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of Ctenodactyloids Based on Dental Features
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ABSTRACT

Two ctenodactyloid rodents, Mergenomys or-
ientalis, n. gen. and sp., and Butomys prima, n.
gen. and sp., from the middle Eocene localities of
the Eastern Gobi Desert of Mongolia are de-
scribed. Dental features that bear phylogenetic
importance for ctenodactyloids are discussed. A
cladistic analysis based primarily on dental fea-

tures reveals the phylogenetic positions of the two
new taxa. Mergenomys is closely related to the
clade of the Ctenodactylidae, whereas Butomys is
possibly related to Tsinlingomyinae. The analysis
indicates that several traditional taxa of ctenodac-
tyloids, such as Cocomyidae and Yuomyidae, are
paraphyletic.

INTRODUCTION

The Eocene continental deposits are ex-
posed widely in the Eastern Gobi Desert and
a number of sections were known to geolo-
gists. The localities of Mergen and Tsagan
Tsav, among others, were discovered by the

senior author in 1981 and several investiga-
tions have been conducted since then (fig. 1;
see also Dashzeveg and Hooker, 1997;
Storch and Dashzeveg, 1997). The Mergen
locality (Quarry 1) is 20 km to the northwest
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of the Dzamyn Ude frontier station, 10 km
to the west of the railway, and 5 km to the
southwest of the Lake Doloodoi. The Tsagan
Tsav locality is 22 km to the southwest of
the Khubsugul sum center of the Eastern
Gobi Desert and approximately 40 km to the
east of the classic Ergil Obo locality.

Screen-washing of the bone-bearing de-
posits from the Mergen and Tsagan Tsav lo-
calities during the field seasons of 1981-83
and 1991-92 produced a considerable num-
ber of middle Eocene mammals for the first
time in the Eastern Gobi Desert. Among the
mammals, rodents and lagomorphs are the
predominant elements. Preliminary study has
identified the following taxa from the Mer-
gen locality: rodents (Mergenomys orientalis,
n. gen. and sp. and Yuomys sp.), a tupaio-
dontine insectivore Zaraalestes, a lagomorph
(Gobilagus sp.,) and two tapiroids (Lophiale-
tes expenditus and Breviodon minutus). Not
far from Quarry 1, the senior author collected
remains of a rhinocerotoid, Triplopus? mer-
genensis, from the middle part of the Mergen
section. Fossils from the Tsagan Tsav locality
include ctenodactyloid rodents (Butomys go-
biensis n. gen. and sp. and Yuomys sp.), a
tupaiodontine insectivore (Zaraalestes rus-
selli Storch and Dashzeveg, 1997), two lag-
omorphs (Gobilagus and Shamolagus), and a
tapiroid perissodactyl (Lophialetes expedi-
tus). The coexistence of Zaraalestes and Lo-
phialetes expeditus suggest age equivalence
of the fossil assemblages from the Mergen
and Tsagan Tsav localities. Tapiroids and
ctenodactyloid rodents also allow us to cor-
relate the Mergen and Tsagan Tsav faunas
with the well-studied Irdin Manha and Ulan
Shireh faunas in the adjacent territory in Chi-
na; the latter faunas are considered middle
Eocene in age.
The evolution and systematics of cteno-

dactyloid rodents, a major Asian rodent
group found throughout most of Tertiary
time, have been studied by many workers
(Shevyreva, 1976; Wood, 1977; Dawson et
al., 1984; Korth, 1984; Flynn et al., 1986;
Wang, 1994, 1997; Averianov, 1996; Tong,
1997), buit issues still remain controversial.
For instance, a recent study by Averianov
(1996) concluded that Cylindrodontidae,
Ctenodactylidae and Baluchimyinae form a
monophyly, in which Cylindrodontidae and

Ctenodactylidae are sister groups. Species of
Cylindrodontidae are reported from Asia and
North America and are protrogomorphous
with uncertain phylogenetic position (Emry
and Korth, 1996). Averianovs conclusion,
therefore, either implies paraphyly of the
ctenodactyloid rodents or suggests that the
Cylindrodontidae are a subgroup within hys-
tricomorphous ctenodactyloid rodents. Our
present study will focus on those tradition-
ally considered as ctenodactyloids and ex-
plore their relationships based on dental mor-
phologies. Relationships of Cylindrodontidae
will be investigated in another study. Among
previous phylogenetic analyses of ctenodac-
tyloid rodents, a cladistic approach employ-
ing the rule of parsimony has not been used,
with the exception of Averianov (1996).
However, Averianov recognizes paraphyletic
and polyphyletic groups. Our analysis pro-
vides a view of the phylogenetic issues with-
in ctenodactyloids that differs from those of
previous studies.

In the description, terminology of dental
structures follows Wang (1997; fig. 2).

SYSTEMATIC PALEONTOLOGY
RODENTIA BOWDICH, 1821

SUPERFAMILY CTENODACTYLOIDEA
TULLBERG, 1899

Mergenomys, new genus

ETYMOLOGY: The name indicates the lo-
cality Mergen, with the Greek suffix -mys for
''mouse."1
TYPE SPECIES: Mergenomys orientalis n.

sp.
DIAGNOSIS: Small ctenodactyloid. Cheek

teeth quadrate, brachydont and more cuspate
than lophate; masseteric fossa extending to
below anterior edge of ml. Posterior root of
zygomatic arch at anterior end of P4. Upper
molars differing from those of other early
ctenodactyloids in lacking a crest (entoloph)
between protocone and hypocone (except Vi-
riosomys and some yuomyids; see Tong,
1997), protoconule absent, lingual end of an-
terior cingulum expanded to form a small an-
terocone, large metaconule isolated from
protocone and a large hypocone. Lower mo-
lars differing from those of early ctenodac-
tyloids in having short but more lingually po-
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Fig. 1. Location of the Mergen and Tsagan Tsav mammalian fossil localities.

sitioned ectolophid; ectolophid connecting
hypoconid and protoconid; absence of me-
soconid; weak hypolophid leading from a
conical entoconid to mid-ectolophid; large
hypoconulid connecting the hypoconid by a
weak ridge; and ml considerably smaller
than m2. Differs from ctenodactylids in be-
ing less lophodont and possessing a large
metaconule and possibly having P3.

Mergenomys orientalis, new species
ETYMOLOGY: Orientalis, Latin: "eastern."
HOLOTYPE: PSS 41/43, a fragment of right

upper jaw with dP4, Ml and M2 (fig. 3B,
D).

REFERRED MATERIAL: PSS 41/23, a frag-
ment of right lower jaw with ml-m2 (fig. 3A,
C). This specimen and the type came from a
small pit of the same locality.
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Fig. 2. Terminology of molar structures (following Wang, 1997). Abbreviations: a end, arm of
entoconid; a hyld, arm of hypoconulid; an, anterocone; ant cin, anterior cingulum; ectld, ectolophid;
end, entoconid; hy, hypocone; hyd, hypoconid; hyld, hypoconulid; me, metacone; mecl, metaconule;
med, metaconid; meld I, metalophid I; meld II, metalophid II; mss, mesosinus; mssd, mesosinusid;
pa, paracone; post sd, posterosinusid; postl, posteroloph; pr, protocone; prd, protoconid; prl, protoloph;
ps, posterosinus; s, sinus; sd, sinusid; tridb, trigonid basin.

LOCALITY AND AGE: The Mergen locality,
Quarry 1, Eastern Gobi Desert of Mongolia;
middle Eocene.

DIAGNOSIS: Same as for genus.
DESCRIPTION: The posterior edge of the zy-

gomatic process is anterior to P4. The broken
anterior surface of the alveolus for a small,
single-rooted dP3 or P3 is represented by a
vertical groove in the maxilla. DP4 is light-
colored, more heavily worn, and much small-
er than the molars. Its crown is molariform
and rectangular in outline. Because of wear,
the metacone connects with the protocone.
The molars are somewhat trapezoidal in out-
line, being slightly longer labially than lin-
gually. Wear on Ml is more extensive than
on M2, but less so than on dP4. The anterior
cingulum of Ml is well developed and is at
the same height as the protoloph at the junc-
tion of the protocone and paracone. Its lin-
gual end is expanded to form a small anter-
ocone, which, after wear, forms a continuous
surface posterior to the dP4 hypocone. The
protocone is the largest cusp on the crown
and is connected with the paracone by a
strong protoloph. A protoconule is absent.
An entoloph is absent so that the protocone
is separated posteriorly from the hypocone
by a shallow, transverse groove. The hypo-
cone is large, only slightly smaller than the
protocone. From the hypocone the posterior
cingulum (posteroloph) extends to the pos-

terior side of the metacone. The paracone is
almost equal to the metacone; they are sep-
arated by a narrow mesosinus. There is no
mesostyle. A large metaconule, confluent at
the base with the metacone, occupies most of
the mesosinus and is extensively worn, re-
sulting in a circular enamel loop. The meta-
conule is isolated from the protocone; there-
fore, the metaloph is incomplete lingually.
M2 is similar to Ml, except that it is larger,
less worn, bears a small mesostyle between
paracone and metacone, and has the meso-
sinus more open due to a proportionally
smaller metaconule.
On the mandible the masseteric fossa ends

at the level of ml but a small ridge continues
further anteriorly below the middle point of
p4. The ventral ridge of the masseteric fossa
is strong, whereas the dorsal one is absent on
the preserved portion of the mandible. An-
terior to the masseteric fossa is a single men-
tal foramen. Judging from the alveolus, the
p4 is longer than wide and wider posteriorly
than anteriorly; it is probably double-rooted.
The ml metaconid is slightly more anterior
than the protoconid; both are connected by a
low metalophid I. There is a low and short
anterior cingulum in front of the protoconid.
The posterior arm of the protoconid (metal-
ophid II) is short, extending posterolingually
to join the ectolophid. A short trigonid basin
opens posterolingually. The ectolophid is
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short and on the longitudinal midline of the
tooth; it extends posteriorly to the hypocon-
id. Because of the lingually placed ectolo-
phid, the sinusid is deep. There is no meso-
conid on the ectolophid. The mesostylid is
absent. The talonid basin (the mesosinusid
and posterosinusid) is small, owing to the
large and anteriorly positioned entoconid.
The hypoconid and entoconid are conical and
equal in size. The entoconid lacks an arm
(hypolophid). A weak projection at the pos-
terolingual base of the hypoconid connects
with the hypoconulid; the cusps are other-
wise separated by a trough. The hypoconulid
is large and transversely expanded, with an
oval wear facet at its tip. The cusp extends
lingually and labially as low ridges. The en-
toconid and hypoconulid are separated sep-
arated by a distinct valley. The m2 differs
from ml in being significantly larger. The en-
toconid has a short ridge extending to the
midpoint of the ectolophid. The connection
between the hypoconid and hypoconulid is
stronger and the hypoconulid is more trans-
versely elongated than on ml. Comparisons
with other ctenodactyloids are provided in
the Character Analysis. See table 1 for mea-
surements.

Butomys, new genus

ETYMOLOGY: But means "bush" in Mon-
golian, with the Greek suffix -mys for
"mouse."
TYPE SPECIES: Butomys prima new species
DIAGNOSIS: Small ctenodactyloid; lower

molars brachyodont and mainly bunodont,
with weak lophs; p4 non-molariform with a
heel bearing a conical entoconid and a low
transverse ridge; ml-2 ectolophid rudimen-
tary and mesoconid absent; hypoconulid
large; masseteric fossa extending below the
anterior edge of ml. Differs from Yuomyidae
(including Hohomys [Hu, 1995]) and Chap-
attimyidae in having a non-molariform p4.
Differs from Cocomyidae and Tamquam-
myidae in having p4 transversely wider and
protoconid larger than metaconid, lower mo-
lars with weak ectolophid, absence of me-
soconid, and larger and isolated hypoconulid.
Differs from Ctenodactylidae in being more
cuspate. Differs from Mergenomys in being
smaller, having less developed metalophid II

and ectolophid, and hypolophid extending to-
ward the hypoconid.

Butomys prima, new species

ETYMOLOGY: Prima, Latin: "first."
HOLOTYPE: PSS 39/19, a fragment of a

right lower jaw with p4-m2 (fig. 4).
LOCALITY AND AGE: The Tsagan Tsav of

the Eastern Gobi Desert; middle Eocene.
DIAGNOSIS: Same as for genus.
DESCRIPTION: The masseteric crest extends

to the level of the anterior edge of ml. The
lower masseteric crest is strong, whereas the
upper one is poorly pronounced. The mental
foramen is anteroventral to the p4. The lower
molar teeth are brachydont and bunodont,
with weak lophids. The p4 is non-molari-
form; it is slightly longer than wide and bears
three conical cusps: the protoconid, metaco-
nid and entoconid. Among the three cusps
the protoconid is the largest. The metaconid,
the smallest, is slightly more anterior than the
protoconid and is separated from the latter
by a longitudinal groove. The trigonid is
higher than the talonid. The talonid is very
short, consisting of a conical entoconid on
the lingual side and a low ridge labially. The
talonid basin is represented by a narrow
transverse groove, separating the trigonid
from the entoconid. The ectolophid is absent.
The ml trigonid is narrower than the tal-

onid. The protoconid is larger than the meta-
conid and bears two wear facets: one on its
tip and the other on its anterolabial side. The
metalophid I and metalophid II are low, en-
closing an oval trigonid basin. The ectolo-
phid is very weak, extending along the mid-
line of the tooth. Because of the weak ecto-
lophid, the mesosinusid and sinusid are con-
fluent, separating the trigonid from the
talonid. There is no mesoconid, nor is there
a mesostylid. The hypoconid and entoconid
are nearly equal in size; they are tear-drop
shaped, with their apexes joining slightly
posterior to the cusps at the midline of the
tooth. The hypoconulid is distinctive, trans-
versely elongate, and nearly isolated from
both the hypoconid and entoconid. It projects
posteriorly and sends out low ridges lingual-
ly and labially to form the posterior edge of
the tooth. The m2 is larger than ml. The pro-
toconid and metaconid are farther apart than
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Fig. 3. Material of Mergenomys orientalis. A, the labial view of the right lower mandible with ml-
m2 (PSS 41/23); B, the crown view of the right upper jaw with dP4-M2 (PSS 41/43, holotype); C, a
close-up crown view of ml-m2; and D, a close-up crown view of dP4-M2. Scales = 1 mm in A and
B, and 0.5 mm in C and D.

on ml. The m2 metalophid I is as weak as
on ml, while the metalophid II is stronger
and longer. Although still weak, the short ec-
tolophid on m2 is more distinctive than on
ml. It runs along the midline of the tooth
and is slightly oblique toward the lingual
base of the hypoconid. The shape and rela-
tion of the hypoconid and entoconid are sim-
ilar to those on ml, except that the hypocon-
ulid is more posterior than the entoconid.
The hypoconulid is separated from the en-
toconid, but is connected with the hypoconid

by a low ridge. See Character Analysis for
comparison and table 1 for measurements.

CHARACTER ANALYSIS

The following is an analysis of characters,
primarily from the dentition, that are com-
monly used in phylogenetic reconstruction of
ctenodactyloids. In establishing character po-
larities, we use Tribosphenomys (Meng et al.,
1994; Meng and Wyss, 1994) as the outgroup
for the ctenodactyloid ingroup. Tribosphen-
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TABLE 1
Measurements (mm) of Dentitions of

Mergenomys orientalis and Butomys prnma

Length Width

Mergenomys orientalis
PSS 41/43
DP4 1.69 1.15
Ml 1.70 1.80
M2 2.00 2.00

PSS 41/23
ml 1.40 1.10 (tri)/1.30 (tal)
m2 1.76 1.40/1.52

Butomys prima
PSS 39/19
p4 0.60 0.60/0.60
ml 1.20 0.80/0.90
m2 1.30 1.00/1.10

omys provides more morphology for com-
parison than does Alagomys (Dashzeveg,
1990b; Tong and Dawson, 1995; Dawson
and Beard, 1996). Terminal taxa are genera
except the four subfamilies of Ctenodactyli-
dae: Tataromyinae, Karakoromyinae, Disty-
lomyinae and Ctenodactylinae (Wang, 1994,
1997). We do not include some ctenodacty-
loid taxa in our analysis because of the frag-
mentary property of specimens and uncer-
tainty in their taxonomy, such as those de-
scribed by Dashzeveg (1990a) and Shevyre-
va (1989) from the Bumban fauna of
Mongolia. Some of the problems have been
discussed by Averianov (1996), but many
need further clarification. For the taxa se-
lected, we tentatively accept Averianov's as-
signment of specimens to established taxa,
such as the upper teeth of Advenimus; these
assignments need to be confirmed because
Averianov's criteria of assignment are un-
clear and the illustrations are difficult to as-
sess. We treat Saykanomys as a valid taxon
following Averianov (1996) and Tong
(1997), although Saykanomys has been con-
sidered a junior synonymy of Advenimus by
Dawson et al. (1984). In our analysis, we did
not discuss autopomorphies for the terminal
taxa. Major sources of data come from the
following studies, most of them published re-
cently: Shevyreva (1976, 1989), Dawson et
al., (1984), Flynn et al. (1986), Li et al.

(1989), Wang (1994, 1997), Hu (1995), Tong
and Dawson (1995), Averianov (1996), and
Tong (1997).

1. The masseteric fossa: (0) extends be-
low m2 or more posterior, (1) below ml,
(2) P4. The masseteric fossa usually ex-
tends to the level of m2 in early ctenodac-
tyloids (Hu, 1995) and extends forward dur-
ing evolution of ctenodactyloids (Tong,
1997). The description by Flynn et al.
(1986), "masseteric crest horizontal and ex-
tends anteriorly to below p4," was consid-
ered a synapomorphy for "Other Ctenodac-
tylidae," which does not include Tataromys
and Karakaromys. Wang (1994) used the de-
scription "masseteric fossa shallow and ex-
tends to below ml" to diagnose the Cteno-
dactylidae family. Wang's Ctenodactylidae
includes Tataromyinae, Karakoromyinae,
Distylomyinae and Ctenodactylinae. The
masseteric condition in both Butomys and
Mergenomys is derived.
Wang (1997) also considered "dorsal mas-

seteric crest absent" a synapomorphy for
Ctenodactylidae. Because we found this con-
dition difficult to verify in other taxa, we did
not include it in our analysis. Nonetheless,
this condition is probably present in Butomys
and Mergenomys, more certainly appreciated
in the latter because a larger part of the man-
dible is preserved.

2. The posterior zygomatic root: (0) lev-
el with M2, (1) with anterior edge of Ml,
(2) with anterior edge of P4, (3) signifi-
cantly anterior to P4. One characteristic
of rodents is the forward shift of the anterior
root of the zygoma in relation to the cheek
teeth. The condition in Tribosphenomys
(Meng et al., 1994) is considered primitive.
The Mergenomys condition is similar to that
of Tataromys but is not so far forward as in
other ctenodactylids. We noticed a slight
variation of this condition in specimens of
Tataromys: in some the zygomatic root is
slightly more anterior than in others. We fol-
low Averianov (1996) in coding many Eo-
cene taxa, but recognize another condition
(state 3) for the ctenodactylids excluding Ta-
taromyinae based on Wang's (1997) obser-
vation.

3. P3: (0) small, (1) absent. A small P3
is present in Tribosphenomys (Meng et al.,
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Fig. 4. Material of Butomys prima. The labial view of the right mandible with p4-m2 (PSS 39/19,
holotype) and the crown views of the lower cheek teeth. Scales = 1 mm above and 0.25 mm below.

1994) and is therefore considered a primitive
condition for ctenodactyloids. The loss of P3
is a shared derived feature for Ctenodactyli-
dae (Wang, 1994, 1997). The partial alveolus
in the maxilla of Mergenomys indicates pres-

ence of dP3 or possibly P3. A dP3 is not
necessarily followed by a P3 in ctenodactyl-
ids. For instance, a dP3 is present in Kara-
koromys but a P3 is absent (Wang, 1997).
Therefore, it is uncertain whether a P3 is
present in Mergenomys. We coded Mergen-
omys and Butomys with question marks. P3
occurs universally in other early ctenodac-
tyloids where the tooth or the alveolus is pre-
served.

4. DP4: (0) triangular, (1) quad-
rate. The dP4 is molariform in Cocomys
and Tamquammys (Dawson et al., 1984; Li
et al., 1989), but it is somewhat triangular
due to a narrow lingual portion consisting of
a relatively small protocone and hypocone.
The dP4 metaloph converges to the proto-

cone as on the molars. In ctenodactylids (Ta-
taromys, Yindirtemys, Karakoromys [=Ter-
rarboreus]) the dP4 is also molariform, but
with the metaloph instead parallel to the pro-
toloph. The outline of these deciduous teeth
is quadrate, except in Yindirtemys in which
it is anteroposteriorly elongate. The dP4 in
Mergenomys differs from those of Cocomys
and Tamquammys in being quadrate rather
than triangular but is similar to them in hav-
ing the metaloph extending toward and join-
ing the protocone; the latter feature distin-
guishes Mergenomys from ctenodactylids.

5. P4/p4: (0) molariform, (1) or non-mo-
lariform. The last premolars play an im-
portant role in establishing relationships
among Eocene ctenodactyloids (Dawson et
al., 1984). According to Dawson et al., those
with non-molariform P4/p4 were grouped
into the family Cocomyidae (Cocomys, Tam-
quammys, and Tsinlingomys) and others with
molariform P4/p4 are placed in Yuomyidae
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(Petrokozlovia, Yuomys, Advenimus, and
Saykanomys). More specifically, a molari-
form P4 has both the metacone and paracone
on its labial side, whereas a non-molariform
P4 has only the paracone labially. A molar-
iform p4 has the entoconid, hypoconid ,and
commonly a small hypoconulid on the tal-
onid, whereas a non-molariform p4 has a
conical entoconid and the rest of the talonid
is usually a transverse ridge. However, these
conditions vary significantly. The molari-
form premolars of Yuomys, for instance, are
derived with respect to those of Advenimus.

Although a non-molariform last premolar
was believed to be primitive (Korth, 1984),
this feature has been widely used in cteno-
dactyloid phylogeny and classification
(Flynn et al., 1986; Wang, 1994, 1997; Hu,
1995; Tong and Dawson, 1995). For in-
stance, Bandaomys was recently described to
share many features with cocomyids, but it
was assigned to Yuomyidae with a question
mark because of its somewhat molariform
premolar (Tong and Dawson, 1995). How-
ever, a non-molariform last premolar can be
viewed differently. According to Flynn et al.
(1986), the family Ctenodactylidae (includ-
ing Tamquammys, Tsinlingomys, Karakaro-
mys, Tataromys, and other Ctenodactylidae)
is diagnosed by "Talonid of p4 short and sig-
nificantly narrower than talonid" and the
clade consisting of Yuomyidae and Chapat-
timyidae is characterized by molariform P4/
p4. Apparently, although it is non-molari-
form, the ctenodactylid p4 can be regarded
as a derived condition because it is inter-
preted to be secondarily reduced (Flynn,
pers. comm.). Wang (1994) accepted Shev-
yreva's (1984) family Tamquammyidae and
used the non-molariform p4 as one of three
shared derived features (the other two are
narrow palate and multiserial incisor enamel)
for Tamquammyidae and Ctenodactylidae.
Butomys has a non-molariform p4 but this
condition is unknown in Mergenomys. In this
study, we choose to divide conditions of the
last premolars into molariform and non-mo-
lariform, acknowledging that further inves-
tigation is needed to accommodate the di-
verse views exemplified above.
The polarity for this character is uncertain

not only because of the different views men-
tioned above but also because of the uncer-

tainty of the outgroup condition. The molar-
iform last premolars in Tribosphenomys were
described as permanent teeth, but new ma-
terial shows that they may be deciduous teeth
(Meng et al., 1998). In specimens of Alago-
mys where premolars were preserved (Tong
and Dawson, 1995; Dawson and Beard,
1996), the so-called p4 is no less worn than
molars, suggesting as well that these pre-
molars are probably dp4. We coded non-mo-
lariform as derived in this study, accepting
the current interpretation of the last premo-
lars of Tribosphenomys and Alagomys.
Nonetheless, given the same codings for oth-
er characters, reversing the polarity of the
last premolar generates the same topology of
the cladogram.

6. Upper cheek teeth: (0) wider than
long, (1) quadrate, (2) longer than
wide. The outgroup condition of the cheek
teeth outline is transversely wider than it is
anteroposteriorly long; within rodents the
tooth crown becomes quadrate (Meng et al.,
1994). Tong (1997: 223) considered "upper
molars changed from transversely wide to
elongated" as one of evolutionary tendencies
of Eocene ctenodactyloids. Anteroposteriorly
elongate upper molars are distinctive in the
subfamily Tataromyinae, whereas in other
ctenodactylids "cheek teeth proportionally
wide" is the case (Wang, 1997: 67); in other
words, their upper molars are quadrate.

7. The metaconule on M1-M3: (0)
small, (1) absent, (2) inflated. The meta-
conule is distinctive in Tribosphenomys and
is a common morphology in ctenodactyloids;
it is absent only in Ctenodactylidae (Wang,
1997). According to Flynn et al. (1986) an
inflated metaconule was considered a shared
derived feature for Chapattimyidae and ab-
sence of the metaconule was diagnostic for
Ctenodactylidae excluding Tamquammys and
Tsinlingomys (upper dentition of Tsinlingo-
mys unknown until recently [Tong, 1997]).
The large metaconule in Mergenomys resem-
bles those of tamquammyids and chapatti-
myids. In the tamquammyid Chuankueimys
described by Tong (1997), the metaconule is
little developed, whereas in Protataromys (in
the family Tataromyidae according to Tong)
the metaconule is distinct.

8. The paraconule: (0) present, (1) ab-
sent. The paraconule (protoconule) is gen-
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erally less developed than the metaconule
within ctenodactyloids. Wang (1997) consid-
ered "conule absent on M1-3" to be char-
acteristic of the Ctenodactylidae, which im-
plies absence of the paraconule. Averianov
(1996) used the paraconule as a separate
character and indicated that absence of the
paraconule has a wider distribution than does
the absence of the metaconule. The paracon-
ule may have greater variation, as well. For
instance, Tamquammys was coded as having
the conule by Averianov (1996), but a new
species of the genus, T. dispinorum (Tong,
1997), does not have the conule. In the spe-
cies described by Tong, the protoloph bifur-
cates to form two small ridges. Because the
paraconule is usually weak, its precise iden-
tification is difficult, particularly on cheek
teeth that are significantly worn.

9. The metaloph on M1-M3: (0) joining
protocone, (1) toward but not joinimng pro-
tocone, (2) parallel to the protoloph. The
metaloph displays a variety of morphologies.
In primitive forms such as the early Eocene
Cocomys (Li et al., 1989), Hohomys (Hu,
1995) and Bandaomys (Tong and Dawson,
1995), the metaloph, sometimes weak, con-
nects with the protocone. In advanced spe-
cies it runs to the entoloph (Tong, 1997). An
incomplete metaloph (from metacone, ter-
minating at metaconule) was considered
unique for Yuomyidae (Flynn et al., 1986;
Wang, 1994). Several new taxa placed in Yu-
omyidae by Tong (1997) share this condition.
In exploring the relationships of ctenodac-
tylids, Wang (1997: 67) further differentiated
the metaloph conditions for three groupings:
(1) "metaloph complete and joins protocone
on M1-M3" for Tataromyinae as one of the
family's shared derived features; (2) "meta-
loph massive, incomplete, and does not join
protocone on Ml-M3" for Ctenodactylidae
excluding Tataromyinae; and (3) "metaloph
connected with posteroloph by distinct short
ridge on Ml-M3" for Euryodontomys. In
Protataromys the metaloph extends toward
the protocone; it may or may not join the
protocone (Tong, 1997). Based on our ob-
servation, the metaloph in Tataromys, Yin-
dirtemys and Bounomys does not join the
protocone, contra Wangs interpretation; in-
stead, it joins to the entoloph or to the hy-
pocone or even to the posteroloph. In addi-

tion, we noticed that an incomplete metaloph
that extends toward the protocone is present
in Terrarboreus, which was considered a
synonym of Karakoromys by Wang (1994).
In other Karakoromys, the metaloph is par-
allel to the protoloph and may have a narrow
connection with the hypocone. The metaloph
condition in Terrarboreus is similar to that
of Protataromys and Mergenomys, suggest-
ing that Terrarboreus may remain as a valid
taxon because its metaloph condition is more
primitive than in other ctenodactylids.

10. The anterior cingulum on Ml-M3:
(0) not developed, (1) present but low, (2)
low but broad, (3) high and usually joining
protoloph. In Tribosphenomys (Meng et
al., 1994) and Alagomys (Dashzeveg, 1990b;
Tong and Dawson, 1995; Dawson and Beard,
1996) upper molars are transversely elongate
and lack an anterior cingulum. In early cten-
odactyloids, an anterior cingulum is devel-
oped, butting against the anterior side of up-
per molars but below the protoloph. As an
evolutionary tendency, the anterior and pos-
terior cingula become elevated (Tong, 1997)
and eventually the anterior cingulum joins
the the protoloph; the latter condition was
shared by members of the Ctenodactylidae,
including Protataromys. The anterior cingu-
lum of Mergenomys is high and joins the
protoloph so that wear of the cingulum is
present, although it is not so advanced as in
Protataromys and ctenodactylids.

11. The entoloph on M1-M2: (0) weak,
(1) well developed, (2) absent. The ento-
loph (the ridge between the protocone and
hypocone) is weak in Tribosphenomys and
primitive ctenodactyloids such as Cocomys.
According to Wang (1997) the entoloph is
absent on M1-M2 in Tataromyinae but de-
veloped on M1-M3 in other ctenodactylids.
The Tataromyinae condition is similar to that
of Mergenomys. However, we believe that
some specimens assigned to Tataromyinae by
Wang and others we examined in the AMNH
collection display a distinct entoloph. Lack
of the entoloph is also found in several yu-
omyids (Tong, 1997) and Baluchimyinae
(Flynn et al., 1986). Absence of an entoloph
appears variable and may have evolved sev-
eral times among ctenodactyloids.

12. The sinus: (0) shallow, (1)
deep. The sinus is the concave region on
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the lingual side between the protocone and
hypocone. In primitive forms there is only a
shallow, vertical groove. In ctenodactylids
the entoloph shifts labially or the protocone
and hypocone extend lingually, resulting in
a deep sinus. This sinus may be symmetric
or oblique (Wang, 1997) and may be broad
or narrow, but it is deep compared with other
ctenodactyloids. The sinus of Protataromys
appears to have a transitional condition; we
code it as 1 as well.

13. The molar hypocone: (0) small, (1)
large, (2) large and more lingual than the
protocone. The hypocone is absent or very
small in Tribosphenomys (Meng et al., 1994)
and Alagomys (Dashzeveg, 1990b; Tong and
Dawson, 1995; Dawson and Beard, 1996).
Two derived hypocone conditions are rec-
ognized: "hypocone large and equal in size
to protocone on M1-M2" in Ctenodactylidae
excluding Tataromyinae (Wang, 1997) and
"hypocone developed and lingually located"
in Chapattimyidae (Wang, 1994). The rela-
tively small hypocone in Tataromyinae may
be a result of the anteroposterior elongation
of the protocone; therefore, we code the hy-
pocone in all ctenodactylids as "large." The
hypocone condition in Mergenomys resem-
bles that of Protataromys; it is more devel-
oped than in other ctenodactyloids except
Yuomys. Some specimens recently described
provide mixed information of the structure.
For instance, specimens of Saykanomys de-
scribed by Averianov (1996) show a large
hypocone, but others by Tong (1997) have a
relatively small hypocone. Because of the
poor illustrations provided by Averianov, a
precise assessment of these specimens is not
possible for this study.

14. The p4 protoconid and metaconid:
(0) divided by a longitudinal groove, (1)
connected by the metalophid I and II, (2)
the posterior arms of the protoconid and
metaconid form a Y-shaped connection
with the ectolophid. The trigonid in ro-
dents usually consists of the protoconid and
metaconid, separated by a longitudinal
groove, although a weak metalophid II may
exist in some cases. Yuomys presents a spe-
cial case; it has a full molariform p4 and the
protoconid and metaconid are connected by
the metalophid I and II (Li, 1975). This is
probably an apomorphy for Yuomys. In cten-

odactylids the protoconid and metaconid are
connected by strong ridge (the metalophid
II); the trigonid is open anteriorly but com-
pletely enclosed posteriorly. Furthermore, the
ectolophid, running on the longitudinal mid-
line of the tooth, joins the trigonid posteri-
orly so that the anterior part of the tooth
bears a Y-shaped structure of ridges.

15. The lower molars: (0) rectangular or
diamond shaped in outline, (1) rounded,
(2) anteroposteriorly elongated. Because
of the straight anterior edge or anterior ex-
tension of the metaconid on lower molars in
early ctenodactyloids, the teeth are either
rectangular or diamond-shaped, with the
metaconid-hypoconid axis longer than the
protoconid-entoconid one. In chapattimyids,
the oval lower teeth have been recognized as
a synapomorphy (Flynn et al., 1986; Wang,
1994). In ctenodactylids, except Karakoro-
myinae, the lower molars are anteroposteri-
orly elongated.

16. The paraconid on lower molars: (0)
small, (1) absent or confluent with other
structures. A small paraconid is present on
lower molars that have little wear in Tribos-
phenomys (Meng et al., 1994). This is un-
questionably a primitive condition. A rudi-
mentary paraconid on p4 was reported from
Bandaomys (Tong and Dawson, 1995).

17. The metalophid II: (0) weak, (1)
short but distinct, (2) entirely closes the
trigonid or extends to the lingual side of
the tooth, (3) lost. The metalophid II is a
ridge extending from the protoconid, usually
toward or joining the metaconid. This ridge
is also termed the metalophulid II (Flynn et
al., 1986), the posterior protoconid arm
(Dawson et al. 1984) or the posterior arm of
the protoconid (Wang, 1997). The metalo-
phid II is weak, usually not enclosing the tri-
gonid, in primitive forms. It is short but quite
distinct in Protataromys (Tong, 1997) and
Karakoromys (Wang, 1994), leaving the tri-
gonid open posterolingually. We code the
Karakoromyinae as 1/2 because the other ge-
nus of this subfamily, Euryodontomys, has a
more developed metalophid II as in other
ctenodactylids. In most ctenodactylids, the
metalophid II either extends to the lingual
side of the tooth or joins the metaconid. In
both cases, the trigonid is blocked posteriorly
by the metalophid II. Flynn et al. (1986) con-
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sidered absence of the metalophid II (their
metalophulid II) a synapomorphy in other
ctenodactylids (excluding Karakaromys and
Tataromys). It is likely that in more ad-
vanced ctenodactylids the metalophid II is ei-
ther lost or confluent with the metalophid I
to form the anterior lobe of the lower molar
such as in Distylomys.

18. The mesoconid on ml-m3: (0) pres-
ent, (1) absent. The mesoconid is present
in early ctenodactyloids, as pointed out by
Wood (1977). Presence of the mesoconid is
primitive for ctenodactyloids. In the Eocene
forms, absence of the mesoconid is reported
in Tsinlingomys (Li, 1963), as also noted by
several workers (Wood, 1977; Flynn et al.,
1986; Hu, 1995) and ctenodactylids. Flynn et
al. use this feature to unite Tsinlingomys with
other members of their Ctenodactylidae.
Wang (1994) consider absence of the meso-
conid one of several features diagnosing her
Ctenodactylidae, which does not include
Tsinlingomys. New material of Tsinlingomys
and Chuankueimys (Tong, 1997), both in
Family Tamquammyidae according to Tong,
lacks mesoconids on lower molars. The me-
soconid is also absent in Yuomys (Li, 1975)
and Stelmomys (Tong, 1997). Therefore, this
feature may not be a good character for di-
agnosing the Ctenodactylidae. Mergenomys
and Butomys lack mesoconids on lower mo-
lars, but their ectolophid morphologies are
different from those of Tsinlingomys and
Chuankueimys (see below).

19. The ectolophid: (0) weak and labi-
ally positioned, (1) ends posterior to the
trigonid, (2) continuous with the protocon-
id, (3) running on the midline of tooth or
more lingually positioned. In Tribosphen-
omys and Alagomys the ectolophid is weak
and labially positioned; therefore, the talonid
basin is wide open. Early ctenodactyloids
maintain more or less the same condition ex-
cept that a mesoconid is developed and in
some forms the ectolophid does not reach the
protoconid. Tong (1997) considered the ec-
tolophid shifted lingually in his tataromyids,
but we believe the lingual shift occurs in
ctenodactylids as well (those not included in
Tong's Tataromyidae but in Wang's [1997]
Ctenodactylidae). The lingual shift of the ec-
tolophid and the anterior migration of the en-
toconid and hypoconid eventually occupy the

original talonid basin. This perhaps repre-
sents a transition of tooth function from
crushing to grinding mechanics. In this re-
gard, the ectolophid in both Butomys and
Mergenomys is closely similar to that of
Ctenodactylidae, although the ectolophid is
weak in Butomys and that in Mergenomys is
low. Of the two new genera, the condition of
Mergenomys is more advanced in that the ec-
tolophid is more pronounced and in the way
the hypoconid continues with the ectolophid
as in ctenodactylids.

20. The talonid basin: (0) complete, (1)
divided into mesosinusid and posterosi-
nusid, (1) the mesosinusid narrow (nar-
rower than the sinusid). Reduction of the
trigonid is an evolutionary feature in rodents
(Meng et al., 1994). As a result of trigonid
reduction the talonid is large and bears a
broad basin, such as in Tribosphenomys and
Alagomys. This condition is largely retained
in primitive ctenodactyloids such as Coco-
mys. Development of the hypolophid divided
the original talonid basin into two parts: the
mesosinusid anteriorly and the posterosinu-
sid posteriorly. In advanced forms, the en-
toconid and hypoconid shift progressively
anteriorly and the ectolophid moves lingual-
ly; a narrow mesosinusid is thus formed.

21. The hypoconulid on ml-m2: (0)
small, (1) enlarged, (2) anteriorly extend-
ed. The hypoconulid on ml-m2 is small
and transversely oriented in primitive forms.
It is enlarged and anteroposteriorly stretched
in ctenodactylids (in Tong's [1997] tataro-
myids). The hypoconulid in Mergenomys is
enlarged, more so than other ctenodactyloids
excluding ctenodactylids, but is still trans-
versely oriented. The hypoconulid in Buto-
mys is large but is less developed than in
Mergenomys.

22. The hypolophid: (0) absent, (1) joins
with arms of hypoconid and hypoconulid
in front of the hypoconulid, (2) joins only
with the hypoconulid, (3) joins the ectolo-
phid in front of the hypoconid. The hy-
polophid is the ridge extending from the en-
toconid. Lack of this ridge is a primitive con-
dition, as in Tribosphenomys, Cocomys and
Bandaomys. A complete hypolophid is be-
lieved to be a derived condition (Averianov,
1996). Where it is present among ctenodac-
tyloids, the hypolophid varies widely. Daw-
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son et al. (1984) pointed out the unusual mo-
lar pattern in which the arm of the entoconid
curves backward to the hypoconulid in Tsin-
lingomys. Wang (1994, 1997) recognized
arm of entoconid curves posteriorly and joins
hypoconulid on ml as the only apomorphy
for Tamquammyidae, whereas Tong (1997)
observed that the hypolophid is developed
and directing to hypoconid or ectolophid in
tamquammyines, and posteriorly bent in tsin-
lingomyines. The hypolophid directed to the
hypoconid is also seen in other taxa such as
Saykanomys. We word the hypolophid con-
ditions differently because we believe the hy-
polophid in Tsinlingomys is not particularly
bent posteriorly. Instead its morphology is
more a result of lacking the arm of the hy-
poconid. We also believe the hypolophid in
Chuankueimys, which is placed in Tsinglin-
gomyinae by Tong, is essentially the same as
in Tamquammys.

23. Cheek teeth: (0) lower crowned, (1)
relatively high, (2) hypsodont. Early cten-
odactyloids have low tooth crowns. This
condition also occurs in Butomys, Mergeno-
mys and Protataromys. In Tataromys and
more derived species the tooth crown is rel-
atively high. In Distylomyinae and Cteno-
dactylinae the cheek teeth are hypsodont
(Wang, 1994, 1997).

24. Cheek teeth: (0) cusps conical, (1)
with strong lophs, (2) tri- or bilo-
bate. Primitively the cheek teeth of cteno-
dactyloids are bunodont. This condition re-
mains in Butomys and Mergenomys. In Pro-
tataromys and other ctenodactylids, the
cheek teeth become lophodont. In more ad-
vanced forms the tooth crown is trilobate or
bilobate (Wood, 1977; Wang, 1997).

25. Infraorbital foramen: (0) protrogo-
morphous, (1) hystricomorphous. This
feature is not preserved in our specimens. We
follow Wang (1994) and Averianov (1996)
in coding this character.

26. Incisor enamel: (0) pauciserial, (1)
multiserial. We follow Wang (1994) and
Averianov (1996) in coding this character,
except that the enamel condition in Chapat-
timys is changed to pauciserial (Flynn, per-
sonal commun.).

PHYLOGENETIC ANALYSIS
Tabulation of the characters is provided in

table 2. A total of 22 taxa and 26 characters

TABLE 2
Data Matrix, 26 Characters of 22 Taxa
Including the Outgroup Tribosphenomys

(Question marks indicate missing data.
A = 0/1 and B = 1/2.)

Character

0000000001 1111111112 222222
Taxa 1234567890 1234567890 123456

Tribosphenomys 0000000000 0000000000 000000
Cocomys 0100010001 0000010000 000000
Tsinlingomys 010?010102 1000010111 0200??
Tamquammys 020?010011 0000010011 010011
Yuomys 0200110113 1021010121 030011
Bandaomys ?10?110001 0000010000 0000??
Advenimus 020?110011 1010010001 010011
Hohomys 010?110101 1000010011 01001?
Stelmomys ??0?110111 2000010111 0100??
Saykanomys 010?110OA1 1000010011 010011
Petrokozlovia ?10?110111 1010010011 010011
Birbalomys ?20?112001 2020110021 030011
Chuankueimys 02??011102 1000010121 01001?
Protataromys ????OlOlB3 1110011132 1301??
Tataromyinae 1B11021123 2111212132 231111
Karakoromyinae 1311011123 111101B132 231111
Distylomyinae 2???0????? ???1213132 2322?1
Ctenodactylinae 2311021123 1111213132 232211
Alaymys 020?010101 1000010131 010011
Mergenomys 12?1?12113 201?011132 1300??
Butomys 1???0??00? ???0010131 0100??
Chapattimys ??0?112001 1121110011 0300?0

are involved in the calculation. The data
were analyzed using the PAUP program
(Swofford, 1993). Many of the characters
have multistates (a total of 45 states that are
coded as 1, 2, or 3). All characters are unor-
dered and unweighted. The default ACCT-
RAN optimization was employed. Branch
and Bound search yielded two equally most
parsimonious trees of 73 steps. The two trees
differ in the positions of Hohomys and Say-
kanomys; each tree has the following prop-
erties: CI = 0.635; HI = 0.365; CI excluding
uninformative characters = 0.63; HI exclud-
ing uninformative characters = 0.37; RI =
0.789; and RC = 0.501. The strict consensus
of the two trees is illustrated in figure 5,
which is rooted at the outgroup Tribosphen-
omys. Character diagnostics and apomorphy
list for figure 5 are provided in appendix 1.

Figure 6 is the projection of the resulting
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Tribosphenomys
Cocomys
Bandaomys
Hohomys
Saykanomys
Chapattimys
Birbalomys
Tamquammys
Advenimus
Petrokoziovia
Stelmomys
Tsinlingomys
Chuankueimys
Alaymys
Butomys
Yuomys

3) Mergenomys
31) Protataromys

Karakoromyinae
1 Tataromyinae

Distylomyinae
Ctenodactylinae

Fig. 5. The strict consensus of two equally most parsimonious trees generated by Branch and Bound
search of PAUP. The two trees differ in the postions of Hohomys and Saykanomys. (CI = 0.644; HI =

0.356; CI excluding uninformative characters = 0.639; HI excluding uninformative characters = 0.361;
RI = 0.807; and RC = 0.52). The apomorph lists for the nodes and branches are provided in appendix
lb. See text for more detail.

phylogeny on a geological time scale. The
distributions of most selected taxa are based
on Wang (1997) for Oligocene taxa and Tong
(1997) for Eocene taxa. The temporal data of
Birbalomys and Chapattimys are from Mc-
Kenna and Bell (1997); correlation of these
two taxa with other Eocene ctenodactyloids
on the scale furnished by Tong is tentative.
The phylogeny appears roughly consistent
with the geological distributions of ctenodac-
tyloids; that is, primitive taxa occur earlier
than derived ones. Many ctenodactyloids
made their first appearances at the beginning

of the Eocene; only the Ctenodactylidae sur-
vived into the Oligocene and Miocene.

In recent phylogenetic analyses of Cteno-
dactylidae, Wang (1994, 1997) divided the
family into four subfamilies: Tataromyinae,
Karakoromyinae, Distylomyinae and Cteno-
dactylinae. Tataromyinae was considered the
sister group of the other three. Our analysis
supports Wang's phylogeny and endorses the
monophyly of the Ctenodactylidae. However,
our analysis places Karakoromyinae as the
sister group of the rest Ctenodactylidae. Ka-
rakoromyinae, particularly Karakoromys,
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Fig. 6. Projection of the phylogeny on a geological time scale. See text for more detail.

displays some conditions that are to us more
primitive than in other ctenodactylids, such
as less anteroposteriorly elongated cheek
teeth and relatively short metalophid II. If
Terrarboreus proves to be a synonym of Ka-
rakoromys (Wang, 1994, 1997), then Kara-
koromys contains specimens that have the
metaloph extending toward the protocone,
which is another primitive condition for cten-
odactylids. Our placement is more consistent
with the geological distributions of ctenodac-
tylids, in which Karakoromys has the earliest
record (Wang, 1997).

Tong (1997) named Protataromys and
placed it in the family Tataromyidae, which
is roughly equivalent to a combination of Ta-
taromyinae and Karakoromyinae of Wang
(1997). Our analysis does not support Tongs
placement; it instead reveals the sister-group
relationship of Protataromys to the Cteno-
dactylidae sensu Wang (1997).
Mergenomys is the sister group of Cteno-

dactylidae (sensu Wang, 1994, 1997) and
Protataromys. These relationships again
raise the issue of how to define taxonomic
names, as is discussed by others (Meng and
Wyss, 1994; Wyss and Meng, 1996). The
name Ctenodactylidae has been used differ-

ently by several authors: Wood (1977), Daw-
son et al. (1984), Flynn et al., (1986), Wang
(1994, 1997), and Tong (1997), to name but
a few. Wang's concept of Ctenodactylidae,
similar to that of Dawson et al., is by far the
least inclusive. Both Mergenomys and Pro-
tataromys bear only some of the defining
characters for the Ctenodactylidae of Wang.
We do not assign the new taxa described here
to any established family, nor do we propose
any new names.
The grouping of Tsinlingomys and

Chuankueimys supports the subfamily of
Tsinlingomyinae (Tong, 1997). We are cau-
tious about the pairing of Butomys and Alay-
mys and their link with Tsinlingomys and
Chuankueimys. This is because many char-
acters are missing in Butomys and "the mor-
phology of the molars of Alaymys was con-
siderably varied" (Averianov, 1996: 653).
The pairing of Birbalomys and Chapatti-

mys supports the original concept of Chapat-
timyidae (Hussain et al., 1978; Flynn et al.,
1986) but not necessarily the broadly defined
one by Averianov (1996); the latter contains
many members previously placed in Coco-
myidae and is certainly a paraphyletic group.

Relationships among ctenodactyloids are
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much more complex. This has been reflected
in several recent studies. Tong (1997), for in-
stance, preferred to maintain the family Ta-
taromyidae, which, according to Wang's
(1997) analyses, is a paraphyletic taxon. In a
cladistic analysis Averianov (1996) conclud-
ed that Cylindrodontidae, Ctenodactylidae,
and Baluchimyinae form a monophyly, in
which Cylindrodontidae and Ctenodactylidae
form a sister group, and taxa traditionally in-
cluded in Chapattimyidae are outgroups to
that sister group. We believe that the rela-
tionship of the Cylindrodontidae and Cteno-
dactylidae, represented by Ardynomys and
Tataromys in Averianovs study, is highly
questionable. Cylindrodontidae are protro-
gomorphous rodents found from Asia and
North America and their phylogenetic posi-
tion remains uncertain (Emry and Korth,
1996). Averianov's conclusion, therefore, ei-
ther implies paraphyly of the ctenodactyloid
rodents or suggests that the Cylindrodontidae
are a subgroup within ctenodactyloid ro-
dents. Either of the two possibilities requires
a reversal of the protrogomorphy of Cylin-
drodontidae from the hystricomorphy of
ctenodactyloids according to Averianov's
cladogram. A comprehensive discussion on
the Cylindrodontidae is beyond the scope of
this study (see Bryant and McKenna, 1995
for a related work disputing relationships of
Cylindrodontidae). For the taxa that have
been traditionally considered as ctenodacty-
loids, Averianov's study indicated the para-
phyly of several families such as Tamquam-
myidae, Cocomyidae, Yuomyidae and his
broadly defined Chapattimyidae. Our study
reveals a similar pattern. The difference be-
tween the two studies is that Averianov
chose to accept paraphyletic and polyphyletic
taxa, whereas we do not. From his cladogram
(Averianov, 1996: fig. 9) it is clear that taxa
included in Chapattimyidae, such as Chapat-

timys, Birbalomys, Advenimus and Saykano-
mys, are separated by a clade consisting of
Tamquammys and Alaymys, which belongs to
the family of Tamquammyidae. Tamquam-
mys and Alaymys, on the other hand, are fur-
ther separated from their family members,
such as Cocomys, by the family members of
Chapattimyidae. This practice encourages
not only recognition of unnatural groups, but
also promotes a highly unstable taxonomy.
We believe that the Ctenodactylidae, as

recognized by Wang (1994, 1997), is mono-
phyletic and that it can be viewed as the
"core" taxon of Asian ctenodactyloids. Re-
lationships of other ctenodactyloids to the
"core" is the major challenge for the study
of the ctenodactyloid phylogeny. The previ-
ously recognized families, such as Cocomyi-
dae and Yuomyidae, are paraphyletic and
some dental features, such as premolar mor-
phologies, are insufficient to maintain these
families. Based on our analysis, and before a
better phylogeny based on more anatomic
and other evidence becomes available, we
suggest that these family names should be
used with caution, or simply the use of Cten-
odactyloidea without reference to a specific
family for the Eocene genera, as we did for
Bumtomys and Mergenomys.

ACKNOWLEDGMENTS
We are grateful to Dr. J. J. Hooker for tak-

ing the SEM photographs of figures 3 and 4
and E. Heck for drawing the location map in
figure 1. For access to the collection of cten-
odactyloid rodents at the American Museum
of Natural History, we thank M. C. McKen-
na, R. H. Tedford and M. Norell. We thank
M. R. Dawson, L. J. Flynn, G. Gould, J. H.
Wahlert, and B. Wang for instructive com-
ments. J. Meng is supported by the Univer-
sity of Massachusetts and NSF grant DEB-
9508685.

16 NO. 3246



DASHZEVEG AND MENG: EOCENE CTENODACTYLOID RODENTS

REFERENCES

Averianov, A.
1996. Early Eocene Rodentia of Kyrgyzstan.

Bull. Mus. Natl. Hist. Nat. Paris 4e s6r.
18C: 629-662.

Bryant, J. D., and M. C. McKenna
1995. Cranial anatomy and phylogenetic po-

sition of Tsaganomys altaicus (Mam-
malia: Rodentia) from the Hsanda Gol
Formation (Oligocene), Mongolia. Am.
Mus. Novitates 3156: 42 pp.

Dashzeveg, D.
1990a. The earliest rodents (Rodentia, Cteno-

dactyloidea) of Central Asia. Acta.
Zool. Cracov. 33: 11-35.

1990b. New trends in adaptive radiation of ear-
ly Tertiary rodent (Rodentia, Mamma-
lia). Ibid. 33: 37-44.

1992. Hyracodontids and rhinocerotids
(Mammalia, Perissodactyla, Rhinocer-
otoidea) from the Paleogene of Mon-
golia, Palaeovertebrata 21: 1-84.

Dashzeveg, D., and J. J. Hooker
1997. New ceratomorph perissodactyls

(Mammalia) from the Middle and Late
Eocene of Mongolia: their implications
for phylogeny and dating. Zool. J. Lin-
nean Society London 120: 105-138.

Dawson, M. R., and C. K. Beard
1996. New Late Paleocene rodents (Mam-

malia) from Big Multi Quarry, Was-
hakie Basin, Wyoming. Palaeovertebra-
ta 25: 301-321.

Dawson, M. R., C. Li, and T. Qi
1984. Eocene ctenodactyloid rodents (Mam-

malia) of eastern and Central Asia. In:
R. M. Mengel (ed.), Papers in verte-
brate paleontology honoring Robert
Warren Wilson. Carnegie Mus. Nat.
Hist. Spec. Pub. 9: 138-150.

Emry, R. J., and W. W. Korth
1996. Cylindrodontidae. In D. R. Prothero

and R. J. Emry (eds.), The Terrestrial
Eocene-Oligocene Transition in North
America: 399-416. New York: Cam-
bridge Univ. Press, 688 pages.

Flynn, L. J., L. L. Jacobs, and I. U. Cheema
1986. Baluchimynae, a new ctenodactyloid

rodent subfamily from the Miocene of
Baluchistan. Am. Mus. Novitates 2841:
50 pp.

Hu, Y.
1995. New Late Early Eocene ctenodactyloid

rodents (Rodentia, Mammalia) from
Danjiangkou, Hubei. Vertebr. PalAsiat.
33: 24-38.

Hussain, S. T, H. de Bruijn, and J. M. Leinders
1978. Middle Eocene rodents from the Kala

Chitta Range (Punjab, Pakistan). Proc.
K. Ned. Akad. Wet. 81: 74-112.

Korth, W. W.
1984. Earliest Tertiary evolution and radia-

tion of rodents in North America. Bull.
Carnegie Mus. Nat. Hist. 24: 1-71.

Li, C.
1963. Paramyid and sciuravid from North

China. Vertebr. PalAsiat. 7: 151-160.
1975. Yuomys, a new ischyromyid rodent ge-

nus from the upper Eocene of North
China. Vertebr. Ibid. 13: 58-70.

Li, C., J. Zheng, and S. Ting
1989. The skull of Cocomys lingchaensis, an

Early Eocene Ctenodactyloid Rodent of
Asia. In: C. Black et al. (eds.), Papers
on fossil rodents. In honor of Albert El-
mer Wood. Nat. Hist. Mus. Los Ange-
les Cty. Sci. Ser. 33: 179-192.

McKenna, M. C., and S. K. Bell
1997. Classification of mammals above the

species level. New York: Columbia
Univ. Press.

Meng, J., and A. R. Wyss
1994. The enamel microstructure of Tribos-

phenomys (Mammalia, Glires): Func-
tional and phylogenetic implications. J.
Mamma. Evol. 2: 185-203.

Meng, J., A. R. Wyss, M. R. Dawson, and R. Zhai
1994. Primitive fossil rodent from Inner Mon-

golia and it s implications for mam-
malian phylogeny. Nature 370:134-
136.

Meng, J., R. Zhai, and A. R. Wyss
1998. The late Paleocene Bayan Ulan fauna

of Inner Mongolia, China. Special vol-
ume of the symposium on Cretaceous
and early Tertiary mammals of Asia,
Bull. Carnegie Mus. Nat. Hist. 34:
148-185.

Shevyreva, N. S.
1971. New Rodents from the Middle Oligo-

cene of Kazakhstan and Mongolia.
Trans. Paleontol. Institute Akad. Nauk.
SSSR 130: 70-88.

1976. Paleogene rodents of Asia (families
Paramyidae, Sciuravidae, Ischyromyi-
dae, Cylindrodontidae). Ibid. 158: 116
PP.

1984. New Early Eocene rodents of the Zay-
san Basin. In: L. K. Gabunia (ed.), The
flora and fauna of the Zaysan Basin:
77-114. Tbilisi: Metsniyerebs Press.

1989. New rodents (Ctenodactyloidea, Ro-

1998 17



AMERICAN MUSEUM NOVITATES

dentia, Mammalia) from the Lower Eo-
cene of Mongolia. Paleontol. Zh. 3:
60-72.

Storch, G., and D. Dashzeveg
1997. Zaraalestes russelli, a new tupaiodon-

tine erinaceid (Mammalia, Lipotyphila)
from the Middle Eocene of Mongolia.
Geobios 30: 437-445.

Swofford, D.
1993. PAUP (Phylogenetic Analysis Using

Parsimony), version 3.1.1. Urbana-
Champaign: Univ. Illinois.

Tong, Y.
1997. Middle Eocene small mammals from

Liguanqiao Basin of Henan Province
and Yuanqu Basin of Shanxi Province,
Central China. Palaeontol. Sin. 18 C26:
1-256.

Tong, Y., and M. R. Dawson
1995. Early Eocene rodents (Mammalia)

from Shangdong Province, China. Ann.
Carnegie Mus. 64: 51-63.

Wang, B.
1994. The Ctenodactyloidea of Asia. In: Y

Tomida, C. Li, and T. Setoguchi (eds.),
Rodent and Lagomorph families of
Asian Origin and Diversification. Natl.
Science Mus. Monogr., Tokyo, 8: 35-
47.

1997. The mid-Tertiary Ctenodactylidae (Ro-
dentia, Mammalia) of eastern and cen-

tral Asia. Bull. Am. Mus. Nat. Hist.
234: 1-88.

Wood, A. E.
1977. The evolution of the rodent family

Ctenodactylidae. J. Palaeontol. Soc. In-
dia 20: 120-137.

Wyss, A. R., and J. Meng
1996. Application of phylogenetic taxonomy

to poorly resolved crown clades: a

stem-modified node-based definition of
Rodentia. Syst. Biol. 45: 559-568.

APPENDIX la
Character Diagnostics for Figure 5

(CI, consistency index; HI, homoplasy index; RI, retention index; RC, rescaled consistency index.
Character numbers correspond to those in Character Analysis.)

Minimum Tree Maximum
Character steps steps steps CI HI RI RC

1 2 3 6 0.667 0.333 0.750 0.500
2 3 6 9 0.500 0.500 0.500 0.250
3 1 1 3 1.000 0.000 1.000 1.000
4 1 1 3 1.000 0.000 1.000 1.000
5 1 4 9 0.250 0.750 0.625 0.156
6 2 2 3 1.000 0.000 1.000 1.000
7 2 4 7 0.500 0.500 0.600 0.300
8 1 3 9 0.333 0.667 0.750 0.250
9 2 3 10 0.667 0.333 0.875 0.583
10 3 3 9 1.000 0.000 1.000 1.000
11 2 6 8 0.333 0.667 0.333 0.111
12 1 2 5 0.500 0.500 0.750 0.375
13 2 4 10 0.500 0.500 0.750 0.375
14 1 3 6 0.333 0.667 0.600 0.200
15 2 2 5 1.000 0.000 1.000 1.000
16 1 1 1 1.000 0.000 0/0 0/0
17 3 3 6 1.000 0.000 1.000 1.000
18 1 1 10 1.000 0.000 1.000 1.000
19 3 7 14 0.429 0.571 0.636 0.273
20 2 2 9 1.000 0.000 1.000 1.000
21 2 2 6 1.000 0.000 1.000 1.000
22 3 4 13 0.750 0.250 0.900 0.675
23 2 2 4 1.000 0.000 1.000 1.000
24 2 2 5 1.000 0.000 1.000 1.000
25 1 1 2 1.000 0.000 1.000 1.000
26 1 2 3 0.500 0.500 0.500 0.250
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APPENDIX lb
Apomorphy List for Figure 5

(Node numbers correspond to those in Figure 5.)

Branch Character Steps CI Change

Tribosphenomys <4 node 41

Node 41-4 node 40

Node 40 node 39

Node 39 node 38
Node 38 -4 node 36
Node 36 node 35
Node 35 node 34
Node 34 node 33
Node 33 node 26
Node 26 node 25

Node 25 node 23
Node 23 Tsinlingomys

Node 23 Chuankueimys

Node 25 node 24
Node 24 Butomys

Node 26 Stelmomys
Node 33 node 32

Node 32 Yuomys
Node 32 node 31

Node 31 node 30

Node 30 Protataromys
Node 30 node 29

Node 29 node 28

2 Zygomatic root
6 Upper teeth L-W
10 Anterior cingulum
16 Paraconid
5 P4/4

25 Hystricomorphy
26 Enamel
11 Entoloph
19 Ectolophid
20 Talonid basin
22 Hypolophid
2 Zygomatic root
9 Metaloph
13 Hypocone
8 Paraconule

18 Mesoconid
13 Hypocone
5 P4/4
9 Metaloph
10 Anterior cingulum
2 Zygomatic root

22 Hypolophid
7 Metaconule
19 Ectolophid
19 Ectolophid
1 Masseteric fossa
8 Paraconule

11 Entoloph
10 Anterior cingulum
14 p4 trigonid
19 Ectolophid
22 Hypolophid
13 Hypocone
1 Masseteric fossa
3 P3
4 dP4
5 P4/4
17 Metalophid
19 Ectolophid
20 Talonid basin
21 Hypoconulid
2 Zygomatic root
9 Metaloph
12 Sinus
24 Tooth cusp-lophs
14 p4 trigonid
7 Metaconule
17 Metalophid
21 Hypoconulid
23 Crown height
6 Upper teeth L-W
15 Lower molar

1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1

1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1
1
1

1
1
1
1
1
1

0.500
1.000
1.000
1.000
0.250
1.000
0.500
0.333
0.429
1.000
0.750
0.500
0.667
0.500
0.333
1.000
0.500
0.250
0.667
1.000
0.500
0.750
0.500
0.429
0.429
0.667
0.333
0.333
1.000
0.333
0.429
0.750
0.500
0.667
1.000
1.000
0.250
1.000
0.429
1.000
1.000
0.500
0.667
0.500
1.000
0.333
0.500
1.000
1.000
1.000
1.000
1.000

0<-> 1

0 <->1I0*41
0<- 1
1-40
0-+ 1
0- 1
0- 1
0-41
0e1
0-41

1 2
0-41I
0-41I
0-41I
0- 1

01
0- 1

01
2-> 1
1 ->20-42

I-2
2o

1->
1 2
1 3

0-41I
1-40
1-42
1-43
0-41I
1-42
1-43
1-42
0-41I
0-41I
0-41I
0- 10-41

2-3
1-2

0-4 1
2-43
1-42
0-41I
0-41I

040

2
1-42

0-41

1-42
0-42
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APPENDIX lb
(Continued)

Branch Character Steps CI Change

Node 28 -+ Tataromyinae 2 Zygomatic root 1 0.500 3 -+ 12
11 Entoloph 1 0.333 1 -42

Node 28 - node 27 1 Masseteric fossa 1 0.667 1 - 2
17 Metalophid 1 1.000 2 e 3
23 Crown height 1 1.000 1 -*2
24 Tooth cusp-lophs 1 1.000 1 e 2

Node 31 - Mergenomys 7 Metaconule 1 0.500 0 -*2
11 Entoloph 1 0.333 1 2

Node 34 Petrokozlovia 2 Zygomatic root 1 0.500 2 -4 1
Node 35 - Advenimus 19 Ectolophid 1 0.429 1 -0
Node 36 - Tamquammys 5 P4/4 1 0.250 0 - 1

11 Entoloph 1 0.333 1-4 0
Node 38 e node 37 7 Metaconule 1 0.500 0- 2

13 Hypocone 1 0.500 0* 2
15 Lower molar outl. 1 1.000 0-* 1
22 Hypolophid 1 0.750 1 - 3

Node 37 - Birbalomys 11 Entoloph 1 0.333 1 -*2
19 Ectolophid 1 0.429 1 - 2

Node 37 -e Chapattimys 12 Sinus 1 0.500 0 - 1
14 p4 trigonid 1 0.333 0 - 1
26 Enamel 1 0.500 1 -* 0

Node 39 -4Hohomys 8 Paraconule 1 0.333 0 - 1
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