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NEW OL | GOCENE SCIURIDS AND APLODONTIDS
( RODENTIA, MAMMAL |IA) FROM MONGOL IA
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(1 Intitute of Vertebrate Paleontology and Paleoanthropdogy , Chinese Academy of Sdences Beiji ng 100044)
(2 Paleontoogical Center, Mongalian Academy o Sdences Ulaanbagtar)

Abdract A new geciesd Kherem, K. asiatica, and three new formsof Prosciurus ( P. mongdiensis
P. ov. , P. d. P. mongdienss and P. pisinnus . rov.) from Oligocene of Mongolia are
described here.

Kherem asiatica, known from Shand Member (late early Oligocene- 2ate Oligocene) of Mongolia,
is characterized by: cheek teeth larger and wider than those of K. hsandgdiensis; ml 3 with
subequaly high metaconid and large hypooonid, with nore diginct entolophid and entoconid separated
from pogerolophid by shdlow groove.

Kherem is rdferred to the North American sulfamily Cedromurinae. It might be derived from an
Oligospermophil us-like form. The three genera 2 far described from Ada ( Sdurus, Oligosciurus and
Kherem) may represent three different lineages , indicating the Oligocene diversity of the sciuridsin Ada.

Praosciurus mongdiensis is known from Shand and Tatd Members of the Hsanda Gl Formetion,
Oligocene, in Mongolia. Its main features are: brachydont cheek teeth have mesogylid connected with
metagylid creg , weak meoonid , and weak or no ectomesolophid ; anteroconid and anterior ¢ingulum are
absent on p4; an accesory cresd extends from ectolophid to hypolophid on ml; metaophid Il is well
deveoped on m2  3; hypolophid bends pogeriorly to join with pogerolophid on p4 ml, but graight to
joinwith ectolophidon m2 3. Prosciurus . P. mongdiensis from Shand Member is different from P.
mongdiensis in having smaller cheek teeth in 9ze, p4 having didinct ectomesolophid , p4 and ml having
gently curved hypolophid , ml lacking accesory crest from ectolophid to hypolophid, and m2 3 having
ghorter metalophid 11, Prosciurus pisinnus , oollected from Tatd Member , is srdl in gze. Its cheek teeth
are brachydont with diginct cinguum. The metdophid Il is short , and the hypolophid istransverse, low,
and joins with ectolophid. The meoconid and ectomelophid are well developed, and the hypoconid
extends nore anterobuccally. The protoconid of p4 has nore developed anterior arm.

The new materia of the Mongplian Aplodortidee mot only has corfirmed the early exigence o
Prosciurus in Ada, but do sowsthat Prosci urus experienced condderable diverdgty during the Oligocene
in Asa.
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Both the sciurids and gplodontidsfound from Oligocene of Asa have closer relationshipswith those of

North America than with Europe.
Key words Mongplia, Oligocene, Siuridae, Aplodonti dae

1 Introduction

The Oligocene continental deposts are well developed in Mongolia. The Oligpcene Hsanda Gol
Formetion in Central Mongplia is one of the clasic drata bearing rich mammalian fosdls in Ada
(Matthew and Ganger , 1923; Kowaski , 1974; Russll and Zhai , 1987; Hick et d. , 1999) .
Recently it has been subdivided into three parts (from top to bottom) : late early Oligpcene- Aate
Oligocene Shand Member , Khar Khoroo Lava, and early early Oligocene Tatal Member (Bryant and
McKenna, 1995 ; Meng and McKenna , 1998) . Hock et a. (1999) reported a ““Ar/ *Ar date of
the Khar Khoroo lava ( = their Basdt I) as31.5Ma. In recent yearsthe latter author of the present
paoer oollected ome new rodent gecimens from the Hsanda Gl Formetion in Centrd Mongplia
(Fg. 1). The new materid of ths\&‘ciuridae and Aplocontidae are described in this paper.
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Fg. 1 Map of Mongolia showing the locdlities bearing the sciurid ( o) and gplodontid () fosdls
1. TashganBe ; 2. Ulaan Khongl ; 3. Shunkt

The extant sciurids are abundant and widdly diverdfied, nodly didributed in Ada. In
Paleogene , however , they were rather diversfied only in North America and Europe, but little has
been known in Asa. Very fragmentary gpecimens of three forms have © far been reported from
Adan Paleogene. They are Sciurus 9. from late Oligocene and Oligasciurus dangheensis from early
Oligncene in Danghe area of Gansu, China (Bohlin, 1946; Wang and Qiu, 2004) , and Kherem
hsandgadliensis from Oligocene in Mongplia (Minjin, 2004) . The sciurid gpecimens described here
include one upper jav and two mandibles, representing the best material in Asan Oligocene wp to
mw. The new find ot only indicates thet the sciurids were already somewhat diversfied during
Oligocene in Asa, but a9 throws new light on the relationship between Asan and North American
Kiurids.

The extant Aplodontidae is represented by a Snge gpecies living in wesern coas area of North
America. However , their fosdlswere widely digributed in the Holarctic Region from Eocene through
Miocene. Imilarly to the sciurids, they were consderably diversfied during Oligocene in North
America, but rare fosdls were found in Ada. Up to now five gecies of four genera
( Plesispermophilus 90. , Haplomys arboraptus, Promeniscomys sinensis, Prosciurus ordasicus, and



88 43

P. ? shantungensis) have been reported from Oligpcene in Ada (Argyropulo , 1939 ; Rensberger
and Li, 1986; Wang, 1987) . Mog of them are represented by very poor materid (e. g. , both
Prasciurus ordesicus and P. ? shantungensis are represented by a snge islated tooth) . The new
gecimens from Mongplia represent three new taxa of the Aplodontidee , indicating that during the
Oligocene in Ada the gplodontids were nore diverdfied than hitherto thought.

The terminology for sciurids used here follows Qiu (1996) , and that for gplodontids follows
Wang (1987) . Abbreviation: MAE, The joint Mongplian Academy of Sciences and American
Museum of Natura Higory Paeontologca Bxpedition; PC, Pdeontologca Center of Mongolian
Academy of Stiences; SG, Shand Gol.

2 Sydmatics

Sciuridae Fischer de Waldheim, 1817
Cedromurinae Korth et Emry, 1991
Kherem Minjin, 2004

Type species  Kherem hsandgdliensis Minjin, 2004.

Included species K. asiatica . ov.

Range Oligocene of Mongolia.

Amended diagnosis Primitive sciurid. Cheek teeth brachydont; P4 M2 with inconplete
ectoloph , snge but well-developed metaconule joi ning with posteroloph , without digtinct hypooone;
lower cheek teeth with small trigonid basn , rather narrow mesosylid , poorly developed mesoconid
and entolophid bending backward to join pogterolophid.

Kherem asiatica sp. nov.
(Fg. 2; Table 1)

Holotype A partid left mandibular ramuswith i2, p4 m3 (PC 36-10) .

Paratype A fragmentary left upper jav with P83 M3 (PC 36-9) .

Referred specimen A partid left mandibular ramuswith i2, p4 m2 (PC 36-11) .

Locality and horizon Tashgain B (45°27 47'N, 101°12 11"E) , Bayanhongor , Mongplia;
Late early Oligpcene- ?ate Oligocene Shand Member of Hsanda Gol Formetion.

Diagnosis  Cheek teeth larger in dze and wider in proportion than those o K.
hsandgdiensis; ml 3 with subequaly high metaconid and large hypooonid, nore didinct
entolophid , and didinct entoconid separated from pogerolophid by shalow groove.

Etymology Addtica, Latin, Adan.

Dexription  The anterior root of the zygometic arch broadens and dightly inclines
anterodorsdly.  Its pogerior margn is opposte to the poderior part of P4. The anterior part of the
mexillary-paatine suture is oppodte to M2. The poderior palate foramen iswithin the paatine and
located lingua to the protocone of the M3.

The horizontal ramusof lower jaw isrobug. The diasema between i2 and p4 is dhorter than the
length of the cheek tooth series and has dightly concave upper margin. The prominent masseteric
fossa has a nore diginct lower cres than the upper one. The rounded anterior end of the masseteric
fosais below the poderior part of the ml. The large mental foramen is located anterior to the
anterior root of the p4. The i2 extends pogeriorly to the m3.

Dentd formula is 1023/ 1013. The cheek teeth are brachydont. The upper cheek teeth have
higher lingua crowns than the bucca ones. The P3 is oval in occlusal viev and located
anterolingually to P4. The P3 possesses a high main cup and a lingua cingulum. The main cup
Ends a transverse cred from its anterior part to the lingual cingulum. P3 is snge rooted.

The P4 is transverslly wide trgpezoid in occlusal view , with the buccal border longer than the



2 : 89

lingual one. The protocone is high and narrow anteropogeriorly. The anterior and pogerior arms of
the protocone extend to the anterior and poderior margns regectively. Neither diginct anterior
protooone crest nor hypocone are vishle. The paracone and metacone are subequal in sze. The
protoloph and metaloph converge lingudly. Their lingua ends congrict and become low before
joining the protocone. Both protoconule and metaconule are diginct. An accesory cred extends
from the midde of the protoloph into the trigon basn. The didinct mesogyle is separated by a
shallow groove into two cugs: alarge anterior one and a tiny pogterior one. The inconpl ete ectoloph
extends from the paracone to meogyle. The metacone is sparated from the meogyle by a didinct
valey. The anteroloph is developed on the buccal part of the anterior margin of the P4 and separated
from the anterior arm of the protocone by a didinct groove. The diginct paragyle extends anteriorly.
The pogeroloph is low and weak. The P4 has three roots, a large lingua and two sval bucca
ones.

The M1 is rectangular in occlusal view and smilar to P4 in basc occlusd features. But the
anterior and pogerior arms of the protocone are nore developed than in P4. The anteroloph joins
with the anterior arm of the protocone. The paratyle does mot extend anteriorly. The condricted
lingual end of the protoloph is not low. No diginct accesory cres from the protoloph isvigble. One
of the prominent featuresin M1 isthat the well- developed metaconule extends backwards to meet the
pogeroloph &t the base. The M2 is dmilar to the M1 in occlusd features. But M2 is dightly larger
than the M1 in 9ze, and has a nore developed metaconule than in M1.

The M3 is triangular in occlusa view , with a rounded pogerobucca corner. The anterior part
is amilar to that of M1 and M2. But the pogerior part is lower and extends nore pogeriorly. The
two megyles are didinct , but lower than in M1 and M2 and extend lingualy. The low and sl
metacone connects with the low and curved pogeroloph. A sval cugp ( = hypooone ) is present
between the protocone and pogeroloph. The basn surrounded by the protoloph, mesgyle,
pogeroloph and protocone isfull of ename wrinkles.

The lower incior is conmpresed lateraly. The cross section is ova , with a flat medid and
oonvex latera dde oontinuous with narrow anterior one. The enamd oovers the anterior sde and
about haf of the laterd dde, with fine veins on the surface.

The p4 is trgpezid in occlusd view , longer than wide. The trigonid is much narrower than
taonid. The metaconid is dightly higher and larger than the protoconid. The narrow and deep
trigonid basn is closed pogeriorly by a low but conplete metalophid. The tiny anteroconid sands on
the anterolingual sde of the protoconid , and is separated from the metaconid by a groove to open the
trigonid badn anteriorly. The hypooonid is subequal to the protooconid in sze, located dightly
pogerobucca to the latter and does not extend anterobuccally. Both the hypooonid and the entoconid
are lower than the anterior two main cusps. The pogerolophid is continuouswith the hypooonid , but
Sparated from the entoconid by a shallow groove. The didinct megylid is separated from the
metaconid by a shalow groove and from the entoconid by a deegp groove. The didinct entolophid
bends pogeriorly to join with the pogerolophid. The draight , short ectolophid is located onethird
buccaly , without diginct mesoconid. The talonid basn iswide. The p4 has three roots.

The ml is rhomhoid in occlusal view, dightly wider than long. The trigonid is dort
anteropogeriorly , but subequal to the talonid inwidth. The metaconid is higher than the protoconid.
Both the anterolophid and metdophid are conplete, closng the smal trigonid basn. The srdl
anteroconid is present on the anterolophid. The talonid is smilar to that of p4. The hypooonid does
not extend anterobuccaly. A hypooonulid is present on the pogerolophid. The meoonid may be
week or absent. The m2 is dmilar to ml. But the width of m2 is subequa to its length or dightly
wider than long. The metdlophid is conplete on the holotype (PC 36-10) , but inconplete on PC
36-11. The trigonid basn may be closed or open pogeriorly. The hypooonulid is absent. Both ml
and m2 have four roots.

The trigonid of m3 is smilar to that of m2, but its talonid is larger , with a rounded pogerior
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2 mm
I

Fg. 2 Kherem adatica 9. nov.
A. Ocdusd view of apartid It upper jav with P3 M3 (PC 369, paraype) ; B. Occusa view of
apartid €t horizonta ramuswith i2, p4 m2 (PC 36-11) ; C. A partid Idt horizontd ramuswith i2,
p4 m3 (PC 36-10, holotype) , Cl. ocdusd view; C2. laterd view
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border. The pogerolophid is curved. No diginct entolophid can be seen. The hypoconulid part is
broken , but may be present. The m3 has a9 four roots: two anterior , one large pogerior , and a

small one between the pogerior one and anterolingual one.
Dimensions See Table 1.

Tablel Measurementsand comparison o cheek teeth o Kherem

(mm)

K. asiatica 9. nov. K. hsandgdiensis
PC 36-9 PC 36-10 PC 36-11 MAE SG97-2110
(Paratype) (Holotype) (Holotype)
P M3L 9.4 p4 m3L 9.2
P4 M3L 8.9 mL 3L 7.2 6.45"
M1 3L 6.8 paL 2.4 2.1
P3L 1 p4d Tr W (Ta W) 1.8 (2.1) 1.8 (2.2)
P3 W 1.3 pATrW/ L (Taw/ L) | 0.75 (0.88) 0.86 (1.05)
P4L 2.2 ml L 2.1 2.1 1.85°
P W 3 mL Tr W (Ta W) 2.3 (2.4 2.4 (2.5) 1.69 (1.9 ")
M1L 2.2 mLTrW/L (Taw/ L) 1.1 (1.14) 1.14 (1.19) 0.91""(1.06 " ")
M1 W 3.1 m2 L 2.5 2.3 2.1°
M2 L 2.3 m Tr W (TaW) 2.4 (2.5) 2.7 (2.8) 1.897(2.17)
M2 W 3.1 m2TTW/L (Taw/ L) 0.9 (1) 1.17 (1.22) 09771
M3L 2.7 m3 L 3 2.5°
M3 W 2.9 m3 Tr W (Ta W) 2.4 (2.1) 1.87(1.67)
m3TrW/L (Taw/ L) 0.8 (0.7) 0.72°7(0.647 ")
i2L (ap) 2.6 2.8
2w 1.6 1.7
i2W/ L 0.62 0.61 0.65

Abbreviations: L. length; L (ap) . length from anterior sde to poderior sde; W. wicth;
Tr W. width of trigonid; Ta W. width of taonid.
* After Minjin (2004) ; * * Cdculated based on the measurements of Minjin (2004) .

Comparison and discussion  The mgjor festures of the new gpecimens (the posdtion of the

anterior border of massteric fossa, the crowrrheight of the cheek teeth, the pattern of the
entolophid and ectolophid in the lower nolars, the absence of diginct mesooconid , and the presence
o complete metaophid in ml) are identical with those of Kherem hsandgoliensis described by
Minjin (2004) from the same locality , Tashgain Bel. However , the new ecimens differ from K.
hsandgadliensis in the following points: the lower nolars are about 10 % larger and proportionally
wider than those of K. hsandgdiensis (see Table 1) ; the height of the metaconid and the sze of
the hypoconid do ot increase from ml to m3 as in K. hsandgdiensis; the ml has a diginct
hypooonulid ; the entolophid is nore diginct in the nolars, and the entooconid is nore diginct and
separated from the pogerolophid by a diginct shallow groove. Urfortunately , K. hsandgdiensis is
based on a snge lower jaw, and the figures given by Minjin (2004) are inadequate for a reliable
judgment. We do ot know whether there are differences between the upper cheek teeth of the two
forms. Based on the above liged differences, with me reservations, we tentatively propose a new
eciesfor the new pecimens, named as K. asiatica here.

Asfor the phylogenetic podtion of Kherem in the Sciuridae , Minjin (2004) mentioned:“ The
placement of Kherem within Siuridae is quite ambiguous.” Now , the better gecimens of K.
asiatica shed ome new light on the phylogenetic podtion of Kherem in the Sciuridae.

Anong the known sciurids, the North American cedromurines are the group nog dmilar to
Kherem. They share the following features in comnon: the anterior border of massteric fossa is
located below the poderior part of ml; the upper cheek teeth have an ectoloph, a minute
protooonule , and a metaloph weakly connecting with the protocone; the lower cheek teeth have a
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closed and bucoo-lingually eongated trigonid basn and a conplete entolophid. The presence of an
ectoloph in upper nolars has been conddered syngpomorphous of the cedromurines ( Korth and
Emry, 1991) . Kherem possesses such afeature, aswell. Kherem isto be referred to the sulfamily
Cedromuri nee.

The Cedromurinae have been © far known to include only two genera of North America:
Cedromus (early Oligpcene) and Oligaspermophilus (from late Eocene through early Oligocene)
(Korth and Emry, 1991) . Kherem is different from Cedromus in such features as: the ectoloph is
incorplete; the metaconule is well developed joining with pogeroloph; the entolophid bends
backwards to join with pogerolophid and the mesogylid is narrower transversdly. Although Kherem
is dmilar to Oligospermophilus in having inconplete ectoloph on upper cheek teeth and a shallow
groove between entooonid and pogerolophid, the former differs from the latter in having higher
crovned cheek teeth; upper nolars having larger metaconule joining the pogteroloph, but lacking
hypooone; lower cheek teeth having svdler trigonid basn. Taken as a whole, Kherem is nore
smilar to Oligospermophilus than to Cedromus. Based on the evol utionary tendencies of the sciurids
suggesed by Korth (1994, p. 116) , Kherem is nore derived than Oligospermophilus.  Kherem
probably evolved from ome Oligospermophilus-like form by increasng its tooth crown height ,
reducing the hypooone, but enlarging the metaconule. If this proves tenable, Kherem might have
migrated from North America into Aga in Oligocene or even earlier. In this case the digribution of
the Cedromurinee would not be limited to North America, but epand into Ada. As for the
relaionship between Cedromus and Kherem, they may represent different lineages as well. In
Cedromus the ectoloph is conmplete and the meostylid extends transversdly , whereas in Kherem the
metaconule is enlarged joining with the pogteroloph.

Up to now three generadf sciurids (Sciurus, Oligosciurus and Kherem) are known to occur in
Oligocene of Ada. Kherem differsfrom Oligosciurus in being larger in Sze, nore anteriorly located
masseteric fossa and menta foramen, having higher crowned cheek teeth, and not anterobuccally
extended hypooonid. Sciurus 9. from Taberrbuluk is d = different from Kherem, being svdler in
sze, lower in cheek tooth crown, and lacking entolophid in m2. Sciurus 9. from Taber bul uk
sems to be nore advanced than Kherem , but Oligaosciurus is the nog primitive anong them. Snce
every one of the three Adan taxa has its own autgponomhic features ( Oligasciurus has nore
anterobuccaly extending hypooonid; Sciurus 9. lacks entolophid; Kherem islarger in d9ze, cheek
teeth higher crowned , upper cheek teeth with ectoloph and well-developed metaconule joining with
pogeroloph etc.) , the three forms may represent three different evolutionary lineages. This, in
turn, indicates that the diverdfication of the sciurids occurred dready in Adan Oligocene.

Aplodontidae Brandt, 1855
Prosciurinae Wilson , 1949
Prosciurus Matthew, 1903

Prosciurus mongoliensis sp. nov.
(Fig. 3; Table 2)

Holotype A segment of left mandibular ramus with posgerior part of i2 and p4 m3 (PC
29-53) .

Locality and horizon o holotype  Shunkt , Cmnoga\l Mongolia; late early Oligocene-
Aate Oligpcene Shand Member of Hsanda Gl Formetion.

Referred specimens One segment of right mandibular ramuswith pogerior part of incisor and
ml 3 (PC29-55) , and one segment of |eft mandibular ramuswith p4 m3 (PC 17-65) .

Localities and horizons  Shunkt, OmndgoM , Mongplia, late early Oligocene- ?Aate
Oligocene Shand Member of Hsanda Gol Formetion (PC 29-55) ; Ulaan Khongl (= Taid Gl ,
45°1750' N, 101° 37 16' E) , Qvorhangay , Mongplia, early early Oligocene Tatd Member of
Hsanda Gl Formation (PC 17-65) .
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Diagnosis Approximately sze of Prosciurus vetustus. Cheek teeth brachydont , mesogtylid
oonnected with metagylid cres , mesooonid weak , ectomeslophid weak or absent ; anteroconid and
anterior cingulum absent on p4 ; an accesory cres extending from ectolophid to hypolophid on m1;
metadophid  well developedon m2  3; hypolophid bends pogeriorly to join with pogerolophid on
p4 ml, but graight to join with ectolophidon m2 3.

Etymology Mongplia is the country where the fossls were collected.

Dexription  All of the specimens are horizontal rami. The masseteric fossa is prominent with
diginct upper and lower cregs, and rounded anterior margin below the boundary of m1 and m2. The

2 mm

Hg. 3  Prosciurus mongdiensis 9. ov.
A. Ocdusd view of Ieft p4 m3 (PC 17-65) ; B. Occlusd view of rignt m1 3 (PC 29-55) ;
C. Patid It mandibuar ramuswith p4 m3 (PC 29-53, holotype) , C1. occlusd view; C2. laerd view
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Table2 Measurements of lower cheek teeth o some Prosciurus species (mm)
P. mongdiensis P. d. P. mongdiensis P. pisinnus
PC 29-53 PC 29-55 PC 17-65 PC 29-54 PC 17-46
(holotype) (holotype)
p4 _m3 L 8.3 6.9
m. 3 L 6.2 6.1 5.3
L 2.3 2 1.8 1.6
p4 TwW 1.7 1.4 1.4
TaW 2.2 2.1 1.8 1.5
L 1.9 2.1 1.9 1.7 1.6
ml TwW 1.8 1.9 1.7 1.5 1.33
Ta W 2.2 2.1 2 1.7 1.6
L 2.1 2.2 2.1 2.1 1.7
m2 TwW 2 1.9 1.9 1.6 1.5
TaW 2.3 2.2 2.1 1.8 1.5
L 2.4 2.4 2
m3 W 2 1.9 1.8 1.7
TaW 1.9 1.9 1.6
i2 L (ap) 2.4 2.4 1.9 1.4
W 1.9 1.9 1.4 1.1

Abbreviations: L. length; L (ap) . lengh from anterior sde to poderior sde; W. wicth;

Tr W. width of trigonid; Ta W. width of taonid.
<car for the m. masseter mediais ant. parsis diginct , located anterior to the massteric fossa and
below the pogerior part of ml. The menta foramen is located anteriorly to p4. The diagema
between 12 and p4 is dorter than the length of the lower cheek tooth series. The upper margin of the
diagema isweakly creged and concave anteropogeriorly.

The cheek teeth are brachydont with rather developed lophids. The p4 is trapezoid in occlusa
view with narrower anterior sde. The trigonid is dightly higher than the talonid. The metaconid is
dightly higher than the protoconid in height. The very narrow and deep trigonid badn is closed
pogeriorly by a conplete metadlophid  , but open anteriorly. The protoconid has a weak anterior
arm, but neither anterior cingulum ror anteroconid isvishle. The weak mesostylid connectswith the
diginct metagylid cres. The hypooonid expands mainly buccally. The entooconid is separated from
the pogterolophid by a diginct groove. The hypolophid bends pogteriorly to meet the pogterolophid at
the didinct hypoconulid. The pogerior valley between the hypolophid and pogerolophid is small and
the centrd basnislarge. The ectolophid is short , graight and with aweak but diginct meoonid.
No diginct ectomelophid is seen. The p4 has two roots.

The ml is rhombic in occlusd view. The trigonid is dightly narrower and higher than the
taonid. The metaconid , the highes cugp , dightly shifts anteriorly. The protoconid , larger than the
metaconid, is located not oppodte to the later at the anterior margin of the tooth, but dightly
poderior to the latter. The conplete, high metalophid is convex anteriorly , but the ghort
metdophid  does ot reach the metaconid. The trigonid basn is wider than that in p4, but is
closed anteriorly and open widely pogeriorly. The talonid of ml is dmilar to that of the p4. But the
mengylid is nore diginct. A weak but diginct ectomeslophid is visble. An accesory crest
extends from the ectolophid to the bending hypolophid to close the pogerobucca part of the centra
basn into a smdl basn. The ml has two roots.

The m2 is dightly larger than the m1. The trigonid basn iswider than in m1. The meogylid
is nore developed and extends buccaly. The metdophid is nore developed, extends
pogerolingually to reach or anmog reach to the meogylid. The hypolophid is transverse and graight
to join with the ectolophid. The pogerior valey iswider and the centrd basn is rdatively svdler.



The other festures of m2 are smilar to those of the mil.

The m3 is dmilar to the m2 in the basc festures. But it isovd inocdusa view with a graight
anterior sde. The trigonid badgn iswider. An accesory crest from pogerior wal of the metdophid
extends pogerobuccaly to reach or anog reach to the lingual end of the metadlophid . The tdonid
is subequal to the trigonid in width. The direction of the bucca part of the megylid is variable.

Dimensions See table 2.

Comparison The above described gecimens are anog identicd with those of Prosciurus in
the basc features (Wood , 1962 ; Wang, 1986) : the cheek teeth are brachydont ; the trigonid is
higher than the talonid ; the metaconid shiftsforwards and the protoconid is located pogeriorly to the
metactonidon m1  3; the metalophid is absent on p4, but conplete and convex anteriorly on
ml 3; the meooonid and megylid are present ; the meslophid is absent and the hypolophid is
conplete. Therefore , they are referred to the genus Prosciurus. Up to now, Prosciurus is known to
include 7 gpecies: P. wetustus, P. rdictus, P. saskatchewaensis, P. parvus, P. magnus, P.
ordesicus and P. ? shantungensis (Wood , 1937, 1980 ; Rensberger and Li , 1986; Wang, 1987 ;
Korth, 1989) . The Mongplian gpecimens are smdller than those of P. saskatchewaensis and P.
magnus, but larger than P. parvus. Morphologicaly they are different from P. vetustus, P.
rdictus, P. saskatchewaensis, P. ? shantungensis, P. parvus and P. magnus in having weakly
developed mesooonid on lower cheek teeth , and meoaylid joining with metagylid cres on ml 3.
They further differ from P. vetustus in having nore pogeriorly located massteric fossa, weakly
developed ectomesolophid , longer metdlophid ~ and hypolophid joining with ectolophid on m2 and
m3, ml and m2 beingwider than length; from P. rdictus in having longer metdophid  on m2
3, weakly developed ectomeslophid , and nore developed but pogeriorly bending hypolophid joining
with pogerolophid on p4 ml; from P. saskatchewaensis in having inconplete metaophid
weekly developed ectomelophid on lower nolars, bending pogeriorly hypolophid joining
pogerolophid on p4 ml, and lacking anterolophid on p4; from P. parvus in having nore
developed metdophid  , narrower meogylid , weakly developed ectomesolophid , nore developed ,
transverse hypolophid joining with ectolophid on m2 3, and lacking cingulum behind protoconid;
from P. ? shantungensis in having lower crowned teeth , higher metaconid, narronver meogylid ,
weakly developed ectomesolophid and hypoconulid , lower hypolophid joining with ectolophid ; from
P. magnus in having more developed metdlophid  and hypolophid , smaler meogylid; and from
P. ordasicus in having higher crowned cheek teeth. Thus, a new gpecies, P. mongdliensis is here
named .

Prosciurus f. P. mongoliensis sp. nov.
(Fg. 4; Table 2)

Specimen A segment of right mandibular ramuswithi2, p4 m3 (PC 29-54) .

Locality and horizon  Shunkt , OmnogoM , Mongplia; late early Oligocene - ?ate Oligocene
Shand Member of Hsanda Gl Formetion.

Description and remarks The horizontal ramusis smilar to that of P. mongadliensis in basc
features. But the diagema cres between i2 and p4 is ot o didinct asin P. mongdiensis. The
lower incisor , conpletely preserved in PC 29-54 , islaterdly compressed and triangular in the cross
section with a narrow labid sde. A thin enamel layer covers the labid sde. No didinct groovesor
creds can be sen on the labial suface. The cheek teeth are d dmlar to those o P.
mongdiensis in the badc features. However , in the new gecimen the p4 has a nore didinct
ectomeslophid ; the hypolophid is gently curved on p4 and ml ; no diginct creg from the ectolophid
to the hypolophid isvisbleon ml; the metdophid  is dort onthe m2 m3; the meoonid and
ectomesolophid are nore diginctonml  m3; and , finaly , al the teeth are svdler (see Table 2) .
All these fesatures are different fromthose of P. mongdiensis. With these differences we tenporarily
refer thisramusto Prosciurus . P. mongdiensis.
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Fg. 4 Partid right mandbuar ramuswithi2, p4 m3 (PC29-54) o Prasdurus . P. mongdiensis
A. ocdusd view; B. laterd view

Prosciurus pisinnus sp. nov.
(Fg. 5; Table 2)

Holotype A segment of |eft mandibular ramus with i2 and p4 m2 (PC 17-46) .

Locality and horizon Ulaan Khongl , Qvorhangay , Mongplia; early early Oligocene Tata
Member of Hsanda Gol Formetion.

Diagnosis Smdl-dzed Prosciurus. Cheek teeth brachydont , with short metalophid ~ , low
and transverse hypolophid reaching to ectolophid , well-developed mesoonid and ectomesolophid ,
nore anterobuccally extending hypoconid , diginct cingulum; mesogylid connected with metastylid
cres on p4 and ilated on lower nolars; protoconid with nmore developed anterior arm on p4.

Etymology Hs&nnus, Latin, smdl , little, inplicating the amal dze of the Pecies.

Description  The horizontd branch of the lower jaw is dim. The prominent massteric fossa
has a right angular anterior margn below anterior part of m2 and didinct upper and lower cregs.
The didinct scar for the m. masseter medidis ant. pars is located anterior to the masseteric fossa
and below between ml and m2. The mental foramen is located anterior to the p4. The diagema
between i2 and p4 is dorter than the length of the lower cheek tooth series. The concave upper
margn of the diagema has a didinct longitudina cres.

The cheek teeth are brachydont. The p4 istriangular in occlusa view. The trigonid i's narrower
and higher than the talonid. The metaconid is broken , but its preserved part shows thet it is conic
and higher than the protoconid. The V-shgped protoconid has two arms: the anterior arm anog



Fg. 5 Patid |t mandibuar ramuswithi2, p4 m2 (PC 1746, holotype) of Prosciurus pisinnus §9. nov.
A. occud view; B. laerd view

reaches to the base of the metaconid; the pogerior arm extends to the metaconid to form conmpl ete |
low metalophid . The narrow and deep trigonid basn is closed both anteriorly and pogeriorly.
The megylid is didinct , but connected with metastylid crest and separated from the entoconid by a
wide valey , of which there is a low accesory cugp a the bottom. Anong the main cugps the
entooonid is the smdles and lowes one, and the hypooonid is the larges and extends
anterobuccaly. The dhort poderolophid is sgparated from the entoconid by a groove. No didinct
hypooonulid is seen. The ectolophid extends from the hypoconid to the base of the metalophid
Both the mesooonid and ectomesolophid are well developed. The hypolophid is transverse and lowers
buccally to meet the base of the ectolophid. An accesry cres extendsfrom the hypolophid into the
centra basn. The didinct anterior cingulum is present on the anterior Sde of the protooonid. The
weak and diginct bucca cingulum extends from the anterior cingulum to the bucca dsde of the
hypooonid. The pogerior cingulum isweak but diginct on the pogerior wall of the p4. The p4 has
two roots.

The ml is rhombic in ocdusal view. The trigonid is dightly higher and narrower than the
tdonid. The metaconid , higher than the protoconid , shifts anteriorly and is widely separated from
the protoconid. The latter is not located at the anterior margin, but nmoves backward to pogterobucca
to the metaconid. The conplete and high metdlophid ~ is convex anteriorly. The metalophid ~ is
gdort. The trigonid badn is widely open pogeriorly. The meogylid is iolated and separated from
both the metagylid cres and erntoconid by grooves. A svdl hypooonuid is present on the
pogerolophid. The hypolophid is a Snge transverse cred , lowers buccally to meet the ectolophid.
The didinct lingua cingulum is located lingudly to the mesostylid between the metaconid and
entooonid The other festures of ml are dmilar to those of the p4. The m2 is broken at its
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anterolingual corner. The m2 is dmilar to the ml in the badc features. Bt it is dightly larger than
the ml. The lingua cinguum is mt o didinct, but there is an accesory cugp between the
mengylid and entooonid asin p4. The mesoconid and ectomesolophid is less developed than in the
ml.

Comparison The above description shows clearly that PC 17 46 is dnog identicd with
Prosciurus in badc features, and is to be referred to this genus. Anong the known 9 gecies of
Presciurus ( P. vetustus, P. rdictus, P. saskatchewaensis, P. parvus, P. magnus, P.
ordesicus, P. ? shantungensis, P. mongdienss, and P. d. P. mongdiersis) , it is closed to
P. parvus in sze. But PC 1746 is different from P. parvus in having transverse, lower
hypolophid joining with ectolophid , nore developed cingulum in lower cheek teeth, and V-shaped
protooonid in p4. It differsfrom al the other 8 Peciesin being smdler in Sze and having diginct
cingulum. In addition, PC 17 46 further differs from P. wvetustus in having lower and transverse
hypolophid joining with ectolophid; from P. rdictus in length of ml and m2 being subequa to or
longer than width, having nore anterobuccaly extending hypoconid on lower cheek teeth and
megylid connecting with metasylid cres on p4; from P. saskatchewaensis in having incomplete
metalophid and nore anterobuccaly extending hypooonid; from P. magnus in having nore
developed and transverse hypolophid joining with the ectolophid ; from P. ? shantungensis in having
lower crown , higher metaconid , narrower meogylid , lower hypolophid , and svaller hypooonulid;;
from P. mongdienss and P. d. P. mongdienss in having lower crown, well-developed
mesooonid and ectomeslophid , nore anterobuccally extending hypoconid on lower cheek teeth,
lower and transverse hypolophid joining with ectolophidonp4 ml, iolated meogylidon ml 2,
and nore developed anterior arm of protoconid of p4. These differences led usto erect a new gecies
for the pecimen PC 17-46 , which is named as P. pisinnus here.

Discussion  Prosciurus has been known to be mainly digributed in North America, with only
afew poorly preserved gecimens from Adan Oligocene idertified as belonging to this genus.
Altogether four forms ( Prosciurus lohiculus, P. arboraptus, P. ?shantungensis and P. ordasicus)
were reported from Ada (Mathew and Ganger, 1923; Shewreva, 1971; Rensberger and Li ,
1986 ; Wang, 1987) . However , two of them, P. lohiculus and P. arboraptus, were excluded
from this genus later (Wang, 1986, 1987). P. lohiculus was included in Anomoemys of the
Oylindrodbntidae , and P. arboraptus in armother genus Haplomys. The other two Pecies, P. ?
shantungensis and P. ordosicus , were based on snde ilated tooth per each. Together with the
three new forms from Mongplia, Prosciurus now includesfive eciesin Ada. This not only proves
that the genus Prosciurus does exid in Ada, but d shows that Prosciurus experienced dready
ocondderable diverdty during Oligpcene in Ada. What is nore important is the fact that ome of the
Adan gecies are nore smilar to the North American forms rather than to the Asan ones. For
exanple, P. pisinnus and P. mongdiensis are norphologicaly nore Smilar to the North American
P. rdictus and P. vetustus regpectively. This led us to think that ome of the Adan Prosciurus
forms might have their origin from North America. However , the paucity of the materid made us
refrain from draning such a concluson right now. More and better meterid is needed in order to
lve this problem concludvely.

3 oncluson

Asis now known , in Ada the Oligocene sciurids include four gpecies of three genera: Sciurus
$. and Oligosciurus dangheensis from Danghe area in Gansu, China, and Kherem hsandgdiensis
and K. adsatica from Monglia. The materid of the two formers is too poor to sow ther
relationships with other members of the family. Kherem is nore dmilar to the North American
cedromurines, egecialy Oligaspermophilus, but widdy differs from their European counterparts.
Three genera of ciuridae were reported from Oligocene of Europe: Palaeosciurus, Heteroxerus and
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Oligopetes. One of the major differences of Palaeosciurus from Kherem is the absence of entolophid
on lower cheek teeth. Heteroxerus is different from Kherem in lacking ectoloph and having well-
developed hypooone on upper nolars. The differences between Oligopetes and Kherem are even
larger (see Heisdig, 1979). The above comparion shows clearly that Kherem has closer
relaionships with the American sciurids rather than with the European ones, and isto be referred to
the North American sulfamily Cedromuri nee.

The new materia of Prosciurus found in Mongplia has findly corfirmed the exigence of the
genus Prosciurus in Ada. The Asan Oligocene gplodontids now include eight species of four
genera: Plesispermophilus 9. from Kazakhgan, Haplomys arboraptus, Promeniscomys sinensis,
Prosciurus ordesicus, P. ? shantungensis, P. mongdiensis, P. d. P. mongdiensis, and P.
pisinnus. Arrong them Plesispermophilus is the only genus shared by Ada and Europe. All the other
three genera have closer relaionshipswith those of North America. While Prasciurus and Haplomys
are comnon to Ada and North America, Promeniscomys is closly related to North American

Meniscomys.
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