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Abstract Tree shrew fossils are extremely rare. Here, we

report two new tupaiine tree shrews, Prodendrogale enges-

seri sp. nov. and Tupaia storchi sp. nov., discovered from the

late Miocene deposits of Yuanmou Lufengpithecus locality of

Yunnan Province in China. P. engesseri is very close to the

slightly younger species P. yunnanica Qiu (Vertebrata

PalAsiatica, 24: 308–319, 1986) from the Lufeng Lufengpi-

thecus locality of Yunnan Province. Relatively lower crowns

and less trenchant tooth cusps of P. engesseri show that

P. engesseri is more primitive than P. yunnanica. Tupaia

storchi is a species larger than Palaeotupaia sivalicus Chopra

and Vasishat, 1979, T. minor Günther, 1876 and T. javanica

Horsfield, 1822, but smaller than all the other extant species

of Tupaia and T. miocenica Mein and Ginsburg, 1997. The

mesiobuccal side of the lower molar of this species develops a

very strong cingulid. It should be interpreted as a primitive

condition. Discovery of diverse tree shrew fossils in Yunnan

suggests that multiple evolutionary lineages of tree shrews

must have coexisted in a very large area in East Asia.

Keywords Prodendrogale � Tupaia � Scandentia �
Late Miocene � Baodean

Introduction

Tree shrews are squirrel-like small-bodied mammals living

in the South and Southeast Asia. In the 1920s, it was

suggested that tree shrews have some characters closely

linking them to primates (Carlsson 1922; Le Gros Clark

1924a, b, 1925, 1926). Later on, the tree shrews were

formally transferred from the Order Insectivora to the

Order Primates (Simpson 1945). Since 1960s, however,

more and more researchers began to challenge the primate

status of tree shrews (Martin 1968; McKenna 1966; Szalay

1968; Van Valen 1965). In modern classification, tree

shrews are put in an order of their own (Helgen 2005;

McKenna and Bell 1997), but most researchers still believe

that tree shrews have a close phylogenetic relationship with

primates, and great efforts have been poured into the

studies on the superordinal phylogenetic relationships

among tree shrews, primates, plesiadapiforms and flying

lemurs (Bloch et al. 2007; Janecka et al. 2007; Ni et al.

2010; Sargis 2004; Schmitz et al. 2000; Simmons 1993;

Springer et al. 2007). There are also many papers dealing

with the intra-ordinal relationships of extant tree shrews

from multiple aspects (Luckett and Jacobs 1980; Olson

et al. 2004, 2005; Steele 1973).

Our understanding on the origin and early evolution of

this group is still obstructed by its poor fossil record.

Although many fossil mammals from Eurasia and North

America, such as Tupaiodon, Adapisoriculus, Litolestes,

and Anagale, were suggested to be tree shrews or close

relative of tree shrews (Matthew and Granger 1924;

Simpson 1931; Szalay 1977; Van Valen 1965), undoubted

tree shrew fossils are extremely rare. They were only found

in the Siwaliks of India and Pakistan, Li Basin of Thailand,

Lufeng and Yuanmou in Yunnan Province, and possibly

Xichuan in Henan Province of China.

Some isolated teeth and one jaw fragment collected

from the Yuanmou Lufengpithecus locality were attributed

to Prodendrogale yunnanica and Ptilocercinae gen. and sp.

indet. in a study on the small mammalian fauna of the

locality (Ni and Qiu 2002). Detailed examination of the

specimens reveals that there are probably four types of tree
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shrews in the Yuanmou Lufengpithecus mammalian fauna.

The lower jaw fragment preserving an m1 and half p4 was

identified as a ptilocercine tree shrew (Ni and Qiu 2002).

Restudy of the specimen confirms our previous identifica-

tion and suggests that it must belong to a new genus and

species. One previously unknown lower molar fragment

preserving half of the trigonid and complete talonid shows

very bunodont cusp pattern and possess weak cingulids on

it buccal and distal sides. The tooth is much smaller than

the specimen previously referred to Ptilocercinae, but lar-

ger and much more bunodont than the specimens allocated

to Prodendrogale. The combination of bunodont lower

molar with buccal and distal cingulid clearly suggests a

ptilocercinae affinity. Detailed study on these ptilocercine

specimens is still in process. Here, we focus on the tupaiine

specimens only. The isolated teeth previously attributed to

P. yunnanica are now identified as a new species. Some

newly collected specimens from the same locality indicate

that a previously unknown Tupaia type tree shrew is also

present in the Yuanmou Lufengpithecus mammalian fauna.

Material and method

The Yuanmou Lufengpithecus locality lies in the Yuanmou

Basin, which is one of the numerous Cenozoic sedimentary

basins on the Yunnan-Guizhou Plateau in southwest China.

It is located near the Leilao, Xiaohe and Zhupeng villages

of the Yuanmou County, about 30 km northwest to the

Yuanmou city and 220 km northwest to the Kunming,

capital of the Yunnan Province. The fossil-bearing sedi-

ments are mainly diluvial-alluvial deposits, comprising a

series of brownish-red sandy clays and argillaceous silt-

stones, with some intercalation or small lenticular bodies of

grayish-yellow and grayish-green pebbly sandstone (Ni and

Qiu 2002; Qi and Dong 2006).

Specimens described here were obtained by screen

washing. More than 10 tons of matrix collected from the

Lufengpithecus locality near Leilao Village of Yuanmou

County were processed. About two hundred isolated teeth

of small mammals representing 41 taxa were sorted out

from the concentrates. But the tree shrews are very rare.

Only about a dozen specimens were found. Terminology

for dental description follows that of Szalay and Delson

(1979). Measurements were taken under Olympus SZ61

microscope with a precision of 0.01 mm. Odontometric

landmarks follow the definition of Swindler (1976).

Systematic palaeontology

Class Mammalia Linneaus, 1758

Order Scandentia Wagner, 1855

Family Tupaiidae Gray, 1825

Subfamily Tupaiinae Gray, 1825

Genus Prodendrogale Qiu (1986)

Prodendrogale engesseri sp. nov

Figure 1a–n; Table 1

Holotype Right M1, IVPP V 18215 (2.10 mm long, and

2.35 mm wide, Fig. 1a).

Type locality Yuanmou Lufengpithecus locality 9906,

Xiaohe Formation, Leilao Village, Yuanmou County,

Yunnan Province, China. Late Miocene, Early Baodean

Chinese Land Mammalian Age, *MN10 of Europe.

Etymology Dedicated to Dr. Burkart Engesser, in recog-

nition of his outstanding work on fossil mammals and his

important contributions to Chinese mammal palaeontology.

Referred specimens Specimens from Yuanmou Luf-

engpithecus locality 9906: right P4, IVPP V 18216.1

(1.80 mm long, and 1.62 mm wide); left P4, IVPP V 18216.2

(1.79 mm long, and 1.65 mm wide); left M1 fragment, IVPP

V 18216.3; right M2 fragment, IVPP V 18216.4 (*2.00 mm

long, and 2.35 mm wide); right M2 fragment, IVPP V

18216.5 (*2.40 mm wide); right M2 fragment, IVPP V

18216.6; left M3, IVPP V 18216.7 (1.65 mm long, and

2.25 mm wide); right p3 fragment, IVPP V 18216.8

(*1.40 mm long, and 0.55 mm wide); right p4, IVPP V

18216.9 (1.65 mm long, and 0.91 mm wide); right p4 frag-

ment, IVPP V 18216.10 (1.72 mm long, and 1.15 mm wide);

right m2 fragment, IVPP V 18216.11 (2.26 mm long,

*1.40 mm trigonid wide, and 1.35 mm talonid wide); left

m2 fragment, IVPP V 18216.12 (*2.20 mm long, and

1.40 mm trigonid wide); left m3 fragment, IVPP V 18216.13

(*1.80 mm long, and 1.05 mm trigonid wide). Specimens

from Yuanmou Lufengpithecus locality 9905: left M1, IVPP

V 18217.1 (2.20 mm long, and 2.71 mm wide); right M1 or

M2 fragment, IVPP V 18217.2; left p4, IVPP V 18217.3

(1.64 mm long, and 1.00 mm wide); right m2 fragment,

IVPP V 18217.4 (2.20 mm long, 1.45 mm trigonid wide, and

1.49 mm talonid wide); right m1 or m2 talonid, IVPP V

18217.5 (1.48 mm talonid wide).

Diagnosis Tree shrew similar to P. yunnanica, but with

smaller size and lower crown; P4 buccal side possessing

deep indentation; parastyle of P4 large; paraconule and

metaconule of upper molar small, parastyle and mesostyle

moderately protruding; hypoconulid of lower molar large,

valley separating entoconid and hypoconulid wide.

Description The occlusal view of the P4 is roughly tri-

angle, but the mesial and buccal margins of the tooth have

deep indentation, and its distal edge is waisted. The para-

cone is very tall and sharp, pronouncedly inclined to the

distobuccal side. The mesial margin of the paracone is

rounded. The preparacrista extends from the parastyle to

the mesial margin of the paracone for a very short distance.

The postparacrista bearing on the distal margin of the
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Fig. 1 Isolated teeth of Prodendrogale engesseri sp. nov.: a right

M1, IVPP V 18215, type; b right P4, IVPP V 18216.1; c left P4, IVPP

V 18216.2; d left M1, IVPP V 18217.1; e left M1 fragment, IVPP V

18216.3; f right M2 fragment, IVPP V 18216.4; g right M2 fragment,

IVPP V 18216.5; h left M3, IVPP V 18216.7; i right p3 fragment,

IVPP V 18216.8; j right p4, IVPP V 18216.9; k left p4, IVPP V

18217.3; l right m2 fragment, IVPP V 18216.11; m left m2 fragment,

IVPP V 18216.12; n left m3 fragment, IVPP V 18216.13. o occlusal

view, l lingual view, b buccal view

Yuanmou tupaiine tree shrews 53



paracone is sharp and long. It originates from the tip of the

paracone, and extends distolingually to the midway, then

turns to the distobuccal corner of the tooth, forming a long

and curved shearing blade. The protocone is mesiolingually

positioned relative to the paracone, and much lower and

narrower than the latter cusp. The lingual side of the pro-

tocone is round and bulging, but the buccal side is very

steep and slightly concave. The preprotocrista is short

and sharp. It starts at the tip of the protocone, and runs

mesiobuccally for a very short distance to join the mesial

cingulum. The postprotocrista is absent, but the ‘‘Nanno-

pithex’’-fold (= postprotocone-fold) is about equally

developed as the preprotocrista. It is short and confluent

with the distal cingulum. The parastyle is very large. It is

located mesiobuccally relative to the paracone. Because of

the mesial protruding of protocone and parastyle, the

indentation of the mesial border of the tooth becomes very

prominent. The metastyle is very small, present as a small

nodule at the distal end of the postparacrista. Except for the

lingual side of the protocone, the whole tooth is surrounded

by a very strong cingula. The mesial cingulum and the

parastyle enclose a small fossa mesial to the paracone. The

buccal cingulum and the distal part of the postparacrista

enclose a prominent stylar shelf.

The M1 is also roughly triangular in the occlusal view.

The protocone is large and robust. The tip of the protocone

is more mesially positioned. The mesiolingual and the

distolingual surfaces of the protocone meet lingually at a

sharp angle and form a prominent arris. The lingual side of

the protocone is deeply concave and bordered by sharp

preprotocrista and postprotocrista. The preprotocrista

extends to the base of the tooth mesial to the paracone and

joins the mesial cingulum. The postprotocrista is slightly

longer than the preprotocrista due to the mesial inclination

of the protocone. It extends to the tooth base near the

distolingual margin of the metacone. A very weak para-

conule and metaconule are developed on the preprotocrista

and postprotocrista, respectively. The paracone is a trian-

gular-pyramid-like cusp. Its mesiolingual and distolingual

surfaces are flat and meet lingually at a sharp angle. A

sharp edge is therefore formed on the lingual surface of the

cusp. The tip of the paracone inclines buccally. The buccal

side of the paracone is deeply concave, with the sharp

preparacrista and postparacrista enclosing the fossa. The

metacone is in a similar shape as the paracone, but sig-

nificantly larger. The cristae bearing on the paracone and

metacone are arranged in a typically dilambdodont pattern.

The preparacrista extends mesiobuccally to join the para-

style. The postparacrista has about the same length as the

preparacrista, and extends distobuccally to join the meso-

style. The premetacrista extends mesiobuccally, also join-

ing the mesostyle. The postmetastyle extends distobuccally

for a much longer distance. Along the buccal side of the

tooth, the stylar shelf is wide. Two stylar cusps are

developed, the parastyle and the mesostyle. The parastyle

is relatively small and blunt. The mesostyle does not pro-

trude buccally. The weak mesial cingulum connects the

preprotocrista and parastyle. On the mesial side of the

protocone, a trace of cingulum is developed. But this weak

cingulum does not connect the preprotocrista or the mesial

cingulum. The distal cingulum is even weaker. It extends

along the distal base of the metacone like a trace. On the

distolingual side of the protocone, a short but prominent

cingulum is developed. Similar as the cingulum on the

mesial side of the protocone, this short cingulum developed

on the distolingual margin of the protocone does not con-

nect the postprotocrista or distal cingulum.

Complete M2 has not been found. A few fragments

show that the tooth is similar to the M1, but more sym-

metrical from occlusal view. Its postmetacrista is not as

Table 1 Measurements of the isolated teeth of Prodendrogale engesseri sp. nov. and P. yunnanica (in mm)

Specimen Prodendrogale yunnanica Prodendrogale engesseri

N Length Trigon/trigonid width Talonid width N Length Trigon/trigonid width Talonid width

C1 1 1.25 0.60 – 0 – – –

P2 1 1.25 0.58 – 0 – – –

P3 2 1.68 – – 0 – – –

P4 1 1.75 – – 2 1.80 1.64 –

M1 1 2.50 – – 2 2.15 2.53 –

M2 1 2.25 2.60 – 2 2.00 2.38 –

M3 1 1.50 2.60 – 1 1.65 2.25 –

p3 0 – – – 1 1.40 0.55 –

p4 1 1.90 1.25 – 3 1.67 1.02 –

m1 2 2.45 1.40 1.60 0 – – –

m2 1 2.40 1.40 1.35 3 2.22 1.42 1.42

m3 1 – – 1.15 1 1.80 1.05 –
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elongated as the one of M1. The tip of the protocone is

more centrally positioned. The parastyle and mesostyle are

relatively larger and more protruding. The short cingula on

the mesial and distolingual margins of the protocone are

absent or very weak.

The M3 is much smaller than M1 and M2. From the

occlusal view, it is very asymmetrical: the paracone is fully

developed, whereas the metacone is greatly reduced. The

mesiobuccal corner of the tooth is elongated into an arm-

like structure. The preparacrista is also elongated, much

longer than the postparacrista. The premetacrista is nor-

mally developed, but the postmetacrista is absent. The

distal surface of the metacone is thereby rounded and

smooth. The protocone is relatively small and elegant. The

paraconule and metaconule are absent. The parastyle is

pretty large, but the mesostyle is small.

Only one incomplete p3 is available for description. The

tooth is buccolingually compressed. The protoconid is very

tall and triangular in the side view. Both the mesial and

distal cristids of the protoconid are very sharp. The para-

conid is very small, developed at the mesial end of the

tooth. The metaconid is absent. The distal end of the tooth

is broken off. A small hypoconid must have existed there.

The trigonid of the p4 is fully molarized, but the talonid

is very poorly developed. The protoconid, paraconid and

metaconid are all trenchant and tall. The protoconid is the

largest cusp of the tooth. The paraconid is mesiolingually

positioned, well separated from the protoconid. The meta-

conid is directly lingual relative to the protoconid. It is

much larger than the paraconid, but considerably smaller

than the protoconid. The paracristid, which connects the

protoconid and paraconid, is very sharp. A deep notch is

present at the middle of the paracristid, thereby forming a

carnassial-like shearing blade. The lingual and buccal pro-

tocristids between the protoconid and metaconid are short,

but sharp. The paraconid and the metaconid are widely

separated from each other. The distal surface of the para-

conid and the mesial surface of the metaconid are smooth.

No cristid is present between these two cusps. The trigonid

completely opens to the lingual side. The talonid is very

short, bearing only one small cusp. This cusp is identified as

the rudimentary hypoconid. The hypoconid is lingually

positioned, distal to the metaconid rather than the proto-

conid. The distobuccal side of the tooth is thereby oblique.

From the tip of the hypoconid, there are two weak cristids

running to the mesiobuccal and mesiolingual borders of the

trigonid, respectively. An even weaker cristid runs directly

mesial to the posterior wall of the trigonid. This cristid

represents the rudimentary cristid obliqua. A weak cingulid

is developed on the mesiobuccal side of the tooth.

Two incomplete lower molars were identified as m2s.

The trigonid of this tooth is slightly mesiodistally com-

pressed. The protoconid is in a triangular-pyramid shape.

Its distal and lingual sides are very flat and steep. Its

mesiobuccal side is slightly curved. The metaconid is

slender and lower than the protoconid. It is located directly

lingual to the protoconid. The paraconid is much lower

than the metaconid. Similar to paraconid of the lower

molar of Tupaia, the paraconid of P. engesseri is also

cristid-like. It is mesiodistally thin and buccolingually

wide. Only its lingual side is conical. The paracristid

developed on the mesial side of the protoconid is sharp and

long. It starts at the tip of the protoconid, and runs me-

siolingually to join the cristid-like paraconid. From the

mesiobuccal view, the paracristid and the paraconid form a

long and curved shearing blade. The buccal and lingual

protocristids connect the protoconid and the metaconid,

and form a V-shaped cutting edge. The paraconid is lin-

gually positioned, almost directly mesial to the metaconid.

A deep valley separates the two cusps. No cristid is

developed between them. The talonid is as wide and long

as the trigonid, but much lower. The hypoconid is in a

triangular-pyramid shape with a broad base. Its mesio-

buccal and distal side is flat, whereas the lingual side is

slightly concave. Two cristids bearing on the hypoconid,

the cristid obliqua and the hypocristid, are sharp and long.

The former extends mesially to connect the distal wall of

the trigonid near the base between the metaconid and

protoconid, leaving a very deep hypoflexid on the buccal

side of the tooth. The latter extends distolingually to join

the hypoconulid. The entoconid is much smaller than the

hypoconid. The preentoconid cristid is low but complete. It

closes the talonid basin from the lingual side. The hypo-

conulid is relatively big, although its absolute size is

smaller than the entoconid. It is located distal to the

entoconid, and projects distally. The distal margin of the

entoconid and the mesial margin of the hypoconulid are

smooth. A broad valley separates the two cusps. A strong

cingulid is developed on the mesiobuccal side of the tri-

gonid. It extends from the base of the paraconid to the

buccal side of the protoconid. No cingulid is present on the

buccal, lingual and distal sides of the tooth.

An incomplete m3 shows that the tooth is very similar to

m2, but smaller and having a narrower talonid.

Comparison The small tree shrew specimens collected

from Yuanmou Lufengpithecus locality are slightly smaller

than those of P. yunnanica (Table 1) and all the extant

species of Dendrogale. The features that distinguish

P. yunnanica from Dendrogale are mostly shared by

P. yunnanica and the Yuanmou tree shrew specimens.

These shared characters by the two species assure us that

they should be assigned in the same genus.

Differences do exist when they are compared in detail.

An incomplete specimen (V 8282.9) of P. yunnanica

indicates that the P4 paracone of this species is much taller

than that of P. engesseri sp. nov. (Fig. 2). The parastyle of

Yuanmou tupaiine tree shrews 55



P. yunnanica is much smaller and less anteriorly protrud-

ing. The indentation on the mesial and buccal margins

of P. yunnanica is shallower. The P4 protocone of

P. yunnanica is not preserved, but from the broken edge,

we can deduce that it should be proportionally as large as

that of P. engesseri.

The M1 or M2 of P. yunnanica has sharper and higher

cusps, more protruding parastyle and mesostyle, and bigger

paraconule and metaconule. The valley between the para-

cone and metacone is wider than that of P. engesseri. The

M1 of P. yunnanica lacks the short cingulum on the distal

side of the protocone. The M3 of P. yunnanica is very

similar to that of P. engesseri, but it has a more elongated

mesiobuccal corner.

The p4 of P. yunnanica is proportionally much bigger

than that of P. engesseri (Fig. 2). The mesiobuccal side of

the protoconid of the P. yunnanica is more bulging. The

paraconid, however, is relatively weaker and lower.

The lower molar of P. engesseri is also very similar to

that of P. yunnanica, but the former is smaller and has

lower crown. The hypoconulid of P. engesseri is more

distally projecting than that of P. yunnanica. The valley

separating the hypoconulid and the entoconid in P. eng-

esseri is relatively wider.

Genus Tupaia Raffles 1822

Tupaia storchi sp. nov.

Figure 3a–c

Holotype Left m3 IVPP V 18218 (2.51 mm long,

1.60 mm trigonid wide, and 1.25 mm talonid wide,

Fig. 3a)

Type locality Yuanmou Lufengpithecus locality 9906,

Late Miocene, Leilao Village, Yuanmou County, Yunnan

Province, China.

Etymology Dedicated to Dr. Gerhard Storch, in recog-

nition of his outstanding work on fossil mammals and his

important contributions to Chinese mammal palaeontology.

Referred specimens Right P4 IVPP V 18219.1 (2.35 mm

long, and 2.50 mm wide); right p4 IVPP V 18219.2

(2.20 mm long, and 1.35 mm wide).

Diagnosis Medial-sized tree shrew. Larger than Pala-

eotupaia sivalicus, Tupaia minor and T. javanica, but

smaller than all the other extant species and T. miocenica.

P4 protocone conical with very round lingual side, para-

style large and mesially protruding, buccal cingulum

incomplete. m3 talonid relatively broad and shallow, and

mesiobuccal cingulid strong and long.

Description The P4 is triangular in the occlusal view,

with straight buccal and distal borders and slightly concave

mesial border. It possesses two main cusps, the paracone

and protocone. The paracone is tall and sharp, much more

prominent than the protocone. Its buccal side is rounded,

pillar-like and near perpendicular to the buccal tooth bor-

der, but its lingual side is strongly slopping and much

longer and broader than the buccal side. The preparacrista

of the paracone is quite strong. It starts at the tip of the

paracone and joins the parastyle. The postparacrista is

much sharper, stronger and longer than the preparacrista.

The mesial half of the postparacrista is slightly lingually

orientated. The distal half the postparacrista switches to the

distobuccal corner of the tooth, and forms a high and sharp

shearing blade. From the lateral view, the paracone is

distally inclined, with its preparacrista forming the convex

border and its postparacrista forming the concave border.

The protocone is mesiolingually positioned relative to the

paracone. The lingual side of the protocone is round and

bulging, whereas the buccal side is slightly concave. The

preprotocrista is very strong, but blunt. It runs mesiobuc-

cally for a very short distance to join the mesial cingulum.

The postprotocrista is absent, but the distal surface of the

protocone bears a short and blunt ‘‘Nannopithex’’-fold.

Fig. 2 Comparison of the buccal view of the P4 and p4. a Proden-
drogale engesseri sp. nov., left P4, IVPP V 18216.2; b Prodendrogale
engesseri sp. nov., left p4, IVPP V 18217.3; c P. yunnanica, left P4,

IVPP V 8282.9; d P. yunnanica, left p4, IVPP V 8282.16

56 X. Ni, Z. Qiu



This fold runs down from the tip of the protocone, and

terminates before joining the distal cingulum. The para-

style is large and protruding mesially. The metastyle is

very small, present as a small nodule. The mesial and distal

cingula are very strong. The mesial half of the buccal

cingulum is relatively weak, but the distal half is very

strong. A narrow stylar shelf is formed between the distal

half of the buccal cingulum and the distal crista of the

paracone. The mesial and buccal cingula mesiobuccally

connect the parastyle, whereas the distal and buccal cingula

join each other distobuccally at the metastyle.

The p4 available for description is deeply worn. The

wearing facet indicates that the protoconid was tall. The

paraconid and metaconid are about the same size. Both are

much lower than the protoconid. Mesiodistally, the para-

conid is far mesially positioned, whereas the metaconid is

very close to the protoconid and only slightly distal relative

to the latter cusp. Buccolingually, both paraconid and

metaconid are very close to the lingual border of the tooth.

The trigonid valley between the paraconid and the meta-

conid is completely open to the lingual side. A very weak

lingual cingulid is present between the paraconid and

metaconid, but it does not join the two cusps. The para-

cristid, which connects the protoconid and the paraconid,

must have been very strong. It probably forms a notched

cutting edge before worn down. The protocristid should

also be very strong, but obviously shorter than the para-

cristid. The distobuccal surface of the protoconid is round

and smooth. No cristid is generated there. The distal sur-

face of the paraconid, and the mesial and distal surfaces of

the metaconid are round and smooth too. The talonid of the

tooth is very short and not fully developed. The hypoconid

is a small heel-like cusp, centrally located. A short and low

cristid, probably homologous to the cristid obliqua, is

generated from the hypoconid and extends to the middle of

the distal wall of the trigonid. The hypoconulid and ento-

conid are absent, and the talonid basin is not developed yet.

No cingulid is present on the lingual or buccal side.

The m3 trigonid is tall with sharp cusps. The protoconid

is roughly in a shape of triangular pyramid, with a slightly

curved mesiobuccal side, very flat distal side and slightly

concave lingual side. A rib-like enamel ridge is developed

on the lingual side of the protoconid. The metaconid is also

in a shape of triangular pyramid, but more rounded and

slender than the protoconid. The paraconid is much lower

than the protoconid and the metaconid. From lingual view,

it is a procumbent cusp, but from the occlusal and buccal

view, it is more like a cristid than a cusp. The paracristid is

very sharp. It runs from the tip of the protoconid, joins the

cristid-like paraconid, and forms L-shaped shearing blade.

Fig. 3 Isolated teeth of Tupaia storchi sp. nov.: a left m3, IVPP V 18218, type; b right p4 IVPP V 18219. 2; c right P4 IVPP V 18219.1.

o occlusal view, l lingual view, b buccal view
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The lingual and buccal protocristid is low and blunt.

A V-shaped notch is formed between the protoconid and

metaconid. The paraconid and metaconid are widely sep-

arated from each other. No cristid or ridge joins the two

cusps. The trigonid basin is therefore fully opened to the

lingual side. The talonid is much narrower and lower than

the trigonid. The hypoconid is low and blunt. The cristid

obliqua extends mesially from this cusp, and connects the

distal wall of the trigonid at a point between the protoconid

and the metaconid. Forming about a right angle with the

cristid obliqua, the hypocristid extends distolingually to

a point distal to the entoconid. The lingual end of the

hypocristid is rounded and slightly elevated, it thereby can

be called a hypoconulid. A shallow groove separates the

hypoconulid and the entoconid. The entoconid is slightly

higher, but much thinner than the hypoconid. Mesially the

entoconid is confluent with the preentoconid cristid, and

connects the metaconid along the lingual margin of the

talonid. The talonid notch is fully closed by the preen-

toconid cristid. A very strong cingulid is developed along

the tooth base on the mesiobuccal side of the trigonid. It

origins from a point right below the paraconid, and extends

distally to the buccal side of the protoconid. No cingulid is

developed on the buccal, distobuccal and lingual sides of

the tooth.

Comparison The specimens are assigned to the genus

Tupaia based on a combination of straight buccal margin of

P4, moderately developed P4 protocone, relatively broad

p4 talonid, and relatively broad talonid basin of m3. In

extant Dendrogale and the fossil Prodendrogale, the

postparacrista of the P4 is long and buccally expanded. A

prominent indentation is therefore generated on the buccal

side of the tooth. In Anathana, Urogale and Tupaia, the

buccal side of the P4 is straight, without clear indentation.

The straight buccal side of P4 of T. storchi sp. nov.

resembles the situation in three genera. In Dendrogale,

Prodendrogale and Tupaia tana Raffles, 1821, the proto-

cone of P4 is relatively narrow and short, whereas that of

the P4 of T. storchi is moderately developed, proportion-

ally broader and longer, but not as long and broad as those

of Anathana and Urogale. In Prodendrogale, extant Den-

drogale, Anathana and Urogale, the talonid of p4 is more

lingually positioned and buccolingually much narrower

than that of Tupaia. The distal border of the p4 of Tupaia is

round, whereas in all the other genera, this border is

pointed. The p4 of T. storchi has a relatively better

developed talonid than all the other genera of Tupaiinae

with the exception of Tupaia.

Within the genus Tupaia, T. storchi is larger than

T. minor and T. javanica, but smaller than all the other

extant species. The mesiobuccal cingulid of the lower

molar of T. storchi is very strong. T. tana was assigned to

the genus Tana or Lyonogale (Lyon 1913; Conisbee 1953),

but it is generally accepted as a species of Tupaia now

(McKenna and Bell 1997; Helgen 2005). Dentally, how-

ever, T. tana has a mesiodistally shorter protocone on the

P4 and weaker hypoconulid on p4 than all the other species

of Tupaia. These two features also distinguish T. tana from

T. storchi. Mein and Ginsburg (1997) report an isolated left

M2 of tree shrew discovered from the early Miocene Li

Mae Long locality of Thailand. The specimen was named

as T. miocenica. This species is much larger than all the

other species of Tupaia, including T. storchi.

Some researchers suggested that the Miocene tree shrew

Palaeotupaia from the Siwaliks of India is virtually iden-

tical to Tupaia and should not be allocated in a separated

genus (Luckett and Jacobs 1980). The type specimen (PUA

I-3) represents an individual about the size of modern

T. minor, therefore smaller than T. storchi.

Discussion

The family Tupaiidae includes two subfamilies, Tupaiinae

and Ptilocercinae. The ptilocercine fossils were found only

from the Yuanmou Lufengpithecus locality (Ni and Qiu

2002), but the specimens are yet to be studied in detail. The

remains of tupaiines were discovered in Pakistan, India,

Thailand and China. Although sparse, two evolutionary

lineages, the Tupaia-lineage and the Dendrogale-lineage,

could be distinguished. Chopra et al. (1979; Chopra and

Vasishat 1979) reported a skull fragment preserving the

facial part and most of the upper dentition discovered in the

Siwalik deposits of Haritalyangar in Himachal Pradesh,

India. The specimen (PUA I-3) is the most complete tree

shrew fossil ever found. PUA I-3 plus a maxillary fragment

(PUA I-5) preserving left M1-3 and an isolated right m2

(PUA I-6) were named as P. sivalicus, implying an ancient

form of Tupaia (Chopra et al. 1979; Chopra and Vasishat

1979). Luckett and Jacobs (1980), however, argued that no

essential craniodental differences exist between Tupaia and

Palaeotupaia. Two specimens referred to P. sivalicus,

PUA I-5 and PUA I-6, from the same locality have about

the same body size as that of the type specimen. But PUA

I-5 probably represents a different species, because its M1

and M2 have a much more prominent hypocone (Qiu

1986). PUA I-6 is a lower molar. It is hard to tell to which

form it could belong. The only fossil species from Thai-

land, Tupaia miocenica, is represented by only one M2

(Mein and Ginsburg 1997). The specimen has a quite

elongated postmetacrista and mesially inclined protocone.

We believe it is an M1 instead of M2. The Thailand tree

shrew is distinct from all the other Tupaia species by its

very large size, even larger than the largest extant tree

shrew T. tana. Tupaia storchi sp. nov. reported here, added

another member to the Tupaia-lineage. It is distinct from
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all the other species by possessing a very strong mesio-

buccal cingulid on the lower molar. This character probably

represents a primitive feature. In a short communication,

Dutta (1975) briefly mentioned a possible Tupaia rib

cage discovered from the Pliocene Tatrot beds of the

upper Siwaliks of India. Although this report has been

widely cited, it is hard to evaluate the referral of this rib

cage to Tupaia without sufficient information of mor-

phological details.

The fossil records of Dendrogale-lineage include the

specimens referred to Prodendrogale and some unnamed

specimens from the Pakistan Siwaliks. Jacobs (1980)

reported an anterior skull fragment of tree shrew, an iso-

lated lower molar and a talonid of a lower molar from three

Yale-Geological Survey of Pakistan expedition localities in

the Siwaliks of Pakistan. These specimens may represent a

new genus and new species (Jacobs 1980; Sargis 2004).

The skull fragment belongs to a species comparable in size

to Tupaia glis (Diard, 1820), but morphologically is quite

generalized. It shares many similarities with Tupaia,

Dendrogale, Urogale, Anathana, and even Ptilocercus.

However, Jacobs (1980) believed that the skull fragment

probably is more similar to Dendrogale than to other

species in having double-rooted canines. All the teeth of

the skull fragment are not preserved. It is thereby impos-

sible to compare it with other species based on dental

characters. Qiu (1986) named P. yunnanica based on some

isolated teeth discovered from the Lufeng Lufengpithecus

locality. Prodendrogale is very close to the extant Den-

drogale, and the two genera probably have sister-group

relationships. P. engesseri sp. nov. from Yuanmou Luf-

engpithecus locality is remarkably similar to P. yunnanica.

Smaller size, relatively lower crown and less trenchant

cusps of P. engesseri suggest a more primitive condition

than P. yunnanica. This conclusion is consistent with its

older age estimated based on small mammalian fauna

correlations (Ni and Qiu 2002). Tong (1988) described five

tiny tooth fragments discovered from the middle Eocene

Hetaoyuan Formation of Henan Province, China, and

raised the name Eodendrogale parva, implying an Eocene

form of Dendrogale. Unfortunately, the author cannot find

these specimens now (personal communication). The

illustration of the specimens published by Tong (1988)

does not provide sufficient information for judging the

systematic allocation of E. parva to the order Scandentia.

The upper molar of E. parva probably has a distinct distal

stylar cusp. The talonid basin is very narrow. The hypo-

conulid is very strong. The distal cingulid is strong, almost

like a shelf, but the buccal cingulid is absent. The combi-

nation of these features is very unusual for tree shrews.

The distributions of extant Tupaia, Dendrogale and

Ptilocercus only overlap on the Borneo Island (Helgen

2005; Lyon 1913). However, the discovery of diverse tree

shrews from the same locality in Yunnan may suggest that

different tree shrew lineages must have evolved and

coexisted in a much larger area than their current

distributions.
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