied  by  anyone  in- 
terested in  tick  morphology  or  phylogeny. 
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IDENTIFICATION 

The  following  notes  are  a  brief  abstract  of  Theiler's  (l94l) 

descriptions,  which  also  incliode  those  of  the  larva  and  nymph. 

Arthur  (ms.)  also  redescribes  this  species;  his  manuscript  is  not
 

available  at  the  time  this  is  written  but  he  has  (correspondence) 

confirmed  the  accuracy  of  Thaller's  description  and  of  this  sum- 
mary. 

Male.  This  is  a  small  light  brown  tick  with  slender  legs. 

The  scirEum,  approximately  twice  as  long  as  wide  and  sharply 

pointed  at  both  ends,  bears  fine,  evenly  distributed  punctations
 

posteriorly  and  coarser  ptinctations  anterolaterally.  Cervical
 

grooves  are  vaguely  indicated.  The  short,  converging  palpi, 

which  overlap  the  short,  blunt  hypostome,  are  borne  on  a  lateral 

projection  of  the  basis  capituli.  The  ventral  plates  and  coxae
 

are  most  distinctive  (Figure  340). 

Female.  Palpi  are  narrow  and  elongate  but  also  borne  on  a 

lateral  projection  from  the  basis  capituli.  The  scutum  is 
 widest 

itist  posterior  of  midlength  and  abruptly  converging  posteriorly; 

its  faintly  reticulate  surface  bears  a  few  medium  size  puncta
tions 

and  scattered  hairs;  cervical  grooves  are  absent;  lateral  groov
es 

are  fine.  Ventrally,  genital  grooves  are  long,  straight,  di
ver- 

gent; anal  grooves  are  truncate  anterior  of  the  anus,  thence  long 

and  subparallel  tending  to  converge  distally. 
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IXODES  RASUS 

ARTHUR  (1956  correspondence).  Preliminary  study  of  a  large  amount of  material  referrable  to  this  name  reveals  that  five  species  with closed  circular  or  pointed  anal  grooves  are  involved.  Incidental- 
ly, Neumann's  type  material,  from  hyrax  has  pointed  anal  grooves Rio  Muni  specimens  especially  are  easily  distinguishable  from  all 

others.  Neumann's  material  from  Togo  (Berlin  Museum),  now  at Toulouse,  is  I.  oldi,  although  Neumann  had  identified  it  as  I 
rasus.  What  Nuttill  considered  as  I.  rasus  is  a  new  species'' that  IS  now  being  described.  Schulze»T3^criptions  of  the  I 
rasus  group  are  very  vague  and  it  is  difficult  to  associate  lis 
so-called  subspecies  with  available  material.  I.  rasus  and  re- 

lated species  are  no  more  variable  than  other  I^odiTT^cies  and 
are  easily  separated  once  adequate  criteria  have  been  established. 

N.B  The  exact  status  of  the  pair  of  specimens  illustrated 

^'■^"'cin^^^^  ̂ ^^  ̂ °  ̂^^^  ̂   °^  *^«  ̂ i^gle  "^ale  from  the  Sudan V.pa€e  550;  has  not  yet  been  determined. 

IXODES  SCHILLINGSI 

TENDEIRO  (1955).  Mozambique.  Review  of  previous  reports  from colony. 
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Figures  3A2  to  3^6,  cJj  3^7  to  351,  $;  352  to  358,  nymph. 
Figtires  342,  347,  and  352,  legs  I  to  IV. 
Figtires  343,  344,  348,  349,  353,  and  354,  palpi,  dorsal 

and  ventral  views. 

Figures  345,  350,  and  355,  hypostome,  ventral  view. 
Figtires  346,  351,  and  356,  spiracular  plates. 
Figures  357  and  358,  nymph,  dorsal  and  ventral  views. 

MARGAROFUS  REIDI  SP.  NOV. 
Sudan  Paratypes 

PLATE  CI 
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Figures  359  and  360,  c\  dorsal  and  ventral  views 
Figiires  361  and  362,  5,  dorsal  and  ventral  views 

MARGAROPUS  V/iriTHH-II 
South  African  Specimens 

from  Dr.  G.  Theiler 

PLATE  CII 
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figures  363  to  367,  <J.  Figure  363,  tarsi  I  to
  IV. 

Figures  36^  to  365,  palpi,  dorsal  and  ventr
al  views. 

Figure  366,  hypostome,  ventral  view. 

Figure  367,  spiracular  plate. 

Figures  368  to  372,  o.  Figure  368,  tarsi  I  to
  IV. 

Figures  368  and  370,  palpi,  dorsal  and  ven
tral  views, 

F'igure  371,  hypostome,  ventral  view. 

Figure  372,  spiracular  plate. 

KARGAROPUS  WINTffiKI 

South  African  Specimens  from  Dr.  G.  Theiler 

PIATE  GUI 
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MARGAROPUS  WrMTHMI  Karsch,  1879(b). 

(Figures  359  to  372) 

THE  mmm  horse  tick  or 

THE  SOUTH  AfRICM  BEADY_LEGGED  TICK 

NOTE:     This  non-Sudanese  species  is  treated  herein  in  order to  provide  comparative  data  for  M.  reidi  sp.  nov.   and  because  it 
is  necessary  to  modify  our  concepts-^TIhe  genus  Margaropus. 

DfStraSS)^  ̂ ^^  ̂^°^  ̂^""^  """^  ̂ ^^"  reviewed  in  leiall  since 

DISTRIBUTION 

.  The  winter  horse  tick  occurs  only  in  localized  areas  of  the 
Union  of  South  Africa  and  Basutoland.  This  species  has  been  iiu 
troduced  into  Southern  Rhodesia  and  Madagascar  but  populations do  not  appear  to  have  become  established.  Frequent  literature references  to  this  as  a  South  American  tick  are  incorrect. 

/"SOUTHHIN  AFRICA:  UNION  OF  SOUTH  AFRICA:  Specimen  stated to  have  originat"ir??3m  "Valparaiso",  Winthem  legit;  no  further data;  assumed  (HH)  to  be  South  Africa:  Karsch"Tli79B)   TvDe specimen  examined  and  stated„to  be  misformed  M.  microplus: Neumann  (1901  J  refuted  by  Donitz  (1907B).  Without  secies 

?i^J^   r"x/  ?°^^V  ̂^  Rhipicephalus  species  B:  Lomsbury (1905;  .  As  M .  lounsburyi:  iMeumann  (IQnTR ,  1911 ) .  As  Rhipil 
cephalus  nhthirioides  sp  nov.:  Cooper  and  Robinson  (BCTT. 

jre-^^^^rnn^tz  (1907B,1910b).  As  M.  lounsburj'i: Howard  (1908; .  As  M.  winthemi;  Bedford  (l'920,i9iJ6,192?  1932B 

To?t^^l9lS^i'?Ai'^'?FF^  '°"^^  (l925C,i926A  iSi'^'du'
 

I         il^fnA^^^th.   ̂ ^^^^^''  ̂   Salisbury  (I956) .  BASUTOLAND: Howard  ( 1908)   Bedford  (1920,1926,1927,1932B) .  Theiler  and Salisbury  (1956)_.7 

/^SOUTHERN  RHODESIA:  Introduced  from  South  Africa  but  not 
known  to  be  established  in  Southern  Rhodesia:  Jack  (1921,1928 
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1937,19^2).  MADAGASCAR:  Introduced  but  not  known  to  be  estab
lished. 

Hoogstraal  (1953E)_7 

HOSTS 

All  authors  who  mention  hosts  and  Theiler  (correspondence) 

state  that  horses  are  most  commonly  attacked  and,  to  a  lesser  ex
- 

tent, cattle  and  sheep.  Wild  hosts  have  not  been  reported. 

BIOLOGY 

Life  Cycle 

This  tick  has  not  been  reared  in  the  laboratory  but  Lounsb
ury 

and  Howard  have  observed  that  it  is  a  single  host  tick  t
hat  required 

from  186  to  201  days  "from  adults  to  hatching  of  larvae"
  at  Cape- 

town. This  winter  tick  probably  undergoes  only  a  single  generat
ion 

annually. 
Ecology 

Veld  horses  become  very  badly  covered  during  winter  bu
t  few 

of  these  ticks  are  seen  in  summer  (Howard  1908).  Eighty
  percent 

of  available  records  for  M.  vinthemi  are  for  winter  mont
hs.  May 

to  August.  This  species  ̂ oes  not  occur  in  warm  or  in  moist  areas 

but  is  found,  frequently  at  high  altitudes,  in  many
  localities 

having  more  than  ninety  days  of  frost  and  less  than
  thirty  inches 

of  annual  rainfall  (Theiler  and  Salisbury  1956). 

REMAEKS 

M.  winthemi  and  M.  reidi  sp.  nov.  are  the  only  spec
ies  des- 

cribee! in  tkLs  genus."  TTI^T^ccur  in  widely  separated,  re
stricted 

areas  of  Africa,  within  the  Ethiopian  Faunal  Regio
n,  and  differ 

considerably  in  ecological  requirements.  It  is
  of  interest  that 

M.  winthemi  has  been  collected  only  from  horses  
and  other  domestic 

animals  arS  M.  reidi  sp.  nov.  only  from  giraffes. 
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Long  knovn  as  the  Argentine  horse  tick  because  the  source  of 
the  original  specimen  was  stated  to  be  Valparaiso,  this  tick  has 
never  been  reported  ft-om  South  America.  Why  Valparaiso  has  been referred  to  Argentina  and  not  to  Chile  is  uncertain.  As  early 
as  1907,  Donitz  questioned  the  South  American  origin  of  this 
species,  remar}p  that  were  overlooked  by  most  subsequent  writers. 
According  to  Donitz  (I9IOB),  Winthem  was  a  Hamburg  dealer  (pre- sumably in  zoological  specimens  _  HH) . 

1  q?AA^^^^?*^^  ̂ ^^^  "°*  discovered  in  M.  winthemi  by  Covdry  (1925C, 

Schulze  (1938A)  mentioned  this  species  in  his  study  of  adult 
development  within  nymphs  and  in  his  1943B  study.  Jakob  (1924,) included  M.  winthemi  in  his  study  of  tick  genera  as  have  all authors  who  have  discussed  this  subject.  Because  of  its  re- 

markable appearaiwe,  this  species  has  been  widely  illustrated and  discussed,  usually  largely  incorrectly. 

The  first  reference  to  this  tick  in  South  Al'rican  literature 
(Theiler,  correspondence)  is  that  of  Orpen  (I904.):  "It  is  com. 
monly  believed  here  that  there  are  no  ticks  in  the  Barkly  East 
district,  or  only  such  as  are  brought  in  by  transport  cattle 
during  the  Summer  and  that  ticks  will  not  survive  the  severity 
of  our  winter  hosts.  I  may  state  that  last  Winter  I  found  many 
ticks  upon  our  veld  fed  horses  and  that  this  winter  they  are 
worse,  in  a  troop  of  about  seventy  mares  and  foals,  many  animals are  fairly  covered  with  ticks.  We  have  had  severe  frosts  since 
the  beginning  of  April  and  the  mountains  are  white  with  snow. 
This  would  lead  one  to  conclude  that  given  the  protection  and 
the  warmth  of  an  animal's  body  these  ticks  will  live  through  any New  England  (Barkly  East  district)  winter,  (it  is  noticeable 
that  the  variety  found  on  our  horses  remain  upon  them  when  molt- 
ing)". 

The  original  description  of  the  genus,  translated  from  Ger- 
man, is  as  follows:  Margaropus  gen.  nov.  Body  slender,  longer than  wide,  sides  slightly  sinuously  rounded,  the  posterior  mar- 

gin on  each  side  bearing  three  small,  pointed  hairtufts.  The 
second  and  third  pairs  of  legs  are  normal  (the  first  pair  is 
lacking),  the  fourth  has  very  large,  flat,  sharply  separated, 
almost  circular  segments.  Type  species:  M.  winthemi  sp.  nov. 
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The  covmt  of  three  pairs  of  pointed  hair  tufts  noted  by  Karsch 
for  M.  vinthemi  was  probably  due  to  the  dry,  greasy,  rubbed  condi- 

tion~of  the  specimen.  Fresh  specimens  bear  six  pairs  of  posterior hair  tufts;  these  are  not  pointed. 

Subsequently,  the  generic  description  of  Margaropus  presented 
by  most  writers  has  included  the  statement  that  the  adanal  shields 
are  joi  led  anteriorly,  a  fact  true  for  M.  winthemi ,  though  dif- 

ficult to  discern  in  many  specimens,  buE  not  true  for  M.  reidi 

sp.  nov.  
" 

The  genus  may  be  redefined  as  follows:  Males  with  expanded 
leg  segments  that  are  more  or  less  deeply  separated  from  each 
other  (partially  noncontiguous);  adanal  shields  arising  at  level 
of  coxa  TV  and  extending  posterior  of  anus;  tarsi  elongate,  nar- 

row, tapering,  with  a  large,  apical,  hooklike  projection;  palpi 
intennediate  between  those  of  Boophilus  and  Rhipicephalus ,  not 
ridged  as  in  former  genus;  integument  with  conspicuous  hairs 
posteriorly;  with  eyes  (may  be  indistinct  in  M.  winthemi ) ;  un_ 
ornamented.  Females  with  leg  segments  not  greatly  widened  bvrt 
other  leg  characters  similar  to  those  of  male.  Palpi  inter- 

mediate between  those  of  Rhipicephalus  and  Boophilus .  Eyes 
distinct . 

DISEASE  RELATIONS 

Although  circximstantially  associated  with  babesiosis,  Babesia 
bigemina,  no  actual  relation  of  this  tick  to  any  pathogenic  or- 
ganism  has  been  demonstrated. 

IDENTIFICATION 

MALE:  Length  overall  up  to  3.7  mm.,  width  2.5  mm.;  color 
reddish  brovm;  outline  oval  with  integument  bulging  beyond  scu- 

tum laterally  and  posteriorly;  \d.th  caudal  protrusion  when  en- 
gorged. 

Capitulum;  Basis  capituli  approximately  twice  as  wide  as 
long,  lateral  margins  curved,  basal  margin  concave;  bearing  a 

-  902  - 



horxzontal  row  of  eighteen  to  twenty  hairs  at  level  of  nddlenrth- ventrally  with  straight  posterior  and  lateral  margins,  the  latter converging  basally.  Palpi;  Overall  length  and  width  of  each 
palpus  approximately  i^^  dorsallyj  segment  I  just  barely  visible dorsally,  longer  ventrally;  segment  2  quadrate  with  a  slight  an- gular projection  at  the  inner  basal  juncture,  length  one-third 
greater  than  that  of  segment  3;  segment  3  compressed,  semi- 

circular with  broadly  pointed  outline  distallyj  ventrally  seg- ment 3  with  a  broadly  triangular  retrograde  spur.  Hypostome 
A-^  i^""^  ̂   "^^^^  ̂ ^"^  rounded  with  a  slight  mialal  notch and  with  distinct  corona;  dentition  U/U,   with  five  or  six  den- 

ticles m  inner  files  increasing  to  nine  or  ten  denticles  in outer  files. 

^^y^"^-  0"^lJ-;;^e  slightly  convex  laterally,  more  acutely 
converging  anteriorly,  bluntly  rounded  posteriorly;  two-thirds 
as  wide  as  long.  Posteromedian  groove  shallow,  narrow,  elongate- 
paramedian  grooves  similar  but  shorter;  cervical  grooves  conver  ' gent  anteriorly,  thence  divergent  for  three-fourths  of  their 
length,  extending  one-third  of  scutal  length.  Hairs  on  scutum 
pale,  shorter  than  lateral  hairs;  numbering  abolITt^elve  in  each scapular  area  and  about  twenty  anteriorly  between  the  cervical grooves;  a  row  in  place  of  the  outline  of  the  female  scutum- 
others  scattered  in  irregular  lines  on  posterior  half  of  scutum- 
a  few  rows  of  longer  hairs  on  integument  beside  scutum,  those  ' posterior  of  the  spiracular  plates  forming  six  pairs  of  longer hair  tufts  each  clump  of  which  consists  of  five  to  ten  hairs 
E^  extremely  indistinct;  small,  flat,  situated  on  lateral  mar- gin at  the  level  of  coxa  II. 

_  Spiracular  plate  subcircular,  with  two  rows  of  large  Poblets encircling  the  aperture.  Genital  aperture  situated  at  level  of 
anterior  half  of  coxae  II;  outline  broadly  rounded  anteriorly, 
gradually  converging  laterally,  bluntly  angled  posteriorly. 
Genital  grooves  mildly  undulating  from  aperture  to  anus,  thence widely  divergent  to  spiracular  plates.  Preanal  shield  with 
broadly  to  narrowly  rounded  anterior  margin,  sitTI^JtSTbetween 
genital  grooves  from  level  of  posterior  half  of  coxae  K  to 
anus,  projecting  beside  anus  as  two  tapering,  narrowly  pointed, robust  spurs  (adanal  shields);  accessor:/  shields  absent.  Hairs 
on  integument  between  genital  grooves  and  coxae  arranged  iTTTEree 
irregular  rows  extending  from  level  of  coxa  I  to  spir^ular  plate- 
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about  five  irregular  rows  vithin  genital  groove
s;  two  irregular 

rows  of  widely  spaced  hairs  between  level  of
  anus  and  posterior 

margin.  Ventral  hook  situated  medially  at  pos
terior  margin,  on 

caudal  protrusion-rr engorged  specimens,  arti
culated  to  body 

basally,  free  from  base  to  apex;  twice  as  
long  as  wide;  anterior 

margin  straight;  lateral  margins  parallel, 
 posterior  margin 

bluntly  rotmded. 

Legs-  Coxae  equidistant  fro^  each  other,  al
most  contiguous; 

outlilirHf  e'^cT^xth  rounded  junctures,  I  an
d  IV  subtri angular, 

n  a^rill  subquadrate;  IV  with  a  slight, 
 indistinct  blunt  spur 

posteriorly  nei-  the  outer  margui;  I  with  
a  similar  spur  and  a 

Sightly  rkLsed  ridge  at  the  apical  junc
ture;  coxa  I  without  a 

tinted  dorsal  projection  visible  from  ab
ove.  Free  segments  of 

Sgs  I  and  II  sSbeiual,  those  of  III  sligh
tly  larger,  those  of 

K^normously  widened;  segments  partially  joi
ned  gjving  legs 

a  "beaded"  appearance  especially  on  legs  I
II  and  IV;  constric- 

tion between  first  and  second  segment  of  each  !«§  ̂ ^g^^^J^ 

narrow  several  conspicuous  irregular  ro
ws  of  long  pale  hairs 

o^dorsal  I^face  of  each  segment,  formin
g  tufts  at  apex  of  seg- 

^nts  on-inand  IV;  an  apical  row  of  hairs
  encircling  most  se^ 

ments  a  few  lateral  and  ventral  hairs  also  p
resent.  T^ 

cSlike,  Sth  a  narrowly  pointed  apex  an
d  small  subapT^spur 

veSrS^j^laws  articulated  dorsally  
and  subapically,  strongly 

recurved  around  pads. 

FEMALE:  Notably  differing  from  male  
in  that  f^^e  segments 

of  legs,  while  robust,  are  not  greatly
  enlarged;  also  lacking  a 

ventral  hook  and  conspicuous  lateral 
 hairs  and  haLr  tufts. 

Other  characters  recall  those  of  the  mal
e. 

Length  of  engorged  specimens  reachin
g  6.6  ram.;  width  3.9 

nun.;  color,  when  unengorged,  yellowi
sh. 

Capitulum:  Basis  capituli  three  tim
es  as  wide  as  lo^g. 
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spur  of  the  male.  Hypostome  larger  than  that  of  male  and  with 
seven  or  eight  denticles  in  inner  files  and  ten  or  eleven  denticles in  outer  files;  otherwise  similar  to  that  of  male. 

Scutum:  Length-width  ratio  approximately  equal,  lateral 
margins  gradually  tapering  ITSiTscapulae  to  eyes  and  from  eyes to  bluntly  rounded  posterior  margin.  ?jres  oval,  slightly  arched, 
more  distinct  and  larger  than  in  male  ,"tl^uated  on  lateral  margiA at  widest  point  of  scutum.  Cervical  grooves  curved  around  eves 
and  extending  to  posterolateral  margi^  distally;  delineating  a broad  median,  slightly  shagreened  field  bearing  widely  scattered, snort  hairs .  

' short  hairs, 

lets Spiracular  plate  subcircular,  with  three  rows  of  large  gobu encircling  the  aperture.  Genital  aperture  shield  shaped,  in same  position  as  in  male.  Genital  grooves  similar  to  thosrof 
male  to  level  of  anus,  where  they  continue  as  slightly  convex 
grooves  extending  almost  to  the  posterior  margin  of  the  body 
H^  m  lines  similar  to  those  of  male  except  that  these  lines extend  almost  to  posterior  margin  of  body;  hairs  laterally  only slightly  longer  and  denser  than  ventrally. 

Lep  robust  but  not  markedly  modified.  Coxae  similar  to 
those  of  males  except  that  they  are  wider  in  relation  to  length 
and  the  spurs  and  ridges  are  even  more  reduced.  Free  segnents 
with  marked  constriction  between  first  and  sec ond~gggmenl  similar to  that  of  males.  Tarsi  longer  and  narrower  in  comparison  to 
those  of  males  but  otherwise  similar;  claws  and  pads  similar to  those  of  males. 

NYl-IPH  and  LARVA:  Unde scribed. 
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RHIFICEPHALUS  APPENDICULATUS 

DAUBNEY  (19^2).  Kenya.  Infection  with  T.  parva;  b
rief  mention  of 

research  published  elsewhere. 

DAUBNEf  (19U).  Kenya.  Transmission  of  T.  parva  by  R.  prayus
 

like  that  in  R.  appendicvaatus  under  experimental
  conditions. 

Transmission  of  Nairobi  sheep  disease. 

TENDEIRO  (1955).  Mozambique.  Review  of  previous
  reports  from 

colony. 

THEILER  (1956  correspondence).  Additional  h
ost  records  in  Onder- 

stepoort  collection.  Number  of  collections  i
ndicated  in 

parenthesis.  These  data  add  significantly  to  
our  knowledge 

of  hosts,  especially  of  immature  stages,  of  t
he  brown  ear- 

tick.  Recall  that  immature  stages  are  also  very 
 common  on 

domestic  animals  but  that  these  records  are  not 
 listed  m 

the  present  study. 

Adult  Hosts 

Antelopes:     Impala  from  Zululand   (2),   and  froin^Moz
ambique 

(3)       fauikerbok  (3)   and  duiker   (l)  from  Zululand.     S
pringbok 

(1     from  South  Africa.     Reedbuck  (3),  bushbuck  (2
),  waterbuck 

(1   ,   and  nyala  (l);   all^rom  Zululand;   also  wa
terbuck  (l)  from 

UgaAda.     Kudu  from  Zululand  (2),  Northern  Rhodesi
a  (2),  Mozanu 

bique   (l),   and  Ngamiland   (2). 

Buffalo;     From  Zuliiland  (2)  and  Uganda  (l). 

Carnivores:     Lion  from  Transvaal  (3)  and  North
ern  Rhodesia 

(1).  "Leopard  from  Transvaal  (2),  Mozambique   (1),  Nort
hern 

Rhodesia  U),   and  Kenya  (l).     Cheetah  from  So
uthwest  Africa  (1). 

Striped  hyena  from  Southern  Rhodesia  (l)   and  Tan
ganyika  (1) . 

Pigs;     Waxthog  from  Zululand  (3)  and  Uganda  (l).     
Bushpig 

from  ■CTiiand  (l)  and  Ngamiland  (2) . 

Hares  and  rats:     Rattus  rattus  from  Uganda  (l).     Ha
re  from 

South  Africa  (ij! 
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Nymphal  Hosts 

Antelopes;  Reedbuck  from  Ztolioland  (l).  Red  duiker  from  Zvlvu 
land  (1).     Blue  duiker  from  South  Africa  (l).  Duiker  from  Zululand 
(2)  and  South  Africa  (3).  Waterbuck  from  Zulxaand  (l)  and  South 
Africa  (2).  Impala  from  Zululand  (l)  and  South  Africa  (l).  Harte- 
beest  from  Northern  Rhodesia  (l).  Lechwe  (l)  and  greater  kudu  (l) from  Northern  Rhodesia. 

Zebra;  From  Northern  Rhodesia  (l). 

Carnivores;  Big-eared  fox  from  Kenya  (l).  Jackal  from  Trans- 
vaal u;  and  Northern  Rhodesia  (l).  Genet  from  Zuliaand  (l). 

Banded  mongoose  from  Uganda  (l).  Gray  mongoose  from  Uganda  (l). Uganda  wildcat  from  Uganda  (l) . 

Primates;  Chacma  baboon  from  Transvaal  (u)   and  guenon  monkey from  Zululand  (l)  and  South  Africa  (l). 

Pigs;  Warthog  from  Ziiluland  (2).  Bushpig  from  Transvaal 
(l).  Giant  forest  pig  from  Belgian  Congo  (l). 

Hares;  Lepus  spp.  exceptionally  heavily  infested  in  Eastern 
Province,  South  Africa.  Pronolagus  ruddi  from  South  Africa  (l). 

African  porcupine;  From  Transvaal  (2). 

Cane  rats;  Tryronomys  swinderianus  variegatus  from  Ny as aland 
(l)  and  Southern  Rhodesia  (l7T 

Bush  squirrels;  Paraxertis  from  Southwest  Africa  (2)  and 
Southern  Rhodesia  (2) . 

Rodents;  Masto^^-s  coucha  from  Zxauland  (l).  Rhabdonys 
pumilio  from  South  Africa  [U).    

Elephant  shrews ;  From  Tanganyika  (l)  and  Petrodromus  from 
Tanganyika  (l).    

Hedgehogs;  From  Transvaal  (l). 
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Larval  Hosts 

Antelopes;  Bushbuck  (3)  and  blue  duiker  (l)  from  South  Africa. 

Primates;  Chacma  baboon  from  Transvaal  (A)'     Galago  from  Zulu- 
land  TTT 

Carnivores:  Banded  mongoose  from  Uganda  (l) ,  Zululand  (l), 

and  5outh  Ai'rica  (l).  Genet  from  Zululand  (l). 

Rodents;  Tatera  gerbil  from  Southern  Rhodesia  (l).  Groove- 

toothed  rat  (Otom^-s  irroratus)  from  South  Africa  (l).  Mouse 

(Leggada  minutoides)  from  South  Africa  (2). 

Elephant  shrews:  Elephantulus  n^oirus  from  Southern  Rhodesia 

(1).   

Hares:  Lepus  spp.  exceptionally  heavily  infested  in  Eastern 

Province,  South  Africa. 

RHIPICEPHALU3  CQ-IPOSITUS 

TENDEIRO  (1955).  Mozambique.  Review  of  previous  reports  from
 

colony. 

RHIPIGEPHALUS  CUSPIDATUS 

GRIMAIDI  (1934).  Ethiopia.  Said  to  be  present  at  Eil  Nogal. 

This  is  considered  a  questionable  identification;  see 

page  631. 

THEILER  (ms.).  Description  of  both  sexes;  review  of  data. 

Belgian  Congo  material  from  Ozeguru  (Nizi)  seen  in  addi- 
tion to  localities  mentioned  on  page  631. 

RHIPICEPHALUS  DISTINCTUS 

TENDEIRO  (1955).  Mozambique.  Review  of  previous  report  from colony. 
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RHIPICEPHALUS  E.  EVERTSI 

(21IMALDI  (1934).  Yemen  (Hodeida,  erroneous  locality  or  based  on 
cattle  brotight  for  slaxighter).  Eritrea,  collecting  localL. 
ties.  Not  listed  from  Ethiopia  and  Somalia. 

TENDEIRO  (1955).  Mozambiq\ie.  Review  of  previous  reports  from colony. 

RHIPICEPHALUS  LONGUS 

RHIPICEPHALUS  mUhLENSI 

TENDEIRO  (1955).  Mozambique.  Review  of  previous  reports  con- 
cerning both  species  from  colony. 

RHIPICEPHALUS  PRAVUS 

DAUBI'JEZ  (1944).  Kenya.  As  R.  neavi ;  see  R.  appendiculatus , 
page  906.  Not  able  to  Transmit  Nairobi  sheep  disease  ex- 
perimentally,  possibly  owing  to  tinsatisfactory  feeding  of 
ticks.  Morphology  and  biology  of  tick  under  study. 

RHIPICEPHALUS  SANGUIIIEUS  SAI\[GUINEUS 

WILLCOCKS  (1922).  Egypt.  Presence  noted. 

FRANCHINI  (1927X).  Libya.  Collected  at  Giarabub. 

GRIMALDI  (1934).  Yemen,  Libya,  Eritrea,  Ethiopia,.  Somalia; 
collecting  localities. 

TARTAGLIA  (1939).  Yugoslavia.  Case  of  boutonneuse  fever  cir- 
cumstantially associated  with  R.  s.  sanguinevis  because  of 

presence  of  this  tick  on  dog  in  home  of  patient. 

MARKOV,  ABUSALB'IOV,  &  DZA30KH0V  (1939).  USSR.  Epizootic  piro- 
plasmosis  of  swine;  transmission  not  achieved  (similar 
results  vrlth  H.  marginatum  and  R.  rossicus). 
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KURCHATOV  &  POPOVA  (1939).  USSR.  Ecolocy.  Also  noted  that 

hatchinc  larvae  quickly  disperse,  loss  of  ability  (of 

which  stage  not  stated)  to  feed  after  lengthy  starvation, 

preference  for  dogs  rather  than  cattle  (in  comparison  with 

R.  bursa)  or  mice  or  rabbits  (In  comparison  with  R.  rossicus 
and  R.  tiiranicus). 

DAUBI^Ef  {ISUU) '     Kenya.  Stresses  need  for  study  of  rickettsiae 

in  this  species  of  tick. 

PERVQ'IAISKY  (1950B).  USSR.  Male  R.  sanj^uineus  can  fertilize^ 

female  R.  bursa,  which  lay  a  T?rge  number  of  mostly  fertile 

eggs  afterwards.  Mating  between  male  R.  bursa  and  female 

R.  sanguineiis  does  not  result  in  fertile  eggs.  The  progeny 

of  male  sanguineus  _  female  bursa  tmion  were  only  females 

identical  to  ft.  bursa.  These  hybrid  females,  when  fertilized 

by  male  R.  sanguineus,  gave  rise  to  27  gynandromorphs  and 

323  females  Uee  also  Pervomaisky  195^).  This  paper  also 

reports  Hyalomma  gynandromorphs . 

CVJETANOVIC  et  al  (1953).  Yugoslavia.  An  exceptionally  inter- 

esting s^ucly  of  ticks  including  R.  s.  sanguineus  as  reser_ 

voirs"in  an  epidemic  of  Q  fever."  See  H.  dromedarii,  page 878. 

PERVaiAISKY  (195^).  USSR.  Study  of  variation  in  size  aji
d 

morphological  characters;  some  reared  material  resem
bles 

R.  turanicus  while  a  proportion  of  the  progeny  of  R. 

Turanicus  resemble  R.  sanruineus.  These  two  species 

mate  readily  and  produce  fertile  offspring. 

TEtroEIRO  (1955).  Mozambique.  Review  of  previous  repo
rts  from 

colony. 

SCHULZE  (1955).  Discussion  of  metabolic  products. 

RHIPICEPHALUS  SIMPSON I 

TEITOEIRO  (1955).  Mozambique.  Review  of  previous  r
eports  from 

colony. 
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RHIFICSPHALUS  SD^US  SD^IUS 

DAUBNEY  (19AA).  Kenya.  Morphology  and  biology  under  study. 

TENDEIRO  (1955).  Mozambique.  Review  of  previous  reports  from colony. 

PAGE  733.  Distribution  in  the  Sudan.  Kenisa,  on  the  border  of 
Bahr  El  Ghazal  and  Upper  Nile  Province,  is  a  part  of  the latter  Province. 

RHIPIGEPHALUS  SBIUS  SEflBGALSTJSIS 

TETTOEIRO  (1955).  Mozambique.  Review  of  previous  reports  from colony. 

PAGE  755.  Distribution  in  the  Sudan.  Kenisa,  on  the  border  of 
Bahr  El  Ghazal  and  Upper  Nile  Province,  is  a  part  of  the latter  Province. 

RHIPIGEPHALUS  SUPERTRITUS 

RHIPIGEPHALUS  TRICUSPI3 

TEIOEIRO  (1955).  Mozambique.  Review  of  previous  reports  of both  species  from  colony. 
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