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A NEW PAL EOCENE TILLODONT (TILLODONTIA, MAMMAL IA)
FROM QIANSHAN, ANHUI, WITH A REVIEW OF PAL EOCENE
TILLODONTS FROM CHINA

WANG YuarrQing JIN Xun
(Ingtitute of Vertebrate Paleontology and Paleoanthropology , Chinese Academy o Scencss  Beijing 100044)

Abgract A I€t lower jav from the Pdeocene Wanghudun Formation of the Qianshan Basn, Anhui
Povince , outhern Chinais described. It represents a new genus and speciesd tillodont , named Benaius
gianshuiensis gen. & 9. mov. The new ecies is characterized by the following festures: dze smdl ,
denta formda 2+ ?-1-4-3,i2 not greatly enlarged , p1 present but reduced and laterdly conpressed ,
m metaconid on p3, and p4 subnolarized without entoconid. Reexamination of denta features of the
Chinese Pdeocene tillodonts, including the orig nally assgned taxa and the redlocated formsof the order ,
suggedsthat Ldochaius, Mecstylodon, Interogale, Plethorodon and Simplodon have dfinities to the
order Tillodontia, whereas Anchilestes, Dysnogtodon, Huananius, and Yuesthonyx do not have close
reaionships to tillodonts. This conclusion is coincident with the result of the phylogenetic andydson the
badsdf the denta characters.

Key words Qanshan, Anhu , China, Pdeocene, Tillodortia

1 Introduction

The Tillodontia Marsh, 1875 is an extinct order of mammal s whose fosdls are known from the
Padeogene in Holarctica. They lived in Ada and North America from the Paeocene to midde
Eocene , while in Europe during the early and midde Eocene. The order was thought to have close
relaionships to arctocyonid condylarths (GQGegory , 1910; Gazin, 1953; Van Vaen, 1963; Rose,
1972; Sday, 1977) . McKenna (1975) clasdfied the Tillodontia into the Mirorder Eparctocyona
with Arctocyonia, Tubulidentata, Dinocerata, Embrithopoda, and Artiodactyla. Disooveriesof early
pantodonts and tillodonts made by the invedigation of theé' Red Beds’ in southern China in 1970s
led to the proposa of the hypothed's that tillodonts and pantodonts are closely related to each other
(Chow and Wang , 1979) , which was widely accepted (Gngerich and Qunnell , 1979 ; Lucas and
Shoch, 1981; Sucky and Krishtalka, 1983 ; Lucas, 1993) . McKenna and Bell (1997) further
gouwped the Tillodontia (as a suborder) with Didephodonta, Apatotheria, Taeniodonta,
Pantodonta, Pantolesta, Pholidota, and Enamodonta in the order Gnolesta. However, this
clasdfication has not been widedly followed (Miyata and Tomida, 1998a, b; Huang and Zheng,
1999, 2003; Tong et d. , 2003) . 9nce the phylogenetic relaionshipsof the subordersof McKenna
and Bell’ s (1997) Onmlega remain unclear , Tillodontiais used as an ordind group in this paper.

Tillodont fossls have been found in Holarctica. Fve genera documented from North America
are: Esthonyx, Trogosus, Tillodon, Megalesthonyx , and Azygonyx (Cope, 1874 ; Leidy, 1871;
Guzin, 1953; Rose, 1972; GAngerich, 1989) . O them, Azygonyx is the only North American
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Pdeocene tillodont ( Gngerich, 1989 ; Angerich and Ayde, 2001) . Two genera were reported from
Europe: Plesiesthonyx and Franchaius (Lenoine, 1891; Baudry, 1992) . Tillodonts from the
Eocene of Ada include Adapidium, Basalina, Kuanchuanius, Chungchienia, Higotherium, and
d. Trogosus (Young, 1937 ; Dehm and Oettingen Soielberg, 1958 ; Chow, 1963a, b; Lucas and
Schoch, 1981 ; Cheng and Ma, 1990 ; Miyata and Tomida, 1998a, b) . Tong and Wang (1998)
moted the occurrence of a new tillodont in the Early Ebcene Wutu Formetion of Shandong Province
without formal description. Adan Paeocene tillodonts were only oollected in China. Paleocene
fosslsorignaly assgned to the order Tillodontia incdlude sx genera: Ldochaius, Meastylodon ,
Dysnoetodon, Huananius, Yuesthonyx , and Simplodon (Chow et d. , 1973; Wang, 1975;
Zhang , 1980 ; Huang and Zheng, 1999, 2003; Tong et d. , 2003) . After their restudy of the type
Pecimens of Interogale and Anchilestes from the Paleocene, Ting and Zheng (1989) referred these
two genera to the order Tillodontia, in contragt to their previous alocation to Anagdlida (Huang and
Zheng, 1983; Qiu and Li, 1977). In addition, Plethorodon, origndly conddered to be a
pantodont-like mamma (Huang and Zheng, 1987) , was ad o reassigned to the order Tillodontia by
ome authors (de Muizon and Marshdl , 1992 ; McKenna and Bell , 1997 ; Wang e d. , 1998) ,
while Tong et d. (2003) adhered to including it in the order Pantodbnta.

Although the assgnment of these tillodort or tillodont-like forms needs to be clarified , some of
them may represent roots and/or sems of tillodonts. The record of the earlies and nogt primitive
tillodonts in Ada indicates their Adan origh and digersa from Ada to North America across
Beringa during the late Pdeocene and early Eocene (Krause and Maas, 1990 ; Beard , 1998a, b) .

We report here a new tillodont from the Paeocene of the Qianshan Basn, Anhui Province ,
uthern China. It is among the earlies records of the order Tillodontia in the world , and provides
me new irformation to clarify the primitive features of this group. We follow Sralay (1969) and
Zhou et a. (1975) in the use of descriptive termsfor dental nmorphology.

During the study of the new materid , conparison of crown gructure with the primitive pattern
o eutherian nolars suggeds the necesdty in clarifying the termimology related to the description of
the tillodont parastylar regon. Currently, the nomenclatures widdy used for describing nolar
gructures were firg proposed by Osborn (1907) , and later revised and conplemented by some
researchers (3nmpson, 1936 ; Van Vaden, 1966; Saay, 1969) . In the description of tillodonts,
many authors called the cup or cugpidate dructure at the anterolabiad corner parastyle” , which
oonnects paracone with paracriga (Rose, 1972; dngerich and Qunnell , 1979; Sucky and
Krishtalka , 1983 ; Baudry , 1992 ; Huang and Zheng, 1999, 2003; Tong et a. , 2003) . However ,
the cugp on the labid margn, connecting paracone with paracrida , was caled” sylocone” in many
papers with discusson of termirology , e. g. Van Vaden (1966) , Saay (1969) , and Zhou et d.
(1975) , while' paragyle” represents a cug anterior to the sylocone , usually connecting the latter
with aweak cres. The postion of both stylocone and paragyle is clearly shown on the schematic
diagrams (see Van Vden, 1966, fig. 1; Sday, 1969, fig. 1 and Znou et d. , 1975, fig. 1). In
this case, the” paragyle” described for tillodonts in previous paoers is actudly the sylocone.
Cdling that cup® paragyle” may not be misundergood in describing the tillodont fossls and making
comparion within the group , but it does not correctly demondrate the nolar gructure and creates
corfugon in compari o©n with other groups. In this paper , we use sylocone , indead of paragtyle, to
name the cug that is a the anterolabia corner and connects paracone with paracriga.

2 Sydemetic pdeontology

Order Tillodontia Marsh, 1875
Family incerte sdis
Benaius gen. nov.

Type species Benaius gianshuiensis gen. & 9. rov.
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Diagnosis Asthat of the type and only gpecies, Benaius gianshuiensis gen. & 9. mnov.

Digribution S far known only from the Pdeocene in China.

Etymology The genus is named &ter Mr. Benai Yu, former director of the Adminigrative
Ofice of Culturd Rdicsdf Qianshan Gounty , Anhui Province , for his support and asd gance during
our fidd work in Qianshan from the 1970s to 1990s.

Benaius gianshuiensis gen. et sp. nov.
(Ag. 1)

Hootype A Idt lower jav with ¢ m3 (Inditwte of Vertebrate Pdeontology and
Palenanthropology (IVPP) catalogue number V 13806) .

L ocality and horizon The type and only gecimen was oollected from the Lower Member of
the Wanghudun Formation at Fangaowu , Wanghe Town , Qianshan Gounty , Anhui Povince. It is
close to locdity 71003 (Qiu & d. , 1977) and hoth are at the lowes horizon yielding Paleocene
mammal s in the Qianshan Bagn.

Diagnosis A grdl and primitive tillodont ; denta formula 2 + ? - 1-4- 3; i2 not greatly
enlarged; pl present but reduced and laterdly conpresed; mo metaconid on p3; and p4
subnolarized without entoconid.

Etymology The ecies name derives from the Qianshui River, one of two mgor rivers
running through the Qianshan Basn , where the type specimen was collected.

Dexcription  The horizonta ramus of the lower jaw isfarly well-preserved , but the coronoid
process, the angular process, and the condyle are damaged to different extents. The height of the
horizontal ramus gradually increases pogeriorly. On the lingual dde of the lower jaw , a mandibular
foramen is located on the ascending ramus, albout the same level asthe teeth. The digance from the
foramen to the pogerior end of the dertition is albout 8.5 mm. The reativaly weak synphyssis
oblique , with its pogerior end below the midpoint of p2. On the labid dde, two mental foramina
exig : one under p2 and the other benesath the point between p3 and p4.

The dental formulais2+ ?-1-4-3. None of the inciors are preserved , but two aveoli , for
i2and i3, are present. Damage at the anterior end of the lower jaw makes it inpossble to be sure
whether the anima has il or not , but the gace between the symphyss and i2 aveol us suggests that
i1 is probably srdler than the other two incisors, if it exigs. Acoording to the aveoli , both i2 and
i3 are smdl , but i2 is dightly larger than i3, showing the tendency toward enlargement of i2. The
crovn of ¢l was broken and its cross section is éliptic in outline. Rogerior to the canine, a dhort
diagema, 0.8 mm long, exigs.

The cheek teeth of V 13806 are preserved in good condition. They increase in dze from
anterior to pogerior (Table 1) . The snderooted firg prenolar (pl) is obvioudy reduced and
laterdly conpressed. Its snge main cusp is Stuated dightly anterior to the middle of the tooth. Two
ridges extend forward and backward from the main cugp repectively , with two obscure cugpules at
their ends. All the other cheek teeth are double-rooted. The p2 has d< a snge main cup and its
anterior cupule (honologue of paraconid) is dightly larger. Ingead of a cugpule a the end of the
poderior ridge, it has a srdl hed with a cup at its poderior end. The anterior cup of p3 is
postioned nore lingualy than that on p1 and p2, and looks nore like a paraconid. An additiona
ridge runs down from the top of the protoconid on its lingual Sde. On the hed of p3, aridge is
anteropogeriorly digned and a shelf-like gtructure islingual to the ridge. The p4 is subrmolarized. It

Table 1 Measurements o the lower dentition of Benaius gianshuiensis gen. et sp. nov. (V 13806) (mm)

C pl p2 p3 p4 ml nm2 m3 pl p4 mlL m3 pl nm3
Lengh | 2.14 2.08 3.02 3.61 4.32 4.48 4.98 6.61 13.00 15.97 28.96

Width
(trd/tald)

1.72 1.20 1.55 2.30 3.12/2.30 3.84/3.84 4.31/3.88 3.79/3.27




Fig.1 Lower jav of Benaius garshuiersis gen. et . rov. (V 13806, holotype)
A.lingud view; B. labid view; C. crown view; D. line draning of the dentition, crown view;
E. anterior end o the jawv showing the dveoli for i2 i3, scde bar =1 cm

has a fully developed trigonid and a talonid basn. Unlike on the nolars, the paraconid of p4 islow
and its trigonid openswider. The talonid of p4 is relatively narrow without a diginct entoconid.
Trigonids of the molars are conpressed anteropoderiorly to a certain extent. On the trigonid of
each nolar , the paraconid is reduced and metaoconid is dightly higher than the protoconid. The
tdonid of ml is norphologicdly idertical to that of m2. The hypoconid is the largeg cugp on the
taonid. The hypooonulid is dtuated near the midine on the pogerior margn. The entoconid is
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diginct and ssparated from the hypooonulid by a smdl notch. The crigtid obliqua origi natesfrom the
point on the metacridid close to the metaconid. The talonid is as wide as the trigonid on m1,
whereas it is narrower than the trigonid on m2. On the tdonid of m3, the hypoconulid is enlarged
and projects pogeriorly , forming a third lobe.

Comparison and discussion The new Pecimen has a smewha enlarged i2, a gort
diagema between canine and pl, a reduced pl, a subnmolarized p4 , anteropogeriorly conpressed
trigonids on the lower molars with reduced paraconid , and a trilobed m3. The combination of these
features suggeds the smilarity of the new specimen to the tillodonts. Thus, thisanima is referred to
the order Tillodontia.

Anong the known tillodonts, the Eocene forms are usudly much larger than the animd
represented by the here described pecimen. They have greatly enlarged 12/2 (some even rootless)
o P1/1, diginct metasylids, and fused symphyss (when this feature is known) . The new
gecimen is hence eadly digingui shed from the Eocene tillodonts.

Anong the known Paeocene tillodonts, Azygonyx from the Clarkforkian of North Americaisthe
bes documented genus. It differs from the Eocene Esthonyx only in having an urfused synmphyds
(QAngerich, 1989) . Differencesof V 13806 from the Encene tillodonts can be used to didtinguish it
from Azygonyx , except the urfused symphyss. Chinese Pdeocene mammas suggesed to be
tillodonts or tillodont-like forms include nine genera: Ldochaius, Meicstylodon, Plethorodon ,
Interogale , Simplodon , Anchilestes, Dysnoetodon, Huananius, and Yuesthonyx. Ther dfinitiesto
the order Tillodortia are dill in controversy. OF these forms, the firg five are conddered to be
tillodonts in this pgper , while the other four may not have tillodont dfinities (see discusdon
below) . Ldochaius, Meostylodon, Plethorodon, and Simplodon are only represented by upper
dertitions Thus, the new ecimen canmot be cormpared with them directly. Plethorodon and
Meicstylodon are much larger than V 13806. In addition, the P1 of both Pethorodon and
Ldochaius is double-rooted and ot greatly reduced , which does not match V 13806. Interogale is
represented by apair of lower jaws. It is markedy smdller than V 13806 and has obvioudy enlarged
i2 and o p1, which sugged that it represents a different genus from V 13806. Anchilestes has V-
sheped trigonid and talonid , and less elongated m3 without hypoconulid , which are quite different
from V 13806. Dysnoetodon is much smaller than the anima represented by the new gecimen. Its
p4 is mt nolarized, without a basned tdonid, and both trigonid and tdonid on nolars are
V-shaped. Huananius differs from the new specimen in having the following features: V-shaped
trigonid and tdonid , crigid obliqua extending to metagylid , better- developed cregson both trigonid
and talonid. Moreover , Huananius is much larger in 9ze. Yuesthonyx has relatively well- developed
cregs on both upper and lower cheek teeth , and less conpressed trigonid and less reduced paraconid
on nolars. Its sze is much larger than the new gecimens as well.

In summary , the above discusson indicates that the new gpecimen probably represents a new
genus and ecies of the order Tillodontia, here named Benaius gianshuiensis gen. e 9. rov.
Because it has me features unkrown in other tillodonts, its famlid dedgnation remains
i ndetermi nete.

3 Review o Chinesxe Pdeocene tillodonts

Gazin (1953) roticed the Smilarities between Pantodonta and Tillodortia, but he suggested
that the tillodonts differ from the pantodonts in having enlarged 12/2, no mesogyle, well developed
hypooone shelf , anteropogeriorly conpressed trigonid , and unilateraly hypsodont cheek teeth. With
the disovery of nore materids, however , me characters were found no longer avalable in
di gingui shing tillodonts from pantodonts, such as the development of megyle and hypocone shelf ,
and unilateraly hypsodont cheek teeth (Chow and Wang, 1979) . When they suggested the dfinity
o Anrchilestes and Interogale to tillodonts, Ting and Zheng (1989) pointed out that the
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preprotocri ta and podprotocrigta, extending reectively td paragyle” ( = gyloocone in this paper)
and metagyle , and the well-developed hypocone shelf on tillodont upper nolars are different from
those of pantodonts, based on the conparion of Anchilestes and Bemalambda. Nevertheless, the
dfinity of Anchilestes to tillodonts has been quegtioned (Lucas, 1993; Wang et a. , 1998) ,
athough Huang and Zheng (1999, 2003) and Tong & a. (2003) followed this assignment.
Moreover , two such characters are ot diginctive in certain forms o both orders. For exanple, the
preprotocri ¢a and podprotocrida of me pantodonts, e. g. , pasordodontids, pantolambdids, and
barylambdids etc. , extend repectively to stylocone and metastyle via paraconule and metaconule
(9nons, 1960; Chow and Qi , 1978; Wang et d. , 1992) , asthey do in tillodonts. Additiondly ,
both pagoraodontids and acidedorbinids have hypocone shelves on upper nolars (Chow and Qi ,
1978 ; de Muizon and Marshall , 1987, 1992; Wang et a. , 1992) .

Because of the dmilarities between tillodonts and pantodonts, it is not easy, in particular , to
di gtingui sh primitive tillodonts from primitive pantodonts. Apparently , the tillodonts have their own
evol utionary pattern and represent a different lineage from the pantodonts at the ordind (Gazin,
1953; Rose, 1972; Lucas, 1993; Ting and Zheng, 1989; Tong et d. , 2003) or subordind level
(Chow and Wang, 1979; Van Vden, 1963; McKenna and Bl , 1997). For ingance, the
development of rodent-like chisdl incisrsfrom the 12/2 enlargement in tillodontsis definitely diginct
from the unchanged incior pattern thoroughout pantodont higory. Sme other denta characters may
ado denondrate the differentiation between tillodonts and pantodonts (Table 2) . Differences of
certain characters seem to be minor , but their sable gppearance in unambiguous members of both
groups indicates that such differences are not superficial and may be diagnogic of the order
Tillodbrtia.

Table 2 Comparison o some dental characters o Tillodontia and Pantodonta

characters Tillodortia Partodbrta
1. inciors 12/2 enlarged , rooted or rootless increased pogeriorly or subequa in sze
2. paracone and metacone oonica in genera labid wal flattening or crescentic
3. lagt upper and lower mehow nolarized less nolarized
prenolars
4. width of gylar shelf noderately wide , narrower with regect to wide, near or nore than half width of the tooth
that of pantodonts
5. dylooone well developed ot well defined
6. paragyle absent vedigad , having weak cres connecting
gylocone
7. metagyle well developed vedigd or absent
8. paracriga and metacrida | adducted at their labid ends abducted at their labid ends
9. trigonid anteropogeriorly conpressed and U-shgped ot conpressed and V- shaped
10. tdonid usualy U-sheped V- sheped
11. taonid of m3 with hypoconulid lobe (hilobed) without hypooonulid lobe

As mentioned above , nine genera and gecies from the Paeocene of China have been reported
or sugpected to be tillodonts. The systemetic position of some of them remains controversa (Zhang,
1980 ; Huang and Zheng, 1987, 1999, 2003; Ting and Zheng, 1989 ; Baudry , 1992 ; de Muizon
and Marshall , 1992 ; Lucas, 1993; Wang et d. , 1998; Tong et d. , 2003) .

Ldochaius brachyodus Chow e d. , 1973, from the Shanghu Formation of the Nanxiong
Badn, Quangdong Province, is the fird named Chinese Paeocene tillodont. It was described in
detail by Zhou et d. (1977). Ting and Zheng (1989) consdered that it was different from other
tillodonts in terms of preprotocriga and podprotocrista extending regectively to paracone and
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metacone. Although this opinion was followed by Huang and Zheng (1999, 2003) , Ldochaius was
referred to the order Tillodontia by most authors (Baudry , 1992 ; Lucas, 1993 ; Wang et d. , 1998;
Ting, 1998; Lucas and Schoch, 1998). Tong e a. (2003) liged ome denta characters of
Ldochaius, e.g. , reduced PL and P2, P4 omewhat nolarized , narrow sylar shelf , and conica
main cups, and conddered it likely to be atillodont. In addition , preprotocri ¢a and pogprotocri 4a
o Ldochaius , extending reectively to paracone and metacone (enphasized by Ting and Zheng,
1989) , may indicate a primitive date related to the less developed conules. Ldochaius probably
represents a primitive tillodont.

Specimens of Me astylodon zacshiensis Wang, 1975 , were collected from the Zeoshi Formetion
o the Chding Basn, Hunan Province. The norphologcal features of its upper nolars are close to
those of Esthonyx from North America (Wang, 1975) . Its placement in the order Tillodontia has not
been chalenged (Lucas, 1993; Wang et a. , 1998 ; Huang and Zheng, 1999, 2003; Tong et d. ,
2003) . Its conicd main cups, Sylar shef at onethird width of the nolar, well-developed
gylocone and metagtyle , and labidly adducted paracri¢a and metacriga sugges a tillodont &finity.

Anchilestes impalitus Qiu and Li , 1977 , from the Lower Member of the Wanghudun Formétion
o the Qianshan Basn, Anhui Province, was origndly asigned to Zdambdaedidae. Ting and
Zheng (1989) referred it to the order Tillodortia. This asignment was quedioned later (Lucas,
1993; Wang e d. , 1998) , but it was followed in ome publications, e. g. , Baudry (1992) ,
McKenna and Bell (1997) , Huang and Zheng (1999, 2003) , and Tong et a. (2003). Infact,
Anchilestes has ome dmilarities to tillodonts, which include conical paracone and metacone , and
rlaively narrow sylar shelf. On the other hand, the pattern of its paracrisga and metecriga, V-
shaped trigonid and tdonid, and o hypooonulid lobe on M3 are didinctive from the known
tillodonts. Anchilestes is excluded from the order Tillodortia in this pgper. The resolution of its
sygematic postion awaits disovery of better and nmore conmplete gpecimens.

Dysnoetodon minuta Zhang, 1980, is from the Shanghu Formetion of the Nanxiong Basn,
Quangdong Province. It wasfirg thought to be a tillodont-like mammal , but the origina author d
roticed its differences from tillodonts. The poor preservation of the gecimens hanpered further
discusson o its phylogenetic relaionships, but the clear differences led to its excluson from the
order Tillodontia (Huang and Zheng, 1999, 2003; Tong & a. , 2003) . Addtiondly, Ting and
Zheng (1989) firg erphadzed the dmilarities of its paratype pecimen (V 5838) to the South
American pantodont Alcidedorbinya. McKenna and Bell (1997) further grouped Dysnoetodon and
Harpyodus in the family Harpyodidae of Pantodonta without any discusson. Whether it is a
pantodont or not , Dysnoetodon is unlikely to be a Paeocene representative of tillodonts.

Interogale datangensis Huang and Zheng, 1983, was oollected from the Nongshan Formetion of
the Nanxiong Basn, Quangdong Povince, and origndly referred to Anagdida with family
undetermined. Ting and Zheng (1989) restudied the type gpecimen and assigned it to the order
Tillodontia. While quegtioned by Lucas (1993) , this asignment was widely accepted (Baudry ,
1992 ; McKenna and Bell , 1997; Wang et a. , 1998; Ting, 1998; Huang and Zheng, 1999,
2003; Tong et d. , 2003) . The lower dentition of Interogale has enlarged i2 (though not as digtinct
as Esthonyx) , very small i3, o pl, anteroposgteriorly conpressed trigonid , and hypoconulid lobe
on m3, which is grongy indicative of its dfinity to tillodonts. Its remarkable differences from the
nog primitive North American tillodont , Azygonyx , i.e. , i2 crown conpletely covered with ename
and less nolarized p3 4, dould represent a nore primitive dae than Azygonyx , as Ting and
Zheng (1989) dated. The lack of pl may sugged it is omewhat derived in this agoect.

Plethorodon chienshanenss Huang and zheng, 1987, is from the Lower Member of the
Wanghudun Formetion in the Qianshan Basn, Anhui Province and tentatively assgned to the order
Pantodonta. Later , de Muizon and Marshdl (1992) considered it to be a tillodont ingead of a
pantodont. This opinion was followed by McKenna and Bell (1997) and Wang et a. (1998) , but
diputed by Ting (1998) and Tong et a. (2003) . Upper nolars of Plethorodon have wide U-



1 : 21

sheped ectolophs, rdatively narrow sylar shelf , conica paracone and metacone, well-developed
dylocone and metagtyle, no paragyle. Its paracriga and metacrida adducted labidly. These
features have d< been found in ome typica tillodonts and acoord with the diagnodtic characters
discussed above.

Huananius youngi Huang and Zheng, 1999, is represented by fragmentary right upper and
lower jaws of the same individud from the Shanghu Formation of the Nanxiong Basn, Quangdong
Province The origind authors referred it to the order Tillodontia, based on the presence of
unilaterally hypsodont cheek teeth , well-developed pre- and pogcingulum, weak hypocone shelf ,
diginct conules, a sral rounded talonid on p4 , nearly equa-szed trigonid and talonidon m1 2,
and prorounced metagtylid (Huang and Zheng, 1999) . Tong et d. (2003) further mentioned that
Huananius has paracriga and metacri ¢a extending regectively to* paragyle” ( = sylocone in this
paper) and metagyle, and V-shaped trigpnid and taonid, and thought these characters to be
indicative of tillodont d&finity. However, mone of these characters ror their combination is
exclusvely indicative of tillodonts. Infact , the characters, such as V-shgped trigonid and talonid ,
crigid obliqua extending to metasylid , undeveloped sylocone and metasyle, and both paracrigda
and metacrida abducted a their labid ends, show that Huananius is a pantodont , probably a
pagoralodontid.

Yuesthonyx tingae Tong et a. , 2003, is from the Dazhang Formétion of the Tantou Basn,
Henan Province. It wasorigindly referred to the order Tillodontia, but the origind authors (Tong et
a. , 2003) roticed that it has some morphologica features different from other known tillodonts.
The gecimens of Yuesthonyx have ome characters close to tillodonts on the one hand, which
include reduced P1/1, diagema at the anterior part of the dentition, subnolarized P4/4 with an
incipient metacone on the upper and a talonid badn on the lower, diginct sylocone on upper
nolars, and m3 with the hypooonulid lobe. On the other hand , some features show its amilarities to
pantodonts: large canines, relaively wide sylar shelf , undeveloped metagyle, paracriga and
metacrida abducted at their labial ends, relatively well-developed crigae on both upper and lower
cheek teeth , and less conpressed trigonids. The combination of dentd features of Yuesthonyx may
ot sugged its finity to tillodonts with any certainty.

Simplodon gianshanensis Huang and Zheng, 2003, is the nogt recently named tillodont , and
was oollected from the Upper Member of the Wanghudun Formation in the Qianshan Basn, Anhui
Province. The upper nolars of Simplodon have conica paracone and metacone, well-developed
gylocone and metagtyle , relatively narrow sylar shelf |, and diginct precingulum and pogtcingulum.
These characters show that Simplodon is dmilar to tillodonts. At the same time, Simplodon differs
from other tillodonts in having paracriga disonnected from the sylooone, and less saollen
protocone. We , therefore , follow Huang and Zheng (2003) in conddering Simplodon a tillodont-
like mammal and assgning it tentatively to the order Tillodortia.

4 Remarks on phylogenetic relationships within Tillodontia

Phylogenetic rdationships anong tillodont genera were discussed by ome researchers, but o
phylogenetic analys's has yet been conducted. Relaionships were only irferred or hypotheszed due
to the fragmentary meterial of nmog taxa (Rose, 1972; Sucky and Krishtalka, 1983; Qdngerich,
1989; Baudry, 1992; Lucas, 1993; Chow e a. , 1996; Miyata and Tomida, 1998a) . In this
paoer , we attenpt to carry out an analyds usng the cladigic method.

Pantodonts are currently thought to be closdly related to tillodonts (Chow and Wang, 1979;
Gngerich and Qunnell , 1979; Lucas and Shoch, 1981; Sucky and Krishtalka, 1983; Lucas,
1993 ; Huang and Zheng, 1999, 2003 ; Tong et d. , 2003) ,  Me pantodont genera were chosen
for the analyss, including Alcidedorbinya, Altilambda, Pantdambda, and Archaedambda.
Detatherium was a included , because Lucas (1993) used it as an outgroup to hypothesize the
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phylogeny of tillodonts. Like other mammdian lineages, pardldisn of character trandormation a
exiged in tillodonts conpared with other groups, as noted by Gazin (1953) and Lucas (1993) . An
outgroup is hypothesized in helping determine the polarization of character sateson the bassdf wide
compari on with primitive eutherians. We are willing to analyze dl tillodont genera, but three poorly
documented genera, Basalina, Chungchienia, and Higotherium , are excluded from the analyss.
As mentioned above , Some taxa were tentatively referred to the order Tillodontia and their sysemétic
posgtion isin debate. Incluson of these taxa is to eval uate their relaionships to the true tillodonts.
Outgroup 9nce nog tillodont taxa are represented
Deltatherium  py ypper and/or lower jaws, the andyss only
Anchilestes dedls with dental characters. The dataset comr
prises 35 denta charactersof 25 taxa (see Ap-
pendix | and Il). Usng the heurigic ago-
rithms search (Swofford , 2000) , PAUP gene-
rated 90 nmogt parsnonious trees (tree length

Dyonestodon
————————— Yuesthonyx

Altilambda

Alcidedorbignya
- I

Huarnanius

=102, Cl = 0.5000, Rl = 0.7475, RC

Archaeolambda = 0.3738) . Thisis probably due to the in-
2 T: Pantolambda ~ conplete materids krnown for many tillodont
Simplodon forms. The drict consensus tree (Fig. 2) pro-
Benaius vides a primary framenork for undersanding
Lofochaius the phylogenetic relaionships of tillodonts.

L

Plethorodon

Acoording to the consensus tree, a norophy
letic gowp (mode 3) , including Simplodon ,

;’Zg‘;ialf don Benaius, Ldochaius, Pethorodon, Intero-

——{13 Plesiesthonyx gae, Mecstylodon, Plesesthonyx, Azyg

- onyx, Franchaius, Esthonyx, Megalestho-

4 Azygonyx nyx , Adapidium, Trogesus, Tillodon, and
] Franchaius Kuanchuanius , is supported by the andlyss.
5| Esthonyx They are referred to the order Tillodontia in
{ Megalesthonyx  thispaper. The anadyss a9 supports arother

14 Adapidium morophyletic group (node 4) , condging of

Y Trogosus Interogale, Meicstylodon,  Pesiesthonyx ,
—EE Tillodon Azygonyx , Franchaius, Esthonyx, Megales

Kuanchuanius

Fg.2 Srict consensus tree showing the possble
phylogenetic relationships of tillodonts and other

slected mammd's

thonyx , Adapidium, Trogosus, Tillodon, and
Kuanchuanius. In this group, Interogale
forms the dgergrouwp to that including the re-
meinders (node 5) . In addition, three nog
derived tillodont taxa in the andyss, Trogo-

sus, Tillodon , and Kuanchuanius , form a morophyletic group (node 15) , while Megalesthonyx
and Adapidium form another one (node 14) that is ssergroup of the Trogosus- Till odon Kuanchuar
nius group.

Because nog primitive tillodonts are not well-documented and many dental characters are
mising in these taxa, the andyssfailed to clarify their phylogenetic relaionships within the order
Tillodontia. Disovery of nore conplete and betterpreserved ecimens of thee taxa will
oondderably help in slving this problem.
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Appendix | Characters used for phylogenetic andyds within Tillodontia. An agerisk ( *) indicates an ordered
multigate character.

. Upper incisor number : (0) three; (1) less than three.

. Lower incisor number: (0) three; (1) lessthan three.

. Redive sze o inciors: (0) none obvioudy enlarged; (1) 12/2 enlarged; (2) 12/2 grongy enlarged; (3) 12/2 rootless. *

. 12 andi2 enemd : (0) ocovering wiole crown; (1) redricted to anterior side.

. PL/1: (0) present; (1) absent.

. P1/1 root: (0) two; (1) lessthan two.

P2: (0) two roots; (1) sngeroot; (2) tree roots.

. P3 4: (0) ot double V-shaped; (1) double V-shaped.

. P3 4/3 4: (0) subnolarized; (1) highly nolarized.

. Upper nolars: (0) grongy transversely elongated ; (1) nmoderately transversely elongated; (2) subequal in length and width. *

. Protocone of upper nolars: (0) anteropogteriorly short ; (1) anteropogteriorly long.

. Width of gtylar shelf : (0) narrow; (1) wide but lessthan half width of the nolar; (2) wide and equa to or nore than haf width
o the nolar.

13. Bxtdflexus: (0) deep; (1) shdlow.

14. Centrocriga: (0) undeveloped; (1) developed.

15. Main cupsd uoper nolars: (0) conicd ; (1) labid wall flatening; (2) crescertic. *

16. Paracriga and metacriga: (0) undeveloped; (1) developed.

17. Paracriga and metacrita: (0) neither abducted ror adducted labidly; (1) adducted labidly; (2) abducted labidly.

18. Paragyle: (0) developed; (1) vedigd ; (2) absert. *

19. Meogyle: (0) mo; (1) smdl; (2) lage. *

20. Metagtyle: (0) developed; (1) undeveloped; (2) absent.

21. Qylocone: (0) developed; (1) undeveloped.

22. Ectocinguum: (0) low; (1) well developed.

23. Pogcingdum: (0) undeveloped; (1) well developed; (2) forming hypocone shelf. *

24. Unilaterd hypsodonty : (0) unclear; (1) diginct; (2) very srong; (3) only labid sde covered with enemda and rootless.

25. p2: (0) two roots; (1) snge root.

26. Metaconid of lower nolars: (0) gpparently sveller than protoconid; (1) subequal to protoconid; (2) goparertly larger than
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protoconid.
27. Podtion of hypocondid: (0) closeto labid sde, taonid rot V-shaped; (1) dose to lingud sde, taonid V-sheped.
28. Qiigtid obliqua: (0) a midineor labialy; (1) between midine to metaconid; (2) metagylid.
29. Entooonid: (0) devdloped; (1) undeveloped; (2) absent.
30. Metagylid: (0) absent; (1) presert.
31. Height difference between trigonid and tdonid: (0) large; (1) smdll.
32. Lower molar trigonid: (0) anteropoderiorly conpressed ; (1) open.
33. Trigonid shepe of lower molars: (0) U-sheped; (1) V-shaped.
34. m3 taonid dongation: (0) ot dongated; (1) gpparently elongated; (2) forming hypoconuid lobe. *
35. Lower jaw ynmphyss: (0) urfused; (1) fused.

Appendix ||  Data matrix sowing the didribution of 35 characters among 25 taxa that were andyzed udng the
heurigic dgorithms of PAUP. Characters scored” 0" represents the ancedral date or primitive date, and characters
sored’ 17 througH' 3” represent derived dates. The' A” rdersto the scoré’ 0+ 17, The® 7 derotes missng data.

1 1111111112 2020020223 33333
1234567890 1234567890 1234567890 12345
Outgrowp 0000000000 0000000000 0000000000 00000
Deltatherium 0000110001 0010000100 0000010020 0111 ?
Alddedorbignya 0000011101 1001112101 1011111101 11110
Altilambda 0000010101 1211112121 1122011211 11110
Huanani s 222777701 120101211 ? 1122 21211 011 72
Archaed ambda 0000002102 1201212112 1000011121 11110
Pantd ambda 0000012101 1201212111 1010011120 11110
Dyonestodon 22770100 1 1201012101 1020011010 11122
Yuesthonyx 20 P12011 1111112121 0110011100 01120
Lcfochai s 227700001 1011011200 002 7777272 22772
Fethorodon 222700001 1011011200 002 7272277 22772
Mei ostyl odon 71222770 1011011200 012 7777772 22772
Simplodon 227277701 0011011100 002 7277272 22772
Azygonyx 1021110011 1010001200 0021010001 10020
Esthonyx 1021111011 1011011200 0021010001 10021
Trogesus 1031111011 1111011200 0022110101 11021
Tillodon 1131111011 1111011200 0022110101 11021
Anchilestes 222222000 0100012101 0120 201 D 0011 ?
Adapidium 292277012 1111011220 112 721101 1002 2
Megal esthonyx 2111 D11 1111011220 1122010101 10021
FranchaiUs 292227D1A 10A1011200 0021 20001 100 7?
Plesiesthonyx 222727772 1011011200 0121 20011 1002 2
Kuanchuarius P3111 D1 ? 2277212D 0022110101 11021
Interogale 1011 7D ? 2222222272 2270010000 10020

Benaius D1 DL?D? 22?0?0072 270010100 10020



