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Mammalian humerus from the Early Cretaceous of West Siberia
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ABSTRACT. A distal humerus fragment from the Early Cretaceous Shestakovo locality in Kemerovo
Province, West Siberia is described and referred to Symmetrodonta. This humerus is characterized by
relatively narrow distal epiphysis, large entepicondylar foramen, globular radial condyle, ellipsoidal ulnar
condyle, coalesced articular surfaces of both condyles, and a unique additional articular platform for the
radius laterally to the radial condyle. This structure of the elbow joint is structurally intermediate between
cynodonts, morganucodontids, and multituberculates on the one hand and crown Theria on the other. Among
mammals with the similar structure of the elbow joint the humerus from Shestakovo is most similar with the
humerus of the Early Cretaceous symmetrodontZhangheotherium from China, and it might belong to a new
tinodontid symmetrodont being described from the same locality on dental remains.
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Ïëå÷åâàÿ êîñòü ìëåêîïèòàþùåãî èç ðàííåãî ìåëà
Çàïàäíîé Ñèáèðè
Ï.Ï. Ãàìáàðÿí, À.Î. Àâåðüÿíîâ, Å.Í. Ìàùåíêî, Ñ.Â. Ëåùèíñêèé
ÐÅÇÞÌÅ. Îïèñàí è îòíåñåí ê ñèììåòðîäîíòàì äèñòàëüíûé ôðàãìåíò ïëå÷åâîé êîñòè èç ðàííåìåëîâîãî ìåñòîíàõîæäåíèÿ Øåñòàêîâî (Êåìåðîâñêàÿ îáëàñòü, Çàïàäíàÿ Ñèáèðü). Ïëå÷åâàÿ êîñòü
õàðàêòåðèçóåòñÿ îòíîñèòåëüíî óçêèì äèñòàëüíûì ýïèôèçîì, áîëüøèì ýíòåïèêîíäèëÿðíûì îòâåðñòèåì, ãëîáóëÿðíûì ðàäèàëüíûì ìûùåëêîì, ýëëèïñîâèäíûì óëüíàðíûì ìûùåëêîì, ñîåäèíåííîé
ñî÷ëåíîâíîé ïîâåðõíîñòüþ îáîèõ ìûùåëêîâ è óíèêàëüíîé äîáàâî÷íîé ïëîùàäêîé äëÿ ëó÷åâîé
êîñòè ëàòåðàëüíåå ëó÷åâîãî ìûùåëêà. Òàêîå ñòðîåíèå ëîêòåâîãî ñóñòàâà ÿâëÿåòñÿ ñòðóêòóðíî
ïðîìåæóòî÷íûì ìåæäó ñòðîåíèåì ó öèíîäîíòîâ, ìîðãàíóêîäîíòèä, ìóëüòèòóáåðêóëÿò, ñ îäíîé
ñòîðîíû è êðîíîâûõ òåðèé, ñ äðóãîé ñòîðîíû. Ñðåäè ìëåêîïèòàþùèõ ñî ñõîäíûì ñòðîåíèåì
ëîêòåâîãî ñóñòàâà ïëå÷åâàÿ êîñòü èç Øåñòàêîâî íàèáîëåå áëèçêà ê ïëå÷åâîé êîñòè ðàííåìåëîâîãî
ñèììåòðîäîíòà Zhangheotherium èç Êèòàÿ; îíà ìîæåò ïðèíàäëåæàòü íîâîìó òèíîäîíòèäíîìó
ñèììåòðîäîíòó, îïèñûâàåìîìó èç òîãî æå ìåñòîíàõîæäåíèÿ ïî çóáíûì îñòàòêàì.
ÊËÞ×ÅÂÛÅ ÑËÎÂÀ: Ïëå÷åâàÿ êîñòü, àíàòîìèÿ, ìóñêóëàòóðà, Symmetrodonta, ðàííèé ìåë,
Çàïàäíàÿ Ñèáèðü.

Introduction
The Early Cretaceous fossil localities around Shestakovo village in Kemerovo Province, West Siberia are
renowned for diverse vertebrate fauna, including fishes,
salamanders, turtles, lizards, crocodylomorphs, dinosaurs, birds, cynodonts, and various mammals. The
mammals are the most important component of the fauna
as until very recently little was known about the mammal
evolution in the Early Cretaceous. Mammal assemblage
from Shestakovo consists of triconodonts Amphilestidae indet., Gobiconodon spp., a docodont Sibirotherium rossicus, a symmetrodont Tinodontidae gen. & sp.

n., and a peramuran Kiyatherium cardiodens (Maschenko, 1999a, b; Maschenko & Lopatin, 1998; Maschenko
et al., 2000, 2002a, b, 2003; Maschenko & Voronkevich,
2001; Lopatin et al., in press). These identifications are
based on dental remains, but a number of isolated
mammalian postcranial elements are known from the
locality as well. Here we describe one of the most complete and identifiable postcranial elements recovered
from Shestakovo up to date, a distal humerus fragment,
and discuss its possibly phylogenetic attribution.
Institutional abbreviations: PM TGU  Paleontological Museum, Tomsk State University, Tomsk, Russia; ZIN 
Zoological Institute, Russian Academy of Sciences, SaintPetersburg, Russia.
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Figure 1. PM TGU 16/5-12, left humerus distal fragment, in ventral (anterior) (A), distal (B), and dorsal (posterior) (C) views.
Shestakovo 1, Kemerovo Province, Russia; Ilek Formation, Lower Cretaceous. Stereopairs.

Description
Material. PM TGU 16/5-12, distal fragment of a left
humerus. Shestakovo 1, approximately 40 km south of
Mariinsk city, Chebula District, Kemerovo Province,
Russia; Ilek Formation, Lower Cretaceous, Aptian-Albian.
Description (Fig. 1). The humerus shaft is relatively
thin, more than three times narrower than the distal

epiphysis. It is triangular in cross section, with flat dorsal
(posterior) side and a strong ventral (anterior) crest
continuing proximally to the missing deltopectoral crest.
The entepicondylar flange is twice as large as the ectepicondylar flange, mostly due to the enlarged entepicondyle. The supinator crest is prominent and laminar,
with a sigmoidal profile. It does not extend proximally
much beyond the distal epiphysis. A large entepicondylar foramen is located above the entepicondyle. This
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Figure 2. Reconstruction of muscles attachment areas in PM TGU 16/5-12 in ventral (anterior) (A), lateral (B), dorsal (posterior)
(C), and medial (D) views.
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foramen opens on the ventral side rather close to the
humerus midline and delimited medially by a robust
bony bridge. There is no ectepicondylar foramen. The
radial condyle (capitulum) is spherical and prominent.
Laterally to the radial condyle there is a narrow but
distinct additional articular surface for the radius. The
ulnar condyle is less spherical, dorsoventrally wider but
mediolaterally narrower than the radial condyle. Its
articular surface is delimited medially by a distinct
notch. The articular surfaces of the radial and ulnar
condyles are merged together without an intercondylar
groove. Proximal to the condyles there are radial (supratrochlear) fossa on ventral side and olecranon fossa on
dorsal side.
Measurements. Distal humerus width 5.7 mm.

Muscles reconstruction
The bone surface in PM TGU 16/5-12 is well preserved that allow reconstruction of attachment areas for
some muscles (Fig. 2). Humerus musculature of Norway
rat (Rattus norvegicus Berkenhout, 1769) and longeared hedgehog (Hemiechinus auritus Gmelin, 1770)
was used as modern models (Figs. 3, 4).
The attachment areas in PM TGU 16/5-12 can be
most confidently reconstructed for the following muscles:
M. pronator teres. In rat and hedgehog there are
two internal aponeuroses of m. pronator teres with
distinct roughness on the entepicondyle (Figs. 3, 4).
Proximal to these aponeuroses m. pronator teres has
muscle attaching without trace on the bone surface. In
PM TGU 16/5-12 there are three rather than two tuberosities that indicate presence of three aponeuroses of
m. pronator teres (Fig. 2). Moreover, anterior to these
tuberosities there is a platform most probably serving
for attachment of the muscle part of m. pronator teres.
This platform is well delimited that, with the strong
development of the internal aponeuroses of m. pronator teres indicate reinforcement of this muscle in PM
TGU 16/5-12.
M. supinator. In PM TGU 16/5-12 a rough attachment area of this muscle is well developed (Fig. 2).
Among modern mammals, only monotremes have an
additional articulation platform lateral to the radial condyle
developed in connection with the forearm adduction and
abduction. Accordingly, monotremes have well developed m. pronator teres and m. supinator, which have at
least twice larger relative weight than in the majority of
other studied mammals (Tab. 1). Topography of these
muscles in monotremes allows forearm abduction from
the plane of humerus movement additionally to the ulna
rotation. Evidently, PM TGU 16/5-12 had reinforcement of both m. pronator teres and m. supinator.
M. epitrochleoanconeus medialis. In rat this muscle attachment area occupies medial edge of dorsal
surface of the entepicondyle and extends on the medial
margin of the humerus shaft (Fig. 3). In hedgehog it
occupies only proximal half of the medial edge of the

Table 1. Percentage of m. pronator teres (A) and m. supinator (B) to the weight of the forelimb muscles.
Taxon

Zaglossus bruijni Peters & Doria, 1876
Tachyglossus aculeatus Shaw, 1792

A, %

B, %

2.1

1.1

1.9

0.9

Lipotyphla (10 species)

0.91.1

0.40.5

Rodentia (40 species)

0.21.0

0.10.4

entepicondyle (Fig. 4). In PM TGU 16/5-12 the attachment area of m. epitrochleoanconeus medialis has a well
developed tuberosity which indicates reinforcement of
this muscle. It has three distinct aponeuroses (Fig. 2C)
which increase pinnation of m. epitrochleoanconeus medialis and thereby its strength. The tractive force of this
muscle is directed medially to the plane of the humerus.
The functional peculiarities of the remaining muscles reconstructed in PM TGU 16/5-12 (Fig. 2) are less
evident. Attachment areas for some of these muscles are
conventionally reconstructed. Thus, m. extensor carpi
radialis longus et brevis, which are starting on the
supinator crest by the external fascia, have no clear
attachment structures there. In addition, attachment area
of m. flexor digitorum profundus is not clear.

Locomotion
A trochlea on the humerus in modern therians prevents all ulna movements in the elbow joint except the
flexion-extension in the plane of the humerus movement. The distal humerus epiphysis in PM TGU 16/5-12
has a globular radial condyle and an ellipsoidal ulnar
condyle. Laterally to the radial condyle there is an
additional articular platform for the radius (Fig. 1B),
similar to that observed in modern monotremes. In
monotremes this platform is connected with the forearm
movements aside the plane of the humerus movement
(Jenkins, 1970; Pridmore, 1985). This additional articular surface for the radius lateral to the radial condyle in
PM TGU 16/5-12, together with the extension of the
ulnar articular surface medially, testify forearm movements aside the plane of the humerus movement. In
ones turn, this indicates that during jumping asymmetrical locomotion the elbow joint was abducted aside
from the parasagittal plane.
At the beginning of the support phase the forelimb is
extending anteriorly and ventrally and settled almost in
a parasagittal plane. During the second half of this phase,
the elbow joint is shifting outwards in order to be on the
parasagittal plane by the end of this phase. Analogous
movement of the forelimbs was described for the multituberculates (Gambaryan & Kielan-Jaworowska, 1997,
fig.10). However, in multituberculates such a movement
was provided by two almost globular condyles separated
by a well-defined intercondylar groove. In PM TGU 16/
5-12 these condyles are united by a common articulation
surface and the ulnar condyle is narrower. This narrow-
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Figure 3. Muscles attachment areas in left distal humerus of Rattus norvegicus, ZIN 69108 in ventral (anterior) (A), lateral (B),
dorsal (posterior) (C), and medial (D) views.
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Figure 4. Muscles attachment areas in left distal humerus of Hemiechinus auritus, ZIN 65535 in ventral (anterior) (A), lateral
(B), dorsal (posterior) (C), and medial (D) views.
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ness of the ulnar condyle must prevent from deviation of
the ulna movement from the plane of the movement of
the humerus and this might indicate more developed
parasagittalism in PM TGU 16/5-12 compared to that in
the multituberculates. The extent of deviation of the ulna
during locomotion was similar in the multituberculates
and in PM TGU 16/5-12 was similar, but achieved by
different morphological structures: by separated condyles
in multituberculates and by an additional articulation
surface for the radius in PM TGU 16/5-12.
In PM TGU 16/5-12 the ridge of the ulnar condyle is
directed at almost 45° to the longitudinal axis of the
humerus, which also indicate that ulna movement was
not coincided with the plane of the humerus movement.

Discussion
Transformation of the humero-ulnar joint from condylar towards trochlear articulation was a key event in
evolution of the mammal posture from sprawling stance
with abducted limbs towards the parasagittal stance
(Gambaryan & Kielan-Jaworowska, 1997). During flexion-extension in the elbow joint with trochlear articulation the ulna moves in a parasagittal plane.
Whether the parasagittality was acquired by a common ancestor of modern therians or independently in a
number of mammalian groups is a matter of controversy.
Sereno & McKenna (1995) argued that the forelimb
stance in multituberculates was parasagittal and inherited from the common ancestor with therians. However,
study of multituberculate skeleton by Kielan-Jaworowska & Gambaryan (Kielan-Jaworowska & Gambaryan,
1994; Gambaryan & Kielan-Jaworowska, 1997; KielanJaworowska, 1998) showed that at least Asian multituberculates were adapted for asymmetrical jumps with
abducted forelimbs. In any known multituberculate there
is no trace of an incipient trochlea and the ulnar condyle
is spherical and well developed. PM TGU 16/5-12 is
similar with multituberculates in retention of primitive
condylar articulation with ulna, but differs in having
condyles less spherical compared with the multituberculates, more narrow ulnar condyle, and having no deep
intercondylar groove.
The condition of PM TGU 16/5-12 with strong radial
condyle, weaker ellipsoidal ulnar condyle, and the coalesced articular surfaces of both condyles is structurally
intermediate between cynodonts, morganucodontids,
and multituberculates on the one hand and crown Theria
on the other.
There are few other Mesozoic mammals which show
similar intermediate condition of the elbow joint. One is
eutriconodont Jeholodens Ji et al., 1999 from the Early
Cretaceous of China (Ji et al., 1999) with weak ulnar and
strong radial condyles on anterior (ventral) side, and an
incipient ulnar trochlea posteroventrally. The humerus
of Jeholodens differs from PM TGU 16/5-12 by having
weaker developed entepi- and ectepicondyles. In habitual posture the forelimb of Jeholodens was reconstructed somewhat abducted, not fully parasagittal. A similar
humerus structure was in a triconodontid Priacodon
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fruitaensis Rasmussen & Callison, 1981 from the Late
Jurassic of USA, but the entepicondyle was more developed (Engelmann & Callison, 1998: fig.8). In a gobiconodontid Gobiconodon ostromi Jenkins & Schaff, 1988
from the Early Cretaceous of Montana, USA (Jenkins &
Schaff, 1988) the ulnar condyle is not bulbous and this
taxon might have an intermediate structure of the humero-ulnar joint. Humerus of G. ostromi, however, has a
much wider distal epiphysis compared with PM TGU
16/5-12, more projecting supinator crest, and very strong
anterior crest continuing towards the entepicondyle.
Gobiconodontids are the dominant mammal group in the
Shestakovo fauna, but this dissimilarity prevents attribution of PM TGU 16/5-12 to this group. A unique
character of PM TGU 16/5-12 is an additional articular
surface for the radius lateral to the radial condyle. It was
not described previously for any fossil mammal and
found in modern monotremes.
Another taxon with intermediate structure of the
elbow joint is symmetrodont Zhangheotherium Hu et
al., 1997 from the Early Cretaceous of China (Hu et al.,
1997, 1998). The humerus of Zhangheotherium is very
similar with PM TGU 16/5-12, differs only in somewhat
more robust shaft. It is likely that PM TGU 16/5-12
belongs to a symmetrodont mammal, which is known
from the Shestakovo fauna by undescribed dentary with
a rather complete dentition. Zhangheotherium was reconstructed as having noticeably abducted forelimbs.
Similar, or semi-abducted forelimb posture can be inferred for the Shestakovo symmetrodont.
Symmetrodonts are quite abundant in the Shestakovo fauna, being inferior only to the common sample of
Gobiconodon spp., and represented by a new taxon of
Tinodontidae (Lopatin et al., in press). No postcranial
elements were previously reported for the Tinodontidae.
Similarity of PM TGU 16/5-12 in morphology with the
humerus in Zhangheotherium may indicate attribution
of this specimen to a new tinodontid.
It is interesting to note that in a more derived eupantotherian mammal Henkelotherium Krebs, 1991 from
the Late Jurassic of Portugal (Krebs, 1991; VásquezMolinero et al., 2001), the humerus has condylar articulation with ulna with fully separated radial and ulnar
condyles. The spherical ulnar condyle was retained also
in the eupantotherian Dryolestes leiriensis Martin,
1999 from the same beds in Portugal, but the intercondylar groove is weak there and it might had coalesced
articular surfaces of both condyles (Martin, 2000: fig.
16.8). This, and variety of Early Cretaceous mammals
with intermediate structure of the elbow joint (eutriconodont Jeholodens, symmetrodont Zhangheotherium
and PM TGU 16/5-12) may suggest that the forelimb
parasagittalism was acquired not in Late Jurassic (Gambaryan & Kielan-Jaworowska, 1997), but somewhat
later in the Early Cretaceous and possibly independently
in different groups of mammals.
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