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THE AFFINITIES OF INTEROGALE AND ANCHILESTES
AND THE ORIGIN OF TILLODONTIA

Ting Suyin Zheng Jiajian

(Institute of Vertebrate Paleontology and Palecanthropology, Academia, Sinica)

Key words Tillodontia; Interogale; Anchilestes

Summary

The Genus Interogale was originally assigned to the order Anagalida. The genotype, [.
datangensis Huang et Zheng, 1983, was erected based on a well-preserved mandible (V6861)
from the late Paleocene, Nanxiong, Guangdong.

After the original description we reprepared the snout of the specimen and found that the
snout of I. datangensis, especially, I, is specialized in a very different way from that of any
known anagalids. It represents a late Paleocene tillodont with a distinct derived feature. Ano-
ther genus assigned to the Order Anagalida, Anchilestes Chiu et Li, 1977 from early-middle
Paleocene, Qian-shan, Anhui, is very close to Inzerogale and Meiostylodon in morphology. It
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represents the oldest tillodont known from China.

This paper will focus mainly on the revision of the systematics of the two genera, giving
more details on the morphology. It is hoped that the revision will be a significant addition to
the knowledge of the early radiation of the tillodonts and throw new light on the understand-
ing of the origin of the Order Tillodontia.

We thank Prof. Chow Minzhen for his support and encouragement in the study, Profs.
Zhai Renjie, Li Chuankuei, Qiu Zhanxiang, and Huang Xueshi for their valuable discussion on
the systematics and critical reading of the manuscript, and Profs. Tong Yongsheng, Wang
Banyue, Qi Tao, and Wan Jingwen for their suggestions for the improvement of the paper. We
are grateful to Dr. M. C. McKenna of the American Museum of Natural History for his va-
luable comments and for correcting the English summary. We thank Drs. W. A. Clemens, D.
E. Savage, and G. Shkurkin of the University of California at Berkeley, and Dr. J. A. Schie-
bout of Louisiana State University for their di-cussion of the systematics and critcal reading of
the manuscript. The photographs were taken by Mr. Du Zhi. We thank him.

Systematic Revision

Order Tillodentia Marsh, 1875
Family Esthonychidae Cope, 1883
?Subfamily Esthonychinae Zittel ani Schlosser, 1911
Genus Interogale, Heang et Zhenz, 1983, new assignment

Type species 1. dazangensis Huang et Zheng, 1983 (V6861).

Diagnosis’ A tillodont smaller than any other known genus.

Dental formula /3. 1. 3. 3. I enlarged, rooted, with enamel covering all the surfaces
of the crown. I3 much reduced. P, with two roots. Ps with a distinct talonid. M;-s without
metastylids.

Description This is the smallest tillodont known. The three incisors are separated from
each other by short diastemas, and have enamel covering on all surfaces of the crown, which
differs from those of both ‘Bsthonyx and Trogosus. I, is enlarged, with the roots extending to a
point below the anterior part of pe. It is laterally compressed and oval in cross section. I is
slightly smaller than I, with long roots, and is oval in cross section. Both left and right I are
close to the symphysis. The size of I, relative to I, of Interogale contrasts with the much greater
size difference seen in Esthonyxr and Trogosus. Is is very small, roughly less than half the size
of I, and round in cross section, which shows that reduction of I in tillodonts began as early
as late Paleocene.

The canine is separated from Is and P, by a short diastema and is intermediate between Is
and P, in size. Unlike the condition in Megalesthonyx and Trogosus, the canine is robust and
oval in cross section, which is similar to that of Estkonyx.

P, is separated from Ps by a short djastema. It is smaller than Ps, but not so reduced as
those in the later forms. In Megalesthonyx and Trogosus, P, is much smaller reletive to Ps.
Both roots of P, are very robust and not directly in line with the tooth row, whereas the anterior
roots are situated labially from the line of the tooth row, which is the same condition as that
in Esthonyx and differs from that in Megalesthonyx, Trogosus, and Tillodon. Py bears a single
major cusp extending anteroposteriorly and has no talonid.

P; is closely appressed to Ps as in other tillodonts. It has a prominent single cusp on the
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trigonid and only a rudimentary talonid, differing from those of the other known forms, i
which the talonid is basined.

The nonmolariform P. differs from Ps: of Esthonyx in its incompletely basined talonid. Its
1alonid is composed of a simple ridge. There is no metastylid.

The lower molars are mostly similar to those of Esthonyx. The molar trigonids of Esthonyx
and Interogale are compressed anteroposteriorly. The metaconid is the highest of the three cusps.
The paraconid is reduced. There is no distinct metastylid on the lower molars, which differs
from those in the other known forms, but there is an ambiguous ridge slightly projecting medio-
posteriorly behind the metaconid. The entocristid extending through the entoconid forms the
lingual edge of the talonid. The entoconid is well developed and roundshaped, and separated
from the oblique crest of the talonid basin by 2 small notch. There is a distinct round wear
facet on the entoconid of each molar. The cristid obliqua originates from the middle point of
the posterior wall of the trigonid, This condition is closer to that in Esthonyx than in Megales-
thonyx and the later forms, in which the cristid obliqua originates from a point near the meta-
conid.

M; and M. are almost identical, the latter being slightly larger than the former. M; is much
larger than M; and M.. The hypoconulid of Ms is elongated to become a third lobe, the typi-
cal condition among the tillodonts. '

The horizontal ramus is rather shallow and the depth of the ramus increases posteriorly as
in Esthonyx. The deepest part is below Ms. The symphysis is not fused and extends to a point
below the anterior ridge of P,. It is the shortest among the known tillodonts. Two mental fo-
ramina are situated beneath P; and between Ps-« respectively. The ascending ramus has a strong
ridge originating from beneath the posterior part of Ms and limiting. the deep masseteric fossa
anteriorly.

Discussion Inzerogale was originally assigned to the Order Anagalide based mainly on
the similarities of the lower molars to those of anagalids, especially Pseudictops and Kashana-
gale. However, the similar features are primitive ones occurring in many placental mammals.

After repreparing the type specimen of Imterogale datangensis, we find that its snout dif-
fers significantly from that of any known anagalids. It differs from anagalids in having an
enlarged l;, much reduced ls, Pi/dP: lost, and elongated hypoconulid of Ms. These are de-
rived features shared with the tillodonts (see following discussion), therefore, we would assign
Intzerogale to the Order Tillodontia.

Interogale differs from the trogosine tillodonts in having rooted, enlarged second incisors.
with the enamel on all the surfaces of the crown, a relatively large canine, double-rooted second
premolars, and less reduced anterior cheek-teeth. It is much smaller than any known tillodonts
and about half the size of Esthonyx xemicus, the most primitive North American species. It
differs from Esthonyx in having the enamel of the second incisors covering all the surfaces of
the crown, in having Ps-4 with relatively weak talonids, and Mi_s; without distinct metastylids.
This indicates that Interogale represents a more primitive form of tillodonts than Esthonyzx.

Genus Anchilestes Chiu et Li, 1977, new assignment

Type species Anchilestes impolitus Chiu er Li, 1977 (V4315)

Diagnosis A tillodont slightly laptr than Inzerogale. Upper molars shortest and wi—
dest of the known forms of tillodonts and relatively wider than in Esthonyx. Ps-s having pro-
tocone and paracone cusps without a metacone. Mi-» with a distinct hypocone shelf. Ps with a.
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-well-developed talonid. Mi-s without a metastylid.

Description P; is triangular, It has a prominent buccal cusp. The lingual cusp is pre-
'sent, but the specimen is demaged at that point and it is difficult to discern in detail. It is more
similar to that of Esthonyx than to that of Megalesthonyx, in which is present a smaller crest-
like metacone posterior to the paracone cusp. The parastyle and metastyle of Ps are not as well
developed as in either Esthonyx or the later forms.

P4 is nonmolariform, transversely wider than Ps, and differs from the other known forms in
‘being shorter antero-posteriorly, lacking a distinct metacone, having a well-developed parastyle
-and metastyle, and a weak antero-posterior cingula.

Mi-. are tritubercular, with a broad buccal shelf-cingulum, a distinct antero-lingual cingu-
lum, and a prominent postero-lingual cingulum, but they are closer to those of Meiostylodon
than to those of Esthonyx in morphology (especially in having the paracdne and metacone lin-
gually placed and relatively shorter anteroposteriorly). Besides the small size, Mi—2 of A. im-
politus differ from those of Meiostylodon in being much shorter anteroposteriorly, and having
a weak paraconule and metaconule, ‘weak anterior cingulum, and hypocone shelf.

_ The lower teeth are very similar to those of Inzerogale. Py is nonmolariform. The trigonid
is relatively shor.ter anteroposteriorly than that of In‘terogale, but the talonid is not so well-deve-
loped as in the latter.

Mi-s are similar to each other in morphology and increase in length posteriorly. M. is
‘the widest lower molar. The trigonid is V-shaped, with an acute angle at the protoconid and
:at the paraconid and metaconid, which is the only difference between Anchilestes and Interogale.
“The metaconid is the highest cusp of the trigonid. The talonid of Ms is elongated and longer
-than those of M;—,. The Hypoconulid of M; is enlarged and separated from the hypoconid by
a small notch, of which becomes a third lobe like that of other tillodonts, but it is not as long
as in Interogale. The entoconid can not be seen clearly because it is deeply worn.

Discussion  Anchilestes was compared extensively with other mammalian orders by the
-original authors. The major evidence for assigning it to the Zalambdalestidae (Anagalida) is the
similarities of the upper and lower molars between Anchilestes and Kennalestes (such as up-
‘per molars being transeversely wider and anteroposteriorly shorter, and having a well-developed
‘hypocone shelf; Ms having a transversely wider trigonid and an elongated hypoconulid; M.
being the largest of all the cheek teeth, etc,). The original authors also pointed out that
Anchilestes obviously differs from Kennalestes in having a well-developed shelf-like external
cingula, a pronounced hypocone, less height difference between trigonid and talonid, and in
being much larger in size. These differences between Anchilestes and Kennalestes are just the
features shared by Anchilestes and tillodonts. Besides, as mentioned above, the upper and lower
molars of Anchilestes are very close to those of Meiostylodon and Imierogale respectively.
We reassign it to the Order Tillontia. It represents the oldest tillodont known.

Among the known Chinese tillodonts, Meiostylodon is the form most similar to the pri-
mitive North American species, Esthonyx xenicus and E. ancylion, in both size and morpho-
logy. It differs from them in having a stronger external cingulum and ectoflexus, lingually
located conules, and teeth shorter antero-posteriorly. It is more primitive than Esthornyx. Un-
fortunately, this genus has been known only from two upper molars. Its relationship to North
American genera remains an open question.

Another genus, Lofochaius, was previously considered the most primitive tillodont known.
“Teeth of known specimens are deeply worn. Based on M.-; it differs from the later form in
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having the preprotocrista and postprotocrista connecting with the paracone and metacone, and
in having the anterior and posterior cingula originating from the parastyle and metastyle,
which are similar to those of Harpyodus and Plethorodon. Judged from Esthonyxr and other
forms, tillodonts have the preprotocrista and postprotocrista elongating to the direction to pa-
rastyle and metastyle, the anterior and posterior cingula originating from half way on the an-
terior and posterior wall of the teeth. The molars of Lofochkaius thus differ slightly from those
of true tillodonts and, therefore, the systematic position of Lofochaius is questionable.

The Genus Dysnoetodon occurs in the same location as Lofochaius. As originally describ-
ed, it resembles several mammalian orders in various respects. However, the holotype (V5837)
of the genus is different morphologically from the paratype (V5838). V5838 is closest morpholo-
gically to M: of the newly published Alcidedorbignya inopinata (YPFB PAL 6124) than to
those of other forms, based on the comparison with the stereophoto. It is apparent that V5838
is not a tillodont and more materials are needed to determine its systematic position.

The Origin of Tillodontia

The origin of the Order Tillodontia is an important subject for those who are interested
in the early radiation and differentiation of the mammals, because, in some points, this short
lived archaic offshoot of the placental mammals is near the base of the placental stem.

Discussion of the phylogenetic relationships and the hypotheses of the origin of the tillodonts
have long been based on the North American early Eocene genus Esthonyx, which was for a
long time the oldest tillodont known.

Gazin (1953) first called attention to the relationship of tillodonts and pantodonts. He
mentioned “there is a basic cheekteeth pattern suggesting relationships through a pre-Torrejonian

ancestry”’. The hypotheses of condylarthra origin of tillodonts was proposed by Van Valen
(1963) later on.

During the last ten years, great attention in the discussion concerning tillodont phylogeny
and origin has been generated by the newly discovered Chinese Paleocene tillodonts (mainly
based on the genera Lofockaius and Meiostylodon) (Chow et Wang, 1979; Gingerich et Gennell,
1979; Stucky et Krishtalka, 1983). Gazin’s opinion on the relationship of tillodonts and panto-
donts was strengthened by Chow and Wang (1979).  Their major arguments supporting the
pantodont-tillodont relationship: 1) not only that similarities of the molars occurred in panto-
dont and tillodont, but intermediate morphology was demonstrated by the new Chinese disco-
very; 2) the similarities of Lofochaius and Harpyodus (a primitive pantodont) also indicates the
close relationship of pantodonts and tillodonts.

Based on the systematic revision in this paper, new evidence questioning on the relation-
ship of pantodonts and tilledonts can be discussed as follows:

1. The specialization of the snout is one of the significant changes of the skull of the
tillodonts during their evolutionary history, which was related to the enlargement of I.. The
enlarged I, much reduced Is, and the loss of Py schould be considered as the derived features
(autapomorphy) for the Order Tillodontia. These features occurred also in [azerogale, and did
not occur in any pantodont.

2. The basic pattern of upper molars of Anchilestes and Bemalambda (the oldest tillo-
dont and pantodont) are different (the former has the preprotocrista and the postprotocrista
elongating in the direction of parastyle and metastyle; the latter has the preprotocrista and
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postprotocrista connecting the paracone and metacone). The similarities in some later forms of
pantodont and tillodont might be interpreted as convergence. .

3. 'The lower molars of Interogale and Anchilesies are different from those of Bemalamb-
da, but are close to those of anagalids (especially pseudictopids). These similarities are interpret—
ed as primitive features.

4. The upper molars of Lofochaius are similar to those of Harpyodus in overall pattern,
but both of them differ from those of Anchilestes, Meiostylodon, and other tillodonts. This in—
dicates that the similarities of Lofochaius and Harpyodus are not evidence supporiing a pan-
todont-tillodont relationship, but instead, might indicate that Lofockaius is not a tillodont.

Based on the above analysis, we suppose that the basic pattern of the cheek-teeth of thte
ancestral tillodonts is similar to those of Imzerogale and Anchilestes. Among the known Asian
Cretaceous and Paleocene mammals, Zalambdalistids (such as Zalambdalestes, Kennalestes) and
Anchilestes have similar cheek teeth patterns as mentioned by Chiu and Li (1977). There are
some forms with enlarged incisors in the family Zalambdalestidae, which indicates that the spe-
cialization of the snout in the anagalids (although the specialization in a different way) had oc-
curred as early as the Cretaceous. We consider that the Order Anagalida is the form most
closely related to the Order Tillodontia and the best candidate for understanding the origin
of tillodonts.

The order Anagalida, an Asian endemic mammalian group, was originally thought to be
most closely related to the Order Lagomorpha (Szalay et McKenna, 1971). Recently, several
hypotheses on the origin of different mammalian orders deals with the Order Anagalida (Li,
1977; Li et al., 1987; ézalay et Li, 1987; present paper). This throws the order into confusiomn

and complication. Review of the anagalids is necessary.
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XiEPEME Interogale datangensis (Huang et Zheng, 1983) (V 6861)
la. THIBE Occlusal view of mandible; 1b. F&IRE labial view of mandible
B AR All stereophotographs X 1.5




