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Abstract. Paleontological excavations in Korydornaya Cave, located on 
the southern side of the Pompeyev Mountain Ridge in the Jewish Autonomous 
Oblast, Russia, and the resulting material analysis allowed to significantly 
expand the Late Pleistocene range of the recently described Tonomochota 
pika genus (Tiunov, Gusev 2021). This research describes a new species of 
this genus. Besides the new species Tonomochota khinganica sp. nov., the bone 
remains of Tonomochota khasanensis Tiunov et Gusev, 2021 and Ochotona 
hyperborea Pallas, 1811 were discovered in cave deposits. The cave deposits 
were formed mainly during a warm period of the Karginsky interstadial about 
50,000 years ago.

Keywords: Far East of Russia, Jewish Autonomous Oblast, cave deposits, 
Late Pleistocene, Ochotonidae
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Introduction
The recently described finds of representa-

tives of a new pika genus, named Tonomo-
chota (T. khasanensis Tiunov et Gusev, 2021, 
T. sikhotana Tiunov et Gusev, 2021, T. major 
Tiunov et Gusev, 2021), in the cave deposits 
of Primorsky Krai, allowed a different look 
at the biodiversity of the fossil pika of the 
Far East of Russia (Tiunov, Gusev 2021). In 
the Late Pleistocene, the representatives of 
this genus dwelt together with the northern 
pika, Ochotona hyperborea Pallas 1811. Un-
til recently, it was assumed that their spread 
was limited to the mountainous regions of 
the coastline.

During the paleontological excavations 
in the Jewish Autonomous Oblast, tens of 
thousands of mammalian bone remains were 
extracted from the loose deposits of Kory-
dornaya Cave, including a large number of 
pika remains. A preliminary examination 
of the fossil material showed that most of 
the third lower premolars of the pika have 
a characteristic that is specific to the genus 

Tonomochota, i.e., a labial fold on the antero-
conid filled with cement. The bone remains of 
the Tonomochota genus representatives from 
Korydornaya Cave is the first find of this ex-
tinct genus outside Primorsky Krai.

The present work aims to identify and ana-
lyze the fossil material on the pika from the 
Late Pleistocene-Holocene cave deposits of 
the Jewish Autonomous Oblast with evidence 
taken from Korydornaya Cave.

Geological setting and dating
Korydornaya Cave is located in the Jewish 

Autonomous Oblast on the southern side of 
the Pompeyev Mountain Ridge (Fig. 1), on the 
right side of the Stolbukha River (48°00΄N, 
130°59΄E). 

The entrance to the cave is located at an al-
titude of 230 meters. The entrance begins with 
a gentle slope, turning into an ascent around 
the middle part of the cave. The total length of 
the cave is about 45 meters (Yushmanov et al. 
2009). The floor is covered with clay. The ex-
cavation site was laid before the start of the 
ascent (Fig. 2A, 2B). 

Fig. 1. Geographical location of Korydornaya Cave on the map of Russia (A) and in the west 
of the Jewish Autonomous Oblast (B)
Рис. 1. Географическое расположение пещеры Коридорная на карте России (A) и на 
западе Еврейской автономной области (B)
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The initial excavation area was 1.7x1.1 me-
ters. The excavation area was reduced to 
1.2x1.1 at a depth of 0.35 meters; the exca-
vation area was 0.8x1.1 meters at a depth 
of 0.8 meters and below. The total depth of 
the excavation was 2.1 meters (Fig. 2C). The 
description of the lithologic layers is given in 
the caption to Figure 2C.

A roe deer metacarpal bone (depth is ap-
proximately 110–120 cm) was 14 C-dated by 
the AMS method to ca. >49,435 yr BP. AMS 
analyses of the roe deer metacarpal bone (IGA-
NAMS-7598) were performed using the equip-
ment from the Research Resource Centre of 
the Laboratory of Radiocarbon Dating and 
Electronic Microscopy of the Institute of Geog-
raphy, Russian Academy of Sciences (Moscow, 
Russia), and the Centre for Applied Isotope 
Studies of the University of Georgia (CAIS; 
Georgia, USA) (Voyta et al. 2020). One more 
radiocarbon dating was established by a frag-
ment of the horse bone (depth 160-170 сm), 
dating to >50,000 BCE (Kusliy et al. 2020).

Material and methods

All fossil materials were obtained and de-
scribed from the clay deposits of Korydornaya 
Cave. During the excavation, the soil was re-
moved with approximate horizons of 10 cm. 
All extracted material was sifted through 
a sieve with a mesh of 1 mm. The analysis 
of the sifted concentrate was conducted in 
the laboratory. All the findings are currently 
stored in the collection of the Laboratory of 
Theriology of the Federal Scientific Center for 
Biodiversity of Terrestrial Biota of East Asia of 
the FEB RAS (Far Eastern Branch of the Rus-
sian Academy of Sciences).

Excavations in Korydornaya Cave were con-
ducted in 2017 and 2018. A number of fossil 
remains of pikas were collected, represented by 
isolated teeth and fragments of the upper and 
lower jaws. The morphological analysis identi-
fied 63 third lower premolars (P3), 17 second 
upper premolars (P2), 66 third upper premo-
lars (P3), and 75 second upper molars (M2), as 

Fig. 2. Plan (A) and section (B) of Korydornaya Cave and a sketch of the section along the 
northeast wall of the pit (C). The description of the lithologic layers: 1 — light-brown medium 
loam; 2 — brown-ochre heavy loam; 3 — brown heavy loam; 4 — yellow-brown clay; 5 — red 
crumbly clay, a lot of small well-rounded pebbles; 6 — cave deposits. Black circles indicate the 
places of fossil remains for which dating was obtained.
Рис. 2. План (A) и разрез (B) пещеры Коридорная и эскиз разреза по северо-восточной 
стенки шурфа (С). Описание литологических слоев: 1 — светло-бурый средний суглинок; 
2 — буро-охристый тяжелый суглинок; 3 — бурый тяжелый суглинок; 4 — желто-
бурая глина; 5 — красная рассыпчатая глина, много мелкой хорошо окатанной гальки, 
6 — пещерные отложения. Черными кругами обозначены места находок ископаемых 
остатков, для которых были получены датировки

New finds of the fossil genus representatives of Tonomochota Tiunov et Gusev, 2021...



Amurian Zoological Journal, 2023, vol. XV, no. 4 897

well as the presence of three different species 
of the pika in the cave deposits.

We used the terminology from the works 
of Lopez-Martinez (Lopez-Martinez 1986), 
Fostowicz-Frelik (Fostowicz-Frelik 2008), and 
Cermak (Cermak 2009) to describe the oc-
clusal surface of teeth. All surveys of teeth are 
in millimeters. Only adults were used for met-
ric analysis (Lissovsky 2004). Photos of the 
teeth were obtained using the SteREO Dis-

covery.V12. The final illustrations were post-
processed to improve contrast and brightness 
using Adobe® Photoshop® software.

Linear discriminant analysis was used to 
classify teeth groups. During the analysis, 
nine surveys for the third lower premolar, 
four surveys for the upper second premolar, 
four surveys for the third upper premolar and 
seven surveys for the second upper molar 
were used as independent variables (Fig. 3). 

Fig. 3. Occlusal view of P3 (A), P2 (B), P3 (C), M2 (D) and measurements: (A) 1 — tooth width; 2 — tooth length; 
3 — anteroconid length; 4 — isthmus width; 5 — distance between the most nasal and labial points of the of 
the anteroconid; 6 — distance from the metaconid to the protoconid; 7 — distance between the most labial point 
of the hypoconid and the deepest point of the hypoflexid; 8 — distance from the protoconid to the hypoconid; 
9 — distance from the metaconid to the apex of the anteroconid; (B) 1 — tooth width; 2 — tooth length; 3 — 
distance from the beginning of the paraflexus to the hypercone; 4 — distance between the deepest point of 
the paraflexus and the most lingual point of the hypercone; (C) 1 — tooth width; 2 — tooth length; 3 — anterior 
loph width; 4 — hypoflexus width; (D) 1 — posterior loph width; 2 — anterior loph width; 3 — posterior loph 
length; 4 — anterior loph length; 5 — tooth length; 6 — distance between the most lingual point of the posterior 
loph and the most lingual point of the anterior loph; 7 — distance between the most lingual point of the posterior 
loph and the most lingual point of the postero-lingual process
Рис. 3. Окклюзионный вид P3 (A), P2 (B), P3 (C), M2 (D) и проведенные измерения: (A) 1 — ширина зуба; 
2 — длина зуба; 3 — длина антероконида; 4 — ширина перешейка, соединяющего антероконид и посте-
роконид; 5 — расстояние между наиболее назальной и лабиальной точками на антерокониде; 6 — рас-
стояние от метаконида до протоконида; 7 — расстояние между самой лабиальной точкой гипоконида и 
самой входящей точкой гипофлексида; 8 — расстояние от протоконида до гипоконида; 9 — расстояние 
между самой лингвальной точкой метаконида и самой выступающей точкой на вершине антероконида; 
(B) 1 — ширина зуба; 2 — длина зуба; 3 — расстояние от самой начальной точки парафлексуса до са-
мой лингвальной точки гиперкона; 4 — расстояние между самой глубокой точкой парафлексуса и самой 
лингвальной точкой гиперкона; (C) 1 — ширина зуба; 2 — длина зуба; 3 — ширина переднего гребня; 4 — 
ширина гипофлексуса; (D) 1 — ширина заднего гребня; 2 — ширина переднего гребня; 3 — длина заднего 
гребня; 4 — длина переднего гребня; 5 — длина зуба; 6 — расстояние между самой лингвальной точкой 
заднего гребня и самой лингвальной точкой переднего гребня; 7 — расстояние между самой лингваль-
ной точкой заднего гребня и самой лингвальной точкой отростка на заднем гребне

A. E. Gusev, M. P. Tiunov
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Eight P3 of Tonomochota khinganica sp. 
nov., 20 premolars of T. khasanensis, and 22 
premolars of Ochotona hyperborea were ana-
lyzed from the deposits of Korydornaya Cave. 
For comparison, the analysis included premo-
lars of the already described species T. sikho-
tana, T. khasanensis, and O. hyperborea from 
Sukhaya Cave and Tetyukhinskaya Cave (Tiu-
nov, Gusev 2021). All the calculations were 
performed in the Statistica® 13.

Systematic paleontology
Order Lagomorpha Brandt, 1855

Family Ochotonidae Thomas, 1897
Subfamily Ochotoninae Thomas, 1897

Genus Tonomochota Tiunov et Gusev, 2021

Tonomochota khinganica sp. nov.
https://zoobank.org/

NomenclaturalActs/3EB8153A-D728-4F72-B5AE-
B3DF32E35717

Fig. 4. Occlusal views of P3, Tonomochota khinganica sp. nov. A — FSC RJARV–KorC–02, left P3; B — FSC 
RJARV–KorC–03, right P3; C — FSC RJARV–KorC–04, right P3; D — FSC RJARV–KorC–05, left P3; E — FSC 
RJARV–KorC–06, left P3; F — FSC RJARV–KorC–07, right P3; G — FSC RJARV–KorC–08, left P3; H — FSC 
RJARV–KorC–09, right P3; I — FSC RJARV–KorC–10, left P3; J — FSC RJARV–KorC–11, right P3. Scale bar = 
0.5 mm
Рис. 4. Жевательная поверхность P3 Tonomochota khinganica sp. nov. A — FSC RJARV–KorC–02, левый 
P3; B — FSC RJARV–KorC–03, правый P3; C — FSC RJARV–KorC–04, левый P3; D — FSC RJARV–KorC–05, 
левый P3; E — FSC RJARV–KorC–06, левый P3; F — FSC RJARV–KorC–07, левый P3; G — FSC RJARV–
KorC–08, левый P3; H — FSC RJARV–KorC–09, правый P3; I — FSC RJARV–KorC–10, левый P3; J — FSC 
RJARV–KorC–11, правый P3. Масштабная линейка 0,5 мм
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Table 1 
Teeth measurements (mm) of Tonomochota khinganica sp. nov., T. khasanensis, 

Ochotona hyperborea and O. hyperborea (recent)
Таблица 1 

Измерения (мм) зубов для Tonomochota khinganica sp. nov., T. khasanensis, 
Ochotona hyperborea и O. hyperborea (современный)

To
ot

h

M
ea

su
re

m
en

ts Tonomochota 
khinganica sp. 

nov.

Tonomochota
khasanensis

Ochotona 
hyperborea

Ochotona
hyperborea

(recent)

n Mean ± 
SD

Min ‒ 
Max n Mean ± 

SD
Min ‒ 
Max n Mean ± 

SD
Min ‒ 
Max n Mean ± 

SD
Min ‒ 
Max

1 2 3 4 5 6 7 9 10 11 12 13 14 15

P3

1

9

1.56 ± 
0.06

1.50 ‒ 
1.66

24

1.39 ± 
0.06

1.31 ‒ 
1.53

20

1.34 ± 
0.05

1.23 ‒ 
1.41

19

1.33 ± 
0.08

1.16 ‒ 
1.44

2 1.40 ± 
0.04

1.35 ‒ 
1.46

1.38 ± 
0.06

1.30 ‒ 
1.47

1.32 ± 
0.06

1.21 ‒ 
1.39

1.26 ±
0.10

1.06 ‒ 
1.36

1/2 1.12 ± 
0.05

1.05 ‒ 
1.22

1.01 ± 
0.03

0.96 ‒ 
1.08

1.02 ± 
0.05

0.90 ‒ 
1.12

1.07 ± 
0.07

0.96 ‒ 
1.23

3 0.64 ± 
0.02

0.60 ‒ 
0.66

0.62 ± 
0.03

0.55 ‒ 
0.69

0.56 ± 
0.04

0.48 ‒ 
0.63

0.54 ± 
0.09

0.32 ‒ 
0.66

4 0.18 ± 
0.06

0.14 ‒ 
0.31

0.15 ± 
0.03

0.10 ‒ 
0.22

0.16 ± 
0.05

0.05 ‒ 
0.26

0.16 ± 
0.04

0.08 ‒ 
0.24

5 0.54 ± 
0.04

0.49 ‒ 
0.61

0.53 ± 
0.08

0.40 ‒ 
0.78

0.48 ± 
0.05

0.41 ‒ 
0.62

0.42 ± 
0.10

0.22 ‒ 
0.56

6 1.10 ± 
0.05

1.00 ‒ 
1.18

1.04 ± 
0.07

0.94 ‒ 
1.18

0.95 ±
 0.06

0.84 ‒ 
1.03

0.92 ± 
0.09

0.76 ‒ 
1.06

7 0.79 ± 
0.05

0.72 ‒ 
0.87

0.71 ± 
0.05

0.65 ‒ 
0.83

0.70 ± 
0.05

0.61 ‒ 
0.80

0.68 ± 
0.05

0.60 ‒ 
0.76

8 0.63 ± 
0.03

0.58 ‒ 
0.67

0.60 ± 
0.05

0.53 ‒ 
0.75

0.59 ± 
0.03

0.53 ‒ 
0.66

0.55 ± 
0.05

0.46 ‒ 
0.60

9 0.96 ± 
0.06

0.86 ‒ 
1.03

0.92 ± 
0.07

0.78 ‒ 
1.09

0.84 ± 
0.05

0.74 ‒ 
0.95

0.84 ± 
0.11

0.70 ‒ 
1.00

P2

1

1

‒ 1.64

4

1.46 ± 
0.01

1.45 ‒ 
1.48

12

1.28 ± 
0.09

1.12 ‒ 
1.38

103

1.25 ± 
0.11

1.00 ‒ 
1.40

2 ‒ 0.74 0.66 ± 
0.02

0.63 ‒ 
0.69

0.66 ± 
0.05

0.56 ‒ 
0.71

0.61 ± 
0.06

0.44 ‒ 
0.76

3 ‒ 0.35 0.36 ± 
0.08

0.28 ‒ 
0.43

0.34 ± 
0.05

0.22 ‒ 
0.38

0.37 ± 
0.05

0.24 ‒ 
0.50

4 ‒ 0.82 0.68 ± 
0.01

0.66 ‒ 
0.69

0.62 ± 
0.07

0.53 ‒ 
0.74

0.58 ± 
0.07

0.40 ‒ 
0.76

P3

1

7

2.47 ± 
0.07

2.40 ‒ 
2.56

11

2.32 ± 
0.05

2.23 ‒ 
2.39

48

2.14 ± 
0.15

1.83 ‒ 
2.38

108

2.07 ± 
0.14 

1.70 ‒ 
2.38

2 1.13 ± 
0.04

1.06 ‒ 
1.17

1.16 ± 
0.04

1.10 ‒ 
1.25

1.07 ± 
0.05

0.94 ‒ 
1.16

1.02 ± 
0.06

0.82 ‒ 
1.14

3 1.33 ± 
0.13

1.14 ‒ 
1.47

1.29 ± 
0.17

1.10 ‒ 
1.56 

1.25 ± 
0.19

0.92 ‒ 
1.68

1.20 ± 
0.14

0.82 ‒ 
1.52

4 0.54 ± 
0.04

0.48 ‒ 
0.58

0.56 ± 
0.06

0.48 ‒ 
0.66

0.43 ± 
0.05

0.34 ‒ 
0.63

0.58 ± 
0.06

0.44  ‒ 
0.75
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Table 1. End 
Таблица 1. Окончание 

1 2 3 4 5 6 7 9 10 11 12 13 14 15

M2

1

11

1.86 ±
0.09

1.70 ‒ 
2.01

26

1.74 ± 
0.09

1.55 ‒ 
1.91

38

1.63 ± 
0.14

1.23 ‒ 
1.88

118

1.71 ± 
0.12

1.40 ‒ 
2.00

2 2.06 ±
0.10

1.93 ‒ 
2.28

1.98 ± 
0.09

1.79 ‒ 
2.10

1.85 ± 
0.11

1.53 ‒ 
1.98

1.92 ± 
0.11

1.60 ‒ 
2.12

3 0.90 ±
0.04

0.85 ‒ 
0.99

0.82 ± 
0.03

0.75 ‒ 
0.86

0.73 ± 
0.06

0.51 ‒ 
0.80

0.74 ± 
0.06

0.60 ‒ 
0.80

4 0.58 ± 
0.03

0.54 ‒ 
0.64

0.56 ± 
0.03

0.51 ‒ 
0.60

0.51 ± 
0.05

0.41 ‒ 
0.65

0.51
 ± 0.02

1.32 ‒ 
1.40

5 1.55 ± 
0.04

1.52 ‒ 
1.65

1.44 ± 
0.02

1.41 ‒ 
1.49

1.30 ± 
0.09

1.01 ‒ 
1.40

1.32 ± 
0.07

1.10 ‒ 
1.40

6 0.73 ±
0.03

0.69 ‒ 
0.78

0.69 ± 
0.03

0.58 ‒ 
0.74

0.65 ± 
0.03

0.58 ‒ 
0.73

0.64 ± 
0.04

0.50 ‒ 
0.72

7 0.68 ±
0.07

0.50 ‒ 
0.73

0.64 ± 
0.05

0.54 ‒ 
0.72

0.59 ± 
0.06

0.47 ‒ 
0.68

0.57 ± 
0.05

0.50 ‒ 
0.70

Note: n — number of instances, SD — standard deviation; surveys 1–9 of P3 as in Fig. 2A, ½ — the ratio 
of width to tooth length; 1–4 of P2 as in Fig. 2B; 1–4 of P3 as in Fig. 2С; 1–7 of M2 as in Fig. 2D
Примечания: n — количество экземпляров, SD — стандартное отклонение; промеры 1–9 для 
P3 — как на Рис. 2A, ½ — отношение ширины от длины зуба; 1–4 для P2 — как на Рис. 2B; 1–4 для 
P3 — как на Рис. 2С; 1–7 для M2 как на Рис. 2D

Fig. 5. Occlusal views of P2 and P3, Tonomochota khinganica sp. nov. A — FSC RJARV–KorC–12, right P2; B — 
FSC RJARV–KorC–13, left P3; C — FSC RJARV–KorC–14, left P3; D — FSC RJARV–KorC–15, left P3; E — FSC 
RJARV–KorC–16, right P3; F — FSC RJARV–KorC–17, right P3; G — FSC RJARV–KorC–18, right P3; H — FSC 
RJARV–KorC–19, left P3. Scale bar = 0.5 mm
Рис. 5. Жевательная поверхность P2 и P3 Tonomochota khinganica sp. nov. A — FSC RJARV–KorC–12, 
правый P2; B — FSC RJARV–KorC–13, левый P3; C — FSC RJARV–KorC–14, левый P3; D — FSC RJARV–
KorC–15, левый P3; E — FSC RJARV–KorC–16, правый P3; F — FSC RJARV–KorC–17, правый P3, G — FSC 
RJARV–KorC–18, правый P3; H — FSC RJARV–KorC–19, левый P3. Масштабная линейка 0,5 мм
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Etymology. The name of the species is related 
to the Greater Khingan Mountain Range.
Type locality. Korydornaya Cave
Holotype. FSC RJARV–KorC–02
Age. Late Pleistocene.
Other material. Collected together with 
the holotype: five left P3 and five right P3; one 
left P2; seven P3, eleven M2 (Fig. 4, Fig. 5, Fig. 6).
Diagnosis. A medium-sized pika. The ratio of 
width to length of the occlusal surface is on 
average 1.13 mm, which makes the tooth look 
slightly flattened.

Description. A medium-sized pika. The oc-
clusal surface of the third lower premolar 
tooth has a triangular shape. The width of the 
occlusal surface of the tooth is greater than its 
length (Table 1). The ratio of width to length 
of the occlusal surface varies from 1.05 to 
1.22 mm, on average 1.13 mm (n=8). The an-
teroconid is variable in its shape, it can be tri-
angular, diamond-shaped or trapezoidal (Fig. 4).
The labial fold on the anteroconid is filled with 
cement. This fold together with the cement is 
clearly visible in FSC RJARV–KorC–08 and 

Fig. 6. Occlusal views of M2, Tonomochota khinganica sp. nov. A — FSC RJARV–KorC–20, right M2; B — FSC 
RJARV–KorC–21, right M2; C — FSC RJARV–KorC–22, right M2; D — FSC RJARV–KorC–23, left M2; E — 
FSC RJARV–KorC–24, right M2; F — FSC RJARV–KorC–25, right M2; G — FSC RJARV–KorC–26, right M2; 
H — FSC RJARV–KorC–27, right M2; I — FSC RJARV–KorC–28, right M2; J — FSC RJARV–KorC–29, right 
M2; K — FSC RJARV–KorC–30, right M2. Scale bar = 0.5 mm
Рис. 6. Жевательная поверхность M2 Tonomochota khinganica sp. nov. A — FSC RJARV–KorC–20, правый 
M2; B — FSC RJARV–KorC–21, правый M2; C — FSC RJARV–KorC–22, правый M2; D — FSC RJARV–KorC–23, 
левый M2; E — FSC RJARV–KorC–24, правый M2; F — FSC RJARV–KorC–25, правый M2; G — FSC RJARV–
KorC–26, правый M2; H – FSC RJARV–KorC–27, правый M2; I — FSC RJARV–KorC–28, правый M2; J — FSC 
RJARV–KorC–29, правый M2; K — FSC RJARV–KorC–30, правый M2. Масштабная линейка 0,5 мм
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FSC RJARV–KorC–09, unlike the rest of the 
specimens (Fig. 4G, 4H). In the three speci-
mens FSC RJARV–KorC–02, FSC RJARV–
KorC–05 and FSC RJARV–KorC–06 cement 
is almost invisible on the occlusal surface 
of the tooth, yet, it is present when viewing 
the specimens from the side. All the studied 
specimens also have a lingual fold, but only 
FSC RJARV–KorC–05, FSC RJARV–KorC–
07, and FSC RJARV–KorC–09 have it filled 
with cement. The isthmus connecting the an-
teroconid with the posteroconid is variable, 
its width varies from 0.14 to 0.31 mm (Ta-
ble 1). 7 out of 8 specimens have a weakly pro-
nounced mesoflexid, which is noticeable only 
when viewing the lateral wall of the tooth. Of 
all the specimens, only FSC RJARV–KorC–05 
has it filled with cement. Two specimens, FSC 
RJARV–KorC–10 and FSC RJARV–KorC–11, 
were not included in the statistical analysis 
because the width of their occlusal surface 
is smaller than that in the remaining speci-
mens. At the same time, the ratio of the width 
of the tooth to its length in these specimens 
is the same as in the other teeth assigned to 
the species that we describe, T. khinganica sp. 
nov. (Fig. 4I, 4J).
The occlusal surface of the second upper pre-
molar P2 has an elongated oval shape with a 
narrow paraflexus filled with cement (Fig. 5A). 
The paraflexus originates from the upper part 
of the hypercone and is directed towards the 
posterior cheek area. The width from the very 
lingual point of the hypercone to the deep-
est point of the paraflexus is equal to half the 
width of the tooth itself (Fig. 3B). The enamel 
is thin (narrow) along the entire border of the 
occlusal surface.

The occlusal surface of the premolar P3 is 
trapezoidal (Fig. 5B–H). The anteroloph is ap-
proximately 54% of the tooth width (N = 7). 
The U-shaped paraflexus starts from 1/4 and 
ends at 1/3 or 1/2 of the width of the occlusal 
surface of the tooth relative to the cheek area. 
The hypercone is narrow, short, filled with ce-
ment.

The second upper premolar M2 is wide, the 
length varies from 1.52 to 1.66 mm, on aver-
age 1.55 mm (Table 1). The process on the 

posteroloph of M2 is large and well-developed 
(Fig. 6A–K).

The other teeth of the upper and lower 
jaws are morphologically similar to the cor-
responding teeth of the genus Ochotona. The 
upper molars P4-M1 consist of two lophs sepa-
rated in the middle by a deep hypoflexus filled 
with cement. The teeth of the lower jaw P4-M2 
are formed by two lophs (trigonid and talo-
nid) connected by cement.
Comparisons. In size and shape of the occlus-
al surface P3, the new species is the closest to 
P3 T. khasanensis. It should be noted that the 
main measurements of P3 (length and width of 
the tooth) of T. khasanensis from the deposits 
of Korydornaya Cave are smaller than those 
from the deposits of Sukhaya Cave (Table 1, 2). 
That can be due to the geographical variabil-
ity of this species. In T. major and T. sikhotana, 
this tooth is larger than in T.  khinganica sp. 
nov. The most important is the ratio of width 
and length of the third lower premolar in T. kh-
inganica sp. nov., which is of the greatest im-
portance among the species of this genus. 

According to the morphological struc-
ture of individual isolated third lower pre-
molars, the presence of two more species of 
the pika was established in the cave depos-
its: T. khasanensis и O. hyperborea. It should 
be noted that in addition to P3, a significant 
number of other teeth were collected. In this 
regard, an attempt was made to determine 
their species. Considering that the size of P3 
T. khinganica sp. nov. is larger than the cor-
responding tooth in T. khasanensis and O. hy-
perborea from the deposits of this cave (Ta-
ble 1), it is obvious that the rest of the teeth in 
this species should be larger.

To compare the groups, we conducted a 
discriminant analysis based on the metric fea-
tures P3, P

3 and M2. The percentage of correct-
ly identified instances for P3 was 81% (Wilk’s = 
0.04, R = 0.93, χ2 = 271.10, p < 0.01), for P3 70 % 
(Wilk’s = 0.47, R = 0.93, χ2 = 127.3, p < 0.01), 
for M2 77 % (Wilk’s = 0.33, χ2 = 205, p < 0.01). 
The dispersion graphs of the first and second 
canonical roots are shown in Figure 7A-7C. 
According to the analysis results, measure-
ments 1, 2, 3, 4, 5 for P3 (Fig. 3A), measure-
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ments 1, 2, 3, 4 P3 (Fig. 3C), and measure-
ments 1, 4, 5, 7 M2 (Fig. 3D) were essential to 
the species discrimination.

By metric parameters, P2 T. khinganica sp. 
nov. is larger than P2 T. khasanensis and O. hy-
perborea (Table 1). According to the occlusal 
surface morphology, P2 T. khinganica sp. nov. 
is similar to T. khasanensis, they have a round-
ed anterior edge on the hypercone but are dis-
tinguished by a paraflexus reaching up to half 
of the tooth. The anterior edge of hypercone 
P2 Ochotona hyperborea differs from T. khin-

ganica sp. nov. in a pointy shape. Specimens 
of O. hyperborea, in which the anterior edge 
of the hypercone was erased, differed well in 
smaller tooth proportions (Table 1).

Discussion
According to the results of morphological 

and morphometric analyses in Korydornaya 
Cave deposits, we found the bone remains of 
three species of the pika. The fossils of these 
species are found throughout the depth of the 
pit (Fig. 8). 

Table 2
Teeth measurements (mm) of Tonomochota khinganica sp. nov., T. major, T. sikhotana, 

T. khasanensis (from Sukhaya Cave)
Таблица 2

Измерения (мм) зубов для Tonomochota khinganica sp. nov., T. major, T. sikhotana, 
T. khasanensis (from Sukhaya Cave)

To
ot

h

M
ea

su
re

m
en

t Tonomochota 
khinganica sp. nov.

Tonomochota
major

Tonomochota 
sikhotana 

Tonomochota 
khasanensis 

(from Sukhaya Cave)

n
Mean

±
SD

min
–

max
n

Min
–

max
n

Mean
±

SD

Min
–

max
n

Mean
±

SD

Min
–

max

P3

1

8

1.56 ±
0.06

1.52 –
1.66

1

2.27

6

1.61 ±
0.07

1.52 –
1.71

25

1.46 ±
0.09

1.23 –
1.58

2 1.39 ±
0.05

1.35 –
1.45 2.45  1.79 ±

0.08
1.66 –
1.89

1.48 ±
0.08

1.28 –
1.65

1/2 1.13 ±
0.05

1.07 –
1.22 0.93 0.90 ±

0.03
0.86 –
0.95

0.98 ±
0.06

0.83 –
1.08

3 0.64 ±
0.02

0.60 –
0.66 1.25 0.86 ±

0.06
0.80 –
0.94

0.66 ±
0.06

0.52 –
0.76

4 0.19 ±
0.06

0.14 –
0.31 0.44 0.32 ±

0.03
0.28 –
0.37

0.22 ±
0.03

0.17 –
0.26

5 0.53 ±
0.04

0.50 –
0.61 0.82 0.66 ±

0.07
0.56 –
0.75

0.51 ±
0.06

0.41 –
0.64

6 1.10 ±
0.05

1.00 –
1.18 1.77 1.16 ±

0.05
1.11 –
1.24

1.02 ±
0.06

0.91 –
1.17

7 0.79 ±
0.05

0.72 –
0.87 1.34 0.81 ±

0.06
0.69 –
0.88

0.73 ±
0.06

0.62 –
0.82

8 0.62 ±
0.03

0.58 –
0.66 0.90 0.67 ±

0.07
0.56 –
0.78

0.60 ±
0.04

0.51 –
0.71

9 0.96 ±
0.06

0.86 –
1.03 1.75 1.21 ±

0.10
1.10 –
1.34

0.97 ±
0.06

0.84 –
1.07

Note: n — number of instances, SD — standard deviation; surveys 1–9 of P3 as in Fig. 2A
Примечания: n — количество экземпляров, SD — стандартное отклонение; промеры 1–9 для 
P3 — как на Рис. 2A
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Fig. 7. Scatter plots for different groups of pica teeth. A — distribution of the third lower premolars, B — 
distribution of the third upper premolars, C — distribution of the second upper molars; black triangles — 
Tonomochota sikhotana; black squares — T.  khasanensis (from Sukhaya Cave); black circles — Ochotona 
hyperborea (from Sukhaya Cave); black rhombuses — Ochotona hyperborea (recent); pluses — T. khinganica 
sp. nov.; white squares — T.  khasanensis (from Korydornaya Cave); white circles — O.  hyperborea (from 
Korydornaya Cave)
Рис. 7. Диаграммы рассеивания для различных групп зубов пищуховых. Обозначения: A — распределение 
третьих нижних премоляров, B — распределение третьих верхних премоляров, C — распределение 
вторых верхних моляров; черные треугольники — Tonomochota sikhotana; черные квадраты — 
T. khasanensis (пещера Сухая); черные круги — Ochotona hyperborea (пещера Сухая); черные ромбы — 
Ochotona hyperborea (современные); плюсы — T. khinganica sp. nov., белые квадраты — T. khasanensis 
(пещера Коридорная); белые круги — O.hyperborea (пещера Коридорная)
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The largest number of remains belong to 
the northern pika O. hyperborea, T. khasan-
ensis comes second, the remains of T. khin-
ganica sp. nov. are the smallest in number. 
The largest number of the pika teeth were 
found at the end of the 4th and at beginning of 
the 3rd layers of the pit, at a depth from 130 to 
90 cm. The radiocarbon dates obtained from 
these layers correspond to the time between 
the cold early Wurm and the warm middle 
Wurm, or Karginsky interstadial (= Cher-
noruchinsky stage (Korotky et al. 2005). In the 
above (layer 2) and underlying (lower part of 
layer 4) deposits, the amount of bone remains 

is significantly smaller. It is obvious that all the 
main Korydornaya cave deposits were formed 
mainly during the Karginsky interstadial (MIS 
3) and only the upper part was formed due to 
the admixture of a small number of Holocene 
deposits (MIS 1). From other mammals, bone 
remains of the following species were found 
in these cave deposits: Beremendia minor, 
grey red-backed vole (Craseomys rufocanus), 
northern red-backed vole (Clethrionomys 
rutilus), reed vole (Alexandromys gen.), Chi-
nese striped hamster (Cricetulus barabensis), 
Siberian chipmunk (Eutamias sibiricus), red 
squirrel (Sciurus vulgaris), brown rat (Rattus 

Fig. 8. Vertical distribution of pica fossils in Korydornaya Cave. The layers correspond to the 
layers from the excavation section (Fig. 2C)
Рис. 8. Вертикальное распределение ископаемых остатков пищуховых в пещере 
Коридорная. Слои соответствуют слоям из разреза раскопа (Рис. 2C)
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norvegicus), harvest mouse (Micromys minu-
tus), wood lemming (Myopus schisticolor), 
Transbaikal zokor (Myospalax psilurus), sa-
ble (Martes zibellina), red fox (Vulpes vulpes), 
gray wolf (Canis lupus), brown bear (Ursus 
arctos), wild boar (Sus scrofa), Siberian musk 
deer (Moschus moschiferus), red deer (Cervus 
elaphus), elk (Alces alces), and horse (Equus 
sp.). The Karginsky interstadial in this area is 
characterized by a warmer climate than today. 
The fact that the cave deposits were formed 
mainly at that time is also evidenced by the 
presence at different depths of the pit of Cro-

cidura lasiura, Cricetulus barabensis, Rattus 
norvegicus, and Micromys minutus, thermo-
philic species of open spaces.
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