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Abstract—Colodon kushiroensis sp. nov. is described from northern Japan based
primarily on its non-molariform upper premolars and its large size. C. kushiroensis
is morphologically most similar to C.? hancocki known from the Chadronian of western
North America. Although the close morphological similarity does not by itself
indicate their definite age relationship, if it is accepted, the geologic age assignments
of the Urahoro Group based on the mammalian fossil (Chadronian in North American
“scale”) and on the megaflora (Kummerian — “Goshen type” in North American
*“‘scale”) are consistent with each other. The correlation of these North American
“*scales” to the European standard is presently unsettled, but an early Oligocene age
for the Urahoro Group is tentatively assigned.

Introduction

Paleogene mammalian fossils have been very rarely found in Japan. About ten
specimens from four localities are presently known. Most of those represent an
amynodontid rhinocerotoid, ““Amynodon watanabei” (TOKUNAGA, 1926; TAKAI, 1950);
others include fragmental teeth of a helaletid tapiroid (TAKAI 1945) and an isolated
tooth of an anthracothere (TAKAI 1961). The above specimens have all been assigned
to the late Eocene in age.

A new occurrence of another Paleogene mammal has recently attracted attention.
It was found in 1968 by Messrs. Shun-ichi and Norio NAKAI at the sea cliff, east of
Kushiro City, Hokkaido. But the fossil has been kept in the specimen storage room
of the Kushiro City Museum without any attention until 1982 when all the speci-
mens in the Museum were examined prior to moving to a new building.

The specimen is a palate of helaletid tapiroid with nine cheek teeth preserved.
Although the teeth are fairly worn, it apparently represents a new species of the genus
“Colodon?” as described below. The specimen is important biogeographically as it
indicates close relationship with a North American Chadronian (early Oligocene)
species and is also important as it forms a new member of the poorly known Paleogene
terrestrial fauna of Japan. This discovery may also contribute to the age assignment
of the Urahoro Group, which has been controversial.
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Geology of the Locality Area

The locality of the specimen is the middle of the sea cliff, about 5.5 km east of
Konbumori, Kushiro-cho, Kushiro-gun (Fig. 1); or more precisely, the cliff facing
the Todo Iwa (sea-lion rock), an uneroded block of rocks in the sea.

The fossil bearing beds are the Ten-neru Conglomerate Member of the Chorobetsu
Formation of KAwAI (1956) or the Ten-neru Formation of OkAzAKI (1966). I follow
OKAZAKI (1966) for the stratigraphic nomenclature of the area (Fig. 2). The Urahoro
Group that includes the Ten-neru Formation unconformably overlies the Nemuro
Group that consists of mainly fine-grained, marine sediments deposited during the
latest Cretaceous — early Paleocene. The maximum geologic age of the Nemuro
Group is somewhat unsettled, but there is a consensus that at least the lower half of
the group includes the latest Cretaceous (Maastrichtian) (OkAzAKI, 1966).

The Urahoro Group is well known as it contains rich coal. It consists of 400-
1,000 m in total thickness of mainly fresh water sediments and is divided into seven for-
mations (Fig. 2). From the Beppo Formation through Yubetsu Formation are fresh
water sediments, and the Harutori Formation contains main coal seams of the Kushiro
coal field. Although the Ten-neru Formation consists mainly of characteristic red-
dish brown pebble-sized conglomerates, it also contains the sandstones and mudstones.
The helaletid tapiroid described in the present paper was found in a fine sandstone
bed near the middle of the formation. The thickness of the formation is approxi-
mately 90 m at this area.

The Urahoro Group is overlain unconformably by the Onbetsu Group that con-
sists mainly of marine mudstones at the western part of the Kushiro coal field, but the
Onbetsu Group is all eroded at the eastern part where the tapiroid fossil was found,
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Fig. 1. Map showing the fossil locality.
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and the Urahoro Group is overlain directly by the Quaternary sediments (OKAZAKI,
1966). For the geologic age of the Urahoro and Onbetsu groups, see the “Age of the
Urahoro Group’ section below.

Systematic Paleontology

Superfamily Tapiroidea GiLL, 1872
Family Helaletidae OsBoRN, 1892
Genus Colodon MARsH, 1890

Discussion: RADINSKY (1963, 1965) exhastively reviewed the early Tertiary
tapiroids then known from North America and Asia, respectively. The genus Colodon
includes the most advanced species of the subfamily Helaletinae (sensu RADINSKY,
1967) and is characterized in part by the following diagnostic features (RADINSKY,
1963): 1) P* with lingual loph or cusp; 2) P*~* essentially molariform, metaloph as
prominent as protoloph and extending to hypocone; 3) M'~2 metacone flat to con-
cave; 4) P,_, with relatively large entoconids; 5) nasals reduced. RADINSKY (1963)
described C.? hancocki that is characterized by barely submolariform upper premolars,
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convex metacones of M'~2 and other features. Although he indicated possibility
of assignment of the species to a separate genus, he avoided to erect a new genus and
questionably referred it, as well as C.? cingulatus, to the genus Colodon because of the
poor knowledge of the advanced helaletids and lack of postcranial anatomy of the
species at that time. In his review of Asiatic forms, RADINSKY (1965) also questionably
referred ‘‘Desmatotherium” grangeri to the genus Colodon. He mentioned the close
similarity of C.? grangeri with C.? hancocki and pointed out that these two species
may be generically distinct from Colodon, but again did not erect a new genus because
of the poor knowledge of those species.

Since RADINSKY (1965) did not mention the similarity of C.? cingulatus with
these two species, it is not clear if he still refers it to this possible ““‘new genus’ or not.
But, at any event, it is obvious that at least two species, C.? hancocki and C.? grangeri,
represent a group of species of a same genus. The Helaletes-like characters that
this group shares (although not all the characters can be observable on both species)
are: 1) P*~* non-molariform to barely submolariform; 2) M'~* metacones convex,
rather than concave; 3) P,_, with small entoconids. The Colodon-like characters
are: 1) P>~* relatively short and wide; 2) P?~* metalophs nearly or as prominent as
protolophs; and 3) nasals much reduced.

A new species as described below also shares the same characters (where observa-
ble), and it is suggestive that this species also a member of the same group. During
the course of examining the specimen of the new species I also had strong impression
that these species may be generically distinct from Colodon based mainly on the re-
tarded molarization of the upper premolars, which distinguish this group from the
main Helaletes — Colodon line. Similar distinction is also observable between the
genus Dilophodon and the main Helaletes — Colodon line (RADINSKY, 1963).

However, the only specimens that I have been able to examine directly are, in
addition to the holotype of the new species, a plaster cast of the holotype of C.? hancocki
and epoxy casts of two upper molars of C. hodosimai among the specimens of the
closely related genera and species. Thus, I hesitate to discuss further on the generic
status of the species hancocki, grangeri, and a new species described below until I am
able to examine more specimens of the related genera and species. Thus, for the
present I prefer to leave the generic status of these species as RADINSKY (1963, 1965)
did which is to assign them questionably to the genus Colodon.

Colodon kushiroensis sp. nov.
(Plate 1)

Holotype: Laterally crushed rostrum with right P'=3, partly brocken P*- M?,
left P2~¢, and roots of M! preserved, Kushiro City Museum (KCM) - A89, which is
the only known specimen.

Distribution: Presently known only from eastern Hokkaido, Japan; Ten-neru
Formation, Urahoro Group (see “Geology of the locality area’ section above).
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Age: Probably early Oligocene (see next section).

Etymology: Named for Kushiro, general geographic name of the locality area.

Diagnosis: Size about equal to or may be slightly larger than C.? cingulatus,
the largest previously known species of the genus, from which it differs in having less
molariform upper premolars. P! with posterolingual widening but no lingual cusp
nor cingulum. P*? with an isolated anterolingual cuspule instead of protoloph. P*~*
with poorly developed posterolabial cingula.

Description: P' is a small, low, two-cusped, two-rooted tooth with a slight
posterolingual widening; no cingulum present. The posterior cusp is much smaller
and lower than the anterior one and thus may better be called a cuspule. The posterior
root is wider than the anterior.

P is roughly triangular in outline, with two distinct labial and a single lingual
cusps, an anterolingual cuspule, and a small parastyle. No protoloph is present,
and instead, the isolated anterolingual cuspule is present at the position of the pro-
toloph. Weak metaloph extends from the protocone toward the anterolingual corner
of the metacone but is not connected with it. The posterior cingulum is present.

P?~* are relatively short and wide. P? is roughly triangular in outline, with the
apex of the triangle slightly skewed posteriorly. Because of the wear, the shape and
number of lingual cusp(s) are not clearly observable. But, itis inferred from the general
outline and from the absence of lingual groove that there is only a single cusp, proto-
cone, on the lingual side of the tooth. The protoloph and metaloph are about equal
in prominence, they extend toward the anterolingual corners of the paracone and
metacone, respectively, but are not connected with them. The size of the parastyle
is larger than in P* and smaller than in P*. The posterior cingulum is well developed.
Both posterolabial and anterolingual cingula are incipient.

P* is basically similar to but larger than P®. The position of the protocone is
not skewed posteriorly and is wider than that of P®. The protoloph and metaloph
are weakly connected to the anterolingual corners of the paracone and metacone, re-
spectively.

In M' much of the morphology of the main cusps and lophs is not observeable
because of the wear and damage. The metacone is slightly convex labially, and is
not displaced lingually as much as other species of the genus Colodon but it is shortened
as in other species of the genus. The parastyle is well developed. The anterior
cingulum is present, and the posterolabial cingulum is fairly well developed.

Not much can be observable on M*. The metacone is nearly flat labially and
shortened, and the posterolabial cingulum is developed as in M*.

Table 1. Measurements (in mm) of the holotype of Colodon kushiroensis, KCM-A89.

Right P! P2 P P M! M?
Length 9.3 13.2 14.0 ca. 14.8 ca. 19.3 ca. 23.1
Width 8.3

155 ca. 19.0 19.9 — —
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The infraorbital foramen is exposed above the anterior half of P*. For the mea-
surements of the teeth see table 1.

Comparison: As described above, the Colodon-like characters of C. kushiroensis
are: 1) P°~* metaloph as prominent as protoloph, 2) P*~* relatively short and wide,
and 3) M'~* metacones shortened; the Helaletes-like characters are: 1) P' simple, 2)
P*~* non-molariform, and 3) M* metacone slightly convex. These characters indicate
the close similarity with Colodon? hancocki known from western North America
(RADINSKY, 1963). 1In fact, except for the size difference and the degree of lingual
displacement of molar metacone, KCM-A89 is nearly identical with the holotype of
C.? hancocki, University of Oregon Vertebrate Paleontology (U0)-20377. KCM-
A78is approximately 30 9; larger than C.? hancocki, and I believe that this size difference
exceeds possible intraspecific variation.

In P* of UO-20377 the anterolingual cuspule is connected with the protocone,
and thus alternatively it can be interpreted as a widened protoloph. In both UO-
20377 and KCM-A89 the anterolingual cuspule is much smaller than the main lingual
cusp and is located much labial in comparison with the main lingual cusp. Therefore,
I prefer to call the main lingual cusp a protocone when the molar terminology is ap-
plied to P* of these specimens.

C. kushiroensis is also similar to C.? grangeri known from northern Korea
(TOKUNAGA, 1933; TAKAL 1939). Except for a single lower molar, all the described
specimens including the holotype are either destroyed during the World War II or
cannot be located at present. Although RADINSKY (1965) mentioned that P? of C.?
grangeri has a shallow lingual groove, I cannot see it on any of TOKUNAGA’s and TAKAI’S
photographs (and TokUNAGA does not mention it either), though they are not clear
enough to confirm definitely. In P* of C.? grangeri a shallow lingual groove is present
indicating incipient separation of the hypocone as TOKUNAGA (1933) mentioned. C.?
grangeri is about 209, smaller than C.? hancocki and is nearly 409, smaller than C.
kushiroensis. Three badly preserved lower teeth referred to C.? grangeri are known
from western Japan (TAKkAI, 1945). Because of the lower dentition the direct com-
parison is not available, but sizewise they are smaller than C.? hancocki.

C. kushiroensis is about equal to or only slightly larger than C.? cingulatus known
from western North America (RADINSKY, 1963), but differs from it in having less molari-
form and slightly narrower upper premolars.

Judging from the description and illustrations of WorTMAN and EARLE (1893),
KCM-A89 also closely resembles Protapirus simplex in general outline with having
single lingual cusp on the upper premolars and in size. Although the upper molars of
P. simplex is not known, those of other species of the genus (FIHOL, 1877; WORTMAN
and EARLE, 1893; HATCHER, 1896; ScotT, 1941) show the differences: in Protapirus,
1) labial convexity of molar metacone is stronger; 2) posterolabial cingulum of the
molars is less developed; and 3) the length of upper premolar series relative to the
length of molar series is longer than in C. kushiroensis. For the last point above,
the ratio of the length of upper premolar series over that of molar series in P. obli-
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quidens is 0.93 and P. validus 0.92 (calculated from ScotTt, 1941), while C.? hancocki
0.84 and C. kushiroensis about 0.78 (approximate estimate with an analogy that the
length of M? is about the same as that of M*® in helaletids). In later forms of tapirids
the ratio is usually more than 1, while it is usually closer to 0.8-0.85 in helaletids except
for a couple of species (RADINSKY, 1963). Thus, although C. kushiroensis closely
resembles P. simplex in upper premolar morphology and in size, the morphology
and relative size of upper molars indicate that it is rather a member of helaletids and
is closer to C.? hancocki than the genus Protapirus.

Geologic Age of the Urahoro Group

The geologic age assignment of the Urahoro Group has been discussed by many
workers, together with the correlations with Ishikari Group at the Ishikari coal field,
central Hokkaido (Fig. 3). Previous age assignments of these groups have been based
on three taxonomic groups of fossils: molluscs, foraminifers, and plants.

Among the many investigators, MizuNo (1964) summarized Paleogene molluscan
faunas of northern Japan and recognized four successive faunas: the Lower, Middle,
and Upper Ishikarian, and Poronaian faunas in ascending order. The marine molluscs
from the Urahoro Group and those of the Onbetsu Group belong to his Upper Ishi-
karian and Poronaian faunas, respectively. Based on the comparison with the Tertiary
molluscan fossils, especially the Blakeley fauna, of the Pacific Coast of North America,
he considered the Upper Ishikarian fauna, hence the Urahoro Group, belongs to the
early to middle Oligocene and the Poronaian fauna, hence the Onbetsu Group, be-
longs to the late Oligocene in age.

AsANO’s (1962) interpretation of the stratigraphic relations between the Ishikari
and Poronai groups, which is that the marine Poronai Group changes laterally into
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the fresh-water and brackish Ishikari Group, is quite inconsistent with the interpreta-
tion of most other workers (Fig. 3). Nevertheless, his conclusion on the geologic
age assignments of both the Urahoro and Onbetsu groups are the Late Eocene (Pri-
abonian), based on the benthic foraminiferal fauna and the findings of the planktonic
formanifers, Globorotaloides suteri (Late Eocene to ‘“Middle” Oligocene) and
Globigerina cf. linaperta (Eocene), in the Poronai Group by Uing and WATANABE
(1960).

TANAI (1970) described in detail the fossil floras from the Urahoro Group and
discussed its geologic age. He recognized four successive floras within the Urahoro
Group: the Harutori, Ten-neru, Yubetsu, and Shakubetsu floras in ascending order.
The Ishikari Group at the Ishikari coal field also includes several floras. From the
correlations and analyses of the floras at these two areas he inferred the climatic trend
during the time range that the Ishikari and Urahoro groups were deposited : subtropical
climate as its warmest peak is represented by Bibai flora; then the climate gradually
changed to warm-temperate during deposition of the Tkushunbetsu-Harutori floras,
and further to temperate as indicated by the Yubetsu and Shakubetsu floras (Fig. 3).

Comparing with the Eocene and Oligocene floras of western North America,
TANAL (1970) concluded that the Harutori flora is younger than the Clarno and
Comstock floras and is somewhat older than the Bridge Creek and Ruby Basin floras.
Based on the climatic trend mentioned above and on the then knowledge that the
Clarno flora is Late Eocene and the Bridge Creek flora is early ‘“Middle” Oligocene
in age, TANI (1970) concluded that the Harutori flora is Early Oligocene and the
Yubetsu and Shakubetsu floras are probably “Middle” Oligocene in age.

According to a recent study on megafloral chronology in western North America
(WoLrg, 1981), the middle Clarno flora belongs to the late Ravenian, the Clarno
nutbed flora to the Kummerian, and the Bridge Creek flora to the early Angoonian of
Pacific North American megafloral stage. It is not clear whether TANAr's (1970)
Clarno flora is the same as the middle Clarno flora of WoLFE (1981) or not (it is true
that TaNar’s Clarno flora does not include the Clarno nutbed flora), but if it is true,
then, it is inferred that the Harutori flora is younger than the late Ravenian and is
older than the early Angoonian stages of North American ‘‘scale” (Fig. 4).

As pointed out in the above section, C. kushiroensis is most similar in morphology
to C.? hancocki from the Clarno Formation of North America. The locality of C.?
hancocki is ““Clarno mammal quarry” of the University of Oregon, and the associated
fauna from the quarry indicates its age to be the early Chadronian or late Duchesnean
(EVERNDEN et al., 1964). Since the phylogenetic relationships among the species of
the genus “Colodon?”” have not been clear, the fact that C. kushiroensis is morpholo-
gically most similar to C.? hancocki does not by itself indicate their definite age rela-
tionship. But, if it is accepted, and in addition, if the general trend of size increase
seen among the early Tertiary tapiroids is applicable to the species of the genus
“Colodon?”, C. kushiroensis may be about the same age or more probably be slightly
younger than C.? hancocki. Thus, mammalian faunal evidence alone indicates the
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age of the Ten-neru Formation, at least, to be sometime during the Chadronian of the
North American land mammal “‘time scale”.

The Clarno nutbed flora has been dated as 34.9 Ma (EVERNDEN and JAMES, 1964).
The K-Ar dates published before 1979 are, in the present paper, recalculated following
DALRYMPLE (1979). The Clarno mammal quarry is 60 m stratigraphically above the
nutbed site, but the time gap between them is probably not much. The date 34.9 Ma
is somewhat inconsistent with the age (late Duchesnean — early Chadronian) inferred
from the mammalian faunal composition (EVERNDEN et al., 1964), if the time range of
the Chadronian is calibrated as approximately 39-32 Ma (Fig. 4). But, since the
identification of the mammal fauna is tentative (EVERNDEN ez al., 1964, p. 182), that
inconsistency should not be emphasized too much, and thus the Clarno mammal
fauna can be assigned as Chadronian age.

WoLFE (1981) and ARMENTROUT (1981) correlated the Kummerian and “Goshen
type” megafloral stages to the “Refugian” foraminiferal stage, and then to the Pria-
bonian stage of the European standard. They also correlated the Kummerian and
“Goshen type” to the Chadronian land mammal age (Fig. 4). Although they place
the Eocene — Oligocene boundary at the Priabonian — Ruperian boundary as
other workers do (for example, HARDENBOL and BERGGREN, 1978; BERGGREN et al.,
1978), they differ from others in calibration of absolute age of that boundary. Thus,
according to their correlation, the Chadronian is the late Eocene age.

Although the valuation of their correlations is still unsettled, if following WOLFE
(1981) and ARMENTROUT (1981), 1) AsaNo0’s (1962) age assignment of the Urahoro
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Group to the Priabonian, 2) TANAI's (1970) age assignment of the Harutori flora to the
post-Ravenian — pre-Angoonian, and 3) the Chadronian age of the Ten-neru Forma-
tion inferred from the C. kushiroensis are not inconsistent with each other.

The Bridge Creek flora of Oregon has been dated as 31.9 Ma and 32.3 Ma
(EVERNDEN er al., 1964), and TANAI (1970) pointed out that the Yubetsu and Shakubetsu
floras are rather similar to the Bridge Creek flora. Recently a K-Ar date of 32.6-
1.7 Ma was obtained from the Nuibetsu Formation of Onbetsu Group (SHIBATA and
Tanar, 1982). This date may be somewhat inconsistent with the age of the Yubetsu
and Shakubetsu floras, which is inferred from the correlation with the Bridge Creek
flora, but since that correlation is based only on the floral similarity, the precision of
the order of 1-2 million years cannot be expected. Thus, I believe that the radiometric
dates in the above discussion are all fairly consistent with each other.

In conclusion, the Harutori and Ten-neru formations, at least, and probably
the Urahoro Group as a whole may be correlated to the Chadronian land mammal
age or Kummerian and “Goshen type”” megafloral stage of North American “scales”,
that is the early Oligocene in traditional correlation and is late Eocene in the recent
correlations by WoLrE (1981) and ARMENTROUT (1981) (Fig. 4). Since the material
described in the present paper is a mammal and since the valuation of the correlations
by WoLFE and ARMENTROUT is not settled, I prefer at present the early Oligocene age
for the Chadronian as traditionally assigned. Secondly, the time gap represented by
the unconformity between the Urahoro and Onbetsu groups is probably not much.
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Explanation of Plate 1

Figs. 1-3.  Colodon kushiroensis sp. nov., KCM-A89. Fig. 1. right P1-M?; fig. 2. left P*~*, both
stereophotographs of occlusal views. Fig. 3. left lateral view. All x 0.9.



Plate 1 Tomipa: New Tapiroid Mammal and Age of Urahoro Group 163
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