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Abstract—I[tatodon tatarinovi Lopatin et Averianov, 2005 is represented by two lower molars and a lower
molar fragment from the upper part of the Itat Formation (Bathonian Stage) of the Berezovskii quarry (southern
Krasnoyarsk Region). Based on the presence of a pseudotalonid, bordered by the crests a-b, b—e, e—g, and a—g,
Itatodon is assigned to the endemic Asian family Tegotheriidae. In this genus, the crest a—b is reduced and the
thick lingual cingulid is better developed than that of other docodonts. Phylogenetic analysis of Docodonta
shows paraphyly of Morganucodonta relative to docodonts and independent development of the pseudotalonid
in the Tegotheriidae and the clade comprising Krusatodon, Castorocauda, Cyrtlatherium, and Dsungarodon.
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INTRODUCTION

The first Asian docodont, Tegotherium gubini Tatar-
inov, 1994, was described 12 years ago from the Late
Jurassic of Mongolia (Tatarinov, 1994). For a long time,
it was the only docodont known from this part of the
world. However, during the last years, the knowledge of
docodonts from Asia was substantially expanded by the
description of Sibirotherium rossicus Maschenko et al.,
2003 from the Early Cretaceous of Siberia, Tashkumy-
rodon desideratus Martin et Averianov, 2004 from the
Middle Jurassic of Kyrgyzstan, Dsungarodon zuoi
Pfretzschner et Martin, 2005 from the Late Jurassic of
Dzungaria, and Castorocauda lutrasimilis Ji et al.,
2006 from the Middle Jurassic of Inner Mongolia
(Maschenko et al., 2003; Martin and Averianov, 2004,
Pfretzschner et al., 2005; Ji et al., 2006). These data
suggest that docodonts were a rather common and
diverse mammal group in the Mesozoic of Asia. This
conclusion is corroborated by the study of the Middle
Jurassic vertebrate fauna of Western Siberia. The Itat
Formation of the Bathonian Stage of the Berezovskii
quarry near the village of Nikol’skoe in the southern
Krasnoyarsk Region has yielded at least two docodont
species (Averianov et al., 2005; Lopatin and Averianov,
2005). The smaller species, Docodonta indet., was rep-
resented by dentary fragments without teeth, while the
larger species, [tatodon tatarinovi Lopatin et Averi-
anov, 2005 was described based on an isolated lower
molar.

In the present study, the interpretation of the holo-
type of I tatarinovi is improved, an additional lower
molar from the Berezovskii quarry that probably
belongs to the same taxon is described, and the results
of phylogenetic analysis of Docodonta based on
29 dental characters are discussed.

The material described and discussed in this study is
housed in the Paleontological Museum of Tomsk State
University, Tomsk, Russia (PM TGU), and in the Pale-
ontological Institute of the Russian Academy of Sci-
ences, Moscow, Russia (PIN).

SYSTEMATIC PALEONTOLOGY
Order Docodonta
Family Tegotheriidae Tatarinov, 1994
Genus Itatodon Lopatin et Averianov, 2005
Itatodon: Lopatin and Averianov, 2005, p. 277.

Type species. I tatarinovi Lopatin et Averi-
anov, 2005, Middle Jurassic of Western Siberia.

Diagnosis. The genus is characterized by the
following unique combination of (—) primitive and (+)
derived characters: (1) pseudotalonid present, its basin
bordered by distinct crests a—b, b—e, e—g, and a—g (+);
(2) additional cuspule ee absent (-); (3) crests a—b and
a—g diverging at base of cuspule a (+); (4) posterior part
of tooth crown reduced (+); (5) cusp ¢ reduced, absent
from ultimate lower molar (+); (6) complete lingual
cingulid present (+); (7) incomplete labial cingulid
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reaching anteriorly notch between cusps a and b (+);
and (8) enamel lacking crenulations (-).

Species composition. Type species.

Comparison. [tatodon differs from Tegothe-
rium Tatarinov, 1994 in characters 2, 3, 5, and 7, from
Tashkumyrodon Martin et Averianov, 2004, in charac-
ters 2—7 and in the absence of a labial rudiment of the
crest b—g; and from Sibirotherium Maschenko, Lopatin
et Voronkevich, 2003, in characters 2—8 and in the bet-
ter developed crest e—g.

Remarks. In the original description of I ratar-
inovi, the reduction of the distolingual cusp ¢, which is
located posterior to the cusp a, was indicated as a prom-
inent distinctive feature of this taxon (Lopatin and
Averianov, 2005). This feature was tentatively pro-
posed to be connected with the posterior position of the
tooth in the tooth row. However, the authors thought
that the holotype of I. tatarinovi should not be regarded
as the most posterior molar because of its long crown.
Subsequent finds of an additional, more anterior lower
molar of I. tatarinovi and a complete lower molar row
of Castorocauda (Ji et al., 2006) are evidence that the
holotype is actually the ultimate lower molar, while
more anterior molars have a normally developed cusp c,
which is positioned distolingual to the cusp a.

There are certain difficulties in the interpretation of
the posterior cusps of the holotype of I tatarinovi. In
the previous paper (Lopatin and Averianov, 2005), a
strongly reduced denticle-like cuspule at the base of the
posterior crest of the cusp a was interpreted as a rudi-
ment of the main cusp ¢, while a small ridgelike cuspule
located distolabially was taken for cusp d. This inter-
pretation was based on topographic relationships
between the cusp ¢ and the crest extending posteriorly
from the apex of the cusp a. However, the denticle
located at the base of the posterior crest of the cusp a is
connected to the posterior cingulid and, consequently,
corresponds to the cusp f. On the ultimate molar of
1. tatarinovi, cusp c is most likely completely reduced,
as in Dsungarodon (Pfretzschner et al., 2005) and,
probably, in Castorocauda (Ji et al., 2006). In this case,
the cusp at the posterior edge of the crown of the holo-
type is homologous to the cusp f, while the distolabial
cingular cusp is cusp d.

Unique features of Itatodon are the reduced crest a—b,
so that the crest terminates distally at the base of the
cusp a or g, and a thick lingual cingulid which is devel-
oped to a greater extent than in other docodonts.

Itatodon tatarinovi Lopatin et Averianov, 2005
Plate 8, figs. 1 and 2

Itatodon tatarinovi: Lopatin and Averianov, 2005, p. 278, text-
fig. 1.

Holotype. PIN, no. 5087/2, isolated right ulti-
mate lower molar; Russia, Krasnoyarsk Region, Shary-
povskii District, 500 m south of the village of
Nikol’skoe, Berezovskii quarry; Middle Jurassic,
Bathonian Stage, upper part of the Itat Formation.
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Description (Fig. 1). The crown length of the
lower molar of specimen PM TGU, no. 200/3-BR-7
(Figs. 1a—1e) is approximately 1.9 times greater than its
maximum width. The cusp a is the largest and highest
cusp; its base is displaced to the posterior part of the
crown. A sharp crest a—g descends anteriorly from the
apex of the cusp a. A relatively low ridge that is proba-
bly a rudimentary crest a—b extends anterolabially from
the base of the cusp g to the apex of the cusp b. The cusp
g is located anterolingual to the cusp a and is approxi-
mately half as high as this cusp. The cusp b is lower
than the cusp g and is located in the mesiolabial corner
of the crown. The anterior part of the crown forms a
pseudotalonid with an extensive basin bordered by the
crests a—b, b—e, e—g, and a—g. The crest b—e has a small
notch at the base of the cusp e. The cusp e is small and
very low, but clearly outlined. The crest e—g is hardly
discernible. The crest a—c is directed distolingually.
The cusp c is relatively large, but lower than the cusp g;
its apex has a characteristic posterior curvature. The
crest c—f descends abruptly distolabially. The cusp fis
very small, located at the point of contact between the
crest c—f and the posterior cingulid. A rudimentary cusp d,
which is a small eminence of the posterior cingulid, is
located slightly labially relative to the cusp f. The crown
has a distinct lingual cingulid connecting the bases of
the cusps e and fand a labial cingulid extending anteri-
orly from the cusp d to the base of the cusp b. The ante-
rior part of the labial cingulid has an extensive lateral
wear facet similar to that of the holotype (see below),
but somewhat smaller in size. This facet is probably
connected with the strong development of the cusp C
on the occluding upper molar. The posterior part of the
labial cingulid has a smaller additional facet, which is
produced by the occlusion of the cusp A. The enamel of
the crown is smooth, lacking crenulations. The tooth
has two relatively narrow and long roots, which are
equal in height and slightly widened at the base. The
anterior root is slightly longer (in the anteroposterior
diameter) than the posterior root. As in the holotype, the
posterior side of the anterior root and the anterior side
of the posterior root have a longitudinal groove, which
is probably developed due to the vertical expansion on
the interalveolar bony wall. A similar supplementary
articulation of the tooth root and the dentary was noted
by A. Averianov in Late Jurassic Docodon from North
America; it is probably characteristic of other doc-
odonts.

The ultimate lower molar (holotype, Figs. 1h—11) is
elongated, so that the length to width ratio is 1.75. The
cusp a is large, with its base in the posterior part of the
crown; the apex is inclined somewhat posteriorly. A
sharp convex crest descends anteriorly from the apex of
the cusp a and branches at the base of this cusp into the
crests a—b and a—g. The crest a—g is higher than the
crest a—b and forms a notch between the bases of the
cusps a and g. The cusp g is pointed, approximately
half as high as the cusp a, located anterolingual to the
cusp a. The cusp b is lower than the cusp g, has a
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Plate 8

Explanation of Plate 8
Figs. 1 and 2. Itatodon tatarinovi Lopatin et Averianov, 2005: (1) specimen PM TGU, no. 200/3-BR-7, right lower molar, x22:
(1a) stereophoto, occlusal view; (1b) anterior, (1c), lingual, (1d) posterior, and (1e) labial views; (2) holotype PIN, no. 5087/2, right
ultimate lower molar, xX26.5: (2a) stereophoto, occlusal view; (2b) anterior, (2¢) lingual, (2d) posterior, and (2¢) labial views; Russia,
Krasnoyarsk Region, Sharypovskii District, village of Nikol’skoe, Berezovskii quarry; upper part of the Itat Formation, Bathonian

Stage, Middle Jurassic.

blunted apex; it is located anterior and slightly labial to
the cusp a. The anterior part of the crown forms a
pseudotalonid with an extensive basin bordered by the
crests a—b, b—e, e—g, and a—g. The mesiolabial slope of
the cusp g has two short ridges descending into the
pseudotalonid basin, which are probably rudiments of
the crest b—g. The crest b—e has a small notch. The cusp e
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is small, but distinct. The crest e—g is narrow and low.
The posterior crest descends almost vertically from the
apex of the cusp a. A small cuspule connected by the
cingulid crest to the hardly discernible distolabial cusp
d is located at the base of the posterior part of the cusp
a, within the posterior cingulid. The crown has a com-
plete lingual cingulid and a labial cingulid extending
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Fig. 1. Itatodon tatarinovi Lopatin et Averianov, 2005: (a—e) specimen PM TGU, no. 200/3-BR-7, right lower molar: (a) occlusal,
(b) anterior, (c) posterior, (d) labial, and (e) lingual views; (f, g) specimen PM TGU, no. 200/5-BR-1, fragmentary left lower molar:
(e) occlusal and (g) anterior views; (h-1) holotype PIN, no. 5087/2, right ultimate lower molar: (h) occlusal, (i) anterior, (j) posterior,
(k) labial, and (1) lingual views. Designations: (a, b, ¢, d, e, f, g) cusps, (f (c)) distal cusp of uncertain homology (f or, less probably, c).

anteriorly from the cusp d to the notch between the
cusps a and b. An extensive wear facet that was proba-
bly produced by the strongly developed cusp C of the
occluding upper molar is located in the anterior part of
the labial cingulid. The anterior root is slightly longer
(anteroposteriorly) than the posterior root. The crown
and roots of the tooth are slightly curved in the frontal
plane (convex labially). The crown displays a certain
unilateral hypsodonty (so that the labial side of the
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crown is higher than the lingual side), which is some-
what more pronounced than in specimen PM TGU,
no. 200/3-BR-7.

In addition, the material includes an anterior frag-
ment of the left lower molar (PM TGU, no. 200/5-BR-1,
Figs. 1f, 1g), with a fragmentary pseudotalonid (in par-
ticular, only the base of the cusp g is preserved). The
cusp e and crest e—g are worn to a greater extent than in
the other specimens described.
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Measurements, mm. Lower molar (specimen
PM TGU, no. 200/3-BR-7): crown length, 2.6; greatest
crown width, 1.4; crown height on the labial side of the
cusp a, 2.25; height of the anterior root on the anterior
side, 2.5. Ultimate lower molar (holotype): crown
length, 2.1; greatest crown width, 1.2; crown height on
the labial side of the cusp a, 1.6; height of the anterior
root on the anterior side, 2.0.

Remarks. The length of the holotype is 81% of
that of specimen PM TGU, no. 200/3-BR-7, whereas in
the jaw of Castorocauda lutrasimilis, the length of the
ultimate lower molar is 95% of the length of the largest
lower molar (Ji et al., 2006, text-fig. 2). On the other
hand, the length of the isolated ultimate lower molar of
Dsungarodon zoui is 86% of the length of the isolated
more anterior molar referred to this taxon (Pfretzschner
et al., 2005). Apparently, docodont taxa varied in the
degree of reduction of the posterior lower molar. It is
also possible that the range of individual and sex varia-
tion was much greater than in extant mammals.

Material. In addition to the holotype, an isolated
right lower molar (PM TGU, no. 200/3-BR-7) and a
fragment (pseudotalonid) of the left lower molar
(PM TGU, no. 200/5-BR-1) from the type locality.

PHYLOGENETIC ANALYSIS

To determine the phylogenetic position of Itatodon,
we performed phylogenetic analysis of all known doc-
odont genera and the most thoroughly examined repre-
sentatives of Morganucodonta, including Morganuc-
odon Kiihne, 1949 from the Rhaetian—Early Jurassic of
Eurasia and North America; Dinnetherium Jenkins et
al., 1983 from the Early Jurassic of Arizona, United
States; and Megazostrodon Crompton et Jenkins, 1968
from the Early Jurassic of Lesotho and the Republic of
South Africa. The analysis is based on the characters of
the dental system, including both previously used
(Martin and Averianov, 2004; Pfretzschner et al., 2005;
Ji et al., 2006) and original characters. The most primi-
tive mammal, Sinoconodon Patterson et Olson, 1961
from the Early Jurassic of Yunnan, China, and Morga-
nucodon are taken as outgroups. We analyzed the distri-
bution of the following characters:

(1) Posterior upper premolar longer than, or approxi-
mately equal in length to M' (0); much shorter than M' (1).

(2) Ratio of width to labial length of upper molars
less than 0.6 (0), 0.6—1.0 (1), or more than 1.0 (2).

(3) Triangular pattern of arrangement of main cusps
of upper molars absent (0), present (1).

(4) Upper molars have two (0) or three (1) roots.

(5) Upper molars lacking a constriction in the mid-
dle part (0); having a small constriction, 0.7-0.9 of the
labial crown length (1), or a considerable constriction,
less than 0.7 of the labial crown length (2).

(6) On upper molars, cusp X absent (0), or present (1).
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(7) On labial side of cusp X, wear facet absent (0),
or present (1).
(8) On upper molars, cusp Y absent (0), or present (1).

The isolated upper molars assigned to Woutersia
Sigogneau-Russell, 1983 from the Rhaetian of France
include teeth that are similar to the molars of Megazos-
trodon, with a weakly pronounced triangular pattern
(Sigogneau-Russell and Hahn, 1995, text-figs. 1A, 3B);
teeth with a slightly transversely expanded crown and a
rudimentary constriction in the middle part (Sigog-
neau-Russell and Hahn, 1995, text-figs. SA-5D); and
teeth with a much more expanded crown and one or two
lingual cusps (X and Y; Sigogneau-Russell and Hahn,
1995, text-figs. 7, 8). These variations are interpreted
here as a morphological gradient from anterior to pos-
terior teeth of the tooth row of one or two closely
related taxa. Thus, Woutersia is coded by a polymor-
phic condition of characters 2—5. The data on the upper
molars of Sibirotherium are based on new undescribed
specimens from PM TGU from the Lower Cretaceous
of Western Siberia.

(9) On upper molars, cusp Z absent (0), or present (1).

(10) On upper molars, crest A—X absent (0), present,
at least partial (1).

(11) Lower canine single-rooted (0), double-rooted (1).

A large double-rooted canine from the Bathonian of
England (Sigogneau-Russell, 2003, text-fig. 6B) that
was originally referred to as Peraiocynodon major
Sigogneau-Russell, 2003, is assigned here to Krusat-
odon kirtlingtonensis Sigogneau-Russell, 2003 from
the same locality [the synonymy of these taxa was con-
sidered by Averianov (2004)]. This tooth was originally
determined as an upper canine. However, it is impossi-
ble to exclude the possibility that it is a lower canine; in
addition, a polymorphism for the number of roots of
canines of docodonts has not been recorded; therefore,
Krusatodon is coded by the derived condition of this
character.

(12) Number of lower premolars: two (0), three or
four (1), five or six (2).

The exact number of lower premolars in Borealestes
Waldman et Savage, 1972 from the Bathonian of Scot-
land is not known (Waldman and Savage, 1972). How-
ever, the small size of the first of three available premo-
lars suggests that it is P, and this animal had three lower
premolars, as Haldanodon Kiihne et Krusat, 1972 from
the Kimmeridgian of Portugal (Krusat, 1980).

(13) Ultimate lower premolar longer than, or
approximately equal to, M; (0), or much shorter than
M, (D).

(14) On lower molars, cusp b relatively small, posi-
tioned close to cusp a (0), or large, separated from cusp a
by wide notch (1).

(15) On lower molars, cusp ¢ located posterior to
cusp a (0), or posterolingual to cusp a (1).

(16) On lower molars, cusp g absent (0), small (1),
or large, almost equal in height to cusp ¢ (2).

No. 6 2006
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Fig. 2. Hypotheses of phylogenetic relationships of docodonts: (a) strictly consistent tree of three maximum parsimony trees pro-
duced by the analysis of the taxon—character matrix (Table 1), with nonordered coding of characters; (b) strictly consistent tree of
five maximum parsimony produced by the analysis of the taxon—character matrix, with ordered coding of characters with several
conditions; the first figure at nodes shows bootstrap support, %; the second figure is jackknife support, %.

(17) On lower molars, lingual cingulid at base of
cusps g and c absent or g is cingulid cusp (0), or lingual
cingulid present (1).

(18) On lower molars, cusp e absent (0), or present (1).

(19) On lower molars, mesiolingual cingulid
directed posteriorly from cusp e terminating short of
cusp g (0), reaching at least base of cusp g (1), absent
or limited by anterior margin of tooth crown (2).

(20) On lower molars, cusp fabsent (0), or present (1).

In Itatodon, the cusp fis clearly reduced, but distinct
in specimen PM TGU, no. 200/3-BR-7.

(21) On lower molars, pseudotalonid absent (0);
present, with its basin bordered mesiolingually by
crest b—g (1), or present and bordered mesiolingually
by crest e—g (2).

(22) On lower molars, crest a—g absent (0), or
present (1).

PALEONTOLOGICAL JOURNAL  Vol. 40

(23) On lower molars, crest b—e absent (0), or
present (1).

(24) On lower molars, crest b—g absent (0), or
present (1).

In Itatodon, specimen PM TGU, no. 200/3-BR-7
has a crest passing from the cusp b to the base of the
cusp g (Fig. 1a). However, the holotype has a posterior
extension of this crest that is directed to the base of the
cusp a; therefore, this crest is probably a rudimentary
crest a—b rather than the crest b—g (which occurs in
some docodonts). This homology is also corroborated
by the fact that, in Itatodon, this crest forms the distola-
bial rather than mesiolingual wall of the pseudotalonid
basin. Therefore, Itatodon is coded here by the primi-
tive condition of this character.

(25) On lower molars, crest a—d absent (0), incom-
plete (1), or complete (2).

No. 6 2006
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(26) On lower molars, crest ¢c—d absent (0), or
present (1).

(27) Interlocking of neighboring lower molars: cusp d
of more anterior tooth located between cusps b and e of
posterior tooth (0), cusp e of posterior tooth located
between cusps d and f of anterior tooth (1), cusp b of
posterior tooth overlying cusp d of anterior tooth (2).

In contrast to the matrix used by Ji et al. (2006),
Megazostrodon and Woutersia are coded here by the
primitive condition, while Tashkumyrodon and Dsun-
garodon are coded by (1), the derived condition of this
character.

(28) On ultimate lower molar, cusp ¢ developed to
approximately the same extent as in preceding molars (0),
or strongly or completely reduced (1).

(29) Plication of enamel (crenulation) on molars is
absent or weak (0), is strongly developed (1).

We performed two variants of analysis of the taxon—
character matrix (Table 1), using PAUP 4.0b10 soft-
ware. In the first case, characters with several condi-
tions (characters 2, 5, 12, 16, 19, 21, 25, and 27) were
coded as nonordered. Using the branch and bound
algorithm, three maximum parsimony trees of 50 steps
were constructed (CI = 0.720, HI = 0.280, RI = 0.870,
RC = 0.627). The strictly consistent tree shows a high
resolution (Fig. 2a). In this cladogram, bootstrap sup-
port of the nodes E, I, and K is less than 50% and jack-
knife support of the nodes E, G, I, and K is also less
than 50%. In the second variant, characters with several
conditions were coded as ordered. Using the branch
and bound algorithm, five maximum parsimony trees of
53 steps were constructed (C/ =0.698, HI =0.302, Rl =
0.871, RC = 0.608). The consistent tree is similar in
topology to the consistent tree obtained in the previous
case; however, Itatodon forms a polytomy with Tash-
kumyrodon and the clade Tegotherium + Sibirotherium
in the node G (Fig. 2b). In this analysis, bootstrap sup-
port is more than 50% for all nodes, while jackknife
support is less than 50% for the nodes E, H, and I. In the
first analysis, as the characters are reweighed according
to the value of RC, the consistent tree retains the same
topology.

DISCUSSION

Our analysis shows paraphyly of Morganucodonta
in relation to Docodonta, supporting the classical con-
cept of the origin of docodonts from Morganucodonta
(Kiihne, 1950; Patterson, 1956; Crompton and Jenkins,
1968; Crompton, 1974; Averianov, 2002). Morganuc-
odonts and docodonts share the unique plesiomorphic
structure of the lower jaw, with a groove for postdentary
bones and pseudoangular process, and the presence of
the cusp g (kuehneocone) on the lower molars [which
is absent from Dinnetherium] (Averianov, 2002;
Kielan-Jaworowska et al., 2004; Averianov et al., 2005).
Dinnetherium and Megazostrodon along with Wouter-
sia and Docodonta belong to the same clade A (Fig. 2a),
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which is characterized by short ultimate premolars
(characters 1 [1] and 13 [1]). The next clade (B, includ-
ing Megazostrodon, Woutersia, and Docodonta) is
characterized by triangular arrangement of the main
cusps of the upper molars (character 3 [1]).

The clade C (Woutersia and Docodonta) is com-
bined based on the transversely expanded upper molars
with a constriction in the middle part, the lingual cusps X
and Y] a transverse crest between the labial and lingual
cusps (characters 2 [1,2],5[1,2],6 [1], 8 [1]and 10 [1];
these characters are clearly pronounced on the presum-
ably posterior molars of Woutersia, whereas the ante-
rior teeth of this animal show a typical morganucodont-
like pattern), and on the displacement of the cusp c to
the lingual margin of the crown and the connection of
the cusp g with the cusp e by the mesiolingual cingulid
(characters 15 [1] and 19 [1]). Woutersia was originally
assigned to the family Kuehneotheriidae (Sigogneau-
Russell, 1983). Subsequently, it was placed in a mono-
typic “symmetrodont” family, with the remark that den-
tal characters of this taxon demonstrate “a certain par-
allelism” with reference to docodonts, while docodonts
could have evolved from early Theria sensu lato
(= “Holotheria,” see Luo et al., 2002 about the undesir-
ability of the use of this term) (Sigogneau-Russell and
Hahn, 1995, p. 245). Subsequently, Butler (1997)
assigned Woutersia to Docodonta and subscribed to the
hypothesis of the origin of docodonts from animals
with the triangular molar pattern (see also Averianov,
2002; Martin and Averianov, 2004). In a recent report
on Mesozoic mammals, Woutersia is still placed in
“symmetrodonts” (Kielan-Jaworowska et al., 2004).
We believe that the similarity between Woutersia and
Kuehneotherium Kermack et al., 1968 from the Late
Triassic of Europe and Greenland is convergent and
incomplete; in the first taxon, the cusp b is located ante-
rior to the central cusp a, whereas in Kuehneotherium,
this cusp is located anterolingual to the central cusp.
The main cusps on the lower molars of Kuehneothe-
rium are arranged according to the triangular pattern,
whereas Woutersia shows a semitriangular arrange-
ment. A similar semitriangular pattern of the lower
molars is preserved in all docodonts; their cusp b is
always located anterior to the cusp a and never is dis-
placed to the lingual edge of the crown. This character
is probably the major synapomorphy of the clade Wout-
ersia + Docodonta. Consequently, it is unreasonable to
place Woutersia in “symmetrodonts,” since the lingual
displacement of the cusp ¢ on the lower molars devel-
oped independently in the lineages of Morganuc-
odonta—Docodonta and Theria sensu lato.

True docodonts (order Docodonta) form the clade D,
which is characterized by further transverse expansion
of crowns of the upper molars combined with distinct
constriction in the middle part (characters 2 [2] and 5 [2]);
appearance of the third (lingual) root of the upper
molars (character 4 [1]); appearance of a wear facet on
the labial side of the cusp X (character 7 [1]); develop-
ment of a clear cusp fin the posterior part of the crown
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of the lower molars (character 20 [1], the cusp fis also
present in Morganucodon and is secondarily reduced in
Dsungarodon and Cyrtlatherium); appearance of addi-
tional crests on the lower molars, i.e., a—g (character 22
[1], which is poorly developed or absent in Borealestes
and Haldanodon), b—g (character 24 [1], which is sec-
ondarily reduced in the clade I), and ¢—d (character 26
[1], which secondarily disappeared in the clade G, in
Sibirotherium and Tegotherium). Docodonts also have
a double-rooted lower canine (character 11 [1]; the con-
dition of this character in Woutersia is not known).
Apparently, the cusp ¢ of the posterior ultimate molar
was reduced in all docodonts (character 28 [1]); how-
ever, the distribution of this character remains incom-
pletely known. Docodonts differ sharply from morga-
nucodonts in the pattern of interlocking of the lower
molars; in morganucodontids, the cusp d projecting
posteriorly is located in a notch between the anterior
cusps b and e of the subsequent tooth, whereas, in the
majority of docodonts, the anteriorly projecting cusp e
is located in a notch between the cusps d and f of the
preceding tooth (character 27 [1]; the primitive condi-
tion is retained in Castorocauda; in Haldanodon and
Docodon, the anterior cusp b overlies the cusp d of pre-
ceding tooth, that is, character 27 [2]).

Docodonts include plesiomorphic taxa, such as
Borealestes, Haldanodon, and Docodon Marsh, 1881
from the Kimmeridgian of the United States and, prob-
ably, from the Berriasian of England, which lack a
pseudotalonid and have small cusps b and g, and the
clade F, which comprises taxa with a pseudotalonid and
large cusps b and g (characters 21 [1], 14 [1], and 16
[2]). An important synapomorphy of the clade F is
probably an increase in the number of lower premolars
to five or six (character 12 [2]); however, the number of
premolars remains unknown in many taxa. Borealestes
is slightly more advanced than Haldanodon and Doc-
odon in the presence of the crest b—e (character 23 [1];
clade E).

The clade F is divided into two subclades (G and H).
The clade H combines Castorocauda Ji et al., 2006
from the Middle Jurassic of Inner Mongolia, Cyrtlath-
erium Freeman, 1979 [= Simpsonodon Kermack et al.,
1987; for the substantiation of synonymy of these taxa,
see Sigogneau-Russell, 2001; Averianov, 2004] from the
Bathonian of England, and Dsungarodon Pfretzschner et
Martin, 2005 from the Bathonian of Dzungaria, in
which the mesiolingual cingulid extending from the
cusp e is reduced (character 19 [2], independently
developed in Docodon) and the crest c—d is also
reduced (character 26 [0], this reversion is also charac-
teristic of Tegotherium and Sibirotherium). The genera
Cyrtlatherium and Dsungarodon are combined (clade J)
based on the reduction of cusps e and f on the lower
molars. In this analysis, these characters are regarded as
areversion (18 [0] and 20 [0]). The clade G includes the
“asiadocodonts”  Tashkumyrodon, Itatodon, and
Tegotherium and Sibirotherium (family Tegotheriidae).
It is characterized by a special structure of the
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pseudotalonid, the mesiolingual corner of which is bor-
dered by the crest e—g rather than the crest b—g (as in
other docodonts with the pseudotalonid) (characters 21
[2] and 24 [0]). The fact that the crest b—g is secondarily
reduced in “asiadocodonts,” is corroborated by the
presence of its rudiment in Tashkumyrodon. The rela-
tively weak statistical support of the clade of “asiadoc-
odonts” (both bootstrap and jackknife) is probably
accounted for by a lack of knowledge of these animals.

“Asiadocodonts” include the clades I (lratodon,
Tegotherium, and Sibirotherium) and K (Tegotherium
and Sibirotherium), which are characterized by the
development of a lingual cingulid on lower molars
(17 [1]) and reduction of the crest c—d (26 [0]), respec-
tively.

The hypothesis proposed in this study for the phy-
logeny of docodonts allows certain assumptions con-
cerning evolutionary development of this group. It is
evident that there was no a basal dichotomy of the order
into two stems, “Eudocodonta” (Euramerica) and
“Asiadocodonta” (Asia), as was previously supposed
(Martin and Averianov, 2004). The clade of “asiadoc-
odonts” evolved from a group of docodonts possessing
a pseudotalonid (clade F in Fig. 2). It is evident that the
pseudotalonid developed independently in “asiadoc-
odonts” and in the clade H + Krusatodon, because their
pseudotalonids essentially differ in morphology (char-
acters 21 [2] and 21 [1], respectively). The establish-
ment of the clade F was probably confined to Asia,
while its members recorded in the Middle Jurassic of
England, such as Krusatodon and Cyrtlatherium,
migrated from Asia; another migrant of this kind was
apparently the pseudotribosphenic mammal Shuothe-
rium Chow et Rich, 1982, known from the Late Jurassic
of Sichuan Province, China, and from the Bathonian of
England (see Chow and Rich, 1982; Sigogneau-Rus-
sell, 1998; Wang et al., 1998). Thus, progressive devel-
opment of docodonts may have been restricted to Asia,
while Europe and North America were inhabited by rel-
atively plesiomorphic taxa such as Borealestes,
Haldanodon, and Docodon. However, recent finds of
docodonts in India (Prasad and Manhas, 2001; Datta,
2005) indicate how little we know about the phylogeny
and biogeography of this group.
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