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Abstract—A new Asian zalambdodont insectivore of the family Apternodontidae, Asiapternodus mackennai
gen. et sp. nov., from the Middle Eocene of Mongolia (Khaychin Formation, Khaychin-Ula 2 locality) is
described. In Asiapternodus, P* is nonmolariform and the protocone on the upper molars is very large, clearly
distinguishing the new genus from Oligoryctes and Apter nodus found in the Eocene-Oligocene of North Amer-
ica. Regarding the structure of the lower molars, Asiapternodus is most similar to Parapternodus from the
Lower Eocene of North America. The dental structure, relatively large zygomatic process of the maxilla, and
the structure of the ascending ramus of the lower jaw suggest that Asiapternodusis more primitive than the pre-

viously described North American apternodontids.
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INTRODUCTION

The Apternodontidae are an extinct family of
zalambdodont soricomorph insectivores widespread in
North America beginning with the Late Paleocene to
the Early Oligocene. To date, three apternodontid gen-
erahave been described, i.e., Early Eocene Parapterno-
dus, Middle-Late Eocene Oligoryctes, and Middle
Eocene-Early Oligocene Apternodus (Matthew, 1903;
Hough, 1956; Bown and Schankler, 1982; Stucky,
1992; McKenna and Bell, 1997). In addition, various
Apternodontidae indet. were found in the Upper Paleo-
cene (Edinger, 1964; Sloan, 1969; Rose, 1981; Savage
and Russell, 1983; McKenna and Bell, 1997; Wood
et al., 2000) and Eocene (McKennaet al., 1962; Jepsen
and Woodburne, 1969; West and Atkins, 1970; Gal-
breath, 1979; Emry, 1990; McKenna and Bell, 1997).

The genus Apternodus was rather thoroughly inves-
tigated; in particular, anumber of well-preserved skulls
were examined (Schlaikjer, 1933, 1934; Scott and
Jepsen, 1936). Five species were described from the
Chadronian of the United States: A. mediaevus Mat-
thew, 1903 from Montana (Matthew, 1903) and South
Dakota (Clark et al., 1967); A. gregoryi Schlaikjer,
1933 and A. brevirostris Schlaikjer, 1934 from Wyo-
ming (Matthew, 1910; Schlaikjer, 1933, 1934; Scott
and Jepsen, 1936; Emry, 1992); A. altitalonidus Clark,
1937 from South Dakota (Clark, 1937; Clark et al.,
1967) and Wyoming (Emry, 1992); and A. iliffensis
from Colorado (Galbreath, 1953). “ Apternodus’ bicus-
pis from the Whitneyan of South Dakota (Macdonald,
1951) actually belongs to the Erinaceidae of the genus
Proterix (Gawn, 1968). Members of two other North
American genera of the Apternodontidae, Chadronian
Oligoryctes cameronensis Hough, 1956 and Early

Wasatchian Parapternodus antiquus Bown et Schan-
kler, 1982 were described from Wyoming (Hough,
1956; Bown and Schankler, 1982). The data on awider
stratigraphic and geographical distribution of Apterno-
dus and Oligoryctes are based on the specimens that
were not identified to species from the Uintan, Duch-
esnean, and Orellan of the United States and the Uintan
of Canada (Black and Dawson, 1966; Krishtalka and
Setoguchi, 1977; McKenna, 1980; Storer, 1984, 1995;
Stucky, 1992).

The zalambdodont teeth of apternodontids are very
similar to those of tenrecs and solenodons; therefore,
this group is usually referred to as a subfamily of the
family Tenrecidae (Matthew, 1910; Van Valen, 1967) or
Solenodontidae (Schlaikjer, 1933, 1934; Winge, 1941,
Simpson, 1945; Macdonald, 1951; Galbreath, 1953;
Saban, 1958; Paula Couto, 1979) or ranked as a specia
family of the Tenrecoidea (Osborn, 1910; Simpson,
1931; Scott and Jepsen, 1936; Clark, 1937; Hough,
1956; McKenna, 1975; Galbreath, 1979; etc). At
present, the Apternodontidae along with the Soleno-
dontidae are assigned to the Soricoidea (Romer, 1966;
McKenna and Bell, 1997) or Solenodontoidea (Paula
Couto, 1979) and considered to be only distantly
related to the Tenrecoidea. According to available
molecular data (Stanhope et al., 1998; Waddell et al.,
1999; Madsen et al., 2001; Murphy et al., 2001), ten-
recs are even more distant; together with golden moles
(Chrysochloridag), they are referred to as a specia
order, Afrosoricida, of the clade Afrotheria comprising
endemic African placentals.

A close relationship between the Apternodontidae
and the Solenodontidae is corroborated not only by
dental morphology but also by cranial structure (Mat-
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thew, 1910; Schlaikjer, 1933, 1934; Scott and Jepsen,
1936; McKenna, 1975). McDowell (1958) excluded
Apternodus from the Soricomorpha and even from the
Lipotyphla(placing it relatively closeto the Creodonta)
on the basis of studying a poorly preserved skull of
A. brevirogtris (McKenna, 1975). McKenna (1975, p. 38)
indicated that, judging from the cranial morphology,
apternodontids undoubtedly belonged to the Sorico-
morphaand noted that, among other things, the teeth of
Apternoduswere pigmented, similar to those of Soleno-
don and the Soricidae.

The Apternodontidae were previously registered in
the Paleogene of Asia(Russell and Zhai, 1987; McKen-
na and Bell, 1997; Tong, 1997). The first data were
based on a zalambdodont insectivore found in the
Eocene Formation Khaychin of the Khaychin-Ula 2
locality in Mongolia (collected by the South Gobi Team
of the Joint Soviet—Mongolian Paleontol ogical Expedi-
tion headed by V.Yu. Reshetov in 1973). As follows
from a label written by M.C. McKenna (American
Museum of Natural History), the researcher assigned
this insectivore to the Apternodontinae and Tenre-
coidea; B.A. Trofimov [Paleontological Institute of the
Russian Academy of Sciences (PIN), personal commu-
nication] indicated that M cKenna saw this specimen in
1973 in Ulaanbaator. Subsequently, this specimen was
mentioned as Tenrecoideagen. et sp. nov. (Badamgarav
and Reshetov, 1985) or Apternodontidae indet. (Russell
and Zhai, 1987). McKenna and Bell (1997, p. 285)
noted that, in addition to the Paleogene of North Amer-
ica, apternodontids existed in the Middle Eocene of
Asia; as was marked in a footnote, this statement was
based on an undescribed specimen found in the
Khaychin-Ulalocality and stored at the PIN (M oscow).
This specimen is an upper jaw fragment described in
the present study as the holotype of Asiapternodus
mackennai gen. et sp. nov. In addition, an isolated M,
and a lower jaw fragment containing broken molars
found among the specimens from Khaychin-Ula 2 are
assigned to A. mackennai.

The Khaychin-Ula 2 locality is dated as the Middle
Eocene (Badamgarav and Reshetov, 1985; Russell and
Zhai, 1987; Averianov and Godinot, 1998) or the end of
the Middle-the beginning of the Late Eocene (Devyat-
kin, 1981, 1994). | hold the first point of view. The
faunafrom Khaychin-Ula2 belongsto the Irdinmanhan
Asian Land Mammal Age correlated with the Early—
Middle Uintan of North America (McKenna and Bell,
1997) and, consequently, should be dated to the middle
of the Middle Eocene.

Recently, Tong (1997) described zalambdodont
insectivores determined as cf. Apternodus sp. (Apterno-
dontidae), Iconapternodus gii Tong, 1997, cf. Icon-
apternodus sp. I, and cf. Iconapternodus sp. |1 (?Apter-
nodontidae) from the Middle Eocene of China. In my
opinion, the structure of P,-M,; of Iconapternodus
(Tong, 1997, text-fig. 12, pl. 11, figs. 1-4) suggests that
this genus belongs to the Palaeoryctidae rather than to
the Apternodontidae.
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A new form of the Apternodontidae from the
Eocene of Mongoliais described below. The main dif-
ference between the variants of terminology for the
structural elements of zalambdodont molars consistsin
the designation of the main cusp (zalambdocone, after
McDowell, 1958); it is named the protocone (Osborn,
1907; Gregory, 1910; McDowell, 1958), paracone
(Matthew, 1913; Butler, 1937, 1939, 1941; Hough,
1956, p. 534; Van Vaen, 1966, 1967; Morgan and
Ottenwalder, 1993; etc.), metacone (Allen, 1918), a
cusp of the para-metacone (Schlaikjer, 1933), amphi-
cone (Galbreath, 1953; Hough, 1956, p. 540), or
eocone (Hershkovitz, 1971). Following the hypothesis
of the formation of the zalambdodont molars on the
basis of a primitive dilambdodont pattern (Matthew,
1913; Butler, 1941, 1996), | regard this cusp as the
paracone. The other elements of the dental structure are
designated according to the standard nomenclature (see
Szalay, 1969). The upper teeth are measured according
to the technique proposed by Galbreath (1953, fig. 12),
i.e., (length) the distance from the anterior edge of the
parastyle to the posterior edge of the metastyle dong a
straight line extending parallél to the longitudinal axis
of the tooth row and (width) the greatest distance from
the labial edge of the parastylar |obe to the lingual edge
of the protocone base along a straight line.

The following abbreviations are used in the present
study: (AMNH) American Museum of Natural History,
New York; (PIN) Paleontological Institute of the Rus-
sian Academy of Sciences, Moscow.

SYSTEMATIC PALEONTOLOGY
Family Apternodontidae M atthew, 1910
Genus Asiapternodus L opatin, gen. nov.

Etymology. From Asia and the generic name
Apternodus.

Type species. Asapternodusmackennai $p. nov.

Diagnosis Small-sized apternodontids. Zygo-
matic process of maxilla projecting posteriorly beyond
M3. Anterior foramen of the infraorbital canal located
above P* and posterior foramen located above M!. P
small. P* nonmolariform: narrow, with small lingual
projection, and lacking trigon basin. Molars very wide,
width decreasing in seriesM? > M2 > M. Protocone of
M'-M3 well-developed, large, and strongly extended
transversely; hypocone absent; precingulum and
postcingulum weak. Ectoflexus of M? very deep. M3
nonreduced. Articular condyles of lower jaw moder-
ately wide. Talonid of M, unicuspid; talonid of M,
expanded transversely, strongly projecting ventrolabi-
ally, and possessing relatively large lingua cuspule and
weak supplementary posterolabial cuspule. Postvallid
of M, positioned subtransversely. M; nonreduced and
having long talonid.

Species composition. Type species.

Comparison. The new genus differs from
Apternodus Matthew, 1903 and Oligoryctes Hough,
2003
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Fig. 1. Asiapternodus mackennai sp. nov.: (a) holotype PIN, no. 3107/400, fragment of the right maxillawith P*-M?; (b) specimen

PIN, no. 3107/399, fragment of the right dentary with M, and M.

1956 by nonmolariform P*, relatively wider upper
molars of different width ratios of M'-M? (in Apterno-
dus, M! > M? > M3 or M' < M2 > M3; in Oligoryctes,
M!>M?2> M3, stronger devel oped protocone on M!-M?,
nonreduced M3, and by the structure of the talonid of
M,. In addition, it differs from Apternodus by a less
reduced zygomatic process of the maxilla, amore pos-
terior position of the infraorbital foramen, a narrower
articular condyle of the lower jaw, the absence of the
hypocone and smaller cingula of M! and M?, and a
deeper ectoflexus of M2, Additional distinction from
Oligoryctesisasubstantially smaller P2. Asiapternodus
is distinguished from Parapternodus Bown et Schan-
kler, 1982 (only M, and M3 have been found) by a
greater transverse expansion of the talonid of M,, the
presence of supplementary posterolabial talonid cus-
pule on M,, and nonreduced M.

Asiapternodus mackennai L opatin, sp. nov.

Etymology. The species is named in honor of
the paleontol ogist Malcolm C. McKenna.

Holotype. PIN, no. 3107/400, incomplete right
maxilla containing P*-M3; Mongolia, Khaychin-Ula 2
locality; Middle Eocene, Khaychin Formation.

Description (Figs. 1-4). Theinfraorbital canal
is short, large, and narrowed transversely. The anterior
foramen of the infraorbital canal is oval, its height is
almost three times greater than the width (in the holo-
type, 2.0 x 0.7 mm), and located directly abovethe mid-
dle of P*. Anterior to the infraorbital foramen, the lat-
eral side of the maxillacontains asmall foramen facing
posterolaterally and open into the nasal cavity. The pos-
terior foramen of the infraorbital canal is semicircular,
has a straight medial wall, and lies above the central
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part of M!. The internal surface of the medial wall of
theinfraorbital canal hasasmall crest marking the divi-
sion of the canal into two unequal parts, the ventral part
is larger and the dorsal part is smaller; thisis evidence
that the infraorbital nerve and blood vessels passing
through the canal were located one under the other. The
canal passes between the labia and lingual roots of P*
and M. In the ventral region of the canal, the lateral
wallsare pierced by small foraminamost likely leading
into the cavitiesintheroots of the cheek teeth. Thelarg-
est foramen opens in the media wall of the canal on a
level with the apex of the lingual root of M!, faces pos-
teriorly, and is connected to a distinct groove extending
along the bottom of the canal to the exit. Immediately
posterior to the exit of the infraorbital canal, the orbital
floor has a large depression; short grooves deviate lat-
erally and medially from the depression and terminate
invery small foraminaapparently leading into the roots
of M2. The orbital floor is short and its surfaceis rough
and pitted; in the posterior part, it ispierced by theroots
of M3. The thick lateral wall of the infraorbital canal
extends posteriorly and merges into a massive zygo-
matic process of the maxilla.

The zygomatic arch is reduced. The zygomatic pro-
cessof themaxillaisrelatively well devel oped, directed
posteriorly and dlightly laterally, and projects posteri-
orly beyond M3. The dlightly raised dorsolateral end of
the process has a well-pronounced flat area delimited
ventrally by a well-developed crest fusing anteriorly
with a small tubercle. This area most likely served as
the attachment of the ventral portion of the dilatator
nasi muscle, asis observed in living tenrecs and solen-
odons (Gambaryan, 1989). A large area on the latera
side of the base of the zygomatic process above M'-M?
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Fig. 2. Asiapternodus mackennai sp. nov.: (a—c) holotype PIN, no. 3107/400, fragment of the right maxillawith P*-M?: (a) |abial
view, (b) occlusal view, and (c) rear view; (d—g) specimen PIN, no. 3107/399, fragment of the right dentary with M, and M:
(d) labial view, (€) occlusal view, (f) lingua view, and (g) rear view.

Fig. 3. Teeth of Asiapternodus mackennai sp. nov.: (a) holo-
type PIN, no. 3107/400, right P*-M?>, occlusal surface;
(b) the same, dightly inclined anteriorly; and (c) specimen
PIN, no. 3107/399, right M4 and M, occlusal surface.

has a rough and slightly concave surface interpreted as
the attachment area for the maxillonasalis muscle.

Anterior to P*, the jaw fragment contains three alve-
oli. The anterior alveolus is identified by a small frag-
ment of the posteromedial wall. The second looks like
a small round foramen dlightly extended posteromedi-
aly. The third is the largest; it expands transversely
and, in the middle part, is dightly compressed longitu-
dinally. Its anterior wall has a distinct projection, indi-
cating that the alveolus contained two partialy fused
roots. The anterior alveolus preserved in the specimen
most likely contained the posterior root of P?, the sec-
ond contained the anterior labial root of P?, and the
third contained partially fused posterior labia and lin-
gual roots of P?. Judging by the sizes of two posterior
alveali, PP wasrélatively small and had aweakly devel-
oped lingual projection.

P*-M? arethree-rooted. P* hasalong labial lobe and
a relatively small lingua projection. The parastylar
lobe islarge and markedly projects anteriorly. The cus-
pule of the parastyle islow. The paraconeis high, mas-
sive, and conical. The stout postparacrista descends
from the apex of the paracone to the metastyle. The
metastylar lobe is long and the metastyle is low. The
protocone is small and low, with a poorly pronounced
apex and small crests of the preprotocrista and postpro-
tocrista.

PALEONTOLOGICAL JOURNAL Vol. 37 No.2 2003
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The molars are narrow triangular, short, and wide;
they decrease in length and increase in width from M!
to M3. M! has arelatively shallow ectoflexus and ante-
riorly obliquelingual lobe. The metastylar lobeislarger
than the parastylar lobe. A small cuspule of the para-
style is located at the anterior edge of the parastylar
lobe and isolated from the labia end of the prepara
cristaby an extensive depression. A weak ectocingulum
having asmall eminence in the posterolabial part of the
parastylar lobe, i.e., areduced stylocone, extends from
the parastyle to the metastyle. A small crest of the
precingulum is connected to the parastyle and borders
the anterolingual side of the parastylar lobe. The meta-
stylar lobe is posterolabially extended. The paraconeis
stout and triangular. The preparacristaterminatesin the
lingual part of the occlusal surface of the parastylar
lobe. The postparacrista connects the apex of the para-
coneto the metastyle. The protoconeisrelatively large,
its conical apex is strongly displaced anteriorly with
reference to the apex of the paracone and positioned on
the same transverse line as the parastyle. A small crest
of the postprotocrista is present. The precingulum is
very narrow and weak, especialy in the middle part.
The postcingulum is poorly pronounced and discontin-
uous, only its lingual portion bordering the posterolin-
gual wall of the paracone base is relatively prominent;
the traces of other projections of the postcingulum
appear as two extended wear facets on the posterior
side of the paracone base.

M? expands transversely and has a very deep ecto-
flexus. The parastylar lobe is markedly larger than the
metastylar lobe. The labial edge of the parastylar lobe
is straight. As the tooth is worn, the parastyle becomes
fused with the labial part of the precingulum. The sty-
locone is relatively large. The ectocingulum is weak.
The cuspule of the metastyle is small. The paraconeis
smaller than that on M. Asthetooth isworn, the labial
part of the preparacrista becomes fused with the wear
facet of the parastyle and precingulum and the post-
paracrista connects the apex of the paracone to the
metastyle. The apex of the protocone is located on the
same transverse line as the apex of the paracone. The
precingulum is better pronounced than on M! and
extends along the entire anterior side of the paracone.
The postcingulum is discontinuous, and looks like
dlightly convex enamel segments at the base of the pos-
terior (located similar to the sidewear facetson M!) and
posterolingual sides of the paracone.

M3 has a stout parastylar lobe located on the same
transverse line as the apices of the paracone and the
protocone. The metastylar lobe is reduced and projects
somewhat posteriorly, the metastyle is prominent. The
common wear facet of the parastyle and precingulumis
isolated from the preparacrista. The crest of the
preparacrista is stout and long and reaches the stylo-
cone. The crest of the postprotocristais short and joins
with the metastyle. The lingual lobe is very broad, sub-
stantially broader than that of M!' and M?. The proto-
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Fig. 4. Asiapternodus mackennai sp. nov., specimen PIN,
no. 3107/398, isolated right M4: (8) occlusal surface and
(b) labial, (c) lingual, (d) frontal, and (€) rear views.

coneislow. The precingulum is devel oped to the same
extent as that of M2. The postcingulum is absent.

It is worth noting that certain elements on the
occlusal surface (styles, stylocone, ectocingulum, and
the crests of the protocone) of M!-M?3 of the holotype
are markedly smoothed by wear; however, their initia
shape, arrangement, and size are discovered because
the dentin of the united wear facets bears clear rough
traces.

The spaces between the central parts of cheek teeth
on the maxilla contain deep oval vascularized fossae
(located opposite the high trigonids of P,—M.) increas-
ing in depth posteriorly (from P3/P* to M?/M?). The
anterior side of M'-M? displays distinct wear facets
(Fig. 3a) showing a close contact with the posterior
edge of the trigonids of M,—M; when the jaws are
closed.

Thelower jaw is characterized by a specific shape of
the coronoid region, similar to that of other apternodon-
tids (Matthew, 1903, text-fig. 2; Schlaikjer, 1934; Scott
and Jepsen, 1936; Hough, 1956), i.e., the ascending
ramusis substantially displaced laterally with reference
to the horizontal ramus and notably deviates medialy
with reference to the longitudinal axis of the tooth row
and the articular condyle is widened and inclined ante-
romedially and ventromedially.
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The horizontal ramus of the lower jaw is relatively
massive. Thelingua wall of the alveolar margin is sub-
stantially higher than thelabial wall. The ascending and
horizontal rami are positioned at an angle of approxi-
mately 110°. The coronoid processishigh and thin. The
masseteric fossais superficial but clearly outlined ante-
riorly. The stout condylar crest extending to the lateral
side of the articular condyle borders the masseteric
fossa ventrally. The incisure between the coronoid and
the articular process is broad but superficial. The
condyleislarge, massive, relatively short, and wide and
located on a level with the base of the molar crowns.
The transverse axis of the condyle is only dightly
inclined anteromedialy and posterolateraly. The arti-
cular surface covers a sector of about 180°. The major-
ity of the articular surface faces posteroventrally. The
neck of the condyle is short, straight, and has a small
depression on the medial side (the upper pterygoid
fossafor the attachment of a portion of the pterygoideus
externus muscle) and a sharp dorsal crest.

The mandibular foramen is large and oval and
located on alevel with the middle of the coronoid pro-
cess; posterior to the foramen, thereisalarge and deep
depression. The incisure between the articular and
angular processesis relatively small.

The preserved fragments of the lower molars show
that M, and M, are approximately equal in length. The
size of the M, alveolus suggests that the tooth was
longer than M, and had a well-developed talonid. The
structure of M, and M, istypical of apternodontids: the
roots are stout; the crowns are compressed longitudi-
nally; thetrigonids are high and their posterior wallsare
vertical; and the talonids are short and low, i.e,
reduced. The talonid of M, has an oblique labial edge
and a single massive cusp in the posterolingual corner.
The talonid of M, is widened; at the base, it substan-
tially projects posterolabialy and has a weak supple-
mentary posterolabial cusp that is smaller and lower
than the lingual cusp. The cusps of the talonid are con-
nected to each other by a prominent subtransverse pos-
terior crest. Isolated M; (PIN, no. 3107/398; Fig. 4) has
a large paraconid, a high protoconid, and a relatively
low metaconid. The talonid is long and narrow, with a
longitudinally oriented wear facet and a small cusp at
the posterior edge.

M easurements, mm. Holotype: length of P4-M?
along the crowns is 6.6; teeth (length x width): P#,
225x 1.8: M1, 1.75 x 3.1; M2, 1.6 x 3.2; and M3,
1.15x% 3.6.

Specimen PIN, no. 3107/399: length of M,-M;
along the aveoli, ca. 4.6; length of M,, ca. 1.5; talonid
length, 0.5; and talonid width, 0.5. Length of M,, 1.5;
talonid length, 0.55; talonid width, 0.8; and metaconid
height, 1.5. Length of the M; aveolus, 1.6. Lingual
depth of the horizontal ramus at M,/M,, 3.2; thickness
at M;, 1.35; distances from the posterior edge of the
articular condyle to the posterior alveolus of M;, 7.0,
and to the anterior base of the coronoid process, 6.0;
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thickness of the articular condyle, 1.5; width of the
articular head, 2.4; and the dorsal length of the neck and
the head, 2.0 (1.0 + 1.0).

M; (PIN, no. 3107/398): total length, 2.1; talonid
length, 1.05; trigonid width, 1.65; talonid width, 0.75;
protoconid height, 2.0; and metaconid height, 1.5.

Material. In addition to the holotype, PIN,
no. 3107/399, afragment of the right dentary with bro-
ken M; and M, and the M, alveolus and a fragmentary
ascending ramus with the articular process, and PIN,
no. 3107/398, isolated M;, from the type locality.

DISCUSSION

The zalambdodonty is a special type of upper molar
structure characterized by the following: the trigon is
formed by alarge paracone located lingually, V-shaped
in plan paracrista, and style; the metacone and proto-
coneare strongly reduced or absent; and the conulesare
undeveloped (Butler, 1939, 1941; Hershkovitz, 1971).
The zalambdodonty means that, in the lower molars,
the trigonid is excessively developed, the paracristid
oblique and a very high and wide transverse protocris-
tid are formed, and the talonid is reduced. A primitive
zalambdodont type is characterized by the presence of
a rudimentary metacone (included in the postpara-
crista); a relatively large protocone and, correspond-
ingly, a lesser degree of excessive development of the
trigonids and a lesser reduction of the talonids (Butler,
1941). Hershkovitz (1971) designated the true zalamb-
dodont teeth of insectivores as the complex zalambdo-
morphic type and primitive zalambdodont pattern as
the zalambdomorphic—dilambdomorphic type.

Theterms Zalambdodontaand Dilambdodontawere
introduced by Gill (1885, p. 136) in 1885 as the taxo-
nomic names for the following sections of Recent
insectivores (Gill, 1875, 1885; Gregory, 1910) pro-
posed by him in 1875: the Zalambdodonta included the
Centetoidea, comprising tenrecs, solenodons, and otter
shrews, and the Chrysochloroidea; and the Dilambdo-
donta included the Erinaceoidea, Soricoidea, and
Tupaioidea. Later, these terms were only used in the
morphological sense to designate the teeth of appropri-
ate types.

Living zalambdodont insectivores include tenrecs
from Madagascar, otter shrews and golden moles from
Africa, and solenodons from the Greater Antilles. The
Tenrecidae and Chrysochloridae appear in the fossil
record in the Early Miocene of Africa (McKenna and
Bell, 1997); however, according to molecular data, the
order comprising them and named the Afrosoricida
should appear about 70 Ma, whereas tenrecs and
golden moles should diverge about 50-57 Ma (Stan-
hope et al., 1998). Extinct solenodontids are known
from the Pleistocene and Holocene of the West Indies
only (Morgan and Ottenwalder, 1993).

Among extinct forms, the primitive zalambdodont
type of tooth structure (where a rudimentary metacone
Vol. 37
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is preserved, a large protocone is present, and the tal-
onid is relatively weakly reduced) is characteristic of
certain Paleocene—Eocene Palaeoryctidae, in particul ar,
Palaeoryctes and Eoryctes (Matthew, 1913; Butler,
1941; Thewissen and Gingerich, 1989); however, among
extinct insectivores, only members of the family Apterno-
dontidae can be referred to as true zalambdodonts.

In North America, the earliest Apternodontidae
indet. (fragmentary skull without teeth) comesfrom the
Tiffanian of Wyoming (Edinger, 1964; McKenna and
Bell, 1997; Wood et al., 2000). The earliest genus and
species is Parapternodus antiquus found in the Lower
Wasatchian (beginning of the Eocene, about 55 Ma)
and represented by only alower jaw fragment contain-
ing M, and M (Bown and Schankler, 1982, p. 68, pl. 9,
figs. 3, 4). M, of Parapternodus has a posterolabial pro-
jection at the base of the talonid and a subtransversely
positioned postvallid, similar to that of Asiapternodus;
these are primitive features distinguishing Asiapternodus
and Parapternodus from Apternodus and Oligoryctes.

A very small Early Eocene Apternodontidae indet.
was determined in the Upper Bridgerian of Wyoming
and the Lower Bridgerian of Utah (McKenna et al.,
1962; West and Atkins, 1970) and Nevada (Emry,
1990). The form from the Bridgerian of Wyoming
[including a lower jaw fragment of “?Soricidae gen. et
sp. indet.” described by G. Simpson (see McGrew et al.,
1959, p. 151, text-fig. 7)] and Utah is known as
“ Eoryctes’ nomen nudum (not to be confused with the
above mentioned valid genus Eoryctes Thewissen et
Gingerich, 1989 belonging to the Pal aeoryctidag), since
Romer (1966, p. 381), Novacek (1976, p. 34), and
Bown and Schankler (1982, pp. 67-69) mentioned it
under this name proposed by McKenna in his manu-
script (Bown and Schankler, 1982; McKenna and Bell,
1997, p. 211).

According to the morphological characteristics of
the lower molars of “ Eoryctes’” proposed by Bown and
Schankler (1982), i.e., relatively low crowns and weak
longitudinal compression of trigonids on M, and M,
the presence of the posterolabial projection at the base
of the talonid of M,, and anterolingually—posterol abi-
ally positioned postvallid on M,, this apternodontid
substantialy differs from Asiapternodus. Simpson
(McGrew et al., 1958, p. 152) and Bown and Schankler
(1982, p. 69) noted the similarities between this form
and the Soricidae in the structure of the ascending
ramus of the lower jaw (a superficial masseteric fossa
and a sharp medial crest extending from the posterior
end of the alveolar margin above the mandibular fora-
men and supposedly showing theinitial stage of thefor-
mation of the internal temporal fossa). The soricid-like
structural features of the lower jaw (a shallow masse-
teric fossa, a deep triangular posteromedial fossa, a
large angular process, the position and shape of the
articular condyle, and a deep lower pterygoid fossa) are
also observed in Oligoryctes (Bown and Schankler,
1982). In Asiapternodus, these features are not
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observed; on the contrary, the masseteric fossaisrela
tively deep, the condylar crest is clearly devel oped and
stout, the medial side of the coronoid process lacks a
crest, and the condyleislow and massive. One can pro-
pose that the above characters of “ Eoryctes’” and Oli-
goryctes are associated with the very small sizes of
these animals; Simpson (McGrew et al., 1959) believed
that the form from the Bridgerian was at most as large
as uncus etruscus (Savi, 1822). The massive lower jaw
of Apternodus, which has a high coronoid process and
very strongly expanded condyles, especialy in A. gre-
goryi (Scott and Jepsen, 1936, pl. I, fig. 1d), shows a
profound specialization of this genus. Thus, the above
characters of the lower jaw of Asiapternodus are prob-
ably plesiomorphic to the family.

Regarding the extent to which the zygomatic pro-
cess of the maxilla is reduced, Asiapternodus is sub-
stantialy inferior to Apternodus and Oligoryctes (Mat-
thew, 1910; Schlaikjer, 1934; Hough, 1956). Among
living zalambdodont insectivores, asimilar shape of the
zygomatic process is characteristic of Tenrec, Oryzo-
ryctes, and Microgale, whereas in Potamogale and
Solenodon, the zygomatic processes are longer and
widely spaced (Hough, 1956; Morgan and Ottenwal der,
1993). The incompletely reduced zygomatic arch
shows that Asiapternodus is more primitive than apter-
nodontids existing at approximately the same geologi-
cal time and later; Oligoryctes and Apternodus are
known from the Early Uintan and Early Duchesnean,
respectively (McKenna, 1980; Stucky, 1992).

Specialized characters of Asiapternodus include the
presence of strongly shortened infraorbital canal
located on the same vertical as P*~-M! (in Apternodus
and Oligoryctes, it is above PP-M'). The large size of
the infraorbital canal suggests that Asiapternodus most
likely had asensitive proboscis (Thewissen and Ginger-
ich, 1989).

Primitive structural characters of the upper teeth of
Asiapternodus are nonmolariform P*, alarge protocone
on M!-M3, and nonreduced M3. As the structure of the
upper molars of various apternodontids and living
zalambdodont insectivores are compared, Apternodus
ismost similar to Solenodon, while Oligoryctes closely
resembles the tenrecs Oryzoryctes and Microgale.
Asiapternodus and the Recent otter shrew Potamogale
and Paleocene Palaeoryctes share the markedly trans-
versely extended protocone of the upper molars (Mat-
thew, 1913; Butler, 1939, 1941). The upper molars of
Potamogale and Palaeoryctes are considered to be a
transitional type between the zalambdodonty and di-
lambdodonty (Butler, 1939, 1941; Hershkovitz, 1971).
Thus, the structure of the upper teeth of Asiapternodus
agreeswith the hypothesis of the origin of zalambdodont
molarsfrom the primitive dilambdodont type by areduc-
tion of the metacone and progressive diminution of the
protocone (Butler, 1941, text-fig. 8; 1996, text-fig. 1).

Phylogenetic relationships between the genera of
the Apternodontidae remain uncertain. The structure of
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the lower molars of Asiapternodus and Parapternodus
shows common plesiomorphic features, however, cur-
rently, it is impossible to prove or reject conclusively
their close relationship, since the data on the upper
teeth of Parapternodus are not available. Oligoryctes
and Apternodus are strongly specialized and undoubt-
edly belong to separate lineages deviating from the
common stock not later than the terminal Early Eocene
or the basal Middle Eocene. In Asian “cf. Apternodus
sp.” from the upper part of the Middle Eocene of China
(Tong, 1997, text-fig. 11, pl. I, figs. 14, 15), the lower
molars are more specidized in structure than in
Asiapternodus; this agrees with its later geological age
(Sharamurunian Land Mammal Age).
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