Taxonomic notes on the White Rhinoceros
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ﬁmwm:c:vcz.xs is perhaps the most remarkably specialised genus of the living Rhino-
cerotidae. DIETRICH (1945) assigned it to a special subfamily, Oanmﬂcmrclw:pn, but
CAVE (1962), THENIUS (1956) and others have stressed its close relationship to Diceros,
while HOOIJER & PATTERSON (1972) have demonstrared its derivation from species
classified as Diceros in the Late Miocene, at around § million years B. P HEISSIG (1973)
proposes to classify all living rhinos in 4 single tribe, Rhinocerotini, In the present paper
the attitude taken is chat the differences berween the Asiatic and African series of :L:n
rhinos is great enough for subfamilial distinction in the manner of POCOCK (1945}, The
fossil evidence is in accord with this assessment, since
{the African subfamily, including Diceros and Ceratotheriumy can be traced back as far
as the Middle Miveene in Paradiaceros from Fort Ternan. As HEISSIG indeed points out,
the latter genus still shows many characters of rhinos referred to Dicerorhinus, which be-
longs to the other subfamily, Rhinocerotinae; this is of course only to be expecred at such
a period, and is not a basis for uniting the two subfamilies. .

HOOIJER & PATTERSON (1972) point out that the Dicerotina
African lineage, confined to the continent in which they evolved exe
ance i southeastern Europe in the Upper Miocene, .

the specialisations of the Dicerotinae

e are a typically
ept forabriefappear-

Characters of Ceratotherizm

The distinctiveness of this genus has been stressed by CAVE (1962), who lists many
characters separating it from Diceros. The following featuresare among the most distinctive
(CAVE 1962, GROVES 1972): 1, Elongated skull with flarrened dorsal outline and back-
wardly extended occipital crest, — 2. Mandible with broad symphysis, backwardly in-
clined ascending ramus, and no gonial angulation, - 3, Hypsodont cheekteeth with much
cement on crown; protoloph and metaloph strongly curved back, tending to fuse wich
wear. — 4. A presacral eminence, formed by anticlinal status of 17th or 18th thoracic
vertebra, - 5. Ears pointed at tips; broad square mouth. - 6. A muscular nuchal hump. -
7. Copious subcutaneous far, causing atrophy of body folds and costal grooves. — 8. Penis
with translucent perpuce, and ccerine as well as apocrine glands. — 9. Body hair at least in
voung, though very reduced. — 10, Horn base enlarged, square.

HOOIJER & PATTERSON (1972) find that the crani
species, Ceratotherium praecox, represent an incipient
dental features are not fully evolved even in the P

africanum (HOOI JER 1969)

Finally, it was found in the course of the

al characters of the Pliocene
stage of specialisation; while the
lio-Pleistocene C. simum germano-
present study that Ceratotherinm is charac-
terised by its larger premolars compared to Diceros. The premolar row (excluding the
vestigial P1) forms over 409, of the toothrow length in the former, under 40 in the
latter. This is unexpected in view of the finding of GENTRY (1964) that in gazelles,
species which eat more grass have smaller premolars — for the White rhinoceros is a strict
grazer, while on the contrary the Black rhino is predominately a browser. In this case it
is evidently the latter species which is specialised, as the Asiatic species have a long pre-
molar row like the White rhino. From HOOIJER & PATTERSON’s figures, C. praccox
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evidently has large premolars like C. simum, although in Diceros pachygnathus they are
around 409/ the length of the toothrow and so intermediate.

Ecology and Distribution

The White rhinoceros is so strictly a grazing animal that its distribution is discontinucus,
it having disapperared from areas where grasslands have vanished. PLAYER & FEELY
(1960) found thar its former distribution in southern Africa was more or less coterminous
with the Bushveldt zone, a zone offering rall grasses in abundance as well as vital shede.
In the grasslands of the Sudan region the species favours open Combretum forest, show-
ing again the importance of shade availability.

[n historic times the White rhino exisced in southern Africa from the Orange River and
Zululand north to the Zambezi, and from the Indian Ocean coast west to some part of
southern Angola, although not as far as the Atlantic shore, Tt may have crossed the upper
Zambezi in western Zambia as far as the Mashi river {ANSELL 1967), but was nowhere
else found north of the Zambezi. In the northern pare of its range the species was found
from the Nile — which it nowhere crossed — abour 1o Lake Chad, going north to the Lol
river and south to the Ora river in Uganda, and the Garamba districr (now Parc National
du Garamba) in Zaire.

[t is of Interest to examine the relations of the White rhino with the Bladk rhino
{Diceros bicornis). In southern Africa the two species coexisted throughout the range of
the former, but with different habitat preferences. The Black rhino alone ranged south of
the Orange river, but it may be significant that here a special subspecies, D. b. bicornis,
oceurred which converged in its large size with the White rhino. In the northern area, the
White rhino occurs alone: to the east of the Nile icis veplaced by Diceros bicornis ladoénsis,
in the region south of Lake Chad (though precisely where, is not known) by D. 5. longipes;
while north of the Lol river it was found (BENZON 1947) that once again the Black
thino replaces it, probably D. b. brucii (GROVES 1967 b}. As population densities are
much higher for the White rhino in Umfolosi (SCHOMBER 1966} than anywhere in the
northern range, it may be suggested that the latter is less prime habitat for the species than
the former; comparable densities are not knowa for the Black rhino, but it seems likely
that in second-class habitat the two species might compete more than in better areas so
that one species would completely exclude the other from whichever side of a given river
barrier offered its own preferred habitat in greater measure.

In late Pliocene and Pleistocene sites in east and south Africa, the White rhinoceros far
cutnumbers the Black in early deposits ~ if the latrer occurs at all, which it does not for
example in the earlier levels at Olduvai — bur the position gradually changes until ir is
completely reversed in the higher levels (HOOIJER 1969). This is a very eloquent de-
monstration of the gradual diminution of true grasstands in Africa. Other grassland types,
such as the hominid genus Paranthropus and the giant monkeys (Theropithecus, subgenus
Simopithecus) disappeared altogether.

Age and sex differences in the skull

The specimens of White rhinoceros studied for the ssent paper were as follows: British Museum

{Narural Historvis sou 0 ? 13, - Letden R nuseum van WNat ik Flistoric: southerr, 2,
northern 3 H m voor Middenafrika: northern 7. - U, S, National Museum:
northern 18, - Powell-Cotton V M, Birchingron, Keat: northern 13

In addition, cerrain measurements were taken from HELLER (1913

The number of northern specimens was large enough to be arrangedinro dental eruption
groups, by sex where sex was known, for study of skull growth. In some cases, the sex n.vm
a given skull was not known but could be reasonably assigned on the basis of certain
measurements. Fig. 1 shows that the breadth of the nasal boss (which reflects the size of
the horn) seem to sort specimens very clearly. Thus for Stage 6, the nasal breadths of

+ & J-skulls are above 185 mnv, those of 10 9% are below 170 mm. Other specimens
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whose values fall decisively above or below these limizs, respectively, can be fairly cer-
tainly allocated to one or ocher group. Study of some other measurements (especially
Occipital breadth) leads to the same conclusions, bur the gap berween <% and 99 s less
wide. When this is done only three Stage 6 skalls renain unassigned: B. M. 1963.8.13.2
(nasal breadth 18%), 67.8.31.3 {nasal breadth 170) and Leiden 13119 (nasal breadth 1755,
These three, cither between the two extreme values or only just beyond them, are for

safery’s sake left out of the analysis.

Dental eruption stages as used in this paper follow those employed for Asiatic rhinos in
a previous study (GROVES 1967 a Stage 1. First permanent molar not visible. — Stage 2.
First permanent molar in process of eruption. - Stage 3. Second permanent molar erupt-
ing; second and third premolars in process of replacement. — Stage 4. Second molar in
wear; fourth premolar in process of replacement, — Stage 5. Third molar in process of
eruption. — Stage 6. Third molar fully erupred, beginning to wear. In addition there were
two specimens available in which the milk teeth were in process of eruption; these were
assigned 10 2 “'Stage 0%, There were also two foetal skulls; in one, evidently near term,
the milk teeth are visible in their crypts, in the other, omitred from the analysis for rtotal
want of age data, no teeth at al] are visible,

GODDARD (197¢), using plentiful marerial of Diceros in the Tsavo National Park, was
able to divide his marterial inzo 20 age stages, of which Stage 6 of the present study s
divided among 9 different stages; he is thus able to show growth patterns much more
accurately than can be done with the much smaller sample of Ceratotherium, and among
other indings is the somewhat unexpected one of age changes within aduic life itself. This
needs to be furcher investigated; but the present small samples permit of no further split-
ting than is performed here,

Table 1a shows the results. Sexual differentiation begins o appear at Stage 3 or Stage 4,

according to measurement. Some measurements increase right up to Stage 6, others reach
their full growth before then. 29 stop growing, in most skull features, before 4 2. There
are one or two anomalies, where a measurement appears to decrease from one stage to the
: 3

nexts in the most blatant case. where the ¢ &' basal length declines from 705, mm in

mﬂmmmuﬂommm.os:dm: Stage 6, Student’s -rest gives a probability of 0.2¢ that the two
measurements are in facr the same, ie. the scale of the ditference and the sizes of the
variances mean that such a result would be arrived at by chance if the values are really the

same, 20%/ of times. So that no significance can be assigned to such an apparent decrease.

Table 1b shows the sex differences. The measdrements are arranged into five groups
which show approximately similar types of growth relations. Basal length and occipital
height begin to show sexual dimorphism at about Stage 4 (although the data are am-
biguous), with the ¢ growing more and more slowly than the & and ending up 93 to 949,
of his size. Occipitonasal length and Ocelpiral breadth show sexual dimorphism earlier;
by Stage 4 it is already marked: in the adult there is very big difference. In that the ex-
pansion of the occipital crest enters into both these measurements, and thar Occipital
breadth (which depends entirely on this) shows greater sexual dimorphism that Occipito-
nasal length (which has other components), it is fairly plausible that we have here a
measure of the 4 3°s generally heavier head and horns (though the horns are not neces-
sarily longer than the $9%), supported by bulkier nuchal musculature, such as Musculus
rectus capitis which constitutes perhaps the main component of the nuchal hump, more

prominent in the 5 than in the <.

Zygomatic breadth shows a pattern of increment different from other measurements. [n
stage 3 the 2 pulls markedly ahead of the © and seems to remain at abour the same level
all through, perhaps showing a final jump ahead at Stage 6,

Postorbital breadth is a measurement which, cvidently, does not show sexual dimor-
phism at all, untit maturity is reached — and then the size ditference is very weak.
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Fig. 1 (above): Sexual dimorphism in nasal breadth. Abseissas breadth of nasal bone, in mm. Ordinate:

nuruber of specimens. 8, 5, 4: growth stages. Vertical shading: males. Horizontal shading: females.

Unshaded: sex unknown.

2 (below): Growth changes ,”:*/_Svm of Occipur.
- i o inion). The breadth of the occipits e

; _m_,“:ws,cw:lmmmq ,Mc_wmmwmﬂ_mwﬂsﬂr is complete. T .:mm?, © 50 Open circles: %, Dots: unsexed specimens,

(8 = Ierer skull (HOOIJER . (2} = muanritanicam skull ARAMBOURG); may however be distorted.

Abscissa: occipital breadth. Ordinate: On.&?m&
crest continues to increase, more markedly in 34

Finally Nasal breadth and Lacrimal breadth, like the “group 2 measurements, show
very u,ﬂ?.u:n sexual size differentiation which increases mnmacw:.% l:,ommr .mrm stages of
growth; whereas the “group 2% measurements are ones whose dimorphism is established
mmlv« on and does not greatly increase thereatter.



Table | Skull measurements in Ceratotherium sismum cottoni, : 4
completed; in the foetus near term these measurements are about one-third the size of
Stage: 6 5 4 3 2 their adult values. "Group 2 are not full-sized in 2 & by Stage 5, but are in $9; at any
.mu.m%?g. M () Mwmm oo sen e . e ] given onc,UH_mc: stage they are a mﬂu:c,ﬂxmaomo:wo: of their m:.nL size than “group 1%
Basal L M ,,N 3m> S eE9S ey 33200 2850y 237 Zygomatic cng&r ("group 3%) is in the foetus already 407/ of its .pm:r.. value but ﬁrm.nm-
2 6470 303 5023 332040 28850 217 after grows relauvely slowly and, after stage 4, keeps pace with “group 1. Postorbiral
4 52 breadth ("group 4%) is in the foerus two-thirds of its adult size. "Group 5 are the most
A w w 260.6 (6) 169.0(2; 140 strongly sexually dimorphic ones, and the ones which go on augmenting right up to
I S0 167.040)  813(2) 66 maturity.
wuncmm_.nt WM 4 £ In working out means and standard deviations for adult samples, for taxonomic par-
beight 4 2 132.2(3)  863(1) 0.0 47 : ot : inllosizeds
Nasal b, M ) Y ' poses, it scems therefore that to Group 6 can be validly added. as “full-sized*, the follow-
- F 50 102.0(6)  68.3(1)  78.5(3) 60 ing: Basal length: Stage 5, both sexes. - Occipital height: Stages 4 and 5, ¢ only. - Occipi-
Postorb- M 5. . ronasal length: Stage 5. 9 only. — Occipital breadth: Stage 5. ¢ only. - Zywomatic
f:swﬁ.. F 14 4. 1C8.2 C0.3 14 - 88.0 (1) 74 bread T.ﬁﬂ:v: n\,u v. - P \ U,YHM>V dth: Stace 5 Tr h se u,.m\‘c 4 ,\MG 1o
Cocrimal M 277, 2717 13 readth: Stage 3, ¥ only. ostorbital breadeh: Stage 3, both sexes; Stage 4, ¢ only.
breadth  F 256. 267.5(2) 2448 - 1243(10 102 Nasal breadth: nonc. - Lacrimal breadth: none. Two other measurements were employed
in the present study: Toothrow length (maxi lary, P3-M3), and "Depth of dorsal con-
Female as 4 percentage of male size caviry”, the measurement which HELLER (1913} found to be the best discriminator be-
Staae: ot 012 3 p ; : tween the two subspecies of C.simum. The latrer is hardly a measurement o.,H. the skull, and
its changes with age seem somewhat hapazard and are probably not significant (samples
Basal length 120 150 99 " o being mostly too small to apply a t-test).
Queipital heighs 120 {92) (125} 97 93 Some chronological ages can be provisionally put to these cruption stages. HELLER
Occipitonasal 1. o 0 95 95 (1913) mentions that the specimens collected for the Smithsonian include 12 7full-sized*
Occipital breadeh 100 98 92 39 (some, as we have seen, are not in fact full-sized), 1 nursing calf and 1 foetus. The foetus,
WM:EEC breadth 129 ) o 05 o o5 .pms,a.:wn foetus &E: ﬂ.rn vos‘m:(ﬁo:.o: Mﬁc.mch. one, is not used for this study. The nurs-
14y ) . ing calf. no. 164583, is a Stage 2 animal of occipitonasal length 419 (and so one of the
Pastorb br. 102 o0 ice ol 99 smallest of the series); a still smaller specimen, no. 164583, is curiously not mentioned by
mvaﬁ be. 130 o » . . HELLER although, being in numbered series, was presumeably available at the time.
Lacrimal br. 160 0 93 53 93 BIGALKE et al. (1950} describe the milk teeth as erupting at 3 months; this therefore
marks a stage between “Stage ¢ and Stage 1. The young suckle for at least a year™
Table fer Dereent of adult value for different eruption scages (PLAYER & FEELY 1962}, 50 the smaller Stage 2 animals could be over a year old. Ac-
) ] cording to HEPPES (1938) 99 may begin breedingat 3 years: the Powell-Cotton "Stage* C
Poetus ¢ { 2 3 4 5 skull, no. €. 17, is stated to be the young of C. 18 which is a Stage 4 specimen, therefore,
(G . allowing a gestation period of about 18 months {(though there is dispute about this: sce
fasal L WH MM % ww ww \wwmw ow me GROVES, 1972, p. 4, "Ontogeny and Reproduction™) this Stage 4 ¢ should be at least
Oceip. ht. M 27 41 30 77 o 91 o8 472 years old. Finally SCHAURTE (1966) describes the skull of 2 bull known to have
. F 29 44 51 83 97 183 130 been 14 years old at death, in which the third molars had not vet come into full wear.
Ovenl. 1. M 29 34 £ 62 6 93 98 These data contrast somewhat with those for the Black Rhino. which is betzer known in
esip. be. MH “M ww WM ”w MM 9 ”Mm n?.‘m wmmpaxOOD,U\/WD (1972) gives Stage 1 at about @Eo:&.d,, mﬂmwm beginning at about
B 3a " 3 6 o3 o o 1t/2 years, Stage 3 av some 4 years, Stage 4 at 5 years, Stage 5 at 6 years, and mammm..o at 8
3 or 9 years. While the earlier ages are compatible with the evidence given above for the
v br. wH Hm mm mw 92 97 97 White Rhino, M3 eruption in the latrer species would seem to be extremely delayed, at
) - - b 7 93 1e0 leastin the . If this is indeed true, it might go some way towards explaining the species’
Post. br. M 66 78 - 39 9% 98 120 long premolar row: these are, after all, molarised teeth, and would have to bear the brunt
5 k 67 79 - 99 97 103 12 of mastication for a long period until at last M3 erupts and begins to share the burden.
Nas. be, M 31 41 35 52 70 83 96 The following age criteria are therefore suggested: Stage 1: begins 3-6 months. — Sta-
N 7 ,; + 62 82 90 5 ge 2: still suckling; a year to 18 months old. — Stage 3: ? 4 years. — Stage 4: at least 41/
Lacr. br. M 54 +2 - 6c 82 92 93 2 S " > <. .Y .
F 37 43 - 64 8 > 93 more probably over 5 years old. — Stage 5: 7 6 years. — Stage 6: in ¥2 perhaps 8 or 9
- vears; in < 2 15 years. This proposed schema will be able to be tested as soon as longitudi-
Table 1c shows the rate of growth for these same features. The “group 1 measurements oal studics are made on capiive-born mmmcmsmnm. .v\mmmzaao 5 Sﬁ.osr«‘ be o.vmwi.wm %w.ﬁ
reach nearly their adult value by Stage 4, and are full-sized by ﬂrmumsﬁ dental on i the m@mwnmnﬁ.wonm e mmﬁémm: the vm,u_.:w:wmw Of Seages 2 and 3 is compatible with the
’ : A K ¢ dental eruption 1s great size variabilicy of Stage 2 skulls (Occipitonasal lengths 419 t0 602 mm.).
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Taxenomy of living W

HELLER (1913} was the first 10 elucidate the differences berween nort
subspecies of Ceratotherium simum. They are dismayingly slight:
was said to have a flatter dorsal outline to 1}
PLAYER (1965) suggest that there migl

hite rhinoceros

hern and southern
the northern subspecies
he skuil, and smaller teeth. ALEXANDER &
ht be an external difference as well:

the flanks of even adult specimens of the southern s Dspecies by
running the hand along the animal’s hide, while CAVE & ALLBROOK (1959} had found
no hairs, only follicles, in the skin of a northern animal, This putative difference needs to
be investigated Further, Comparing photographs and capuve individua
the author that the southern subspecies is longer in the bod
legged; but this difference

they were
able to feel hairs along

Is, it has seemed to
v, while the northern is higher-
oo needs to be further investigated, and there are as yet insuf-
ficient posteranial skeletons in collections to do so.

The purpose of the present investigation was to see whether HELLER’S conclusions,
made over 60 years ago, could be confirmed on a larger
turther differences between northern and southe
were any differences within each typ
subspecies.

range of specimens; whether
i types could be found; whether there
¢; and how the fossil marterial related to the modern

The number of specimens in museum collections is unfortunatel
permit divisions to be made within the two broad

subspecies this situation can n

v not large enough to
groups. In the case of the southern

ever be rectified, for by the time the appalling slaughter of
the species south of the Zambezi had come to an end, only one population remained: in
Zululand. As far as can be ascertained, the only skull in collections not known to be from
Zululand or else labelled just “South Africa® is a British Museum skull from Mashona-
land. One wonders what happened to the thousands upon thousands that fell to the gun

in the days of Queen Victoria. There is a striking irony here: against all odds the Southern
White Rhino has survived while

it is Queen Vicroria’s African Empire that has mert the
finality of extinction.

As for the northern subspecies, there are specimens available from three areas: the West
Nile district of Uganda, the Lado area of the southern Sudan, and th
northeastern Zaire. The first two areas are separated only by
is hardly worth looking for differences berween their Wi
further away and may be separated from t
again, however, the numbe

e Garamba region of
a political boundary, and it
hite Rhinos; the third is a little
he others by unsuitable high ground. Once
rs of specimens from each are
separation of various series each with its own mean
could only be noted that, as far as sk

a were not sufficient to permit
and standard deviation statistics. It
all measurements go, they do not seem to differ; so
the skull measurements from all areas were pooled to make a
This of course assumes identical means and variances for all measurements, between rhe
Zaire and Sudan-Uganda populations, and so is not strictly a valid procedure: it can be
justified only by the assessment that any differences between the two are not very great,
ikely to be less than those between northern and southern
subspecies. In this way two statistical entities, the northern and southern subspecics, are
“invented” and given means which are not the means of an
ard variances which are larger than would be

lations.

noverall "northern sample.

and that they are in any case |

y one constituent population,
found for any of their constituent popu-

In the case of individual rooth measurements, however, a difference between Zaire and
Sudan specimens did indeed leap wo the eve. The samples are larger because there does not
appear to be any (noticeable!) sexual size difference: and smaller, because of want of time
and, on occasion, of suitable measuring devices calibrated in tenths of 2 millimeter. So in
Table 2a, skull measurements of full-grown examples of both &
are given, separated into the northern (cotroni)

and €2 White rhinos
and southern (simum) subspecies: and in
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i - sex but by locality only, into
ble 2b, dental measurements are given separated not by sex but by localivy ¥, i
apte 20, |2 as e ! °P .
simum, cottoni (Sudan;Uganda) and cottoni (Garamba).
, E

f tul nospecimens of Ceratotherigm simum
Skull measurements of full-grown specimens of Ce

L5 o RAU g, - .
; C. s fb«..ln:,_. Cos.cottomt
S 4 Mean  s.d. n Mean  s.d. n
sodo o :
3 2
689.3 379 3 6836 2517 8 33.23 2 mm.?m mmwm _““
§352 2334 5 8279 1120 § 244 Teer 2237 12
3198 19.33 3466 18.52 8 25.29 u\r.wi .52 2
H“.ww w MNWM M« 23 q.s 10,42 7 7.77 3 umu.w 14.49 _w
ﬂ.\ww M uw.. 4 172.8 9.16 8 +.95 2 HMWM\V HWMM Mm.
. 1923 IRE 1953 2 4.24 4+ 163, .
L ad 1923 1113 4 195.3 16.2 m -24 165 b i
w/mfau_ﬂw?”mmwanr 326.0 - 2 2966 1884 5 283 2 2758  18.8
acrimal bres 2
A& T - )
Cs.ocottont L Aﬂl'l]‘.llvr\\ C.s.simum
M\?Mvhc?% Mean 5.4, n
281.4 3 . 262.9 12,64 22
Toothrow length, P2-M3 rww .J.. mww W 629 26 12
Depth dorsal concavity o1 \w,wg. ¢ ik oel 2
Postorbital breadth 117 73
Table 2b: Dental measurements of Ceratotherinm simum
: Suds cotioni: Zalre
prnam cotron: Sudan ecﬂc: r
%Hcp: sode n Mean s.d. n Mean s.d. n
Maxillary: widths ( s ] , v ol s o wm\: w
5 s - 1508 509 8 5.7 306 3
b © 565 - 2 5Ls 462 6 62 469 5
Vv 623 - 3363 788 1L 670 442 5
o 615 - 2 340 6% 7 708 120 5
T 638 - L0333 554 2 378 356 5
M3 .2
Mandibular: lenyths ) ‘
2 345 3.24 3 36.5 2. 6
WM 404 2.70 3 41.8 . mu
P4 +6.9 4613 416 2. 5
M1t 48.9 5.98 4 w0.+ w 8
M2 560 373 4 331 380 6
M3 613 723 3 338 171 4

The data in Table 2a certainly confirm HELLER'S (1913) &Zws.mcmrcm M:m,wwuwmnmdm“w
two subspecies, and confirm that the differences were more or ,—'Sm)wmrum w?ﬁé :o.m ey
also confirm the view of FIOOIJER (1969) thar, on wﬁc: characters, the Zwo re ey
well differentiated: certainly not as strongly as one might expect seeing that the n.ém.n&
totally isolated with no gene-flow between them. The two .w:vmmnmmm. are mmunnowwa me
the same size, and even the 30 mm difference m:. basal length in ﬁrw e M_,J, n.wn Mwwomwumm,xmm.qnwm
the large standard deviations, to be ﬁmxo:o:ir,m_._.< %icmgn, H:n only large r
are the two that HELLER nominated as gyeographically distinctive: .
1) Toothrow length. The two sexes do not appear to m:ﬂﬁ. in toothrow _o:mmww MMMmMM
data have been pooled. C. s simum has a much F:.mm« tovthrow nrpﬂ cottonz, out o e

- the standard deviations is such that the Coefficient of Emw,‘m:nn is only 0.83, mean 'g
oot o y — but 9C %/ is necessary for a taxonemic

. £ Qm
that there would be a joint non-overlap of 80
separation on a given character

] cper concavi top of
2y Depth of dorsal concavity. C. 5. simum has a much deeper concavity along the top

n .. A .,.r.ﬁm.u. mO:ﬁ
. :s . ,, f v Om:mamo
nxm?.mco_,5ﬂro.bnc«n:r,aEnrnOrr%;m:ﬁﬁrc.Fnra rpwm, n&rn v( o
ference is 1.67: a 95 %) joint non-overlap, easily above the standard for subspecific di

i 1 cts a hi logenetic level for C. s. cot-
rence. Tt is interesting that this difference reflects a higher phylogenetic level £
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