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Ccr-rtothcrrr<m is perhaps t!ie most reniar!iabi)- \pecialiued genus of tile !i\ i i lr  Rl-iino- 
~ c r o t i d ~ l e .  D I E T R I C H  (1945) .lssigncd it to a special subfamily. Cerntotheriin,~e, but 
CAVE (1962). T H E N I U S  (1956, and others )ha\-e itrctsed its i lo ie  relationship toDiceror,  
xvhiie H001 JER & P A T T E R S O N  (1972) i i a .~e  de i i i o i~~ t r a t cd  i t  derivation from ipecies 
classified as D I C P Y O ~  in the La:e LIiocene, a t  around ii million !car\ B .  P .  H E I S S I C  (1973) 
~ r o p o ~ s  to clabsify '1l1 i i v i n ~  rhino, in a single tribe, i i i inocerotini.  In  the present paper 
tlic atti tude taken is thar the dirferi.nccs between the Asiatic and  rifrican series of living 
rhinos is great cnougl~ for \ubiaml!ia! dictincrion in the : i ~ a n ~ i c r  of P O C O C K  :134 j ) .  T h e  
to>sil evidence is in accord with this asessment,  since rhc- specialisations o f  r i ~ e  Dicerstinae 
(tile African subfamily, i i i c l u d i ~ l ~  Dzc-erns a11d Cer.ztotherrrrrri; call be traced back as f a r  
as the Xliddle bfivcene in I'~r+zdi.zce~,os f rom Fort T t rnan .  As H E I S S I C  indeed points out. 
the lattcr genus still shows many char'lcrers of rhinos rei'erred to i ) ~ c e . r u ~ h ~ n u s .  which be- 
iongs to the other subfamily, Rliinocerorinae; this is of course only  to  be expected a t  such 
.I period, and  is not a basis for uniting the two  subiarnilies. 

H O O I J E R  & P A T T E R S O N  (1971) point out that  the Dicerotin.ie are  a typically 
Airican linease, confined to tl-ic continent in which they evolved cscept f o r a  brief appear- 
ance in soutiieastern Europe in the  Upper bliocci~e. 

Characters of Cer,z:otheriam 

The diurinctivenesr o f  this g m u s  has been stressed by  CAVE. (1962). xi10 lists many 
characterb separating it from Dicrros. Thefollo~+-ing features ~ r c  anlong ihe iriost dibciiiitive 
(C,\\.-E 1962. G R O V E S  1972): 1. Elongated sLu1l with flattened dorsal outline and  back- 
x a r d l y  extended occipital crest. - 2.  5Iandible with broad syniphysis, backwardly iri- 
clined ascending ramus. and  no goilia1 angiiiation. - 3 .  Hypsodoilr checktceth wi th  iuuch 
c m e n t  on  crown: protoloph a n d  meraloph strongly curved back, tending to  fuse wirh 
wear. - 4. A presacral eminence, forined bv anticlinal status of 17th o r  tY:l>'tlioracic 
vertebra. - 5. Ears pointed ar  rips; broad square mouth. - 6. A muscu!ar i luihal hump. - 
7.  Copious subcucsneour fat.  iaui ing a t rophy of body folds a n d  costal grooves. - 8 .  Penis 
with translucent perpuce, a n d  e c ~ r i n e  as well as apocrine - 9. Body hair ar least in 
young, though very reduced. - 19. Horn  base enlarged, square. 

HOOIJElZ & P ~ I T T E K S O N  (1972) find ths t  the  cranial characters of the Pliocene 
species. Ce r~ ro the r ium praecos, represent an  incip~cnr  stage of specia i is~t ion;  while the  
dental feature: are  not  fully uvoLved even in the Plio-Pleistoceni. C .  sirnurn gcrn1,zno- 
.rjr!car~,~m ( H O O l j E I i  1969). 

Finally, it was found in the course of the prewnt study tiiat Cer,rtothcl-irm~ ii charac- 
terised b v  its 1.1rjier pretnolars compared to Diceros. The  prernolar row (es i luding the 

. . 
vesag~a l  P l j  forms over 4C" e of the  toothrow length in the forn-ier, under 43') 13 in the 
latter. This is unexpected in view of [tie findins of G E N T R Y  (1964) that  in gazelles, 
ipecies which eat more grass have smaller prernolars - f o r  the White rhinoceros i'; a btrict 
nrazer, while on  the  contrary the  Bisck rhino is prcciotuiii.itelv a browuer. In this c ~ s e  i t  
ic evidently the  latter species which is specialised, as the Asiatic species have a Ion: pre- 
n-ioiar row like the W'i~ite rhino. From HC)OIjER & PATTERSON'S  figures, C.  pruecox  

c v i d c ~ i r l ~  has !jrr,: premolar\ like C. ,rmi*m, ~ l t 1 1 ~ ~ 1 g i 1  in i)iiero, p ~ c h ~ ~ n . z r h u s  they are  
~ r o u n j  1 3 "  I, the lengtl~ of rile toothrow and so i~::errnedi:t<. 

Ecology and Di,crlbution 

The White rhinoccro\ ii so strictly ,I <razin.;: aninial chat its disrriburionis discontinuous, 
it havii~: ciisapper~red i r o n  arccl> where grasslaiids have vaiiished. PLAYER & FEELY 
i i 9 6 2 )  found t1:at it, Eormcr distribilrion in suurhern Afric.; more o r  less coterminous 
\ \ i rk  rhs I3ushveldz Lone, CI zone o f i e r i ~ i ~  ra!l gr;s\es i13 a b u n d a n ~ e  as well as vital shcde. 
!n the gr.~sslands of the Sudan region the species i:ivours open Combretblm forest, show- 
tng again the importance of ihade a\-aiiability. 

In historic tiiilcs the White rhino existed in soutl-i?rn :'iiriia Fron-i the Orange River and  
Zuiuland north to the Zambezi. and  iron; the liidian Ocean coast west to some par: of 
southerli .Ingola, aithough nor a5 far  as rile .-\tiai~tii shorc. It m'lv have crossed the upper 
Za:i-ibezi in weittrn Zambia a \  far as the l.las!ii river (ANSELL 1967), but was nowhere 
else found nor[!? of rl-ie Zambezi. I n  tl?r iior:!iern pa r t  of its range :he species was found 
frdm the Nile - i.;hich i t  nowhere crossed - about  :o Lake C h ~ d ,  going north to the  Lol 
rl:,er and south to the Or2  river in C'zaiiiia, a n d  tile CaramSa district jiiow Parc National 
du GaranIba) ill Zaire. 

It is of interest to r ~ a m i n e  t i e  re!ations oF the Wi-iiti. rhiiio with the Black rhino 
iDiceriis Llcorriis;. lii southerr? Xirica the t\vo pecies  coexisted throughout the range of 
rile former, b:it wirh differcnc habitat prefereiices. The Black rhino alone ranged south of 
the  Orange river. but it m ~ y  be sigiiific,lrit that  here a special ~iibspecies, D. b. bicor;zis, 
occurred which converged in its l a q e  rizu with the Whit;. rhino. I n  the northern area, the 
Whiw rhi-?o occurs aione: ro the cast of rile Nile it ib repiaced by Oiceros bicornijladoensis. 
in the reaion south of Lake C h a d  (t!iough precitelv where, is not known) by D .  b. longipes: 
v~liile north of the Lol river it was found ( B E N Z O N  1917) tliat once again the B1:ick 
rhino replaces it, probably D. L. Lr:tcii (GROVES 1967 bj.  -4s population densities are 
much higher tor the %'hire rhino in Crnfolosi (SCHOhIBEK 1966) than  anywhere in the 
nortliern range, it may be sus~esred that  the lattcr is less prime habitat for  the species than 
the former; compnrablt. densities are  not known fo r  the Black rhiiio, but  it seems iikeiy 
tliat in secoi-,d-:!ass habitat the two  species misht competc more th.111 in better areas so 
th s t  one S P C C ~ L ' S  wouI11 conipletely escluiie tlic other from i v  hichcver iide of a ~ i v e n  r i ~ e r  
harrier oeered its owl1 pr;rferrtd habitat in greater measure. 

i n  late Pliocene and P:eiirocene sicer in east and  south Airics.  the  White rhinoceros far  
curnumbers th; Biack in early d2posits - if the latter occurs a t  J I I ,  which it does nor for 
c\arnple in the earlier levels a t  Olduvai  - but the position gradually changes until i: is 
Lornpleti.ly rexersrd in the liighcr !eveis ( H O O I J E R  1969). This is a very eloquent de- 
monstration o i  the graduai dimitlution oi true grass!.lnds in Africa. Other  grassland types. 
such as  tlie hominid genus 1'dr.rnthrop;ii aiid rhe $ant monkc?-i (Theropithecus, subgelius 
S;rnopi t l~e~us)  iiisappcared a1togetht.r. 

i lge and sex differences in the skull 

T h v  \ p c i ~ m c n ,  u i  Y V l ~ i t c  i i l l i u i i . r o r  ~ t u i l i c i i  :or r h t  prc\cnc pspcr  u d r c  ,I\ i ~ l i o i ~ i :  Brlci ih Mui tu rn  
,V ,~ r t t r ,~ l  f 1 8 , t o r k  8 :  , , ~ L : ~ I C ~ ~  S ,  ~nur:i:cx 13. - 1.ci icr~ I < ~ i , , ! n u , < ~ ~ r n  $.I:, &~tu~crIj,k. I l ! ~ t o r i c :  buutl~e:~,  2. 
l 3 - C k  C o 1 . i :  t 7 .  U. S. N ~ t i v n a l  Muse~im:  
: l o r r l . ~ : ~ ~  il( - i'c,ucil-Cnrioi, L l i i r cam.  f h r i h l r - i i ~ n .  Ikcn;: nr i r rh r rn  i i  

111 . ~LICI I~ILXI .  L c r r , ~ ~ , ~  sx~c>,i!rcn~cnt$ . ,cm t ' ~ k c : ~  F r o n ~  Fii:LLI.l< t 1'113 

The  n u ~ n b e r  of nort!ierii specimens was large eiiougli to be arra i igedi i~to  drntal eruption 
groiips, hy sex \\here sex wa i  kiio\vn, for study of skull Sroivth. In  some cases, the sex of 
a givtil skull "35 not known but could be res ,o i~ahly  assigned on the  basis of certain 
mcaiureruenr. Fig. 1 shows that  the breadth of the naini bus? ( ~ h i c h  reflects the  size of 
thc horn)  heem to  aorr specimens very clearly. Tlli~a for  brag? 6, the  nasal breadths of . > 

-skulls arc Jbove 1 S j  mm., those of 1 5 1  arc  b e l o ~  1113 mm. Other  specimirns 



xshi~se vnluc\ f ~ l l  Jecl i i ,e ly  aho7.e or below there lituits, rebpecti\-ety. c ~ n  he i a ~ r i i  cer- 
tairily 'lilocated to one or other group. Study of w!nc other  n i e a i u r e ~ ~ ~ c n r s  (especially 
Occipitai bri.ndt:h) i e a d  :o the s~1n1e ~oi ic iu\ io t~s ,  ilut tile gap hctwcen ,: 1 anii '22 i s  less 
n idc .  \T7hc!l this 15 done oniy three Stage 6 ,i\uils ri.n:,lin u i ~ a \ s i ~ n e d :  B. 41 1963.3.13.2 
{ : i ' ~ s ~ ~ l  breadth I S $ ) .  67.S.31.3 (nasai brecldt!l 175) a n d  Leiden 1 3 1 1 9  (tia\al breadri~, 17j,,. 
Tiesc three, eitiier betwee11 the tn-o extreme values or c j r i l y  ,i15r beyorid rhem, . ~ r r  for 
slifetY's bahe i e f  out of t!:c a l i~ iys i i .  

Ilenrai eruption stages 3s u\e3 iii this p jpe r  follow tl:o\e employed for :\siari: rhiros in 
n previous study (GROVES 1967 a , :  Stage 1. f i r s t  pcrmatlrnt rnolar not visible. - Stase3. 
1,irsr pern~ancnt  molar in process of eruption. - Stage 3.  Sc~clnd permanent nlvlar erupt- 
ing; sccor~d and third prcmoiars in prows\ of replace7lent. - Stage 4. Scccli~d molar i n  
c a r ;  fourth prcmolar in process of r rplacen~ent .  - S;spc 5 .  Third  molar it1 process of 
eruption. - Stage 6. Third  mol -~ r  fuily erupted, begiilni:lg to a-ear. In  additioil there were 
two specimens available i t ]  a-hich the milk teeth were in process of eruption; these n7erc 

. . 
,~ssigneu to a "StLigc 2". There were also two foetal skulls; in one, evidently near tern?, 
t1:e milk teeth ~ I r c  risible in their crypt,. in the other,  omitted from the analysii; for total 
~ b - a ~ i t  of age data, no teeth a t  all a r e  L isibid. 

GOL)D..\RD (197C), using plentifui material of DlcC>-oj ill theTsavo Natioiial Park, was 
abir  t o  divide his nic~rerial into ZC age stage\, of w!iich Sisge 6 of the prilscI?i bvdd.: is 
divided among 9 dirierenr stages: he is thus able t o  show groa-rh patterns mucl1 more 
accu r~ re iy  than can be done with the mcch s m ~ l l e r  selmple of Cru,~to:heri~~rn, 2nd ainong 
other fit id ins^ is the somewhat u i~erpected one o i  age changes within adul t  i i ir  itself. This 
needs to be f u r ~ h c r  inrcstignted; but the  present small samplei per t i~i t  of no fur ther  spiir- 
rlng tiian is performed here. 

Table 1-1 shows the results. Sesua! difierentiation begiiic to appear  a t  Stage 3 or  Stage 4, 
according to n~ensurernent. Soni t  measurrments increase rigiit up  co Stage 6, others reach 
riieir full growth betore then. C'C stop growins, in most skull features, before 3 3 .  There 
are one o r  two  aiioma!ies, where a measurement appears t o  d e ~ r e a s e  Frotn one stage to the 
nest: in the  most blcltant caie. where the J ,?'S basal Length declines f rom 735.2 mni i n  
Stapc 5 to 6YY.6 mm in Stage 6, Student ' ,  t-test g i ~ e ~  a probabiliry oi' S.2C rhat  t b . ~  two 
measurement5 a re  in fact  the  same, i.e. the scale of tiic ditferenie a n d  the sizes of the 
rarianzes nle-~n tha: such 3 result wouid be arrived a t  by chancc if the vaiues are rcaily the  
sa!ne, 2 ; ' )  i t  of' times. So that  no significnnie can be assigned to ,LIC~I  211 'lpparetlt decrease. 

Table l b shows the sex ditferenies. The measuremetits are  ~ r r a n g e d  inxo S v e  groups 
~ h i i h  show approximateiy similar types of growth reia:ions. Basal length a n d  occipita! 
heiRht begin to  show sesual dimorphism a t  about  Stag? 4 (althougll the  da t a  arc  am- 
Liguous). with the ? growing more  and Inore siowiy than the  '3 a n d  end i11~  up 93 to 91 ' ' !0  
ot' hi5 size. Occipironasal length a n d  Oicipirai breadth show scrual  diniurphisni earlier; 
by Stage i i t  is already marked: in the adult there is very big dirierence. In rhat the es-  
paiirion of the  occipital crest enters into borh these ineasuremcnts, and  th ,~ r  Occipital 
breadti~ (which depends entirely on ;his) shows greJter sexual dimorphis111 th,~r Occipiro- 
nasal length (which has orher components!. it ib fairly pl'luiibir that  we have here a 
measure of the 3 -"S generally heavier head and  horns (:hough the horns are not neces- 
sarilp l o ~ ~ g e r  rh'li-i the E ' s ) ,  supporteci by buikier i-iuc!lal musculature, sucli as hlusculus 
rectus capitis which zonstitutes perhaps the main canlponen: of the  nucilal hutllp. more 
proi~iilicnt in the  3 than it? the 2 .  

Zygotnaric breadth shows a pat tern  of incrzlnenc difFzre:it f rom other measilrenients. In  
stage 3 the :' pulls rn.lrkedly ahead o i  the ': a n d  seems t o  remain a t  about the same lcrel 
nil through. pcrli'lps showing a fiiial jiimp 'thead a t  Stage 6. 

Postorbital breadth is a measurement which. evideritly, does not show sexual dimor- 
phism ~t all ,  until maturity is reached - and  then the size difercni-e is very weak. 

E:):: 1 f ~ b o c c i :  Scuua l  dlrnorph:\ln in ?\,>l hrcailrii. A~, ; I , . ,L:  br-rdrh ot n . ~ s ~ l  bone, in mm. Ordins te :  
number bpccimeni. 6 ,  5, 4: yroirrtii \ n q c s  Vertic.~l i h . ~ i i ~ n x :  i ~ l ~ l o .  Ho:izontai shading: females. 
Ln>hai~ci i :  5i.r unknown. 
rig. I \ h c ! u u ) :  Groiiih chanyo :n ,hapc oi Oci ipur .  \b,ci,s.~: u i . i~p i :d  breadrh. Ordinate: occipital 
hclKiir , i ~ ~ l \ r l u c , i i  ro i n , o n l ,  Thc  b;u,idth a i  r;ic oicip'ra! crc\r  conr inuc i  to incruase, more markedly in dd  
rl ; .~~:  111 . . .~ i t c r  <ui ie-a l  gro\>ih  i 5  ;amp ete T;;anylci: .' . Open <lri!ei: L:. Dots :  unseaed specimc:nr. 
( - i U !  ~ j ,  , , , , .~ .~i : ;~rr ; i i : , , , i  ,Lull , t \K. \h l l i~)CKG,;  mdy h o u ~ e r e r  be distorted. 

Finally N ~ s a l  breadtl, a n d  Lacrimal breadth. iihe tile "group 2" measurements, show 
very strong sesual s i ~ e  ditfercntiarion n ~ l ~ i c h  increases gradua!ly through the  stages of 
i.ron-th: whereas the "group 2" measurement, are  ones whose dimorphism is established 
early on atid doe> 1:or greatly increase riiercafter 
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Table I c  shows tlie r-1re of growth for these same features. The "group 1" measurcmeilcs 
ri..icii nearly their .ldult valur. bv Stage 4, and are full-sized by the time dental sruption is 

?P,.+ 
-U 

iii t!ie Foetus near term tiie\e n1casu:einenrs are  about one-third the size of 
tl3.eir sdui: values. "Group 2'' arc not iuil-si7ed in  ; : by Staqe 5, but are  in 99; a t  any 
given cruptioii srage they are .I rmaiier proportion of their final size t han  "group 1". 
Zygon:at~c breadth ("group 3")  I, in the foetus already -iC",o o i  its adul t  value but there- 
after grows relatively slowiy and,  after stage 4, kcrps pace with "group 1". Postorbital 
breadth ("group 4") is in the ioctils rwo-thirds o t  its adult size. "Croup 5" a rc  the  most 
utro;igiy sexuaiiy dimorphic one,, and thc ones which so on au~meiltin'; right up to 

111 \r-orbing out means and  s t~ : lda rd  cieviations for adult samples, for taxonomic p l r -  
poses, it swn:s therefore that  to Group 6 inn be validiy added. r.s "f~tii-sized", the follow- 
i:ig: Basal :enrr::: Stage 3,  borh s e ~ c s .  - Occipital iieight: Stager 4 a n d  5, ? only. - Occipi- 
tonasal icngrh: Stcge 5. P oniy. - Oc~ipi t , i l  breadth: Stage 5. $ oniy. - Zygomatic 
b r c ~ d t i :  S t jge  5 .  2 oni:'. - Poatorbital breadth: Stage 5, boci~ sexes; Srage 4, 3 only. - 
Nasal breadth: none. - Lacrimal breadth: nonc. T w o  other iileasurenients were employed 
111 the present \tud,s: Tuorhrow iicngti-. ( m a ~ i i ! ~ l r y .  P3-hf3j. srid "Depth oF dorsal con- 
iavity", t!ic ~rieasureiiient whiili HELLEK (1913) found to be rhe best discriminator be- 
tween the t w o  si;bspeiies 05 C. ximum. The iatter is hardly a nleasuremenr o i  the  skull, and 
its changes with age seem somewhat haparard  and a re  probably not significant (samples 
being most!? too bmai1 ro  appiy  a t-tcsr). 

Some chronological ages can be provisionall;- p1:t t o  these erilprion stages. HELLER 
(1913) n i e n t i o ~ s  [ha: the speiinicns collected for the Smirllso~iiau inc!ude 12 "fuil-sized" 
(tome, as we have seen, a r e  not in fact i'ull-sized',, 1 nursing ca l i  a n d  1 foetus. Tqe f o e t ~ s ,  
2 sii;a!ier ior tus  than the Pow-ell-Cotton lvluseum one, is not used for  this study. The nurs- 
ing calf, no. 1645S3, is a Stage 2 ani:ilal of occlpitoiiasai length 419 ( and  so one of the 
sciailcit of the  series); a itiii bmalier ipecrmexi, no. 164585, is curiously not  mentioned by 
HELLER airhough, being in numbered series, was presunieabli- available a t  the rime. 

BIG.\LIiE e: al. (1953) d e ~ i r i b e  the milk teeth as erupting a t  3 months; this therefore 
marks a stage between "Srasi. C" 2 n d  Stage 1. The young suckle for "at leas: a year" 
(PLAYER 8 FEELY 19621, so r!le sinallcr Stage 2 animals ~ o u i d  be over a year old. . c -  
cording ro HEPPES (195s) '22  may bq i i :  breeding a t  3 years: tliePowel1-Cotton "Stage' C 
skull, no. C. 17, is stated ro be the young of C. 18 which is a Stage 4 specimen, therefore, 
n!!on-in: a gestation period o i  a b o ~ t  I S  months (though riiere is dispute about this: see 
GIIOVES,  1977, p. 4. "Ontogenv and Reproductioil"j this Srsge 4 should be a t  least 
4'. 2 years old. Finally S C H A U R T E  (,1966) describes the shull of a bull known to  have 
been 14 years old a t  death, in m-hich the  third molars had  not )-et some into full wear.  

These d ~ t a  contrast some~xhar  with those for the Black liliino. whicin is better known in 
this regnrd. G O I I D X R D  (1972) gives Stage 1 a t  about 6 montiis. Srage.! beginning a t  about 
1''. years. Stage 3 a t  some 4 year\, Stage 4 a t  5 years. Stagc 5 a t  6 years, a n d  Stage 6 at. 8 
o r  V ysars. \Thile the earlier ages are  cotriparible with the evidcnce $ven above fo r  the 
White Rhino, bI3 eruption in the latter species would sceni to be extremely delayed, at 
least in the 4. It' this is indeed true, it rniglit go wrne way tou.ards explaining the specics' 
long premolar row:  these are, afier all, nioiarised teeth, and  would liave to bear the brunt 
of masticariou for a long period until a t  labr 313 erupts and  begins t o  share the burden. 

The folloairig sge criteri '~ are  therefore suggested: Srage 1 :  begins 3-6 months. - Sta- 
ge 2: still suckiing: a year to 18 months old. - Stage 3:  ? 4 year$. - Stage 4: a t  least 4l!2, 

more probably over 5 years old. - Stag' 5 :  ? 6 years. - Stagc 6:  in 93 perhaps S o r  9 
!ears; in , < l 5  years. This proposed schema will be able to be rested as soon as longitudi- 
nal studies a r e  made on captive-born s p e ~ i m m s .  ;Cieantimc i t  will only be observed that 
the 2pparei.t long gap betwettn the beginnings of Stages 2 and  3 is compatible wi th  t : ~ e  
great size ~ . ~ r i a b i l i t p  of Srage 2 skulls (Ociipitonasal lengths 419 ro 6C2 mm.). 



Ta\rmoiiiy of iivi~i:: White rhitioceros 

HELLER 1 l Y  1.3, was rile first :o eiucidate the di6srences between tiortllern a:ld southern 
s~~h\pecies  of C ~ r ~ t o t h r r l a i m  ~ i m u m .  Thcy are di tn~ayingiy  slight: the n~) r t !~e rn  sub5peiies 
a-as said to halve a tiatrer dorsal ouriine to the skuii. -1nd ~ti-ialicr teeth. r\LEXANI)ER & 
PL-q'iER (1963) iuggeat that  there might be ail esternc1! diff:rcnce as well: tiley were 
able to ice! i~air.: aloiig tile fl.~!i;is of eve11 a d d t  speclii:ot~s o f  the  soutlier~i si!b,pe;ies by  

riinning tile hind 'llong rhd animal 's hide, whiie CAVE ALLBROOK i l 9 5 Y r  iiaci found 
no \>,air\. oillv ivi!ii-lcs, in rlle akin of a norti-ern an;mai. This putative difference rlecdr to 
be investi5atei! further.  Cornpar i~lg  photographs and Lapt i re  inciividuali, it h.l., seemed to 
the ,~utlior t h ~ t  the southern subspecies is loinper in the bod;-, while the nortiierii is lligher- 
:egged; but this dieerence too needs to be further investigated, and  the;? -1rc as yet illsuf- 
iicleiit postcrania! sk-!eton, ii1 collecrioii\ to do  so. 

The purpoae of  the  present investigation was to see whether I IELLEII 'S  cunciu,ions, 
made over 63 years ago, could be ion f i r~n rd  on a larger range of specimeils; whetller 
f~i r ther  differsnces betwee11 northern a n d  southern types could be  ioul-id; a-hetiler there 
were any  ditferenees within each type; and  how the fossil rnareria! related to the lmodern 
s~ibspecies. 

The number of specime~is in museiini coilecrions is unfortur~~.tei:, not large enougl~ to  
perillit divlsioils to be made wiriiin the two  broad sroupc. In the case of the  southern 
subspecies this situation can never be rectified, for by the time thz appalling slaughter of 
the species sourii o i  the Zambezi had come to an  end. oniy one popuiarioil rcmaiticd: in 
Zuiuland. As far .l& can be ascertained, the onlv skr l i  iii coliecrions nor kt1oa.n ;o be irosn 
Zu!iiiand o r  else labelled just "Sotich Africa" is a Uri t~sh Xiuseurn sh~i l i  froill hlashon,~- 
land. O n e  wonders what  happened to the thousands upon thous-~iids that  fell to the :,.us, 
i i i  the dal-s of Queen Victoria. There  is a srrikins irony here: against all odds the Soutiiern 
White Rhino has survived while it is Queen Victoria's ..\irican Empire that  has met the 
fiiiaiiry of extinction. 

As for the norcihern subspecies. there are  specinlens available f rom three areas: riie IX'esr 
\iile district of Uganda, the Lado  area of the  southern Sudan, and the Garamba resion of 
nortileastern Zaire. The first two  areas a r e  separated only by a polirica! boundarp,  and  it 
1s hzrdiy worth looking tor  differences betwee11 their 'Filite Rhi~ios;  the third 1s a little 
furtlier away  and  may be separated from the others bv unsuitable high ground. Once  
again, iiowever, the numbers of specimens From each area were tiot sufiicieil: to p c r ~ n i t  
,epxation of various serler each with its on-n mean and  standard deviarion sratihrics. I t  
iou!d oniy be noted rhat. a j  f a r  as skill1 measurements go. tile\- do  not seen1 to difier; so 
the skull n~easuren~ei-its froin all  areas were pooied to makz an o\.erail "northern sai~ipie". 
This of course a sumes  idcnticai mearts and  v~ri'111ces tor r ~ l l  ~i~easu~.enle~l ts .  beru-ecil the 
Zlire and  Sudaii-Uganda populatioi~s, and  so is not srrictiy a valid procedure: it i a n  be 
ju,rified only by the assessment rh'1r sii" dlfirere~iirs betweer1 the two  are not very gre'lr, 
atid thdr they are in any  ca,e like!y to be less than those between northerii a n d  southern 
~ubspec~es .  In this \+-a:, r\i.o statistical entities, the nurr!icrn and  co~ithern subspecica, a r e  
,,. inveiircd" and  given me.~iis which are riot the means of anv one constituent popularion, 
31:d >ariarlces ~ I i i c h  are  larger than L T ~ O L I I ~  be found for any of tiieir constituent  pop^:- 

?,1:io11s. 

I n  the case of individual tooth u~ie.~surenienrs, hoa-ever. a difference bet~vei.11 %'lire a n d  
S u A n  specimens d i J  indeed leap to  tile eve. The iample, are  iargrr becau~e  t!iere does not  
zpyenr to be any  (noticeable!j sexual size diiference: and  sn~al ier ,  because of wan t  oi till>e 
and,  on ~ c i ~ l s i o n ,  o f  suitable m e a s u r i n ~  devices calibr,~tcd i n  tenths of a miliimeter. So in 
T.lbie 2'1, skuil me.i\ureilietirs o t  full-yawn examples of both : i and 9 2 K h i t e  rhitlos 
nrc siven, ieparared into tile northern (tortoni') nind southern (-trnj-lm) subspecie\; and  in 

Table 3 b. dental ~ne~li;ure:nst~ts are  given >eparated nor b! ,CS bu: by localit); only, .nto 
,:mum, cotton, (Sudan Ugandnj  and  cot:on: i G L ~ r a ~ n b a \ .  

Tile data  in Table ? a  certainly confirm HELLER'S (1913) divisioii o i  the species . n t o  
t w o  subspecies, and ;onfirm that  the  dii-ierences R-erc more o r  less as he described. They 
also co:ifirm the 1,iew of I-IOOIJEX (19691 that. on Au l i  charaiteri. the two a re  not very 
\>ell diGerentiared: certainly not as strongly as one niighr txpecr ,eeing that  the  t w o  are  
ro:,~lly isolated ~ i t h  no gene - fo~v  betweet1 them. The t w o  subipccies a r e  approximately 
rhe same size, and  even the 3; mm difference in basal le~igth  in tile 22 is not enough, given 
rhc larse s tzndard deviations. to be rasonomically vaiuabie. The oniy  lar.;e differelces 
a r e  the two  that  HELLEX nominated a i  seo~r ,~pl i ica i ly  distinctive: 
1) Toothrow l e ~ i ~ r h .  T h e  two  sexeh do nor appear to differ in roorhrow length, so their 
b ~ t a  Iiave been pooled. C. j jimum ha, a much lotiger ioorhrow than cottoni, but the  size 
ot  the standard deviations is such that  rile Coefficient of difference is only 3.83, meailing 
r h i t  there would be a joint non-overinp of  8:: " ' , I  - but 92 " a is necessary for a raxoncmic 
sepnrarioil on a g i ien  character. 

1; Depth oi dorsrii consa\iry. C. s. jtmtrrn has a much deeper concavity along the  top  of 
the :Lull t1i.l~ cottoni: the occipital crest is raised higher (this c.ln be seen, much less well 
esprcs:.ed. in the 3iSerenie  in the Occipita! height). I n  this case. the Coefficient of Dii- 
r,,rerice is 1.67: a 95 0 ( 1  joint non-overlap. easiiy above the s t and ,~ rd  for subspecific diffe- 
rence. I t  ir in;ere$ring rhat this dirierct~ce retlecrs a liigher phylogenetic level for C. S. cot- 



rani: in the phylogcnetic advance From Dzceros via C. prdrcor t o  C. .inturn the dorsal 
o~t t l ine  of the sli~iil  becomes t1'1tter. indicating that  the occipiLl! cresr is ilecorni11g lo&,er 
a i d  .ulgled mure  b.~cks.nrdi, 50 t ha t  rlic axis o i  rht. skull \laiits more cioi&,nwGlrds towards 
the :round. h\ the northern race ha\ chi5 character i i~o re  ecol\-ed t i ~ a l ~  rile ,our[lcrn, i t  im- 
plies .I further speciaIi,,~tiun ic)r i t .  

LVlierever J. reiatively unworii cheektooth wa, ioiit i~i.  it, cruv>il heigI?t WJS me.15ured, 
L'nfarrunarciy very few U F  these were ,~vailablc, and  iio third m o l ~ r s  (tile toutli wi1ich is 
generally rdken as standard, r. g. DIETIIICH 1945). But a specimeli of. C. s. srrnilrrI was 
Found with 111 unworn i l '  crown o i  6Y a m  hi+. a n d  a l i t t le-mrr i  \l' rruwri 72 nlm ],i;h; 
the :reateit heigilrs for C. s. cottoni were respectively 5 2  mtii and 31 mm, I t  i ,  p,jssiblc 
thereiore, a!though niuch more material needs to  be studied. that in this char,lctilr the 
ro:itiiern suhrpecics is murr evolved t h a i  the norther11 (as it appear? to be ill develupll~cllt 
i:i hair!cssne\s). 

r ab i c  2 b recurds the  n-msurcmmts o i  cheekteeth in \Vhite rhinor. I-lcri., ai explSilled 
shove, ihc measurements of  cotton2 i rom the Sudan (with a fexv from Ugclr]dni and ironl 
Zaire (Parc  Nat ionr l  d r  ia G a r r m b r :  h i v e  bien kept a p a r t  Tlie breadrlis of tile upper 
chileiitecth of the Zsi rc  specimens a re  greater t l i ~ n  those from Sud-~n ,  tile dificrrncc ill- 
creasing up to  Xi and  being smalicr again fo r  ;L[:'. (Brcd t i l s  .Ire used '1s lelistli is a 
difiicult measurerneilt to take, U-ith considerable subjeirivity d\sociated with it). I n  some 
cases the dirfcrences a r e  above the 9C; il joint non-overlap level; but subspecific difieren- 
tiation is riot a a r r ~ n r e d  on the small number of specinlerls currelitlv available. The v.liues 

for  C. s. s~rn~ l rn  fail between chose of the two  cotioni sampies, except tli,?t 
-- in singie mt.asur;.d >pccimen! - is larger than in any specimen of rhe iacter. In the i-iiandibie 

(no n~andib~i!ar  teeth f rom Zaire were measured) ;L!:$ is also muc'h bigger it? sirnv.m, this 
t!nie [lie ditierence being based on three specimens. 

Fossil White rhinoceros 
H O O I J E R  & Pr \TTERSON (197-7) find thdt the earlirst  specinlen refirable to Cer'z- 

toihcriam is a molar tooth, hl', frolii Lothagam-l ,  over  5 miilion yedrs old. Tlle spccimerl 
is tentatively referred to C. FrwZCC(JX,  a sp2cit.s now well known from Iianopoi. Ekora and  
earlc Ciiemeroi~ (Baringo), all arvurld 4 ma,  a n d  also from rile Pliocei~e La i~~ i .baanweg  
site i r i  Sotirh Africa ( H O O I J E R  & P:\TTERSON 1972. HOOl [El< 197l l .  

Cer~tnthcrium jvnum is tiast definitely recorded iron1 Shuligura U a t  Omo.  dated to 
arounil 3.7 ma. I t  is now know:] as a Fossil troll1 many su;ceedillg levels a t  Ornu 
,111d Shu i i~u ra  Formationi).  from I!erct ( E m  Kudoif;  a t  a !rvsl now dated by BROCK 6 
1S:iAC I974 a t  around 1.6 to 1.3 mal, Laetolil. Olduvai ,  and Rawi, Kavirondo;  all these 
are Loiver to early XIiddle Pleistoccne, and outside the specici' modern range. I n  tilt Up- 
per Pieistocene ir occurs in rhc Kibish Formation a t  O m o  (da t e  controver,ial; liere 
rcr.tatirdy a t  + 12C.SOC B.P.) and in utldated, probably Lrppcr Pleistoce:,e depo5its .it 
X a i v a s h ~ .  Tliese, too, a r e  outside the n ~ o d e r n  range. Remains of rhe species are sotitinuous 
tliroughout tile Pleistocetie in h'orrh Xirica (XRr lMBOURG 1973) a i ~ d  rock 
and engravings depict the species in the m-estern Sahara (probably early Holo<ene)  
(hI.IL'NY 1956). This was also thr. species known to the Romans (GOiVERS l Y 5 2 ) ;  i t  
occurred .XL tha t  rime .IS far  north 3s -\swan. Thus, the prescnt diacoilrinuity of ranse, ar 
least with the boundaries of the Zsn?bezi and the Nile, is a fairly recent event. 

From the Oiduvai  material H O O I J E K  plc~ces the transition from the arch,~ic subspecies 
C. jjman: g~~rm.zno~riric,:n~irn to a form rthenibiing the m o d e r l ~  White rhino - l a b e l i ~ d  by 
him C. .i. irmum - a t  somewhat over 1 miiiion years B. P, ;  inrern?ediate remains occur it1 
Upper Bed 11. which spans this general period. 

>feasur:nirnts o i  skulls and  teeth iron1 the li terature are  p re se~~ced  in Table 3, togeriier 
with rueasurcments of t w o  skulis in the  British Museum riot a p p a r ~ n t ! ~  described to dare. 
? / ~ e ~ s u r ~ m m t s  a re  as ;iveri e s i ep t  that B a ~ a l  length is used insread of Condyiobasnl (being 

B,t\&l !. 
<?cc- ,c , .  l .  
Z I~ ,>~ , J :  hr 
Occ,n.  !>r. 
i?cc,p.  kt .  
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Tti~i : i roi*  l .  
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esrimared froill H ~ ~ [ J E K ' ,  figures for  ths latter by \ubtractioii of 35 m m ) ;  2nd a ful l  
TootllroP: .. - lcugth has been estimared f rom WOO tJE1i.s P"hlG:ures wi th  tlie addition of 
,, mm. ;[ht mean of J hv qu~>trci by H 0 0 1 j E R  for Lower P!:istoiene rilnlains) a:id sub- 
tracl;oii *; 1~ nlnl for  iontact  ntrrition: the r c i u l t i n ~  figures haxing a srandnrd error of 
3.5 mm. 
1; C.  j. m,:uyiriri;c:cm, The sLuii. o i  Vi i l~franchtan date, whose nieaiursoi in t~ are  gi%eii 
by ARA\[B@UKG (197;), i j  sin:i!ar in gcierr l  sire [Basal !cnsth) to inodern inale ~ k u . 1 ~ .  
but  111 Oc< ip i ronas~ i  length and Nasal b r e ~ d t h  with modern S 2 .  The figures fur Z!-gonla- 
tic breadth and Lairinlai brcadt!l are a t  :he top end o f  the ' ra t~xa.  Thi, s i i  su;gests a 9 
skull, of a large 2nd broad-5kulitd s u b \ p e c i e ~  The  tuothrow is ions and the dorsal con- 
;avity deep, is ill C. s. >lm~wz: the latter i e ~ t u r s  b i i q .  as we have seen. J iunservatiue 

It wou!d be uscfui to have tn'xrcrinl fro111 Inter Xor th  r \ t ' r ic~n iirpoaiti t o  rr:tce 
e i o l u t i r ~ ~ r r y  i a n ; i r .  Oi ch.: dental n1enuremcnt; Little c i n  br r i i d  except that  

:lie! ichi:l :!le : i~odern ransi., and  XI.: is , r n ~ i l  as In cottorz!. 

2 )  O;llo (Kibirhj and Xc~ivaslia.  h11 nieasur:tmei:ts of  the skull iroln ;he :iibish Formarion 
fii  ipto tile rnoderii ran;;e, alriiouSh the teeth '?re very i~r:,.e. The basa! length is ioarer 
than ax-erage (esccpt co:tonr ?E). ~ ~ l l i l e  Oicipital heigll: is g e a r .  suggcstin: a '1, a n d o r  
:r deep dorsal i o ~ i : a i i t ~ .  Tlie teeth however are huge: bigger t11a11 in any  ~noder i l  s~ec imzn .  

3) Ilrwi, K r v i r o i i i .  This i u l l ,  u n d a t d  but  said to  be "Lower hiiddie Plristoiene" is 
s(i.illdi hiqjcr thili :hi. s r r r a g c  modern skull. but w i tb i~ i  the rangc o i  rarisrioli: the  teeth 



at-c a\ big a +  5ini:irn or hisser ;  r!ie occiput i\ proportiot:ail!- broader rli'in in r i i ~ d c r n  
&ull (Fig. 2 ) .  

4) Oldura i  Beds 11 i and IT.'. The Bed 1V skull i, ertrziiiely big, a;ld !lot d i ~ ~ r o p o r t l o n a t c  
jBasa; to O c i i p i t ~ n ~ s ~ ~ l  Ieiigthh) like mao-it.znicum. T!ie teet!i are  also very larse -- sligh:!y 
bigger eieri rh'ln the O l ~ i o  (kihihhj  teeth. \Cfliiic the crown height ariii molar pi-cmolar 
shapes niay be quite modern ( H O O I  JER 1969; rhc late Olduj-.l; \Y'!iite :?lino c.ln:~ot bc 
reii'rrcd to ?ither of thc tnodern subspecies. 'At present, howerer.  i t  is better to ;ei;r to the 
for111 as C. Simiim \ub>p. ;  a came and  formal d i~gnos i s  ihouid awai t  more matertai both 
becau.e o r  rile ignoraiice o f  the sex of the available skull. . ~ n d  becau\e of tile uncertainty 
a, to its relationship to the Kibish and North  African ,peciniens. i t  should br relnsrked 
.liso that, i f  the \ t r a t i g i a p h i ~  assessment of the R ~ w i  shull has ani. validitv, the11 ~:ii? like- 
Iiiiood of the two skulis beiiig represenrar i~rs  of the same popul .~ior i  ( r l ~ e  Oiduvai ,kuil 
presumeably thtrefore I : .  the Rawi one ?)  must be bortle :l1 mind. 

5 )  Oiciuvai Bed 11. In the  middle oi Bed l1  a t  Oldux-a' there is a Faurial break; bcloiv it 
are deposits not much later in age t h ~ n  - and  di;cctly following on - Bed I ,  m-liilc .ibove it 
a rather iarrr,  morc drawn-out time-span must bc envisaged. Tceth whose meauremenrs 
are given b y H O O 1 J E R  (1969) come iron1 t h e u p p e r  section oiBed 11, ,111d niay be Sivetl a 
iiotiotiai dare o i  I 1 million years B.P. :  these are the  tee:h which he assigns to the trans- 
irional phase between C. S. y e r r n m o ~ i r ~ c ~ n u r n  s n d  stmurri. The upper teeth a re  cotisider- 
~ b l ~  bigger rhan tl-iow of modern specimens; iowcrs, however. are  c o m p a r ~ b I e  in srzc - an  
,lpparctlt a t i ~ m a l v  which niny he roo lved  by supposing that  either thi. breadth, relati.ie 
to length, is what  differed, o r  (4ince the  Bed IV form had a ioiig uppcr coothrow) some 
utirepresenred elements of the lower toothrow wcrc of co i i i p r~ i sa t in~ ly  iarse ,ize. 

The teeth are  also bigger oil average rhan the Beds I I I  and  I V  teeth, aithough one spr- 
cimen of P 3  is 54 mm broad like the  ayerageof  two from the two  higher be&. The British 
I r l~~seum skiill. >l. 143C3, is utifort~inarely labelled only "Bed 11"; i t  could tl~crefore bc 
a5 young as the above-mentioned teeth, o r  tnuch older.  Its measurements fir w i t i  thosc 
of modcrn sk~ills although it is so irasmrn:ary that  litrle weight can be put oil this; but the 
~os to rb i t a !  breadth is much grcater than any  modern specimen. suggesting that the :eneral 
size of the skull could have been greater than most modcrn individuals. 

6 ;  Olduvai Bed I .  A single &I' fro111 this level is quire gigantic. by f a r  the largilst known  
For a White rhino. 

7j Ilzret, East Rudolf.  This skull - possibly contemporary with the  O l d u ~ a i  Bed 11 
skull, - is the most satisfactory fossil skulk of the species. being nearly complete aild ap- 
pareiltiy undistorred. I t  is referred by  H O O I J E R  (1973) to C. S. y e r m ~ n o ~ z i r z c ~ n u m .  I t  is 
large, nearly as  big as the Olduvai  Bed IV  skull, but with smaller teeth. The  occiput is 
lower than in modern skulls. blrt equivalent in breadth (Fig. 2).  T i e  concavity depth is 
between t!ie two  modern races. Like the  Olduvai Bed I t  skull its postorbital bre%ldth is 
greater than it1 any  modern skull. Direct cornparsion with the still more complcre, a n d  
perhaps conrernpor.Iry, m~:untan:cum skull is precluded by the iatrer's iiisrortion. 

S )  Baringo. i\ veryfragnientarv skull;  its broad zygom'lra fit x~e l l  wirh the Iieret measure- 
ments. 

9)  Oino (Shungura and  Usno). The loosc teeth iron1 these sites a r e  rather nondescript; the 
uncsceptional n~xture o f  P I ,  h11 and  h12 from all three lcvels is belied by the rather large 
AI:]. P:' and P4 of the later ievels. and  the  astonishing!y small P'. These pieces have to be 

ie. suspense account unrii more in'lterial is discovered. 

In  conclusiotl, then, it seems rhat C. r .  gt.rm~rio~iric,ri~i*rn was a \1C'Ilitc rhino wit11 the  
archaic characteristics dclirieated by H O O I J E R  (1969); wirh a skull of largc sire a n d  low 
occiput (in 5-iew of which the dorsal concavity tiiust be regarded as  rather deeply it-ident- 
e d ~ ;  with fa i r ly  large cheekteeth, especially the upper cheekteeth beitlg very b r o ~ d .  Its 
successor and  descend.~rit in the  East African Ytiddle Pleisrocenc was similar in sizc with 

again rather broad upper  cheekteetll, a !o~ia upper  t oo th ro :~  ~ ~ n d  a t  lea,[ 5oiiie of the lower 
cheekteeth quite snl.lil a, ill modern forms. The  skill! u-ouid, on the X-hole, appear to have 
c .ansed littie; [he :ccth. q u i t e  a bit. Finally in the upper Piei~toccne we have a irnail- 
>izci', ,l~linia;, rio biSSer in sku11 dimensions rhan the iiiodern subspecies, but itiii with iarge 
tcet\l (a t  anvratc upper  tcct!-i!. [ t  Inus[ St. rcmen~bercd rhat this !inease is iii a resion whire  
&'hire r!iiiIob a re  no longer t'o~iiiJ. 0 tl~.at 110 dire i t  ~ornpar isons  can be made with living 
5ui,rpecies J:lscsror, dcsceni.Ji;r aliumptions. :\, a v.-hoic the E;ht .\frican l i t l ea~e  wa'j a 
] ~ r ~ ~ - ~ ~ o ~ i ~ ~ d  oile, with a dorsal perhaps similar :o the living to~itherri  s~ .b -  
species ( to  judge fro111 H00[ Ji.l<'s 1969 plare oi rhc O i d u i a i  Bed IV skull, a i d  assessing 
n~ea\ure~nei i ts  as above!. 

Outside East i ifrica there are  verv i c w  fus,ii \Yhire rhinoceros finds. In South :\Fricn, 
milk teeth art. known iroril the australopithrcine ,ire of h I a k a p ~ i i , ~ a r  ( H O O i  JER,  1963): 
thebe a re  ,aid to be slightly 1,lrger than rhcir modern homo!ogues. From the late Mid l l e  
Pleistoienc come derltal rem.~ins f rom Hopefield, Souch Xfric.1 ( H O O I J E K  SINGER 
1962): the iower teeth herc a r e  comparable i n  sizc t o  their modern ;or indeed their ion-  
temporary East African) tcluivaients, \while a n  upper h13 is larger. 

The  Korrll  .African race needs to be investigated further.  Th2 eariy (Vii!afrnnhiai;) re- 
prescntativc nas ,  ,c would seem, r e r \  large z n d  broad-,kulled with, perhaps, a short 
ociipita! i - r a t  nor as baclin~ardly inclined as i n  moderrl or ~oritempoi-ary E ,~ r t  rifrii:an 
rhinos (c i  relationship between basal arid ociipiton'lsal lengths). H o w  this form developed 
rIirouch the P!eistc~cetir is not yet apparent.  i t  should be bortie in mind that  the type n a -  
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