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"he object of this paper is to review knowledge of the distriburion and taxonomy
two of the world's rarest mammals: Rbinoceros sonduicus (the Javan rhinoceros)
Dicerorbinus sumairensis {the Sumarran rhinoceros). Together with three other
sies, these two forms make up the living representatives of the family Rhinocero-
. Although the family thus consists of no more than five species, it is certain thas
fewer than four well separated lines of descent are represented, and the family
it be split into four genera, three of which are accordingly monotypic.
evond this level, a classification into subfamilies is usually emploved. Certain it is
the two African genera, Diceros and Ceratotheriugn, differ in every conceivable
stive feature from the Asiatic one-horned genus Rhinoceros, and fully merit the
“amily separation awarded to them. The position of the Asiatic two-horned genus,
zrorbinus, is equivocal however. SiapsoN (1945) puts it with the African genera
subfamily Umna?,,n?nmm» e separating Rhfiroceros and its exrinct ancestral genus into
ubfamity Thinccerc

ae (both of these names are correctly formed). On the
r hand Pocock (1944) and, by implication, Cave (1952) prefer to align Dicer-
nus with the other Asiatic genus. A third course, followed by ZrUNER (1934), is
ter the genus in quesdon to a third subfamily, separating it from both Rbimoceros
the African group.

15 felt by this author that, altheugh the very primitive features of Dicerorbinus
liable to confuse an assessment of its relationship, the genus does in fact show
cient progressive characters to unite it to Rbincceros, and to separate it entirely
v the Atfrican rhinocercses. Such features are the enlargement of the lower tuske
ines or lateral incisors, according to different authors) to form weapons (HUBBACK.
:3); the tendency to develop deep folds in the hide; the less advanced reduction
ody hair; the lack of badkward occipital projection; the closeness of approach of
»ostglenoid and posttympanic processes, narrowing and even (in Rbinoceros and
: fossil species of Dicerorbinus) closing the subaural canal; the PSSR [12ITOW,
ted nasals; and — in outline but not in detail — the structure of processus glandis of
senis. All these features contrast strongly with the African rhinoceroses, the most
ied difference being the complete abbreviation of the jaws and nasals in the latter,
2d to the loss of incisors and canines.
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1t will be as well here to remark upon the auestion of bodily hair. it is :mmwu:%
stated that in all species except Dicerorhinus the hair is restricted to the rims of the
cars and the end of the tail. In reality, the situation is more complex. Cave mn
ALLEROGK (1959:104) state that in the White Rhinoceros, Ceratotherium sinuom, hair
is presenc bur rudimentary in the follicles, and sometimes may reach almost to the
surface. Hairs actually project on the summit of the Jc&»; eminence, and BIGALKE
and Hetrer are quoted to the effect that hairs can be detected in the neonate and
the young up to 1342 months.

Desatarest (1822:399)
dermis . divisé en tubercules

describes a voung Rbinoceros sondaicus as having an epi-
anguleax, marqués chacun d'un petit creux au
mideu, du fond duguel sort un petit poil court, roide et brun”. In his Lcunim:o.:

inocerns wiicormis he savs, after spesking of hairs on the ears and tail,
dautres poils, mais plus rares, comme frisés et dapparance Ew:n:mw
erm Ack (1939:2) says of Dicerorbhinus sumatrensis
nimal ages and only very
mature animal’.

Uénai

I

of an aduic R
that there are
sur quelques parties du cory
“The voung rhinoceros has r::. yat this disappears as the a :
short hairs, almost bristles, are found on most exposed parts of the 1m:
Tuoyas (1901) describes just such changes as having onr.cﬂ.ng. during the :»m:Ea
of "Begum’”, the type specimen of Rhlinoceros swnatrensis lasiotis mn?mnn &n.vo%?
hair was originally long, copious, soft and brown, and in thirty years of captivity was
worn to a short, sparse, bristly black condition. Sopy (1959:118-9) mentions cor-
nmmmo?:sm ages changes in Rhinoceros sondaicus; speaking om the hexagonal scales
into which the skin is divided (the ° “tubercules anguleux” of DESMAREST), says
“Jedes Schildchen hat in der Mitte eine Vertiefung, aus der ﬁs.m oder ein paar mcmmnmz
entspringen. Bei ilteren Tieren sind diese an den Seiten meistens abgescheuert™. In
conclusion, one may accept the opinion of Cave & ArLLBrROOK (1959:104) who state:
“Present findings suggest than an original sparse external hairy ma.goa.cBm:n v.mnoamm
reduced with age, cither from the mechanical abrasion of the projecting portions of
the hodv hairs or from natural atrophy consequent upon the development of a sub-
stantial laver of subcutaneous fat”. The presence of fat in quantity is a feature of
Ceratotherium alon . presumeably therefore abrasion would be the chief or only cause
of apparant hairlessness in other species.

From the absence of any mention of hair in numerous descriptions of specimens o.m
Diceros bicornis, both adult and voung, it may be assumed that a hairy nOmn‘mD this
species is either absent or very inconspicuous and sparse. Certainly the mi.ﬁi des-

ription of DEsyiresT makes no mention of it. It may be supposed, the efore, that
hair may occur on the young of most or all species, surviving into adulthood in the
Asiatic .mo:sz most noticeably in the Sumatran, and to a less striking extent in the
other two (i. e. the genus Rhbinoceros).

Besides Rhinoceros and Dicerorhinus, the subfamily Rhinocerotinae will contain at
least two other geners: Gaindatberium and Ceelodonta. The »@HBQ is decidedly the
ancestral genus to Rbinoceros (CorsrrT, 1936 and 1942); it shows that by the
Pliocene the lines leading to the two living Asian genera had m:nm&, v,@ugn&.. «Hvo
genus Ceelodonta is Plio-Pleistocene in age, derived from Dicerorbinus; nvmwo 5.9?
pute as to the precise limits of the two genera, which show a mmm.a.om series from
D. sumatrensis — which is strangely, the most primitive member of its genus —to
C. antiquitatis, the Pleistocene ﬁ.co:< rhinoceros of FEurope and northern Asia. It
would seem that members of this line of descent retained copious body-hair, but
progressively reduced the front teeth. Ceelodonta antiquitatis Jacked incisors and

canines, but showed its affinities to Dicerorhinus rather than the Diceros line in its
retention of the elongate premaxillae and nasals.

It has been mentioned above that Dicerorbinus swmatrensis is the most primitive
living species; indeed it is a great deal more primitive than many forms long extinct

ra
ra
T

(such as the woolly rhinoceros). Festures indicative of this positon include (KRuM-
BIEGEL. 1960) its small size, hairiness, and the 5335,, of its L::u; folded skin. Other-
wise its intermediate skull featares sufficiently show its primitive character.

Rhbiaceros sondaicus belongs to a genus show ng « C:f:??SF. degree of advance-
ment over Dicerorbinus, muinly to do with
below):

its adaptation to a pardeular type of
nonetheless it shares certain primitive characters
with D. swnatrensis. The fact that these refate to visceral anatomy (Frower &
Lypekrer, 18915 and wooth pattern (Hooyrg,
retention of a common pattern of nuaeri
the two, D. sumatrensis
unicornis: notably
find that the S
Rhbinoceros.

forest cuvironment {

1946 ndicates that we have here a

don. In the differences in dentition between
shows a certain degree of n:z,.ﬁﬁn:cc with Rbinoceros
the presence of a protocone fold. One would therefore expect to
::,_,:E n rhinoceros has ecological similarities with both the

mum...:w« of

Both Javan and Sumatran species of rhinoceros exist — or existed until Hmnm:n? -
in the tropical rain-forest zone of South-cast Asia. The maps (fgs. 1 and 2) will
both the similurides and differences in distribution pattern. The absence of both
specics from a given area may well reflect the little-known nature of thar area, but
if one has been amply recorded from a given region and the other not, it would seem
to indicate that the second species really was always absent from that region. As
examples of this one may cite the absence of R. sondaicus from Borneo,
D. sumutrensis was well known, and the reverse situation m:,.?cu. In
the missing species known from the fossil state on that island.

1 show

where
neicher case is
Some areas need special comment.

L. Lastern Java. Locality records in western Java are so numerous that those to he
included on Fig. | have had to be selected. But very few records occur as one travels
east on the island. It seems probable that this reflects the fact that in eastern Jave
evergreen gives place to deciduous forest (RicHAarns, 1956).

2. Kalimantan. The scarcity of locality records from Indenesian Borneo, excep:
along the frontiers of the Malaysian portion, i probably to be explained by the little

known nature of the country, which has been very little explored.

3. Malaya. Locality records for both mﬁncmcﬁ occur almost entirely on the westerr
side of the peninsula. There appears to be only one definite record of a rhinoceros
east of the central highlands, this being D. sumatrensis, for which the records are more
numerous than for R. sowdaicus anyway. (As for the Javan species in Java, records

of the Sumatran rhinoceros in Malava are so numerous that they have had to be
selected).

The Indo-Chinese area. It is lictle realised that. D. swmatrensis is almost unknown
in this area. Some records refer merely to “rhinoceroses™, but wherever the species
1s specified it is R. sondaicus, except in onc instance: the Swmatran rhinoceros is
known from Cam Ranh, South Vietnam. However Tatror (1960:179) says that
both species were found in the Mekong valley in the 1920°s. But no Sumatran rhinos
appear ever to have been recorded from North Vietnam or northern Laos. According
to Loci (1939:143), Prof. Bourret was sure that both species existed in the south
of Indo-China, and sondaicus in Tonkin. Tf it is true that swratrensis was restricted
to the south of the area, it needs to be explained: it will also make it certain that any
thinoceroses which are reported from there in the future are Javan. Also, if TaLsoT
(1960:205) is right that rhinos existed over the Chinese border, then these must be
Javan,

5. Burma. The maps show D.

sumratrensis distributed continuously up the coast of
Burma, aad up to ¢

be northernmost part, on the border with Assam. On the other
hand there would seem to be a gap in the range of R. sondaicus: north of Kahilu

223



Java

. Kalimantan
. Salatriga
2. Pekalongan 1. Kapun Mts. (uncertainy
3. M, Slamet 3. Upper course of R.Boh
1, 3. Headwaters of R. Bahau
o Me Doniha Surawak & Sabub
7. Krawang 4. Baram River
3. Sukabumi 5. Sandakan
9. 6. Mt. Kinabalu
N 1.
\ . hwest of Bantam Sumatr:
N 12. Udjung Kulon 7. Sumaters Sclataun reserve
Djambi
Sumatra Padang Besi
. Batura, 10 ¢
250 &km. southwest of 1L
Palembung Lz
_ Butween Ombilin and Siak 3. (= Balawan)
Panei River 14. Loser forest reserve
{= Balawan) Malsya
15. Kian Puhu
Malava 146, Tahan River

. Ulu Bemam

Slim River

Bruas

Kenas

Maxwell Hill Cottage

Uiong Permatang
Kualu Serukai

. Lekir

. Bruas, Baw Gajsh

. Coast opposite Penang

. Kroh forest reserve Thailand
‘Thailand 22. Kandchanaburi
Krabi . Vien
. Siamese Malaya, 12N tenam
. Three Pagodas 23, Cam Ranh
Cambodia Burma
. Cudong 24. Victoria Point
. Besween Kratie and Stung 25. High Island, Mergui archipel-
Treng ago
26. Kahilu reserve
Vietnam 17. Bassein

28. Shwe-U-Daung reserve
20. West of Prome
30. Mogok

- Chindwin Uyu district

. Bien {lna

Datat

. Dar Lac plateau

. Cua Ruo

Berween Vinh and Than Hoa
5. Hanot

. Son La

Laos ! s
. Sam-Nua Manipur Hills
. Luang Prabang Pakistan

A, Kh
o8 ouang 6. Chittagong Hills

Burma . Tipperah

Victoria Point
Tavoy Point
Kahilu  reserve

Pakistan

o 49, Jessore district
R

1+ Map o show the Distribution of REfocerns sondaicus: Known locality records
(Sedy, 1959; Talbor. 19605 Loch. 19 and labels of Museum specimensy

s g o - .
Fig. 2: Map to show the Known locality records

iFrom the same sources as Fig. 1)

(]
L)
4

225



there are no records until one reaches India and Pakistan — the Lushai Hills and
the Sunderbunds. D. sumatrensis was known from the former localicy but not, appa-
rently, from the latrer.

Thus the available evidence shows the two species to have had roughly equivalent
distributions, but with strange gaps where one or the other wus absent. These gaps,
if in fact they are real, may offer clues to a puzzle: how could two large species live
side by side in the same arcas and avoid competition?

The solution seems to lic in the concepr of ecological displacement, This concept
implies thut where two closely related species are sympatric, their habitats will be
segregated: but where one or the other is found alone it can occupy both preferred
habitats

The evidence is conflicting as to precisely what are the differences in habitat between
the two species. On the one hand we have SuorTriDGE (1915) who says that in the
Dutch East Indies he was always told that the Javan was more of a2 mountain animal
than the Sumatran, but found that in Tenasserim cheir habits were similar; on the
other hand we find Pracock (1933) who says of R. sondaicus "It was supposed
never to ascend high into the hills, 1. e. into the typical habitat of the Sumatran
rhinoceros™. On the whole, authors tend to confirm the opinion of Pracock, that the
Javan rhinoceros tended to exist more on low ground. Indeed, when one plots the
localities of the two onto a map showing altitudes, this tendency is revealed. It is,
however, only a tendency. Both in Sumatra and in Malaya D. sumarrensis is known
from the swampy lowlands, and most markedly of all in Borneo, which is what onc
would expect from the ecological displacement concept. In Java and in northern Laos
one finds reports of R. sondaicis ascending high mountains.

The northern Laos area is continuous with the Vietnam coastal region from which
D. swmatrensis is known, but the apparently suitable habitat here is ignored. The
reason for this remains 1 mystery. But very clear habitat segregation occurs in the
Burma-Assam-Pakistan border area; here, the Sumatran species is known from the
mountains of northern Burma but not from the swampy, low-lying Sunderbunds; the
Javan form, on the other hand, shows the opposite distribution, although it does
extend up to Manipur, and to the borders of Bhutan a little further west.

[t was mentioned above that the nature of the forest in eastern Java appears to
have prevented the Javan rhinoceros inhabiting that portion of the island to any mar-
ked extent. Similar forests, of the monophvllous, more open type, are found in a belt
across the Shan States, northern Thailand and northern Lacs. It is very noticeable
that there are very few reports of rhinoceroses from this belt; what there are — those
from northern Laos — are marginal. It is entirely possible that avoidance of this belt
is the reason for the absence of the Sumatran rhinoceros from northern Indo-China:
its only method of invading the area would be via the coastal strip of evergreen
forest of Vietnam which, being all low-lying, would be more suitable for the Javan
species; and, being a narrow corridor, would be able to support only one species, and
thus form a barrier to the distribution of the other. Meanwhile R. sondaicus would
be existing alone in the north, and habitat segregation would no longer be necessary:
it would thus be able to inhabit the mountains, even overspilling slightly into the
deciduous forest zone.

In this way the concept of ecological displacement can be used to explain distribu-
tion, and to aid in questions such as that posced above, of how to explain the co-
existence of two large, closely related specics.

It was remarked above that the habitat segregation is "only a tendency”. This
tendency is transgressed. it would seem, more often by D. sipmatrensis; it was men-
tioned that this species is known from low-lying swampy areas in both Malaya and
Sumatra. It is also known that the species is a wanderer. Wandering scems not to be

recorded of R. sondaicus. Indeed, the contrast of the two in this respect extends to
social pattern, where the impression was given that the Sumatran species is — or was
— thinly scatrered and found singly, while the Javan species could and did build up
large populations in a single area. The various sources quoted by Sopy (1959) testify
to this latter point. Thus on p. 131 he mentions the killing of 526 rhinoceroses ir:
Java berween September Ist., 1747 and Januvary 14th, 1749, On p. 134 he quotes
HorsrIELD as sayving that Vit lives gregarious in many parts of Java’. Elsewhere in
his section ¢n Java he quotes authors who state that it is “sehr zahlreich”. At the
other end of the range it was ,numerous in the Annamite Chain in the Forests of
North-Annam and Haut-Laos” (p. 172); in 1884 it was "vet plentiful in the Sunder-
bans” (p.176); and between 1860 and 1870 in Assam Porrock “shot there 44 tc
my own gun. and probubly saw some 60 others slain, and lost wounded fullv as many
as T killed” (p. 174-5). ) ’

All this goes to show that, not only was R. sondaicus a Very numerous species
before intensive hunting began, but also it existed in large concentrations, It did not
undertake the extensive wanderings of D. swmatremsis (see Flurcmivson & RIPLEY,
1954), and probably lived simitarly to R. wmicornis, where wandering 1s the normal
reproductive pattern, but takes place over much smaller areas and allows a much
greater concentration of animals.

During its wide wandering, the Sumatran rhinoceros would be bound to enter a
variety of habitats, and it is entirely probable that the animals seen in the swamps
would be a transient element. This variety of habitats would necessitate a2 variety of
foodstutfs — a possible explanation of the protocone fold on the cheekteeth which it
shares with R unicornis as opposed to R. sonduaicus.

Over such wide areas of distribution, both species might be expected to show geo-
graphic variation: very little work has been done on this in D. sumatrensis and none
at all in R. sondaicus. Too little is known of the external features of either species
to build subspecies on such characters (although Scrater 1872, and Gray 1872
believed that this could be done). The skull and tecth must therefore form the chief,
if not the only basis for intraspecific taxonomy. The teeth would scem to be of par-
ticular importance in this respect, as the frequency with which they turn up in fossil
beds would enable the story of subspeciation to be carried badk into the past.

m.mmona examining geographic variation in skulls, it is necessary to investigate age
variation and, if possible, sexual variation. Unfortunately most skulls to be found in
muscums of rhinoceroses are not sexed. A sufficient number are sexed, however, to
nusmzm it to be said with confidence that marked size difference is found in only one
feature — nasal breadth: a happy result, as it not only allows for larger samples, but
it also reflects the different horn sizes in the two sexes.

The skulls were divided in each species into six growth stages, using tooth eruption,
as follows:

Stage 1. First permanent molar not visible.

Stage 2. Tirst permanent molar erupting: no trace of second molar.

Stage 3. Second molar erupting: sccond and third premolars in process of replacement.
Stage 4. Second molar in wear; fourth premolar in process of replacement.

Stage 5. Third molar in evidence; ali milk teeth replaced.

Stage 6. Third molar fully erupted.

This sequence of eruption corresponds in the two species under consideration. The
duration of the different stages would appear to differ, however — judging from the

number of specimens available for each species from each growth stage. These numbers
were as follows:
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D, sumpiatien R. sonndaicus

Stage 6 20 27
Stage S 6 2
Stage + 3 9
Stage 3 7 3
Stage 2 8 3

rJ

Stage 1 -

This makes a wtal of 49 Sumatran and 46 Javan skalls. As percentages of the total
number, the numbers in cach stage fall out as follows:

D. sumatrensi.

R. sondaicus

Stage 6 40.8 58.7
Stage 3 12.3 4.3
Stage 4 16.3 19.6
Stage 3 4.3 6.5
Stage 2 16.3 6.5
Stage |1 0.0 4.3

If these figures were taken literally, it would mean that in D. swnatrensis the first
permanent molar begins t erupt shortdy after birth, i e. Stage 1 is very short.
However, a possible reason for the ditfering percentages of the two species becomes
apparent at a glance at Table 1. Here it can be seen that there is a smooth size increase

Table 1: Mean masurcments of skulls ac differeat

STAGE

e

Skull length
Basal length
Zygomatic breadeh
Nasal breadeh
Qccipital breadth
Qecipt
Interochital bro

kull length !
Basal length
Zygor breadch

Occipital he
Interorbital breadch ;

Mean messarements of E i roswrh s

ros

-

Oceip.

8
Interorbital bre

in D. sionatrensis, and thar Stage 2 skulls are not so very much smaller than adult
ones — on average, thev are 90.2%% of the size (Occipitonasal lengthy of Stage 6
skulls. On the other hand there is in sondaicus a sudden size increase between stages 3
and +, and Stage 2 is only 76.5 %o of the size (Qccipitonasal lengdh) of Stage 6, taking
all specimens into account. Thus, hunters shooting a voung Sumatran rhinoceros — of
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the stages represented in this series — might well have been excused for thinking that
they were shooting an adult; whereas below Stage 3 a Javan rhinoceros is most clearly
undersized. This being so, two things still need to be explained: (1) the small number
of Stage 5 R. sondaicis, and (2) the absence of any Stage | D. swnarrensis. (There
is however a foetus of the Sumatran species in the Cleveland Narural Science Museum,
which has an Occipitorasal length of 220 mm., i, ¢. 41 o1 the adult. In the cata-
logue this is entered as a neonate, but it seems very small for thi N

The only point of tooth eruption in which the two species appear to differ concerns
the Deciduous first molar. This tooth, with no permanent replacement, is very reduced
in size; in D, swmatrensis both upper and lower are shed in stages 3 or 4; whereas in
R. somdaicus the lower one is shed well before the upper, in Stage 4, while the upper
one is often still present in stuge 6, and is never shed before Stage 5.

A subspecific classification of each species may now be attempted. In the Sumatran
rhinoceros, specimens of Stage 5 have been used to arrive at the figures in Table 2,
the skulls of this stage being of upproximately the same size as those of Stage 6 (see

Table 1).

Tabie 2 Pvalues for adule specimens of Dic s swmatrensis

Sumatra Pegu Burma

7 465,62 17.2 £20.9

! ETER0 i1

i TEIING PR el 1 208 219.7+2.4
Zygomatic breadh | 261.0+13.2 297 204.0+1.4
Nasal breadtn S 1| §0.0% 8.5

2 ¢

Qccipitai breadih 9.4 12565 8.5 150.5%5.0
Occed heighe ; +4 vz 19 TE 4 129 1250+ 1.4
Interorbical hresdih | 6.5 3.2 8.4
Palate-O¢ 2.3 DO+ 2.2
Occipital crest angle nE 2o 303k 2.6
Foramen Magnum an 6= 2.7 D28F 7.7

the present author (Groves, 1965) described the Bornean
form of D. sumatrensis as a new subspecies and suggested the validity of three others,
respectively from Burma, Malaya and Sumarra. In the light of the present greatly in-
creased sample — which includes most or all specimens in museums of Western Europe
{(and East Berlin) and the United States — it would appear that the Malayan deme
is separable from the Sumatran on average only: in the Tables 2 and 3, the figures
for the two hardiv ever differ even by one Stundurd deviation, Graphs combining two
measurements added nothing to this picture (fig. 3).

A further postseript to the eardier paper by Groves needs to be made: that in
this carlier paper growth was supposed to have been completed by Stage 4. Table 1,
on the enlarged sample, shows that this is incorrect: Stage 4 specimens average 94.9 %
of the length of Stage 6. They have thercfore been removed from the adults’ sample.

In R. sondaicus, Occipital breadech is taken low down, at mastoid level; otherwise
the skull measurements do not need explanation beyond that given in Groves (1965).
Tooth measurements were made in the manner of Hoormer {1946), except that his
upper tooth lengths were not taken, because of their inherent inaccuracy. The present
author's measurements of the Leiden skulls talljed closcly with those given for the
same specimens by Hooner: accordingly, the latter author's figures for fossil teeth
can be accepted without qualitication.







