
Palaeontologia Electronica 
palaeo-electronica.org

Lobachev, Y.V., Shpansky, А.V., Bondarev, A.A., Lobachev, A.Y., Vasiliev, S.K., Klementev, A.M., Grebnev, I.E., and Silaev, V.I. 2021. 
New findings of Stephanorhinus kirchbergensis in Siberia. Palaeontologia Electronica, 24(1):a14. https://doi.org/10.26879/734
palaeo-electronica.org/content/2021/3322-stephanorhinus-kirchbergensis-in-siberia

Copyright: April 2021 Palaeontological Association. 
This is an open access article distributed under the terms of Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 
4.0), which permits users to copy and redistribute the material in any medium or format, provided it is not used for commercial 
purposes and the original author and source are credited, with indications if any changes are made.
creativecommons.org/licenses/by-nc-sa/4.0/

New findings of Stephanorhinus kirchbergensis in Siberia

Y.V. Lobachev, А.V. Shpansky, A.A. Bondarev, A.Y. Lobachev, S.K. Vasiliev, 
A.M. Klementev, I.E. Grebnev, and V.I. Silaev

ABSTRACT

New findings of Stephanorhinus kirchbergensis (Jäger, 1839) remains, obtained
from the Asian part of Russia, are described. The material includes 39 specimens from
13 localities in West Siberia and East Siberia. It considerably expands the geographic
distribution of this species of rhinoceros. A series of 11 mandibles from Siberia, includ-
ing one juvenile individual with deciduous teeth, is described for the first time. We also
present a large set of data on well-preserved postcranial remains. The morphology and
sizes of mandibles, teeth, and postcranial remains of adult individuals of S. kirchber-
gensis from Siberia are similar to individuals of this species described from European
localities. A series of upper teeth was subjected to mesowear analysis to assess the
diet of S. kirchbergensis from West Siberia. The chemical composition (including stable
isotopes) of the Siberian Stephanorhinus teeth is analyzed for the first time. Compari-
sons of Siberian S. kirchbergensis with European S. kirchbergensis and West Siberian
Coelodonta antiquitatis broaden our understanding of the ecology, variability, and evo-
lution of S. kirchbergensis under climatic changes in continental settings from the Mid-
dle to the Late Pleistocene. Despite small samples, we can suppose that S.
kirchbergensis was widely distributed in Siberia.
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INTRODUCTION

Remains of Stephanorhinus kirchbergensis
(Jäger, 1839) are relatively rare. There are about
80 localities known, most of them being in the
European part of the geographic distribution. Only
a few remains of S. kirchbergensis have been
described from the Yakutia (Sakha) Republic and
the Irkutsk, Kemerovo, and Tomsk Provinces, Rus-
sia (Billia, 2007, 2008b, 2011a, 2011b). The only
skull from Siberia lacks georeferenced data but
presumably came from the Irkutsk Province (Cher-
sky, 1874; Billia, 2008a). Dubrovo (1957) described
S. kirchbergensis teeth (previously Rhinoceros
mercki) and Mammuthus trogontherii remains (pre-
viously Parelephas wüsti) from the Vilyuy River
(Yakutia). Isolated teeth of S. kirchbergensis were
reported in Mohovsk Quarry and the Inya River of
the Kemerovo Province (Billia, 2007). Most S.
kirchbergensis remains from Russia, more than 30
teeth and bones, were found in Krasniy Yar (Tomsk
Province) (Alekseeva, 1980; Shpansky and Billia,
2012; Shpansky, 2016). All of the previously
described material from Siberia was assigned to
the Middle Pleistocene (Volkova and Babushkin,
2000).

In the last few years, a large series of new
findings of Stephanorhinus kirchbergensis was
obtained from southern West Siberia, including the
Altai and Krasnoyarsk Territories and the Novosi-
birsk, Omsk, Tomsk, and Irkutsk Provinces. The
new material, described here for the first time,
came from 13 localities in the southern part of West
Siberia and East Siberia (Figure 1). The material
consists of 39 samples, including a series of 11
mandibles. One mandible belongs to a juvenile
with deciduous teeth. Most of the samples did not
have a stratigraphic provenance as they were col-
lected on riverbanks. 

MATERIAL

Altai Territory

A collection of 5,806 bones, which were
attributed to 24 species of mammals of the Middle
and Late Pleistocene, was gathered on river
beaches and shallows of the Chumysh River
between the villages Martynovo and Kytmanovo
since 2010. The most numerous remains were
found near Novoduplenka village (53º27' N, 85º41'

E) (Figure 1). The findings near Novoduplenka
include 19 very well-preserved specimens
assigned to Stephanorhinus kirchbergensis: three
mandibular corpora (including one belonging to a
juvenile individual with deciduous teeth), one verti-
cal mandibular ramus, eight upper teeth, and
seven postcranial bones (Table 1) (Lobachev et al.,
2014; Vasiliev et al., 2014).

In the study area, the Chumysh River
exposed the deposits of low first and second fluvial
terraces, which were from 12 to 20 m high. Radio-
carbon dating of wood remains from the lowest part
of five sections in the valley of the Chumysh River
(Kytmanovo, Staroglushinka, Sorokino, Pogorelka,
Shadrintsevo) indicate a Karginian age within 38–
24 14C ka BP (Rusanov and Orlova, 2013). Thir-
teen bones collected on the beaches between Mar-
tynovo and Kytmanovo were sampled for
radiocarbon dating (no bones of Stephanorhinus
kirchbergensis were sampled for radiocarbon dat-
ing). Four dates presented in a report (Lobachev et
al., 2012) and nine unpublished dates indicate the
age of the sampled fossils ranges from 44.5 to 22.3
14C ka BP. Taphonomic observations of the speci-
mens by one of us (AVS) indicate that all mandi-
bles (both juvenile and adult) were slightly
rounded, which could reflect redeposition from
more ancient deposits of the Middle to Upper Pleis-
tocene. On this part of the Chumysh River, locali-
ties with deposits that suggest an older age are
known, including clam shells (SB RAS-425) from
base layer 6 in the settlement of Kytmanov (Rusa-
nov and Orlova, 2013). 

Two mandibles and two postcranial bones
were found on the sandy shoals in the vicinity of
Biysk (the exact location is unknown) (Table 1). It is
assumed that these remains were washed away
from the base layer of high terraces of the Biya
River (Rusanov and Orlova, 2013). These natural
outcrops are known near the village Staraya
Azhinka (the height of the terrace is 64 m), 60 km
to the east of Biysk, where alluvial deposits of the
Middle–Upper Pleistocene are exposed. Some
bones collected from the middle height of the ter-
race did not contain collagen (SB RAS-4003).
Another outcrop, a 50 m high terrace, is on the
right bank of the Biya River, upstream from
Stanitsa Bahtemiskaya village, 30 km east of
Biysk.
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Tomsk Province

New remains from the Tomsk Province were
found in the well-known locality Krasniy Yar (57º07'
N, 84º30' E) (Alekseeva, 1980; Shpansky and Bil-
lia, 2012; Shpansky, 2016; Shpansky et al., 2016),
as well as from Asino and Kindal (Figure 1). New
findings comprise a mandibular corpus, an upper

tooth, and four postcranial bones (Table 1). The
geological age is assumed to be Tobolian (MIS 11-
9). The AMS radiocarbon analysis (UBA-21200
and UBA-21201) carried out on an astragalus of
Stephanorhinus kirchbergensis (PM TSU 5/740)
showed the absence of collagen in the bone
(Shpansky et al., 2016).

FIGURE 1. New findings of Stephanorhinus kirchbergensis remains in Western and Eastern Siberia. Red - new local-
ities and finds, yellow - previously described localities. 1, Kytmanovo. 2, Biysk. 3, Asino. 4, Kindal. 5, Krasniy Yar,
Tomsk Province. 6, Berdsk. 7, Krasniy Yar, Novosibirsk Province. 8, Bibiha. 9, Taradanovo. 10, Utuskun. 11, Omsk.
12, Kachulka. 13, Irkutsk Province. 
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A tooth (PM TSU 1/396) was found at a 8 m-
depth in Tobolian deposits in a sand quarry east of
Asino on the left bank of the Chulym River
(57º04'N, 86º10'E).

The most remarkable specimen is a mandible
(KB MAN K-397) found at 14 m below water level
at the mouth of the Kindal oxbow, left bank of the
Ob River, downstream from the Kargasok settle-
ment in July 2011 by the local resident A.V. Bary-

TABLE 1. Material included in this study.

Locality Skeletal element Collection Name

1 Kytmanovo, Chumysh River, Altay Territory right М2 NSMLL-1

right Р4 NSMLL-2

right М3 NSMLL-3

left М3 NSMLL-4

left М2 NSMLL-5

left Р4 NSMLL-6

left Р4 NSMLL-7

left Р4 NSMLL-8

left metatarsal II NSMLL-101

left metacarpal II NSMLL-102

left metatarsal IV NSMLL-105

astragalus NSMLL-107

right radius IAE CHU-108

left ulna NSMLL-109

conjoined left tibia and fibula NSMLL-110

right body of mandible NSMLL-10

left body of mandible, juvenile NSMLL-12

right body of mandible NSMLL-26

right ramus of mandible NSMLL-27

2 Biysk vicinity, Altay Territory right body of mandible GR PC-1164

mandible GR PC-1165

left metacarpal II GR PC-203

right metacarpal II GR PC-214

3 Asino, Chulym River, Tomsk Province left M1 PM TSU 1/396

4 Kindal, Ob River, Tomsk Province left body of mandible KB MAN K-397

5 Krasniy Yar, Ob River, Tomsk Province metacarpal III PM TSU 5/5197

Navicular PM TSU 5/2538

Navicular PM TSU 5/3063

6 Berdsk vicinity Novosibirsk Province third left upper molar M3 IAE BB-1

7 Krasniy Yar, Ob River, Novosibirsk Province left body of mandible NSMLL 22090

left body of mandible IAE KY-4323

8 Bibiha, Ob River, Novosibirsk Province right М2 NSMLL 21052

9 Taradanovo, Ob River, Novosibirsk Province left metacarpal IV IAE TRD-17

left metacarpal IV IAE TRD-18

left metatarsal IV IAE TRD-2

10 Utuskun, Irtysh River, Omsk Province right body of mandible Sk_ui1

11 Omsk, Irtysh River, Omsk Province left р4 Sk_oms1

12 Kachulka, Krasnoyarsk Territory left р3 PM TSU № 1/395

13 Irkutsk Province mandible IRM 2436
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shev. The locality is 400 km north of the city of
Tomsk (Kargasok area of the Tomsk Province).
The Kindal location of Stephanorhinus kirchber-
gensis is 59º08' N, 80º35'E, which is closer in lati-
tude to the finding on the Vilyuy River in Yakutia
(63º40' N) (Dubrovo, 1957).

Novosibirsk Province

Mandibular corpora of two individuals of
Stephanorhinus kirchbergensis (NSMLL 22090
and IAE KY-4323) were discovered in the Krasniy
Yar locality (55º13' N, 82º52' E) on the left bank of
the Ob River, 17 km north of the city of Novosibirsk
(Figure 1). These remains were found among
3,336 bones of other species of large mammals
that had inhabited the southeastern area of West
Siberia in the Middle–Late Pleistocene. Samples
were collected on the sandbank. Some of them
wear marks of redeposition. Analysis of spores and
pollen, seeds, ostracods, and mollusks revealed
warm interglacial conditions at the time of layer
deposition. Kazantsevo Horizon (MIS 5) is the
most probable origin for the alluvial deposits of the
channel of layer 6 (Martynov et al., 1977; Volkov
and Arhipov, 1978; Panychev, 1979). A high pro-
portion of the remains from this locality may have
been redeposited, which suggests a considerable
range in age. Thus, Middle Pleistocene age for S.
kirchbergensis remains should not be excluded. 

An upper molar (NSMLL 21052) was found
near Bibiha village (55º19' N, 82º52' E) on the right
bank of the Ob River, 26 km north of Novosibirsk
(Table 1). This locality is represented by cross-bed-
ded sands of the outcrop of the third fluvial terrace
sloping below the water surface, similar to those at
Krasniy Yar (Novosibirsk Province), layer 6. 

An upper left molar (IAE BB-1) was found
during dredger activities within the city limits of
Berdsk (Table 1). The exact location is unknown. 

Three rhinoceros metapodials were discov-
ered among the numerous large mammalian
remains from Taradanovo (53º48'N, 81º49'E) on
the Ob River (Suzun area of the Novosibirsk Prov-
ince) (Figure 1, Table 1). All megafaunal remains
are redeposited. The main bone-bearing horizon of
the Taradanovsk highbank is located several
meters below the lowest shore line. The section of
highbank near Taradanovo has a similar structure
to that at Krasniy Yar near Novosibirsk. Eighteen
radiocarbon datings were obtained from the bones
collected from the beach: 13 dates indicate an age
older than 45–40 14C ka BP, which is close to the
limits of the method, and five dates indicate an age
of 36–26 14C ka BP (Vasiliev and Orlova, 2006).

The diversity of fauna includes the species of the
beginning of Late Pleistocene, which allows esti-
mating its geological age. One of us (SKV) thus
supposes that the main bone-bearing layer in Tara-
danovo was formed during the Kazantsevian (MIS
5). 

Omsk Province

A mandibular corpus (Sk_ui1) was found by
local historian N. B. Peristov in the Irtysh River
near Krasnoyarka and Utuskun villages of the Ust-
Ishymsk district, Omsk Province (57º44'N, 71º17'E)
(Figure 1). The Ust-Ishymsk area includes a group
of early–Late Pleistocene mammal-bearing locali-
ties, typical for the area of latitudinal flow of the
Irtysh River. Terrace deposits of Karginian and Sar-
tanian ages are located in the vicinity of the site
(Krivonogov, 1988). Up and down the stream of the
Irtysh River, the outcrops of lower and Middle
Pleistocene are exposed on the right bank. Lower
Pleistocene sediments are observed in the out-
crops of the upland “Tobolsk continent”: the Koltyr-
minsk, Narimanovsk, Nikolsk, Romanovsk, and
Sakanairsk cliffs.

A lower fourth premolar (Sk_oms1) was found
by local historian A. L. Dorogov in Omsk on the
bank of the Irtysh River. A lithological description of
natural outcrops of the valley became impossible
due to anthropogenic activities. Mammal bones of
various ages from the Pliocene to the present
occur within the city on the sandbanks and in artifi-
cial outcrops.

Krasnoyarsk Territory

A lower third premolar (PM TSU 1/395) was
found in Kachulka village (53º47'N, 92º54'E),
Karatuzsk district, Krasnoyarsk Territory, 100 km
east of Minusinsk at the confluence of the Amyl
and Kazyr rivers (Figure 1, Table 1). The tooth was
buried in fine-grained sands at a depth of about 3
m. Its preservation suggests redeposition from
older deposits. This finding in the south of the
Krasnoyarsk Territory is the first in this region and
an important link between West Siberia and East
Siberia in the geographic distribution of S. kirchber-
gensis.

Irkutsk Province

A cranium and a mandible are known. The
locality for a mandible (IRM 2436) stored in the
Irkutsk local history museum (Table 1) is unknown.
It may belong to the same individual as a cranium
(ZIN 10718; Chersky, 1874), but the locality for the
cranium is also undefined.
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Institutional Abbreviations

IAE CHU: Institute of Archaeology and Ethnogra-
phy, Siberian Branch, Novosibirsk, collection from
Chumysh; IAE KY: Institute of Archaeology and
Ethnography, Siberian Branch, Novosibirsk, collec-
tion from Krasniy Yar (Novosibirsk Province); IAE
TRD: Institute of Archaeology and Ethnography,
Siberian Branch, Novosibirsk, collection from Tara-
danovo; IAE BB: Institute of Archaeology and Eth-
nography, Siberian Branch, Novosibirsk, collection
from Biysk; NSMLL: Novosibirsk State Museum of
Local Lore, Novosibirsk; IRM: Irkutsk Regional
Museum, Irkutsk; TRM: Tomsk Regional Museum,
Tomsk; KB MAN K: Kargasok branch of the
Museum of Art of the North, Kargasok, Tomsk
Province; PM TSU: Paleontological Museum of
Tomsk State University, Tomsk; Sk_oms1: Omsk
Province, the Bondarev private collection; Sk_ui1:
Omsk, the Bondarev private collection; GR PC:
The I. Grebnev private collection.

METHODS

Morphometrics

Descriptions of morphological and morpho-
metric features of teeth and measurements of
mandibles and postcranial bones were made fol-
lowing Gromova (1935), Guérin (1980), Lacombat
(2005, 2006), Kahlke (1977), Fortelius (1982),
Clauss et al. (2008), Dubrovo (1957), and Fortelius
et al. (1993). 

The following dimensions were used for mor-
phometric analysis of rhinoceros mandibles:
1) overall length of mandible;
2) length from the mesial edge of the p2 alveoli 

to the distal edge of the vertical ramus;
3) alveolar length of dentition p2-m3 (AL);
4) alveolar length of premolar row p2-p4;
5) alveolar length of molar row m1-m3 

(ALm1_m3);
6) height of mandibular corpus between p2 and 

p3 (HMB_p3);
7) height of mandibular corpus between p3 and 

p4 (HMB_p4);
8) height of mandibular corpus between p4 and 

m1 (HMB_m1);
9) height of mandibular corpus between m1 and 

m2 (HMB_m2);
10) height of mandibular corpus between m2 and 

m3 (HMB_m3);
11) transverse diameter of mandibular corpus 

between p2 and p3 (TMB_p3);

12)  transverse diameter of mandibular corpus 
between p3 and p4 (TMB_p4);

13) transverse diameter of mandibular corpus 
between p4 and m1 (TMB_m1);

14)  transverse diameter of mandibular corpus 
between m1 and m2 (TMB_m2);

15)  transverse diameter of mandibular corpus 
between m2 and m3 (TMB_m3);

16) length of mandibular symphysis;
17) length of diastema;
18) width of incisal area of the symphysis;
19) thickness of the symphysis distally;
20) transverse diameter of mandibular condyle;
21) height of mandibular condyle;
22) height from the level of the occlusal surface of 

dentition to the mandibular condyle;
23)  distance from the level of the mandibular 

condyle to the distal edge of the m3 alveoli; 
and

24)  height of mandibular corpus before p2 
(HMB_p2).
The following indices were used for compara-

tive analysis of Stephanorhinus kirchbergensis and
Coelodonta antiquitatis mandibles: index 1 =
ALm1_m3 / AL; index 2 = HMB_p2 / AL; index 3 =
HMB_p3 / AL; index 4 = HMB_p4 / AL; index 5 =
HMB_m1 / AL; index 6 = HMB_m2 / AL; index 7 =
HMB_m3 / AL; index 8 = TMB_p3 / AL; index 9 =
TMB_p4 / AL; index 10 = TMB_m1 / AL; index 11 =
TMB_m2 / AL; index 12 = TMB_m3 / AL.

The biological age of an individual animal was
determined based on the mandible by using the
method introduced by Hitchins (1978) and Hillman-
Smith et al. (1986). First, several stages reflecting
the degree of tooth development and wear were
identified. 

The stages for upper teeth (STU) are:
1) presence of a dentine nucleus in the alveolus 

(STU1);
2) dental crown erupted over the bone tissue but 

unworn (STU2);
3) apices of most protruding cusps slightly worn 

(STU3);
4) apices of most protruding cusps worn, but 

wear does not affect steep ridges (STU4);
5) dental crown more worn than STU4, occlusal 

surface has continuous sections (STU5);
6) dental crown worn by at least 50%, occlusal 

part smooth, median valley still open (STU6);
7) dental crown worn more than 50%, median 

valley closed (STU7);
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8) dental crown heavily worn, the median valley 
closed by dentine on every side (STU8);

9) presence of few remains of enamel, fragmen-
tary mesial and distal valleys (median valley 
disappeared) (STU9); and

10) absence of enamel, crown totally worn 
(STU10).
The stages for lower teeth (STL) are:

1) erupting below the bone surface (STL1);
2) erupting above but unworn (STL2);
3) very slight wear, tips of cusps shiny (STL3);
4) slight wear exposing dentine on cusps, but 

ridges steep with deep gaps (STL4);
5) more wear than STL4, but still with deep gaps 

(STL5);
6) medium wear, tooth surface becoming fairly 

flat, but infundibulum channel still open 
(STL6);

7) medium/heavy wear, channel just closed 
(STL7);

8) heavy wear, channel fully closed, through 
dentine (STL8);

9) very heavy wear, small patches of enamel 
remaining (STL9); and

10) no enamel remaining (STL10).
It is assumed that each tooth at each moment

of its biological age corresponded to one of the
above stages. Thus, the individual age of the ani-
mal could be defined by the cumulative information
on each tooth stage from the jaw tested, comparing
it to the stages given in the tables by Hillman-Smith
et al. (1986).

The following measurements were used to
analyze postcranial bones of rhinoceroses:
1) maximum length in the sagittal plane (ML); 
2) antero-posterior diameter of the proximal 

epiphysis (APD);
3) transverse diameter of the proximal epiphysis 

(TD);
4) antero-posterior diameter of the distal epiphy-

sis (APDde);
5) transverse diameter of the distal epiphysis 

(TDde);
6) transverse diameter of the distal joint (TDdj);
7) transverse diameter of the diaphysis in the 

middle (mTDd);
8) antero-posterior diameter of the diaphysis in 

the middle (mAPDd);
9) transverse diameter of the tuberositas tibia 

(TDtt);

10) maximum transverse diameter measured per-
pendicularly to the vertical axis of the astraga-
lus (ATD);

11) maximum height, measured perpendicularly 
to the first diameter of the astragalus (AH);

12) transverse diameter of distal joint of the 
astragalus (ATD artic. dist.);

13) transverse diameter of distal part of the 
astragalus below the collar (ATD max dist.);

14) transverse diameter of the olecranon (TD 
olecr.);

15) antero-posterior diameter of the olecranon 
(APD olecr.);

16) transverse diameter of the proximal joint (TD 
artic. prox.); and

17) maximum height of the proximal joint (H artic. 
prox.).

Mesowear Analysis

The mesowear method developed by Fortel-
ius and Solounias (2000) was applied to recon-
struct the dietary preferences of Stephanorhinus
kirchbergensis and Coelodonta antiquitatis in the
southeast area of West Siberia. The method is
based on the study of facet development on the
buccal side of occlusal surfaces of upper molar M2
of ungulates. The main factor in the formation of
facets in the area of the paracone and metacone is
the close interaction of the upper and lower teeth
during mastication (attrition). The other factor that
affects the formation of the occlusal surface is the
mechanichal properties of the food items that
crushed by the teeth. Consuming rough and abra-
sive food leads to smoothing of the wear surface of
the cusps by contact with each other. Mesowear
analysis deals with three variables: hypsodonty
index, wear surface relief (l, low; h, high), and the
shape of cusps (s, sharp; r, rounded; b, blunt). A
conservative approach was used to select the
paracone or metacone cusp (Fortelius and
Solounias, 2000), i.e., the sharpest one. The cusp
was considered high if the proportion of its height
to the crown width was larger than 0.03, which was
the empirical definition for rhinoceroses (Fortelius
and Solounias, 2000). Teeth in the first and last
dental wear stages were not considered in the
analysis. The method was applied for teeth in
stages STU5 to STU8. A data set of more than 20
specimens is considered statistically significant,
while a set of more than 10 individuals allows see-
ing the main vector of the adaptation process
toward one or another dietary preference. 
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The mesowear method was extended by Kai-
ser and Solounias (2003) where not only M2 but all
possible combinations of upper teeth were used in
investigations of diet signals. In particular, the
research showed that statistical data obtained from
the set of four teeth Р4–М3 were sufficiently close
to those that were obtained while using only M2.
Thus, limited fossil material can be used by apply-
ing mesowear analysis to the set consisting of Р4–
М3. 

Ten upper teeth of Stephanorhinus kirchber-
gensis presented in this article and two upper P4
and M1 from the Tomsk Province presented by
Shpansky and Billia (2012) were used as material
for mesowear analysis. 

Statistical analysis was carried out using Sta-
tistical Package for the Social Sciences (SPSS)
version 21 and Sysstat version 12. Because the
independent samples of Stephanorhinus kirchber-
gensis and Coelodonta antiquitatis investigated
were not normally distributed, the nonparametric
Mann-Whitney U-test (SPSS 21) was used to
determine the degrees of difference of their
mesowear signals. Hierarchical cluster analysis
with complete linkage in a mode (the farthest
neighbor, with interval measure) of Euclidean dis-
tance was applied following the standard hierarchi-
cal amalgamation method. As an input for cluster
analysis, the percentages of independent
mesowear signals were used: the percentage of
high relief, the percentage of sharp peaks, and the
percentage of blunt peaks. Mesowear signals of C.
antiquitatis teeth from southern localities of West
Siberia from the collection of IAE were used as a
reference material. Data from subgroups of 27 typi-
cal recent animals presented in Fortelius and
Solounias (2000) were also used. Reference mate-
rial on Stephanorhinus was taken from Kahlke and
Kaiser (2011) and van Asperen and Kahlke (2014).
A conservative model of dietary classification was
used in classifying the animals by their dietary pref-
erences (Fortelius and Solounias, 2000).

Biogeochemistry

The study was conducted as part of an inter-
disciplinary research project on the study of bone
detritus of Cenozoic vertebrata in the Institute of
Geology, Komi Science Centre, Project Manager V.
I. Silaev. Analysis of the chemical and stable isoto-
pic composition was conducted using a broad set
of methods including several types of spectroscopy
and mass spectrometry. Methodological
approaches are described in more detail in a sepa-
rate paper (Silaev et al., 2015). 

DESCRIPTION

Material of Stephanorhinus kirchbergensis
from 13 localities, consisting of 39 samples, is
described (Table 1). Published materials on the
European S. kirchbergensis and Coelodonta antiq-
uitatis were taken as the comparison. 

Mandibles 

Specimen NSMLL-12 (Figure 2, Table 2) is a
fragment of left mandibular corpus of a juvenile
individual.The rostral part is broken on the level of
symphysis, while the caudal part is absent behind
the alveolus for m1. The symphysis area shows
gnaw marks from small animals. The jaw is rela-
tively low; the width of the corpus gradually
increases from dp1 toward dp4. Widening of the
ventral part of the corpus is not visible. The mandi-
ble has an oval shape in the transverse plane,
while it is pear-shaped in Coelodonta antiquitatis.
Teeth dp2–4 are present. The metalophid of dp2 is
slightly worn, and the hypolophid is worn by 5–10%
(STL5); metalophid and hypolophid in dp3 are worn
for approximately 5–10% (STL5); dp4 is on the
fourth stage of wear (STL4). Alveolar length of the
tooth row dp1–dp4 is 138 mm. dp1 is absent. Its
alveolus is well developed and round. The alveolar
cavity for m1 is large. The edges of the alveolus
are directed toward each other, which shows the
initial stage of tooth eruption (formation of the
crown is at the first stage, STL1). The enamel is
smooth, without a clear pattern of enamel prisms.
The paraconid is absent in dp2. A fold-like undevel-
oped third valley near the parastylid is present on
dp3. The main valleys on dp2, dp3, and dp4 are
broad and U-shaped. Mesiodistal compression of
the crowns is not seen. Deciduous crowns have a
vertically convex shape on the buccal side. The
valley between lophids is deep. Lophids are con-
vex in occlusal view. In the first phase of the chew-
ing process, a browser forms the facets on the
buccal side of the lower teeth at an acute angle to
the occlusal surface. On the teeth of the given
mandible, these facets are in the initial stage of
forming. The underdeveloped folds of cingulid are
present on the lingual side of dp4 and in dp2–dp4
on the buccal side in the ventral part of the metalo-
phid. Cementum is absent. The estimated biologi-
cal age of the individual is less than two years. 

All of the mandibles listed below for adult indi-
viduals show the following features. The mandibu-
lar corpus is relatively low. Its changes in height
and transversal diameter from p2 to m3 are linear;
the transverse section of the mandibular body is
oval, without ventral extension. Teeth are large with
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smooth enamel, without a clear pattern of enamel
prisms. All crowns are vertically convex and barrel-
shaped on the buccal side. The valley between the
lophids is distinct. The lophids of p3–m3 have a
convex surface in occlusal view. On the lower
teeth, there are facets on the buccal side at an
acute angle to the occlusal surface. These facets
were formed on the first phase of the browser’s
chewing process.

Specimen NSMLL-10 (Figure 3, Tables 3, 4) is
a fragment of mandible, the right mandibular body
of an adult individual. The symphysis is preserved
but is much damaged. The incisor edge of the sym-
physis is narrow, its dorsal surface is spoon-
shaped, and the ventral surface is convex. The
alveoli of the incisors are absent on the rostral
edge of the symphysis. The caudal edge of the
symphysis is on the level of p3, and the bone of the
mandible at the caudal side of the symphysis is
very thick. The left mandibular body is broken

between the alveoli of p3 and p4. The alveoli of p2
and p3 contain roots, but the crowns are
destroyed. The right mandibular corpus is pre-
served together with the angular area, while the
vertical ramus is broken off. The right dentary row
p2–m3 is completely preserved. The diastema is
relatively short. Dentition is highly worn: p2 (STL9),
p3 (STL9), p4 (STL8), m1 (STL8), m2 (STL7), and
m3 (STL6). The valleys are V-, or U-shaped and
preserved only on m2 and m3. In p2–m2, there is a
poorly developed cingulid on the buccal side of the
ventral part of the metalophid and on the lingual
side of the paraconid. Remains of a very thin layer
of cementum are preserved on the back wall of m2
on the root area of the crown. A considerable level
of wear suggests a biological age of the animal
close to 30 years.

Specimen NSMLL 22090 (Figure 4, Tables 3,
4) is fragment of mandible, the left mandibular cor-
pus of an adult individual. The rostral part is broken

FIGURE 2. Stephanorhinus kirchbergensis; Chumysh
River at Kytmanovo (Kytmanovo District, Altay Territory,
southeast Western Siberia); the horizontal left body of a
mandible of a juvenile rhino NSMLL-12, occlusal and
buccal views. Scale bar ruled in centimeters.

TABLE 2. metric comparison of lower deciduous teeth of stephanorhinus kirchbergensis and coelodonta antiquitatis
of the middle and upper pleistocene from the altay territory and novosibirsk and tomsk provinces in southeastern
western siberia versus european and chinese regions. all measurements are in mm. sample sizes are given in
parentheses. Available in zipped download at https://palaeo-electronica.org/content/2021/3322-stephanorhinus-
kirchbergensis-in-siberia.

TABLE 3. Metric comparison of lower permanent teeth of Stephanorhinus kirchbergensis and Coelodonta antiquita-
tis of the Middle and Upper Pleistocene from the Altay Territory and Novosibirsk and Tomsk Provinces in southeast-
ern Western Siberia versus European and Chinese areas. All measurements are in mm. Sample sizes are given in
parentheses. Available in zipped download at https://palaeo-electronica.org/content/2021/3322-stephanorhinus-
kirchbergensis-in-siberia.

TABLE 4. Metric comparison of the mandibles of Stephanorhinus kirchbergensis and Coelodonta antiquitatis of the
Middle and Upper Pleistocene from the Altay Territory and Novosibirsk, Tomsk, Omsk, and Irkutsk Provinces of
southeastern Western Siberia versus European and Chinese areas. All measurements are in mm. Sample sizes are
given in parentheses. Available in zipped download at https://palaeo-electronica.org/content/2021/3322-stepha-
norhinus-kirchbergensis-in-siberia.

FIGURE 3. Stephanorhinus kirchbergensis; Chumysh
River at Kytmanovo (Kytmanovo District, Altay Territory,
southeast Western Siberia); the horizontal right body of
a mandible NSMLL-10, occlusal and buccal views.
Scale bar ruled in centimeters.
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near the p2, while the caudal end is lacking the
portion behind the alveolus of m3. All teeth are
present in the jaw from p2 to m3. They have an
average stage of wear: p2 (STL7), p3 (STL7), p4
(STL6), m1 (STL7) m2 (STL6), and m3 (STL4).
The trignoid basin of p4, m1, and m2 is wide and V-
shaped. The mesial and distal valleys of m3 are
wide and U-shaped. A poorly developed cingulid is
present on the buccal side of the ventral part
metalophid in p4, m2, and m3, and on the lingual
side from the paraconid to the metaconid in p2–
m2. Cementum is absent. The individual’s esti-
mated biological age is 16–20 years.

Specimen IAE KY-4323 (Figure 5, Tables 3, 4)
is a fragment of mandible, the left mandibular cor-
pus of an adult individual. The rostral part is broken

near p2. The caudal part is broken in the angular
area. All teeth p2–m3 are present in the jaw but
heavily worn: p2 (STL9), p3 (STL9), p4 (STL9), m1
(STL9), m2 (STL8), and m3 (STL7). The trigonid
basin of m3 is U-shaped. The cingulid is present on
p2–m2 on the buccal side of the ventral part of the
metalophid and on the lingual side of the paraconid
towards the metaconid. The cementum is not pre-
served. This is the smallest of all specimens pre-
sented in this overview, which may be correlated
with sexual dimorphism and suggest an identifica-
tion as a female individual. The estimated biologi-
cal age of the individual is more than 30 years.

Specimen Sk_ui1 (Figure 6, Tables 3, 4), is a
fragment of a mandible, the right mandibular cor-
pus of an adult individual. The specimen is broken
off near the front edge of the p2 alveolus and the
back edge of the m3 alveolus. The symphysis is
partially preserved and is high and long, with an
abrupt caudal edge at the middle part of p3. The
tooth row from p3 to m3 is preserved in the jaw and
shows average stages of wear: p3 (STL7), p4
(STL6), m1 (STL7), m2 (STL6), and m3 (STL4).
The trigonid basin of m2 is V-shaped. Both valleys
of m3 are wide and U-shaped. Folds of the cingu-
lum are observed in the basal part of m2 and m3
crowns on the buccal side of the hypolophid and on
the metalophids of p3 and p4. Signs of a thin layer
of cementum are preserved on m1–m3. The esti-
mated age of the individual is 20–25 years.

Specimen GR PC 1164 (Figure 7, Tables 3, 4)
is a fragment of mandible, right horizontal mandib-
ular corpus of adult individual. The symphysis is
broken off near the alveolus of p2. The coronoid

FIGURE 4. Stephanorhinus kirchbergensis; Ob River at
Krasniy Yar (Novosibirsk Province, southeast Western
Siberia); the horizontal left body of a mandible NSMLL
22090, occlusal and buccal views. Scale bar ruled in
centimeters.

FIGURE 5. Stephanorhinus kirchbergensis; Ob River at
Krasniy Yar (Novosibirsk Province, southeast Western
Siberia); the horizontal left body of a mandible IAE KY-
4323, occlusal and buccal views. Scale bar ruled in cen-
timeters.

FIGURE 6. Stephanorhinus kirchbergensis; Omsk
(Omsk Province, southeast Western Siberia); the hori-
zontal right body of a mandible Sk_ui1, occlusal and
buccal views. Scale bar ruled in centimeters.
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process is broken off from the vertical ramus. The
mandibular condyle is broken from the lateral side.
The mandibular corpus is very low compared to the
other specimens. The notch of the symphysis is
placed on the level of p3. The vertical ramus is rel-
atively broad with a strongly developed masseteric
fossa. The angle between the vertical ramus and
the body is close to 90º. The mandibular body pre-
serves p3–m1 but crowns are damaged. The
crowns of p3 and p4 are worn to the level of the
bottom of the mesial valley (STL7). Distal valleys
are V-shaped. The m1 is worn to the level of the
bottom of the distal valley (STL8). The signs of cin-
gulid are observed on p3 on the lophid buccal side,
and on the lingual side on p4 and m1. The distal
edge of the m3 alveolus is close to the base of the
vertical ramus. The area behind the m3 alveolus is
wide and flat, with rounded edges. The estimated
biological age of the individual is 20–25 years.

Specimen GR PC 1165 (Figure 8, Tables 3, 4)
is the well-preserved mandible of adult individual.
There is some damage to the right p2 alveolus and
right coronoid process. The incisors’ alveoli are
absent. The left m1 (STL9) and m2 (STL8) are pre-
served but significantly damaged; the rest of the
dentition is broken or missing. The right dentition is
preserved, showing the high degree of wear: p4
(STL8), m1 (STL9), and m2 (STL8). Well-devel-
oped р2 alveoli show that there was no natural loss
and overgrowth of alveoli in this specimen. The
diastema is short. The notch of symphysis is
placed on the level of p3, the bone of mandible at

the caudal extremity of symphysis is very thick.
The symphysis is long and narrow, while the dias-
tema is relatively short. Its dorsal surface is spoon-
shaped. Its ventral surface is convex. The dorsal
area behind the m3 is wide and flat with rounded
edges. The vertical ramus of the mandible is rela-
tively wide with strongly developed masseteric
fossa. The angle between the vertical ramus and
corpus is close to 90°. The left coronoid process is
directed upwards; its tip does not bend in the cau-
dal direction, as in Coelodonta antiquitatis. The
condyles are very wide with a visible asymmetry in
lateral direction. The medial edge of the condyle
has a clear rectangular shape in caudal view. The
lateral edge of the caudal part of the area posterior
to the condyle process rises in a smooth, concave
curve towards the condyle. In C. antiquitatis, this
edge approaching the condyle becomes rounded
towards the vertical axis of the vertical ramus of the
mandible and becomes convex. The estimated bio-
logical age of the individual is 25–30 years.

Specimen IRM 2436 (Figure 9, Table 4) is a
mandible of an adult individual with broken sym-
physis and coronoid processes. The notch of sym-
physis is placed at the level of p3, the bone at the

FIGURE 7. Stephanorhinus kirchbergensis; Biysk (Altay
Territory, southeast Western Siberia); the horizontal right
body of a mandible GR PC-1164, occlusal and buccal
views. Scale bar ruled in centimeters.

FIGURE 8. Stephanorhinus kirchbergensis; Biysk
(Altay Territory, southeast Western Siberia); the mandi-
ble GR PC-1165, 1, occlusal view. 2, posterior view. 3,
buccal view. Scale bar ruled in centimeters.
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caudal side of symphysis is very thick. The dorsal
area behind the m3 is wide and flat with rounded
edges. The mandibular body is relatively low. Its
changes in height and transversal diameter from
p2 to m3 are linear. The transverse section of the
corpus is oval, without ventral extension. The verti-
cal ramus is relatively broad with a strongly devel-
oped masseteric fossa. The angle between the
vertical ramus and horizontal body is close to 90°.
The condyles are very wide with a visible lateral
asymmetry. The dentition is partly absent; the rest
of it is broken. The paraconid, parastylid, and
metaconid are broken on the left p4. The enamel is
mostly absent; therefore the presence of cingulid is
unclear. Mesial and distal valleys are shallow
(depth of the distal valley is 7.0 mm). The thickness
of the enamel on the hypoconid is 2.0 mm on the
buccal side, 1.4 mm on the medial side. The
metaconid is slightly worn. The estimated age of
the individual is 20–25 years.

Specimen KB MAN K-397 (Figure 10.3-10.5,
Tables 3, 4) is a fragment of mandible, left mandib-
ular corpus of an adult individual, whose biological
age is estimated to 15–17 years. The p3-m3 teeth

are preserved in the jaw. The caudal edge of the
symphysis is on the same level as the middle part
of p3, similarly to the condition seen in the speci-
men from Cherniy Yar (Gromova, 1935). The ven-
tral edge of the mandibular body is almost smooth.
The rise of the ventral edge is gradual from m1 to
the symphysis, with increasing roundness in the
symphysis area. Ventral margin is not concave in
Stephanorhinus kirchbergensis. The thickness of
the mandibular body is nearly the same along the
whole tooth row, slightly decreasing under p3-p4.
In transverse section, the mandibular corpus is
high and oval-shaped, while it is pear-shaped with
a ventral bulge in adult Сoelodonta antiquitatis.
Mental foramens (one large and several small) are
placed under the p2 alveolus. The vertical ramus is
relatively wide, with well-developed rugosity in the

FIGURE 9. Stephanorhinus kirchbergensis; Irkutsk
Province (southwest Eastern Siberia); a mandible IRM
2436, occlusal and buccal views. Scale bar ruled in
centimeters.

FIGURE 10. Stephanorhinus kirchbergensis; Tobol Hori-
zon level (Middle Pleistocene); at Asino (Asino District,
Tomsk Province, southeast Western Siberia); first left
upper molar M1 PM TSU 1/396, 1. buccal view. 2, occlu-
sal view. KB MAN K-397 the horizontal left body of a
mandible of the Tobol Horizon level (Middle Pleisto-
cene); Ob River at Kindal village (Kargasok District,
Tomsk Province, southeast Western Siberia). 3, buccal
view. 4, occlusal view. 5, occlusal view р3 – m3.
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angular area. The dorsal surface of the mandibular
body behind the m3 is wide (62 mm), flattened,
with a small longitudinal groove; the edges of the
area are not sharp, as mentioned by Gromova
(1935), and gently rounded, and the ridges are not
developed. Its back surface forms an area that is
broad and slightly concave in lateral view, perpen-
dicular to the longitudinal axis of the jaw. In woolly
rhinoceros, this area is considerably smaller, trian-
gular, and oriented by an significant angle to the
longitudinal axis. The articular head is inclined rela-
tive to the horizontal plane. Its medial edge is
absent, and the lateral one is raised. Teeth crowns
are high. The m3 is in the first stage of wear. Pre-
molars are placed vertically to the alveolar edge of
the mandibular body. Molars are significantly
inclined forwards (Figure 10.3). Teeth are large,
especially m1. Metrically, they are close to the
samples from Moldavia, Povolzhy, and Taubach,
but smaller than teeth from Krasniy Yar (Tomsk
region). The length of the molar row m1–3 is 171
mm, which is larger than that in European samples.
The closest length is in a large sample from Tau-
bach (157.8–169.9 mm; Kahlke, 1977). Jaws from
Chumysh River (NSMLL-10) and Kraskiy Yar
(Novosibirsk Province; NSMLL 22090) (Table 4)
show similar dental size. The buccal cingulid is well
defined on all metalophids and hypolophids of m1
and m2. The lingual cingulid is well developed on
the metalophids of m1 and m2, and on the base of
m3. The crown width near the roots is larger than
on the apex, because of the slight inclination of the
buccal surface. It is especially well observed on the
slightly worn m2 and m3. In C. antiquitatis, the
crown width is constant along the height. In this
specimen of S. kirchbergensis, the metalophid on
the molars is shorter than the hypolophid. The
walls of lophids expand greatly to the base, forming
valleys highly narrowed sharply downward.
Metaconids are tapered roundly (without bulbosi-
ties) and are slightly abducted backwards on the
protoconids of m2 and m3. The cementum frag-
ments are preserved in the basal part. The enamel
is smooth. There is a fusion of metalophid and
hypolophid in p3–m1, the valleys are considerably
deep. The fusion of metalophid and hypolophid on
m2 and m3 has not occurred (Figure 10.5). The
mesial surface of metaconid is unworn on m3.

Specimen NSMLL-26 (Figure 11.3-4, Table 3)
is a fragment of mandible, right mandibular body of
an adult individual. The rostral part is broken off at
the level of the symphysis notch, between the p2
and p3 alveoli. The caudal side is broken off
between the p4 and m1 alveoli. The alveolus of p4

bears the remains of roots. The p3 (STL6) is pre-
served in the jaw. Valleys are V-shaped. A weakly
developed cingulid is present on the buccal and lin-
gual sides of hypolophid. The estimated biological
age of the individual is 6–9 years.

Specimen NSMLL-27 (Figure 11.1-2, Table 3)
is a fragment of mandible, right vertical ramus of an
adult individual. The vertical ramus is relatively
broad with a strongly developed area of attach-
ment of the masseteric muscles to the masseteric
fossa. The coronoid process is directed upwards.
Its tip bends in the aboral direction, as it is fre-
quently observed in Coelodonta antiquitatis. The
condyle is very wide (transverse diameter is 112
mm) with a visible lateral asymmetry. The medial
edge of the condyle is sharp, with a rectangular
outline. In C. antiquitatis, this edge becomes
rounded towards the vertical axis of the vertical
ramus when approaching the condyle and it takes
a convex shape. 

Isolated Teeth

Upper teeth are large, brachyodont, with
smooth enamel, and without a clear pattern of

FIGURE 11. Stephanorhinus kirchbergensis; Chumysh
River at Kytmanovo (Kytmanovo District, Altay Territory,
southeast Western Siberia); the vertical right ramus of
a mandible NSMLL-26. 1, posterior view. 2, lingual
view. The horizontal right body of a mandible NSMLL-
27. 3, buccal viw. 4, occlusal view. Scale bar ruled in
centimeters.
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enamel prisms. Medial valleys are open, except in
two M3 (NSMLL-4 and IAE BB-1), for which they
are closed. The occlusal surface of the teeth is
concave, except for the specimen PM TSU 1/396
that displays a flat occlusal surface.

The upper left М1 PM TSU 1/396 (Figure
10.1-2, Table 5) is well preserved, with some
enamel breakages on the parastyle and metastyle.
The roots are preserved. The tooth is similar to PM
TSU 5/3495 from Krasniy Yar (Shpansky and Billia,
2012) in the degree of wear and morphology. The
protoloph and hypocone are bulbous. The front
wall of the protoloph bears part of a cingulum. The
enamel is smooth, with a porcelain gloss. The
antecrochet is absent, the crista is poorly devel-
oped, and the crochet is well developed and quad-
rate-shaped.

Specimen NSMLL-5 (Figure 12.1, Table 5) is
an upper left M2 that has an average stage of wear
(STU6). Crochet is well developed, without virga-
tions. Crista and antecrochet are absent. The cin-
gulum is clear, present on the mesial part of the
tooth, and only slightly developed on the lingual
side. The protocone is clearly separated. The style
of the paracone is well developed from the side of
ectoloph. The buccal side of the tooth is signifi-
cantly higher than the lingual side. The ectoloph is

inclined in the lingual direction and serrated. The
relief of the ectoloph is high. Apices of the
paracone and metacone are rounded. Fragments
of a thin layer of cementum are present. 

Specimen NSMLL-1 (Figure 12.2, Table 5) is
an upper right M2 that is moderately worn (STU5).
The crochet is well developed, without virgations.
The crista is well developed, with double virgation.
Antecrochet is absent. The cingulum is present on
the mesial part of the tooth, while it is slightly visi-
ble on the lingual part of the tooth. The protocone
is not isolated. The style of the paracone is well
developed from the side of the ectoloph. The buc-
cal side of the tooth is significantly higher than the
lingual side. The ectoloph is inclined in the lingual
direction and serrated. The relief of the ectoloph is
high. The apices of the paracone and metacone
are rounded.

Specimen NSMLL-6 (Figure 13.1, Table 5) is
an upper left P4 that is more than 50% worn
(STU8). The crochet is well developed, without vir-
gations. The crista is absent. Antecrochet is
absent. A poorly-defined cingulum is observed on
the lingual part of the tooth. The protocone is not
isolated. The occlusal surface is concave. The
relief of the ectoloph is high. Apices of the
paracone and metacone are rounded.

TABLE 5. Comparison of the upper permanent teeth of Stephanorhinus kirchbergensis and Coelodonta antiquitatis of
the Middle and Upper Pleistocene from the Altay Territory and Novosibirsk, and Tomsk Provinces of southeastern
Western Siberia versus European and Chinese areas. All measurements are in mm. Sample sizes are given in paren-
theses. Available in zipped download at https://palaeo-electronica.org/content/2021/3322-stephanorhinus-kirchbergen-
sis-in-siberia.

FIGURE 12. Stephanorhinus kirchbergensis; Chumysh
River, at Kytmanovo (Kytmanovo District, Altay Territory,
southeast Western Siberia). 1, second left upper molar
M2, NSMLL-5. 2, second right upper molar M2, NSMLL-
1; occlusal and anterior views. Scale bar ruled in centi-
meters.

FIGURE 13. Stephanorhinus kirchbergensis; Chumysh
River, at Kytmanovo (Kytmanovo District, Altay Terri-
tory, southeast Western Siberia). 1, fourth left upper
permanent premolar P4, NSMLL-6. 2, fourth right upper
permanent premolar P4, NSMLL-2; occlusal and ante-
rior views. Scale bar ruled in centimeters.
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Specimen NSMLL-2 (Figure 13.2, Table 5) is
an upper right P4 that is more than 50% worn
(STU8), with partially destroyed protocone and
parastyle. Crochet is well developed, without virga-
tions. Crista and antecrochet are absent. A poorly-
defined cingulum is observed on the lingual part of
the tooth. The protocone is not isolated. The occlu-
sal surface is concave. The relief of the ectoloph is
high. The apex of the metacone is sharp. Frag-
ments of a thin layer of cementum are present. 

Specimen NSMLL-7 (Figure 14.1, Table 5) is
an upper left P4 that is 50% worn (STU7). Crochet
is well developed, with double virgation. The crista
is well developed, without virgations. Antecrochet
is absent. Well-developed cingula are present on
the mesial and lingual sides of the tooth. The proto-
cone is not isolated. The relief of the ectoloph is
high. The apices of the paracone and metacone
are sharp.

Specimen NSMLL-8 (Figure 14.2, Table 5) is
an upper left P4 worn more than 50% (STU8). The
crochet is well developed, and unlike the crista,
without virgations. Antecrochet is absent. Well-
developed cingula are observed on the mesial and
lingual sides of the tooth. The protocone is not iso-
lated. The relief of the ectoloph is high. The apices
of the paracone and metacone are rounded.

Specimen NSMLL-3 (Figure 15.2, Table 5) is
an upper left M3 that is moderately worn (STU6),
with destroyed protocone and parastyle. The cro-
chet is well developed, without virgations. The sin-

gle crista is poorly developed, without virgations.
Antecrochet is absent. The tooth is triangular with
merged ecto- and metaloph in the dorsal section.
The relief of the occlusal surface is high. The api-
ces of the paracone and metacone are destroyed. 

Specimen NSMLL 21052 (Figure 15.1, Table
5) is an upper right M2 that is more than 50% worn
(STU8). The ectoloph is preserved as a narrow
stripe because of the high degree of wear but it is

FIGURE 14. Stephanorhinus kirchbergensis; Chumysh
River, at Kytmanovo (Kytmanovo District, Altay Territory,
southeast Western Siberia). 1, fourth left upper perma-
nent premolar P4, NSMLL-7. 2, fourth left upper perma-
nent premolar P4, NSMLL-8; occlusal and anterior
views. Scale bar ruled in centimeters.

FIGURE 15. Stephanorhinus kirchbergensis; 1, Ob
River (Novosibirsk Province, southeast Western Sibe-
ria); second right upper molar M2, NSMLL 21052,
occlusal and anterior views. 2, Chumysh River, at Kyt-
manovo (Kytmanovo District, Altay Territory, southeast
Western Siberia); third right upper molar M3, NSMLL-3,
occlusal and buccal views. 3, third left upper molar M3,
NSMLL-4, occlusal view. 4, third left upper molar M3,
IAE BB-1, Berdsk (Novosibirsk Province, southeast
Western Siberia), occlusal and buccal views. 5 and 6.
Omsk (Omsk Province, southeast Western Siberia),
third left lower premolar p4, Sk_oms1. 5, buccal view. 6,
occlusal view. Scale bar ruled in centimeters.
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serrated. The relief of the ectoloph is high. The api-
ces of the paracone and metacone are sharp. The
cingulum is poorly developed on the lingual side.
The protocone is not isolated. 

Specimen NSMLL-4 (Figure 15.4, Table 5) is
an upper left M3 that is moderately worn (STU5).
The roots of the tooth are broken. The crochet and
crista are well developed, without virgations. Ante-
crochet is absent. The median valley is closed. The
cingulum is present only on the mesial side. The
protocone is not isolated. The style of the paracone
is well developed from the side of the ectoloph.
The relief of the ectoloph is high. The apices of the
paracone and metacone are rounded. Fragments
of a thin layer of cementum are present. The tooth
is triangular with merged ecto- and metaloph in the
dorsal section.

Specimen IAE BB-1 (Figure 15.3, Table 5) is
an upper left molar M3 that is moderately worn
(STU6). The crochet and crista are well developed,
without virgations. Antecrochet is absent. The
median valley is closed. A well-defined cingulum is
present on the mesial side of the tooth. The proto-
cone is not isolated. The style of the paracone is
well developed from the side of ectoloph. The relief
of the ectoloph is high. The apices of the paracone
and metacone are rounded. Fragments of a thin
layer of cementum are present. The tooth is trian-
gular with merged ecto- and metaloph in the dorsal
section.

Specimen Sk_oms1. (Figure 15.5-6, Table 3)
is a lower left p4. The tooth is large and heavily
worn to the level of the distal valley. The crown is
vertically convex and barrel-shaped. The valley
between lophids is well defined. The lophids are
convex on the occlusal surface. There is a facet on
the buccal side, which forms an acute angle to the
occlusal surface. This facet appears in rhinocer-
oses that are characterized by a brachyodont den-
tition. 

The lower left р3 PM TSU 1/395 (Table 3) is a
tooth that is heavily worn below the level of valleys.
The enamel is preserved only on the buccal wall of
the hypolophid. The enamel is light gray, smooth,
and porcelaneous, without wrinkles or cementum.
The front edge of the metalophid has a horizontal
cylinder-shaped bulbosity at the base. The metalo-
phid is narrower than the hypolophid. 

Postcranial material

Specimen NSMLL-109 (Figure 16.1-3, Table
6) is a well-preserved left ulna that lacks the distal
epiphysis. The bone is long and gracile. Its abso-
lute size is smaller than the equivalent bone from

the Taubach (Kahlke, 1977). In Coelodonta antiqui-
tatis, the mediolateral diameter of some individuals
is considerably larger than that. In the given speci-
men, the proc. coracoideus slightly rises upwards
(Figure 16.1), which is a characteristic of S. kirch-
bergensis. In C. antiquitatis the proc. coracoideus
points downwards and the proximal part of the
olecranon has a wide flat area, which abruptly
expands towards the olecranon tubercle on the
medial side. This expansion forms a sharp edge,
pointed medially. In NSMLL-109, the proximal part
of the olecranon is relatively narrow with a sharp-
edged ridge along the dorsal surface, and a
smooth extension on the medial side towards the
olecranon tubercle not forming the medial ridge
(Figure 16.2). In C. antiquitatis, a notch extends
from outside of the ventro-medial projection of inci-
sura semilunaris, and around its distal portion,
which sharply separates it from the rest of the joint
surface of the diaphysis. In NSMLL-109, this notch
is not observed. The transition between the joint
and the diaphysis is smooth (Figure 16.3). There is
a ridge along the lateral side of the diaphysis from
the incisura semilunaris to the distal epiphysis with
a gap in the middle. In the area of the gap, the
diaphysis is relatively sharp and forms a dihedral
angle with a rounded tip (Figure 16.2). In C. antiq-
uitatis, that area of the diaphysis is flat. In NSMLL-
109, the palmar wall of the diaphysis is straight
and, unlike C. antiquitatis, without flexure. 

Specimen IAE CHU-108 (Figure 17.1-4, Table
7) is a well-preserved right radius of Stephanorhi-
nus kirchbergensis. It has a large absolute length
of 436 mm; it is larger than similar bones of Coe-
lodonta antiquitatis (maximum length for the speci-
men from Krasniy Yar, Tomsk Province, is 424 mm)
(Shpansky, 2014). Specimen IAE CHU-108
appears more slender, the transverse diameter of
the proximal epiphysis index being 25.2% of the
total length of the bone, while the average values
are 26.2% and 29.7% for S. kirchbergensis and C.
antiquitatis, respectively (Guérin, 1980). Absolute
values for the measurements and indices of the rel-
ative proportions correspond to the values typical
for S. kirchbergensis. In C. antiquitatis, the transi-
tion from the ventral edge of the lateral part of the
proximal epiphysis facet to the lateral edge is
smooth, rounded, and convex and the intersection
of the lateral and dorsal edges forms an obtuse
angle of around 120°. In IAE CHU-108, the ventral
edge of the proximal facet of the lateral part is
straight and considerably shifted towards the
medial facet, which makes the ventral edge appear
shorter. The transition in the lateral edge occurs by
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FIGURE 16. Stephanorhinus kirchbergensis; Chumysh River at Kytmanovo (Kytmanovo District, Altay Territory,
southeast Western Siberia). The left ulna, NSMLL-109. 1, medial view. 2, anterior view. 3, lateral view. The right
astragalus, NSMLL-107. 4, dorsal view. 5, plantar view. Scale bar ruled in centimeters.

TABLE 6. Measurements of the ulna of Stephanorhinus kirchbergensis and Coelodonta antiquitatis from southeastern
Western Siberia and Europe. All measurements are in mm. Sample sizes are given in parentheses. The following mea-
surements were used: maximum length in the sagittal plane (ML); antero-posterior diameter of the proximal epiphysis
(APD); antero-posterior diameter of the distal epiphysis (APDde); transverse diameter of the distal epiphysis (TDde);
transverse diameter of the diaphysis in the middle (mTDd); antero-posterior diameter of the diaphysis in the middle
(mAPDd); transverse diameter of the olecranon (TD olecr.); antero-posterior diameter of the olecranon (APD olecr.);
transverse diameter of the proximal joint (TD artic. prox.); maximum height of the proximal joint (H artic. prox.).

Dimensions

S. kirchbergensis C. antiquitatis
Altay Territory, 

NSMLL-109
Europe, Taubach 

(Kahlke, 1977)
Europe (Guérin, 1980 tab. 

131) Europe (Guérin, 1980 tab. 131) 
Range Mean Range Mean

ML 456 - 543 494.5(21)

TD olecr. 72 67 – 68 67.5(2) 57 - 102 84.2(13)

APD olecr. 90 103 - 107 104.5(3) 90 - 120 106.4(23)

TD artic.prox. 98 101.8 91 – 94 92.5(2) 75 - 109 92.5(30)

APD 175 140 - 157 148.5(2) 121 - 195 159.1(26)

mTDd 43 49.9 51 – 52 51.5(2) 44 – 68 55.4(18)

mAPDd 41 46.3 52 52(2) 41.5 - 60 51.8(18)

TDde 40 41 – 67 53.8(16)

APDde 77 60 – 92 76.2(15)

H artic. prox. 113 106.5
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a rounded obtuse angle, around 130°. The lateral
edge is straight and intersects a dorsal edge at an
acute rounded angle, less than 90° (Figure 17.3).
This morphology of the radius proximal joint is typi-
cal of S. kirchbergensis (Guérin, 1980). In C. antiq-
uitatis, the tuberosity on the dorsal surface of the
distal epiphysis is divided by a broad, shallow sag-
ittal groove. In IAE CHU-108, the tuberosity on the
dorsal surface of the distal epiphysis is flat, without
a visible separation (Figure 17.1), which is charac-
teristic of S. kirchbergensis (Guérin, 1980). In C.
antiquitatis, the dorsal ridge separating the facets
for lunate and scaphoid bones on the surface of
the distal joint is well defined, especially on the
anterior part of the joint surface (Gromova, 1950).
In IAE CHU-108, the dorsal ridge is almost invisible
(Figure 17.4).

Specimens NSMLL-102 and GR PC 203 are
well-preserved left Mc II and GR PC 214 is a right
Mc II that is damaged in the area of the distal joint
and near the facet for Mc III (Figures 18.1-4, 19.1-
8, Table 8). All of the bones listed above are large
(Table 8) and considerably exceed the dimensions
of the Coelodonta antiquitatis bones. Moreover, the
bones of Stephanorhinus kirchbergensis are more
slender. Their three main transverse diameter indi-
ces are considerably smaller than those in C. antiq-
uitatis. The surface of the Мс II proximal joint from
the lateral side has a sharp angle between trape-
zoid and magnum facets. In C. antiquitatis, it forms
an angle of around 100°, while in NSMLL-102 and
GR PC 203, it is less than 90° (Figures 18.3, 19.3).
The lateral facet for Mc III in C. antiquitatis has a
more abrupt expansion than in S. kirchbergensis
(Guérin, 1980) (Figures 18.2, 19.2). The cross-sec-
tion of the diaphysis is more elliptic with a small
keel along the volar surface, especially in GR PC
214 (Figure 19.7). The diaphysis is thicker from the
medial side, which characterizes S. kirchbergensis
(Guérin, 1980). In C. antiquitatis, the cross-section
of the diaphysis has a broadly elliptic shape with a
relatively sharp edge on the medial side and the
surface of the diaphysis on the volar side is either
flat or tuberous (Guérin, 1980).

Specimens IAE TRD-17 and IAE TRD-18 (Fig-
ures 18.5-8, 20.1-4, Table 9) are left Mc IV. Speci-
men IAE TRD-18 has lengthwise damage in the
area of the distal epiphysis, while specimen IAE
TRD-17 is well preserved. The bones have a large
relative length and are considerably larger than
those in Coelodonta antiquitatis. At the same time,
the bones are more slender; their epiphysis and
diaphysis indices are much smaller than those in
C. antiquitatis (Table 9). In C. antiquitatis, the volar
side of the proximal joint (the closest distance
between the facet for Mc V and volar facet for Mc
III) is always smaller than the dorsal side of the
joint (the closest distance between the facet for Mc
V and dorsal facet for Mc III). Both dorsal and volar
sides of the joint in these specimens have approxi-
mately the same length, just as in Stephanorhinus
kirchbergensis (Guérin, 1980). In C. antiquitatis,
the sides of the two facets for articulation with Mc
III are usually fused in the medial part of the proxi-
mal epiphysis, forming a dihedral angle, but may
be separated by a small groove. In S. kirchbergen-
sis, the groove is present between the facets. In C.
antiquitatis, the palmar facet for Mc III is usually
round while the dorsal palmar facet is relatively
wider (the height is more than half the width). In
IAE TRD-17 and IAE TRD-18, the palmar facet is

FIGURE 17. Stephanorhinus kirchbergensis; Chumysh
River at Kytmanovo (Kytmanovo District, Altay Territory,
southeast Western Siberia). The right radius, IAE CHU-
108. 1, anterior view. 2, lateral view. 3, proximal view. 4,
distal view. The left tibia, NSMLL-110. 5, distal view. 6,
proximal view. 7, anterior view. 8, posterior view. Scale
bar ruled in centimeters.
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high and relatively narrow, while the dorsal one is
low and long (the width is about a third of the
height), with a small inclination towards the proxi-
mal edge (Figures 18.7, 20.3), as mentioned for S.
kirchbergensis (Guérin, 1980). In IAE TRD-17 and
IAE TRD-18, the tuberosity for attachment of the
interosseous muscle on the medial surface is rela-
tively weak (Figures 18.5, 20.1), which is not typi-
cal of C. antiquitatis (Belyaeva, 1966). In C.
antiquitatis, the cross-section of the diaphysis is
relatively thick and triangular, with rounded angles.
In S. kirchbergensis, just as in IAE TRD-17 and
IAE TRD-18, the cross-section of the Mc IV diaphy-
sis is trapezoidal in shape with a large base on the
dorsal side and a very acute angle at the base of
the lateral side (Guérin, 1980).

Specimen PM TSU 5/5197 is a Mc III with a
strongly flattened diaphysis in the dorsoventral
direction. The distal end of the bone is absent (Fig-
ure 21.3-4). The bone is large (Table 10), signifi-
cantly exceeding the previously described
specimen PM TSU 5/2723 (Figure 21.1-2) (Shpan-
sky and Billia, 2012), but smaller than a massive
bone from Rybinsk (Belyaeva, 1940). 

Specimen NSMLL-110 (Figure 17.5-8, Table
11) consists of a left tibia and a left fibula. The
bones are fused and well preserved. The fibula has
the following sizes: absolute length is 351 mm (in
Coelodonta tologoiensis, 340 mm [Belyaeva,

1966]); its mediolateral width of the proximal epiph-
ysis is 28 mm; its transverse width of the proximal
epiphysis is 44 mm; its mediolateral width of the
diaphysis is 32 mm; its transverse diameter of the
distal end is 54 mm; and its transverse width index
is 15.4% (in Coelodonta antiquitatis, it is less than
16% [Gromova, 1950]). Tibia length of NSMLL-110
is 444 mm, which exceeds the size of C. antiquita-
tis (maximal length for the Krasniy Yar locality of
Tomsk Province, West Siberia, is 438 mm) (Shpan-
sky, 2014). The tibia of S. kirchbergensis appears
more slender than that of C. antiquitatis (Table 11;
indices of proximal and distal epiphyses). Absolute
values for measurements of tibia NSMLL-110 and
indices of relative proportions correspond to the
values typical of S. kirchbergensis. Tuberositas on
the proximal epiphysis of tibia is relatively short
and less massive (maximum mediolateral width of
tuberositas to width of the proximal epiphysis is
36%). Therefore, the width of the proximal epiphy-
sis is significantly larger than the transverse diame-
ter (Figure 17.6), which is a characteristic of
Stephanorhinus kirchbergensis. In C. antiquitatis,
maximum width of tuberositas is about 50% of the
width of the proximal epiphysis, which makes the
width of the proximal epiphysis less than its trans-
verse diameter. In S. kirchbergensis, and in
NSMLL-110, the medial edge of the tibia distal

TABLE 7. Measurements of the radius of Stephanorhinus kirchbergensis and Coelodonta antiquitatis from southeast-
ern Western Siberia and Europe. All measurements are in mm. Sample sizes are given in parentheses. The following
measurements were used: maximum length in the sagittal plane (ML); antero-posterior diameter of the proximal epiph-
ysis (APD); transverse diameter of the proximal epiphysis (TD); antero-posterior diameter of the distal epiphysis
(APDde); transverse diameter of the distal epiphysis (TDde); transverse diameter of the diaphysis in the middle
(mTDd).

Dimensions

S. kirchbergensis C. antiquitatis

Altay Territory, 
IAE CHU-108

Europe 
(Guérin, 1980 tab. 130) 

Europe 
(Guérin, 1980 tab. 130) 

Altay Territory and 
Novosibirsk Province, IAE: 
Krasniy Yar, Taradanovo, 

Chumysh
Range Mean Range Mean Range Mean

ML 436 408 - 445 421.8(5) 334 - 413 380.4(81) 335 – 405 379.1(13)

APD 88 68 - 87 74.9(18) 55 - 93 77.5(106) 68.5 – 91.5 81.6(13)

TD 110 102 - 119 110.4(18) 97 - 126 112.8(109) 95 - 123.5 114.7(13)

APDde 66 61 - 82 67.9(10) 62 - 92 76.6(80) 61 - 84.5 76.1(13)

TDde 109 90.5 - 113.5 105(10) 95 - 142 117.7(84) 94 - 130.5 118.6(13)

mTDd 57 53 - 65 58.7(9) 54 - 75.5 63.4(103) 52.7 – 73 63.7(13)

Indexes, %

TD/ML 25.2 26.2(5) 29.7(81) 28.4 - 32.3 30.3(13)

mTDd/ML 13.1 13.9(5) 16.7(81) 15.4 – 18 16.8(13)

TDde/ML 25 24.9(5) 30.9(81) 28.1 - 32.5 31.3(13)
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epiphysis is convex (Figure 17.5), while in C. antiq-
uitatis, it is concave (Gromova, 1950). 

Specimen NSMLL-107 (Figure 16.4-5, Table
12) is a right astragalus. The bone is large, close to
the size of the specimen from Krasniy Yar (Tomsk
Province) and Western Europe (Table 11). The
ratio of the height of the bone to its width is 93.3%;
the transverse diameter compared to the width is
58.5%. The average values for Stephanorhinus
kirchbergensis are 94.2% and 65.9%, respectively;
for Coelodonta antiquitatis, they are 90.8% and
65.2%, respectively (Guérin, 1980). The absolute
values for the measurements and proportional indi-
ces for S. kirchbergensis usually exceed the values
for C. antiquitatis, but some large individuals of
woolly rhinoceros may display similar sizes. In S.
kirchbergensis, just as in NSMLL-110, the dorsal
part of the lateral calcaneal facet has a sharp pos-
terior edge without transition into the ventral part
(Figure 16.5), as in C. antiquitatis (Shpansky and
Billia, 2012).

Specimens PM TSU 5/2538 and PM TSU 5/
3063 are right naviculars of adult individuals (Fig-
ure 22). Because the bones of the postcranial skel-
eton of Stephanorhinus kirchbergensis can often
be found together with the remains of a woolly rhi-
noceros in alluvial localities during redeposition, we
compared the characteristics and features of the
navicular bone of these species (Table 13).

Specimen NSMLL-101 (Figure 23.1-4, Table
14) is a left Mt II. The specimen is slightly worn in
the area of the proximal epiphysis and has a large
absolute length. The bone appears slender; its pro-
portions are close to the average of Stephanorhi-
nus kirchbergensis from Europe (Guérin, 1980).
Two facets conjoined with facets of Mt III are pres-
ent on the lateral side of the proximal epiphysis.
The dorsal facet is smaller than the plantar one, its
contour is near trapezoid in shape, and the proxi-
mal edge does not exceed the proximal edge of the
plantar facet. The plantar facet is trapezoid-
shaped; its height is larger than its width. Both fac-
ets have an unclear outline, which is typical for S.
kirchbergensis (Guérin, 1980). In Coelodonta
antiquitatis, the two facets for Mt III are usually
placed on the lateral side of the proximal epiphysis,
but often they may be merged. If the facets are
separate, the dorsal one may be either round or
elliptical and proximo-distally extended. The plan-
tar facet is usually round. The dorsal facet is
placed higher than the plantar one. There is a facet
for the first cuneiform on the plantar side of the
proximal epiphysis. In S. kirchbergensis, the facet
is relatively large, usually rectangular or the shape

of a flipped L (Guérin, 1980). In C. antiquitatis, this
facet is placed high, elliptical or trapezoid, and
often limited by the deep vertical groove. In
NSMLL-101, the plantar facet is unclear because
of the damage on this spot; the vertical groove is
absent. The diaphysis of S. kirchbergensis is pen-
tagonal in the dorsal plane, while four front angles
may have an unclear outline, but on the plantar
side there is always a clear V-shaped angle, due to
the high keel along the middle part of plantar wall
surface. This keel is clearly observed on NSMLL-
110 (Figure 23.3), but the distal expansion of the
diaphysis is relatively weaker than in other species
of rhinoceroses (Guérin, 1980). In C. antiquitatis,
the diaphysis is elliptical in the dorsal plane and
more circular and its distal expansion is larger,
compared to the other species of rhinoceroses
(Guérin, 1980). 

Specimens NSMLL-105 and IAE TRD-2 (Fig-
ures 20.5-8, 23.5-8, Table 15) are well-preserved
left Mt IV. The length of those specimens is higher
than in Coelodonta antiquitatis and Mt IV of the
European samples of Stephanorhinus kirchbergen-
sis (Guérin, 1980). The relative medio-lateral width
of the S. kirchbergensis diaphysis and the epiphy-
ses of Mt IV is less than those of C. antiquitatis
(Table 15). In S. kirchbergensis, part of the dorsal
edge of proximal is concave from the dorsal facet
for Mt III in the lateral direction as the dorsal facet
for Mt III stretches dramatically in the medio-plan-
tar direction; we get a distinct change in the outline
of the dorsal edge of the proximal facet, which has
an angle of about 100°. This characteristic angle is
well defined on the proximal facets of NSMLL-105
and IAE TRD-2 (Figures 20.8, 23.8). In C. antiqui-
tatis, this area of the proximal facet dorsal edge is
convex without sharp bends. At the same time, the
outline of the proximal facet plantar edge is highly
concave in NSMLL-105 and IAE TRD-2 (Figures
20.8, 23.8), which is typical of S. kirchbergensis
and not typical for C. antiquitatis (Belyaeva, 1966).
A calloused protuberance is well developed on the
plantar side of the proximal epiphysis in NSMLL-
105 and IAE TRD-2. In NSMLL-105, it rises in the
proximal direction to the level of the joint surface
(Figure 23.8). This is not observed on the proximal
epiphysis of C. antiquitatis. In NSMLL-105 and IAE
TRD-2, the dorsal facet is semi-elliptical and
touches the edge of the proximal facet. Its width is
less than half of the length. The plantar facet has
the shape of an ellipse that is slightly elongated
vertically; it is placed below the dorsal facet and
separated from the proximal facet by a notch (Fig-
ures 20.6, 23.6), similar to S. kirchbergensis
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