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ODONTOLOGICAL AND CRANIOLOGICAL COMPARISONS OF
THE RECENT HEDGEHOG NEOTETRACUS WITH HYLOMYS AND
NEOHYLOMYS (ERINACEIDAE, INSECTIVORA, MAMMALIA )

Burkart ENGESSER'  JIANG Xue-Long®
(1 Naturhistorisches Museum Basel Augustinergasse 2, CH —4001 Basel, Switzerland burkart. engesser@ yahoo. com)
(2 Kunming Institute of Zoology, the Chinese Academy of Sciences Kunming 650223, China)

Abstract The dentition and some cranial characters of Neotetracus, a small, little known member of
the subfamily Hylomyinae are described and compared with corresponding parts of Hylomys, another
closely related hylomyine erinaceid. The milk-dentition is included in these descriptions. Since the
single species of the genus Neotetracus, N. sinensis, was placed by some authors in the genus Hylomys ,
the comparisons aim at finding out, whether the fusing of the two genera is justified or not. Neohylomys
hainanensis, another hylomyine having been placed by some authors in the genus Hylomys, is, despite
the scarce material at disposal, included in these comparisons as well. The comparisons yield distinct
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differences between these three hylomyines in almost each tooth and in some skull features, fully jus-
tifying the maintenance of the genera Neoteiracus, Neohylomys and Hylomys. The differences found
are also used to assess the evolutionary level of the three forms with respect to each other. The Hylo-
myinae are living today in a relatively small area in Southeast Asia and are represented by five genera
with a total of six species. In the past, especially during the Middle and Late Miocene, this subfami-
ly was spread over almost the whole northern hemisphere: from Asia to Europe and North Africa, and
to North America. The Hylomyinae were also much more diverse than today, so far 9 fossil genera
with 47 species having been described. Therefore it is justified to speak of the Hylomyinae as relict
forms. To emphasize the shrinking of the distribution area of the Hylomyinae, the reasons for which
are not yet understood, an abridged history of the subfamily is given.

Key words Yunnan; Insectivora, Hylomyinae, Neotetracus, Hylomys, Neohylomys; odontology,
craniology ; comparison

1 Introduction

Neotetracus ( common name: shrew gymnure) is a small representative of the subfamily
Hylomyinae Anderson, 1879, living today in China ( provinces of Yunnan, Sichuan, and
Guizhou) , northern Myanmar, and northern Vietnam. The genus includes one species: N.
sinensis Trouessart, 1909, with three subspecies: N. s. sinensis Trouessart, 1909, N. s. ful-
vescens Osgood, 1932, and N. s. cuitingi Anthony, 1941. Several authors (e.g. Frost et al.,
1991) included the species sinensis together with ( Neohylomys) hainanensis Shaw & Wong,
1959 into the genus Hylomys Miiller, 1839.

The subfamily of the Hylomyinae ( moonrats or hairy hedgehogs) is a very primitive group
of insectivores, having had a huge area of distribution during the Middle and Late Miocene
(about 15 ~ 10 million years ago). This area extended from Asia over Europe to Africa, and to
North America. Especially in Europe the Hylomyinae were extremely abundant and produced a
great variety of genera and species.

Today the distribution of the Hylomyinae is restricted to Southeast Asia ( Southwest China,
Burma, Laos, Vietnam, Kampuchea, Malaysia, Indonesia, and the Philippines), including
only 5 genera (3 according to certain authors) with 6 species in total. Therefore it is justified to
speak of the Hylomyinae as relict forms. For emphasizing the shrinking of the distribution area
of the Hylomyinae, the reasons for which are not yet understood, we give here an abridged his-
tory of the subfamily.

Especially for palaeontologists the Hylomyinae living today are of great interest, because
they can give an idea how the fossil relatives of the Recent moonrats could have lived. Since
only the dentition is known for Tertiary Hylomyinae with few exceptions ( Galerix, Dei-
nogalerix ) , statements about the way of life and the ecology of the fossil forms are possible only
to a very restricted extent.

The question, whether Neotetracus is a separate genus or whether the species sinensis
should be classified within the genus Hylomys is still very much discussed ( Corbet, 1988 ; Frost
et al., 1991). We attempt to contribute to the solution of this problem by comparing the denti-
tions of Neotetracus and Hylomys. Since the dentitions of these hedgehogs so far have been nei-
ther described nor figured in detail, in connection with the comparisons we give detailed de-
scriptions. At this occasion the milk dentition and the tooth replacement are described as well.

Our odontological and craniological comparisons are mainly based upon 43 Neoteiracus and
10 Hylomys skulls of the collection of the Kunming Institute of Zoology (KIZ) and 2 Neotetracus
and 1 Hylomys skulls of the Basel Natural History Museum (NMB).

The comparisons with Neohylomys hainanensis Shaw & Wong, 1959 are less extensive than
those between Neotetracus and Hylomys , because only 4 skulls (one of them badly broken) from
the Kunming Institute of Zoology were at our disposal, not permitting a statement about the vari-
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ability of characters.

A second article on Neotetracus about its outward appearance, its biotope, its behaviour in
captivity and DNA comparisons of Neotetracus, Hylomys, and Neohylomys will be published
elsewhere.

2 Comparisons and descriptions

2.1 Comparison and description of the dentitions of Neotetracus and Hylomys

Neotetracus and Hylomys show many and various differences in the dentition. Almost each
tooth shows features enabling the distinction of the two genera. In the following only those char-
acters are mentioned that seem little subject to variability. There are other characters by which
the two genera can be distinguished only with a great number of skulls at hand (e. g. the num-
ber of roots of the premolars). These characters are not treated here.

The most eyecatching difference in the dentition of Neotetracus and Hylomys having been
mentioned already by different authors ( Leche, 1902; Corbet, 1988 ; Frost et al., 1991) is the
number of premolars: Neotetracus having three of them in the upper and the lower jaw, whereas
Hylomys has four. These numbers are subject to little variability ;: among 43 skulls of Neotetracus
of the collection of the KIZ there was only one, showing the left p2 reduced to a functionless
vestige. Among 10 Hylomys skulls only one deviation was found with only three premolars in the
lower jaw.

The teeth of the upper jaw [I1: The I1 of Neotetracus is very large. It is by far the lar-
gest tooth in front of the P4. Its crown is slightly bent backwards and it shows a distal cutting
edge but no basal cusp (Fig. 1A).

The 11 of Hylomys is distinctly smaller, its crown is hook-shaped, that means from the root
it bends first forwards and then back again. Distally the 11 of Hylomys has a small basal cusp.

12 The 12 of Neotetracus is quite large, its crown is straight and conical. It is separated
from the 11 by a distinct diastema (Fig. 1A).

The 12 of Hylomys is smaller and its crown is bent backwards.

I3 The I3 of Neotetracus is distinctly smaller than the 12 and shows a straight, conical
crown with a small anterior and sometimes a posterior cusp.

The I3 of Hylomys is very small with a slightly backwards bent crown and often with an
anterior and a posterior basal cusp. In Hylomys there is a quite wide diastema between 13 and
C, in Neotetracus being much narrower. All three incisors of Neotetracus and Hylomys are
single-rooted.

C: The upper canine of Neoteiracus is only a little larger than the I3 and has a triangular
crown in labial view and weak anterior and posterior basal cusps. It has two strongly spread
roots (Fig. 1A).

The C of Hylomys is much larger than that of Neotetracus, has a backwards bent crown, a
quite strong posterior basal cusp, and two spread roots.

P1, P2, P3. The upper canine of Neotetracus is followed by two almost identical small
teeth (P2 and P3) with conical crown and small anterior and posterior basal cusps. P2 and P3
are sometimes single- and sometimes double-rooted.

The P1 of Hylomys is a small, mostly single-rooted tooth with distinct anterior and posterior
basal cusps, the posterior being stronger. The P2, mostly single-rooted too, is somewhat larger
than the P1, but very similar (Fig. 1B).

The P3 of Hylomys is distinctly larger than the P2 and also larger than that of Neotetra-
cus. It shows an anterior and a posterior basal cusp, a weak labial cingulum and always two
roots.
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Fig.1 Comparison of the upper dentition (11-M3 sin. ) of Neotetracus, Hylomys and Neohylomys in labial view
A. Neotetracus sinensis from Yunnan, KIZ 640154; B. Hylomys suillus dorsalis from northern Borneo,
NMB 8892; C. Neohylomys hainanensts from Hainan, KIZ 201313
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P4, The P4 of Neotetracus and Hylomys resemble each other in having a large main cusp
and two smaller lingual cusps. However, the P4 of Neotetracus is much stouter and-the most
important difference from Hylomys—is lacking a parastyle, which is very distinct in Hylomys
and always present (Figs.2A, B). The posterior lingual cusp of the P4 of Neotetracus is very
low compared with that of Hylomys. In addition the P4 of Neotetracus is often as long as the M1,
whereas in Hylomys the M1 is mostly longer. As in other Hylomyinae, the P4 shows the largest
variability in size and morphology of all teeth.

2 mm

Fig.2 Comparison of the upper cheek teeth of Neotetracus, Hylomys and Neohylomys in occlusal view
A. Neotetracus sinensis from Yunnan, KIZ 74116, P3-M3; B. Hylomys suillus suillus from Yunnan, KIZ 620034,
P3-M3; C. Neohylomys hainanensis from Hainan, KIZ 201313, P1-M3 sin

M1/M2 . In Neotetracus the M1 is only slightly larger than the M2, whereas in Hylomys
this size difference is distinctly larger. The M1 and M2 of Neotetracus have a very large meta-
conule, round in occlusal view, and almost always separated from the posterior branch of the
protocone in the M1, and mostly in the M2 (Fig.2A) , resembling very much the metaconule of
M1 and M2 of Lanthanotherium.

In Hylomys the metaconule of M1 and M2 is much smaller, mostly crest-shaped and mostly
(in M2 even more than in M1) connected with the posterior branch of the protocone (Fig.2B.
This is a very primitive character, being typical for Oligocene Hylomyinae like Tetracus).

From the metaconule of M1 and M2 of Hylomys often a ridge—the continuation of the pos-
terior branch of the protocone—runs labially towards the metacone. To this extend, this feature
is not observed in the M1 and M2 of Neotetracus.

An additional difference between the two genera is the diagonal extension (anterolingually/
posterolabially) of the M1 and to some extent also of the P4 of Neotetracus, which is not so pro-
nounced in Hylomys. In Neotetracus the M1 and M2 almost always show a protoconule, sometimes
a very distinct one. In M1 and M2 of Hylomys this cusp is almost always lacking (Figs.2A, B).

M3 The posterior talon of the M3 of Hylomys is almost always divided (in 8 of 9 speci-
mens) into metacone and hypocone, in some specimens even very distinetly ( Fig. 2B; KIZ
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620034, KIZ 0611075). In the M3 of Neotetracus this subdivision is very rare (only in 2 of 12
specimens ) .

The teeth of the lower jaw il The il is by far the largest tooth of the mandible of Neo-
tetracus in front of the p4. It is obliquely inclined and its crown is shovel-shaped (Fig.3A).

The i1 of Hylomys is very much smaller, not larger than i2 and c. It is almost horizontally
implanted in the jaw and its crown is shovel-shaped (Fig.3B).

i2; The i2 of Neotetracus is tiny with a rounded, button-like crown sitting on a long root. It
is obliquely implanted, too.

The i2 of Hylomys is much larger than that of Neotetracus, about as large as the il. This
tooth with its flattened, shovel-like crown is anteriorly directed.

13 The i3 of Neotetracus is distinctly larger than the i2. The root inserts ventral to the pos-
terior part of the lingually flattened crown, triangular in lateral view (Fig.3A).

The i3 of Hylomys is smaller than the i2. Its crown resembles that of the i3 of Neotetracus ,
but is less rounded.

¢: In size and morphology the lower canine of Neotetracus is very similar to the i3, but it is
less flattened on the lingual side. It is almost vertically implanted in the mandible.

4 mm

i1 i2 i3 ¢ p2 p3 p4 m1 m2 m3
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Fig. 3 Comparison of the lower dentition (il-m3 sin. ) of Neotetracus, Hylomys and Neohylomys in labial view
A. Neotetracus sinensis from Yunnan, KIZ 640154 ; B. Hylomys suillus from Yunnan, KIZ 0611075 (m3 reversed
from the right side) ; C. Neohylomys hainanensis from Hainan, KIZ 201313
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The lower canine of Hylomys is totally different: it is much larger, has a very long crown
with a distinct posterior basal cusp, and it is anteriorly directed with posteriorly directed root
(Fig.3B).

pl-p3: Even Neotetracus having no pl, the p2 is situated closer to the ¢ than the pl in
Hylomys. The p2 and p3 of Neotetracus are very similar to each other, the p3 usually being
somewhat smaller. Both premolars are rounded, somewhat inflated, and show a weak posterior
basal cusp.

The pl, p2, and p3 of Hylomys are very similar to each other. Their size increases from
the front to the rear. They are less inflated than the p2 and p3 of Neotetracus and have stronger
posterior basal cusps.

p4: The p4 of Neotetracus is a very strong “cracking” tooth, wider and more robust than in
Hylomys. In front this p4 is about as wide as at the back, whereas that of Hylomys is distinctly
narrower anteriorly (Figs.3, 4). Whereas in Hylomys the labial side of the p4 is mostly sur-
rounded by a continuous cingulum, in the p4 of Neotetracus this cingulum is only discernible
anteriorly and posteriorly on the labial side.

The p4 of Hylomys is much more slender than that of Neotetracus. On the p4 of both genera
distinct anterior and posterior cusps can be observed. It is very conspicuous that in Neotetracus
the p4 is situated deeper in the jaw; i. e., the base of the crown is more ventral than that of the
other teeth (Fig.3A). This might be an indication, that this tooth is more subjected to strain
than others.

In Hylomys the p4 is at the same level as the other teeth of the tooth row. All teeth of Neo-
tetracus and Hylomys in front of p4 are single-rooted, but the p4 of both genera is double-root-
ed. The roots of the p4 of Neotetracus are much stronger developed than those of the p4 of Hylo-
mys (Figs.3A, B).

ml, m2, m3: The most obvious difference between the lower molars of Neotetracus and
Hylomys are the entoconid crests, well developed in Neotetracus, but lacking in Hylomys ( Figs.
4A, B). In Neoteiracus these entoconid crests are most developed in the m2, somewhat less in
the ml, and least in the m3. The ml of Hylomys is distinctly larger than the m2. In Neotetracus
this size difference is less pronounced. In addition the labial cingulum of lower molars is stron-
ger in Hylomys than in Neotetracus. The m3 of Hylomys has a much stronger labial cingulum
than that of Neotetracus (Figs.4A, B).

The milk-dentition of Neotetracus and Hylomys (Figs.5, 6) The following compari-
sons as far as Hylomys is concerned, are based only on one specimen with milk teeth. In the
collection of the KIZ no second specimen was found, and in that of the Zoological Institute in
Beijing there was no Hylomys skull with milk teeth at all.

The milk-teeth of the anterior part of the mandible in front of P4 and p4 are distinguished
from their permanent successors mainly by their smaller size, and only little by their morphology.
The differences between these teeth of Neotetracus and those of Hylomys are also slight, and these
milk-teeth are subject to great morphological variability. Therefore it is not worth describing them
in detail. The DP4 and dp4 of both genera on the other hand are completely different.

dp4: Like the p4 of Neotetracus, its dp4 is also stronger, stouter, and wider than that of
Hylomys. Especially in the front part, Hylomys is very narrow, whereas Neotetracus is wider.
The dp4 of Hylomys shows a very strong lingual cusp, whereas this cusp is weakly developed in
the dp4 of Neotetracus or entirely lacking. Also the anterior cusp is more distinct in the dp4 of
Hylomys than in that of Neotetracus.

DP4 . The DP4 of Hylomys is more slim than that of Neotetracus. It has a very strong poste-
rior lingual cusp, whereas this is poorly developed in the DP4 of Neotetracus or entirely lacking.
The anterior lingual cusp of the DP4 of Hylomys is stronger, too. The DP4 of Hylomys shows an
extremely anteriorly protruding parastyle, whereas that of Neotetracus is only poorly developed



4 1y Engesser 55 : Bl 4= B8 Neotetracus J& 5 Hylomys 5 Neohylomys J& ik Z A1/ 58 09 kb %58 413

(Figs.6A, B). In the DP4 of Neotetracus the main cusp occupies almost the whole crown, but
a wide talon lingual to the main cusp is found in the DP4 of Hylomys.

In Neotetracus and Hylomys the milk-dentition seems to be in function for quite a long
time. This is proved by several skulls in the collection of the KIZ, having still all milk-teeth in
the anterior part of the mandible while molars are distinctly worn. The DP4 and the dp4 seem to
be replaced first, as shown by two skulls having already the P4 and p4 but in front of them all
milk-teeth (Figs.5C, D).

2 mm

Fig.4 Comparison of the lower dentition (p3-m3) of Neotetracus, Hylomys and Neohylomys in occlusal view
A. Neotetracus sinensis from Yunnan, KIZ 74116 ; B. Hylomys suillus from Yunnan, KIZ 810888 ; C. Neohylo-
mys hainanensis from Hainan, KIZ 201313

DI1 DI2 13? DC P2? DP3 DP4

dit di2 di3 dc p2? p3? dp4

B

Fig.5 The tooth replacement of Neotetracus and Hylomys in labial view
A-B. Neotetracus sinensis from Yunnan, KIZ 640137 . A. upper dentition DI1-DP4 sin., B. lower dentition dil-
dp4 sin. ; C-D. Hylomys suillus from Yunnan, KIZ 620034 . C. upper dentition DI1-P4 sin., D. lower dentition
dil-p4 sin.
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1 mm

Fig.6 Comparison of the last upper milk tooth (DP4) of Neotetracus, Hylomys and Neohylomys in lingual view
A. Neotetracus sinensis from Yunnan, DP4 sin., KIZ 820576; B. Hylomys suillus from Yunnan, DP4 dext.
(reversed ) , KIZ 003397 ; C. Neohylomys hainanensis from Hainan, DP4 sin., KIZ 201312

2.2 The dentition of Neohylomys hainanensis in comparison with that of Neotetracus
sinensis and Hylomys suillus

Upper teeth 11 The I1 of Neohylomys is very large and has a posterior cutting edge as
in Neotetracus. In one specimen of the four Neohylomys stored in the KIZ, the 11 shows a small
posterior basal cusp as in Hylomys. The 11 of Neohylomys is much larger than that of Hylomys
and even of that of Neotetracus (Figs. 1A-C).

12. Neohylomys has a relatively large 12 with a large, wide root and a slightly backwards
bent crown. It is larger than that of Hylomys and without posterior basal cusp.

I3 The I3 of Neohylomys is a tiny single-rooted tooth. In contrast to that of Hylomys it has
no posterior basal cusp (Fig. 1C).

C: The upper canine looks very much like that of Hylomys, being much larger than that of
Neotetracus. 1t has a slightly posteriorly bent tip and two distinctly separated spread roots (Fig. 1C).

P1.: Neohylomys has a very small, single-rooted P1, being very similar to the I3 in size
and morphology and without the posterior basal cusp as that of Hylomys.

P2 The P2 of Neohylomys is almost equally large as the P1, but has a thicker root and no pos-
terior basal cusp as found in Hylomys. In contrast to the P2 of Neotetracus the root is not divided.

P3. The P3 of Neohylomys is as high as the P2, but shows two clearly separated roots, a
weak posterior basal cusp and a slightly backwards bent tip. It is elliptical in occlusal view, not
triangular as in Neotetracus (Figs.2A, C). The roots are more spread than in the P3 of Hylo-
mys, which shows sometimes only one root.

P4 . As in other Hylomyinae the P4 of Neohylomys shows a great variability: two of three
specimens show a large parastyle, one none at all. The anterior lingual cusp is distinctly higher
than the posterior one (Fig. 2C). The anterior labial root sometimes breaks through into the
infraorbital foramen. The lingual root is slightly subdivided.

M1 In occlusal view the M1 of Neohylomys is almost square. It has a very weak, but dis-
cernible protoconule. The posterior branch of the protocone is well connected with the meta-
conule and with the hypocone (Fig.2C). The posterior branch of the hypocone joins the poste-
rior cingulum. The metaconule is elongated as in the M1 of Hylomys (not round as in Neotetra-
cus). There is a strong labial cingulum.

M2 . The M2 of Neohylomys is distinctly smaller than the M1 and square, too. The connec-
tions of the posterior branch of the protocone with the metaconule and the hypocone are very
strong. The metaconule is elongated as in Hylomys. M1 and M2 have four roots.

M3 . The M3 of Neohylomys is similar to that of Hylomys with slightly separated metacone
and hypocone (in two of three specimens). These two cusps are situated more labially than in
Neotetracus , between paracone and protocone (Fig.2C). The M3 has three roots.

Lower teeth il The il of Neohylomys is not enlarged as in Neotetracus. It is shovel-
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shaped and obliquely directed at an angle of about 45° (Fig.3C).

i2: The i2 of Neohylomys is almost as big as the il , thus much larger than that of Neotetra-
cus. It is shovel-shaped and obliquely implanted.

i3: As in Hylomys the i3 of Neohylomys is distinctly smaller than il and i2. Its crown is
triangular in labial view, extended anteriorly.

¢: The lower canine of Neohylomys is much larger than that of Neotetracus. It is obliquely
implanted, triangular in labial view, and has a small posterior basal cusp (Fig.3C).

pl: All 4 specimens of Neohylomys of the KIZ collection lack pl.

p2 and p3: The p2 and p3 of Neohylomys are very similar to each other: single-rooted with
triangular crown in labial view (Fig.3C). Both teeth show a small posterior basal cusp, which
is more pronounced in p2 than in p3.

p4: The p4 of Neohylomys is relatively strong, wider at the back than in front, and shows
a small anterior cusp. One of two well preserved p4 of the KIZ collection shows a weak lingual
cusp. The posterior cingulum, in which a cusp is integrated, is well developed.

ml ;: The ml of Neohylomys is distinctly larger than the m2 ( Figs.3C, 4C). lts trigonid is
longer than the talonid. In contrast to the ml of Neotetracus there is no entoconid crest. On the
labial side there is a distinct cingulum ending at the base of the hypoconid as in Neotetracus.

m2; The m2 of Neohylomys is distinctly shorter than the ml and less wide. Its trigonid is
somewhat longer than the talonid. There is a narrow labial cingulum ending at the base of the
hypoconid.

m3: The m3 of Neohylomys is very much reduced, its trigonid being much longer and
above all much wider than the talonid. The entoconid and even more the hypoconid are deve-
loped as distinct cusps, much more than in Neotetracus and Hylomys (Figs.4A-C). The crista
obliqua ends more lingually (almost in the middle of the tooth) than in the two other genera.
The labial cingulum is very weak.

The milk-teeth In the collection of the KIZ there is only one juvenile skull of Neohylomys
showing the milk-dentition (YP 22624). In the collection of the Zoological Institute in Beijing
there is no skull with milk teeth. Since the following descriptions are based only on a single spe-
cimen, it is not possible to say anything about the variability of the different characters. The
milk-teeth in front of DP4 and dp4 show a very simple structure with few characters and are very
similar to those of Neotetracus and Hylomys, a description of most of them being not worth while.

DC: The upper deciduous canine of Neohylomys is single-rooted as that of Hylomys ( On
the right side of the mandible the root is slightly laced). The DC of Neotetracus on the other
hand shows two clearly separated roots.

DP3; The DP3 of Neohylomys shows a single root with a slight subdivision. Those of Neo-
tetracus and Hylomys show two distinctly separated roots.

DP4 . The DP4 of Neohylomys is triangular in occlusal view with a very strong parastyle as
in Hylomys (Fig.6C). The main cusp is slim. The anterior lingual cusp is very high and point-
ed, whereas the posterior one is very weak and situated close to the anterior one. There is a
weak labial cingulum. The DP4 of Neotetracus has a stronger main cusp and a less prominent
parastyle. Its anterior lingual cusp is not very high and the posterior one very weak or lacking
(Fig. 6A). On the DP4 of Hylomys both lingual cusps are very high and pointed, the anterior
one being higher (Fig.6B).

dp4: The crown of the dp4 of Neohylomys, triangular in labial view, shows a slim and not
very high main cusp, and no anterior cusp. The lingual cusp is very distinct as in Hylomys,
being situated on a lingual bulge of the oval outline. This lingual cusp is very weak in Neotetra-
cus or lacking entirely. The labial side is provided with a small wart instead of a true cingulum.
In contrast to Hylomys the dp4 of Neohylomys shows no distinct posterior cusp. The two roots of
the dp4 are slim and very much spread.
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2.3 Differences between Neotetracus, Hylomys and Neohylomys in the skull and mandible

Infraorbital foramen On the skull of Neotetracus the infraorbital foramen is very narrow
and opens to the front. It is always situated in front of the anterior labial root of the P4 (Figs. 1A,
7A). In Hylomys this foramen is larger and less compressed. It opens more laterally and extends
more posteriorly than that of Neotetracus. lts posterior edge is superior to the middle of the P4. The
P4 anterior labial root extends to the base of this foramen and in some specimens it breaks through
into it (Figs. 1B, 7B). These differences in the infraorbital foramen seem to be very stable.

The infraorbital foramen of Neohylomys resembles that of Hylomys: it is very large, has a
wide opening and is situated far back. Its posterior edge is above the posterior root of the P4 or
even the front of the M1 (Figs. 1C, 7C).

Cranial bones On the surface of the skull of Hylomys, the posterior end of the premaxil-
lary and the anterior tip of the frontal mostly come into contact (Fig. 7B). In Neotetracus the
tips of these two bones fit closely the lateral suture of the nasal, but mostly do not come into
contact (Fig.7A). On all four skulls of Neohylomys of the KIZ, the frontal and the premaxillary
have no contact (Fig.7C).

Fig.7 The snout of the skull of Neotetracus, Hylomys and Neohylomys in dorsal view
A. Neotetracus sinensis from Yunnan, KIZ 206442 ; B. Hylomys suillus from Yunnan, KIZ 0611076 ; C. Neohy-
lomys hainanensis from Hainan, KIZ 201310
Abbreviations; f. frontal; i.o.f. infra-orbital foramen; n. nasal; o. orbit; pmx. premaxillary

Anterior palatine foramina In Neoietracus the anterior palatine foramina are elongated and
drop-shaped. They extend from about the middle of the I1 to the middle of I2. The suture between
premaxillary and maxillary leads into the middle of the lateral side of this foramen (Fig.8A).

In Hylomys these foramina are shorter and triangular. The premaxillary-maxillary suture
leads into the lateral corner of the foramen ( Fig. 8B). In Neohylomys these foramina are even
shorter than in Hylomys and are D-shaped (Fig.8C).

Although in body size Hylomys is somewhat larger than Neotetracus, and Neohylomys is lar-
ger than Hylomys, it is surprising that the length of the palate and of the tooth row of the three
forms is about the same.

The mandible Generally the ramus horizontalis of the mandible is stronger in Neotetracus
than in Hylomys. Especially in the anterior part in front of the p4, the mandible is distinctly
deeper (Fig.3A). With about an equal body size the mandible of Hylomys is generally some-
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what longer than that of Neotetracus. In a specimen of the subspecies Hylomys suillus dorsalis
from Sumatra, kept in the Basel Natural History Museum collection (NMB 8892) the mandible
is longer than in any compared specimen of Neotetracus. In this specimen also the diastema be-
tween ¢ and p4 is larger. Connected with the somewhat longer mandible might be the more ante-
rior position of the mental foramen in Hylomys: in Hylomys below the p3, in Neotetracus below
the anterior root of p4 (Figs.3A, B).

Fig.8 The snout of the skull of Neotetracus, Hylomys and Neohylomys in ventral view
A. Neotetracus sinensis from Yunnan, KIZ 74116 B. Hylomys suillus from Yunnan, KIZ 8892 ; C. Neohylomys
hainanensis from Hainan, KIZ 201313

Abbreviations ; a. p. f. anterior palatine foramen; mx. maxillary; pmx. premaxillary

Although Neohylomys is somewhat larger in body size than Neotetracus and Hylomys, the
length of its tooth row of the upper and the lower jaw as well is about the same. The mandible of
Neohylomys is stouter and its ramus horizontalis is deeper than that of the two other genera
(Figs.3A-C). The mental foramen is very large and placed below the p3.

Table 1 shows the most important differences in dentition and skull of the three genera.

2.4 Comparison of the evolutionary level of the dentitions of Neotetracus, Hylomys and
Neohylomys

In most characters permitting a statement about the evolutionary level, Hylomys is more
primitive than Neotetracus. Neohylomys has an intermediate position between the two others.

Hylomys has a complete dentition with four premolars in the upper and in the lower jaw. In
the dentition of Neotetracus P1 and pl are lacking. Neohylomys also has a reduced dentition
with 2 ~4 upper premolars and 3 lower premolars.

The posterior branch of the protocone in M1 and M2 of Hylomys and Neohylomys is mostly
connected with the metaconule. This is a very primitive feature, well known from very old
erinaceids like Tetracus. In M1 and M2 of Neoteiracus this connection is rather rare, the meta-
conule mostly being isolated.

In Hylomys and Neohylomys M1 and ml are distinctly larger than M2 and m2, whereas in
Neotetracus M1 and ml are only slightly larger than M2 and m?2.

In Hylomys, in the posterior talon of M3 metacone and hypocone are mostly separated, in
Neohylomys very distinctly, whereas in Neotetracus these two cusps are mostly fused.

The P4 of Hylomys has a well developed parastyle, a cusp lacking in the P4 of Neotetra-
cus. In Neohylomys two of three specimens show a strong parastyle, one not at all.
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Table 1 Synopsis of the most important differences in dentition and skull of Neotetracus,
Hylomys and Neohylomys

Neotetracus

Hylomys

Neohylomys

number of premolars

11

2

3

P1

P3

P4

M1 and M2

pl
p2 and p3

ml and m2

m3

mandible

skull

3/3
large, with slightly curved coni-
cal crown

larger than that of Hylomys with
straight conical crown

small

small, stout, with 1 or 2 roots

lacking

1 ~2 roots

1 ~ 2 roots, wider than that

of Hylomys
very stout, without parastyle

M1 only little larger than M2,
metaconule large and rounded,
not connected with protocone
and hypocone

metacone and hypocone mostly

fused, lingually placed

very large, shovel-shaped

very small, button-shaped
larger than i2
triangular crown,

small, with
almost vertically implanted

lacking
equal in size, 1 root

very stout and wide, faint or no
labial cingulum

m2 almost as long as ml, with
entoconid crests

entoconid and hypoconid little
separated

mental foramen small, below p3

infraorbital ~ foramen  narrow,

opening anteriorly, situated in

front of anterior labial root of P4

anterior palatine foramina very
long, drop-shaped

premaxillary no contact with fron-
tal

4/4

small, hook-shaped, with poste-
rior basal cusp

small, with backwards bent crown

very small

larger than that of Neotetracus
with  backwards bent
2 roots

crown,

small, 1 root
mostly 1 root

slender, always 2 roots

slender, with strong parastyle

M1 distinetly larger than M2,

metaconule small and crest-
shaped, mostly connected with

protocone and hypocone

metacone and hypocone mostly
not fused, medially placed

much smaller than in Neotetracus

almost as large as il , shovel-
shaped

smaller than i2

larger than that of Neotetracus,
with elongated crown, obliquely
implanted

small, 1 root

p2 smaller than p3, 1 root

more slender and narrower than
in Neotetracus , distinct labial
cingulum

m2 distinctly smaller than ml,
without entoconid crests

entoconid and hypoconid little
separated

mental foramen mostly very long,
position variable between anterior

root of p4 and p2

infraorbital foramen wide, open-
ing laterally, posterior edge above

middle of P4

anterior palatine foramina short,
triangular

premaxillary in touch with frontal

2~4/3

like that of Neotetracus, but
larger

as large as that of Neotetra-
cus, with slightly backwards
bent crown

small

as large or larger than that of
Hylomys, without posterior
basal cusp, 2 roots

small, sometimes lacking,
1 root

1 root

slender, 2 roots

slender, with or without pa-
rastyle

M2 smaller than M1, proto-
conule small, crest-shaped,
connected with  protocone
and hypocone

metacone and hypocone slight-
ly separated, medially placed
much smaller than in Neote-
tracus

almost as large as il , shovel-
shaped

smaller than i2

larger than that of Neotetra-
cus, with elongated crown,
obliquely implanted

lacking
p2 smaller than p3, 1 root

back side wider than in Hy-
lomys, no labial cingulum

m2 distinctly smaller than

ml, without entoconid crests

,
entoconid and hypoconid dis-
tinetly separated

mental foramen very long,
position variable

infraorbital foramen wide,
opening laterally, posterior
edge above posterior root of

P4

anterior palatine foramina
very short, D-shaped
premaxillary no contact with

frontal
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The dp4 of Hylomys and Neohylomys has a strong lingual cusp, whereas this cusp is very
small in the dp4 of Neotetracus or completely lacking.

The DP4 of Hylomys has a well developed posterior lingual cusp. In the DP4 of Neotetracus
this cusp is very small or lacking at all. In the single specimen of Neohylomys this cusp is very
weak.

The only character in which Neotetracus is more primitive than Hylomys, is the mostly
developed protoconule of M1 and M2. In these two molars of Neohylomys the protoconule is well
developed, too.

3 Conclusions

The comparison of the dentitions of Neotetracus, Hylomys and Neohylomys yielded many
and very distinct differences between these Hylomyinae. Quantitative character analyses proved
most of the observed differences being quite stable and subject only little to variability. Even in
the milk-teeth, according to Leche (1902) representing a more primitive stage of evolution than
the permanent teeth, important differences between Neotetracus, Hylomys and Neohylomys can
be observed.

The comparison of dental characters yielding information about the evolutionary level
proves that Neotetracus is clearly more advanced than Hylomys. The evolutionary level of Neohy-
lomys is intermediate in relation to the two other forms.

Neotetracus and Hylomys certainly have their own very long independent history, having
been separated probably already since millions of years, as proved by the existence of species of
both genera in the Early Miocene of Thailand ( Mein and Ginsburg, 1997).

Therefore we came to the conclusion that alone on the basis of the dental differences, the
three genera should be retained. This result is corroborated by Corbet’ s (1988) statement that
the striking differences in the morphology of the penis speak in favor of a generic separation of
Neotetracus and Hylomys.

The comparisons further prove the dentition of Neotetracus to be generally stouter and the
mandible as more robust. According to this observation it can be expected that Neotetracus is
adapted to a harder diet than Hylomys.

4 Abridged history of the Subfamily Hylomyinae Anderson, 1879
( = Galericinae < Galerices > Pomel, 1848, Gymnurinae Gill, 1872, Echinosoricidae
Cabrera, 1921)

The Hylomyinae are a very old group of mammals having originated probably in the Eocene
or even earlier in Asia. However, the oldest findings date from the Late Eocene (about 40 mil-
lion years ago) from Kazakhstan ( Gabunia and Gabunia, 1987 ) and China ( Wang and Li,
1990). The Hylomyinae were once very diverse, so far 9 fossil genera with a total of 47 species
having been described.

Today the Hylomyinae are represented by 5 (‘according to some authors 3) genera with
totally 6 species;

Echinosorex Blainville, 1838

Hylomys Miiller, 1839

Neotetracus Trouessart, 1909

Podogymnura Mearns, 1905

Neohylomys Shaw & Wong, 1959

Today all living Hylomyinae are restricted to Southeast Asia, to an area including China,
Burma, Thailand, Malaysia, Sumatra, Java, Borneo, and the Philippines. Considering the fact
that the geographical range of this subfamily once included a large part of the northern hemi-
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sphere, the distribution area of today has to be described as relict.

Europe In Europe the Hylomyinae reached probably their fullest flowering, so far 6 gen-
era with 32 species having been described. This diversity certainly is not only due to the fact,
that Europe is palaeontologically better investigated than other continents. Especially in the
European Miocene (23 ~5 million years ago) the Hylominae were exiremely common. There is
hardly a well documented fauna, in which these insectivores are lacking, and in many faunas
they are among the most abundant animals.

In Europe the Hylomyinae are recorded for the first time after the “Grande Coupure” in the
earliest Oligocene (MP 21, about 36 million years ago). As for other mammals showing up in
Europe at about the same time (Talpidae, Cricetidae, Castoridae, Eomyidae, Rhinocerotidae,
Anthracotheriidae) , the Hylomyinae can be considered as immigrants from Asia ( Crochet,
1995). In the Oligocene this subfamily is represented only by the genera Teiracus Aymard,
1850 and Neurogymnurus Filhol, 1877 each of them with two species. They were nowhere com-
mon during this epoch, and in the Late Oligocene they disappeared. From the latest Oligocene
and the earliest Miocene a few findings, mainly isolated teeth, are recorded, but so far not a
single species has been described.

By the Early Miocene ( MN 3, about 18 million years ago) the genus Galerix appears, be-
ing recorded from then until the Late Miocene (MN 11). Galerix is probably an immigrant from
Turkey, where the genus is recorded already in the latest Oligocene ( MP 30, van der Hoek
Ostende, 2001 ). During this long period 6 species developed and two evolutionary lines and
three immigrations can be recognized (Ziegler, 1999).

The genus Lanthanotherium , very common during the Miocene as well, is documented by 7
species and has also to be considered as an immigrant. Lanthanotherium shows up for the first
time in the Early Miocene (MN 4, about 16 million years ago) and is recorded until the Late
Miocene (MN 11, 8 million years ago, Engesser and Ziegler, 1996).

Schizogalerix probably is an eastern genus having had its largest distribution in the Miocene
of Turkey and Greece, where it probably also originated in the Middle Miocene (MN 5). So far
11 species of Schizogalerix have been described and three evolutionary lines can be distinguished
(Engesser, 1980). Schizogalerix was common mainly in eastern countries of Europe ( Greece,
Austria) , and reached the more western countries of Switzerland ( Kilin and Engesser, 2001 )
and France (Farjanel and Mein, 1984 ) only relatively late (MN 9 ~11) and scantily.

Deinogalerix is an endemic genus with 5 species being restricted to the Gargano peninsula
in southern Italy. During the Late Miocene this area was an island, on which under insular con-
ditions the largest known Hylomyinae developed: Deinogalerix koenigswaldi with an estimated
56 cm length of head and body ( Butler, 1980).

Africa The fact that the record of fossil Hylomyinae in Africa is scanty probably cannot
be attributed only to poor exploration and unfavourable conditions for fossilisation ( especially in
central Africa). From the East African Miocene one species of Galerix is recorded ( Butler,
1956). The specimen attributed to Lanthanotherium by Butler (1969) has proved to belong to
Galerix with additional material ( Butler, 1985).

The genus Schizogalerix is recorded from different Middle and Late Miocene localities ( MN
8 ~12) of Algeria and Morocco ( Engesser, 1980). Since this record is limited to a few isola-
ted teeth, no species identification could be done. However it is possible to say, that these
forms from North Africa show close relations to species from Turkey and Greece.

North America Also in North America, the Hylomyinae probably never were greatly dis-
tributed. In the case of the erinaceid from the Middle Eocene of Wyoming, attributed to the
“Galericinae” by Novacek et al. (1985), it is very questionable, whether it belongs to this
subfamily ( Crochet, 1995). The Hylomyinae probably reached North America in the Late Oli-

gocene, as proved by the genus Ocajila from the early Arikareean (about 26 million years ago)
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from South Dakota ( Macdonald, 1963). The genus Lanthanotherium is recorded with two spe-
cies, showing up in the Middle Miocene ( Barstovian) and documented until the Late Miocene
(James, 1963).

Asia In Asia the so far oldest Hylomyinae are recorded. From this fact it can be conclu-
ded, that the subfamily originated there. In view of the size of the Asian continent and the poor
palaeontological exploration, in the future many new finds can be expected, broadening and
modifying our knowledge of the phylogeny of the Hylomyinae. Findings of Asian Hylomyinae
being far apart from each other geographically and as well as stratigraphically, the phylogenetic
relations are difficult to determine. Important finds are identified only in open nomenclature.

Already in the Middle Eocene of northeastern China, the genus Eochenus is recorded and
attributed to the Hylomyinae by most authors ( Wang and Li, 1990). Also in the Eocene and
Oligocene of Kazakhstan isolated teeth were found, very probably belonging to the Hylomyinae,
and partly having been identified as Tetracus ( Gabunia and Gabunia, 1987). The genera Icio-
pidium Zdansky, 1930 and Tupaiodon Matthew & Granger, 1924 from the Eocene and Oligo-
cene of Asia are included here in the subfamily Tupaiodontinae Butler, 1988.

As in Europe most Asian findings of Hylomyinae are from the Miocene. The genus Galerix
is well documented in Turkey, being known from the latest Oligocene (MP 30) until the Early
Miocene (MN 3, van den Hoek Ostende, 1992). Thus this genus appears in Turkey much ear-
lier than in Europe. Galerix is also recorded in the Chinji Formation of Pakistan ( Munthe and
West, 1980) and probably in the Middle Miocene of China (Xiacaowan, about MN 4). From
the latter locality Lanthanotherium is recorded, too ( Qiu and Storch, 2005). This genus per-
sists in China until the Late Miocene, being recorded in Lufeng, Yunnan ( ~MN 12).

In Turkey Schizogalerix undergoes a development, which can be followed from the Middle
Miocene (MN 5) in different stages to Late Miocene ( Engesser, 1980). Schizogalerix is also
recorded in the Middle Miocene of Kazakhstan ( Kordikova, 2000) and China ( Halamagai For-
mation, about MN 6, Qiu and Storch, 2005).

Especially revealing for the present study are the finds from the Middle Miocene of Thai-
land ; besides the fossil genus Thaiagymnura one species of the Recent genera Neotetracus and
Hylomys were discovered (Mein and Ginsburg, 1997). These findings on the one hand demon-
strate early separation of Neotetracus and Hylomys and on the other hand they prove, that these
Recent genera are rightly called “living fossils”.

Hylomys also is recorded in the Late Miocene of Yuanmou ( Yunnan, Ni and Qiu, 2002) and
Lufeng ( Yunnan, Qiu and Storch, 2005) both about MN 12. In the Late Pliocene (MN 17) locality
of Damiao (Hubei) Neotetracus and Hylomys were found together (Qiu and Storch, 2005).
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