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bstract

Four recently collected mammal specimens from the Upper Cretaceous (Santonian–?Campanian) Bostobe Formation in the northeastern Aral Sea
egion, Kazakhstan are attributed to Asioryctitheria indet. (an edentulous dentary fragment) and the zhelestid Parazhelestes  sp. cf. P.  mynbulakensis

a maxillary fragment with a double-rooted canine, an M1, and a dentary fragment including m3). These new records double the known mammal
auna from this formation, which previously included the zhelestid Zhalmouzia  bazhanovi  and Zhelestidae indet. The taxonomic and ecological
tructure of the mammal assemblage from the Bostobe Formation can, on present evidence, be considered close to the other eutherian dominated

ate Cretaceous mammal assemblages of Central Asia. This region is important in particular in the search for Late Cretaceous ancestors of
rown-group eutherian mammal clades (Placentalia).

 2014 Elsevier B.V. and Nanjing Institute of Geology and Palaeontology, CAS. All rights reserved.
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.  Introduction

A rich vertebrate fauna has been recovered from the Late
retaceous Bostobe Formation at Shakh Shakh in the Northeast
ral Sea Region of Kazakhstan since initial excavations by A.K.
ozhdestvensky in 1957. The recognized non-mammalian ver-

ebrates include hybodontiform and rajiform sharks; amiiform,
spidorhynchiform, and ichthyodectiform fishes, salaman-
ers and frogs; adocid, nanhsiungchelyid, lindholmemydid,
nd trionychid turtles; lizards, crocodyliforms, pterosaurs,

rnithopods, non-avian theropods, and birds (Rozhdestvensky,
964, 1968; Kuznetsov, 1976; Nesov and Mertinene, 1982,
986; Suslov, 1982; Mertinene and Nesov, 1985a; Kuznetsov

∗ Corresponding author at: Zoological Institute, Russian Academy of Sci-
nces, Saint Petersburg 199034, Universitetskaya nab. 1, Russia.
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nd Chkhikvadze, 1987; Nesov, 1988, 1992, 1995, 1997;
esov and Khisarova, 1988; Kordikova et al., 2001; Dyke and
alakhov, 2004; Averianov, 2007a,b; Danilov et al., 2007, 2011,

n press; Syromyatnikova and Danilov, 2009, 2013; Vitek and
anilov, 2010; Averianov and Sues, 2012; Skutschas, 2013). The
hakh Shakh locality is notable, in particular, because of the dis-
overy of the first Mesozoic mammal in the former USSR, the
olotype of Beleutinus  orlovi  Bazhanov, 1972, currently con-
idered a nomen dubium (Bazhanov, 1972; Averianov et al.,
014). This specimen is a poorly preserved dentary fragment
ith three heavily worn molars (Nesov, 1987, pl. 1, fig. 10;
esov et al., 1994, pl. 1, fig. 1), found after screen-washing

pproximately 25 m3 of matrix in 1962 (Bazhanov, 1972). Later
 mammalian cervical vertebra was also recovered from the
962 screen-washed sample (Nesov and Khisarova, 1988). In

007 the Shakh Shakh locality was explored by an interna-
ional team who screen-washed a further 925 kg of matrix and
ound a dentary fragment with two molars, the holotype of a

y, CAS. All rights reserved.
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Fig. 1. Geographic position of the Shakh Shakh locality (star) on a map of the
Northeast Aral Sea Region, Kazakhstan (A) and on the simplified geological
map (B). Map legend: a, modern proluvial deposits; b, Turonian; c, Senonian; d,
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helestid stem eutherian mammal Zhalmouzia  bazhanovi  Ave-
ianov and Archibald, 2014 (Averianov et al., 2014). Additional
creen-washing of 402 kg of matrix at this fossiliferous site in
012 produced five more mammal specimens. One is a den-
ary fragment of a relatively large mammal with alveoli for two
remolars. It is, however, not definable further and so is not dis-
ussed in this paper. We describe the remaining four specimens,
ttributable to two taxa of eutherian mammals.

Institutional  abbreviation. ZIN = Zoological Institute, Rus-
ian Academy of Sciences, Saint Petersburg, Russia.

Measurements. AW = anterior width. L = length.
TL = length of talonid. LTR = length of trigonid. W = width.
TL = width of talonid. WTR = width of trigonid. All
easurements are in mm.

.  Geographic  and  geologic  setting

The Shakh Shakh locality is situated about 70 km northeast
f Dzhusaly railway station in Kyzylorda Province, Republic
f Kazakhstan (GPS coordinates N 45◦55′, E 64◦41′; Fig. 1).
he fossil-bearing level belongs to the Senonian Bostobe For-
ation, which is composed of alternating predominantly red

lays and sandstones (Sidorenko, 1972; Kordikova et al., 2001).
he main fossiliferous bed is red clay in the middle of the sec-

ion (Rozhdestvensky, 1964). Initially the Bostobe Formation
as considered a fresh-water deposit based on its molluscan

auna (Martinson et al., 1966; Martinson and Nikitin, 1978),
ut the abundance and diversity of chondrichthyan fish suggests

 marine influence (Nesov and Mertinene, 1986; Nesov, 1988;
ordikova et al., 2001). The age of the Bostobe Formation can be
stimated as Santonian–early Campanian based on comparison
ith other Late Cretaceous vertebrate assemblages in Central
sia (Averianov and Sues, 2012).

.  Systematic  paleontology

ammalia Linnaeus, 1758
heria Parker and Haswell, 1897
utheria Gill, 1872

sioryctitheria Novacek et al., 1997 sensu Archibald and
verianov (2006)
sioryctitheria indet.

Fig. 2)

Material.  ZIN 101821, left dentary fragment with alveoli for
2, erupting p4, dp5, and m1.

Locality  and  horizon.  Shakh Shakh locality, about 70 km
ortheast of Dzhusaly railway station, Kyzylorda Province,
epublic of Kazakhstan. Bostobe Formation (Late Cretaceous,
antonian–?Campanian).

Description. The dentary tapers significantly towards the

nterior end. The vertical depth between the roots of m1 is 1.5
imes higher than the depth between p4 and p2. The p4 had just
rupted as evident from its alveolar bony wall which is not fully
ormed. Its alveoli are lower than the level of the alveoli of dp5

t
i
s
A

aleocene; e, lower Pliocene; f, upper Pliocene; g, Quaternary. Modified from
verianov (2007b, fig. 1) and Karabanova (1965).

nd m1. The alveoli for p4 are slightly longer than those for dp5
alveolar L is 1.1 versus 1.0). There is a partially preserved distal
oot of dp5. The alveolus for the mesial root of m1 is not wider
han those for dp5, but shorter mesiodistally compared with the
remolars. On the labial side there is a large posterior mental
oramen under the distal root of dp5 (Fig. 2C).

Discussion.  The small size of ZIN 101821 invites compari-
on with the asioryctitherians, the smallest eutherian mammals
rom the better known Turonian Bissekty mammal fauna of
zbekistan (McKenna et al., 2000; Archibald and Averianov,
005, 2006). This specimen fits the size of Daulestes  inobserv-
bilis Nesov, 1982 (Nesov, 1982; Archibald and Averianov,
006). In asioryctitherians, as well as in zhelestids, the p4
s fully erupted when dp5 is still in place (McKenna et al.,
000; Archibald and Averianov, 2006, 2012). That is why
he tooth following the recently erupted p4 on ZIN 101821 is

dentified as dp5. ZIN 101821 also displays one asioryctitherian
ynapomorphy: p4 is longer than p5 or dp5 (Archibald and
verianov, 2006). Moreover, it is similar to asioryctitherians in
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Fig. 2. Asioryctitheria indet., ZIN 101821, left dentary fragment with alveoli
for p2, erupting p4, dp5, and m1, in occlusal (A), lingual (B), and labial
(C) views. Shakh Shakh, Kazakhstan; Bostobe Formation (Late Cretaceous,
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Fig. 3. Parazhelestes sp. cf. P. mynbulakensis, ZIN 101822, right maxilla frag-
ment with double-rooted canine and alveoli for P1-2, in labial (A), lingual (B),
and occlusal (C) views. Shakh Shakh, Kazakhstan; Bostobe Formation (Late
C
S

a
f
a
m
(Fig. 3A). The angle between the facial and palatal processes is
∼70◦, so the palatal surface of the maxilla is vaulted between
the canines. The canine has a relatively gracile crown (L = 1.3;

Fig. 4. Parazhelestes sp. cf. P. mynbulakensis, ZIN 101823, left M1 missing
antonian–?Campanian). Abbreviation: pmf, posterior mental foramen. Scale
ar is 1 mm.

aving an alveolus for the m1 mesial root that is the same width
s in the premolars and with the position of the posterior mental
oramen under the distal root of the ultimate premolar. Thus
ttribution of ZIN 101821 to the Asioryctitheria seems to be
rmly established. In asyorictitherians there are four premolars
esignated as p1, p2, p4, and p5 because of the absence of the
3 position lost in various clades of early eutherians (Archibald
nd Averianov, 2006, 2012). Hence the anteriormost preserved
lveolus on ZIN 101821 is for the distal root of p2.

helestidae Nesov, 1985a sensu Archibald and Averianov
2012)
arazhelestes  Nesov, 1993
arazhelestes  sp. cf. P.  mynbulakensis  Nesov, 1985b
Figs. 3–5)

Material.  ZIN 101822, right maxillary fragment with
ouble-rooted canine and alveoli for P1-2. ZIN 101823, left
1 missing metacone and metastylar lobe. ZIN 101824, right

entary fragment with m3.
Locality  and  horizon.  Shakh Shakh locality, about 70 km

ortheast of Dzhusaly railway station, Kyzylorda Province,
epublic of Kazakhstan. Bostobe Formation (Late Cretaceous,

antonian–?Campanian).

Description. ZIN 101822 is an anterior maxilla fragment
ith the double-rooted canine and alveoli for double-rooted P1

t
d
F

retaceous, Santonian–?Campanian). Abbreviation: pmx, premaxillary facet.
cale bar is 1 mm.

nd the mesial root of P2. The dorsal and anterior borders of the
acial process, as well as the medial border of the palatal process,
re broken off. On the labial side along the preserved anterior
argin of the facial process there is a small premaxillary facet
he metacone and the metastylar lobe, in occlusal (A, stereopair), mesial (B),
istal (C), labial (D), and lingual (E) views. Shakh Shakh, Kazakhstan; Bostobe
ormation (Late Cretaceous, Santonian–?Campanian). Scale bar is 1 mm.
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Fig. 5. Parazhelestes sp. cf. P. mynbulakensis, ZIN 101824, right dentary frag-
ment with m3, in occlusal (A, stereopair), labial (B), mesial (C), lingual (D),
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 = 0.7) and robust inflated roots. When the premolar toothrow
s horizontally oriented, the canine projects almost ventrally and
nly very slightly posteriorly. The crown shows little curvature,
ith the mesial and distal sides only slightly convex and con-

ave, respectively. There is no sharp crest on either side. There
s a very faint mesial cingulum. The heights of the roots are
pproximately twice the height of the crown. The mesial root
s slightly larger than the distal root. There is a small diastema
etween the canine and the first premolar, but none between
1 and P2. The P1 is a small tooth (alveolar L = 0.9, alveolar

 = 0.4) with subequal roots. It is followed immediately by a
imilarly small P2 as indicated by the partial mesial alveolus.

ZIN 101823 is an M1 based on the mesially protruding
arastylar lobe; on M2 it is mesiolabially protruding. The meta-
one and metastylar lobe are missing; thus only the anterior
idth can be determined (AW = 3.3). The tooth is moderately
orn with the enamel in the trigon basin, and on the lingual

lopes and apex of the paracone and metacone worn to the
entine. The labial margin of the crown is straight, without
n ectoflexus. There is a distinct ectocingulum along the labial
argin of the crown. The parastylar region shows dental wear,

ossibly with a preparastyle present but a distinct parastyle and
tylocone cannot be discerned. The stylar shelf is very narrow
abial to the paracone expanding into a small triangular area
abial to the centrocrista notch. The labial slope of the paracone
s convex labially. The metacone is missing. The centrocrista
s straight. The preparacrista is directed towards the parasty-
ar region and as noted is heavily worn particularly within the
arastylar groove. The protoconal region forms two-thirds of
he labiolingual crown width and apparently was similar in

esiodistal length to the distance between the paracone and
etacone. The protocone is large and is only slightly lower than

he paracone. Its apex is situated mesial of the centrocrista notch,
loser to the level of the paracone. The protocone is noticeably
hifted labially: the distance from the protocone apex to the lin-
ual border versus the entire tooth width is ∼36% (reconstructed
fter the adding of the missing metastylar lobe). The conules
re well developed and apparently were winged, but their inter-
al cristae are worn away. The paraconule is slightly closer to
he protocone compared with the metaconule. Both conules are
bout twice as close to the labial cusps compared to the pro-
ocone. The preparaconule crista extends labially towards the
reparastyle. The precingulum and postcingulum are narrow but
ell developed. The precingulum extends labially towards the

rea dorsal to the paraconule. The labial part of the postcingulum
s missing. The postcingulum extends more lingually compared
o the precingulum. There is no distinct hypocone.

ZIN 101824 is the posterior dentary fragment with m3 show-
ng considerable dental abrasion (L = 2.4; LTR = 0.9; LTL = 1.5;

TR = 1.5; WTL = 0.8). On the labial side the anteriormost
art of the masseteric crest and masseteric fossa is preserved
Fig. 5B). The trigonid is greatly constricted mesiodistally with
he trigonid angle ∼19◦. The protoconid apex is almost com-

letely eliminated by wear. The paraconid and metaconid are of
qual size and closely appressed, so the trigonid basin is nearly
losed lingually. The paraconid is slightly labial to the meta-
onid. The metaconid is nearly vertical whereas the paraconid is

h
l
t
c

nd distal (E) views. Shakh Shakh, Kazakhstan; Bostobe Formation (Late Cre-
aceous, Santonian–?Campanian). Abbreviation: mc, masseteric crest. Scale bar
s 1 mm.

irected dorsomesially. The protocristid is transverse. There is a
rominent precingulid occupying nearly all the mesial side of the
rigonid. Its lingual part, parallel to the paracristid, is distinctly
orn. Its labial part descends along the crown-root boundary

t the base of the protoconid. There is no labial cingulid. The
alonid is distinctly longer and narrower than the trigonid and the
ypoconulid is distally projecting, as it is typical for the ultimate

ower molars in zhelestids (Archibald and Averianov, 2012). All
he talonid cusp apices and talonid basin are heavily worn. The
ristid obliqua is also worn and contacts the trigonid wall at the
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oint slightly labial to the protocristid notch. There is no labial
ostcingulid.

Discussion.  The upper molar ZIN 101823 can be referred
o Zhelestidae based on the following synapomorphies: upper
olar stylar shelf width less than 25% of molar width; ectoflexus

hallow to absent; conular region width more than 51% of the
otal molar width; paraconule prominent and midway or closer to
aracone; protocone similar in height to paracone and metacone
Archibald and Averianov, 2012). It exhibits one synapomorphy
or the Zhelestinae: M1 parastylar lobe anterior to paracone. The
ower molar ZIN 101824 shows the morphology typical for the
helestid ultimate lower molar. The upper canines are poorly
nown for the Zhelestidae, but ZIN 101822 is generally simi-
ar with the double rooted canine in Aspanlestes  aptap  Nesov,
985a (Archibald and Averianov, 2012), although the crown is
ess robust. In the Turonian Bissekty fauna of Uzbekistan there
re five zhelestid taxa that can be differentiated by size as well as
orphology (Archibald and Averianov, 2012). Both upper and

ower molars, ZIN 101823 (M1) and 101824 (m3), fit the size of
he corresponding teeth in Parazhelestes  mynbulakensis  (Nesov,
985b). In the sample of this species from the Bissekty Forma-
ion at Dzharakuduk, Uzbekistan the AW for M1 is 3.08–3.44,

 = 3.26 ±  0.04, n = 10 (Archibald and Averianov, 2012). The
W of M1 from Bostobe Formation is 3.3. The m3 of P.  mynbu-

akensis  from Dzharakuduk has L = 2.28–2.53, M = 2.41 ±  0.13,
 = 2 (Archibald and Averianov, 2012). The L of m3 from
ostobe Formation is 2.4. The molars from the Bostobe Forma-

ion cannot be differentiated by morphology from the teeth of P.
ynbulakensis  from the Bissekty Formation. The maxillary frag-
ent with the canine (ZIN 101822) can be attributed to the same

pecies as the molars based on similar size. The upper canine is
nknown for Parazhelestes, but judging from the lower canine,
t should be double-rooted. This specimen is further similar to
arazhelestes  but different from Zhelestes  temirkazyk  Nesov,
985a in lacking of diastema between the canine and P1 and
etween the P1-P2. It is also different from Z.  temirkazyk  and
oungulatum  kudukensis  Nesov et al., 1998, which have single-

ooted canines. Concluding, the Bostobe zhelestid, known from
he three described specimens, is most similar to P.  mynbulaken-
is of the Bissekty local fauna. However, due to the fragmentary
ature of the available material, it is better to classify this species
s Parazhelestes  sp. cf. P.  mynbulakensis.

.  General  discussion

The material described above doubles the taxonomic diver-
ity of eutherian mammals in the Bostobe Formation. Currently
our eutherian taxa can be recognized in this stratigraphic unit:

Eutheria
Asioryctitheria

Asioryctitheria indet.
Zhelestidae
Zhalmouzia  bazhanovi  Averianov and Archibald, 2014
Parazhelestes sp. cf. P.  mynbulakensis
Zhelestidae indet. (= “Beleutinus  orlovi,” nomen dubium)

R

A

orld 23 (2014) 314–320

In the Turonian Bissekty local fauna of Uzbekistan eutherians
re represented by four species of asioryctitherians, Paranyc-
oides quadrans  (Nesov, 1982), the sister taxon of Zhelestidae,
ve species of zhelestids, and the zalambdalestid Kulbeckia  kul-
ecke (Nesov, 1993) (Archibald and Averianov, 2003, 2006,
012; Averianov and Archibald, 2013a,b). Although still incom-
letely known, the Bostobe mammal fauna seems to be similar
n the composition with the other known Late Cretaceous
aunas in Central Asia: it is eutherian and zhelestid dominated
Archibald and Averianov, 2005). The smallest species is an
ndeterminate asioryctitherian, similar in size with Daulestes
nobservabilis. The next larger taxon is Z.  bazhanovi, which
as no size equivalent among the Bissekty eutherians. It is
ntermediate in size between P.  quadrans  and the smallest Bis-
ekty zhelestid, Aspanlestes  aptap. Parazhelestes  sp. from the
ostobe Formation is equal in size and known morphology with
. mynbulakensis. The largest Bostobe species, indeterminate
helestid, is similar in size with the largest Bissekty zhelestid,
oungulatum kudukensis. In the earlier, early Cenomanian
heikhdzheili local fauna, the eutherians are represented by a
ossible zalambdalestoid Bobolestes  zenge  Nesov, 1982 (the
mallest eutherian in the fauna) and three zhelestid species, dif-
ering in size: Sheikhdzheilia  rezvyii  Averianov and Archibald,
005, Eozhelestes  mangit  Nesov, 1997, and Zhelestidae indet.
Averianov and Archibald, 2005). The non-eutherian mammals

 multituberculates, symmetrodontans, and metatherians — are
xtremely rare in the well-known Bissekty fauna (Averianov and
rchibald, 2003; Archibald and Averianov, 2005; Averianov

t al., 2010). Surprisingly, these mammals seem to be more
ommon in the poorly known assemblages collected from the
ear shore marine deposits with numerous and diverse sharks,
n the Turonian–?Coniacian Aitym Formation of Uzbekistan
nd the lower Campanian Darbaza Formation of Kazakhstan
Averianov, 1997; Averianov and Archibald, 2003). The abun-
ance and ecological diversity of the Late Cretaceous eutherian
axa on the coastal plains of Central Asia is not paralleled in
ny other known fauna in the world, in which multitubercu-
ates (Gobi Desert), multituberculates and metatherians (North
merica), or non tribosphenic taxa (South America) domi-
ate (Averianov and Archibald, 2003; Archibald and Averianov,
005; Averianov et al., 2013). This makes the Central Asia a
otentially important region for the search for the ancestors of
lacentals, the crown-group eutherians.
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