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Introduction 

Two rhinoceros species occur on continental Southeast Asia. the 
Javan or Lesser one-homed rhinoceros. RIziizoceros sondaicus, and the 
Sumatran or Asian two-horned rhinoceros, Dicerorhinus su~tzatrensis. 
In island Southeast Asia, it is known that both species are (or were. in 
historic times) present on Sumatra, but only the former on Java. 

Rhinoceroses also occur on Borneo, but their identity has been a 
matter of uncertainty and controversy. The frs t  record in scientific 
literature was. that of S. Miiller (1 840). He reported the evidence of a 
local informant ('Bejadjoe-Dajakker') who sketched a large. one-horned 
rhinoceros, the precise identification of which had to remain conjectural. 

The Royal Belgian Institute of Natural Sciences contains a 
mounted skeleton of R. sondaicus, reg. no. 1207. catalogued with the 
provenance "Borneo" collector "Henrici". Recent research has 
confirmed that H.A. Henrici served under the Dutch administration in 
southeastern Borneo from 1833 for several years, and that he collected 
specimens (including rhinoceros skeletons) which were purchased in 
1839 by the Belgian authorities, The documentation of specimen no. 
1207. however, is not yet f~illy clarified and the authenticity of its 
provenance not firmly established. A full report on the Henrici collection 
of mammals is in preparation. 

The presence of R. solldaicus was apparently supported by a skull 
purchased by the British Museum in 1859, as part of a small collection 
of mammal specimens purportedly from Borneo. This skull (reg. no. 
BM 59.8.16.1 ) was described as Rhinoceros nasalis by Gray (1 867) 
and subsequently catalogued under this name (Gray, 1869), but its 
distinctness from 'Rhinoceros javanicus' (i. e. sondaicus) was poorly 
established. Neither the species R. nasaiis. nor its location were generally 
accepted by contemporary zoologists (e. g. Murray, 186811 Almost 
immediately, however. further confirmation of the existence of R. 
sondaicus was apparently provided by two subfossil molars from 
Sarawak, sent to London by Rajah James Brooke and identified by 
Busk (1869) after a painstaking comparison of the dental morphology 
of the two species. 



Posterior surface. 

Figure 1 .  

Busk's illustration of the rhinoceros molar from Sarawak. Reproduced 
from the Proceedings of the Zoological Society of London, 1869. 



Yet duri% the 1860s and subsequently. other specimens of 
rhinoceros from Borneo that began to accumulate in the museums of 
Europe. a& indeed also in Kuchlllg and Buitenzorg, proved without 
exception t o  be the smaller, two-horned Dicerorlzinus s~r??latretzsis 
(see Rookmaaker, 1977. for a historical review). Based on local 
experience of more than 20 years. A. H. Everett ( 1893) conciuded that 
there was no reliable evidence to confirm the existmce of R. sondaicus 
among the fauna of Borneo, while D. swnutre~zsis was undoubtedly 
present. Charles Hose ( 1893 ), equally experienced, listed only D. 

In the early decades of the 20th century, some reviewers 
compronlised bj8 including Bor~leo in the range of both species (e. S., 
Raven. 1935). Others accepted the opinion fatoured by local authors 
(c. g.. Banks, 193 1 )  that only D, szanatrerzsis occurred. The latter view 
uas  strengthened by Hooijer's ( 1  946a) reassessment of the dentai 
characters relied on by Busk ( 1869), establishing not only that they were 
inconclusive in separating the species but also that the two subfossil 
molars in question possessed one discernible character positively 
indicating D. su?natre~lsis. Groves ( 19 67) confirmed that R. rzasalis Gray 
was indeed indistinguishable from R. S. sotzdaicus of Java. and assumed 
that its origin was on that island. Certainly. the provenance of this 
specimen had been accepted wirh reservation at the time. For instance. 
Busk (1869) wrote: 'As this teslimonp rests, so far as I am aware. solely 
upon the statement of a dealer, it mav not be regarded as of much 
weight'. Its attribution to Borneo is undoubtedly weakened by the 
uncertain provenance of the other specimens with K hich it is associated. 
Two of these. the babirusa and the warted pig. do not occur in Borneo. 
and one other. the tiger, is a doubtful member of the recent fauna 
(Medway. l 977a). Rookmaaker ( 1977) fairly reflected the consensus of 
contemporary opinion when he wrote "with absolute certainly that 
sotzdaiczts never existed [in Borneo] ". 

Yet this statement of itself creates a puzzle. Why, when lowered 
Pleistocene sea levels (Verstappen, 1975) evidently faciiitated fauna1 
exchange between the mainland and larse islands of the Sunda shelf. 
should one species of rhinoceros have succeeded in reaching Borneo and 
not the other? 

Palaeontological work has shown that the tapir, Tapirus indicus, 
was formerly present on Java (Hooijer. 1947). and also on Borneo where 
it survived to at least 6000 B. C. (Medway. 1961). Like the Javan 
rhinoceros. the tapir was the subject of unconfirmed reports by early 
European visitors to Borneo (see Medway . 1977a: 143). The evidence 
presented below now demonstrates that the Javan rhinoceros was also a 
member of the late Quaternary fauna of Borneo. May not it, too? have 
survived long enough to  have been seen in the upper Kahayan by Miiller's 



~ e y a j u  informant. been collected by H.A. Henrici. and even taken for 
the dealer who supplied tile British Museum with the type specinie~l OS 
R.  nasolis:' 

Archaeological material 

1. Busk's terth, from I 1)ivision. Sara\vak 

As already riientioned. the first fossil renuins of  rhinoceros 
found i11 Borneo were two unerupted upper second molars (rislit 
and left). sent to Sir Charles Lyell by Rajah James Brooke and 
]ater examined by George Busk. In a covering letter, rhe Rajah 
admitted that he had forgotten the exact l o ~ a l i t ] ~  111 w h ~ c h  the 
tectti \<rere found, but  he  was able to say posi t ivel~~ that they were 
picked up in the 'Sarawak country'. i. 2. the present I Dimion. 
Frorn t h e ~ r  brittle nature, colour. smell when wetted and tile 
material found in hollows in the teeth, Busk ( 1869) deduced that 
the specimens had lain for a long time in peaty soil containing 
much iron and vegetable mit ter .  and not in a cave. 

The specimens were deposited in the Hunterian hluseuni. Royal 
College of  Surgeons. London. reg. no. 2130 (Flower & Garson, 
1884: 420).  They were, unfortunately, destroyed when this 
niuseuni was bombed in 194 1 (E. Allen. ill litt. 1982). The ori9inal 
illustrations are reproduced as Figure 1 .  

2. Everett's collcctiolls 

The nest  collections. in chronological order, were those 
obtained by A. H. Everetl from caves in Sarawak. evidently in 
the gold mining district of Bau (approx. 1 10 O 1 O'E, 1 " 25' N) 
cluring 1878 - 79  iEvans et al., 1879). The material is now 
~lr-~,sewed in the British Museum (Natural History). Reference has 
already been made to reniains o f  dogs (hledway. 1977b) and p i ~ s  
(Cranbrook. 1979) from this collection. 

Everett himself did not report the presence of rhinoceros 
remains among his finds (Everett. Evans & Busk, 1880). His 
collections were. however shipped to London where they 
evidently received the attention of experts. A first selection 
from the material was deposited by P. L. Sclater in the British 
Museum, including both dental and post-cranial elements of 
rhinoceros. These were catalogiled by Lydekker (1 886: 129) 
who identified them provisionally as Rizir~oceros sondaicrts, as 
follows: 



M. I 968. Two first or second upper true molars of opposite 
sides and three lower cheek teeth, provisonally referred 
t o  this species. . . 

M. 1969 - 70. Several bones (cofi~prising part of a scapula. 
radius. the complete third metatarsal. a broken lateral 
metapodial and two fragments of a cenlical vertebra) 
associated with the preceeding specimens. 

These two upper molars were not available for examination 
by Hooijer (1946a)- but were later photographed for Medway 
(1965: plate XXI) \vho discussed the features displayed and 
concluded that the teeth were identifiable as D. srrnzurrensis rather 
than R. sondaicus. 

Some years. after the first presentation, further examples 
of  Everett's Sarawak ~ollections were received by the British 
Museum. The rhinoceros remains were registered as a single lot. 
as follows: 

hi. 4 1 54. Rliitzoceros soizdaicus. Three teeth and various 
bones from auriferous drift in fissures in limestone. Sarawak, 
Borneo. Presented by A. Everett, Esq.. June 1890. 

( 2 2 )  

T!lis material was acquired after the publication of  Lydekker's 
catalogue, and has consequently been largely overlooked. I can 
find no  previously published account of specimens, which are 
itemised in full below. .4n inventory is given as Appendix I. 

3. Niah cafes: Sarawak Museum collections 

The first systematic post-war cave excavations by staff of 
the Sarawak Museum under Tom Harrisson were made at Bau 
in 1950. The one published report. on work at Gua Bungoh, 
mentioned bones but offered n o  identifications; a promised 
"later report" on bone remains (Harrisson Br Twcedie. 195 1 : 
179) never appeared. 

The important excavations at Niah (1 13' 4 8 ' ~ .  3" 45'N) 
were more productive (T. Harrisson. 1957. 1958). The most 
striking find among rhinoceros remains was a partly crushed radius 
that had apparently served as a head-rest ("pillow") in a flexed 
human burial in the West mouth (T. Harrisson, 1957). In Barbara 
Harrisson's ( 1967) classification, this is burial no. 27, classed as 
"mesolithic". and dated in the range c18.000 - 2.000 B. C. It 
was. unfortunately, not selected for radiocarbon dating and 



palaeoserological study h). Brooks er al. (1979, .  In the series of 
34 burials of all kinds studied by  these au;hors. the oldest flexed 
burials were dated within the litnits 5675 - 9000 B. C.. and none 
was older than 1 1.030 B.  C. These dates ma>. indicate tile likeij. 
a g  of no. 37 )  . 

Other remains of rhinoceros from Ninh consisted of separate 
small bones of  the feet,  six from the lcvels 0-24 inches to 60-66 
inches in the West mouth and  one from 18-24 inches in  the 
Lobang Angus mouth.  arid onc tooth from Lobang Angus and 
fragments of teeth froni 11-74 inches down to 60-71 inches in 
the West mouth (hledway. 1965 ). Compiltzd C' ages of samples 
taken in the frequentation zone indicated a date of 30.673 2 
700 B.C. at 7 1  inches in the West niouth (see combined tabulation 
in Medw:~y, 1979: Table l ) .  Tlie qc/deptI i  relationship in Lobang 
Angus is not known. Tom Hrlrrisson ( 1966) published only the 
briefest of preliminan observations on this cave. although the 
animal remains were reported in some detail by Medwaj, i 1967 ) .  

Also discovered a t  Niah was the proximal part of  a right 
fourth ~netacarpal. heavily mineralised. at €/W 8.  6 - 12 inches, 
in the West' mouth.  Its mineralised condition sets this specimen 
apart from the other niarnnial bones found in its vicinity at Niah. 
I t  was presumr~bl>- a 'value object'. o f  extraneous origin. 
transported by man (see Medway. 1965). and its stratigraphic 

position cannot bc taken as an indication of  its real age. 

4. Lubang 'l'ingalan (=Tinggalan). B;~turong caves, Sabah. 

Excavations In this cave u.ere carried ou t  under the 
supervis~on of Barbrua H:~rrisson in 1966 and 1968. A rhinoceros 
tooth was recovered from trench T T 0  1 in the basal level at 
60-'8 inches. apparentllr among a concentration of  shells of  edible 
freshwater snails (T.  6: B. Harrisson. 197 1 : 10 1-1 03). 

Tlie tooth Bras identified as an upper left third deciduous 
pren1ol:u- (but  in two citations as a premolar) of D. sut~zatrertsis 
harrissor~i, and is illustrated (T. & B. Harrisson. 1971. pl. 21). 
The present ivhereabouts of the specimen is not known. 

The Harrlssons also reported the find of a fragmented 
"rhino molar" ( ~ i t h  no  other details) from a level of 42-48 
inches in a trial trench dug in 1968 in the Agop Atas mouth of  
hladai caves. Sabah (T & B. Harnsson. 1971 90). Once again 
the spcclmen cannot now be found. and unfortunately no  
measurement5 or  other information exist to  provlde an 
~dentification. 



Excavation was resunled at Madai caves in 1980 by Sabah 
Museum staff, with the zssistance of  Dr. Peter Bellwood of the 
Australian National University. In late 1980 and ayain in early 
1982. I examined the animal remains from this series of  d i g ,  by 
then in store at the Sabah hluseum premises in Kota Iiinabalu. 
A general report on this material is held on file at the Sabah 
Museum (Cranbrook. unpubl.). A full accounr o f  the excavation 
will be published elsewhere (P. Bellwood, full account to be 
published by the Sabah Museum 1987). 

Rhinoceros remains found among the mammalian bone 
from the cave known as Agop Sarapad are attributed (below) 
to Rhinoceros sotldaicris and D. sunlarrerlsis. 

Comparative ~tlaterial 

The following skeletons have been used t o  provide measurements 
of homologues of the archaeological material. They are referred to  in 
tables. etc., in the paragraphs that follo~v by their museum registration 
numbers. The localities given are those recorded on specimen labels o r  
in registration documents. 

a. In the British Museum (Natural Histor}.). South Kensington: 

1872. 12.31.1 f. Malay Peninsula 
1879.6.14.2 m. hialacca 
1894.9.24.1 m. Siboga, S.W. Sumatra 
1931.5.28.3 m. Mogok. Burma 
1948.1 2.30.1) (Rothschild coll.: no  sex o r  
1949.1.1 1 .1  location) 
76.71 1 (Mounted foot)  



RIzi~zocero.~ solldaicus 

1861.3.1 1 .1  (=723d) Java 
1871.12.79.7 (=7331-1 m Sumatra 
1921.5.15.1 f ( s ~ ~ b a d u l t )  Tenasserim. l O'N 

h The sole skeleton of  recent D. sumatrensis fro111 Borneo to which 
reference has been possible is in the collections of the Zoological 
Museum, University of Cambridge: 

H638 1 f Baram district. Borneo. 

h 
This specimen, which was collected by Dr. Charles Hose. is of  an 
immature animal In the upper jaw. the permanent incisors are 
about to erupt: in the lower. the deciduous incisors are still in 
use. In both jaws the f i s t  permanent molars have recently 
erupted. being still scarcely worn. In the postcranial skeleton. 
some of the epiphyses of the long bones of the limbs are fused, 
others are still discernible. if not detachable. But all foot bones. 
including the metapodials. have evidently conlpleted growth 
and no  epiphyseal sutures are detectable. As will be seen below, 
the most significant cor?~parisons are those based on metapodials. 

c. Two skulls of Dicerorilirzus sll??zatrelzsis in the Sarawak Museum, 
Kuching. blalaysia. also provided dental measurements. Both are 
immature. with second upper molars in the process of erupting. 

Javan rhinoceros, Rhinoceros sondaicus Desmarest 

A. Dental material 

1. Left upper fourth deciduous molar; crown only: Agop 
Sarapad. Madai caves. near Kunak, Sabah: trench L3, between 
15 and 20 cm below present cave soil surface. Excavated by Sabah 
Museum. 1980 (see Bellwood. in prep.). The original tooth is 
presemed in the Sabah Museum (reg. MAD?-. L3. 15-20); an 
excellent cast has been made for the British Museum (Nat. Hisl.) 
(reg. no. 3443073). See Plate l .  



The crown of this shows minimal wear and is in perfect, 
undamaged condition. a light golden brown in colour. paling to 
near white along the occlusal margins o f  the ridges and 
prominences. In life, it must have been just showing through the 
gum. Dimensions are given in Table 1 ,  compared with recent 
specimens and fossil teeth from caves in Sumatra measured by 
Hooijer (1946a). It  should be noted that the crown height is 
measured as the height of the labial surface of  the tooth from the 
crown base to the occlusal margin. Since the tooth is markedly 
tapered in profile. t h s  value exceeds the actual hcight of .the 
highest point of the tooth above the plane of the crown base 
(=32mm). In addition, because both margins of the labial face are 
strongly convex, the antero-posterior length at crown base (see 
Table 1 )  is exceeded by  the greatest antero-posterior length 
(=48.7mni). The corresponding measurements of H638 1 and the 
Sarawak Museum examples (Table 1) may be compared, although 
the difficulty in measuring ti-~is dimension of a tooth in situ in 
the skull makes it impossible t o  assess the precise point in the 
profile at which the length has been measured. 

From Table 1.  it is seen that the Madai tooth is intermediate 
in size between the homologues in recent R. sorzdaicus and the 
fossil specimens from Sumatran caves measured by Hooijer 
(1946a). I t  is no  longer, but  distinctly broader than its 
homologues in recent D. sumane~uis; and only slightly broader 
than fossils of  this species from Sumatra. The relative breadths 
of anterior and posterior lophs d o  not  serve to  separate these 
samples. Hooijer (1946a: 12) has already noted that this character 
is of little diagnostic value where this particular tooth is 
concerned. 



Comparative measilranents of fossil and recent upper fotlrtl~ tlecitluorls tnolars of K. sotrtlaicl~c a~ld  I ) .  .crrnrnrrensi.~, i r i  mm. 
Following Hooijer (1 946a) nll leriptl~s are nieast~red at thr  crow11 h:tse, i111d tlie 'tratlsverse ratio' = posterior : :~nterior dimer~sioris. 

Species Ref./reg. no. Crow11 Wear Antero-post. Al~terior Posterior Trat~sverse 
height length transverse t ra~~sverse r:itio 

R. sondaicrrs M:~clni 39.8 nil 41.5 49.5 46.1 0.93 
B.M. 1865.8.22.1 l~cav y 45.0 38.2 0.85 
Hooijer ( 19468) recent 34-39 41-46 38-42 .89-.95t2) 
liooijer (1 9469) fossil 43.44 50,s 1 50.47 100,92 (2' 

L) strrnotro~sis I1638 1 Iie;~vy (43.5)(' ' 44.5 37.5 .84 
Hooijer (1 9463) recent 29-36 38-44 34-4 1 29- .9d2)  
Hooijer ( 1946a) fossil 36-45 42-49 3 8 4 5  . ~ 4 - . 9 3 ( ~ )  
Snraw:ik Muse1111l ( l ) 2 2 ni:lrkecl 41.2 43.0 38.9 .90 
Sarawak Museum (2) 12 v. 11e;lvy 35.0 ( 37.8) ( 3 4 . ~ ) ( ~ )  .92 

----------------------------_-----------__-_-___________--_----------------.------------------------------------------------------------*-------------------------------- 

Fool~iote ( l )  kle:~sllretl r ~ t  tile occlusal surface, the c r o w ~ ~  I~:tse being ro~lce:rled I)y Ijonc. 

(2) Tllese ratios are derived from individual lncasr~relnerits tab~ilatecl by IIooiier (194611). 

(3) T ~ I C  e11111l1el 1111s bee11 lost from tile irl~ier part of t l ~ c  crow11 of this tootll. tlritl i t  11:~s 
been necessary to take account of this loss i l l  giving :I v:~lue to brendtll tne:lsrtrenlents. 



Final identification therefore depends on morphological 
features (see Plate l ) .  In  the following. the  tooth conforms with 
all distinctive characters of R. sondaicus, in contrast to D. 
sunnrrensis, as observed by Hooijer ( l 946a): 

(a) the anterior cingulum is well developed: 
(b)  there is no  protocone fold: 
(c) the postsinus is distinctly shallower than the 

medisinus; 
(d)  there is no  vertical depression in the anterior surface 

of the metaloph; 
(e) the crochet springs off from the upper margin o f  

the metaloph. 

All D4 of D. s1~??zatre~sis that I have been able to oxamine 
are well worn. It can still be seen that the example in the jaw of 
H6381 possesses a pronounced protocone fold, and lacks the 
anterior cingulun~. 'Those in the Sarawak Museum conform. The  
total match of the fossil tooth with R sorzdaiczrs in each of those 
five diagnostic characters therefore provides the grounds for a 
secure identification. As noted above (Introduction). the status 
of  the species in Borneo has been the subject of controversy. 
This archaeological specimen gives the first positive indication o f  
the former presence of this rhinoceros in Borneo. .4 sample of 
freshwater shell from trench L3, from the same approxin~ate 
depth as this tooth (and the metacarpal of D. sur~zarre~zsis, No. 
M A D  2. 13. 10-15. below), has been radiocarbon dated to 93502 
l l 0  B. P.. i .  e. 7368 B. C. (P. Bellwood, 1983). 

B. Postcranial skeleton 

2 .  Part of the proximal articulation of  right ulna. comprising 
of three fragments of bone. recovered separately by the excavators 
and evidently broken in antiquity. Provenance is as follows: 

(a) Agop Sarapad, trench H I ,  layer 3 between IO-ljcni 
from top of  layer: 



(b)  & ( C )  Agop Sarapad, trench H1. layer 2 at 15 cm from 
top of layer. Sabah Museum reg. MAD 2. H 1 ,  10-1 5. 
See Plate ?(a). 

Although not associated at the time of excavation. pieces 
(a)  and (b) fit exactly. The reassembled piecc is recognisable as 
a fragment of the proximal articulation of ulna. showing the 
following surface features: 

( 1 )  the entire processus anconeus, slightly flaked(after 
excavation) on one side: 

( 2 )  the entire lateral articular facet. i. e.. the semilunar 
notch: and 

(3 )  the major part of the interosseous surface, including 
a well-marked groove terminating at its proximal 
end in a srnall nutrient foramen. 

The remaining piece (c). cannot be fitted to ( a )  and (b):  
i t  shouts the original surface of the bone only on one side. This 
surf:~ce is very rough. drawn out  into a series of small papillate 
surface prominences, such as occur at  the insertion of a large 
tendon. In general outline it matches the lateral surface of the 
head of  the olecranon. The extent of  surface sculpturing suggests 
that the individual was aged. 

The reassembled piece, (a) and (b). offers the following 
measilrements: 

(1)  The height of processus anconeus. measured at the 
lateral surface, from the line approximately tangential 
t o  the lower margin of  the flangelike lateral extension 
of  the upper part of  the articular surface, to the 
upper margin of the process: 

(2)  The breadth of processus anconeus in the medio- 
lateral plane; 

(3) A chord across the semilunar notch (=external 
t rochleq  facet) from the rip of  the processus anconeus 
to  the distal margin of the facet; 

(4) The breadth of  the laterally flattened part of the 
shaft behind the processus anconeus. 



These measurements are given in Table 2. I t  is seen that,  
while there is overlap between the extant species in two of the 
measurable characters, there is no  overlap in the others. In all 
measurements. the archaeological specimen (as already noted) 
is larger than any example of  D. sur?zatrerzsis available t o  me 
but falls in o r  very near t o  the range of R. sondaicus. In 
unquarltifiable terms. the sculpturing of the interosseous groove 
- especially its depth and distinctive border - more closely 
resembles the examples of R .  sorldaicus. On the other hand, in 
neither species are the ulnae of  different individuals consistently 
alike in this character. The variation is such that firm specific 
distinctions cannot be recognised. 

TABLE 2 

hleasuranerlts of the ulna o f  rhinoceros in  mm(')  

Reg. no. 

ab, MAD 2 (HI) 46.5 42 71.3 22.5 

R. sondaicus 
1871.12.79.7 47 45 72.6 21.6 
1861.3.11.1 42.5 48.4 73.5 19.5 
1921.5.15.1 53 43 69.8 23.2 

( l  ) f o r  explanation of measurements, see text. 



Although (as will become apparent below) the preh~storic 
populations of  D. sztr~zatreizsis in Borneo werv e \~den t l>  larger 
than the living form. I feel justified on balance in attributing rhehc 
ulna fragments t o  Rhirloceros sondaic~~s 

These specimens were recovered l rom the base of  an anclcnl 
shell midden. in Agop Sarapad. The midden was about 15 cm 
thick, and consisted chiefly of the shclls of riverine molluscs. 
with a snlall percentage of marine spccics. Two radiocarbon dates 
for freshwater shells from this midden. obtained by the laboratory 
a t  the Australian National Universit),. denote apes of 9830 6: 9 0  10 
years. i.e.c.7500 B.C.(P.Bellwood. pers.comm. 1. It appears that 
trench L3 ( the find spot for the tooth,  No. 1 .  above) contained 
material \vashed out  Sronl this shell midden and cl earl}^ 
contemporaneous with it. The  totality of stratigraphic and 
dating evidence suggest to the excavator that human frequentation 
of Agop Sarapad lasted for  perhaps a few centuries around the 
Pleistocene-Holoccne boundary (P. Bellwood, pers. cornrn. ). 

3. Lcft ectocuneil'orm. West moutll, Niah cave. trench 1'13, 
oment 54-(30 inches depth. Sarawak Museum; ~~nregistered.  A fra2 

only, identified by D. A. Hooijer (see Medway, 1965, Table 1. 
item 13). At that time. it seemed premature to  recognise the 
presence of R sotldaicus o n  this evidence alone. The  specimen 
can no\$! be taken as further demonstration of the existence oi' 
the larger species in Borneo in the terminal Upper Pleistocene. 
The only measurement possible is the proximodistal height 
between the two chief articular surfaces; at its least. this is 73.5 
mm and at its greatest 77mm. 

A fragmentary lateral proximal phalanx, consisting onl! 
uf the distal articulating face and a short portion of the shaft. 
West mouth, Niah cave, trench E/C 7- (C). 48-60 inches. Sarawak 
Museu~n: unregistered. 

The nleasurements of  this specimen (breadth of  articular 
face 35 mm. greatest anteroposterior width 30  mm) are compatible 
with R. sondaicus. although previously I refrained from making 
a confident identification (Medway, 1965. Table 1. item 1 1 1. 



Sumatran rhinoceros, Dicerorlzillus sulnurrernis (Fischer) 

X. Dental material 

] . a &  b. Left upper second molar and right upper second 
molar. uneruptcd and partially formed. Fonnerly in the collection 
o f  the Hunterian Museum, Royal College of Surgeonb. reg. no. 
3 140: destroyed in l 94 1. See Figurc l .  

The history of these specimens has becn outlined above. 
Busk (1869) published no measurements and none can now be 
taken. The identification is based on Hooijer's (1946a: 9-1 1 )  
recognition of the protocone fold, diagnostic of D. su~~zatra~sis .  

1. Lcft upper third deciduous molar. Trench TTOII.  at 
basal Icvel. 60-78 inches, Lubang Tinggalan. Baturonp caves, 
Sabah. Present whereabouts unknown. 

The record is based on the identification of Dr. Don 
S:lvape (as D. snnratrensis harrissonil, reported by T .  & B.  
Harrisson (1971: 101-103, Plate 21 J .  

From the illusrration (which includes a scale) the antero- 
posterior le~~gt l i  of the midline appears t o  be 33mn1. which falls 
within the range of Sumanan cave specimens of  the third 
deciduous molar of D. suniarre?isis, 30-41 mm. and below the 
mnge of R so?zduicus, 40-41 mm, from this source (Hooijer. 
194%). The transverse breadth of  the tooth.  however, also appears 
to be c. 33 mm. so that it is more nearly square in cross section 
than most of  Hooijer's specimens (his 905 j being the exception. 
see loc. cit.. p. 35 ) .  Unfor tunare l~~,  the present location of  the 
specimen is not known (D. W. McCredie. pers. cornm.. 1982). 
so that it is not possible t o  check these dimensions in the hand. 
I t  must be questionable whether use of the trinomial is justified 
in the circumstances 

3.  Right lower third deciduous molar. Trench US11 7, from 
surface 30-36 inches, Lobang Angus mouth, Niah cave. 'Sarawak. 
Sarawak Museum: unregistered. 



An ~ ~ n e r u p t e d  tooth, reported by Medw3y ( 1967 : 2  14). 
Associated artifacts at this level included bone tools of types 
that, in the West Mouth, occurred alongside the hlesolithic flake 
culture dated t o  the period C. 30.600 - c. 17.600 B.C. 

4.a & b Left upper first (?) permanent molar and right 
upper second (?) pernlanent molar. 

Everett coliection, British Museum (Nat. Hist.), reg. 
no. M 1968. Plate 3(a). See also Medway (1965. Plate xxi). 

One molar is relatively more worn than the second. with 
respective crown heights (labial face) of  42.5 mm and 50  mm. 
If both are from the same animal. this difference in wear could 
probably be accounted for by different positions in the toothrow; 
on this basis, I have tentatively identified one as a first, the other 
as a second molar. In general appearance the teeth are similar, 
darkly coloured and slightly mineralised. The tooth roots are 
lost. Both show two characters diagnostic of  the'species: a distinct 
protocone fold (discernible on Plate 3. a). and the postsinus nearly 
as deep as the medisinus. 

Measitrements are given in Tables 3 and 4. The 
discrepancies in anteroposterior length between these and 
I-Iooijer's ( 1936a) values I attribute to differences in technique. 
As noted above. the biconvex sides of the labial face of this tooth 
make it difficult to  select a consistent point for measurement 
t o  represent the 'crown base'. 



Table 3 

Meas~lrerl~elits of trl)l)er rllolars of fossil arid recent rl~i~~oceroses, in mm; terminology follows Hooijer ( 1946a). 

Antero-posterior length Breadth 
Reg. no./ Antere Postero- 

Tootli Age hcation Reference Max. Crow11 I1a.w transverse tn~~sverse Species 

Fossil 
Recent 
Recent 
Recent 

Fossil 
Recent 
Recent 
Recent 

Fossil 
Recent 
Recent 
Recent 

Sarawak 
Uorr~eo 
S.E. Asia 
S.E. Asia 

Sarawak 
Borneo 
S.E. Asia 
S.E. Asi:t 

S:trz~wak 
Ilor~~eo 
S.E. Asia 
S.E. Asia 

hi .  1968 
Groves (1 967) 
Hooijer (1 946a) 
Hooijer ( 1 946a) 

hf.1968 
Groves (1 967) 
Hooijer (1  946a) 
Flooijer (1946a) 

M.45 14 
Groves (1967) 
Hooijer (1946a) 
Hooijer (1946a) 

L). sir rotrerisi.s 

R. sondaicus 

R. sondaicus 



Table 4 

Measurements of lower molars of fossil arid recent rhinoceroses, in mm. Terminology follow Hooijer (1946a). 

Tootll Age 
Itcg. no./ 

Location Referellcc 
NI' Transverse 
Ictigth Ant. I'ost. Species 

Fossil 

Fossil 
Recent 
Recent 

Fossil 

Recent 
Recent 

Fossil 

Recent 
Recent 
Recent 
Fossil 

Recent 
Recent 
Recent 

Recent 

Sara wak 

Sarawak 
Borneo 
S.E. Asia 

Sarawak 

Borneo 
S.E. Asia 

Sarawnk 

Dor11eo 

S.E. Asia 
7 

Sarawak 

Borneo 
S.E. Asia 
S.E. Asia 
Java 

hi. 1968 
h1.4154 
Groves (1 967) 
Hooijer ( 1946a) 

M. 1968 

Groves (1967) 
Hooijer (1946n) 

hi. 1968 

Groves (1967) 
I-looijer (1946a) 
RM 1948.12.20.1 
M.4154 

Groves (1967) 
Ilooijer (194611) 
Hooijer (1 9468) 

Groves (1967) 



In breadth both teetli slightly exceed the meat1 values oT recent 
specimens from t3orneo: with the prcsunied hli more than 2 X 

s,  d .  greater but the M" within 1 S d. Neither tooth. however. is 
outside the ranze of  Hooi.ierls ( l 9 4 6 a )  recent sample from various 
locations. and  b o t l ~  fall bclou the mean dimensions of recent 
Ilomologues from mainland continental south-east Asia tab~tlated 
by Grotes  ( 1967). 

5 .  Right i1ppe1. third molar Everett collection. British 
Xluseum (Nat.  Hist). reg. no  .\l 1 1 5 4  Plate -3 ( h ) .  

This tool11 is also darkly coloured antl apparentl!. slightly 
nlineraliscd. I t  is nlodoratel! worn. with a cro\vn height of 4 1 m m  
or1 the labial face. In antero-transrcrse breadth it is s~naller than 
tltc mean of 4 1.ccen1 Bornean cx;umplcs mcasi~rcd h!: Groves 
1 Ic)67). a l l l l o ~ ~ g h  within 1 s .  d . :  i t  is also brloii the ranze of the 
rccent samples of' both specics nlcasured by Hooijrr (1946a) .  
Tlicrr can be no grounds for doubt  about its identificatioti. 

6 - 8. Right lower third and  fourth premolars and ftrst perrrlanenl 
nlolar. E\eret t  col lect~on.  British hlusrum (Nat.  tllst.): reg. no. 
M 1968. PI:ttc l (:I ).  

Tlirse teeth are brown In colour. paler on the occlusal 
 liarg gins of the cnalnel rldgcs. The)  fit cxactl! to form a set. 
un~ioubtedl!, from one individual. hleasurcnlrnts are _ri\en in 
T::ble 4. 

In anteroposterior length. these teeth all fall \vithin 1 
s. d .  o f  thc mean samples of  rttcent D. sctruarr-eilsis from Borneo 
nleasured by Groves. In this di~nension,  moreover, they are 
significantly smaller ( i .  e.. ), 2 S. d . )  than the mean value for the 
Javan itypical) race of R. sotldaicus, which has the smallest teeth 
among thc three races recognised by Groves (1967). hly 
measurements separated the breadths across the ariterior and 
posterior lophs of thc tooth.  Hooijer and Groves did not make this 
distinction. but it can be accepted that both took the highcst 
measured value. I t  ~ ~ L I S  appears that in this dimension the fourth 
prcmolar (only)  falls above the range of Hooijer's sample and 
between 1 S. d. and 2 S. d .  above Groves's mean. The two other 
teeth are within indicated norrilal variation. Xonctheless. all 
values fall below the range of  variation in breadth in the large 
sample of  R. sor~daic~ts measured by Hooijer. 



Although there are no known features of dental anatomy 
that serve to distinguish the two species, their measurements 
leave no doubt that these teeth of the lower jaw are correctly 
attributed to D. sumatrensis. 

9. Left lower third premolar. Everett collection. British 
Museum (Nat. Hist.): reg. no. M 41 54. Plate 3 (b). Table 4. 

The measurements of this tooth indicate a further 
increase in variability in the transverse dimension. but do not 
permit any identification other than D. sunuztre~zsis. 

10. Right lower first or second molar. Everett collection, 
British Museum (Nat. Hist.). reg. no. M 4154. Plate 3 (b). Table 4. 

As Hooijer (1946a : 33 ) has pointed out, the first and 
second lower molars are so-similar to each other that the serial 
position of isolated examples cannot be determined with certainty 
from appearance. The second lower molar of D. srtnuztrensis 
overlaps in dimensions with the first of R. sondaicus (Table 4), 
and this particular tooth could be assigned to either species. 
It is, however, no larger than M1* of BM. 1948. 12.20.1. from 
the Rothschild collection (without locality). Accepting that all 
positively identified associated teeth and post-cranial remains in 
this collection are D. sunmtrensis, I feel justified in assigning this 
tooth to the same species. 

B. Postcranial skeleton 

In the followillg paragraphs, 1 treat the material from the 
Everctt collection in an order which is based partly 011 registration 
number. but more on the need to develop the argument for 
specific identification. As already noted (above), an itemised 
inventory of the collection is given as Appendix I. 

1 1 .  Proxin~al head and part shaft of left radius. Everett 
collection, British Museum (Nat. Hist.). reg. no. M 1969. Plate 
4 (b). Table 5. 

Tliis bone. like all bones of the Everett collection, is 
brown in colour. It is rather heavily abraded around the margins, 
so that much of the natural sculpturing of the articular surface has 
been lost. Since these bones were presumably obtained by Everett 
from the gold workings near Bau, the source of most of his 
material. they are likely to have been subjected to rough treatment 
including seiving and wasling. which would explain their present 
condition. As a consequer . accurate measurements cannot be 



taken. But, despite the wear through abrasion. the present 
dimensions of the head (7 1.5 X 50 mm) and of the shaft (35 mm 
in lateral diameter) fall in the range of recent D. sumatrensis and 
well below that of R. sondaicus(Tab1e 5). 

l ? .  Entire left radius. .Everett collection. reg. no. M 4 154. 
Table 5. 

Agam, although both proximal and distal heads are 
abraded and measurements consequently affected. the degree 
of loss is not enough to  b m g  the values for the breadth of 
proxlmal and distal head Into the range of R so~laicrrs  (Table 5). 

The length of thus radius exceeds the maximum measured 
among recent specimens. Among Bornean examples the radius 
of H 6381 measures only 288 mm but, since its epiphyses are 
not closed (see above). thls bone had clearly not reached final. 
adult size, and I have excluded it from the tabulation: the o n l ~ '  
adult length known is 305 mm. for a specimen in Munich 
(measurement kindly supplied by Dr. C. P. Groves. in litr.. 1982). 
The archaeological specimen is thus some 6% longer than the 
longest radius of D. srt~llarrensis measured. and some 10%. longer 
than the one available adult example of the Bornean subspecies. 
D. su~natrensis Ilanissoizi, the smallest race of Surnatran rlunoceros 
(Groves. 1965. 1965. Groves & Kurt. 1972). As will be seen from 
further examples gven below. this size difference is entirely in 
keeping with other skeletal elements in the Everett collection. 



Table 5 

Me~surements, in mm, of the radii of rtkent and fossil rhinoceroses. 

------------- --------------------------------------------------- 
Reg. no./ Breadth Breadth Shaft Shaft Shnft dian1.1 

Species Reference prox. head distal head length diarneter length ratio 

BM(NH) 
Recent 

Hooijer (1 946n) 107-1 1 1  90 - 93 3 18-349 44- 56 137-.170(') 
+ BM(NI1) recent 

Niah 83.7 
(Burial no. 27) 
Adjusted values 83.7 

*Footnote: (1) Ratios calcul:~ted for individu:ll specinlens. 
(2) Measurements affected by damage to the specimen. 



13. Right radius. The "pillow" in Mesolithic burial No. 27, 
West mouth. Niah Cave. Sarawak Museum (unregistered). Table 
5, Plate 5. 

In previous publicatjons (for instance. Medway, 1965). 
I have attributed this bone t o  D. surnatrerzsis despite the fact that 
its length greatly exceeds any measured radius of recent specimens 
of this species of rhinoceros. Although the identification was not 
questioned by Groves and Kurt (1972). now that the presence of 
the larger R. mrzdaicus in prehistoric Borneo is demonstrated by 
the tooth from Madai caves, (no. 1 .  above) it is necessary t6 make 
a critical reappraisal 

The bone was crushed and broken in situ. T u  protect 
and preserve it during and afrer recovery. the excavators coated 
it liberally with shellac. This hard covering has not been removed. 
The proximal head is undamaged. but the shaft has been broken 
a short way below (distad) to it. As a consequence, the proximal 
head is bent forward. i.e.. anteriorad, with respect to the true 
a q s  of the shaft. As an effect of this flexure, the posterior median 
prominence is swung into an axial position and the total (median) 
length of the bone (350 mm; see Table 5 )  is obligatorily measured 
from the tip of this prominence. It appears to me that the 
breakage and consequent flexure of this bone may have increased 
its apparent length by a small amount, perhaps 5 mm. Below the 
neck of the proximal (humeral) articulation, the shaft is crushed 
and fragmented, laterally expanded and dorsoventrally flattened. 
The measurement of mid-shaft breadth (51 mm: see Table j) 
is undoubtedly greater than the original diameter of the shaft. 
The distal head has been partly crushed: the maximum breadth 
seems not to have been badly affected. but the anteroposterior 
breadth may have been reduced. 

Measuremens are given in Table 5. As noted, the breadth 
of the proximal head is not affected by damage in this dimension: 
the Niah radius is very close to the larger of Everett's specimens. 
and well below the range of recent R. sondaicus. The proximal 
anteroposterior diameter (50 mm) is also below the range for R. 
sondaicus (53 - 64 mm: see Hooijer. 1946a. p. 68). The short 
unbroken, uncrushed length of shaft below the proxinlal head 
measures only 50 mm in diameter.Since this is not the narrowest 



point of the shaft of an intact radius. the mid-length measurement 
of S 1 mm (see Table S) is certainly unduly high as aconsequence of 
flattening and crusiling: the true value is likely to have been 
not above 48 mm. The breadth of the distal head is also affected 
by damage, and it is reasonable to deduct at least 2 mm in 
adjusting this val~te (see Table 5). The anteroposterior 
measurement, also affected by flattening. is 49 mm (cf. 57-61 
for R. sorzdaicus; see Hooijer. 1946a). 

AS shown in Table 5, the actual ratio of shaft diameter 
to length. at 146. is well outside the range for D. sunurtrensis. 
The adjusted measurements give a lower ratio. which may still 
be artificially elevated. The character that confirms identification 
as an elongated D. sunlatrerzsis is again the slenderness of the 
articular heads which fall well below the range of extant R. 
sondaicus. There can be no doubt that the animal that provided 
the Niah "pillow" radius was an exceptionally lonp-limbed 
Surnatran rhinoceros. 

As noted above (pp. 7-8). the age of the specimen is 
conjectural, but probably falls between the date of 7800-13.000 
B.C. 

14. Right central (3rdj metacarpal. Everett collection, reg. 
no. M 1969. Plate 4 (b), Table 6, Figure 2. 

15. Right central (3rd) metacarpal. Everett collection, reg. 
no. M 41 54. Plate 6 (a) 8: (b), Table 6,  Figure 2. 

Of these two central metacarpals. one is slightly damaged 
and cannot provide a measurement of its greatest length. In 
median length, both fall well outside the range of recent D. 
sumurrensis, and even above the small sample of R. sotzdaicus. 
Yet bo;h are comparatively slender. Measurements of the breadth 
of the distal articulating head and of the shaft breadth do not in 
fact exceed the range of recent D. surnatrerzsis and fall below the 
range of R. sondaicus. Their relative slenderness is emphasised 
by the ratio median length: shaft diameter. Values for this ratio 
among these fossil specimens fall entirely within the variation of 
recent D. srt?zzatrensis, and well outside the limits of R. sondaicrrs. 
The difference in general proportion is clearly seen in Plate 6(b). 



1.0- 

1 5 0 -  

L gtst 
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1 2  0- 

Figure 2. 

Length and relative breadth of right 3rd metacarpals of Rhinoceros 
sondazcus and Dzcerorhit~us sumatrettsis. 
Length and relative breadth of right 3rd metacarpals of Rhinoceros sondazcus 
( X ) and Dlcerorh~nus sumatrensis ( o ) recent. ~ n c l u d ~ n g  ( Q ) irorn Borneo; 
fossil ( ,0 ). 

'gtst = greatest length In mm. Bshaft = shaft breadth at mldlength. 

s = ( s m . ) ,  i.e.. 1eft:d = (dext.).  i.e.. right 



Table 6 

Measurements (in mm, to the nearest 0.5 mm) of third (central) metacarpals among Everett's specimens, compared with recent 
1)icerorhir~us srrrnatrensis ancl Rhinoceros sorldaicrrs (see Plate 6,b). 

Greatest Medin11 Breadth of Greatest Rntio 
length length distal head shaft breadth (2) : (4) 

a) Everett collection 
M.4154 (right) 
M.1969 (right) 

Average 171.0 156.2 45.0 45.6 3.4 
-----_---"_--____-_------------------------------------------------------------------------------------------------ 

N.B. Among recent specimens, only H6381 originated from Borneo (Sarawak). 



16. h g h t  external (4th) metacarpal. Everett collection. reg. 
no. M 4154. Plate 6 (a), Table 7, Figure 3. 

This foot bone is much longer than its homologues in 
the sample of recent D. sunratrensis, and also exceeds the two 
available examples of R. sorzdaicus. Yet i t  is comparatively slender, 
and in relative thickness nearer to D. surrlub-erais than R. 

sonduicus (Table 7 ,  Figure 3). 

17. Right external (4 th)  metatarsal. Evcrctt collection, reg. 
no. M 4154. Plate 7(a) 8i (b), Table 8. Figure 4. 

18. Left external (4th) metatarsal. Everett collection, reg. 
no. M 41 54. Plate 7 (a). Table 8,  Figure 4. 

These bones of the hind foot repeat the features of those 
of the forefoot, i. e. although lon2er than hon~ologues in recent 
skeletons of both rhinoceros species, they are identifiable as 
D. sunzatrensis b] their comparative slenderness (Table 8). In 
fact, since the mid-shaft diameter actually falls within the range 
of the shorter metatarsals of recent D. srtmarrerzsis. the ratio is 
high, i.e., the bones more markedly slender in proportion to their 
length. As plate 7(b) shows. the two species are also distinguished 
by nonmetrical features - notably the shape of the proximal head, 
the cunrature of the long axis of the bone and the development of 
a longitudinal flange on the median aspect. 

There is a 3.3% difference in length and 3.2% difference 
in diameter between the right and left fossil metatarsals. Those 
of the right and left feet of H6381 are identical in both 
dimensions (Table 8). suggesting that the fossil specimens 
originated from two different individuals. 



Table 7 

Measurements (in mm) of the fourth (external) metacarpal: Everett's specimen and recent rliinoceroses (see Plate 7, b). 

-----------F .-------------------------------------------- 
Greatest Median Breadth of Shaft Ratio 

length length distal head bread tll (2) : (4) 

a) Everett collection 
M.4154 (right) 

Average 136 132.5 32.7 30.5 4.3 



L g t s t  , 
B shaf  t  

Length and relative breadth of right 4th metacarpals of Khi?toceros 
sondaicus and Dicerorlzinux surnatretrris. Conventions as in Fig. 2. 
Lgtst = greatest length. 

Figure 4. 

Length and relative breadth of 4th metatarsals of Rhinoceros 
sondaicus and Dzcerorhinus sumatrensis. Conventions as in Figs. 2 & 
3. 





19-22. Left and right calcaneurn and astragalus. Everett 
collection. British Museum (Nat. Hist.). reg. no. M. 4154. Plate 
8 (a), Tables 9 & 10. 

The two fossil calcanea average 17% longer than the one 
available calcaneum of H 6381 of the small Bornean subspecies 
of D. su?narreruis, but do not attain the length of those in my 
sample of R. sondaicus. The 'breath across the lateral process 
is apparently not enlarged proportionally. The depth of the 
tuberous process. however is proportionally greater than in recent 
D. sunzarrcizsis, thus representing a condition more strongly 
divergent from R. sondaicus. This increased depth would 
presuniably enlarge in proportion the area of attachment of the 
Achilles' tendon (Tendo calcaneus) implying that this longer- 
h b e d .  extinct form of D. su~narre?sis was also provided with 
relatively potslerful muscles of the lower leg. 

The measured dimensions of the two fossil astragalus 
agali exceed values for recent D. sunzanertsis. In thls case. 
however, they d o  fall within the range of the small sample o f  
R. sondaicus. Yet, since the two match their respective calcaneurn 
in each case. there is no  possibility of any other identification. 

73. Left humerus, comprising distal head and part of shaft, 
2 1 cm long. Everett collection, British Museum (Fiat. Hist.). reg. 
no. M 4154. Table l l .  

Once again. the fossil specimen is larger by some 20% 
in the ~neasured dimensions when compared with H 6381: 
although it is only a fraction bigger than the largest humerus of 
D. ,sztmafuensis from the general sample (Table 11) .  In both 
dimensions, i t  is well below the range of  R. so~zdaicrts. 

The ratio of  the chord o f  the lateral condyle to  the 
breadth across the troclllea is more divergent from R. sortdaicus 
than is the case in tluee of the sanlple of  four recent D. 

s~rnzatre~zsis (including H 638 1). A longer arc of the distal 
articulation of  humerus in the antero-posterior plane would 
reflect a con~paratively greater length of  the distal segments of 
the forelimb, once again indicating a longer-legged but 
proportionally slender form. 



Table 10 

Measurements (in mm) of astragdus : Everett's specimens and recent 
rhinoceroses. 

Max. breadth Antero-posterior. 
between outer chord of lateral 

condyles condyle 

a) Everett collection 
M.4 154 (right) 
M.4154 (left) 

b) D. sumatrensis 

H6381 (right) 
H6381 (left) 
76.71 1 (right) 

1879.6.14.2 (left) 
1949.1.11.1 (right) 
1948.12.20.1 (right) 

c) R. soncloicus 
723f (left) 
21.5.1 5.1 (left) 

Table 11 

Measurements (in mm.) of the distal head of a fragmentay left humerus in 
Everett's collection, compared with recent rhinoceroses. 

Breadth across Lateral condyle 
condyles of trochlea (chord) Ratio 

a) Everett collection 
M.4154 84 81.5(1) .97 

b) D. sumatrensis 
H6381 69.7 
1948.12.20.1 82.5 
1879.6.14.2 71.5 
31 S.28.1 83.5 

c) R. sondaicus 
723f 101 
21 .S. 15.1 101.5 
Hooijer (1 946a) 97-106 

Footnote: (1)~ffected by abrasion 



Table 9 

hleasureme~~ts of calcaneurn, in mm: Evcrett's specirlle~ls arid recent rhir~oceroses. 

*-------------------------------------------*-----------------------------------------------------------------------------------*-**------------ 

Greatest Deptl~ of process Dep th/length Greatest breadth 
length (mid-length) ratio across lateral process 

a) Everett collection 
M4 154 (right) 
M4 154 (left) 

l )  D. srrnmtrcwsis 
H683 1 (left)( 1) 
76.71 1 (rfgbt 
1879.6.14.2 her,) 
1949.1.1 1 . 1  (right) 
1948.12.20. l (right) 

C) R. ~rrdaicus 
723f (left) 
2 1 .S. 1 5. 1 (left) 

Footnote: (1) The catalogue sl~ows tliat the rigl~l  calcaneurn of H683 l is miwi~~g. 
(2) Tlie lateral process has suffered damage. most severely on the left calcanelun, affecting measl~rements. 



The following items of appendicular skeleton from the 
Everett collection are all confidently assigned t o  Dicerorllirlus 
sumatrensis. All are somewhat abraded. I have compared each 
bone with its counterpart in reference skeletons of both 
rhinoceros species, and I am satisfied that in general appearance 
all match D. sunlatretzsis. Such measurements as can be taken 
invariably exceed values for hon~ologues in the skeleton of H 
6381 and fall within the upper range, o r  slightly above, values for 
other recent D. sltnzatrerzsis, without attaining the size of R. 
sondaictls. 

24. Proxi~nal head and part shaft of left ribia, reg. no. M 
41 54. 

2 5 .  Left patella, reg. no. M 4 154. 

26. Left ci~boid.  reg. no. M 4 154. 

77. Left scaphoid, reg. no. M 41 54: 

28. Right unciform. reg. no. M 4 154. 

79. Left magnum. reg. no. M 41 54. 

Finally, the following five specimens (30-34) of Everett's 
collection have not been positively identified but there are no 
groiinds for assuming that they are other than D, slcnlutrensis. 

30-32. Vertebrae. comprising one more o r  less complete cervical 
vertebra (M 4154) (Plate 8,b). one neural arch (M 4154)  (Plate 
8.b) one fragment showing the vertebarterial canal. i.e.. another 
cervical vertebra (M.  1970) (Plate 8.b). and one indeterminate 
fragment (M. 1970).  

33. A distal fragment of a lateral metapodial (M. 1970). 

34. A fragment of scapula (M. 1969). 

35. Left internal (2nd) metatarsal, damaged. West mouth. 
Niah cave, trench E/C? at 2 4 4 8  inches depth. Sarawak Museum: 
unregistered. 

The distal epipllysis is missing, and the specimen 
therefore attributed to a juvenile. Identification was due t o  D.A. 
Hooijer (see Medway, 1965, Table 1 ). Measurements: length 
67  mm. gea tes t  shaft diameter at mid-length 19mm. 

36. Central (3rd) subterminal phalanx of  pes. Lobang Angus 
mouth. Niah cave, Sarawak. Trench US/??, at  18-74 inches. 
associated with a 'Mesolitluc' culture, rich in artifacts of bone 
(Medway, 1967). Sarawak Museum: unregistered. Plate 9(a). 



Proximodistal length 27 mm, breadth 44.5 mm. These 
measurements fall within the range of recent D. s~cnzatrerzsis in 
the B.M. (N.H.). p/d length 36-29 mm: breadth 44-49 mm (4 
measured), and well below that of R. sondaicus. 

3 7. Damaged left central (3rd) metacarpal, consisting of 
the proximal head and a portion of the shaft, 9 cm in length. 
Agop Sarapad, Madai caves. Trench L3. 10-1 5 cm below modern 
cave soil surface. Excavated by the Sabah Museum in 1980. Sabah 
Museum reg. MAD 2. L3. 10-15, see Plate 9(b). 

The lateral margin of the shaft below the head has been 
gnawed by a small rodent (e.g. rat), and the posterior tuberosity 
of the head has also suffered damage. The only useful 
measurement that can be taken is a chord. somewhat diagonally, 
across the curve of the articulation. This dimension measures 
57.5 mm, slightly above the range of 52-57 mm for the sample 
of D. szcnzatreilsis in B.M. (N.H.), but well below the value for 
R. sondaiacs of 66 mm. Tlis specimen thus supports the evidence 
that both species of rhinoceros occurred contemporaneously in 
the vicinitj of Madai some 10-8,000 years ago. 

Dicerorhinus sumatrensis/Rhinoceros sondaicus indet. 

To complete the catalogue, 1 is1 briefly archaeological 
specimens that cannot be identified with certainty, either because 
in isolation they provide no diagnostic features, or because they 
are too fragmentary, o r  are now lost and cannot be checked. 

A. Dental material 

1. A "rhino tooth". reported by T. & B. Harrisson (l971 : 
90). from 40-48 inches in Agop Atas mouth. Madai caves. Sabah. 
No other details published. Present whereabouts unknown. 

The following were recorded from the N'est Mouth. 
Niah cavr by Medway (1965. Table 1). All specimens were 
attributed to  D. sunzatrensis. at that time thought to be the only 
rhinoceros to occur in Borneo at any period. All teeth were 
fragmentary and although they cannot at the moment be found 
for checking it is doubtful that a re-examination would 
satisfactorily provide a specific identification for any one of them. 
All were retained in the unregistered, stored collections of the 
Sarawak Museum. 

2. Fragment of cheek tooth, unerupted; trench E/G6, 
at 12-24 inches. 



3.  Fragmentary lower molar. worn : trench E/B3. 24-36 
inches. 

4. Fragmentary cheek tooth: DIE?. 14-48 inches. 

3. Fragmentary lower molar, unerupted : E/W 1. 30-33 
inches. 

6. Fragmentary lower molar, little worn: E/Gl .  36-1 2 
inches. 

7. Fra-mentary lower molar. unerupted: E/B5, 42-48 
inches. 

8. Fragmentary cheek tooth: E/G l . 48-60 inches. 

9. Fragmentary cheek tooth: E/B 1, 60-72 inches. 

These depths in  the West mouth correspond to c l 4  
dated ages up to 30.673 +_ 700 B.C. at 72 inches. There is evidence 
of human frequentation throughout this deposit. and rhinoceros 
remains are believed to represent the quarry of past human 
visitors. 



Table 12 

Dicerorhirtl~s sumatrertsis: Lengths of archaeological specimens of limb bones compared with recent examples, expressed as percentages. 

--------------------------------- -------------- - - - - - - - - - -  
Arch. spec. Avenge Average 

ler~gtl~ D.s, l~arrissor~i I1.s. sl~rnatrensis R. sondaicus 

Radius M 41 54 
Ninh "pillow" 

Metapodials 
4111 nletacnrirpnI(2) 

Calcaneum 116 1 18(4) 11 1 89 

Footnotes: (1) Conlpared with the specimen in Munich (aged ad), 298 mm. 
( 2 )  The greatest length. 
(3) The medhr~  length. 
(4) As compared with the Cambridge specimen (subadult), H 6381. 



B. Postcratlial remains 

The following also derive from stratified deposits in 
excavations in tlie West mouth at Niah cave (sec hledway. 1965, 
Table 1). All are in the unregistered collections of  the Sarawak 
Museuni. in the security store. 

10. Frag~nentary lateral proximal phalanx: E/C3. 0-14 
inches. The specimen is split longitudinall>~, and no useful 
measurement can be taken. 

I l .  Left central proximal phalanx, in two parts. E,/C.3 (A) .  
60-66 inches. and E/C(C). 48-60 inches (Med\t;iy, 1965. Table 1. 
items 1 7 and 14). 

The two pieces fit along their sntcrior margins. but 
rnaterial is srill missing from tlie posterior region of the bone. 
The f o l l o ~ i ~ i g  measurements are possible on tlie rcassernbled 
bonc: breadth of proximal head 43.5 mm.. proxiniodistal length 
37 mm. breadth of clistal head 40.5 mm. 

One interesting sl)ecimen. dread! mentioned (above) 
is unique in beincg heavil!. mineralized :- 

12. R i ~ l i t  lateral (4 th)  nletacarpal: E 'W9. 6-1 7. Sarawak 
hluseum: unregistered. Identified by Hooijer (see Medwa!,. 1965 ). 

Discussion 

1. The presence of the Javan rhinoceros, RI17irzoc~1.o~ SOIICICII 'CLLS in 
Borneo. 

The controversy over the existence of R. solzdaicrrs in Borneo has 
already been discussed. The question was thought by Rookmaaker 
(1977) to be indisputably resolved. The discovery at Madai caves of a 
tooth of the upper jaw, showing unambiguously every diagnostic 
character of this species. and dated by radiocarbon means to  the 
Pleistocene-Holocene boundary. now materially alters the situation. I t  
becomes reasonable to accept as an additional example of R.  sondaicus 
the fragment of  ulna. from a related stratum at Agop Sarapad. In this 
case. again, the unquantifiable, nonmetrical characters that contribute 
t o  the general appearance of the specimen support the identification. 
Other. even less distinctive post-cranial elements. anlong the material 
from Niah, can now also bc given the same identification, previously 
withheld for lack of supporting evidence. With the advantage of' 
radiometric dating of  the Madai cave deposit WC are thus able t o  confirm 
the presence of R. sotzdaicrts in Borneo at least in the pcriod 8-10.000 
years B. C., ivith a range that included both the northeastern and 
northwestem parts o f  the island. 



The critical tooth is slightly larger in most dimensions than its 
homologue in the extant subspecies of  Java. R. S. so)zdaicus, from which 
the purported Bornean specimen "R. nasalis" is evidently 
indistinguishable. 

I t  is in fact intermediate in size hetweer] those of the recent 
s;lmple and the fossil examples from Sumatran caves. o f  unknown 
but presumed early Holocene age (Hooijer. 1949).  As Hooijer ( 194ha, 
1949) has shown, there has been a marked tendency towards 
evolutionary diminution in size among Southeast Asiar: populations 
of many manimals during the post-Pleistocenc era. To find the same 
phenomenon in this species of  rhinoceros in Borneo is not unexpected. 

There remains the question of when it became extinct. Our 
archaeological material ev~dentlq brackets a comparatively short period 
of  past time and can provide no answer. A parallel can be drawn with 
the tapir, Tapinrs itldicus, shown by discoveries at Niah to have been 
present from the late Upper Pleistocene until at  least c.6000 B.C. For  
both the Javan rhinoceros and the tapir unconfirmed reports or  poorly 
authenticated specimens exist. t o  sugzest that the species survived in 
Borneo up t o  the early 19th c e n t u q .  Thereafter. the fate of both is 
totally unknown. Local hunters d o  not bother t o  d~stinguish between 
the two rhinoceroses. o r  even between rhino and tapir. Elsewhere 
(Medway. 1977a), 1 have suggested that possibly the last tapirs 
succumbed during the holocaust of rhino hunting that occurred in the 
late 1930s. Could this also be true of  the Javan rhinoceros? 

2. Evolution of  the Sumatran rhinoceros. Diccr-orllitrus src~narrensis. 
in Borneo. 

Although these archaeological discoveries havc proved the 
existence of  R. soildaicus in Borneo, re-examination of the teeth and 
bones collected by A.H. Everett in Sarawak- morc than a century ago - 
has not found any further item referable to  this species. The earlier 
identification of this material as Rhirroceros sorzdaiclis, by Lydekker 
and others. was perhaps based simply on  the assunlption, then still 
current. that thls species was the sole rhinoceros of  Borneo. 



Yet it is indisputable that in length the intact long bones 
(including the foot bones) fall outside the upper limits of recent D. 
suntatensis and. in several cases, well into or  even beyond the range of 
this dimension in R. sondaicus. The decisive characters, in rejecting the 
latter identification. are those already used by Hooijer (1946a). narnely 
the relative proportions of these bones and. in particular. the breadths 
of the articular heads and the shafts. The identification of the radius 
"pillow" from burial no. 27 a1 Niah cave is based on the same criteria. 
Coupled with non-metrical characters (i.e.. general appearancs), the 
measurements show that these rhlnos of  the prehistoric period were as 
long in the limb as (or longer than) R. sorldaicus but retained the 
comparative slenderness of D. stcmatre?zsis. In fact, some figures suggest 
that the extinct form was proportionally more slender than the extant. 
which may be considered its more squat as well as smaller descendant. 

The degree of  diminution that has occurred is difficult to assess 
because samples are so small. Available measurements show that the 
existing Sumatran rhinoceros of Borneo is the snlallest subspecies of D. 
surnarrensis (Groves. 1965. 1967: Groves Br Kurt. 1972). Unfortunately. 
there are very few whole skeletons in existence in the museums of the 
world. and the only example in Britain is immature. Comparisons with 
this one specimen must inevitably be viewed cautiously. For the present, 
it can only be noted that the foot bones among Everett's specimens are 
l l - 28% longer than their homologues in the skeleton of H 6381. and 
the radius is 13% longer than that of  the aged adult skeleton in Munich 
museum: the Niah "pillow" radius is 17% 'conger than the Munich 
specimen. As expected, the difference is less by comparison with median 
values for the wider sample of larger subspecies of D. sumatrensis from 
other parts of Southeast Asia (Table 12). This degree of diminution is 
very similar to the 17-24% size difference between a small sample of the 
humerus of recent D. sunzatre~lsis and a right humerus from a cave 
deposit in Sumatra. reported by Hooijer (1946a: 26-27). It appears that 
the evolutionary trend towards smaller body size or. at least. towards 
shorter limbs, has been prevalent on the island of Borneo as on Sumatra. 

A change in size among the teeth is also discernible. Yet. while the 
teeth are larger than the mean values of  recent homologues among D. 
sumatrelzsis harrissoni, few are outside the expected range of variation. 
The very small sample prevents a firm conclusion. but it appears possible 
that the diminution in tooth-size has been relatively less pronounced 
than that in the length of the limbs. 



H.J .V. Sod y ttiouglit that the larger, longer-limbed D. s~lnzatretlsis 
desribed from Sumatra11 caves by Hooijer ousht  to be distinguished as 
a 'phyletic' subspecies. He accordingly gave i t  the name ctgszei (Sody. 
1946). By the same criteria. the extinct Bomean population could also 
be considered taxonomically distinct from the recent population. The 
existing Borneo population has already been separated from all others of  
Southeast Asia. under the subspecific name /zarrissor2i (Groves. 1965). 
The extinct Rornetrn popillation must be considered ancestral to 
Ilurrisso~u Morphologically, the t ~ o  shon a relationship similar t o  that 
of  eugeti to  typical srlnntre~lsis Both extinct populations consisted of  
individuals which were larger than their rccent descendants. 

Lowered sea levels of the last Pleistocene ice age would very 
probably have joined the existing large islands of  the Sunda shelf. with 
thc Malay Penins~rla, into one continuous landmass This would 

a ton presumably have been i~ihnbited by a single interbreeding popul t '  
of Dicerorllinw sro~lutrc?:sis A Pleistocene/Holocene transitional date is 
applicable t o  the Niali radius (and. by inference. to Everett's specinicns). 
By thus period, rising sea Icvels may have interposed a barrier bctwcen 
the western and eastern parts of the Sunda sllclf. The Sumatran and 
b r n e a n  populations would therefore have been isolated. and niay have 
begun to  diverse n~orphologically. 

The Bornean post-cranial remains are much rnorc numerous than 
those from Sumatran caves. where dental material was obtained in 
pea ter  richness. Coniparisons are therefore difficult. It appears that 
di~ring the post-Pleistocene period, selectivt, pressure, operating 
apparent11 over no  Inore than 10.000 years o r  so. has led to a redirction 
In linear dimensions of up to c. 20% in both populations. It can onl}, be 
conjectured at what stag? the differences between them were sufficient 
t o  warrant taxonomic separation. Thc clironological age of the Niah 
radius is known only witlun very wide limits: for the cavc specimens from 
Suniatra and Everett's from Sarawak no date can be given. While the 
fossil material from Borneo is palpably separable fro111 D. S .  harrissotli. 
its relationship with D. S. eugc.tlei is more obscure. At present. it secrns 
inadvisable t o  apply any subspecific nanie. 

3. Palaeoecological conclusions. 

Neither Hooijer's Suniatran cave material nor that of the Everett 
collection were recovered from an organised :~rchaeological excavation. 
It is unlkely that a date for either can now be established. If radiorrlctric 
or other appropriate techniques are applicable, the result would produce 
an interesting case of' a timed evolutionary change. a so-called 
"chronocline". 



The appearance of  ihe Everett specimens does not suggest that 
they are very different in age from the range of dates proven at Madai 
or at Niah. As noted, the bones are dark brown in colour. presumably 
as a result of staining in a cave earth, but they are not mineralised to  a 
significant degree. Like the Sumatran fossils, they can reasonably be 
attributed to  a date of terminal Upper Pleistocene to Holocene range, 
which would include the radiometric dates established for the Madai and 
Niah specimens. 

This Ineans that we call conclude. with reasonable certainty. 
that 8-10 thousand years ago there existed in Borneo a population of 
Rhinoceros sondaiclrs scarcely, if at all. larger than the present day form 
on Java, together with a population of  Dicerorhinzts sumarrensis 
averaging 10-30% taller but proportionally somewhat more slender than 
D. S. harrissoiti of today. A third perissodacty l was also present: the 
tapir. Tupirzrs iltdicus. Two of these three during the subsequent 
millenia. became locally extinct while the third. through evolutionary 
processes. has undergone reduction in body size. To what cause d o  we 
attribute these changes? 

Elsewhere (hledway, 1979) 1 have shown that the series of cl4 
dates taken from the cave deposit at Niah indicates accumulation rates 
in the range 2.2-3.1 inches ( 5 . 6  - 7.9 cm) per 1000 years. This is very 
slow by con~parison with the accumulatioll rates of middle-type deposits 
attributed to human activity in the stone age in Iraq or  Europe 
(Neanderthal man). I concluded that  early stone age man was possibly 
rarer in Borneo than in these other environments. I also pointed out  that 
the number of burials in the Neolithic cemetery. i. e.. 127 over a 1200- 
year period, again suggested a very low population density. Early 19th 
cefitury contacts with Borneo C ~ L I I I ~  small. scattered groups of  people. 
concentrated in lone-houses o r  villages alonsside the principal waterways, 
and even smaller numbers of nomadic hunter-gatherers.At no  past time 
is there evidence of a higher population density. 

The existence of these specimens in the food middens at Madai 
and Niah of itself demonstrates that early man of that period was 
capable of catching and killing rhinoceroses and tapirs. But I find no  
grounds to  suggest than man was so successful a hunter, or  concentrated 
to such an extent on these large ungulates, that (prior t o  the use of 
shotguns) man can have had any significant effect as a predator upon 
these populations. We must therefore seek natural ecological factors 
that would. on the one hand. have selected progressively smaller D. 
sunzatrerzsis, w h l e  also either exterminating R. soizdaicus and T. iizdicus 
or  at  least reducing their populations t o  levels so low that they 
succ~imbed to  hunting pressure very soon after the use of the shotgun 
became commonplace. Assuming that the ecological requirements of  



these three large ungulates are broadly similar, it appears that the post- 
Pleistocene environment has altered in a manner that has materially 
reduced the resources to which they are specifically adapted. One 
rhinoceros survived by the well-attested evolutionary response of 
reducing body size and so lessening the demands on resources made by 
each separate individual: the other may have followed suit but. starting 
from a larger initial size. was perhaps unable to adapt with the rapidity 
needed. 

The history of the Southeast Asian tropical rainforest over this 
period is becoming known (Flenley, 1981). It seems clear that the 
post-glacial climatic amelioration. which per~nitted the rapid spread of 
tall rainforest. rich in giant, evergreen trees. must have produced a 
deteriorating environment for large perissodactyls. 

In their present ranges,these rhnoceroses and the tapir feed chiefly 
by browsing (Groves, 1983). The plant species eaten are very variable: 
limited field data suggests that they favour vegetation characteristic 
of the forest edge, disturbed areas or second growth (Strickland, 1967: 
Hoogerwerf, 1970). Mature tropical rainforest supports a poor ground 
and shrub layer vegetation. Under the closed canopy. only a specialised 
flora survives. Growth is slow, sometimes with no more than a few leaves 
put on each year. The area of main primary productivity, the canopies 
of the tall trees. is out of reach. In short. it appears that mature, close- 
canopy rainforest is poor environment for rhinoceroses. 

I conclude that these large ungulates were successfully adapted 
to the generally drier. somewhat cooler, and more seasonal, tropical 
environment such as prevailed in Sundaland during the last ice age. 
The onset of the warmer. less seasonal and perennially humid post- 
Pleistocene environment must have been marked by a resurgence of the 
rainforest. The present environment favours the growth of tree 
vegetation. Only river courses strike through the tall forest: with natural 
gaps caused by treefall. flood. landslides, etc., the riparian environment 
provides lush areas of highly productive. fast growing vegetaiion of low 
stature accessible to the large perissodacty l ungulates. Thus, as the post- 
glacial environment developed to  presentday conditions, the habitat 
suitable for large browsing ungulates must have diminshed progressively. 
Geographical isolation prevented immigration from the Asian continent. 
To such factors as these we must attribute the observed evolutionaqp 
change in Dicerorlz inus srt~mne?wis and probably also the local 
extinction of Rhinoceros so~ldaiczts in Borneo. 



The original stimulus for this paper arose from the renewed 
archaeological investigation of' Madai caves by the Sabah Museum. I 
am grateful to the late Curator. Mr.  David McCredie, for the opportunity 
to study the animal remains from this site. and for support and facilities 
provided during visitsto Sabah. I am also grateful to  Mr. Lucas Chin. 
Director of the Sarawak Museum, for making it possible to visit Kuching 
and to re-examine stored material excavated at Niah, Sarawak. Work- 
space and other assistance at the British Museum (Natural History) 
were kindly provided by Dr. Juliet Clutton-Brockand Dr. J. J. Hooker. 
During a visit t o  my home. Dr. D.A. Hooijer examined the critical 
deciduous molar and agreed that it conformed with Rlliizoceros 
sondaicus in all distinctive features. Dr. Peter Bellwood kindly checked 
the sections of thls paper dealing with details of the Sabah excavations 
carried out  under his supervision. Miss E. Allen provided information 
on Bask's teeth. formerly in the Hunterian Museum: Dr. X. Misonne 
kindly assisted in the study of the R. soildaicus in Brussels, and Dr. 
C.P. Groves provided unpublished measurements of the -skeleton of a 
Bornean Dicerorlzi?lus szt:nutrerrsis in the Munich museum. 

The former presence in Borneo of the Javan rhmoceros, 
Rhitzoceros soitduicus, is demonstrated by the identification of a left 
upper fourth deciduous molar. in unworn state. excavated from a layer 
radiometrically dated to the Pleistocene-Holocene boundary. Additional 
material attributed to this species is also identifjed from a midden at 
Madai, and stratified levels in the West mouth of Niah cave. Sarawak, 
all broadly contemporaneous. 

Other rnaterial from Madai and Niah confirms that the Sumatran 
rhinoceros. Dicerorllinrts sunlutrensis, was also present throughout a 
longer period, from late Upper Pleistocene to  recent dares. Metrical 
comparison, based chefly on the collecrions made bp A.H. Everett in 
Sarawak, indicates that this species has diminished in size by about 20% 
in the length of limb and foot bones during the Holocene. This size 
change is in accordance with trends observed generally among post- 
Pleistocene mammal species of the region. It is evident that there have 
been significant changes in the local environment. although the exact 
nature of these may remain uncertain. 

Grateful thanks for assistance in the preparation of this paper 
go to  Dr. Peter Bellwood, the late Mr. David William McCredie, Mr. 
Lucas Chin, The British Museum. (Natural History). Dr. Juliet Clutton- 
Brock, Dr. D.A. Hooijer, Miss E. Allen. Dr. X. Misonne and Dr. C.P. 
Groves. 
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Appendix 1 

I n \ r n t o r ~  o f  rhmoierob spcc~meils In the E l rrct t  collection D,p,lrrment 
of P,ilaeontolop> B n t ~ s h  Museum (Natur.11 I I ~ s t o n  

M 1968 Let t upper 1st molar 
R ~ p h t  upper 1st o r  2nd mol.ir 
R ~ c h t  lower 3rd prcmol.11 
R l ~ h r  lower 4th yrcmol,ir 
&c111 Io\vcr I st perrnancnt molar 

h1 1909 Prox~rnal p ~ r t  of left r,iJ!u\ 
R~cll t  ~ t - n t r d  (-qrd) 1l1ct;l~arpaI 
F I , i ~ r n ~ n t  of sc~p~11.1  

Xi4 154 L. tt loiter i rd prernola- 
Ri_~lit  IOU er  I s ( 0 1  I n d  I pcrmdrlent n ~ o l  ir 
R l ~ h t  Ll,,prr 3 1 ~ 1  rnol.ir 
I cl  t 1 .\tllll5 

Dlst,il p , i ~ t  of left hunler i i~ 
Proulmal  it of left t ~ b ~  1 

L.11 p a t ~ l l ~  
Let L ~ u n o i a  
L. f t sLaphoid 
R ~ g h t  uncltorm 

f t iil,igrlum 
R1~11t c ilcaneum 
Let t ~ ~ i l c a n e u m  
R~_tht  istragalus 
L. i t  i s - ragd~ls  
R~gi l t  I,lteral (4121) -nct l tanal  
Lert l a t - r a~  ( 4 t h )  met.it.irsa1 
R ~ z h t  centr.ll ( 3 rd )  n le ta~arpdl  
Kig~lt Iatern! (4tll)  ~~le:.ic.irp~il 
Broken ccrv~cnl vertehr,~ 
h c ~ i r ~ l  ,irch and p ~ r t  centrum of ( " )  thorac~c  kbnebra 
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Left upper fourth deciduous molar of Rhinoceros 
solzdaicus. Agop Sarapad. Madai caves, Sabah: 
(a)  labial aspect; 
(b) occlusal aspect. 

The two f r a ~ m e n t s  of  right ulna (a.b.) of  Rhirzoceros 
sondaicus from Agop Sarapad. Madai caves, Sabah. 

T i ~ c  proximal articular region of the right ulna of 
recent Rtlinoceros sonduicrrs, 10 show the orientation 
of  the Madai Fragment. 

Left upper first rnolar (leJi) and righr upper second 
molar (rigllt); M 1968. Evcrett Collection. British 
Museum (N3t. Hist. 1. 

Left lower third premolar ( lef t) ,  right lower first 
molar (ccrltre) and rieht upper t l i rd molar (right); 
M4154. Everett Collection, British hluseum (Nat. 
IIisr. ). 

Right iowcr third and fourth deciduous molars and 
first pernlancnt molar. M 1968. Everert Collection. 
British hluseum (Nat. Hist.). 

Right central metacarpal (ctboi~e) and proximal part 
of left radius (belolt,). M 1969. Everett Collection, 
British Museum (Nat. Hist. ). 

h g h t  radius of Dicerorlziiztls szinzatrensis, the 
"pillow" in burial no. 77. West mouth. Niah cave. 
Sarawak. 

Right central (3rd 1 metacarpal (left). right external 
( 4 t h )  mctacarpal (ceizrre) and right internal (2nd) 
mctacarpal friglrt). All M 4154. Everett Collection. 
British Musewn (N:lt. Hist.). 

Right central (3rd)  metacarpals of recent D. 
srrmatrc?zsis, BM 3 1.5.28.1 ( le f t ) .  from the Everett 
Collection. M 4154 (cerltre). and R. sondaicus. BM 
- 2 3 f (rig11 t )  



Plate 7.  (a) Left and right external (4th)  metatarsals. M 4134: 
Everett Collection. British Museu~n (Nat. Hist.) 

(b) The right 4th metatarsal from t h t  Everett Collection, 
M 4154. (cellrre) between its hon~ologues from 
Rhilzoccros so~zdaicrts (le.fr) and Dicerorhi?trts 
Sri  nzarrettsis (riglzt). 

Plate 8. (a) Left a i d  right astragalus and calcaneum. M 41 34. 
Everett Collection, British Museum (Nat. H s t .  ) 

(b )  Three damaged vertebrae: see text for identification. 
Everett Collection. British Museum (Nat. f is t . ) .  

Plate 9. (a) Central (3rd)  sr~bterminal phalanx of  pes. Loban,. 
Angus mouth. Niah caves. Sarawak Museum. un- 
registered. 

(b) Left third metacarpal of Dicerorlluilw s~tr?latrerrszs 
from Agop Sarapad. Madai cavcs. Sabuh. 



Plate 1 .  

Left upper fourth deciduous molar of Rhinoceros 
sotldaicus, Agop Sarapad, Xladai caves, Sabah: 

(a) labial aspect: 
(b) occlusal aspcct., 



Plate 2. 

(a) The two fragments of nght ulna la.b.) of Rhinoceros 
sondatcus from -4gop Sarapad. hlada cakes, Sabah. 

(1)) Thc proximal articular region of the right ulna of 
recent Iihznoceros sondaicus, to  show the orientation 
of the Aladai fragment. 



Plate 3. 

(a) Left upper first molar ( lef t )  and right upper second 
molar nght ) ;  hl 1968. Everett Collection, British 
Aiuseum (h'at. His;.). 

(b)  Left lower third premolar (left), right lower first 
molar (centre) and right upper third molar (nght); 
h1 4154. Everett Collection, British hluseum (Nat. 
Hist .). 



(a) Right lower third and fourth deciduous molars and 
first permanent molar. M 1968, Everett Collection, 
British Museum (Nat. Hist.). 

(b) Right central metacarpal (above) and proximal part 
of left radius (below). M 1969, Everett Collection, 
British Museum (Nat. Hist.). 





Plate 6. 

(a) Right central (3rd) metacarpal (left), right external 
(4th) metacarpal (centre) and right internal (2nd) 
metacarpal (right). All M 4154, Everett Collection, 
British Museum (Nat. Hist.1. 

(b) Right central (3rd) metacarpals of recent D. 
sumatrensis, BM 3 1.5 28.1 (left), from the Everet, 
Collection, M 4154 (centre), and R. sondaicus, Bhl 
723f (right). 



Plate 7.  



Plate 8. 

(a) Left and right astragalus and calcaneum, M 4154, 
Everett Collection, British hluseurn (Nat. Hist.). 

(b) Three damaged vertebrae; see text for identification. 
Everett Collection, British Museum (Nat. Hist.). 



Plate 9. 

(a) C e ~ t r a l  (3rd) subterminal phalanx of pes. Lobang 
Angus mouth, Kiah caves. Sarawak hiuseum, un- 
regstered. 

(b) Left third metacarpal of Dicerorhinus sumatremis 
from Agop Sarapad. hladai caves, Sabah. 




