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The first late middle Pleistocene Stegodon
(Proboscidea, Stegodontidae)
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ABSTRACT

A maxillary left milk molar (dp3) of a Stegodon was discovered in a cave in north-
ern Peninsular Malaysia. This finding represents the southernmost record of Stegodon-
tidae in continental Asia. The half-exposed tooth was embedded in breccia attached to
the cave wall. A micro-computed tomography (UCT) scanning was employed to virtu-
ally isolate the specimen from the matrix and to reconstruct a 3D model of the fossil for
accurate measurements. No sign of wear or mechanical abrasion was observed in the
specimen. Age determination on the matrix based on post-infrared infrared lumines-
cence (pIR-IRSL) dating and U-series revealed a late middle Pleistocene age of
between 233 + 31 to 199 + 28 ka. Detailed comparisons with specimens of Stegodon
orientalis and Stegodon trigonocephalus revealed a number of differences in size and
morphologies (development of posterior cingulum, presence of enamel tubercles at
posterior cingulum, tapering of each plate lingual-buccally, thickness of the plates, and
depth of the valley between plates) which are different to either of these species. The
discovery of Stegodon in Peninsular Malaysia provides a better understanding of the
distribution of this genus in the Sundaic subregion during the middle Pleistocene.
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INTRODUCTION

The genus Stegodon is a key taxon in the
studies of the Pleistocene mammalian faunas in
mainland Southeast Asia and south China that
were characterized by the occurrence of the early
to late Pleistocene faunal assemblage “Ailurop-
oda-Stegodon faunal complex” (Kahlke, 1961;
Rink et al., 2008; Suraprasit et al., 2016).

Fossil records suggested that this genus was
widely distributed in parts of central and east Africa
and south and Southeast Asia. Thus far, fossils
recorded from mainland and insular Asia were
reported from China, Taiwan, Japan, India, Paki-
stan, Nepal, Myanmar, Thailand, Laos, Vietnam,
Indonesia and Philippines, with ages ranging from
the late Miocene to the late Pleistocene or Holo-
cene (O’ Reagan et al., 2005; Ao et al., 2016). Mio-
cene and Pliocene representatives of the genus in
Asia such as S. zhaotongensis, S. licenti, S. clifti,
S. bombifrons, S. zdanskyi, S. officinalis, S. auro-
rae, S. miensis, and S. insignis were found in east
and south Asia, with the exception of S. sompoen-
sis, which was recorded only in Sulawesi island
(Indonesia); later forms, including S. chiai, S. hua-
nanensis, S. wushanensis, S. preorientalis, S. sin-
ensis, and S. elephantoides were found from
earlier Pleistocene deposits in China, Taiwan,
Myanmar, and Laos, with no known records dated
later than that. Large- and medium-sized Ste-
godon, such as S. orientalis and S. trigonocepha-
lus, as well as dwarf species (S. hypsilophus, S.
sumbaensis, S. timorensis, S. sondaari, S. floren-
sis, and S. cf. luzonensis) thrived in various places
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in continental and insular Southeast Asia (includ-
ing, Sundaic subregion in the west and Wallacea in
the east) and Luzon island in the Philippines during
the middle Pleistocene times. Even though S. ori-
entalis and S. trigonocephalus were known to have
existed in earlier Pleistocene, these two species
persisted through middle Pleistocene until at least
to the late Pleistocene (Table 1). The genus was
generally recorded as globally extinct during termi-
nal Pleistocene (van den Bergh et al., 2008; Turvey
et al., 2013), with a few controversial Holocene
records from mainland China (Tong and Liu, 2004).

Locations of middle to late Pleistocene sites in
mainland Southeast Asia and Java are shown in
Figure 1. Within the Malay Peninsula, the geo-
graphically closest known occurrence of Stegodon
is from Satun province in peninsular Thailand
(Duangkrayom et al., 2017). However, as of the
time of this study, those specimens have not yet
been dated. This is an in-depth analysis of a Ste-
godon fossil found from a cave in northern Penin-
sular Malaysia. The finding was briefly reported by
Muhammad et al. (2020) and represents the south-
ernmost distribution of the genus in mainland
Southeast Asia.

The present work aims to provide a detailed
description of the new Stegodon fossil from Penin-
sular Malaysia based on yCT scans. We also
report the results of the geochronological dating
based on pIR-IRSL dating of feldspar grains from
the surrounding breccia matrix and U-series of a
flowstone that overlies the Stegodon fossil, in this
new Pleistocene fossil site in Malaysia.
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TABLE 1. The First Appearance Datum (FAD) and Last Appearance Datum (LAD) records of Stegodon species from
China, Taiwan, Japan, India, Pakistan, Nepal, and Southeast Asia.

Species FAD LAD Place Source
Stegodon orientalis early Pleistocene Holocene(?) China Lin, 1963; Konishi and Otsuka, 1984; An et al.,
(1.5 Ma) Japan 1990; Ma and Tang, 1992; Long et al., 1996;
Vietnam  Saegusa, 1996; Yoshikawa, 1999; Tong and
Laos Patou-Mathis, 2003; Tong and Liu, 2004;
Thailand  Saegusa et al., 2005; Bacon et al., 2011;
Duangkrayom, 2018; Chen, 2021
S. zdanskyi Pliocene Unknown China Hu, 1962; Chen, 2021
S. chiai early Pleistocene Unknown China Chen, 2021
S. zhaotongensis late Miocene early Pliocene China Chen, 2021
S. officinalis Pliocene(?) Unknown China Chen, 2021
S. licenti late Miocene Pliocene China Chen, 2021
S. huananensis early Pleistocene Unknown China Sun et al., 2014; Chen, 2021
(2.6 Ma to 1.8 Ma)
S. wushanensis (?) early Pleistocene Unknown China Chen, 2021
S. preorientalis early Pleistocene Unknown China Louys et al., 2007
S. aurorae late Pliocene early Pleistocene Japan Shikama et al., 1975; Takashi et al., 2001
(2.5 Ma) (1.0 Ma) Taiwan
S. miensis late Pliocene Unknown Japan Aiba et al., 2006
S. sinensis early Pleistocene Unknown China Arambourg and Fromaget, 1938; Otsuka, 1984;
Taiwan Chen, 2021
Laos
S. elephantoides early Pleistocene Unknown China Clift,1828; Louys et al., 2007
Myanmar
S. clifti late Miocene early Pliocene India Falconer and Cautley, 1847; Falconer, 1857
Pakistan
S. khet-puralensis Unknown Unknown India Nanda, 1980
S. kartiliensis Unknown Unknown India Nanda, 1980
S. pinjorensis Unknown Unknown India Osborn, 1929
S. insignis (Synonym: late Pliocene (2.48 Ma) Unknown Nepal Osborn, 1942; Sharma and Singh, 1966; West
S. ganesa) India and Munthe, 1981; Corvinus, 1988; Nanda, 1988;
Myanmar Kundal et al., 2017
S. bombifrons late Miocene Unknown Nepal Falconer and Cautley, 1847; Corvinus, 1988;
India Zong, 1995; Aslam et al., 2015
Pakistan
S. hypsilophus middle Pleistocene Unknown Java Hooijer, 1954; van den Bergh, 1999
S. trigonocephalus early Pleistocene late Pleistocene  Java van den Bergh, 1999, 2001, 2008
(1.2 Ma) (300 ka)
S. sompoensis late Pliocene early Pleistocene Sulawesi de Vos et al., 2007
(2.5 Ma)
S. florensis middle Pleistocene late Pleistocene  Flores van den Bergh, 1999, 2022
(460 ka)
S. sumbaensis middle Pleistocene late Pleistocene ~ Sumba van der Geer et al., 2016
S. timorensis middle Pleistocene (710 late Pleistocene  Timor Louys et al., 2016; Jensen et al., 2017
ka) (130 ka)
S. sondaari early Pleistocene middle Timor van den Bergh, 2008, 2022
(1.4 Ma) Pleistocene
(700 ka)
S. cf. luzonensis middle Pleistocene Unknown Luzon Ingicco et al., 2018; Lambard et al., 2024
(727 £ 30 ka)
S. mindanensis Unknown Unknown Mindanao Naumann, 1890
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FIGURE 1. Map of Southeast Asia showing the locations of middle and late Pleistocene Stegodon sites. The middle
Pleistocene sites include, Khok Sung, in Thailand (Suraprasit et al., 2016), Mogok Caves in Myanmar (Takai et al.,
2006), Tham Om, Tham Khuyen, and Tham Hai in Vietnam (Ciochon, 2009). The late Pleistocene sites include Ban
Fa Suai, in Thailand (Zeitoun et al., 2005, 2010), Nam Lot and Tham Hang South, in Laos (Bacon et al., 2008, 2011,
2012, 2015), Hang Hum, Keo Leng (Olsen and Ciochon, 1990), and Lang Trang (de Vos and Long, 1993; Long et al.,
1996) in Vietnam. The insular Stegodon sites in Kedung Brubus, Trinil H.K (Hauptknochenschicht) (van den Bergh,
2001) and Ngandong (Tougard, 2001) are dated middle Pleistocene. Insert shows shaded relief map of Peninsular
Malaysia with location of Stegodon Cave on the west of the Main Range batholith that forms the main highland. All
key cave fossil sites like Tambun (Hooijer, 1963), Badak C Cave, Naga Mas Cave and Batu Caves (lbrahim et al.,
2013) are located on the west side of the highlands, with a new site of Gunung Layang complex on the east (Muham-
mad et al., 2019). Source: Shuttle Radar Topography Mission (SRTM) Digital Elevation Model (DEM) data with a res-
olution of 1-arc second (~30 m), courtesy of the U.S. Geological Survey, generated using ArcGIS.

odon Cave
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GEOLOGICAL SETTING

The study area is located in Gopeng (Kinta
Valley), a district in the state of Perak, about 180
km north of Kuala Lumpur in the west part of Pen-
insular Malaysia (04°28'16.1503",
101°08'57.4313") at 50 m above mean sea level
(Figure 1). The small hill and cave network where
the Stegodon fossil was found were previously
unmarked on regional topographical maps con-
sulted (Muhammad et al., 2020). The cave was
subsequently named Stegodon Cave, and this
name will be used in this article.

The karst system in the valley consist of the +
1550 m thick Kinta Limestone that was earlier
assigned a Lower Devonian to Middle Permian age
(Suntharalinggam, 1968) and later a Middle Ordo-
vician to Middle Permian age (Henri and Amnan,
1994). It forms typical tropical karst towers that pro-
trude above the vast valley (Muhammad, 2018)
while most of it in the form of dissected subsurface
platforms. The valley is sandwiched in between
two I-type granitic highlands (Ghani et al., 2013),
the Main Range in the east and Kledang Range on
the west. Heavy drainage from the highlands
brought down the alluvium, the products of weath-
ered granite into the floodplain. Walker (1965)
named the main stratigraphic units of the Cenozoic
cover in Kinta Valley as Boulder Beds, Old Allu-
vium and Young Alluvium. The sediments were
reassessed and Old Alluvium renamed as Sim-
pang Formation and Young Alluvium as Beruas
Formation by Suntharalinggam (1983).

The tin-rich alluvium that blankets the valley is
associated with the Simpang Formation while the
younger Beruas Formation fills up V-shaped val-
leys. Even though the earlier Simpang Formation
was assigned to the Pleistocene, the underlying
Cenozoic sediments that cannot be differentiated
from the Quaternary sediments (Suntharalinggam,
1983) imply that this formation could extend into
the Neogene. This has also been indicated earlier
by Batchelor (1979a, 1979b).

Stegodon Cave

This cave forms a single northeast-southwest
orientated 94 m passage that cuts through the
small unnamed karst hill, with its floor located
about 6 m above the general ground. The average
height of the ceiling is about 2 m throughout the
cave, and width of not more than 10 m. Two dis-
tinctive vertical shafts connect the passage to the
lower passage, which lies on the general ground
(Figure 2).
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Remnants of highly lithified breccia up to 80
cm thick line both walls, and certain parts over the
speleothems. The breccia is oligomictic, and pri-
marily comprises fine sands with some muds,
along with streaky crystalline carbonate intercala-
tions and a few subangular rock pebbles. The tooth
of the Stegodon was located about 16 m from the
northeast mouth, on the northwestern wall, approx-
imately 70 cm above the floor (Figure 3). Scattered
fossil-bearing unconsolidated sediments embed
the walls and ceiling of the lower passage.

MATERIALS AND METHODS

Abbreviations

PRK Perak, Malaysia
SC Stegodon Cave
KL Keo Leng, Vietham

LKCNHM Lee Kong Chian Natural History
Museum, National University of Singa-
pore, Singapore.

LF Lamellar frequency

Description and measurements of the
Stegodon tooth

Results from visual observation of the external
morphological characters were documented. A
complete cave passageway was mapped and
drawn using simple traversing with laser range-
finder and a compass.

All measurements were taken using hand-
held vernier callipers (model: H+W: 150 x 0.05mm)
for the width of the plates, length and height of the
molars. Morphological terms for cheek teeth and
methods of measuring and tabulating biometrical
parameters are largely based on those used by
Maglio (1973: 8-13), Roth and Shoshani (1988:
572-574) and van den Bergh (1999: 28-30).
Dimensions used in the measurement include:
Length (L) — Maximum length of a cheek tooth,
measured along the longitudinal axis of the tooth
parallel to crown base.

Width (W) — Maximum width of a cheek tooth,
measured across the widest plate (including the
covering cementum layer, if any) with the jaws of
the calliper parallel to the anterior and posterior
plates.

Height (H) — Maximum height of the highest plate,
measured from crown base (not including root
mass) to the top of the plate.

Height/Width Index (H/W Index) — Also known as
Hypsodonty Index (HI) or Relative Crown Height
(RCH), in which the maximum height (H) of a tooth
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FIGURE 2. Cave map and cross-sections of Stegodon Cave along with locations of the Stegodon fossil
(PRK_SC_P.01) and dating samples.



}'-51'“\‘ £ i : AT -. il

PALAEO-ELECTRONICA.ORG

Zel ‘ 5

FIGURE 3. Field photos: A: northeastern entrance of the cave located about 6 m from the ground, B: showing the fos-
sil (arrow), samples for U-Th dating (ovals) and luminescence dating (square), C: location of the fossil (arrow) about
70 cm from the cave floor, and 20 m from the northeastern entrance of the cave.

is expressed as a percentage of its maximum width
(W) and calculated by multiplying the height-width
ratio by 100.

Plate number or Plate formula — The total num-
ber of plates or lamellae present or preserved as
viewed from the side of a tooth which includes the
small half-plate at the front end of a tooth and also
plates partially covered within cementum.
Lamellar Frequency (LF) — (Total number of
plates x 100)/ Maximum length.

This paper follows the common practice
among modern palaeontologists to label the six
cheek teeth of Stegodon and Elephas specimens
as dp2-dp3-dp4-M1-M2-M3, instead of using
Roman numerals | to VI, to indicate the order of the
tooth growth from the back to the front of each jaw
quadrant.

The Stegodon specimen (Catalogue No.:
PRK_SC_P.01) is temporarily housed in the Geol-
ogy Department of Universiti Malaya. Direct com-
parisons were made with one specimen of S.
orientalis from Keo Leng, Vietnam (Institute of
Archaeology, Hanoi) and one specimen of S. trigo-
nocephalus (CD 11649) from Java, Indonesia (Nat-
uralis Biodiversity Center, Leiden). The S. orientalis

specimen from Vietnam does not seem to have
any catalogue number, so it is here referred to as
‘KL DP3'. Both of these comparative fossil speci-
mens have been identified as maxillary milk teeth
(dp3). For lamellar frequency comparison we also
used a selected group of fossil and modern dp3s:
Stegodon trigonocephalus, CD 11647a and CD
11647b (from Hooijer, 1955), and modern Asian
elephant Elephas maximus, ZRC 4.1669 from the
Lee Kong Chian Natural History Museum, Singa-
pore.

Terminology for anatomical parts

The terminology and measurement of Ste-
godon tooth (see Figure 4) were modified from van
den Bergh (1999).

The plate formula used:

XNXx

x before the number N = the anterior cingulum.
N = total number of plates.

x after the number N = the posterior cingulum.

MicroCT scanning
Given that PRK_SC_P.01 is a deciduous tooth
and potentially fragile, special care has been taken
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FIGURE 4. Terminology and biometric parameters used to describe Stegodon maxillary dp3 (occlusal view). ms =
mesial, ds = distal, x1 = posterior cingulum, x2 = anterior cingulum, L = maximum length, W = maximum width, 1 =
contact facet with preceding tooth, 2 = anterior plate, 3 = double median expansions of the enamel loop, 4 = enamel
layer, 5 = enamel islands, 6 = conelet, 7 = complete enamel band with enamel wrinkles, 8 = inner enamel layer , 9 =
outer enamel layer, 10 = dentine, 11 = transverse valley between plates, red dash line = median sulcus. Modified from

van den Berg (1999).

during its preparation. The specimen is partially
embedded in hard carbonate cave breccia, which
bubbles under an acid test and reveals only about
half of the specimen. Based on previous fossil
extraction experience, where a heavy-duty battery-
operated drill was used, it was determined that the
breccia is too indurated for routine airbrushing
techniques. The standard practice of soaking the
sediment in acid to loosen it was also avoided due
to concerns about damaging the delicate tooth.
The use of micro-CT (uCT) technology significantly
advances palaeontology by reducing the time and
effort required for cleaning, especially with fragile
specimens like this one.

The scanning was conducted at the scanning
facility of the Universiti Malaya, using a Zeiss Xra-
dia Versa 520 machine with a nanofocus transmis-
sion tube and moveable detector. The voxel size of
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the reconstructed volume is 63 um in three dimen-
sions. 3D rendering, meshes and movies were
made using 3DSlicer software (Kikinis et al., 2014).
Variations in the material density are visible
through changes of greyscale from dark (low den-
sity, low attenuation) to light (high density, high
attenuation). Segmentation of the volume was
achieved with a combination of threshold and man-
ual paint methods. Using the virtually isolated
specimen, a set of measurements could be confi-
dently obtained from the images.

pIR-IRSL dating of feldspars. A block sample of
the surrounding breccia matrix was sampled in-situ
using subdued red lights in dark cave conditions
and wrapped in black plastic (Figure 3). Within sub-
dued red-light conditions, the light-exposed outer
layer was removed using a chisel and hammer and
was retained as the dosimetry sample. These lay-



ers were broken up using a pestle and mortar and
oven dried, then the entire fraction was milled and
used for environmental dose estimation. The unex-
posed inner core was also gently broken up using
a small hammer and was processed using the
standard sample purification procedures for feld-
spar separation (Aitken, 1998) including a 10%
wash in hydrofluoric acid for 10 minutes to remove
the external alpha-dosed rinds (Rizal et al., 2020).
All luminescence analysis was conducted at the
‘Traps’ luminescence dating facility at Macquarie
University in Sydney, Australia.

To obtain an estimate of the environmental
dose rate for each of the samples, we first mea-
sured beta dose rates using a Geiger-Muller multi-
counter beta counting of dried and powdered sedi-
ment samples (Botter-Jensen and Mejdahl, 1988)
in the laboratory. Allowance was made for the
effect of sample moisture content, different grain
sizes (Brennan, 2003) and HF etching on attenua-
tion of the beta dose, and the total beta dose-rate
contribution was calculated by comparing the beta
count rate to a standard beta source (SHAP with a
dose rate of 5.99 Gy/kyr) and magnesium oxide as
a non-beta emitting background material. Sec-
ondly, thick source alpha counting using a Day-
break 583 intelligent alpha counter was used to
obtain estimates of Uranium and Thorium (Wang
and Xia, 1991) to estimate the gamma dose rate,
and thirdly the difference between beta and alpha
counting was used to estimate potassium values.
These estimates were then converted to gamma
dose rates using the conversion factors of Guerin
et al. (2011). Allowance was made for the effect of
sample moisture content (Aitken, 1988) on the
external beta and gamma dose rates using a long-
term water content of between 2 + 0.2 %, which is
similar to the measured (field) water content of
between 2.2% and allows for an initial period of
saturation when first deposited in the karst environ-
ment.

The total dose rate was then calculated using
an effective internal beta dose rate of 0.84 Gy kyr-1
(Huntley and Baril, 1997; Huntley and Hancock,
2001) for the 180-212 um feldspar samples (due to
the radioactive decay of 40K and 87Rb), which
were made assuming K (12.5 = 0.5%) and 87Rb
(400 £ 100 pg g—1) concentrations and included in
the total dose rate. Cosmic-ray dose rates were
estimated from published relationships (Prescott
and Hutton, 1994), making allowance for the thick-
ness of limestone above the cave (~10 m with an
assumed density of 1.2 g/cm3), sediment overbur-
den at the sample locality (1.0 m with an assumed
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density of 2.0 g/cm3), the altitude (~20 m above
sea level) and geographic latitude and longitude
(4°S and 101°E) of the sampling site.

We used the 90-180 um size fraction and
stainless steel single aliquot discs for all the proce-
dural tests using the following preheat and IR stim-
ulation combinations: 1) 250 and 225°C (pIR-

IRSL50,225)28,29; 2) 280 and 250°C (pIR-
IRSL50,250)30; 3) 300 and 270°C (pIR-
IRSL50,270)30; 4) 320 and 290°C (pIR-

IRSL50,290)31,32; and as the expected De is
>450 Gy, we also tested 5) 320 and 200/290°C
(pIR-IRSL200.290)33. All tests followed these pro-
cedures 1) Preheat plateau and dose recovery
tests - different preheat/IR laser stimulation combi-
nation was applied to each disc then a surrogate
dose of 20 Gy was recovered, 2) Bleaching tests -
a dose of 20 Gy was applied and bleached in a
solar simulator for 4 hrs 3) Fading tests - testing
anomalous fading in single-aliquots of feldspars.

The tests revealed that the flattest plateau
was provided by the pIR-IRSL50,270, pIR-
IRSL50,290 and plIR-IRSL200,290 signals, while
the pIR-IRSL50,250 signal provided the best
recovery of the surrogate dose (with a dose recov-
ery ratio of 0.995) and lowest residual values after
bleaching (<10 Gy) (although calculated, these
residual doses were not subtracted from the De).
Thus, the pIR-IRSL50,250 was chosen as the most
suitable procedure for this sample with a fading
correction of 1.7 % applied.

Single aliquots of potassium feldspar were
processed first to gauge suitability for a subse-
quent single grain approach. Thus, single aliquot
discs loaded with 90-125 um feldspar grains were
loaded onto a carousel and processed in a Riso
TL-DA-20 containing an automated Detection and
Stimulation Head (DASH) set up with a Dual laser
single grain attachment with a Blue/UV sensitive
Electron Tube PMT (PDM9107Q-AP-TTL-03) with
maximum detection efficiency between 200 and
400 nm. The filters in the automated detection
changer were set on the blue filter pack (Schott
BG-39 and Corning 7-59 filters to transmit wave-
lengths of 320-480 nm (Hutt et al., 1988). The
grains were stimulated using IR (830 nm) diodes
for 250 s with the first 15 s as the signal and last
the 100 s as background.

In addition, 180-212 um feldspar grains were
also processed but using aluminium single grain
discs. They were loaded in the same reader with
the same filter combination, but this time stimu-
lated using a 830 nm 140 mW TTL modulated IR
laser for 2.5 s, first at 50 °C and secondly at 270 °C
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after a 300°C preheat according to the procedures
of the pIR-IRSL protocol selected. The signal was
integrated over the first 0.21-0.46 s with the last
1.88-2.5 s used as a background, with a standard
exponential fit and monte carlo simulation for error
determination.

U-series dating. We collected in situ flowstone
stratigraphically above and below the Stegodon
(Figure 3), which offers an opportunity to apply U-
Th dating to bracket the Stegodon’s age. Back in
the lab, we carefully identified and selected the
best calcite crystals, then cleaned them using ultra-
sonication with pure water. Procedures for U and
Th chemical separation and purification are similar
to those described in Edwards et al. (1987) and
Shen et al. (2002). In short, calcite grains were dis-
solved in 7N nitric acid, mixed with an appropriate
amount of 229Th—233U-236U triple spike and dis-
solved iron. Then, ammonium hydroxide was
added dropwise to increase the solution’s pH until
the appearance of iron oxyhydroxide precipitation.
After removing the major Ca2* ions with three
times of centrifuging, the AG1-X8 resin (Bio-Rad)
is used to separate and purify U/Th. All the chemi-
cal steps were performed on laminar-flow benches
in a calss-1000 cleanroom. Uranium and thorium
isotopic compositions were measured on a multi-
collector inductively coupled plasma mass spec-
trometer (MC-ICP-MS), Thermo Scientific NEP-
TUNE, housed at the Department of Geosciences,
National Taiwan University (Shen et al., 2012).
Decay constants of 9.1705 x 10-6 yr-1 for 230Th,
2.8221 x 1076 yr~1 for 234U (Cheng et al., 2013)
and 1.55125 x 1076 yr-1 for 238U (Jaffey et al.,
1971) were adopted. Age (relative to 1950 CE) was
corrected using an initial 230Th/232Th atomic ratio
of 4 + 2 x 1076. The uncertainties from all the
sources were propagated through the U-Th age
calculation and presented at the 20 level or two
standard deviations of the mean (20,,) unless oth-
erwise noted. The detailed off-line data deduction
and 230Th date calculation were described in Shen
et al. (2002). We tried two subsamples individually
from above and below the Stegodon, in total four.

SYSTEMATIC PALAEONTOLOGY

Order PROBOSCIDEA llliger, 1811
Suborder ELEPHANTIFORMES Tassy, 1988
Superfamily ELEPHANTOIDEA Osborn, 1921

Family STEGODONTIDAE Osborn, 1918
Genus STEGODON Falconer and Cautley, 1847

10

Stegodon sp.
Figures 5, 6

PRK_SC_P.01. A cheek tooth embedded in a con-
glomerate matrix.

Morphological descriptions

Peninsular Malaysia Stegodon (PRK_SC_P.01).
The plate formula was determined to be x6x. Both
the anterior and posterior cingula are preserved
which indicate that this is a complete dp3 (see Fig-
ure 5). The tooth is brachydont and all the plates
are unworn. From the exposed lateral view, the
crown is longitudinally convex, the plates diverge
apically, and constriction on the mesial end indi-
cates that this is an upper tooth. The lateral con-
vergence of plates suggested that the exposed
side is lingual. All these characters show that this
specimen is a left maxillary tooth.

In occlusal view, the posterior outline is
broader compared to the anterior outline of the
specimen. Each plate consists of cusps that are
called ‘conelets’ and separated by longitudinal
grooves. The median sulcus is well-developed in at
least the anterior plates of the molar and does not
reach the crown base. This median sulcus is prom-
inent along the first to the third plates of the mesial
end which divided the postrite and pretrite halves
of the specimen. The mesial constriction is well-
developed between the second and third plates of
the mesial end. The lingual part is concave and the
buccal end slightly convex in shape (see Figure 5).

In lingual view, the plates are bulbous towards
the direction of the root, taper and thin towards the
apex and take the shape of “roof”. The valleys that
separate the plates are Y-shaped, and the spacing
of the plates increases anteriorly. Three plates at
one end of the tooth are arranged more vertically
which indicates that this is the posterior end of the
tooth; the rest of the plates lean and converging
apically which indicate that this is the anterior end
of the tooth. The crown is higher towards the mid-
line compared to the posterior and anterior ends.
Both cingula are closely attached to the respective
first plate at the anterior and the posterior ends of
the tooth. There are no observable roots from this
specimen (see Figure 6E), a fact which indicates
that the roots were either not well developed or not
preserved. The posterior cingulum consists of an
estimated seven conelets. The first plate from the
posterior end contains an estimated eight conelets.
The penultimate and third plate (both from the pos-
terior end) consist of an estimated eight and seven
conelets, respectively. The fourth and fifth plate
(both from the posterior end) both consist of five
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max length

Occlusal
51.70 mm

anterior

posterior

Max. height 26.52
mm at the base of

anterior € posterior | the second plate
from posterior end

FIGURE 5. Fossil dp3 of Stegodon sp. from Gopeng, Perak (PRK_SC_P.01). A: Occlusal surface morphology based
on PCT scanning. Key: ac, anterior cingulum; pc, posterior cingulum; meso, mesoconelet; pr1 and pr2, pretrite cusp of
first and second plates from anterior end; po1 and po2, postrite cusp of first and second plates from mesial end; c,
conelets; mc, mesial constriction; green dash line, median sulcus, B: measurement of lingual-buccal of each plate (in

mm), C: occlusal view, and D: lingual view.

conelets. The sixth plate from the posterior end has
an estimated nine conelets and contains an ante-
rior cingulum. This anterior cingulum consists of an
estimated six conelets and is fused with the first
plate of the mesial end towards the middle.

Comparison materials

S. orientalis (KL DP3). The plate formula was
determined to be x5x, and the crown is brachydont.
The posterior end is complete with smooth texture
while the anterior end is incomplete, judging from
the hard texture and abrasion seen at this end.
This tooth is slightly used, the first three plates
from the posterior end and posterior cingulum are
not used. However, the fifth plate from the posterior
end is heavily used with a single large enamel
island and exposed dentine. The median sulcus
that separates the postrite and pretrite halves is
most observable at the third and fourth plates from
the posterior end. From the sagittal section, the
crown is longitudinally convex, and the plates
diverge apically, and there is a constriction on the
mesial end which indicates that this is an upper
cheek tooth. All these characters show that this
specimen is a tooth from the right maxilla.

From the lateral view, the plates are bulbous
towards direction of the root, taper and thin

towards the apex and “roof” shaped (see Figure 7).
The valleys that separate the plates are Y-shaped,
and the spacing of the plates increases anteriorly.
Two plates at one end of the tooth are arranged
more vertically which indicates that this is the pos-
terior end of the tooth; the rest of the plates leaning
and converging apically which indicate that this is
the anterior end of the tooth. The crown is higher
towards the posterior end compared to the anterior.
The buccal side of the anterior cingulum is dam-
aged and only the lingual side of the anterior cingu-
lum can be observed from this specimen. There
are no observable roots from this specimen which
indicates that the roots were either not well devel-
oped or not preserved.

The posterior cingulum has nine unworn
conelets. The first, second and third plates (all from
the posterior end) have an estimated 14, 11 and 12
conelets, respectively, all not in use. Mesoconelets
between the sixth and seventh conelets from the
lingual side can be observed from the posterior
end. The fourth plate from the posterior end shows
the division of the postrite and pretrite sides, where
the lingual side is slightly used, and the conelets
are fused together to form one single large enamel
island. The fifth plate from the posterior end has

1
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FIGURE 6. In situ and high-throughput uyCT images of PRK_SC_P.01. A: lingual view, embedded in cave breccia
before extraction. B: lingual view, after extraction but still embedded in matrix. C: the mesial end. D: lingual side in mir-
ror image. E: the underneath view. F: buccal view in mirror image. G: occlusal view, and H: the distal end.

12
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28.60 mm (estimated because the plate
is broken off the at the lingual side

Max. height 20.00 mm at the
base of the second plate from
posterior end

Occlusal
max length
62.70 mm

FIGURE 7. Fossil dp3 of Stegodon orientalis (KL DP3) from Keo Leng Cave in northern Vietnam. A: occlusal view, B:
buccal view, and C: width measurement of lingual-buccal of each plate (in mm).

enamel fused to form one single large enamel
island. The anterior cingulum is not fully preserved.
The tooth is more convex at the posterior end,
tapered at the anterior end at the third plate from
the posterior end (mesial constriction) and convex
again at the anterior end.
S. trigonocephalus (CD 11649). The plate for-
mula of this specimen was determined to be
(+)5(+)x. The posterior end of the specimen is
complete, but it is damaged at the mesial-lingual
side (see Figure 8). The specimen is a slightly
worn left upper dp3. The first two plates from the
posterior end have a high number of conelets (10
or more) compared to the subsequent plates
(which have less than 10 conelets). These two
plates are not in use. Formation of small enamel
islands (digitation) can be seen at the third and
fourth plates from the posterior end and larger
enamel islands can be seen at the lingual side of
the fifth plate from the posterior end. Enamel wrin-
kles are most obvious at the fourth and fifth plates

from the posterior end. A prominent median sulcus
which divides the postrite and pretrite halves can
be observed towards the posterior end. An obvious
subdivision in two parts can be seen at the second
plate from the posterior end, of which the lingual
side is wider than the buccal side.

From the sagittal section, the crown is longitu-
dinally convex, the plates diverge apically, and
there is constriction on the mesial end which indi-
cates that this is an upper cheek tooth. All these
characters show that this specimen is a tooth from
the left maxilla.

From the lateral view, the plates are bulbous
towards direction of the root, taper and thinner
towards the apex, and “roof” shaped. The valleys
that separate the plates are Y-shaped, and the
spacing of the plates increases anteriorly. Three
plates at one end of the tooth are arranged more
vertically which indicates that this is the posterior
end of the tooth; the rest of the plates lean and
converge apically which indicates that this is the

13
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A C

27.60 mm (estimated because the plate
is broken off the at the lingual side)

Max. height 19.67mm at the
base of the third plate from
posterior end at the buccal
side.

Occlusal
max length
59.05 mm

FIGURE 8. Fossil dp3 of Stegodon trigonocephalus (CD 11649) from Java, Indonesia: A: occlusal view, B: buccal
view, and C: width measurement of lingual-buccal of each plate (in mm).

anterior end of the tooth. The crown is higher at the
second and third plates from the posterior end. It is
difficult to determine if the cingulum is present as
the anterior end is broken. However, a cingulum is
observed fully attached to the first plate from the
posterior end. There are no observable roots from
this specimen. Plate dimensions of all three speci-
mens are summarized in Table 2.

Geochronology

The pIR-IRSL dating of the breccia matrix
constrained the tooth to 233 £ 31 ka according to
12 single aliquots of feldspar and 199 + 28 ka
based on 116 single grains of feldspars. These
results are coeval with error margins and reflect the
difference in approaches between the aliquots and
single grains methods. Due to the large number of
grains on single aliquot discs an averaging effect
occurs on the luminescence signal. Thus, the sin-
gle aliquot result due to its opportunity to observe

14

partially bleached grains is usually slightly younger
and more reliable for age determination.

Only one age was obtained (see Table 3) from
the U-series dated sample, since the other ones
contain too much detritus to give any reasonable
results. The concentrations of 238U and 232Th in
the sample are ~171 ppb and ~114 ppb respec-
tively. The yield age is 35184 + 9485 yr BP.

The combined in-situ sediment dating of the
breccia matrix and overlying flowstone reveal that
the fossil was deposited in this location before 35 +
10 ka (U-series dating of flowstone, see Table 3)
and between 171-264 ka (233 + 31-199 + 28 ka)
(pIR-IRSL dating of feldspars, see Table 4) with
examples of the pIR-IRSL dating of feldspars data
presented in Figure 9. The two dating results agree
with each other and are consistent with their strati-
graphic location. Due to the error margin associ-
ated with the pIR-IRSL age estimate there is a
good chance that the Stegodon individual died
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TABLE 2. Plate dimensions (in mm) of PRK_SC_P.01, S. trigonocephalus (CD 11649), and S. orientalis (KL DP3). TL:
total length; MH: maximum height; LF: lamellar frequency; H/W: Height/Width Index.

Specimen
Dimension PRK_SC_P.01 CD 11649 KL DP3
X 24.82 - 24.20
(posterior)
. 1st 29.00 36.95 34.30
Width of
each plate 2nd 30.27 45.01 35.10
(mm) 3rd 28.72 40.47 32.50
4th 27.62 36.86 29.00
5th 24.74 32.49 28.60
(estimated)
gth 24.78 27.60 (estimated) -
X 16.97 - -
(anterior)
TL (mm) 51.70 59.05 62.70
26.52 19.67 20.00
MH (mm) (taken at the 2nd plate  (taken at the 3rd plate  (taken at the 2nd plate
from the posterior end) from the posterior end) from the posterior end)

LF 11.61 10.16 7.97
H/W Index 87.61 43.70 56.98

TABLE 3. Uranium and Thorium isotopic compositions and 230Th age by MC-ICP-MS at NTU.
Analytical errors are 20 of the mean.

Chem 238U 232Th 6234U [230Th/238U] 230Th/232Th
ID (10%g/g 9 (10%g/g) measured ¢ activity ¢ atomic (x 10°)
210107-A2-U  171.12 +0.12 1145 £1.5 50.2 £1.9 0.4083 +0.0023 10.06 +0.14
Age (yr ago) Age (yr ago) Age (yr BP) 3234 Uinitial
uncorrected corrected ¢ ¢ relative to 1950 CE corrected ®
53,436 +415 35,255 +£9945 35,188 +9945 554 +2.6

a[238U] = [235U] x 137.77 (£0.11%q) (Hiess et al., 2012); 5234U = ([234U/238U] gy - 1) X 1000.
b 234U, i1ia) COrrected was calculated based on 230Th age (T), i.e., 8234Ujitial = 0234Umeasured X €0234°T, and T is corrected age.
¢ [230Th/238U]givity = 1 - €A230T + (8234U 0asureq/ 1000)[A230/(A230 - A23g)I(1 - eA230-A234) T), where T is the age.

Decay constants are 9.1705 x 106 yr-1 for 230Th, 2.8221 x 10-6 yr-1 for 234U (Cheng et al., 2013), and 1.55125 x 10-10 yr-1 for 238y
(Jaffey et al., 1971).

d Age corrections, relative to chemistry date in January 2021, were calculated using an estimated atomic 230Th/232Th ratio of 4 (+ 2) x
10-6,

within this age range and was later deposited this genus during middle Pleistocene time in the

within the cave breccia. Sundaic subregion. Even though large parts of the
tooth are still embedded in matrix, the use of micro-
DISCUSSION CT is helpful in revealing the full morphology of the

specimen for comparison to be made with related
middle Pleistocene non-dwarf species of Stegodon
found in the Sundaic subregion (Table 1). The age
range for this individual based on the pIR-IRSL and

PRK_SC P.01 remains the only and most
well-preserved Stegodon specimen from Peninsu-
lar Malaysia. The discovery of the Stegodon fossil
here is a testimony to the wide distribution range of

15
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TABLE 4. pIR-IRSL coarse grain dating of sediments at Stegodon Cave: dose rate data, equivalent doses, and age

estimates.

Sample code? MAL-STEG
Depth (m)P 1.0 1.0
Gamma dose rate (Gy ka1)c 1.590 + 0.196 1.590 £ 0.196
Beta dose rate (Gy ka-1)¢ 1.605 + 0.051 1.518 £ 0.049
Cosmic-ray dose rate (Gy ka-1)d 0.085 +0.002 0.085 £ 0.002
Internal dose rate (Gy ka-1)e 0.72+0.10 0.84 £0.20
Water content (%)f 2/2+0.2 2/2+0.2
Total dose rate (Gy ka-1) 4.00+0.26 4.03+0.32
Accepted /Run aliquots9 1112 116/500
Techniqueh pIR-IRSLgp pIR-IRSLgg
Equivalent dose (Gy)iJ 932+ 104 80194
Age (ka)i 233 +31 199 + 28

a Samples processed using the 90-125 (SA) and 180-212 (SG) um size fractions.

b Samples heights were measured against the upper flowstone at the site

C Beta dose rates were estimated using a Geiger Muller beta counting of dried and powdered sediment samples, gamma dose
rates were estimated using an insitu gamma spectrometer and tested against thick source alpha counting measurements of dried
and powdered sediment samples in the laboratory. The difference between the alpha and beta measurements was used to

estimate potassium values.

d Time-averaged cosmic-ray dose rates (for dry samples), each assigned an uncertainty of + 10%.

€ Mean t total (10) uncertainty, calculated as the quadratic sum of the random and systematic uncertainties.

f Field / time-averaged water contents, expressed as (mass of water/mass of dry sample) x 100. The latter values were used to

correct the external gamma and beta dose rates.

9 Total number of aliquots/grains processed verses number of accepted aliquots/grains- with an average acceptance rate of

~90%

h pIR-IRSLgp indicates coarse grain feldspars using 90-125 um grains, pIR-IRSLgg indicates coarse grained feldspars using 180-212

pum grains

i Equivalent doses include a + 2% systematic uncertainty associated with laboratory beta-source calibrations, and represents a
fading corrected Dg. Fading corrections according to Lamothe et al. (2003)

J Uncertainties at 68% confidence interval.

U-series chronology lies within the expected age
range for Stegodon found on mainland Southeast
Asia.

Differences and similarities between
PRK_SC_P.01 (Stegodon sp.) and the dp3s of S.
trigonocephalus and S. orientalis

The posterior cingulum of KL DP3 is only very
low and weakly developed, while in PRK_SC_P.01
and the S. frigonocephalus specimen examined,
the posterior cingulum almost resembles all the
other true plates. However, this might be due to
individual variation in the development of these ter-
minal plates or talons. KL DP3 may resemble some
specimens from mainland China in having five
ridges and a small talon (posterior cingulum), but
PRK_SC_P.01 and CD 11649 seem to resemble

16

the condition reported for some dp4 specimens
from Yenchingkou and Paxian Dadong, in which
the cingulum is so well developed that it can be
considered as a fully developed plate (e.g.,
A.M.N.H. no. 18705, described in Osborn, 1942;
Colbert and Hooijer, 1953; Schepartz et al., 2005).
However, the anterior or posterior cingulum in
these Chinese dp4 specimens do not seem to have
any associated row of small enamel tubercles as is
in PRK_SC_P.01.

The enamel tubercles on the apical of the
plates in PRK_SC_P.01 are larger as compared to
those of S. trigonocephalus but these tubercles are
smaller and less developed in the S. orientalis
specimen examined. Towards the lower end of the
enamel tubercles, the plates of PRK_SC P.01 are
highly tapered, less so in the S. frigonocephalus
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FIGURE 9. The resulting pIR-IRSL data from aliquots and grains of feldspars from the breccia matrix in the Stegodon
Cave. A: shine down curve for single aliquot data including both the natural and regenerative dose, B: the dose
response of the sample aliquot with a De of 675 + 18 Gy, a recycling ratio of 1.04 + 0.03 and a DO of 1136 + 139 Gy, C:
the corresponding radial plot for this sample with an uncorrected CAM of 757 + 34 Gy (n=12 aliquots), D: shine down
curve for single grain data including both the natural and regenerative dose, E: the dose response of the single grain
with a De of 422 + 12 Gy, F: the corresponding radial plot for this sample with an uncorrected CAM of 679 *+ 26 Gy

(n=116 grains).

and S. orientalis specimens. PRK_SC_P.01 conel-
ets are smaller and less bulbous compared to
those of S. orientalis. From lingual view,
PRK_SC P.01 has gracile plates and higher
crowns as compared to the S. frigonocephalus and
S. orientalis specimens. The valley between the
plates of PRK_SC_P.01 is shallower compared to
both S. frigonocephalus and S. orientalis. These
features are summarized in Table 5 and Figure 10.

PRK_SC_P.01 shared some of the common
morphological features with S. frigonocephalus
and S. orientalis — greater number of plates than
those of primitive Stegodon species such as S.
zdanskyi, widely spaced ridges, vertical grooves
along the lingual and buccal surfaces, and rela-
tively low crowned. However, metrical analysis
shows that PRK_SC_P.01 has different parameters
and measurements from these two species.
PRK_SC_P.01 has high lamellar frequency values

TABLE 5. Summary of the characteristic differences between the dp3s of PRK_SC_P.01, S. orientalis (KL DP3), and S.

trigonocephalus (CD 11649).

No. Characters PRK_SC_P.01 S. orientalis trigonoi;ephalus
1. Development of posterior cingulum Moderately developed Weakly developed Developed
2. Presence of enamel tubercules at Present Absent Present
posterior cingulum
Tapering of each plate High Minimal Moderate
Thickness of plate Thin Thick Thick
Depth of valley between plates Low High High
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FIGURE 10. lllustration showing morphological differences between the dp3s. A: PRK_SC_P.01, B: S. orientalis, KL
DP3, C: S. trigonocephalus, CD 11649.
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FIGURE 11. The lamellar frequency of dp3 from six different specimens. Four of the specimens from the genus Ste-
godon: PRK_SC_P.01 (Stegodon sp.); CD 11647a and CD 11647b from Java, Indonesia (S. trigonocephalus); KL
DP3 from Keo Leng, Vietnam (S. orientalis). Values for the Asian elephant, Elephas maximus (ZRC 4.1669 LKCNHM)
and Elephas hysudricus (CD 11702 from Java, Indonesia) was added for comparison. Source of data: CD 11647a and

CD 11647b from Hooijer (1955).

(LF), 11.61 (Figure 11) which is quite different from
the dp3 of S. orientalis (KL DP3) that has a rela-
tively low value of 7.98. However, as compared to
both S. trigonocephalus specimens from Java (CD
11647a and CD 11647b), PRK_SC_P.01 shows
almost similar in terms of LF values as both Java
specimens which have high LF, 10.52 and 11.32,
respectively. As compared to the genus Elephas,
PRK_SC_P.01 shows a higher value than the living
Asian elephant (E. maximus) but lower than the
extinct E. hysudricus.

From comparative morphological studies with
other Stegodon specimens (S. trigonocephalus
and S. orientalis) PRK_SC_P.01 differs in morphol-
ogy from S. orientalis and less so from S. trigono-
cephalus. Due to this limitation and the observed
morphological differences, it is currently not possi-
ble to assign a definite species to PRK_SC_P.01.
Further comparisons with other Stegodon species
both continental and island species are needed to
address the exact taxonomic status of this speci-
men.

The lack of cementum from the uyCT images
of PRK_SC_P.01 might indicate that this layer is

yet to be developed as it is still a milk tooth. The
absence of cementum, a common occurrence in
the early stages of tooth development in mammals,
occurs because this layer is formed much later
than the enamel and dentin layers (Foster, 2017).
The cementum has a close anatomical relationship
to the root dentine, which is not yet fully developed
in PRK_SC_P.01 (see Figure 12).

Most of the continental Stegodon fossils that
were discovered in middle to late Pleistocene of
Southeast Asia were assigned either definitely or
tentatively to the species S. orientalis, except for
some examples discovered in a middle Pleistocene
site in Tam Nang, Laos (Arambourg and Fromaget,
1938), which were identified as belonging to S. sin-
ensis. According to Chen (1999), remains of Ste-
godon from southern China were mostly assigned
to S. orientalis. Our results of morphological com-
parison indicated that PRK_SC_P.01 exhibits mor-
phological characters that are different from S.
orientalis. This implies that either the species is
highly variable in the characters considered here
(Table 5) or, alternatively, there might be a greater
level of taxonomoic diversity of Stegodon in middle
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A enamel layef ’

FIGURE 12. Cross-section pCT images of PRK_SC_P.01. A: mesial-distal view, B: occlusal-root view, showing the

inner layers of the tooth and surrounding matrix.

to late Pleistocene continental Southeast Asia that
has yet to be fully recognized.

Biogeographic implications

Stegodon remains have been found on main-
land Southeast Asia, ranging in age from earlier
Pleistocene, such as in the Irrawaddy beds, Myan-
mar (Colbert, 1943), to late Pleistocene deposits in
Vietnam, Myanmar, and Laos (Olsen and Ciochon,
1990; Zin-Maung-Maung-Thein et al., 2011; Bacon
et. al, 2018). The oldest documented evidence of
S. orientalis comes from Dayakou, located in
southwest China, while S. trigonocephalus was
first recorded in Ci Saat, Java (Sondaar, 1984; van
den Bergh et al., 2001a). These two species of Ste-
godon were, therefore, determined to have evolved
during the earlier phase of Pleistocene period. As
for the Stegodon from island Southeast Asia, their
remains were found from early Pleistocene in Ci
Saat up to the late Pleistocene deposits in Liang
Bua (Flores) (van den Bergh et al., 2001a,
2008).The age range for PRK_SC_P.01 based on
the pIR-IRSL and U-series chronology lies within
the expected age range for Stegodon found on
mainland Southeast Asia during the middle Pleisto-
cene. The middle Pleistocene of the Tham Khuyen
and Tham Hai in Vietnam, where S. orientalis
specimens were discovered, indicate between
roughly 300,000 to 200,000 years old based on the
dating of biostratigraphic ground (Long and Du,
1981). Remains of S. trigonocephalus had also
been reported from middle Pleistocene sites in
Java, including Kedung Brubus (0.8 — 0.7 Ma,
based on the faunal assemblages [van den Bergh
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et al., 2001b]), Ngandong (142 — 92 ka, according
to thermoluminescence, pIR-IRSL, and 40Ar/39Ar
methods [Rizal et al., 2020]), Trinil HK (0.54 + 0.10
Ma — 0.43 + 0.05 Ma, based on 40Ar/39Ar, palaeo-
magnetic and luminescence dating method [Joor-
dens et al.,, 2015]), and Trinil HK Bone Bearing
Channel 2 (450 £+ 110 ka — 430 £ 50 ka [Hilgen et
al., 2023]).

The discovery of Stegodon sp. reported here
represents the geologically youngest fossil evi-
dence of Stegodon found in the Malay Peninsula,
specifically in the southern region below the Kra
Isthmus. This isthmus serves as a demarcation
between the Indochinese and Sundaic subdivi-
sions of the contemporary Southeast Asian zoo-
geographical regions (Corbet and Hill, 1992).
PRK_SC _P.01 represents the southernmost Ste-
godon in continental Asia, situated amidst two
prominent groups of Stegodon. Although the Ste-
godon specimen from Peninsular Malaysia exhibits
distinct morphologies as compared to the other two
main taxa, it is challenging to ascertain whether
this specimen represents a transitional species
between the continental and island forms of Ste-
godon. This difficulty arises due to the limited infor-
mation and the singular nature of the Stegodon
specimen from Peninsular Malaysia.
PRK_SC_P.01 does not show any distinctive mor-
phologies that can help to identify whether it is a
continental or insular species from the Sundaland
during the middle Pleistocene. Regardless, by
comparing the size of PRK_SC_P.01 to both S. ori-
entalis and S. trigonocephalus specimens,
PRK_SC _P.01 does not exhibit any dwarfism in



size. PRK_SC_P.01 affirms that there were popula-
tions of this genus in the region, however, it
remains unknown whether they were the direct
descendants of either S. orientalis (continental
species) or S. trigonocephalus (insular species), or
from a transitional species as both of these species
were found in early Pleistocene times.

Stegodon and palaeoenvironment

Dental microwear analysis of S. orientalis
from southern China shows that the species was
primarily browsers in a more densely forested land-
scape (Zhang et al., 2017). This is different from
the S. trigonocephalus of Java which shows that
the species was mostly grazers in an environment
dominated by a mix of open savannah woodlands
and evergreen forests (Puspannigrum et. al, 2020).
Securely dated middle Pleistocene fossil sites from
Peninsular Malaysia are few in number, but all
have yielded mammalian remains from taxa that
are known to have included forest environment as
part of their natural habitats in modern times (lbra-
him et al., 2013). Indicative taxon frequently used
for palaeoenvironmental reconstruction such as
Pongo had been reported from all of these sites in
Peninsular Malaysia (Ibrahim et al., 2013) and also
from the Stegodon Cave (Muhammad et al., 2020).
The presence of Pongo among fossil mammal
assemblages was previously taken as a definite
indication of an environment that was predomi-
nantly forest (Tougard, 1998; Storm et al., 2005).
However, there is growing evidence from recent
studies which showed that modern representatives
of the genus can not only live in continuous closed-
canopy rainforests but are also capable of surviv-
ing in altered landscapes dominated by secondary
forests and farmlands (Wich et al., 2008; Oram,
2018; Sabah Wildlife Department, 2020; Ancrenaz
et al., 2021), with some of the fossil Pongo exhib-
ited isotopic signals indicating broader dietary
spectrum and being discovered in drier environ-
ments from the end of the Last Interglacial until the
late Holocene (Westaway et al., 2007; Louys et al.,
2021, 2022). As a result, the presence of Pongo
within the same stratum of PRK_SC_P.01 cannot
now in itself be regarded as an unequivocal evi-
dence of the predominant occurrence of closed-
canopy tropical rainforests (to the exclusion of
other similar environments) in the area during mid-
dle Pleistocene times. However, based on our cur-
rent knowledge of the ecological tolerance of
modern Pongo and isotopic evidence of fossil
Pongo and Stegodon from elsewhere in Southeast
Asia and adjacent areas, it is reasonable to sug-
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gest that the palaeoenvironment of the Stegodon
Cave site during middle Pleistocene may have
been either under continuous forest cover or a
mixed landscape with patches of forests inter-
spersed among more opened vegetation. Never-
theless, more comprehensive studies are needed
to properly reconstruct the detailed palaeoenviron-
ment in this region, since mammal assemblages
that were discovered in Stegodon Cave were the
results of upbringing from the stream that flows
along the periphery of the cliff. Further analysis of
the palaeoenvironment could enhance in identify-
ing the correlation of PRK_SC_P.01 to the S. orien-
talis or S. trigonocephalus, or perhaps a species
that transitions between the continental or islandic
species.

CONCLUSIONS

The specimen PRK_SC _P.01 represents the
only known record of Stegodon from Peninsular
Malaysia. This late middle Pleistocene specimen
shows a unique combination of characters as com-
pared to two species of Stegodon found in the
region, namely S. orientalis and S. trigonocepha-
lus, which lived during the early to late Pleistocene.
Characters unique to PRK_SC P.01 include a
strongly developed posterior cingulum as com-
pared to S. orientalis from Vietnam, but slightly less
developed than in S. frigonocephalus from Java. It
also has enamel tubercles present at the posterior
cingulum, and highly tapered plates at the lingual
side of the tooth. As compared to both S. orientalis
and S. trigonocephalus, the specimen from Penin-
sular Malaysia has thinner plates with shallower
valleys between them. The discovery of Stegodon
in Peninsular Malaysia indicates there were repre-
sentatives of this genus in the region at least
before 199 + 28 and 233 + 31 ka. It remains
unclear whether this middle Pleistocene Stegodon
represented the direct descendants of the conti-
nental species from the north or the insular species
from the south.
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