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D. wetugtus,and Desmatdagus 9. from a new late Eocene locdity, Yihesubu, Nei Mongol , are de
scribed. Upper dental norphology of  Gobiolagus major is known for the firg time. Hypsimylus yihesur
buensis . mov. helpsto demondrate this genus a lagonorph , not a eurymylid.  The taxonomic postion of
D. weugtus, the mog primitive pecies o Desmatolagus , is recons dered.

Key words Yihesubu, Nei Mongol , Late Eocene, Lagonorph

1 Introduction

Early Tertiary lagonormphs, such as Lushilagus, Shamdagus, Gobiolagus, Desmatolagus and
Ordoagus , are comnon in Ada and represent a main body of evidence for origin and early radiation
o the gowp. 9nce the report of the Paleogene lagonomphs (Matthew and Ganger , 1923) , many
gudies have documented the rich fosdl records from the region (Teilhard, 1926; Burke, 1941;
Bohlin, 1942; Li, 1965; Sych, 1975; de Muizon, 1977; Huang, 1986, 1987; Tong and Lei ,
1987; Qi , 1988; Tong, 1997 ; Erbgeva, 1999; Meng et d. , 1999; Zhang et d. , 2001) . These
taxa are usualy conddered the basd lagomorphs and are important in understanding the origin and
sysematics of Lagonorpha (McKenna, 1982) . These foecies are d o usful in early Tertiary bios
tratigrgphic divisons and correl ations because of their digtinctive morphologies and restricted geolog-
cal digributions (Huang, 1987 ; Tong e al. , 1995; Wang, 1997 ; Erbgeva and Tyutkova, 1997) .

Here we report new material of Gobidagus, Hypsimylus and Desmatolagus from the locadity
Yihesubu , Nei Mongol , China. Fossl mammd s from the locality were firg found in 1992 by Meng
Jin. Additional specimenswere oollected by MengJin, Hu Yeoming and YeJie in 2000. These new
gecimens cas new light on the morphology of Gobiolagus and Desmatd agus and help to illuminate
the taxonomic postion of Hypsimylus bejingensis (Zhai , 1977) , a genus and ecies previoudy
oonddered a eurymylid.

All goecimens reported here are oollected from the locdity Yihesubu (N42°36. 114 ; E111°34.
596 ) , about 18 kilometers southeast to the Nonogen village. Thislocdlity is at the rorth rim of the
Ulan Shireh platform and is the eas extenson of the Erden Obo dliff. Other taxa collected from the
same locality are preiminarily identified as Ardynomys 9. , Pseudocylindrodon 9. , Lophiomeryx
9. ,and ? Ardynia 9. The fauna is probably late Eocene in age. The gecimens are housed in
the Inditute of Vertebrate PAeontology and Paeoanthropology (IVPP) , Chinese Acadenmy of Scienr
ces, Bejing. Soecimens conpared are mainly from the collections of the American Museum of Natur
rd Higory (AMNH) , New York. We follow Wood (1940) for nog of the terminology of the lago-
norph dental norphology , and note the incongstency in terminology used for cheek teeth of lago-
morphs. Taxonomy of lagonorphs follows McKenna and Bell (1997) .

2 Sydemdics

Lagomor pha Brandt, 1855
Leporidae Ficher de Waldheim, 1817
Gobiolagus Burke, 1941
Gobiolagus major Burke, 1941

Referred specimens V 14134, afragmentary right maxillawith P3 M2; V 14135, afrag
mentary right mandible with p4 m2 (Fg. 1).

Description The p4 m2 are preserved in the rignt mandible (V 14135) and increasein size
pogeriorly (Fg. 1; tooth measurements are in Table 1 2) . The nomphologes of the lower cheek
teeth are dmilar to those of the type pecimen (AMNH 26098) . The lingual sufacesof the teeth are
worn in preservation but the tooth norphology iswell-preserved. The cheek teeth are semi- hypodont
(or unilaterally hypsodonty of Burke [1941]) and rooted. The hypodriid does not extend into the
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o I mm

Fg.1 Upper and lower dentition of Gobidagus major from late Eocene Yihesubu locdlity of Nei Mongol , China
A C. ocdusd , medid and laterd views df right p4 m2 (V 14135) ; D. ocdusa view of rignt P38 M2
(V 14134) : E. the maxillawith cheek teeth (V 14134)

aveolus. The trigonid of each cheek tooth is horter [abidly than lingualy. The pogerior wall of the
trigonid isformed by thick enamel and does not have a pogerior projection. The talonid of p4 isthe
srdles. Thetadonid of m2 is dgnificantly larger than that of ml. At the lingua sdedf each tooth,
a nearly vertica enamel ridge connects the pogerolingua corner of the trigonid with the anterolingual
oorner of the talonid. Thisridge is a retained portion of the worn tdonid. The laterd contour of the
talonid is rounded and the enamel thins toward the hypotriid.

The maxilla (V 14134) is conddered from the same goecies because of the unilatera hypsodont
teeth that match the lower teethin sze (Fig. 1) . All teeth are damaged at various degrees. The zy-
gometic processis sgrong, with its pogerior margin being latera to M1. A ventra processis present
at the anterior base of the zygoma. Anteromedial to the process is a shdlow anteorbitd fossa. The
ventral portion of the irfreorbita foramen islatera to the aveolusdf P2 and has an edimated diame-
ter of 2 mm. Fom the orbit to the facid regon, the irfreorbital canal extends anteroventrally. The
floor of the orbit is domed and its surface is uneven; endsdf cheek teeth roots are exposed. On the
ventral Sde of the padate, the pogerior margin of the incisve foramen level swith the anterior edge of
P3, and the pogerior border of the palate is between M1 and M2. A diginct palatineforamen is me
did to the anterior portion of M1 and is located conpletely within the paatine. There is no prenolar
foramen.
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P2 is not preserved , but the aveolus shows that it has a snge root and is not 9 reduced asin
Desmatdagus. P3 M2 are rooted , with two small labid roots and a mgjor lingual one. These teeth
are unilaterally hypsodont - the lingud crown is much higher than the labid one. Thelingua cu is
the larges of three cupson P3. It hasaflat lingud surface and lacksthe hypodria. Therefore , the
lingual cug is ether a large protoocone or a combination of protocone and hypooone , acoording to
Wood (1940) . The anteroloph is low and extends to the anterolabial sde of the tooth. The pogterior
cred is grong and extends to the pogerior sde of the central cug , but its digad portion was bro-
ken. The crescentic valey is shalow , narrow , and in an open V-shgpe. The centra cug islarge;
its pogerior part was broken. It has an inclined lateral surface and is separated from the labia cugp
by a shalow fold that opens anteriorly. The labid cug isthe srdles and lowed one of the tooth.

The lingua surface of P4 is concave, suggesting a shdlow hypodria that marks the divison of
the lingual cup. The anteroloph and the pogterior cregs are conplete, reaching the anterolabia and
pogerolabia Sde of the tooth , repectively. They corfine a deep V-shgped crescentic valley. Asin
the nolars, the ename forming the anteroloph is much thicker than that of the pogerior cret. The
central cug is triangular. Its anterolingual and pogerolingual surfaces are segp and covered with
thin enamel . Itslingual surface is aflat, dope area. Anterolabidly , the centra cugp sends a low
ridge to a smdl cup a the anterolabid corner of the tooth. Pogerolabialy , the central cugp corr
nects with a large pogerolabid cugp by a dort cret. The laterd suface of the pogerolabia cugp is
rounded.

M1is ovd in occlusl viev (Fg. 1). A shdlow hypdria is between the protocone and
hypooone on the lingual surface. The lingud outlines of the protocone and hypooone are roughly e
qud in sze, with the hypooone being nore lingualy postioned. On the occlusa surface , however
the protocone is larger than the hypocone. The lingud haf of the crown is a large wear surface,
which conddsaf alarge anterior portion and a small pogerior portion , ssparated by a commer shaped
fossette of which the tail points pogerolabialy. The anterior portion of the wear surface is concave
and oontinues laterally as the anteroloph that forms a srong shearing edge walled with thick enamd .
The commer shape fosxtte is presumably the labid portion of a groove that continues with the hypos
tria. With wear the lingua portion is gone. The inner suface of the fossette is covered with thin
enamd . Latera to the fossette , awidening of the metaloph indicates a transversgly elongated metar
oonule; the metaloph connects lingualy with the lingual occlusd surface. Because of the connec
tion, a V-shaped crescentic valy is not formed; ingead , two valeys are on the labid hdf of the
tooth. The anterior valey isin reversed L- shgpe and covered with enamd , which we believe is ho-
nologous with the trigon basn of a tribogphenic tooth. The pogerior valey is between the metdoph
and pogeroloph and is narrower and lower than the anterior one. On the labid margin, the ends of
the anteroloph and metaloph are honologpus with the paracone and metacone , reectively. These
cugs are in theformof transverse ridges and fused labially to form the rounded surface of the tooth.
The pogeroloph that extends from the hypocone ends labidly as a srdl cugpule. M2 was broken ,
but its generd shepe is smilar to that of M1. M3 is not preserved , but the anterior portion of the
aveolus suggeds that the reduction of the tooth is moderate.

Hypsimylus Zhai, 1977
Hypsimylus yi hesubuensis sp. nov.

Holotype A fragmentary right lower jaw with erupting p4 and m1 2 (V 14136) (Fg. 2).

Referred specimens V 14137, an ilated right m2; V 14138, a fragmentary right maxilla
with P2 4 (Fg. 2).

Etymology Soecific name dter the locality name.

Diagnosis Differs from H. bejingensis in being larger and having lower crown and wider
ml.

Description At the talonid of ml the mandible measures 9. 8 mm degp and 5. 6 mm thick
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Fg.2 Teethof Hypsmylus yihesubuensis . rov. from late Eocene Yihesubu locdity of Nei Mongol , China
A C. ocdus , laterd and medid viewsd right p4 m2 (V 14136, holotype) ; D F. ocdusd , laterd and
medid viewvsof aright m2 (V 14137) ; G. ocdusd view of rignt P2 P4 (V 14138)

(tooth measurements are in Table 1 2) . A menta foramen is below the talonid of p4 on the latera
dde of the mandible. One smdll hole anterior to the foramen and two dimilar oneson the media sur
face of the mandible are probably tooth marks. The masseteric fossa terminates as a blunt kot & the
level of the m2 trigonid. The incior is ot preserved , but the pogerior end of the aveol us exposed
on the lingual surface of the mandible revedl s that the incior extends pogeriorly media to the roots
o p4 and ml and ends at the level of the ml trigonid.

The lower jaw isfrom ayoungindividuad (Fg. 2) . A fragment of the do4 pogerior root ispre-
erved on the latera dde of the erupting p4. The p4 crown is mogly within the mandible , but owing
to breakage of the bone the norphology of the tooth isvishle. The p4 is nolariform and gppears to
have a higher crown than those of ml and m2. Nonetheless, the morphologes of these teeth are
quite uniform; thus, our description isfocused on ml. The tooth is highrcrowned and has srong
roots - thisis uncertain for p4 that is not fully developed. The lingud dde of the tooth crown is low
er than the labid one. The tooth is broad a crown base and tapers dorsally. After wear , the lingual
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part of the trigonid (the metaconid) becomes pointed and is higher than the labia portion (the pro-
tooonid) . The trigonid is higher but much shorter than the talonid; the latter is characterized by
presence of a diginct third lobe , formed by the hypooonulid. Thus, the tooth is trilobate in crown
view. On the lateral dde of the tooth , the hypodtriid , the vertica groove between the protoconid and
hypooonid , iswide. The hypodriid extends into the aveolus. Within the hypodriid , severa minute
enamd ridges run parale to the columns formed by the protoconid and hypoconid. On the lingua
sde o thetooth, the internal groove between the ool umnsformed by the metaconid and entoconid is
narrow and short ; it does not extend into the alveolus. As shown in the lateral or medid view of the
tooth , the third lobe flares pogerodorsaly. A narrow and short groove on the lateral and medid dde
sparatesthe third lobe from the res of the talonid, repectively. In crown view, the taonid is
about twice the length of the trigonid on V 14136, but this proportion will be changed when the
tooth crown getsworn. The talonid is ill longer than the trigonid in degper worn lower tooth (V
14137) . The m2 differs from ml in being nore anteriorly inclined and having a dightly shorter
Crown.

The m2 (V 14137) is asociated with the Pecies because of the Smilar Sze and conparable
norphology. It islarger than Gobiolagus major. Asin the type ecimen, it has a broad hypodriid
within which small enamd ridges are present. The talonid of the m2 is rectangular and , athough
condderably worn , the trigonid and tadlonid are separated. The taonid is rectangular , wider than
long, with the thickes ename at the pogerolateral corner of the tooth.

The maxilla with P2 4 (V 14138) are asociated with V 14136 because o its large sze,
which is condderably larger than those assgned to Gobiolagus major. The poderior edge of the ante-
rior zygpmatic root levelswith the anterior part of M1. Although the gecimen is poorly preserved ,
the dructure of P2 shows that these teeth have not been deeply worn during life; thus the large sze
o these teeth is ot resulted from wear. In addition, the upper teeth are relatively lowcrowned ,
which is condgent with the lower teeth asigned to the same ecies. The P2 has one root. The
crown is bud-like , divided by a narrow groove that extends anteropogeriorly. Thus, the P2 hasonly
two lobes, with the labia lobe larger than lingua one (Fig. 2) . A hilobate P2 differs this goecimen
from the trilobate P2 of North American and Adan early Tertiary lagonorph gecies where P2 is
krown (Wood , 1940 ; Burke, 1941; Li , 1965; Sych, 1975; Huang, 1986, 1987 ; Tong, 1997) .
The P3 has one large lingual and two srdl labial roots. The protocone is anteropogeriorly cont
pressed and lingualy extended , and shows no hypodria. The centrd cug is rdatively latera conr
pared to that in other early Tertiary lagpnorphs. The poderolatera corner of P3 was broken. P4 is
much larger than P3 and has three roots. Smilar to P3, the protocone of P4 is d < anteropogeriorly
short but lingualy extended. The central cugp is didinct at itslingud sde and fades avay |abidly.
The labia valey isbroad. The outline of either P3or P4, particularly P3, isnore dmilar to that of
the typical tribogohenic therian tooth pattern. In contrag , the P3 and P4 in other early lagonorphs
usualy have an oval contour. The hypodria is absent on P3 and P4. The lingud root of P4 is ©
curved thet the tip of the root points labialy. A dmilar condition is d truefor P3. The M1 aveo
lus showsthat M1 is dightly wider than P4 and has two reduced labia roots and a large lingud one.

Ochotonidae Thomas, 1897
Desmatolagus Matthew et Granger , 1923
Desmatolagus ¢f. D. vetustus Burke, 1941

Referred specimens V 14139. 1, afragmentary right mandible with p3 m2 (Fg. 3) ; V
14139.2, a fragmentary right mandible with broken p4 m2; V 14139. 3, afragmentary |dt
mandible with ml m2; V 14139.4, aniolated right m2; V 14140. 1, afragmentary right maxilla
with P3  M2; V 14140. 2, afragmentary right maxillawith P3 M2; V 14141 , afragmentary right
maxillawith P4 M2; V 14142.1, afragmentary right maxillawith P3 M2; V 14142.2, afrag
mentary right maxilla with P3 M2; V 14142. 3, a fragmentary l€t maxilla with P3 M2; V
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14142. 4 , anright P4 (or M1) (Figs. 3,
4) .

Description  The incior aveolus
indicates that the incior extends pogeri-
orly to the trigpnid of m2. The mandible
is 6 mm degp and 3 mm thick at the pos-
tion o ml. The p3issngerooted (Fg.
3; tooth measurements in Table 1 2) .
The anterior enamel of the tooth crown
was worn in preservation, but it is dill
recognizable that the tooth is only lightly
worn from madication, suggesing that
the ecimen is not from an old individu
d. The low crown has a laterd fold that
does ot enter the dveolus. The p4 is
nolariform and the highest lower cheek
tooth. The ocdusad dimendons o teeth
increase whereas the tooth height decreas
es pogeriorly from p4 to m2. The nor-
phology of p4 and mL 2 are snilar.
The trigonid iswide and has a thick layer
o enamel on its poderior wal. A Pike
a the midpoint of the poderior wal, Fg.3 A C. ocdus, laerd and medd viewsdf right
which is nmpg diginct on p4, projects p3 m2d Desmatdagus . D. vetustus (V 14139. 1)
posteriorly. The talonid is narrow and po- from late Eocene Yihesubu , Nei Mongpl
dtioned on the pogerolingual Sde of the trigonid. The poderior portion of the taonid isworn a a
greater degree than the anterior edge, © that a thin wal was |t abut to the poderior base of the
trigonid. The basdine of thewall is graight , indicating transverse movement of the lower jaw during
madication. The poderior border of the taonid is graight. The poderolabia corner of the talonid
projects lateraly and bears the thickes enamd of the talonid. The hypogriid is broad and does ot
enter the dveolus. The m3 is not preserved.

Table 1 Measurements o upper dentitions (mm)
Gobio WZ:&I;B Desmato-
lagus ylensis lagus Desmatdagus . D. vetustus
major . nov. -

V 14134 | V 14138 | V 14143 |V 14140.1 V 14140.2 V 14141 V 14142.1 V 14142.2 V 14142.3 V 14142.4
P2L 2.10

P2 W 2.40

P3L 2.47 2.78 2.12 1.61 1.37 1.61 1.57

PR3 W 4.52 5.38 4.56 3.39 2.69 3.81 4.62

PAL 2.62 2.85 1.60 1.37 1.54 1.62 1.53 1.58 1.53
P4 W 4.92 8.28 3.48 3.22 4.50 4.56 4.58 5.42 5.45
M1L 2.69 1.53 1.32 1.36 1.53 1.45 1.61

M1 W 5.65 3.66 3.26 4.52 4.10 4.48 4.82

M2 L 2.56 1.37 1.25 1.38 1.32 1.33 1.23

M2 W 5.41 3.35 3.05 4.25 3.47 3.82 4.03

Note: L. length; W. wicth.
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Table 2 Measurements o lower dentitions (mm)
Gobid_agts Hypsimyius yi hesubuersis Desmator Desmatdagus . D. \etustus
major . mov. lagus .
V 14135 V 14136 V 14137 V 14144 V 14139.1 V 14139.3 V 14139.4
p3L/ W (tri) 1.42/ ?
p3L/ W (ta) 1.34/ ?
p4L 2.80 3.33 1.45
p4 L/ W (tri) 1.81/2.91 1.5/3.71 0.76/2.00
p4L/W (td) 1.00/2.10 1.86/2.34 0.75/1.10
ml L 2.89 3.87 1.68 1.85
mLL/W (tri) | 1.77/3.32 1.67/4.00 0.82/2.19 0.92/2.07
miL/W (td) | 1.23/2.10 2.22/2.91 0.89/1.21 0.97/1.17
m2L 3.12 3.60 3.70 2.95 1.62 1.80 2.46
m2 L/ W (tri) | 1.64/3.52 1.46/3.96 2.05/3.9% 1.36/3.48 0.82/2.10 0.89/2.14 1.12/2.41
m2 L/W (td) | 1.50/2.45 2.15/2.60 1.68/2.61 1.62/2.18 0.85/1.35 0.93/1.35 1.36/1.36
Note: L. lenath: W. wicth: tri. triconid: td. taonid.

Fg. 4 A F. ocdusd viewsd upper cheek tegth o Desmatolagus . D. wetustus (V 14140.2, V 14140.1,
V 14142.2,V 14141,V 14142.1, V 14142. 3 from late Eocene Yihesubu locdity , Nei Mongol , rangng
roughly from the youngegt to ol dest
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All the maxillas are fragmentary. But fromwhat preserved it is clear that a premolar foramen is
absent. FHg. 4A F shows upper cheek teeth roughly rang ng from the younges to oldest. P2 is ot
preserved. Other cheek tooth has three roots. In urworn P3, the tooth tgpers dorsdly. The lingud
cuy , presumably the protocone , isthe larges. There is o hypodria. An anteroloph isabsent. The
crescertic valley opens anteriorly and extends poderolaterdly as a curvature. In worn specimen
(Fg. 4F) the valey becomes short and shallow. The central cug has a vertica anterior surface and
gradually becomes narrower pogerolaterdly. The fold that separates the centrd cugp and the labid
cus isopen and shdlow. P4 does ot have the hypogtriain dl gecimens. The anteroloph and pos
teroloph are conplete. The central cug is didinct. The crescentic valley between the cugp and the
anteroloph is shdlow than the pogerior portion separating the pogeroloph from the cugp , © that the
anterior one is gone firg with wear. The externd vdley is square shaped , with its pogerior Sde
nore lingualy extended. The pogerolabia corner of P4 is nore labiadly extended than the antero-
labid one. With wear P4 and nolarswill become transversely elongated. The elongation is primarily
owing to congant gronth of the lingud sde o the tooth. Therefore the labid gructuresof the tooth ,
such as the externd valley and the digance from the crescentic valey to the labiad margin of the
tooth , change very little proportionaly.

M1 is dmilar to P4 in general norphology , but differsfrom the latter in having its anterolabia
corner nore labialy podtioned and in lacking the crescertic velley in any ontogenetic dage o the
tooth. In rdatively young gpecimens, a shalow hypodriaispresent , but inolder gpecimensit isalr
sent - D isthe enamd fosxtte It from the labia portion of the hypostria. Gonpared to the M1 of
Gobiolagus major described alove, the trigopn of M1 in D. wvetustus is proportionally nore short-
ened. The anterior wal of the tooth isthe mgor shearing edge , equipped with the thickes enamd of
the tooth. M2 is narrower than M1 , with its pogerior haf being reduced. M3 is rot preserved , but
the aveolus indicates a smdll , snge rooted tooth.

Desmatolagus sp.

Referred specimens V 14143, afragmentary left maxilla with damaged P3 4; V 14144,
an ilated rignt m2 (Fg. 5).

2 mm

Fg.5 A B. P3 and broken P4 of Desmatdagus . (V 14143) from
late Eocene Yihesubu, Ne Mongpl

Description  P3 hastwo labid roots. The lingual cugp has a squared lingual contour. A lower
ridge is anterior to the central cug and is sgparated from the lingual cugp by a gap (Fg. 5). Be
cause of the exigence of the partia loph the tooth is condderably wider labidly than lingualy. The
central cug is rounded , except at its pogerolabial corner where it is connected to a srong postero-
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labid cugp by enamdl cres. P4 is broken, of which the central portion indicates a conplete cres
centic velley. The m2 metches the upper teeth in gze. ltslabid Sdeis Sgnificantly higher than the
lingual dde.

These two Pecimens are larger than those referred to Desmatodlagus . D. vetustus but small-
er than those of Gobidlagus major and Hypsimylus. The Sze of these gpecimensis conparable to D.
robustus and the norphology of P3is dmilar to that of D. robustus; they differ from D. robustus,
however , in having relatively lower crown. The fragmentary material does not permit nore ecific i-
dertification.

3 Discusdon

3.1 Gobiolagus

Gobidagus is a leporid genus proposed by Burke (1941) based on gpecimens oollected from A-
da. A tota o four gecieswere named at the time the genus was edablished: G. tdmachovi, G.
andrensi, G. (9 maor, and G. (9 telhardi. All the type ecimens are fragmentary lower
javsand those of G. (9 mgor and G. (9 tdlhardi are particuarly poor. Thus, these two
Pecies were named with uncertainty. One of the gpecies, G. (7 tdlhardi , was relocated to a dif-
ferent genus Ordo agus because of its high crown cheek teeth , in which the tooth crown extends into
the dveolus (de Muizon, 1977 ; Huang, 1986) . Qonpared to other early Tertiary lagonormphs, such
as Desmatdagus , pecimens of Gobiolagus are reldively rare. 9nce Burke (1941) , posible Gobio
lagus goecimens have been reported from several locdities of Ada (Li, 1965; Qi, 1988; Tong,
1997 ; Erbgeva, 1999; Meng et d. , 1999; Zhang et d. , 2001) , dl represented by poor pecimens.

Possble upper teeth of Gobidagus (V 3012) were firg described from the Shara Murun beds
a UlaUsu, Ne Mongol (Li, 1965) , but these teeth were cond dered to belong to the North Ameri-
can Mytondlagus (Qi, 1988) . Qi (1988) noted presence of the hypodria on the upper nolars of
Li’ s goecimen , which does not seem cong gent with the relatively lowcrowned lower cheek teeth of
Gobidlagus. However , the hypodtriaon V 3012 isonly haf of the crown height (Li , 1965) and may
be log with further wear. Qi (1988) conddered an upper jav from the Shara Murun beds, Ula
Usu, to be from G. tdmachovi. Absence of the hypodria and transverse extendon of the upper
cheek teeth are the main features by which Qi assgned the gpecimen to G. tomachovi. However ,
Ordolagus teilhardi has high-crown lower teeth but its upper teeth lack the hypodria (Huang,
1986) . In addition, the width of the upper tooth of early lagomormphs is highly related to the degree
o wear (Huang, 1986, 1987) . The gecimen described by Qi (1988) is heavily worn s that its
width is at leag partly age-rdated. The asociation of the upper and lower teeth we proposed hereis
rot certain either , but the coexigence of these gecimens in the same locality and their matching
sze and norphology favors their asociation. Based on amilar maxillary features but svaler dze and
ron-nolariform P4 with the maxilla rferred to G. tdmachovi by Qi (1988) , Zhang et d. (2001)
named a fecies, G. lii, from the Yuli member of the Heti Formétion in Yuanqu, Shanxi
Province. The type gpecimen of this eciesis a maxillawith P3 M2.

Gobidagus major has been the larges lagonorph of early Tertiary in Ada and is now only
smaller than the gecimen asdgned to Hypsimylus (see below) . The Yihesubu lower jaw (V 14135)
described here is conparable to the type of Gobiolagus major (AMNH 26098) . The cheek teeth are
dightly smdler than those of AMNH 26098 , but the difference is probably exaggerated by the wear
o the lingua surfacesdf the Yihesubu teeth. The lingua enamdl ridge between the trigonid and ta
lonid and the relativdy wide talonid on m2 are shared features of the AMNH 26098 and the Yihesubu
lower jaw.

3.2 Hypsimylus
Hypsimyl us beijingensis is known from the Changxindian Formation of Beijing (Zhai , 1977) ,
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which is edimeted as late Middle Eocene (Tong et al. , 1995) . The taxon was placed in Eurymyli-
dae based on high crown cheek teeth that are smewhat dmilar to those of Rhombomylus. Zhai
(1977) d roted dental Smilarity of Hypsimylus to that of lagonorphs, but pointed out that the
cheek teeth of Hypsimylus are lager and nore hyposodont than those of lagonorphs of the same age
and uniquely have the third lobe. Zhai linked Hypsimylus with Rhombomyl us based on the smilarity
o the deciduous p4 between the two taxa. Li and Ting (1985) placed Hypsimylus in Minotonidae.
However , Dashzeveg and Russell (1988) condder the tooth referred to a deciduwous p4 by Zhai
(1977) a permanent tooth , which is supported by the evidence of the Yihesubu pecimen. We d o
agree with Dashzeveg and Russdll (1988) that there are no significant characters indicating a rla
tionship of Hypsimylus to minotonids. Although placing the sufamily Hypsmylinae within Eurymyl-
idee , Dashzeveg and Russdll (1988) believed that the relationships are obscure. McKenna and Bell
(1997) have placed Hypsimylus within Leporidae (in the eectronic note they conddered it a palago-
lagine) .

Based on the new gpecimens described here we think the lower teeth of Hypsimylus are different
from those of Rhombomylus (Meng et d. , 2003) . In Rhombomylus , the lower incior extends to
the end of m3 and is ventra to the rootsof cheek teeth. The incisor condition of Hypsimylus is Smi-
lar to that of lagonomh , in which the incisor extends media to the roots of cheek teeth and ends
varioudy between p3 and ml (Bohlin, 1942) . The lower cheek teeth of Rhombomylus are low
crowned and are dgnificantly different from those of Hypsimylus i hesubuensis.

Acoording to Zhai (1977) , the unique feature of the Hypsimylus is the presence of the third
lobe , formed by the hypoconulid , on the lower cheek teeth , which results in a trilobate crown pat-
tern that differsfrom the comnon bilobate cheek teeth of lagomorphs. However | the trilobate tooth
pattern does exig in lagonorphs, but usualy on immeture ecimens, such as the North American
Megalagus turgidus (Wood , 1940) and Palaedlagus philoi (Davson, 1958) . In hoth ecies,
adult cheek teeth are hilobate whereas immeture teeth show the trilobate condition. We provided the
photographs of Megal agus to illugrate these conditions. A lower jaw of a young individuad Megal a-
gus turgidus (AMNH 5630; Fg. 6) clearly diglays this morphology. That specimen has been the
type of Palaedagus triplex Gope, 1884, that differsfrom other lagormorph gecies primarily in hav
ing a third column pogerior to the seoond , as the specific name apparently inplies (Wood , 1940) .
Although Cope (1884) bdieved that the type gpecimen of Palaedagus triplex represented a fully-
grown animal and that the trilobate pattern remains fundamentally unchanged as far as the aveoli ,
Wood (1940) regarded that the type gpoecimen of Palaedagus triplex is a juvenile pecimen of
Megal agus turgidus. Wood argued that there is a didinct decrease in the depths of the accesory
folds that mark the second and third lobes. In view of the extremdy rapid wear in leporid cheek
teeth, the® triplex” pattern will be eventudly dedroyed with aging. The tooth near the aveolusis
diginctly nearer the pattern of Megal agus turgidus.

Card ully conparing adult gpecimens with AMNH 5630 and ecimens presumably intermedi-
ate , such as AMNH 5641 (Fg. 6) , we beieve Wood' s (1940) conclusion is correct. In AMNH
5641 , the cheek teeth is nore deeply worn than AMNH 5630, but less 0 than the holotype of
Megal agus turgidus. The third lobe disgppearson ml but gill persgson the lessworn p4. Further
wear will unquedionably ddete the third lobe on p4. Although IVPP V 5242 and the Yihesubu
goecimen have lower tooth crown than Megal agus turgidus , which suggeds that they are nore primi-
tive than the latter , the dmilar tooth pattern convince us that V 5242 represents a young individua
o alagonorph, not an eurymylid.

(onpared to the new ecimen, Hypsimyl us beijingersis (V 5242) isfrom a relatively older in-
dividua with the p4 being nore fully erupted and the p4 and ml being nore worn. Sill , the crowns
o V 5242 are reéetively higher than those of the Yihesubu ecimen and the hypodriid and the
grooves that define the third lobe are deeper than the Yihesubu gecimen. In crown view the third
lobe on p4 or ml islarger than the same gtructure on the corregponding tooth of the Yihesubu gpeci-
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Fg.6 Occdud , laerd and medid vievsdf Megalagus turgidus
A C. AMNH 5635 (holotype) ; D F. AMNH 5630 (young individud) ; G |. AMNH 5641. Seetext and
Wood (1940) for discusdon

men - with wear the third lobe of the latter will become even smaller. Measurementsof V 5242 were
made by neither Zhai (1977) rnor Dashzeveg and Russll (1988) . However , based on figures and
scaes provided in the two gtudies the sze of V 5242 is edimated as 3. 18 mm long and 3. 1 mm
wide for p4 and 2.8 x 2.1 mmfor ml. These teeth are sgnificantly smaller than those of the Yihe
subu e-cimen. Therfore, it isjudified that the Yihesubu e-cimen represents a different ecies
o the Beijing gpecimen.

Because lagpmorph gecies are usualy based on adult gpecimens and the diagnogtic features of
Hypsimyl us beijingensis are now known dl juvenile or subadult , whether Hypsimylus (Zhai , 1977)
remains a vaid genus becomes quedionable. It is difficult to discuss the dfinity of Hypsimylus be-
jingensis based only on the available materia . f our reference of the gpecimensto Hypsimylus yihe
subuensis is oorrect , the adult m2 and upper teeth from Yihesubu help to illuminate thisissue.

The new ecies differs from other Asan Pdeogene lagonorphs in its large Sze. Gobidagus
major and Desmatol agus robustus are the two eciesthat are smdler but closer to the new geciesin
sze. Gonpared to Gobidagus major, Hypsimylus yihesubuensis has a shorter incior and the m2 as
sgned to the gecies lacks an enamel ridge connecting the lingua Sde of the trigonid and tdonid.
The generd shgpe of the m2 is nore conparable to that of Desmatol agus robustus , but they differ in
svera agects. The new m2 is larger than that of D. robustus and is relatively low-crowned. Its
tdonid isrectagular , with the thickegt enamel at the poderolatera corner of the tooth. In D. robus
tus (Matthew and Granger , 1923) , the taonid is nore rounded , with its midpoint of the lateral bor-
der projecting lateraly and bearing the thickest enamel of the talonid. The hilobate P2 of Hypsimy-
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lus yihesubuensis differs from the trilobate P2 of D. robustus (Sych, 1975; P2 unknown for G.
major) . The P3 centrd cugp of H. yihesubuensis is nore labidly postioned and the protocone is
nore lingually extended than in both G. major and D. robustus. It isclear that the Yihesubu e
cimens represent a ecies that differs from previoudy known early Tertiary lagonorphs.

3.3 Desmatolagus

Snce the proposal o Desmatdagus (Matthew and Ganger , 1923) , about 10 ecies have
been named from Ada and North America in various sudies (Mathew and Ganger , 1923; Tel-
hard , 1926 ; Burke, 1936, 1941 ; Bohlin, 1942) . Huang (1987) consdered the taxonomic pos-
tion of the North American Desmatolagus is uncertain and concluded that there were five vaid
geciesof Desmatolagus in Asa, including D. ardynese, D. wvetustus, D. gobiensis, D. robus
tus, and D. pusillus. One of the mgor issues rdated to Desmatdagus is the gatusdof Procaprola-
gus (Qureev, 1960; Sych, 1975; de Muizon, 1977 ; Huang, 1987 ; Erbgeva and Sen, 1998; B~
bajeva, 1999) . Acoordingto Qureev (1960) and De Muizon (1977) Procaprdagus is characterized
by low-crowned teeth in which the lingud and labid grooves do ot enter the aveolus, lack of the
foramen premolare on the padae medid to the prenolar (see Bohlin, 1942: fig 17) , lack of the
third lophid on p4 and lower nolars, transverse extenson o the trigonids of lower p4 and nolars,
and presence of an enamd i ke projecti ng pogeriorly from the pogerior wal of the trigonid. Qureev
(1960) proposed Procaprolagus and pointed Desmatdagus vetustus as the type fecies of the new
genus. This placement was followed by de Muizon (1977) . Sych (1975: 184) regarded Procapro
lagus vetustus as junior syronym of Desmatolagus gobiensis, but in other place of the same paper
Sych (1975 195) appearsto condder D. vetustus a vaid peciesdf Desmatdagus. Huang (1987)
agreed with Sych (1975) on syronymizing D. radicidens with D. gobiensis, but retained D. ver
tustus as a valid and primitive gpeciesof Desmatolagus. Erbgeva and Sen (1998) again cond dered

Procaprolagus a junior synonym of Desmatolagus and pointed out that the third lophid on the lower
cheek teeth is a juvenile feature , thus not adequate to didinguish Procaprolagus. The discusson
ooncerning Hypsimylus endorses the conclugson of Erbajeva and Sen (1998) .

Cardully reexamining the type of D. wetustus we think the differences of D. wvetustus from
other gpeciesdf Desmatolagus isobvious. In D. vetustus the lower teeth are relatively low-crowned ,
with the hypodriid and the lingua groove shallow and above the aveolus. The height of cheek teeth
decreases pogeriorly a a lower degree. There is no pogerior talonid fold in lower cheek teeth of
krnown gecimens. The talonid is rdatively narrow conmpared to the trigonid , or the trigonid is nore
transversely extended. The foramen prenplare is absent. In dl these features the new gecimens
from the Yihesubu are dmilar to D. vetustus. Inother goecies, including D. gobiensis, D. robus
tus, D. pusillus, and D. ardynee, the cheek teeth have much higher crown , the hypogriid goes
into the alveolus, the anterior cheek teeth are much higher than m2 and m3, the pogerior talonid
fold is usudly present in reatively young individud s, and the talonid is relatively wider. The loa
cronvned teeth of D. wetustus canmot be attributed to age or extensve wear of old individual , be
cause the new gpecimen (Fig. 4) shows that when p3 is lightly worn, al the cheek teeth in that
gecimen are much lower than those of the holotype of D. gobiensis, which is noreworn. It seems
there is o dgnificant difference in the upper dentition. Absence of the foramen prenolare is not a
dable feature , and can vary within a ecies such as D. pusillus (Huang, 1987) .

Although the differences are truly present , nog of those liged for D. wvetustus are primitive,
except the rdatively narrower tdonid. Whether this feature diginguishes a genus is subjective. In
this study , we follow Huang (1987) to recognize D. wetustus. The specimens from Yihesubu are
generdly smilar to the holotype of D. vetustus. They differ in two agpects: the Yihesubu gpecimens
are dightly srdler and the pogerior border of the tdonid is draight. In the holotype of D. vetus
tus, the poderior border of talonid is rounded. Gven these miror differences and the small saple
sze, we tentatively regard the Yihesubu gecimensas D. . D. vetustus.
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