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ZH.OMYIDAE, A NEW FAMILY OF RODENTIA (MAMMAL IA)
FROM THE EOCENE OF ASIA

Mary R Davon  HUANG Xue Shi® LI Chuanr Kui?  WANG Banr Yue?
(1 Sattion o Vertebrate Paleontaogy, Carnegie Museum o Natural History Attsburgh, PA 15213, USA)
(2 Indtitute d Vertebrate Paleontdogy and Palecanthropalogy, Chinese Academy o Sciences Beijing 100044)

Abgract 9x Eocene locdlitiesin eagern China , rangng geogrgphicaly from Jilin to Jiangsu provinces and
in age from Irdinmanhan to late Sharamurunian or Ergilian, have yielded four genera (Haazd , Suomys, and
Andersomys named as new here and Zdomys) assgned to the new rodent family Zdomyidae. Thefamily is
characterized by a primitive protrogonorphous: sti urognathous zygomasseteric gructure and pauci serid incior
enamd , but the cheek teeth are precocious in development of hypooone and hypolophid. Later members of
the famly exhibit a devdopment of buccd flattening to slerodonty of the cugps of the cheek teeth.

Reaionshipsdf the new family are unclear, dthough me dentd dmilarities sugges finities with the
Eomyidae. On the other hand , differencesfrom eomyids may sugges that the zelomyids are an independently
derived Adan Eocene famly.

Key words Eagern Ada, Eocene, Zdomyidee

1 Introduction

The Eocene rodent record in Ada differs diginctly from that of the comparable time in Europe
and North America. In Ada the Pdeogene endemic cterodactyloids dominate during the Early
Eocene, followed by increasng prominence in the Middle Eocene o cricetids, eomyids, and
zapodids (Tong, 1997) ; ischyromyids are present but seem never to have been dominant (Dawson
and Wang, 2001) . In Europe, on the other hand , the Early Eocene dominance of ischyromyidsis
followed in the Middle Eocene by the orign of the presumably autochthornous theri donorphs and
diroids (Escargud , 1999) . The North American Paleogene faunas include dominart ischyromyids,
but dow the orign and increased diversty there by the late Early Eocene of the gpparent
ischyromyid derivatives, the Stiuravidee (Korth, 1984) . The latter family is characterized by an
early formetion of quadrate upper nolars, having a srongy developed hypocone , and lophate lower
nolarswith awell developed hypolophid.

In severd Adan Eocene faunas there are rodents that have been referred definitely or with
guestion to the otherwi se North American family Sciuravidae (Li , 1963 ; Dawon , 1964 ; Shevyreva,,
1976; Hussain et d. , 1978; Tong and Wang, 1980 ; Wang and Li , 1990) . Later , ome of these
have been shown to be ctenodactyloids (Dawvson, 1977 ; Wood , 1977; Davn et a. , 1984) .
One, the rodent Zeomys (Wang and Li, 1990) , has been referred to the Eomyidae (Korth,
1994) . Reexamination of Zdomys and severa other of these problematic rodents, outsde of the
ctenodactyloids, has now shown that they represent a discrete rodent lineage , here recognized as the
new famly Zelomyidae.

As currently known, 9x Adan Eocene locdities have produced representatives of the new
family , ranging in age from probably Irdinmanhan (middle Middle Eocene) through Ergilian (latest
Eocene) . Their currently known geographic didribution enconpasses suthern Jiangsu, wesern
Henan , southern Shanxi , and central Jilin provinces.

Abbreviations and terminology :

ALMA |, Asan Land Mamma Age.

VPP, Ingitute of Vertebrate Pdeontology and Paleoanthropology, Chinese Acadeny of
Siences, Bdjing.

MP, Paleogene Mammalian Reference Level ( European) .
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NALMA , North American Land Mammal Age.

ap , anteropogerior length; trw, transverse width of trigon; taw, transverse width of taon;
tri , transverse width of trigonid; ta , transverse width of taonid; mm, millimeter.

For the dental notation we use upper case lettersfor upper teeth and lower case lettersfor lower
teeth; e.g. M1 indicates an upper fird nolar , ml a lower fird nolar.

Hedi is the corrected Finyin dling for the formation in the Yuanqu Basn (Huang et d. |,
2001) , which has d been dled Hoti (Chow e d., 1973, udng the Wade Gles
tranditeration) and Heti (Li and Ting, 1983) .

2 Age and geologc ting

All o the locdlities that have produced members of the new family occur in eagern China
(Fg. 1) ; o zdomyids are currently repre-
sented in the reativey wel known dratified
deposits of Mongplia and Nei Mongol ( Inner
Mongplia) on which the Adan Eocene land
mamma ages have been based (Russdl and
Zhai, 1987) . These rodents have been found
in discrete, iolated basins (Lushi, Yuanqu,
Huadian) as well as in the Shanghuang fis [~
sures, Liyang, and in varying lithologesover a | *..-..
wide geogrgphic area, rangng from the oil [ v - T
shdes of central Jilin Province, a about 43 L paal
north latitude , to the fissure fillingsof outhern R A e
Jiangsu Province, at about 31°N. These geo- | =i & 1®5 7
graphic factors contribute substantialy to the |, R
problem of ocorrelating both between localities |
and into the Adan framenork. Qorrelation by
biogratigraphy is hanpered by severa factors,
including probable differences in sral mamr
malsover this laitudina gan due to paleocli-
metic/ environmenta diff erences and in eoolog-
ca prderence between, for exarple, animals
that would be preserved in the oil shdes of
Jilin, the fresh water marls of Zhaili , and the Fa 1 Ouline o the easern part o the Reopld s
karstic fissure fillings of Shanghuang. Repuic o Crina, sowing locaites n i fou

A recent evduation of Eocene faunas Zelomyidae have been found
from locdlities in the Yuanqu Basn (Huang et 1. Huadian Basn, Jilin Povince; 2 4. Yuanqu Basin,
a., 2001) , sverd of which contain members Sharxi Province (Huwoshipo, Zhaili , Nanbeotou faunas) ;
o the new family, provided the following 5- Lusi Basn, Henan Povince ( Chuguyu
sequence from oldest to younges: Huoshipo Fm.) ;6. Shanghuang fissure fillings, Liyang Courty ,
(Huang e d. , 1999; Zhang et d. , 2001: Jiangsu Rrovince
Irdi nmanhan ALMA) ; Rencun (Sharamurunian ALMA ; no zelomyids have been recognized from
this locaity) ; Zhaili (Naduan ALMA) ; and Nanbaotou (Ulangochuan ALMA). While this
sequence is dnog certainly correct , the corrdation to ALMAs outsde of the Yuanqu Basn mug be
viewed with a great deal of caution. All of these ALMAS except Naduan are based on sequences in
Nei Mongol. Naduan is an Asan land mammal age that was egablished (Tong, 1989) on the bass
o faunas of nodly large mamma s from the Nadu Formetion in the Bose Basn of Quangxi Zhuang
Autoronous Region in southern China. The Caijiachong fauna of Yunnan Province (Wang, 1985,

Being,
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1997) , which contains numerous sall mammals and has been correlated on a gobal scale with the
North American Chadronian NALMA , was d < referred to the Naduan age (Tong et d. , 1995) .
The concept of a Naduan ALMA has been remarkably difficult to esablish with precison. To awid
this difficulty , Russdll and Zhai (1987) and Emry et d. (1998) have utilized the Ergllian ALMA
for pog- Sharamurunian , pre- Shandagplian Adan dtes. This practice isfollowed here.

The rodents from the Zhaili fauna, which was referred to the Naduan ALMA by Huang et d .
(2001) , appear to be older than those of the Caijiachong fauna. The entire Caijiachong fauna may
beincluded in the Erglian { older than both the Ardyn Olbo loca fauna in Asa and MP 21 of
Europ€' in Wang, 1992,1997; Emry e d. , 1998). RusHl and Zhai (1987) have dready
extended the concept of a Sharamurunian ALMA to include the Zhaili fauna, a use that is followed
here , with the Zhaili fauna consdered to be late Sharamurunian in age.

The Nanbeotou locd fauna, in the drict sense used here, comes from a limited area. The
fosdls, which are entirdy svdl , have been obtained nogly through screen washing of sediments
exposd inaravine of redricted extent. While dl of the rodentsfrom the Nanbeotou local fauna have
ot been thoroughly gudied , it is clear that they are nore derived than those from Zhaili. However ,
there does not gppear to be a large age difference between the two faunas. Erglian rodents such as
Eucricetodon and derived zapodids are not present in Nanbaotou. Accordingly , the Nanbeotou local
faunais here tentatively bracketed as lates Sharamurunian or Ergllian in age. The late or lates
Eocene anthraoothere Brachyodus was included in the Nanbeotou loca fauna by Huang e a.
(2001) , but the Baishui locdity from which it comes (Wang and Hu, 1963) is separate
geographically from the Nanbaotou micro-mamma locdlity and the two Stes cannot yet be rdiably
oorrelated by dretigrgphy , biogratigraphy , or magnetosretigrphy.

A zdomyid occurs in the Chugouyu Formation of the Lushi Basn, Henan, which overlies the
faunaly better known Lushi Formation (Li and Ting, 1983) . The Chugouyu Formation has been
oons dered to be Sharamurunian in age (Tong, 1989) . The Shanghuang fissure fillings (Qi et d. ,
1991 ; Beard e d. , 1994 ; Wang and Davon , 1994) , d containing zelomyids, probably record
sverd different times: fissures D and E may be Irdinmanhan or earlies Sharamurunian in age,
whereas the krown small mammas from fissures A, B and C gopear to be condderably nore
derived , and are presumably later in age, possbly Sharamurunian (or and Ergilian) . Findly, the
fauna of the Huadian Formetion of Jilin Province , containing Zelomys , was correlated with the late
Uintan NALMA (Wang and Li, 1990) , which has, in turn, been correlated with part of the
Sharmurunian in the Asan land mamma chromology. Conpari onswith other Adan faunas suggested
to Wang and Li (1990) that the age of the Huadiari’ fauna mug be earlier than or equivaent to that
o the Zhaili member.”

3 Sydematic paeontology

Family Zdomyidae, new family

Type genus  Zdomys Wang et Li , 1990.

Included genera  Zdomys, Andersomys gen. mov. , Suomys gen. nov. , Haaz gen. rov.
Horizon and locality Irdinmanhan ALMA (early Uintan NALMA) through Ergilian ALMA

(Chadronian NALMA) . Eagern Ada.

Diagnosis Rodents having a protrogomorphous sciurognathous  zygomasseteric - sructure ;
masseteric fossa of mandible extending forward to below M2 ; dental formula 1,0,2,3/1,0,1,3;
incir ename pauci seria , where known ; cheek teeth brachydont. Well developed , Snge rooted ,
oonical P3; nolariform P4; hypooone on PAM2 subequd to protocone; srong lingual valley
between protocone and hypocone bounded by poderior arm of protocone and anterior arm of
hypooone.  Tendency toward flattening of bucca wals of upper nolariform teeth. On p4m3
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ectolophid well developed, hypolophid transverse, intersecting the ectolophid anterior to the
hypooonid. p4 relatively nolariform.

Differs from Ischyromyidae in having prominent hypooone on PAM2 and well developed
hypolophid on p4m3; differs from Sciuravidae in having well developed wall of V-sheped lingua
valey on PAM3 and P4/ p4 larger reative to the nolars; differs from Cylindrodontidae in having
large nolariform P4 and well developed hypooone on PAM2; differs from Aplodontidae in having
wdl developed hypooone and lacking conules on PAM3; dffers from Eonmyidae in having
protrogomorphous zygomasseteric dructure , relatively poderior podtion of mandibular massteric
fossa, and from the eomyids except Yoderimys and Litoyoderimys , and from the possble eomyid
Metanoiamys , in retaining P3.

Zelomys Wang et Li, 1990

Type species Zdomys orientalis.

Included species Z. orientalis, Z. joannes . rov. , Z. d. Z. joannes.

Horizon and localities Midde Eocene (Irdinmanhan to Sharamurunian ALMAS) ; Huadian
Formation of Jilin Province, Hedi (see above, Abbreviations and Termirology) Formation of Shanxi
Povince , and Shanghuang Fssure Fllings, Jiangsu Province.

Diagnosis Zdomyid in which cheek teeth increase in width from p4 to m2; anteroconid
present on p4m3; short anterior arm of protoconid connects to anteroconid. Differs from Haaz in
lacking diginct paragyle and metagyle.

Discussion  Paeogene oil shdes and cods in the Huadian Formation (Uintan equivaent ,
following Wang and Li , 1990) in rortheagern China’ sJilin Province provided the firg evidence of
the rodent Zelomys. The taxon was based on lower jaws and teeth and an asociated but edentulous
maxilla that appears to have a protrogonorphous zygomasseteric sructure. The original assgnment of
Zdomys was to the othewise North American family Sciuravidae, dthough its smilarities to the
North American eomyid rodent Namatomys were a0 roted (Wang and Li, 1990). The latter
dmilaritieswere used by Korth (1994) asthe groundsfor referring Zelomys to the family Eomyidae.

Two eciesof Zelomys were origindly described, Z. orientalis and Z. gradilis (Wang and
Li, 1990) . They were differentiated mainly on the bass of sze, Z. gradilis having a shallower
jaw. It mugt be roted that the holotype of Z. gracilis, IVPPV 8800, is an immeature individual
having do4 (migakenly identified as p4) , and that the mandible of V 8800 is broken avay below
the incigor , making inaccurate any measurement of depth of jaw. Dental measurements of permanent
teeth in the two named taxa overlgp. Their norphologicd smilaritiesindicate that Z. orientalis and
Z. graclis are syronyms, leaving Zelomys orientalis as the valid geciesfrom Jilin.

Zelomys orientalis Wang et Li, 1990

1990 Z. gracilis Wang andLi, p.182 187;figs. 9 11; pl.

Type specimen VPPV 8797, |t jaw with incir and p4m3.

Horizon and locality Locdity 85006 (V 8797,V 8800,V 8801) , Gongangiou Gil Shde
Mine, and IVPP locdlity 85007 (V 8798 and V 8799) , Daloji Oil Shae Mine, Gngitun village,
member o Huadian Formation, ? Sharamurunian ALMA ( ? late Uintan NALMA) .

Revised diagnosis Soeciesdf Zdomys having short accesory lophidsfrom the ectolophid into
the lingua valley; enamd of tdonid basn wrinkled. Differsfrom Andersomys in having p4 svdller
than ml. Differsfrom Suomys in having p4 svdler than ml and lacking crescentic development of
cuss and cregs of nolariform teeth.

Zelomys joannes sp. nov.
(Fg. 2; Table 1)

Holotype VPPV 13516, right lower jawv with do4m2 and tdonid of m3.
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Fg. 2 Zdomys joannes 9. rov. , occdusd views
A. VPPV 13518.2, It Mlor 2; B. IVPPV 13518.1,ldtM 1or2; C. IVPPV 13518. 3, rigt ? dP4; D.
VPPV 13518.4, It M3; E. IVPPV 13518.5, right p4; F. IVPPV 13518.6, rignt m3; G IVPPV 13517,
left mandible with do4m2; H. VPPV 13516, holotype, right mandible with do4m3 (m3 broken)



4 Davon M. R. et d. : — (Zelomyidae) 255

Referred specimens IVPPV 13517, inconplete It lower jav with do4m2. Ilated teeth
VPPV 13518.1 28.

Horizon and locality Midde Midde Eocene (Irdinmanhan ALMA) ; Yuli member of the
Hedi Formetion; Huoshipo , Quojia village, Yuanqu Gounty , Shanxi Province.

Etymology For John Kgppeman, whose paeomagnetic work led to the disoovery of the
locality that produced the type and other gpecimens of this rodent.

Diagnosis Seciesdf Zdomys lacking accesory lophids from ectolophid into central valey of
lower nolars. Sightly larger than Z. orientalis. Differs from Andersomys and Suomys in lacking
any bucca flattening or selenodonty of paracone and metacone of nolariform teeth.

Description  Two lower jaws and twenty-eight isolated teeth represent this gpecies. Both of
the lower jaws gppear to have dp4 in place , based on greater wear than on the associated ml and on
the divergence of the roots. The dp4 is badcaly a cugate tooth , with very little development of
lophids except for the hypolophid and ectolophid. The anteroconid is discrete. p4 is very dmilar to
do4 but has a rdatively wider trigonid and gronger creds.

mi-3 are nore lophate than p4 , having a short pogerior arm of the protoconid and elongation of
the metaconid into the anterior valey. These lophs are, however, sorter than in Zdomys
orientalis. Shared with Z. orientalis is the short anterior arm of the protooonid that extends to a
cugpate anteroconid. M3 has a narrower taonid than trigonid and a nore pogeriorly protruding
pogerolophid than on mil-2.

Ore peglike P3 with a long, draight root adheres to the lower jav of VPP V 13516.
Asciation with this gecies seems probable. Outsde of this tooth, Sxteen ilated upper cheek
teeth are here rdferred to Z. joannes. The upper nolariform teeth differ from those known for other
zelomyids in having the hypooone dightly smaller than the protocone and a shallower lingua valley.
The dnple, cugate teeth have a well developed anterior cingulum and a variable meogyle. The
anterior arm of the protocone extends into the anterior valey in teeth that are presumed to be P4 but
directly to the paraoone in the presumed nolars. The teeth that are probably dP4 are smdler than
the rferred permanent teeth, and have a short anterior arm of the protocone extending into the
anterior vaelley.

The incior of IVPP V 13517 was sectioned to reved the enamel microdructure. The
Schmelzmuger shows the pauci seria condition : two-layered with a Portio interna having transversely
oriented Hunter- Shreger bands and Portio externa with radia enamd (persond communication,
Danida Kathoff , April 5, 2002) . Thisis the primitive gate for rodent incior enamd. Zdomys is
the only member of the Zdomyidae that has been examined for the microgructure of the incior
enamd , but the condition has been tentatively extrgpolated to characterize the family as a whole.

Table1 Measurements o Zelomys joannes sp. nov. (IVPP specimens) (nmm)
ap trw ap trw
V 13518.3? dP4 1.42 1.52 V 13518.1 M1 or 2 1.59 1.7
V 13518.2 M1 or 2 1.42 1.56 V 13518.4 M3 1.49 1.49
V 13516 (holotype) V 13517 V 13518.5 V 13518.6
ap tri td ap tri ta ap tri td ap tri td
p4 1.56 0.9 1.22 1.49 1.02 1.29 1.56 1.08 1.29
ml 1.59 1.29 1.56 1.56 1.36 1.56
m2 1.7 1.49 1.63 1.63 1.56 1.7
m3 1.76 1.42 1.29

Discussion  Although Zdomys joannes has dnple cugate teeth, it shows cearly the
characterigic nolarization of the upper nolariform teeth and loph development of the lower
nolariform teeth of this family. Its closer amilarities to Zdomys orientalis including proportions of
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the lower teeth to one amother and the connections o lophs on the trigonid , support assgnment to
thisgenus. Z. joannes is, however , nore primitive than the gemotype Z. orientalis in lacking
extra lophids on the lower nolars. Its upper nolariform teeth o are in a nmore primtive gage of
development than in other zelomyids known from upper teeth, as shown by the rdatively sdler
hypooone and shallow lingual valley.

Zelomys cf. Z. joannes
(Fg. 3

Referred specimens VPPV 11545.1 49,V 11560.1 2.

Fg. 3 Zdomysd. Z. joannes, occlus views dof teeth
A. VPPV 11545.4 , rigtt P4; B. IVPPV 11545.41 , fragment of |t maxillawithM1; C. IVPPV 11545.11,
rignt Mlor 2; D. VPPV 11545.19, right M3; E. IVPPV 11545.21, right p4; F. VPPV 11545.1, |t ml
or2; G IVPPV 11545.27 , Idt mlor 2; H. VPPV 11545.38, It m3; I. IVPPV 11545.35, |dt m3

Horizon and locality Middle Eocene, fissure fillings D (IVPP loc. 93006D) and E (IVPP
loc. 93006E) in Triasic Qindong limesone, Shuimushan Quarry, near Shanghuang Village,
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Liyang Gounty , Jiangsu Province, China.

These iolated teeth are very close in nog agects of their morphology to the known sanmple of
Zdomys joannes. The gpecimens do show, on average, a better developed poderior arm of the
protooonid than in Z. joannes. In zelomyids the proportions of the teeth relative to others in the
dentition are very important in determining afinities at generic and Pecific levels. Because there are
no asociated pieces in the currently orted Shanghuang sanple, rdative dzes of teeth within the
dentition cannot be egablished, © whether or not proportions are those of Z. joannes canmot be
determined. Dental smilarities provide the bads for the current rdference as Zdomys o. Z.
joannes.

Andersomys gen. nov.

Type species  Andersomys laoveni 0. Mov.

Included species A. laoweni and A. austrarx . nov.

Horizon and locality Late Middle Eocene and probable Late Eocene, Shanxi Povince,
China.

Etymology For the late J. G. Anderson, Svedish disooverer , in 1916, of the firg fossls
from the River Section, Yuangqu Basn, Shanxi Province , type locality for Andersomys |aoweni .

Diagnosis Zdomyid in which P4 and p4 are larger than M1 and m1 ; bucca dde dof paracone
and metaoone of P4 and metacone of M1 is flattened. Differs from Zedomys in proportions of
prenolarsto nolars and in having flattening of bucca cugs in the upper dertition. Differs from
Suomys in having nolariform teeth without selenodont cusps.

Andersomys laoweni sp. nov.
(Figs. 4,5; Tade 2)

Holotype VPPV 13519, right mandible with p4m3.

Referred specimens VPP V 13520, |t mandible with p4m2; VPP V 13521, right
maxillawith PAM2; IVPPV 13522, right maxillawith PAM3; IVPPV 13523, right maxillawith
PAM2.

Horizon and locality Late Sharamurunian, Zhaili Member , Hedi Formetion; River Section,
locality 1, Tugieogou , eas of Zhaili village, Yuanqu Gounty , Shanxi Province.

Etymology For Wen Zheohua of Zhaili village, the intrepid, skilled fidd asdgant for the
River Section Project.

Diagnosis Differsfrom Zdomys orientalis in having relatively srong ectolophid and lacking
ghort transverse lophidsfrom ectolophid into central valley. Larger than Z. joannes and having nore
buccally flattened paracone and metacone on P4 and metacone on M1. Smdler than A. austrarx
and having less prominent bucca cingulumon P4.

Dexription Rdatively conplete gecimens of Andersomys laoweni from the River Section,
locality 1, make this the bes known member of the Zdlomyidae , and is thus the gecies on which
ome familia characters are nog firmly based. O the three maxillae, IVPP V 13521 and VPPV
13523 preserve parts of the zygoma. The anterior root of the zygoma extends laterally anterior to a
line with P3; a gtrong ridge forms the anterovental edge of the zygoma, above which is the non
expanded (ca. 1. Omm transverse width) , rounded irfreorhital foramen. The incisve foramen
extends back to gpproximetely the anterior edge of the aveolus of P3, which suggeds that this
foramen was cons derably larger than is usudly found in rodents. There is a low but diginct ridge
running forward from anteromedia to P3, pardleing the incisve foramen.

On the horizontal ramus of the mandible the anterior edge of the masseteric ingertion is marked
by alow, curved ridge that extends anteriorly to below the anterior edge of m2. There is a large
mental foramen below the diagema.

All o the permanent cheek teeth are preserved except P3, the aveolus of which indicates that
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Fg. 4 Andersomys laoveni gen. et 9. rov. , ocdusd views of maxillae with teeth
A. IVPPV 13521, right maxillawith PAM2; B. VPPV 13522, right maxilla with PAM3

it was a relatively large tooth. P4 islarger than M1 and conpletdy nolariform, having a hypooone
subequal to that of the nolars athough the trigon is wider than the talon. The bucca cingulum is
variably developed, but the anterior cingulum is condgently prominent. Buccally paracone and
metacone areflattened. There islittle development of the pogerior arm of the paracone , whereas the
wel developed metaloph extends to the grong anterior arm of the hypooone. The protoloph crosses
the valley between paracone and anterior cingulum and comes in contact with the cingulum. A
second dort bridge runs between the lingua end of the anterior cingulum and the protocone. The
wide lingud fold is bordered by the pogerior arm of the protooone and the anterior arm of the
hypooone. M1-2 are dmilar in genera character to P4, dthough the lingua fold is anteropogeriorly
narrower and nore anterobuccally oriented. On M2 the buccd cingulum is absent and paracone and
metacone are nore cupate , lessflattened buccaly than on P4 and M1. The megyleisvariable in
development on M1-2, though never prorounced. M3 is a large three sded tooth on which the
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Fg. 5 Andersomys laoveni gen. et 9. rov. , occlusa views of mandbleswith teeth
A. IVPPV 13520, It mandible with p4m2; B. IVPPV 13519, right mandible with p4m3, holotype

anterior arm of the protooone extends to the paracone. The metacone and hypooone connect to form a
ridge around the pogerior and pogterobuccd rim of the tdon, and a9 there is a narrow but diginct
loph connecting metacone to hypocone podterior to the centrd basn. Ason the nore anterior cheek
teeth, the lingua fold iswell developed.

The esentialy nolariform p4 of A. laoweni islarger than ml. p4m2 have trigonids that are
only dightly narrower than the talonids. p4 differs from ml-2 mainly in having a nore cugate
metaconid that lacks a lophid extending toward the protoconid. Other characters shared by p4m2
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include two lophids from the protoconid , one extending anteriorly to the front edge of the tooth , and
amother reaching lingualy to the pogerior flank of the metaconid. In later dages of wear , the
anteriorly extending lophid from the protoconid wears away and an occlusa facet develops (IVPP V
13520, Fg. 5A). A smdl mesooonid occurs on the well developed ectolophid. The hypolophid
extends transversely to reach the ectolophid anterior to the hypooonid. There is a deep valey
between the hypolophid and the thick pogerolophid. m3 ispreserved only in VPPV 13519, and it
isinoonplete , having the metaconid broken away. Asfar as can be determined , it differsfrom the
nore anterior teeth in having trigonid and taonid extend ng goproximately equally on the buccd sde
and the wider , nore cugate pogerolophid reaching lessfar lingualy.
Table 2 Measurements o _Andersomys |aoweni gen. et sp. nov. (1VPP specimens)  (mm)

V 13521 V 13523 V 13522
ap trw ap trw ap trw
P 1.76 1.9 1.7 2.03 1.9 2.17
M1 1.7 1.9 1.63 1.76 1.7 1.97
M2 1.7 1.97 1.7 1.83 1.76 1.97
M3 1.97 1.97
PAM3 7.0
V 13519 (holotype) V 13520
ap tri td ap tri ta
p4 1.76 1.36 1.42 1.76 1.36 1.56
ml 1.7 1.27 1.42 1.7 1.42 1.56
m2 1.7 1.42 1.63 1.76 1.56 1.76
m3 1.63 1.42
p4m3 6.8

Discussion O dl the currently known zelomyids, Andersomys laoweni isthe bes represented
by conplete dentitions and jaws, D it serves as a gandard to which other membersof the family can
be compared. Its combination of large P4/ p4 and flattening of the bucca cugs of the upper
nolariform teeth indicate that thisis a nore derived zelomyid than Zdomys.

Andersomys austrarx Sp. Nov.
(Fig. 6; Table 3)

Holotype VPPV 13524, |dt p4.

Referred specimens VPPV 13524.1, left dP4; V 13524. 2, |6t P4; V 13524. 3 5, It
M1lor2;V13524.6, 7, |t M3; V 13524.8, |€t dp4; V 135234.9, 10, right ml or 2.

Horizon and locality Lates Sharamurunian or Ergilian, Hedi Formetion; near Nanbaotou
village , Yuangqu Gounty , Shanxi Province.

Etymology The locaity name, Nanbaotou, is trandated as* southern hill fort ,” which is
here rendered as austrarx , from Latin auster , uth, and arx , fortress, height.

Diagnosis Sightly larger than A. laoweni and with better developed bucca cingulumon P4
and nore rounded anterior wall of p4.

Desription A seoond pecies of Andersomys, known from iolated teeth, occurs a the
Nanbeotou locdity in the Yuanqu Badn. It is generdly smilar to A. laoweni but larger. P4 isa
large, molariform tooth , that has a transversdly wider trigon than talon due to an expanded buccal
cingulumon the trigon. A digtinct , though narrower cingulum , extends dong the anterior sde of the
tooth. M1 and M2 canrot be differentiated with certainty. In ? M2 the anterior arm of the protocone
oonnects directly to the paracone , whereasin ? M1 this arm extends into the valley anterior to the
paracone and bifurcates, sending a short our back to the anterolingual dope of that cup. The
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Fig. 6 Andersomys awstrarx gen. e . rov. , ocdusd views o iolated teeth
A. VPPV 13524.2, It P4; B. IVPPV 13524.3, ldt M1or 2; C. IVPPV 13524.6, €t M3; D. IVPPV
13524. 8, |dt dp4; E. VPPV 13524, It p4, holotype; F. VPPV 13524.9, right ml or 2

metaloph extends to the anterior arm of the hypooone. Asin A. laoweni M3 has a narrower talon
than trigpn, due to reduction of metacone and hypooone. The lingua valey is oriented
anterobuccaly.

Only three lower teeth are here rderred to A. austrarx. The anog urworn p4 has srong
cups and cregs and a much wider talonid than trigonid. A di screte anteroconid occupies the center
o the anterior wall. The metaconid is dightly elongated anterobuccaly and the protoconid ,
pogerolingualy. The grong ectolophid iswell st in and inclined anterolingualy from hypoconid to
protooonid. The hypolophid intersects the ectolophid anterior to the hypooonid. A didinct lingua
valey occurs anterior to the pogerolophid. A dightly smdler tooth may be dp4; it reembles p4
except in having a relaively narrower taonid and nore eongate trigonid, a buccadly expanded
anteroconid , and a nore buccaly stuated ectolophid. A snde lower nolariform tooth , ml or m2 ,
is grdler than p4. Except for dightly larger Sze and a nore anterolingudly inclined pogerior arm of
the protooonid , it is very smilar to lower nolariform teeth of A, [aoweni .

Table 3 Measurements o Andersomys austrarx gen. et sp. nov. (IVPP specimens) (mm)

ap trw ap tri ta
V 13524.2 P4 1.9 2.2 V 13524.8 dp4 1.9 1.22  1.42
V 13524.3 M1 or 2 1.86 2.27 V 13524 p4 1.97 1.42 1.7
V 13524.6 M3 1.86 2.1 V 13524.9 ml or 2 1.76 1.63 2.18

Discussion  This relatively inconpletely known gpeciesis the larges and presumably youngest
Andersomys from the Yuanqu Badn. It gopears to be closdy rdlated to, but dightly nore derived
than A. laoweni.

Haozi gen. nov.
1980 Siiuravidee Tong and Wang, p. 24
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Type species Haad smplex 9. rov.

Horizon and locality  Sharamurunian, Chugouyu Formetion; Lushi Bagn, wegern Henan
(Tong and Wang , 1980) .

Etymology Chinese, haod (trested as masculine) , nouse.

Diagnosis More bunodont cugps than in other known zelomyids, and having only dight
flattening of the bucca cugps of PAM1. P4 subequal in Sze to M1. P4 trigon wider than talon.
More diginct parastyle and metagtyle than in other zelomyids.

Haozi simplex sp. nov.
(Fg. 7; Table 4)

Holotype VPPV 13525, It maxillawith P3M1, M2 broken off at leved of the aveolus,
both upper inciors.

Etymology Latin, smplex, referring to the unconplicated nolar pattern in this rodent.

Diagnosis Only known eciesdf genus.

Dexcription  The type and only known pecimen of Haazi isawell preserved maxilla that has
a ventral ridge on the zygpma , a rounded , non-enlarged irfraorbital foramen , and a dight ridge on
the pdate extending anteriomedidly from near P3.

Haaz is the only zelomyid for which P3 is certainly known. It is a surdy , Snge rooted tooth
with a crown conposed of a prominent rounded central cug and a pogerolingual cingulum. P4 is
fully nolariform, as in dl zdomyids, having four subequal cugs and the trigon wider than the
tdon, asin Andersomys and Suomys. A narrow c¢ingulum occurs on anterior , buccal and pogterior
ddesof the tooth. On the buccal dde diginct paragyle, meodyle, and metadyle bracket the
rounded paracone and metacone. The anterior arm of the protocone extends into the valley anterior to
the paracone. The metaloph reaches from metacone to the anterior arm of the hypocone. The lingua
valey is esentidly transserse in orientation. M1 is a very dmilar tooth, except thet the bucca
cingulum is either absent or worn away , the anterior arm of the protocone has a dender ridge
reaching to the paracone, paragyle and metagtyle are nore prorounced , and the lingual valey is
oriented nore obliquely anterobuccad.

Table4 Measurements o Haozi simplex gen. et . nov. (VPP V 13525) (nmm)
P3 P4 M1
ap trw ap trw ap trw
1.02 1.02 1.63 1.83 1.59 1.9

Haaz differsfrom Zeomys, Andersomys and Suomys, in having upper nolariform teeth with
the combination of nore rounded , bunodont cugps and prominent syles, and from the latter two in
having lessflattening of the buccal cupsdf the nolariform cheek teeth. Although very inconpletely
known , its differencesfrom the other known zelomyids indicate omething of the range of diverdty in
tooth patterns that characterize thisfamily.

Suomys gen. nov.

Type species S. sdenis 9. rnov.

Horizon and locality ~ Sharmurunian (or and Ergilian) , fissures A , B and C in Shuimushan
Quarry , near the village of Shanghuang , Liyang Gounty , Jiangsu Province.

Etymology  Su isthe Chinese abbreviation for Jiangsu Province , and Greek , mys, nouse.

Diagnosis  Zdomyid in which P4 is larger than other upper cheek teeth, srong anterior and
buccal cingula; paracone and metacone of PAM2 and paracone of M3 are flattened buccaly and
have lengthened anterior and pogerior cregs, resulting in a Wshgped buccd wall ; prominent
megyle ; buccal cugpsd lower teeth d 9 extended by creds to form a buccal W shaped gructure
gving a sdemodont gopearance to the cheek teeth. Differs from other zelomyids in having
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pronounced selerodonty .

Fg. 7 Haad smplex gen. & . rov. , IVPPV 13525, holotype, l€ft maxillawith P3M1
A. anterior view showing irfreorbitd foramen and zygpoma; B. paatd view o gecimen; Cocclusa view of P3M1
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Suomys selenis sp. nov.
(Figs. 8,9; Table 5)

Holotype IVPPV 11643. 1, right maxilla with aveolus for P3, PAM2, IVPP locdity
930068B.

Hypodigm  IVPP V 11643. 2, fragment of right mexilla with dP4 (93006B) ; IVPP V
11642.1, 2 (93006A) , V 11643.3 107 (93006B) , V 11644.1 85 (93006C) , dl ilated
teeth.

Horizon and locality ~ Sharamurunian (or and Ergilian) , IVPP locdities 93006A , 930068
and 93006C , fissures in the Triassc Qingong limegtone , Shuimushan Quarry.

Etymology QGeek, sdenis, cresertic.

Diagnosis  Only known ecies of genus.

2 mm

Fg. 8 Suomys sdenis gen. & 9. mov. , ocdusd views o maxillae with teeth
A. IVPPV 11643. 2, fragment of right maxillawith dP4; B. IVPPV 11643.1, right maxillawith PAM2 ,
holotype

Desription  Although nog of the ecimensdf Suomys are idlated teeth , two partid right
maxillae, V 11643.1 (Fg. 7B) and V 11643.2 (Fg. 7A) , provide important irformetion on the
zygpmassteric and paaa nmorphology of this rodent. The zygoma and irfreorbital foramen have the
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protrogonorphous condition that is characterigic of the family, with a reatively svel, low
irfreorbital foramen and o sgn of scarsfor muscle attachment on what is preserved of the zygometic
plate. Asin other zdomyidsthere is a ridge on the paate , extending anteriorly fromin front of P3.
The extent of the incigve foramen is not clear on either maxilla. The aveolus of P3 indicates that
this tooth was at leas aswell developed asin Haaz .

The nearly unworn dP4 of VPPV 11643. 2 has a didinct anterior cingulum but only relatively
narrow cingular shelves bucca to the paracone and metacone. The paracone and metacone are
flattened buccaly and extended by anterior and poderior cress. The anterior cres from the
metacone meets the poderior creg from the paracone to form a protruding meogyle. The protoloph
extends into the valey anterior to the paracone. As in other zdomyids a pogerior arm o the
protocone meets the anterior arm of the hypocoone to form a diginct V-shaped enamd ridge bordering
the lingua valey. The metdoph joins the ridge just pogerior to the lingud valey. DP4 is dightly
wider transversgly across the trigpn than the talon , and is longer anteropogeriorly than transversdly.

1 mm

FHg. 9 Suomys sdenis gen. e 9. rov. , occusd views of ilated teeth
A. VPPV 11643.51, It M3; B. IVPPV 11643.58, Idt p4; C. IVPPV 11643.59, right p4; D. IVPPV
11643.65, rigt mlor 2; E. IVPPV 11643.66, right mlor 2; F. IVPPV 11643.93, right mLor 2; G IVPP
V 11643. 105, right m3

The permanent cheek teeth have grong cugps and cress. P4 is a gurdy wide nolariform tooth
with buccal and anterior cingula. Its trigopn, which has an expanded bucca cingulum, forms the
wideg part of the upper tooth row. On PAM2 paracone and metacone are flatened buccaly , and
each cup has a crescentic gopearance due to the development of drong anterobucca and
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pogerobucca creds. The subequa protooone and hypocone are separated by the well developed
lingual fold formed by srong lophs from the lingual cugps. On P4 and M1 the lingua fold is
transverse whereas on M2 it is nore anterobuccdly oriented. The protoloph extends from the
protocone into the valey anterolingual to the paraocone; it terminatesfredy on P4 and M1 but has a
gort loph oontacting the paracone on M2. The short metaloph extends from the metacone to the
ename ridge of the lingud fold. The trigpn of M3 is dmilar to those of the nore anterior nolars but
the taon isreduced , narrower than the trigon, has a low , norn-cuspate metaocone and a nore buccad
postion of the hypooone.

O the lower dentition , do4 canmot be identified with certainty , which is unexpected in view of
the well represented dP4. Possbly some of the srdler teeth referred to p4 are actualy decidwus,
but o clear norphological differences were found among them. Well ddfined cugs, lophs, and
valleys characterize the permanent lower cheek teeth , as they do the upper cheek teeth. p4 has a
trigonid that is narrower transversdly than the tdonid. The anterior cingulum is short transversly
and protrudes anteriorly. The ectolophid is concave buccally. The lingud cugps are higher than the
bucca , with the metaconid a surdy cu that is dongated anterobuccdly to pogerolingualy , and
the entoconid continues into a hypolophid that reaches the ectolophid anterior to the hypoconid. The
pogeriorly convex pogerolophid is thicker buccally and tapers lingualy ; the valey between it and
the hypolophid is well developed. ml and m2 are difficult to differentiate norphologicaly; by
analogy with Andersomys, the larger teeth may be m2. On these teeth the trigonid is somewhat
narrower than talonid , and the anterior arm of the protoconid curves from protoconid to metaoonid.
The pogerior arm of the protoconid is short. The srong ectolophid iswell st in ason p4. A well
developed hypolophid extends from the large , cuspate entooconid to intersect the ectolophid anterior
to the hypooonid. The pogerolophid forms the srondy ridged poserior edge of the nolars, behind a
diginct valey. m3 has awider trigonid than talonid , and the pogerolophid is more srongy convex
pogeriorly than on the nore anterior nolars.

Table5 Measurements o Suomys sdlenis gen. et §p. nov. (IVPP V 11643) (nm)
V 11643.2 V 11643.1 V 11643.51
ap trw taw ap trw taw ap trw taw
dP4 1.76 1.56 1.49
P 1.9 2.17 1.97
M1 1.83 1.9 1.83
M2 1.9 1.9 1.83
M3 1.83 2.17 1.56
ap tri td
V 11643.58 p4 1.9 1.15 1.36
V 11643.59 p4 1.8 1.02 1.15
V 11643.65 ml or 2 1.9 1.36 1.53
V 11643.66 ml or 2 1.97 1.36 1.42
V 11643.93 ml or 2 2.03 1.56 1.63
V 11643. 105 m3 2.1 1.63 1.56

Discussion  Suomys is dentaly the mog derived of known zelomyids. Superimposed on the
badc, and rdatively primtive, zdonmyid zygomasssteric gructure and dentd formula, this rodent
has enphaszed the tendency in the family toward a large, nolarized P4/p4, wel developed
hypooone , and extreme flattening to slerodonty of the bucca cugps of the upper nolariform teeth.
Within the family , Suomys is closed to but nore derived in selerodonty than Andersomys.

Within the Rodentia , which exhibit a much greater range of cheek tooth norphologies than any
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other mammdian order , sdlenodonty has developed in several different lineages. Anmpong Eocene
rodents some development of sdlenodonty can be found in Eohaplomys (Wilson, 1949) and in the
upper teeth of the theridomyid Pseudosciurus suevicus (Schmidt- Kittler , 1971) . In later rodents, the
aplodontids exhibit sdlenodonty ( Rensberger , 1982) , as does, in its mpg extreme form anong
rodents, the cricetid Sdenomys (Wang, 1987) . These are not closaly related rodents. Eohaplomys
and the gplodontids are protrogonorphous rodents but lack the large hypooone and loss of conules
that characterize the zdomyids. The theridomyid Psuedosciurus suevicus is a characterigic
theridormorph , with an enlarged irfraorbital foramen and loss of P4, and large conules on the upper
nolariform teeth , dl differencesfrom the zelonyids. In Suomys, Eohaplomys, and Pseudosciurus ,
the sHlerodonty is badcally developed on the buccal sde of the upper nolariform teeth , and thisis
combined with nmore cugate lingual cugps. The bucca sdenodonty reaults in a lengthening of the
anteropogerior cred agang which occluson occurs. Sdenomys has an extreme form of nolar
selenodonty superimposed on a badc cricetid norphology , with a large irfreorbita foramen and
reduced dental formula.

4 Zdomyidsin the Adan Eocene

The Zdomyidae isafamily of Midde to Late Eocene Asan rodentsthat have retained a number
o primitive rodent characters. They resemble the other early rodent families Ischyromyidae,
Siuravidee , Goocomyidae , and Cylindrodontidae in combining the protrogororphous’ sci urognathous
zycpmasseteric gructure , the conplete dental formula for rodents (1,0,2,3/1,0,1,3) , and a
pauciserid Schmelzmuder in the incisor enamd |, dl primitive charactersfor Rodertia.

The cheek teeth, however , exhibit clearly some derived characters that set thisfamily gpart as
a diginct lineage of early rodents. This is particularly prorounced in the esentidly oconplete
nolarization of P4/ p4 that occurs even in the less derived genera Zdomys and Haazi. Other derived
features are the relatively large 9ze of P4/ p4, conplete loss of conules, grong lingud velley
between protocone and hypooone on the upper nolariform teeth, and conplete hypolophid on the
lower nolariform teeth. Additionaly , the nore derived zelomyids have a bucca flatening of the
paracone and metacone of P4 and the metacone of M1. The extreme of this morphology is developed
in Suomys in which the flattening has evolved into a kind of selenodonty that is present on its upper
and lower nolariform teeth.

The dratigraphic range of the zelomyids can ot yet be precisly determined due to
uncertainties in oorrelation. However, the range is likdy to be Midde to Lae Eocene
(Irdinmanhan , for Shanghuang fissures D and E, through lates Sharamurunian or Ergilian, for
Shanghuang fissures B and C) . Geogragphically zelomyids occur only in eagern China, but in along
northr outh axis, fromJilin Province to outhern Jiangsu Province. Absence of a record of zelomyids
in the productive and well sampled Irdinmanhan through Ergilian depostsdf Nei Mongol , Mongplia
and eadern Kazakhdan suggeds a redriction of these rodents to the probably nore humid
environments of eagern Ada.

Bvenin ther relatively abbreviated time gan, the zdomyids demondrate both diversty and
awlutionary changes. Diversty is exenplified by the trandtion from the rdatively primitive gate of
Zdomys to the bunodont Haazi on the one hand and the highly nodified , sslenodont Suomys on the
other. Uncertainty about the exact gratigrgphic podtion of nmog of the locdlities that have produced
zelomyids prohibit the denondration of temporad sequences for the mog part. Within the Yuanqu
Badn, however, the dratigrgohic successon reveds a generad ewolutionary sequence from the
primitive Zelomys joannes to the increasngy nore derived , but closdly related , Andersomys |aoweni
and A. austrarx.

No zdomyids are currently known to be younger than the lates Sharamurunian or Erglian.
Their extinction may be related to the Middle Eocene orign and seemingy rapid dominance of the
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cricetids and zapodids, both groups nore derived in zygpmasseteric sructure than the zeomyids, in
the eagern parts of Ada, and to the diversty of the cterodactyloids in presumably drier Eocene
habitats.

5 Rdationshipsdf the zdomyids

The combination of a primtive rodent nmorphology of the zygomassteric gructure with
precocioudy nolarized cheek teeth sets this family apart from other Eocene rodents. Nonetheless,
previous dlocations of various zelomyids to the Sciuravidae (Tong and Wang, 1980 ; Wang and Li ,
1990) and Eomyidae (Korth, 1994) are based on very red dmilarities between these groups.
Andyssd these dmilarities may help determine the interrdationships, if any , of these families.

The Siuravidee , afamily of North American Eocene rodents, resemble zdomyids in having a
protrogomorphous’ sci urognathous zygomasseteric sructure , the conplete rodent dental formula, and
pauciserid incior enamd , dl primitive gaes for rodents. They d o resemble the zdlomyids in
forming quadrate teeth through enlargement of the hypooone on the upper nolariform teeth and of the
entoooni d hypolophid on the lower nolariform teeth. This* sguaring up” of the grinding teeth has
occurred numerous times anong the rodents, as anong many other herbivorous mammal's, and may
not be regarded as grongy indicative of close relationships. Differencesfrom the sciuravids include ,
in al zedomyids, the precocious nolarization and enlarging of P4/ p4 and the srong ridges bordering
the lingud valley of P4M3; the flattening to selenodonty of the buccal cupsd the nolariform teeth
in the nore derived zedomyids Andersomys and Suomys has no parald anong the sciuravids.

The Eomyidae, afamily of Holarctic rodents, have been suggesed to have their oldegt record
in the Midde Eocene of North America (Chiment and Korth, 1996; Emry et d. , 1997 , indicated
that the genus Zaisaneomys Shewyreva, 1993, from the Middle Eocene of Kazakhdan, is not an
eomyid asoriginaly described but is either a zapodid or a cricetid) . Although the zygpmasseteric
dructure of Metanoiamys , presumed to be the oldes known eomyid , is unknown (Walsh, 1997) ,
its lower jawv does show forward migration of the massteric fossa, to below the anterior margin of
ml, a marked difference from the nore poderior postion of this fossa in the zelomyids.
Metanoiamys a9 has the strongy concave dorsal edge of the jaw below the diagema that isfound in
other eomyids, but mot in zdomyids. Laer eomyids have a <ciuronorphous sciurognathous
zycpmasseteric gructure and a ecialized eomyid type of uniseria incior enamd (Wahlert and von
Koenigavald , 1985) , derived conditions not shared with zelomyids. In the norphology of the cheek
teeth , on the other hand , the Chadronian yoderimyine eomyids Yoderimys and Litoyoderimys ( Emry
and Korth, 1993) share with zelomyids the presence of P3 (logt in the eomyines) and enlarged P4/
p4 that have somewhat crescentic cugps. The former character is Snply a primitive one , whereas the
latter could make it posible to podulate a Sger group relationship of zelomyids and eomyids.
However, in the yoderimyines the gsrongy lophate patern of the nolariform teeth, with well
developed mesloph and meslophid , appears to have little in comnon with the pattern characterigic
o the zelomyids, and the dental dmilarities between the families may be horroplasies.

If the zdomyids are ot the dder group to either the Sciuravidae or the Eomyidae , where can
their dfinities lie? A plaudble interpretation can result from udng available norphologica ,
tempora , and geogrgphic iformation , coupled with undersanding of the high anmount of honoplasy
exhibited within the Rodertia. Accordingy, the zdomyids may be an endemic Adan family,
traceable to origin from an Asan ischyromyid that developed nolarized prenolars and quadrate cheek
teeth but retained a primitive zygomasseteric gructure and incior ename in parald to a Smilar
derivation of the sciuravids from i schyromyids in North America.
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