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Abstract

Caves and fissure fillings are the most suitable places for the accumulation of vertebrate
fossils material. However, in most cases, the fossil concentration of bones is the result of
predator activity, either small (owls) or large (carnivores) and in these cases, the fossil
communities show an association of species well representative of the corresponding
ecosystem. Therefore, to reconstruct the history of biodiversity and the processes of the
deposits, the study of karstic fissures and caves fillings is the best approach. They are
numerous, and usually yield very abundant fossil microvertebrates, specially for the late Tertiary
and the Quaternary periods. Additionally, preservation of bone is enhanced by the limited
amount of weathering within caves and their alkaline environment.

There are many caves opened in limestone mountains all over Thailand but Western
Thailand especially Kanchanaburi area provide an exceptionally high number of karstic fissures
and caves. This area is also the most active area in Thailand for limestone mining, because of its
proximity from Bangkok. Therefore, a detailed survey of limestone quarries of Kanchanaburi area
provides the easiest way to find new localities rich in fossils.

Small mammals are good indicators for paleoenvironment and paleoclimatic conditions
because they are extremely depend on vegetation cover and nature. They are also easy to
identify at the species level with the help of their teeth and on the basis of a comparative study
with extant species. The fossil communities can include extinct species, species which show
more primitive characters than the extant ones, extant species which had different geographic
distribution in the past and also numerous extant species. Therefore the study of the changes in
species composition through the Plio-Pleistocene will bring important information concerning the
origin and evolution of the extant micromammals communities, but also on the
paleoenvironmental changes which were driving these changes. The study of karstic and cave
micromammals is the most promising way to understand the history of biodiversity.

Seven localities were discovered from this study. Thirty-four species of rodent were
found, of these 5 species are new. These fossils show that environment and climate change
through time from grassland mixed with forest at 3-4 million years ago developed to forest as

present day. The radiation of rodent is related to the development of forest.
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Summary

Rodents represent the most diverse mammalian order with more than 2,000 extant species. They play
an important role in the ecosystems and strongly interact with human, as potential plagues, as vectors of
parasites or as reservoirs of diseases. Their distribution is mostly controlled by climatic conditions and
associated plant communities. Because of their importance and the forecasting of future climatic changes, it is
critical to understand their evolution and the history of their distribution through time. The aim of this project is
to reconstruct the history and evolution of rodents in Thailand especially Central Thailand and to study how
and when the modern communities of rodents did appear. Several fossiliferous localities from caves deposits
and fissure fillings demonstrated that the rodent faunas has underwent drastic changes during the last 3-4
million years in Central Thailand. At this time, several species, now extinct, document the presence of large
areas of grasslands. Among them, some species occur only in Assam today were widely distributed all over
Thaitand during glacial period, in association With some extinct species of surprising large size. Alternatively,
some species presently restricted South of the Kra Isthmus expanded their territory to Central Thailand during
the warmer period of the Middle Pleistocene. Nevertheless, during most of the Quaternary period, grassland
and forests were developed over Thailand. It is only since the end of the last glacial period that forest habitat

became largely dominant.
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The relative abundance of mammals (species) in Thailand
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The relative abundance of extant rodents (species) in
Thailand
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9 ) 3 %
reverse uanwdNsRtnelliinny uannda 700,000 I iilesandawsindnlansaus 700,000
= =f o [ :’/ ] [~1 o 1 d. o 1 N7 dl ~ ]
Uauneffaqiuiudaulmdnuuy normal dausetinedudadlaildenaiiasaniusng

TiARd NN TNAEIRINNTAA Aznaud lUsuniudianiedaudwan

2. msmaglagIBnNsunwWs9E (U/Th Dating) —
nenfiusednasusunaladiaiudunsnouitinasiaazansaeg  vieduunaladd
unsnagszudneiunsnausangns Iiusethausannuanedon WWud sde, 1ndu
ven uazigmeluuliiinasmssaseumengdangn fethwaalafaindiuta uaza
o ) R o v a £ a . 1 i
Auven Lianansovdildiissananeusiiuunliidanane Nmznautlziuegluiaus

Aunn douatnuaaladainemeluyldanglszanos 400,000 T

nsussEnaanHuEHUFRT (Dental Nomenclature)
dl o 6 o a{l ) :// é’d T ' 9 ' B =
WHENRINARINALNZNNINITAN I ASITE 3 nqulvgy « ldun wonwy (Murinae) nszsaniiu
(Petauristinae) Waznsesan (Sciurinae) NsAnEFaUMeUAN M e uaRd RS A LI usTeng
anmouziudndioune Trewanwy (Murinae) Mnnsussenednunianudiaes Misonne (1969)
aviudndiaunznannszsandunaznszsan I nsussenadn®ueANN3s98e Dehm (1962) waz

McKenna (1962) A4n%# 5, 6, 7 mNSSw

NANITANLEIUIU

d’ &K d‘l ] [ [~ a d’d %

WBIRINNITAN NI UNINLIINIARZTUANTes U A e TluyF o e T uun 1ou lung
k4 a e o= o [ ' a' & o =N ' a ?./ éﬂs
muquamammuﬂs:@nmwmimLﬂwq:@mamﬁmnmmmum’luwmwum ATANHIATITIA
v <] i’/ = =Y d‘ a o ~ o o kg
AN IuduI s AR AN 2L 0y mmmnmnmmﬂmumﬂmnamW"Lumswmmm@im
\‘1’1ElLL@”W@@%@WWUN?)Q’]MU’)&HI@@Q r:mmmm:mﬁNuwmmmwgmaLL@M@mmumium I il

mu NEUNT LﬂEJ@‘HﬂﬂW@ﬂ“ﬁ@‘VlWUiMLLM@wU?L’)EMLL@ﬂ\‘]luﬁl"l‘iﬂﬂ‘lﬂ 1



anterior anterior

lingual J [——p labial

M1/

M2/

WA 5, NNTUsIEEAN T AUIRINY (Murinae)

WL (Lmﬁﬁﬂ): pc = posterior cingulum, cc = cingular conule, sc =
stephanodont crest, t1-t9 = cusp numbers.

WUAN ( k099191): a-cen = anterocentral cusp, a-ling = anterolingual cusp, a-lab
= anterolabial cusp, md = metaconid, pd = protoconid, ed = entoconid, hd =
hypoconid, pc = posterior cingulum, Cv1-Cv5 = labial cusplets.

L = length, W = width




mesostyle , central basin
mesostylar crest

metacone
paracone

parastyle metaloph

anteroloph posteroloph
protoloph

protoconule

posterior basin

posterostyle

anterior basin metaconule spur

protoconule spur metaconule

protocone hypocone

antero sinus

endoloph

lingual cingulum  liNgual sinus

< L >

mesostylid

metaconid entoconid
trigonid basin talonid basin
lophi
ARtareiophid posterolophid
metalophid y
hypoconulid
mesolophid
hypoconid

protoconid

sinusid

mesoconid

< L —>

w

-2

NINA 6. NTUTTUBR N H U ULULAZ A9 89N 238N T (Petauristinae):

L = length, W = width.




anterior

lingual
M1/

paracocnule

on protoloph protocone

anteroloph

parastyle
anterosinus
paracone

medial sinus
mesastyle &

mesoloph
metacone ——

posterosinus

metaconule

on metaloph posteraloph

hypocone

anteroconid
metalophid

protoconid

mesoconid

hypoconid —

talonid basin

anterior

Tingual

/ metaconid

L
NI
N

entoconid

/pedoria

ypoconuli posterolophid

MW 7. nussenednusiuTeenszsan (Sciurinae), L = length, W = width.
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< 13 o 1 . o
m5199 1 WeaBadnanaunsinunuluiwassing q fvinisfnu

[<4] [=)
~ (=2 N
I8 |ls |=
~|E |2 2|8 1%
21|23 |2 |2 ¥
$ 2212 |8 |4 &
.. 8 |8 |= |< |2 |x |E =0 Al A
Fauna\Localities PSR ICRICI IS 5 |~ 1§ (8
[ > » — -~ = - = =
21515 |ls|lsislg 28 |®|58 5§ |8
= (O (0O |8 & < s 5 5 |2 |= |8
§ FIE MMM (M |8 |4k |8 (&
_____ o - e A R A R IEREEE
Ordu‘ Rodentm ]
delly Sciuridae
Callosciurus of fn/ays(mu m‘wj‘@ﬂwa’ma XX XX PXIX X
Menetes berdmorei nIwe XX X XX X
Rlum)sciurus lalicaudatu.\' NTESANUEINIZULR X ﬁ
\almoscluruv melalzotl s m;mn%qqﬁéq X
Belomvs pearsonii nezsanduinau X X X
e ] I _ S —
b’e/omvs lhamkaeWI H. Sp. nersanUWinausng X
Petaurista petaurlsm wynszsaniy X X X
[[y/opetevphayrel ni:mnﬁutﬁmiﬁmm XXX X X X_ Xik
Iylopetes Spadmeu\ nsseniiudnuiuung XX XXX X
Pelmomys seltosus ns:s@numq'ﬂ@ww X
Famlly Mundae
Vandeleuria oleracea uuu@m X
Chiropodomys gliroides ﬂ@mqlumwj XX SRR XX x
Hapalomys delacouri wiglelSunsidlanyuaunagn X
H. longicaudatus wylkiauusiiionuuanalunj X X X X
Maxomys surifer WYAURDS X X
| Bandicota mdzca wywnlun *
—— —————,— 8 S S | - S
Leopoldamv UyYUNg X X
L. minutus uummmn XXX X
(Niviventer SJulvescens uumumﬂumqmq XX 1
Rattus sz’kkimensis mé«ﬂumﬂum@ﬂ X
R. ral‘tuv LIGRE Y X
R. Jaegeri wyanaALd L x ,X . i, -
Mus sh()rtrldgeI uumqﬂ'ﬂummumﬂu XX X X XX
(A cookii uumal‘vxm X X)X
M. caroli uwmmmww X
Ratchaburimys ruchae NYATUIAN XX x
Ratchabur:mw sp. (smaller) wyAnIIA AN <7<
Ratchaburzmyv sp- (arger)  juyanuzanlug ”
thaa’rouw\ sp. (ldrger) wyA9g Iy >
thadmmvs varavua’hl NUADUITIE X
Hadromy humei YA X X
Sala'omvv siamensis LUGEREY X
Saldomy..\‘ sp. (smaller) WyALMAN <7
Rhizomys sp. i XX X
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wuAINaada
lunsfnuafaillddunuundleaialu) 7 vt uiBnuinuresdaiusuoy
mnmmmummﬂmL‘Lﬁﬂumaﬂumumﬂ@ z@uANaIUIY 7 unas THun unas KK I\/Iarble Wuaa
faufa wwsan fven ludaimdnngau waurnandin wissanenediy uwsaanainezen lu

Quinsm? uazuvsaane Tuludomdamssyg

Wagda
lddunureadadnifnunzaiuan 34 1iia laenfludnisananuy 23 a8in nszsan 4 Tiia
nsrseniiu 6 1l wazdu 1 90 Aununeadadasiaunsrinluieway 5 Tils W nezsandiy 1
18960 Ui Belomys thamkaewi n. sp. wazwy 4 1ia LAun vy Ratchaburimys n. sp. 2 i,

i

Prohadromys n. sp. W8z Saidomys n. Sp.

UTIUNNTANE wasHadda (Geographic setting and Faunal composition)

wuag KK Marble

Buniinuwesiadhuuiosiugan 1eeiin KK Marble sunawiles Samdaninaus f
agnemenlivassunaiias dmdaniaauy #1910 na. ﬁgmﬂﬁ’m N 13° 59.8' £ 99° 31" ﬂgiﬁszﬁu
AINEITIT 100 AsanszFLT ML Fathafiunzneufiiivesianuazansaflunzinzaunagn
ot/ luliutlug awafilien (Permian) ”Léﬁﬁuﬁf;mm%\mmmmﬂ:mﬂmmmq 15 AN,

Wfam@mwulummmumulumimm AN9A19 ‘Emmuﬁqu‘mwnLﬂu‘numummmvmﬂ (limb
bone) mmnuﬂlumummm HAZAIULBNZANY (ear bone) ARTHaUNTWLRLTatUNNUANLIT]
WiInngzean (Sciuridae) wazwInuy (Muridae) Tmﬂqum‘fzsﬂnwumni:i@ﬂ (Callosciurus  cf.
finlaysonii) waz nscsantwdn (Hylopetes phayrei) AVUNWINUYNWL m‘}!ﬁ:\ﬂﬁmw‘\j (Chiropodomys
gliroides) LL@t‘VI‘LﬁJuLgﬂu (Niviventer fulvescens)

mnm@m:lﬁuGT@@fjfmmmquLﬁﬂmﬂﬁEﬂmm’i‘%iﬂﬁi'\%@tmmﬁnhﬂhmm WLIFIREN
nnsiifadamivintandy reverse %mmmdﬁﬁmqmnndﬂ 7 waull wie waalnTunewusy

(Early Pleistocene)

WWAIELND (Crystal Cave)

1
]

a -z’l/ [~ =) o a a ° =% v o o v ar L CE U
usniumiiesiuduniiianadiunisliuga Tmamammmmmm?wmmlmﬂmmm

vaueoiasanwunsagiang nLm@ismwmmm@ammumn mmmmnum@mqmmwmm

s BNavae Awdaninyain «,ﬂwuguqmwmmﬂu (Permian) agyiaainanaiiie
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912 10 N4, ﬁ@mﬁﬁm N 13° 57" E 99° 35' @gﬁi:ﬁummgam 100 wAsanszFi Mz Wasaan
u’?‘mmﬁﬁiwmﬁuguﬁﬁmmmmﬁwﬂqw‘am%@;ﬁﬁmumn AlAAvsed 9 muInaInaig
gl Tmmmmwia:@gm Lﬁ’aﬁmm:mﬂm%’d@m%@ (1% Crytal Cave (Dense), Crystal Cave (Breccia),
Crystal Cave (F-matrix) Wae Crystal Cave (C-matrix)

wuneadadndiaunz A un N9 0l Tnenuasdandneaaaiuny 4 an  qACrystal
Cave (Breccia) quammmnmm IﬂﬁWUW@@‘*ﬁ@VlQW’)ﬂﬂﬁ‘uﬁ‘@ﬂ (Sciuridae) wazwanuy (Muridae)
Imwlﬂmsnm@v?@ﬂwwumulumLﬂumﬂm:i@ﬂuu lmmuwummam‘:ifaﬂumumluﬁﬁ ANTHUY
AREARSTUNBATANTTsaNTIuiNu wAnaualvaindisn 50% tedn Belomys thamkaewi n.
sp. eldiaueneaiasinlulnai NWL1919697 Mammalia uanaInnsesandusiialmsisangnoud
Tiwunszsantiuriinay I Tgun nezsanfiwdn(Hylopetes phayrei Wax H. spadiceous) N3z3anily
o (Petinomys setosus) WarENWLWeYINszsaniiu (Petaurista petaurista) Freusiia uiutias uan
mmﬁﬁqwum:mn (Calloscirus sp.) UWax NTTUA (Menetes berdmorei) WiRauautay daunagda
ﬁﬁwqﬂuﬁﬁuwuﬁummﬁml@md uw’?qiﬁmwj (Chiropodomys  gliroides) wyleliauuauL
ﬂluﬂml‘wnj (Hapalomys longicaudatus) méwmmﬁm (Maxomys surifer) UYUIe (Leopoldamys
sabanus) Wyie119M9EN9 (Rattus sikkimensis) mew?;\‘i (Mus shortridgei) usiweadatammad

WUSAL Belomys thamkaewi fananafizuiaind wananniifanunesdauyanign (Hadromys

< al

oA

N - Y 9 ) v G R Iy o vl o
humel) Builumyiagitnauiudaazainiadeuitamuady Gantsdunusenan@afuwluang
@19 Journal of Mammalogy
t—*.ll a d‘ ?s// a dglv 1 A as v | = %
wesanweatannuianualuitnliseiieinlaguiusilas  Buudnszsantiugiioy
welve  dnunssiinlinolulszmalneBnissusidnuenduet luifong B ANV
(Hadromys - humei) anmsufSeuifieungudndinuaadidndivanihinaziengeslutaslanags

Inaalaguneuna fegalnaaladuneulats (ate Middie Pleistocene-Late Pleistocene)

UWWAMUIAUKEN (Khao Khan Hok)

a o

Lmﬂwaﬂl,ﬂumimmmmm m\malumm@mma mmmmmw Q‘;‘ 19 anna N 13° 50' E

[

99° 38' @gmmumwg«;qmq 140 wmsannszdLinaa U?Lommﬂumumﬁuguﬁﬁﬁ IANIUNNT

il dl. =Y ds,d a d‘d ' % a t o a 3 p 7~ o
8¢ wWasnuiuulinsiuuiiinisazansaveseadaagsnuaunn (i 8) aldius
pfanueqaitesnaza e rtaada 1iur Khao Khanhok (Insitue), Khao Khan Hok (Monkey),
Khao Khan Hok (Breccia 98) ua¥ Khao Khan Hok (Breccia 99) w¥ausialévianasianzifusiaating
nznauiiiivasdanatsaniawianaulindniantuso usinatsngdndaeeeiiuun ldaunsads

' 2 dll IS | ar 1% o £ = ' 3 a
ﬂ’]iﬁLu‘ﬂd@’]ﬂllLLSUWG@’JLLV]?HL‘H’]NWJV]EIM@Q Lmﬁiﬂﬁéunqwﬂmummmwm
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nwi 8 Inseiuuninnsazansnaasnznan (Aus) FanuaruauuinlunfinuunaasAumen

=1

PWWIANNYAULT
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Khao Khan Hok (Insitue) numeadationsnn douandununeaiandaaieiy aniinumaes
FananenaLarWaaTal AN NAEAD Khao Khan Hok (Monkey) WAz Khao Khan Hok (Breccia
98) ‘Emwu%aqum:i@ﬂ (Sciuridae) wazwanuy (Muridae) W@&%mm@nﬁwudqulumLﬂu‘qu
navsaniu Wi nezsaniuvinaw (Belomys pearsonii) WALNIzsantiulan (Hylopetes phayrei Way
H. spadiceous) Zﬁ'quwmﬁm‘m‘@ﬂ (Petaurista petaurista) WURBENN u@ﬂmﬂﬁﬁqwumzf@ﬂ
(Callosciurus sp.) WA¥NITUR (Menetes berdmorei) fasusfidnuaution douraaiadinanuyidy
wuiinassiabawn mé‘lﬂ?;\‘lvl,ﬁmwj (Chiropodomys gliroides) Wit (Leopoldamys sabanus)
Lmey"?“q (Mus shortridgei) LLﬂzmﬂﬂiLﬁULLﬂﬁ@LLuummmﬁn (Hapalomys delacouri) wWunaswu
méiciLﬁumﬁmmummmﬁnﬂg’miﬂluﬁmmmﬂm:d“ummmﬂ?:mﬁ"lwa Lﬁmmnugﬁqmﬁwﬁﬁuﬁ
mﬁﬁ@fgmww?{uﬁmmmﬂmﬁmmi_la‘:mﬁmq ReaunN LL@:‘?;m']z"LwéiwaﬁuLm&u (Musser,
1972) Weadaresnylliiduusilawunawindn  (Hapalomys delacouri) e e RIReAad

v
o e as [

o a t:gllv = tdld A 3 . & %
WNIATE N UBNAINUTINLUNAATANLANTUZNINITEUIN Maxomys-Ratchaburimys TANTALNWL

] %

Aana e aiuAYUANYRF 1IN WY Ratchaburimys HITRINITNIRIN Wy (Maxomys) 4

1 t v
el o

L‘ﬂuméﬂuﬂuﬂ%ﬁmﬁdﬁm@ﬁluﬁuﬁ Sundaic Subregion (Chaimanee et al., 1996) UUEHAIAINI
= o o o a A o o4 X o o Y
ﬂq?ﬂﬂﬂq@ﬂwmgtﬂﬂ@m@ﬂmLL@ZqﬁLW?HN?qﬂ\j’]uLW'ﬂu’]LﬂuﬂL?ﬂﬂum@1ﬂ E]QN(]']?F]UWUV{E

3 '

Saidomys Fsilnunendnndt Saidomys siamensis MAsAURLAWMSUIIAMEN Sandnsmf wy

'
[

Saidomys \Hunyniinuiutialundduening wussusgaluladuneulans viatlszanm 8 dutlun
faw (Winkler, 1997) wuafausniitszimadilfiiiesa 3-4 §uilieu (James and Slaughter, 1974)
WAz (Slaughter and James, 1979) waziinnsindauinaungnithedelaawuvysiniiflssinaanw
a dl kY = a a’l’ i’/ As.o/ o ) ~ = o
nilanuilesa 3 &t (Sen, 1983) uarnwuuystalafusnidwmdnmaizluginaedenz i
= [ o o =Y ds/ a d’l [% 1 ' & 9
aenaes uaznuddmuinisreayriatilulszmalve vyaiatiseverduetmuangn ansdu
a ::g; 2 a a’l’nﬁI 1 = U % ) | 1
wunysiiailudssmalnaaiuisavananmuwaadantesifnaiidahazianwAauwiraladuge
k3 ] [ 1 dal o a voov 1=l o 4
M lU991981AINa19 senantdanunesdadusaausriiauules
uanannesdadndiasegnitaunauindnuditiinuidmureadazesdniiasegniaeum
« Yy ] - ° o = = ell d’ : a a .:4’
nalusng i use 89 n919 druviureadausauaznianuiesiudines q doureadadaiing
o = o oA < g9 = D@ o =
WaIRINNIBTENFReLNazaeeRznauiadaLeandslfioanse 1 T wudufludouianssluani
=1 « v o =3 ‘ a = o a o o a o/ - 3]
flanwanysaiinn b hlAnsuFouneunessdaaiunssvandataqiulufifadeising

%

wuddaalugndnfeaqriuiidunululsomalnauasientiunaiin  aniiindafneFey

<l ar a A dlcﬂ 13 o cglj

JeuiuveataseisinisAunuluginiai
Waadanwuiannaluuiiundidaudianlasiniie@iniflulesdasialnivaeein

= :ﬂ‘ 3 as tﬂ‘ a 1 [ Adl a d‘ = =2 |
warnagdanwiiiusdenloswazeduiadasinanaiauisaliaeanasdaniasinisAnsuinau
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mﬂmaLmﬁ\ﬁmmﬁmn@mmwwumwmwumwg Wi luan mmmmmamuwmmmﬂuma

Uaeeelwaleduneusiu (late Early Pliocene) $19 2-3 d1uflniaw

UURUUIBINGIN (Khao Samngam)

@ 0

¥ b H ¥
usnshiflumilasdiuuiidesiunisag Uit isnaiienanany
fm eunenie SmdnsinE aghinsanndnewlessn 14 nu. iqafda N 13° 50 E 99° 38 gl
THAUAINGIID 140 wmsnszAvi e fetsiiuldiuiunsneufiazan s ludmnnay
¥ X R o 4 o XX da o T
wazmilousmiinannsiunilediueiell  WesnaafifiusaetnaiiuBoaiieedudaus
iy Asinsazandaresnzneuussianeaiaiflusiuaunn I8AuS et uam ez

WNaaTda

¥ v
as o a S e

nueaiadniiaunziruaunuSiundl siawannszsen (Sciuridae) wazwanuy (Muridae)

%

lnumaatansesaninudaulngiflunannsesaniiu dun nszsaniiugn (Hylopetes phayrei uas H.
spadiceous) WazwWeuNsesanly (Petaurista petaurista) WanaNALTInLINTZIan (Callosciurus sp.)
nIzua (Menetes berdmorei) d9unIesanuiNnszus (Rhinosciurus laticaudatus) WU uIuTas

a eall aal t . . <4 ¥ ' 1’/ ‘;’w
nizsenmslLniiiegianzly  Sundaic subregion Aeldrereansradilvinty  wenani

+
a

= . . GSI (= Q“ o 1o 9/
WuWeaTansLsanaa (Nannosciurus melanotis) puilunszrandamanuinifaaiuflegdiuues

v v ]
snuunizuefiilie ineguane uasinzewingy Weadansysenaliatinnuiiunssamas
dwmdaean naldaasineg nsdunueadansysantinilunnanaiarasine RN T IR RO TE Ity

] a t:’ll 2 = a o d‘s.; = = L7 i
MIUNINTZAEIRINITIANTUALUNININNINTURAR drunaadasiwonuyiidunufivataaiialdun
WYlads (Vandelauria oleracea) uu‘lﬁx‘liﬁmdw (Chiropodomys  gliroides) wyliiRuudTiawuw

?Ju’lmlﬁfu (Hapalomys longicaudatus) MuV\l’]uLM@m (Maxomys surifer) ‘vium@ (Mus shortridgei)

d

u@nmnumwwwmmummmwufﬂﬂum 6un wy Ratchaburimys ruchae Gmmqurmmm@

Ll

41/ ﬂ‘Mqu (Maxomys) Wy Saidomys siamensis Ua¥ Wi Prohadromys varavudhi Mum 3 94m

LY

mnmmﬂwuwmsm MEHMWNU?LQMWN@W ﬂ’]ﬁﬂ@uTWGLLWGLLﬂQLL@”U‘J‘LQMW L‘IJH‘VI\“IWQJ’]LH@\‘I@'}ﬂﬁu

NULUR I'Tﬁ ANt m‘?JWLﬂHW\‘MTUﬂ’]ﬁ‘UﬂLﬂﬂQMﬂJ’]ﬁ\‘m@’]'l u@ﬂmnumwwwmmm (Leopo/o’amys

m/nutus %qLﬂwuquwmm@qiwﬂlum\ﬂwahw WY Rattus jaegeri SNquu Rattus mmmw@m

WUﬂNLLﬁ‘ﬂ‘V]LﬁHﬂ’]NQWNu

9
mﬁiuwwmﬁmﬁiuﬂ?:m ﬁiwﬂmmmmnmmmmﬂé’@mmu‘%mmﬁa‘imw:ﬁamwﬁﬂu

=Kl

muﬂmﬂumwmﬂumuu u@nmﬂumwmumm Fidanuulag

o

wuw‘ammmL@ﬂmnﬁwummmﬁn%u%nummﬁm A Aaann drfaananiuuuag

1y

(Insectivora) Wan nTeum (Tupaia giis) ARSNUHRIUIMEN LAZARTIADE AR LTLIAEA
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ANMTAUNLMYUAIeT i giuglUudfanananatagd wnasiangudniang ey lugag

Uanaealwaledu (Late Pliocene) 1ies1a 3 §1ulliau

UWURILAI1B199U (Khao Anghin)

@ O a [

U?nmiﬂumﬁmﬁuguﬁﬁwmmmummgj LLM@Qﬁ@guwanmmL‘n'}mud’mmmﬂé]’mq
500 LumT u?mmﬁt,ﬁuﬁammgmgiu?mmﬁ@nm’]mudm a1nethnvia damdnseys agvineann
8UNBLB9T19 14 . ﬁ@gmﬁﬁm N 13° 50' E 99° 38' @&iﬁ@:ﬁumm@;am 140 WwAsanszaLh
n18 frenaiiu I Tuiunsneufiazanialudnmdeu wazinillaussidannmsinmiiasiu

wuNaadadndH ANz NI N B %ﬂWQﬂﬂﬁ‘Zﬁ‘ﬂﬂ (Sciuridae) uazwanuy (Muridae)
lnevlaagadiulwaiiflunszsan (Callosciurus cf. finlaysonii) WaENsZWR (Menetes berdmorei) Wil
nezsaniiuwWinau (Belomys pearsonii) TaudSianuautiag muWﬂm%@"ﬂwqﬂuﬁﬁuwuﬁummﬁm
1giun uw’?‘qiﬁmwj (Chiropodomys gliroides) iyviie (Mus cookil wurleadavyfigaiugliude
uRERUUAL NNy dud WYANGAT  (Ratchaburimys — ruchae) WAy WWWIELAN
(Leopoldamys minutus)

u@nmﬂfiTaqu@m%ﬁm'iémqnﬁwumﬁm%u U A9A19 FRGHuLNSS (Insectivora) wan
wyil (Crocidura sp.) N2xuA (Tupaia glis) WaaGaRY WLLANAE udauTYINTL wenanniiganyuen
TadniiRanpa I aindnuasatia

mﬂnzjuw‘am%@ﬁwuﬁﬁnwmmﬁwmﬁaﬁuvxlm%wmmmmdmLwit,ﬁmmnwuwrzm%ﬂ
tinnasleandundasnanimmn madndenydaaiuiuanadiy fe Twalefuseutlany (ate

Pliocene) 3711 3 a1utlnau

WHALUIIWTTLEN (Khao Tham Phra-ek)
v 1

naszienseegluiidunatine SmdaseyF iqefida N 13° 50' £ 99° 38 agfisa

v 13 H
PIWETT 140 wmsnszauumzia  Uinailifumilesiuuiinndednfiuniey  wurlesds

a

Autleeinn dnsnuzpznewaniuasiuuinanazneulminfouraaiandeiuanatedndy
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OCCURRENCE OF HADROMYS HUMEI (RODENTIA: MURIDAE)
DURING THE PLEISTOCENE IN THAILAND

YAowALAK CHAIMANEE* AND JEAN-JACQUES JAEGER

Paleontology Section, Geological Survey Division, Department of Mineral Resources,
Rama VI Road, Bangkok 10400, Thailand (YC)
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Montpellier II, Place Eugene Bataillon, Case 64, 34095 Montpellier Cedex 05, France (JJJ )

Hadromys humei, Hume’s rat, has a restricted geographical distribution limited to north-
eastern India and southern China. During the middle Pleistocene, its distribution extended
to the south, as it occurs in 10 fossil localities in Thailand. This southward extension of
its distributional range is related to climatic changes that affected southeastern Asia during

the Pleistocene.

Key words: Hadromys humei, Muridae, Pleistocene, Rodentia, Thailand

Hadromys is a murine genus limited to
only 1 extant species, H. humei, which has
a relatively restricted distribution from
northeastern India (Manipur to northwest-
ern Assam) to southern China (West Yun-
nan). Yang and Wang (1987) considered H.
h. yunnanensis from Ruili, China, to be a
distinctive subspecies. H. h. yunnanensis is
characterized by its shorter tail and palate,
longer diastema, and larger body size than
H. h. humei. There is little information
about phylogenetic relationships of this ge-
nus among the Murinae. Misonne (1969),
cn the basis of dental and skull characters,
suggested that Hadromys was an Asian rel-
ative of the mainly African Arvicanthis di-
vision. That interpretation was challenged
by Musser (1987), who suggested that sim-
ilarities of molar structures between that ge-
nus and the African Arvicanthis group may
have resulted from convergent evolution.
This taxon, which does ot occur today in
Thailand, has been discovered as fossil in
several middle Pleistocene localities in
Thailand, distritvted geographically as far
north as Lamphang Province and as far
south as Songkla Province. We describe

* Correspondent: yao@isem.univ-montp2.fr
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these discoveries, compare ovr fossils with
extant species, discuss the significance of
distributional changes that occurred during
evolution of that taxon in Thailand, and
suggest that these changes are related to cli-
matic changes that occurred in Southeast
Asia during the Pleistocene.

EXTANT HADROMYS

Information concerning natural history of
Hadromys comes from a small area of the
Imphal region of Manipur, India, at eleva-
tions between 1,150 and 1,320 m. H. humei
is associated there with tropical and sub-
tropical monsoon habitats in oak parkland.
It lives ““in scrub like scattered oak trees on
dry hillsides covered by tall grasses” (Mus-
ser 1987:5). The soil is loamy and rocky,
and it has little humus. One analysis of
stomach contents indicated the presence of
finely cut grass leaves (Musser 1987). Mor-
phological characters of living Hadromys
have been listed by Musser (1987).

FossiL HADROMYS

The fossil record of Hadromys is limited.
The 1Ist known fossil was described by
Musser (1987) as H. loujacobsi from an
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early Pleistocene site in the Soan Formation
of the Upper Siwaliks from the Pabbj Hills,
northern Pakistan. It is represented by 3 iso-
lated upper molars. Cheema et al. (1997)
also reported one-half molar of a Pliocene
fossil as cf. Hadromys from Mirpur District,
Azad Kashmir, Pakistan. The discovery of
fossil H. humei from 10 fossil localities of
middle Pleistocene age in Thailand indi-
cates that the geographic distribution of this
species expanded widely southward during
the middle Pleistocene. Additionally, dis-
covery of a primitive representative of that
genus in a late Pliocene—early Pleistocene
locality in Thailand (Chaimanee 1998) sug-
gests that this genus may have originated in
Southeast Asia in a larger area including all
of present-day Thailand.

Fossils of H. humei were discovered in
Thailand from 8 karstic fissure fillings and
2 cave deposits. Fissure fillings were locat-
ed in northern Thailand (Khao Panam),
central Thailand (Khao Noh, Kanchanaburi
2, and Crystal Cave) and peninsular Thai-
land (Ban Nasan, Khao Naphung, Khao
Rupchang 1, and Khao Rupchang 2). Two
sites correspond to cave deposits: main lay-
er of Snake Cave and upper layer of Snake
Cave in Chaiyaphum Province, northeast-
ern Thailand (Fig. 1). In the most accurately
dated locality, main layer of Snake Cave,
fossil Hadromys was associated with a large
mammal fauna that characterized the Steg-
odon-Ailuropoda zone of middle Pleisto-
cene, and the fossiliferous deposit was
overlain by a calcite dated by the U/Th
method of 137,000 years ago (Esposito et
al. 1998). Other localities showed similar
faunal composition to that of Snake Cave
and were, therefore, also dated as middle
Pleistocene (Chaimanee 1998).

Materials.—Material consisted exclusive-
ly of isolated molars. Recent specimens
used for comparative analysis were those
from collections of the British Museum
(Naturai History), London (Table 1).

Molar characters.—The molar crown of
fossil H. humei is elevated, and the occlusal
pattern of upper molars shows strong coa-
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mys humei in Thailand.
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lescence of cusps of the 2nd and 3rd lami-
nae on M1 and M2 and high number of
roots. The m1 has laminated chevrons and
no anterocentral cusp; M1 has elevated
crown, and its cusps converge toward the
apex. It also shows an oblique longitudinal
Symmetry axis relative to the tooth row.
The almond-like outline of M1 also is char-
acteristic. Upper molars are broad, and
cusps are inclined backward. The M1
broadly overlaps with M2; the same occurs
between M2 and M3. Neither cusp t7 nor
posterior cingulum are present. Cusp 9 is
reduced. In worn teeth, this cusp becomes
crestiform and joins t6, reinforcing the 2nd
and 3rd laminae. Root number of this genus
also is strikingly different from that of other
Asian murines. The M1 has 5-6 roots. The
M2 has lost t3 and shows a crest that con-
nects t6 to t8; this molar has 6 roots. In
worn teeth, t4 and t6 are connected to t8 by
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TABLE 1.—Measurements (mm) of length and width of molars of extant and fossil Hadromys humei.

Length Width
Molar Localities n Range X SD Range X SD
M1 Extant 24 2.46-3.02 2.75 0.15 1.92-2.18 2.09 0.07
Khao Panam 1 2.62 1.91
Main layer of Snake Cave S 2.18-2.99 2.75 0.33 1.76-1.96 1.87 0.08
Upper layer of Snake Cave 2 3.00-3.02 3.01 1.90-2.06 1.98
Crystal Cave 1 3.18 2.00
Khao Rupchang 1 3 2.33-2.69 2.54 0.19 1.72-1.90 1.81 0.09
Khao Rupchang 2 1 3.30 2.06
M2 Extant 24 1.52-2.02 1.79 0.15 1.91-2.18 2.05 0.07
Main layer of Snake Cave 3 1.53-2.04 1.76 0.25 1.83-1.90 1.87 0.04
Upper layer of Snake Cave I 1.95 1.90
Kanchanaburi 2 2 2.00-2.09 2.05 2.06-2.08 2.07
Khao Na Phung 3 1.87-2.18 2.06 0.17 1.75-1.97 1.85 0.11
Khao Rupchang 1 7 1.72-2.14 1.90 0.17 1.63-1.78 1.74 0.07
nil Extant 24 2.04-2.57 2.30 0.11 1.64-1.98 1.81 0.10
Main layer of Snake Cave 7 2.34-2.67 247 0.11 1.42-1.69 1.60 0.09
Upper layer of Snake Cave 1 2.56 1.75
Kanchanaburi 2 1 2.51 1.62
Ban Nasan 2 2.46-2.80 2.47 1.55-1.66 1.60
Khao Na Phung 1 2.60 1.75
Khao Rupchang 1 2 2.42-2.72 2.57 1.60-1.69 1.65
m2 Extant 24 1.61-1.99 1.82 C.12 1.79-2.10 1.96 0.08
Main layer of Snake Cave 4 1.66-2.08 1.85 0.18 1.63-1.86 1.78 0.10
Khao Noh 2 1.49-1.67 1.58 1.58-1.72 1.65
Khao Na Phung 1 2.12 1.82
Khao Rupchang | 4 1.49-2.08 1.79 0.24 1.63-1.90 179 0.09

crests, which strengthen the 2nd and 3rd
lamina on M1 and M2.

Lower molars are rather broad, and ml
is short and has no anterocentral cusp. The
anterior part is narrow, but the posterior
part is rather wide. Lingual cusps are situ-
ated more mesially than the labials, produc-
ing oblique lamina. Cv5 is present. The
posterior cingulum is small. The m2 has an
anterolabial cusp and a CvS5. Its posterior
cingulum is stronger than that of ml. The
ml and m2 have 3 roots. The high coronal
elevation of molars and their occlusal sur-
face, more laminar than cuspidate, usually
are characteristics of grazing rodents.

Nolar ckaracters of fossils from Thailand
(Fig. 2).—Nomenclature used for descrip-
tion of morphology of molars is a combi-
nation of those proposed by Misonne
(1969) and Musser (1987). M1 is rather
broad with an almond-shaped outline and
distally bent cusps. There is no t7 or pos-

terior cingulum. The central cusps are much
wider than the lateral ones. On the 1st row,
cusp tl is separated from t2 by a narrow
but distinct valley and is slightly distal to
it. Cusp t3 is reduced and is nearly at the
same level as t2. Both are separated by a
shallow valley. Cusps t4 and t6 on the 2nd
row are on the same level and situated more
distally than t5. Cusp t8 is large and dom-
inates the 3rd row. Cusp 19 is reduced, cres-
tiform, and connected to t6. On worn mo-
lars, cusps t3, t4, and t6 show distal incip-
ient stephanodont crests, connecting t3 to
16, t4 to t8, and t6 to t9. Such stephanodont
crests strengthen the posterior part of the
tooth. These connections appear during
wear on the labial side before the lingual
side. In lateral view, M1 and M2 of H. hu-
mei show an elevated crown, with the val-
ley separating the different cusps ending
before the dentine—enamel limit. Such an
elevated crown can be described as semi-
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FIG. 2.—Fossil Hadromys humei from main
layer of Snake Cave, Thailand: a) left M1; b)
right ml; c¢) right M2; and d) right m2.

hypsodonty or coronal hypsodonty (Musser
1987). This character, combined with those
of the occlusal surfaces of the molars, usu-
ally is present on molars of highly special-
ized grazing Murinae, which led Musser
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(1987) to conclude that H. humei was a mu-
rine counterpart of an arvicoline. This mo-
lar has 5-6 roots: 1 large anterior, 2 lingual,
and 2 labial. In some specimens, there is a
small additional posterior root. M2 is broad.
Cusp tl is rounded and prominent. and t3
is absent. Cusps t4, t5, and t6 are fused to-
gether as a lamina. No distinct valleys sep-
arate these cusps. Cusp t8 is large, and t9
is more reduced than on MI1. On worn
teeth, t4 and t6 are strongly connected to t8
by 2 strong distal crests. There are 6 roots:
large anterolingual, anterolabial, and pos-
terolingual, 2 small posterolabial, and a
small labial.

The m1 has a narrow anterior part with-
out anterocentral cusp. Its distal end is rath-
er broad, and main cusps are arranged into
laminated chevrons. Lingual cusps are more
mesial than labial cusps. On the 1st lamina,
the anterolingual cusp is fused with the an-
terolabial cusp to make an oblique lamina.
A small cingulum unites the anterolabial
cusp to the protoconid. The posterior cin-
gulum is distinct but reduced and low. Cv5
is present and connected to the posterior
chevron. Three roots are present: 1 large
anterior, 1 transverse posterior, and 1 small
labial root. The m2 is broad and short. The
main cusps are fused into laminae. Anter-
olabial cusp is present and also Cv5 and
posterior cingulum. Three roots are present:
2 anterior and 1 large posterior root.

Comparison of Thailand fossil wiih ex-
tant Hadromys humei.—Molars show all
characteristics of extant H. humei, and there
can be no doubt about their attribution to
that species. Some differences have been
observed; valleys between t2 and t3 of M1—
M2 are deeper in fossil specimens than
those of extant species. When comparing
samples from different localities in Thai-
land, in the M1 of Khao Panam and Khao
Rupchang localities, the 1st row is con-
nected to the 2nd row by stephanodont
crests issued from t3 and t6, and the 2nd
row is connected to the 3rd row by ste-
phanodont crests issued from t4 and t6. The
stephanodont crest on t3 of M1 never ap-
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pear in other localities. Cusp t3 of M1 of
Khao Panam and Khao Rupchang also are
more reduced. The molar cusps are fused
together more strongly than those from
Snake Cave. All these differences can be
attributed to intraspecific variation or mi-
croevolutionary differences induced by the
time range that separates some of these
middle Pleistocene localities.

Discussion

Misonne (1969) referred Hadromys to his
Arvicanthis division on the basis of molar
characters; molars are broad, t1 and t4 are
large, posterior cingulum is absent or nearly
absent on M1, M3 is enlarged, t9 is mesial,
m1 has CvS5, posterior cingulum is small on
ml and larger on m2, and molars are
strongly laminated when worn. He also
suggested that Hadromys may be closest to
Golunda, Dasymys, and Arvicanthis. Mus-
ser (1987) discussed phylogenetic affinities
of Hadromys and suggested that this genus
could have been derived independently in
Asia from a late Miocene ancestor, possibly
a species of Karnimata, and suggested that
the resemblance to the Arvicanthis group
was the result of convergent evolution.

Musser (1987) identified H. loujacobsi as
a fossil representative of this genus, for-
merly described under cf. Rattus (Jacobs
1978). This early Pleistocene fossil from Si-
waliks is younger than 1.66 X 105 years
ago. It has been found in association with
Golunda kelleri (similar to G. ellioti), Mus
(similar to M. booduga), and Millardia
(similar to M. kathleenae). H. loujacobsi
has longer and broader molars than extant
H. humei. Cusps on 1st and 2nd lamina of
M1 are aligned next to one another, so they
are less arcuate than in extant H. humei.
Cusp t9 of H. loujacobsi is large and dis-
tinct. It shows no connections with t6. The
fossil from Siwaliks shows only 4 roots
with a large anterior root, 1 large posterior,
1 small labial, and 1 large lingual root. This
fossil also has a more elevated crown and
cusps than H. humei. On this character only,
it can be excluded as an ancestor of H. hu-
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mei and rather corresponds to a sister
group, which already had developed high-
crowned molars during the lower Pleisto-
cene.

Hadromys loujacobsi is, therefore, more
derived for some characters than the fossil
from Thailand. Coronal elevation is much
stronger, and the anterior cusps of M1 and
ml are nearly straight as in extant H. hu-
mei. It also is characterized by occurrence
of a rather large t9 on M1 and M2, which
is a primitive character not present on fos-
sils from Thailand. The evolutionary ten-
dency of this group on the upper molar are,
therefore, coronal elevation, reduction of
valleys separating the main cusps, straight-
ness of the 1st lamina, reduction of t9, and
development of a distal stephanodont crest
on t3. On the lower molars, the anterolabial
cusp becomes connected to the anterolin-
gual cusp, and the metaconid becomes more
transverse, producing oblique lamina.

Recently, we described a new Hadromys-
related fossil from the late Pliocene to early
Pleistocene of central Thailand (Chaimanee
1998) that would represent a potential an-
cestor of Hadromys. This indicates that this
group of Murinae formerly was more di-
versified in Thailand and that Thailand may
have been its area of origin and evolution.
The present distribution of H. humei ap-
pears as relictual.

PALEOENVIRONMENTAL IMPLICATIONS

Hadromys is a terrestrial herbivorous rat
living today in rather dry areas where grass-
land predominates at 900-1,300 m eleva-
tion. It is hazardous to extrapolate these
data to an extinct population. Because of
morphological resemblance between living
and extinct populations, fossil Hadromys
from Thailand reasonably can be suspected
to have been living in similar conditions
during the middle Pleistocene with a grass-
dominated diet and a cooler and drier cli-
mate. On the basis of distribution of plants
in southeastern Asia (Meijer 1982; Van
Steenis 1936a, 1936b, 1936¢; Van Steenis
and Schippers-Lammertse 1965) and on the
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basis of palynological data (van der Kaars
and Dam 1995), it has been proposed that
during glacial periods, the climate of south-
eastern Asia was cooler and drier than pre-
sent. Isotopic data from the oceans (Shack-
leton et al. 1984) indicate that the middle
Pleistocene was dominated by glacial peri-
ods interrupted by short interglacial peri-
ods. During these glacial periods, the drop
in sea level of 140 m (Bard et al. 1990)
connected all present-day islands to main-
land Southeast Asia into a big continental
landmass called Sundaland (Medway 1972;
Verstappen 1975), the central part of which
was so far from the eastern and western
monsoon rains that it became a savanna
corridor allowing dispersal of northern dry
plants to the south (Ashton 1972; Morley
and Flenley 1987). New data relative to the
southern extension of H. humei indicate that
grazing species of rodents also extended
their range southward, following the chang-
es in distribution of plants.

In conclusion, the fossil record indicates
that H. humei was distributed widely during
the middle Pleistocene. Its southern limit
extended to Songkla Province in peninsular
Thailand at the Thai-Maiay border, farther
south than the present-day Kra Isthmus
(Lekagul and McNeely 1977), suggesting a

wide distribution over southeastern Asia."

This is suggestive of a different climate and
vegetation cover during the middle Pleis-
tocene, allowing H. humei to extend its dis-
tribution southward. Analysis of fossil ro-
dent communities (Chaimanee 1998) indi-
cates a predominance of evergreen forests
with patches of grasslands for the middle
Pleistocene of Thailand but with significa-
tively lower temperature and humidity than
today. Grassland was developed during the
late Pliocene to early Pleistocene when an
ancestor of Hadromys occurred together
with other grazing Murinae in central Thai-
land (Chaimanee 1998).
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Summary. — A new flying squirrel, Belomys thamkaewi n. sp., is described here from the
Late Middle Pleistocene to Late Pleistocene ot Thailand. It is recorded from only one fossil loca-
lity, Crystal Cave, Kanchanaburi Province, West Thailand. It ditfers from the extant and other
Pleistocene fossil Belomys pearsonii mainly by its very large size. The extant B. pearsonii was
widely distributed during the Middle Pleistocene in Thailand, its distribution range being exten-
ded southward, south of the present day Kra Isthmus. The new species, B. thamkaewi may repre-
sent a large sized descendant of these Middle Pleistocene Thai populations of B. pearsonit or

belong to a ditferent lineage of large sized Belomys. Both species have never been found sympa-
trically in the same fossil locality.

Résumé. — Un nouvel écureuil volant fossile, Belomys thamkaewi n. sp., est décrit, daté de
la fin du Pléistocgne moyen jusqu’au Pléistocene terminal de Thailande. I n’est connu que d’un
gisement fossile, Crystal Cave, province de Kanchanabury, Thailande occidentale. II différe sur-
tout par sa trés grande taille des Belomys pearsonii actuels et pléistocenes. Le B. pearsonii actuei
€tait largement réparti en Thailande au cours du Pléistocéne moyen, les limites de sa répartition
étant largement étendues vers le sud au-deld de I’actuel isthme de Kra. La nouvelle espece,
B. thamkaewi peut représenter un descendant de grande taille de ces populations Thai du Pléisto.
cene moyen de B. pearsonii, ou appartenir  une lignée différente d’un Belomys de grande taille,
Les deux espéces n’ont jamais été trouvées sympatriques dans un méme gisement.

KEY WORDS : Belomys, flying squirrel, Rodentia, Pleistocene, Thailand

INTRODUCTION
Belomys pearsonii (Gray, 1842) is a monotypic genus. It is represented only in the

Indochinese and Himalayan Subregions where this species has a wide distribution :
from Sikkim and Assam (India) to Hunan, Sichuan, Yunnan, Guizhou, Guangx:, Hai-

Mammalia, t. 64, n° 3, 2000 : 307-318.
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nan (China), Bhutan, Taiwan, Indochina and North Burma (Hoffmann et al. 1993). In
Thailand it is recorded only from Phetchabun and Nakorn Ratchasima Province in Nor-
theast Thailand (Askins 1977) and is mentioned toslive in dense forest. However
recently, Robinson et al. (1995) have caught this species in dry deciduous forest from
Huai Kha Khaeng Wildlife Sanctuary, West Thailand, suggesting a broader distribution
of this taxa. As all flying squirrels, this species is arboreal. According to Mitchell
(1979), in the eastern Himalayas, Belomys inhabits dense, temperate, broad-leaved
forests between 1,500 - 2,400 m in Nepal, down to 900 m in Sikkim. Osgood (1932)
erected a new subspecies, Belomys p. blandus for the sample collected from Muong
Moun, Tonkin, Vietnam based on its smaller size, smaller teeth, shorter and broader
nasals. Corbet and Hill (1992) included B. pearsonii within the genus Trogopterus, an
interpretation that we discuss and challenge here.

Fossil Belomys pearsonii have been recorded from 5 fissure fillings and cave
deposits of the Late Middle Pleistocene in Thailand (Chaimaneec 1998). It is abundant
in one locality of West Thailand (Kanchanaburi 2), two localities from North Thailand
(Khao Panam and Khao Takla) and one locality in Northeast Thailand (Snake Cave
main layer). Only few molars were discovered from Peninsular Thailand (Khao Toi 2)
which represent the first record of this species south of the present day Kra Isthmus,
Fossils of this species have been recorded from the Pleistocene of China by Zheng
(1993) who also described a new specices, Belomys parapearsoni from the Late Plio.
cene of South China.

However, a different population of Belomys was discovered from a fissure filling
deposit in Permian limestone at Crystal Cave locality, Kanchanaburi Province, Western
Thailand. It shows very large teeth, much larger than what can be accepted as a normal
intrapopulation or interpopulation variation among a single squirrel species. As their
size is significantly different from that of the other extant and Thai fossil populations
of B. pearsonii, we describe them here as a new species, B. thamkaewi. The faunal
assemblage consists of Sciuridae : Callosciurus cf. finlaysoni, Menetes berdmorei,
Petaurista petaurista, Hylopetes phayrei and Hylopetes spadiceus and of Muridae :
Leopoldamys sabanus, Rattus sikkimensis and Mus shortridgei. The age estimated for
this locality is about late Middle to Late Pleistocene according to the biochronologic
scale based on faunal associations of other Thai fossil localities (Chaimanee, 1998). No
additional case of very large sized species can be observed among the other taxa of that
locality.

Subfamily Petauristinae Miller, 1912
Genus Belomys Thomas, 1908
Belomys thamkaewi n. sp.
(Plate 1, Fig. 1-5)

Holotype : ] eft upper maxilla fragment with P4-M3, TF 7626, Collections of the
Department of Mineral Resources, Bangkok, Thailand.

Type-locality : Crystal Cave (in Thai = Tham Kaew), Kanchanaburi Province,
West Thailand (Fig. 1)." -

Derivatio-nominis : From the name of the type locality.
Age : Late Middle - Late Pleistocene.

Diagnosis : Belomys with molar morphology identical to that of the extant
B. pearsonii but with much larger molar size. Differs from Belomys parapearsoni
Zheng, 1993 by its lower ratio of P4/M1 length and its higher ratio of m‘/m? length.
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Plate 1. — Occlusal view of teeth of fossil Belomys thamkaewi n. sp. trom Crystal Cave locality,
Thailand. Scale bar = 1 mm.

1. Left upper tooth row with P4/-M3/(Holotype. TF 7626) : 2. Left lower P/4: 3. Left lower
M/1 ;4. Left lower M/2; 5. Left lower M/3.

Material and messuring. — One hundred fifty seven premolars and molars attri-
buted to Belomys thamkaewi n. sp. have been obtained from the dissolution by acetic
acid of a fissure filling sediment of Crystal Cave locality. Kanchanaburi Province,
West Thailand (Table 1).

Dental nomenclature (See Fig. 2).

Molar characters. — Teeth are brachyodont with elevated cusps and strongly
developed conules and spurs. Upper toothrow shows two premolars and three molars.
P3 is a small conical tooth with one root situated on the anterolingual side of P4. P4 is
triangular-shaped. It is the largest tooth on the toothrow with a very strong parastyle.
The lingual part of upper molars differs from that of other flying squirrels by the
occurrence of a narrow and deep lingual sinus separating protocone from hypocone.
The mesostyle is connected to paracone by a strong mesostylar crest. The third upper
molar is relatively small. The lower toothrow shows one premolar and three molars.
The m is the largest tooth with an enlarged hypoconid.

P3 : It is a small, conical, one-rooted tooth. It is located on the antero-lingual side
of P4.
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TABLE 1. ~ Measurements length and width of teeth of fossil Belomys thamkaewi in mm. N : number of
specimens ; L: length; W width; Min-Max : minimum-maximum ; X : mean; SD: standard devia-
tion.

Molar | N L W

Min-Max | X SD Min-Max X SD
DP4 4 | 285311 |3.04] 013 2.77-3.10 | 2.95 | 0.14
P4 18 | 3.13-3.92 {3.62| 0.25 2.92-3.87 | 3.43 | 0.23
M1 21 | 246279 | 2.61| 0.09 2.79-3.37 | 3.13 | 0.18
M2 42 | 253322 |285| 0.16 2.89-3.63 | 331 | 0.17
M3 22 | 2.68-3.15 |2.89| 0.11 2.83-3.23 | 3.01 | 0.09

dp4 2 2.33-2.40 | 2.36 - 1.93-2.12 2.02 -
pd 2 2.58-3.03 | 2.81 - 2.68-2.92 2.80 -
ml 19 | 2.64-320 {286 0.15 2.70-3.16 2.87 | 0.16

m2 14 | 2.80-3.51 {3.14] 0.14 3.11-3.55 335 | 0.14
m3 13 | 3.44-401 378} 0.18 2.86-3.70 3.11 | 0.21

P4 : It is the largest tonth of the upper toothrow. It shows a triangular occlusal
outline with rounded corners. The parastylar area is well developed in the mesial cor-
ner. It is connected to the protocone by a thin anteroloph and to the paracone by a
labial crest. The protocone is the largest cusp of the lingual side. There are two lophs
diverging from the protocone, protoloph and metaloph. The protoloph connects the pro-
tocone to the paracone, with a well developed protoconule. The metaloph connects the
protocone to the metacone with also a well developed metaconule. The mesostyle is
cusp-like and connected to the paracone by a mesostylar crest. The hypocone is redu-
ced to a very small cusp. There is a small lingual sinus separating the protocone from
the hypocone.

P4 has three roots, one on cach corner : anterior, posterolabial and posterolingual.
The posterolingual root is the largest.

DP4 : It shows a smaller size than P4 (Table 1) with similar morphology. Main

difference concerns the parastylar area which is less developed. The three roots are also
more divergent than those of P4.

M1- M2 : These molars show a rectangular outline with a convex lingual side.
* They are similar but M2 is larger than M1. A cingulum surrounds the lingual wall,
which also shows vertical enamel wrinkles. The anteroloph is thin and the parastyle is
absent. The protocone is the largest cusp and is connected to the hypocone by an endo-
loph. There are two sinus on the lingual side. The antero sinus is narrow and situated
between the anteroloph and the protocone. The lingual sinus is wider. The protoloph
and metaloph join together at the protocone. The mesostyle is connected to the para-
cone by a mesostylar crest. The protoconule develops a spur which extends mesially
and which nearly reaches the anteroloph. The metaconule develops a distal spur which
joins the posteroloph at the posterostyle, separating the posterior basin into two parts.
A crest connecting protoloph to metaloph separates the central basin into two parts.
This basin opens labially by a notch situated between the mesostyle and the metacone.
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Fig. 2. — dental nomenclature of Belomys : L = length, W = width.
“

The metacone develops a small spur lingually inio the posterior basin. The paracone

develops a small spur mesially into the anterior basin.

M1 and M2 have three roots : anterolabial, posterolabial and lingual. The lingual

root 1s the largest.
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M3 : It is the smallest tooth of the upper toothrow, The distal part is reduced
which gives to that molar a rounded occlusal outline. The ‘parastyle is absent. The pro-
toloph connects the protocone to the paracone. The protoconule is well developed on
the protoloph and shows the protoconule spur. Metacone, metaconule and metaloph are
absent. As a consequence, the central basin is fused with the posterior basin. The hypo-
cone is very reduced. The posteroloph connects the hypocone to the mesostyle. There
is a mesial spur from the postero-style and from the hypocone into the posterior basin.
The antero-sinus is larger than the lingual sinus.

M3 has three roots : anterolabial, anterolingual and posterior. The anterolingual
root is the largest.

p4: The lower premolar is the smallest tooth of the lower toothrow. On the ante-
rior part of the tooth, there is a small anteroconid. The anterolophid is present but low.
The metaconid is higher than the protoconid. The metalophid is interrupted. A conti-
nuous longitudinal crest unites the posterior arm of protoconid to the hypoconid. The
mesoconid is well developed on this crest. The hypoconulid is also well developed on
the posterolophid. The cusps and crests are rather high on unworn teeth and numerous
additional erratic enamel crestules are issued from the main cusps to develop a reticu-
late pattern which is characteristic of this genus.

There are two roots, anterior and posterior.

dp4 : It shows a smaller size (Table 1) than p4 but similar morphology. Main dif-
ference concerns the anterior part which is less developed. The two roots are also more
divergent than those of p4.

m1: It has a rhomboidal occlusal outline with rounded corners. The lingual mar-
gin is not parallel to the labial margin, so that the posterior margin is wider than the
anterior margin.

Four main cusps are situated on each corner of the crown. The metaconid is the
highest cusp. The anterolophid is the strongest crest. The metalophid is uninterrupted.
The talonid basin is divided by high and continuous crests. The longitudinal crest
connects protoconid to hypoconid as on p4 and shows a well developed mesoconid.
The mesostylid is well developed on m1 and smaller on m?2. The basin opens lingually
between the mesostylid and the entoconid.

There are 4 roots, one on each corner. The postero-lingual root is the largest.

m2 : It shows the same basic pattern as m1 but the anterior margin is nearly as
wide as the posterior margin. The anterolophid is stronger than on m1. The talonid
basin is also wider. The posterolophid is weaker from p4 to m2 but the main cusps are
stronger than on the anterior teeth.

There are four roots, one on each corner, the posterolingual root being the largest.

m3 : This molar is the largest in the toothrow. It has a triangular occlusal outline
with a remarkably enlarged posterior-half. Most characters are similar to those of m2.
Trigonid and talonid basins are deep but occupied by many small crests. Metaconid is
high, strong and mesially displaced. The hypoconid is enlarged, very wide and displa-
ced distally. It becomes the largest cusp.

There are four roots, anterolingual, anterolabial, posterior and lingual. The poste-
rior root is the largest.

Comparison. — Fossil Belomys thamkaewi from Crystal Cave locality shows the
same molar characters as the extant Belomys pearsonii but a much larger size (about
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50 % larger) (Fig. 3). This size difference is so important that it cannot be interpreted
as a geographical variation (clinal variation) within a(single species and justifies there-
fore the description of a new specics. From the surface area of its m1, the estimated
body mass of B. thamkaewi is about 325 g (Legendre, 1989), compared to the 217 g of
extant B. pearsonii (Silva and Downing, 1995).

6
5 B W 7rogopterus xantipes
|
E x Belomys thamkaewi
E
= 4 Belomys pearsonii
= X
z 5z
= ii x + extant
X XX
3 ‘A A Kanchanaburi2
N —
2 :
2 3 4 5 6
Length (mm)

Fig. 3. - P4 of fossil Belomys thamkaewi from Crystal Cave, West Thailand compared with

extant Trogopterus xanthipes, Belomys pearsonii and fossil B. pearsonii from Kanchana-
buri 2.

Belomys has a distinct tooth morphology that discriminates it clearly from Trogop-
rerus. The main differences concern the P4, M3 and m3. P4 of Trogopterus is much
larger relative to M1 than that of Belomys (Fig. 4). Compared to Belomys, it shows a
more strongly developed parastylar area which is separated into 3 cusplets. M3 of Tro-
gopterus also has a strongly developed metacone and protoconule but these cusps are
very reduced or absent in Belomys. The m3 of Trogopterus is similar in shape and in
size to m2, with a large entoconid displaced distally giving a rectangular outline to that
molar. It also shows a large hypoconulid. In Belomys, m3 is much larger than m2 with
a triangular outline caused by its reduced entoconid and hypoconulid, combined to a
strongly enlarged hypoconid.

Zheng (1993) described a new species of fossil Belomys, B. parapearsoni from the
Late Pliocene of South China, defined on a few morphological differences from the
extant B. pearsonii. These differences concern smaller size, lower crown elevation,
smaller mesostyle, closed posteroloph and reduction of metacone on M3. He also
recorded abundant remains of fossil B. pearsonii associated to a few Trogopterus xan-
thipes from several Pleistocene localities of South China. The Thai fossil, B. tham-
kaewi and B. pearsonii have similar dental morphology to Chinese B. parapearsoni and
B. pearsonii. The main differences concern the distal part of M3 and m3 . Both Chi-
nese Belomys fossils and Trogopterus show a distal longitudinal crest connecting proto-
conule to posterostyle on M3 as on the extant Trogopterus, but this connecting crest
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Fig. 4. — Length of P4/M1 of extant B. pearsonii (USNM) 257845) and Thai fossils B. pearsonii
from Kanchanaburi 2, Khao Takla and B. thamkaewi n. sp. compared with the Chinese fos-
sil B. pearsonii, B. parapearsoni and T. xanthipes.

does not exist on the Thai fossils. The m3 of Chinese fossils have a rather large ento-
conid which is displaced distally and which gives to this molar a rectangular outline.
Additionally, there is no hypoconulid, as in extant Trogopterus. In Thai fossils, this
molar shows a triangular outline with a reduced entoconid and a small hypoconulid.
The length proportions of P4/M1 and m3/m2 of Chinese fossils are very different from
those of the Thai fossils (Fig. 4 and 5). P4/M1 of Chinese fossils, B. parapearsoni and
B. pearsonii, show high values and fall in the same group as T. xanthipes. The m3 of
the Chinese fossils are of nearly equal length to m2 as in T. xanthipes whereas the
_ Thai fossils have longer m3. From these diagrams, we suggest that the Thai fossils
" clearly belong to Belomys and that the Chinese fossils refered to Belomys correspond
rather to Trogopterus. We propose therefore to attribute. B. parapearsoni to the genus
Trogopterus and the chinese B. pearsoni sample used as reference by Zheng (o.c) to
an undescribed extant species of Trogopterus.

The Thai fossils of B. pearsonii are identical to extant Southeast Asian B. pear-
soni. Belomys thamkaewi shares the same morphological characters as B. pearsoni,

with similar low crowned molars, but has a larger size, significatively larger than that
of any population of extant Belomys.

Specimens examined. — Belomys pearsonii (BM 50.601, 95.7.3.3, 8.4.1.41,
15.5.5.43, 15.5.5.44, 8.4.1.42, 33.4.1.263 ; USNM 257845); Trogopterus xanthipes
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(BM 91.10.7.62, 9.7.21.5, 48.309, 8.8.11.62 ; MNHN CG 1962 No. 2171, 2176, 2177
and CG 1896 No. 63, 2078, 2079, 2175, 2177)
BM = the British Museum (Natural History), London :

USNM = the National Museum of Natural History, Smithsonian Institution,
Washington D.C. ;

MNHN = Muséum National d’Histoire Naturelle, Paris.
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Fig. 5. < Length of m3/m2 of extant B. pearsonii (USNM) 257845) and Thai fossils B. pearsonii
from Kanchanaburi 2, B. thamkaewi n. sp. compared with the Chinese fossil B. pearsonii,
B. parapearsoni and T. xanthipes.

DISCUSSION

Corbet and Hill (1992) synonymized Belomys pearsonii with Trogopterus. They
showed that the differences between these two taxa concern mainly their body size, the
number of septae in bulla and the proportions of P4/M1 and m3/m?2. T. xanthipes has a -
much larger P4/M1 ratio than B. pearsonii. Additionally, B. pearsonii has a larger
m3/m2 ratio than T. xanthipes. These differences are rather important and therefore we
consider that the genus.Belomys should be kept until more evidence becomes available
to fuse the two extant genera into one single genus, Trogopterus. Nevertheless, the
molar characters indicated by Corbet and Hill (o. c.) allow to confirm the identification
of the Crystal Cave population as a very large sized Belomys.

The occurrence of a large sized Belomys closely related to B. pearsonii in the
Pleistocene of Thailand rises several problems. First, these two species, large and
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small, never occur together in the same fossil locality. There is therefore no evidence
of sympatry. According to that observation, two different integpretations can be propo-
sed. For the first one, the large B. thamkaewi is the result of local evolution during the
Late Pleistocene from an ancestral Thai population of B. pearsonii. In that case, evi-
dence should be found confirming a more recent age (Late Pleistocene) for Crystal
Cave locality and fossils intermediate in size should be discovered. The second pos-
sible interpretation would consider B. thamkaewi as a large sized extinct species of
Belomys with a more northern distribution during Pleistocene, which distributional
range would have been displaced southward during the glacial episodes. The occur-
rence of fossil B. pearsonii in Peninsular Thailand, further south than their present geo-
graphic range and south of the present day Kra Isthmus (Chaimanee 1998), is suppor-
ting this second interpretation. Uranium/Thorium dating of the calcite associated to
these fossils, and the discovery of new fossils of Belomys should allow to discriminate
between these two interpretations.

The occurrence of fossil B. pearsonii all over Thailand during the Pleistocene and
of B. thamkaewi in lowlands of West Thailand during the Late Pleistocene is rather
surprising as this genus is supposed to live rather in temperate forests, high latitude and
elevation of about 1,500 to 2,400 meters (Mitchell 1979). The only recorded occur-
rence of B. pearsonii among the extant fauna is from dense forest in Northeastern Thai-
land (Askins 1977) and from dry deciduous forest in Western Thailand (Robinson et al.
1995). Their range have therefore extended much farther south and to lower altitudes
than at present day during some cooler periods of the Pleistocene. Other species of
rodents, as Hadromys humei and Mus pahari also show similar southward extended
distribution ranges during the Pleistocene (Chaimanee 1998 ; Chaimanee and Jaeger
2000). Several authors have emphasized the importance of climatic changes in Sou-
theast Asia during the Pleistocene and on the basis of vegetation changes, estimated a
mean temperature drop of about 6° C and a downward shift of the vegetational zones
of 1,000 to 1,600 meters during the last glacial maximum (Flenley 1993, 1996). The
Middle Pleistocene and the Late Pleistocene are known as long cool periods interrupted
by short episodes of warming. These climatic fluctuations represent probably the cause

of the important distributional changes that affected the range of the rodents of Sou-
theast Asia.
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