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ABSTRACT. An analysis of the geographical distribution of the cave lion (Panthera spelaea) and the cave
hyena (Crocuta spelaea) finds in Baikal-Yenisei Siberia has shown that these species were predominantly
confined to different landscapes. The cave lion tended to inhabit plains and river valleys, whereas the cave
hyena inhabited foothill areas. The cave hyenas were especially abundant at the beginning of Karginian
interstadial (MIS 3) and persisted up to Karginian—Sartanian boundary (MIS 3-MIS 2). The cave lion
had a broader chronological distribution during the second half of the Late Pleistocene. Panthera spelaea
persisted in the region almost until the terminal Pleistocene, and its demise was apparently associated with
extinction of the largest representatives of the mammoth fauna.
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PacnpocTtpaHeHue newwepHoro nbBa Panthera spelaea
u newepHoun rueHbl Crocuta spelaea B nosgHem nnencroueHe
Bankano-EHucenckon Cnoumpu

O.T. ManukoB*, B.B. BypoBa, A.M. KnemeHTbeB, E.J1. ManukoBa

PE3IOME. Ananu3 reorpadgu4eckoro pacpocTpaHeHHsT HaXoI0K nemiepHoro jbea (Panthera spelaea) u
nemeproi ruensl (Crocuta spelaea) B baiikano-Enuceiickoit CuOupy mokasai, 9To 5TH BHIBI ObLTH TPEH-
MYIIECTBEHHO MPHYPOYEHBI K Pa3IM4YHbIM JaH{madTam. [lemepHslii 1eB, Kak MPaBUIIO, HACEISIT pABHUHbI
U peyHbIe JIOJHMHBI, TOT/IA KakK MeliepHast 'HeHa oourtana B mpearopbsax. IlemepHsie rueHs! ObIITH 0COOSHHO
MHOTOYHCIIEHHBI B Hauajie Kapruuckoro uurepcraauana (MIS 3) u coxpaHsuiuch 10 KapruHCKO-CapTaHCKOM
rparnisl (MIS 3—-MIS 2). [lemepHsle 1bBbI nMenH 0ojiee MINUPOKOE XPOHOJIOTHIECKOE PACIPOCTpaHEHNE
BO BTOPOW MOJIOBHMHE MO3JHEr0 IuieiicToueHa. Panthera spelaea coxpaHsiics B perdoHe MoYTH 10 KOHIIA
TUICHCTOLICHA, ¥ €TO BEIMHUPAHHKE, TT0-BUANMOMY, OBIJIO CBSI3aHO C BHIMHPAHUEM KPYIHEHIINX MpPEeICTaBU-
Tenelt MaMOHTOBOM (payHBI.

KJIFOUEBBIE CJIOBA: mneiepHslii JieB, NeliepHas rHeHa, mnajneo3ooreorpadusi, MO3MIHUNA TUICHCTOLCH,
4C-narupoBaHue, BRIMHpPaHHE.

* Corresponding author



84 Late Pleistocene cave lion and cave hyena

Introduction

The cave lion Panthera spelaea (Goldfuss, 1810)
and cave hyena Crocuta spelaea (Goldfuss, 1823)
were the apex mammalian predators of the Middle and
Late Pleistocene in Siberia. As the predominant prey
of these species were large gregarious ungulates (rein-
deer, horses and bison), these extinct carnivorans di-
rectly competed for food with Paleolithic people, who
also mostly hunted the aforementioned herbivores. As
such, the distribution of the cave lion and cave hyena is
interesting not only from strictly paleontological point
of view, but is also important for understanding the re-
lationship between humans and animal populations.

The cave lion and cave hyena are widely represent-
ed in the Pleistocene fossil assemblages of Eurasia, and
are especially common in the Southern Siberia. Where-
as the cave lion remains are widespread and were even
found beyond the Polar Circle (Boeskorov & Barysh-
nikov, 2013; Stuart & Lister, 2011), the finds of cave
hyena are confined only to the southern regions, and
in Siberia are not known north of 57 parallel (Barysh-
nikov & Vereshchagin, 1996; Shpansky & Kuzmin,
2021; Stuart & Lister, 2014). In the south of Siberia,
remains of C. spelaea occur sporadically and for a long
time were restricted to cave sites in Altai and alluvial
deposits of Western Siberia (Baryshnikov & Veresh-
chagin, 1996; Alekseeva, 1980). For the territory of the
Baikal-Yenisei Siberia (a vast area in Eastern Eurasia)
data on the distribution of both species remained scarce
until recently (Ovodov, 2009a). An array of new finds,
many of which were “C-dated, may shed new light on
the geographical distribution and extinction of P. spe-
laea and C. spelaea in this poorly studied region. In
this paper C. spelaea is considered as a separate species
following Lewis & Werdelin (2022).

Materials and methods

This paper summarizes the previously published
and original data on the cave lion and cave hyena bone
remains, including those collected by the authors over
the years in localities of various types (cave and allu-
vial sites, slope deposits, Paleolithic sites) and further
those stored at the Institute of Geology and Mineralogy
of the Siberian Branch of the Russian Academy of Sci-
ences (IGM SB RAS)), the Institute of the Earth’s Crust
SB RAS (IEC SB RAS), Irkutsk State University, and
Khakass National Regional Museum. To display the
spatial distribution of the finds, a map was made using
remote sensing methods. It is based on a digital terrain
model taken from the US Geological Survey website
(https://earthexplorer.usgs.gov/). The processing of re-
mote sensing materials and the design of the map were
performed in the ArcGIS Pro software package. All
materials are included in the attachment (Table 1).

AMS-radiocarbon dates were obtained from the
following laboratories: 14CHRONO Centre Queens
University Belfast (UK) — coded UBA; Accelerating
mass-spectrometer of the Institute of Nuclear Physics

SB RAS (Novosibirsk, Russia) — coded NSKA and
GV, Korea Institute of Geoscience and mineral re-
sources (South Korea) — coded KGM. All dates were
2-sigma calibrated using OxCal 4.4 software (https://
cl4.arch.ox.ac.uk/oxcal/OxCal.html) and IntCal20 cal-
ibration set (Reimer et al., 2020). Both non-calibrated
("C a BP) and calibrated (cal a BP) dates are provided.

The reliability of the isotopic signatures of the col-
lagen extracts was addressed using their chemical com-
position. These values must be similar to those of col-
lagen extracted from fresh bone to be considered reli-
able for isotopic measurements and radiocarbon dating.
The collagen with atomic C/N ratios lower than 2.9 or
higher than 3.6 is altered or contaminated, and should
be discarded (DeNiro, 1985; Ambrose, 1990).

Results and discussion

Distribution of cave lions and cave hyenas

The analysis of the geographical distribution of
the finds of C. spelaea and P. spelaea revealed an in-
teresting pattern, characteristic of the entire region of
the Baikal-Yenisei Siberia (Fig. 1). Virtually all finds
of P. spelaea are confined to the plain areas of the re-
gion, predominately river valleys. Remains are largely
known from alluvial or archaeological sites (Abramova
et al., 1991; Klement’ev et al., 2011). Even in the Se-
lenga Highlands (Western Transbaikalia) remains of
this predator have also been found in the valley depos-
its of large rivers.

In contrast to the above observed distribution of
P. spelaea finds, that of C. spelaea displays a differ-
ent pattern. In the Baikal-Yenisei Siberia, remains of
the cave hyena mainly come from cave taphocoenoses,
including such sites as Proskuryakov and Dvuglazka
grottoes, Archaeologicheskaya, Zapovednay, Kurtun-1,
and Gorome-1 caves, among many others (Ovodov,
2009a; Klement’ev et al., 2011; Malikov & Mitch-
enko, 2022). Exclusions are isolated Late Pleistocene
finds of the cave hyena, which were found in several
Palaeolithic sites and few unstratified beach localities
(Klement’ev et al., 2011; Ovodov, 2009b; Motuzko et
al., 2010).

These data show that in the region of the Baikal-
Yenisei Siberia, cave lions preferred plain areas whereas
cave hyenas mostly inhabited low and middle altitude
highlands, where they used caves as dens. In those cave
sites where remains of hyenas cooccur with bones of
cave lions, the former always significantly prevail over
the latter. So, in Kurtun-1 cave, 21 bones of C. spelaea
and just three bones of P. spelaea were found (Filippov
et al., 2012); in Proskuryakov grotto, the cave hyena
is represented by 94 bones, while the cave lion is only
known from one bone (Ovodov, 2009a); the prevalence
of the cave hyena was also observed at Gorome-1 cave
and Dvuglazka grotto (Abramova et al., 1991; Tashak
& Kobylkin, 2015). We assume that bones or carcass-
es of the cave lions might have been brought to these
caves by hyenas. In the absolute majority of cave sites
of the region, the remains of the cave lion are absent.
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Fig. 1. The geographical distribution of the Late Pleistocene remains of cave lion P. spelaea and cave hyena C. spelaea in the
region of Baikal-Yenisei Siberia. The numbers correspond to the numbers in Table 2.

Other finds that should be discussed here are cave
hyena remain from Yakutia mentioned by Diedrich
(2022). It is not clear from the latter article from where
exactly the material comes from and its current place
of storage. According to section “3.1 Institutional ab-
breviations”: “One mandible is from the 545 km long
Vilyuy River terraces near Tynda in Amur Oblast,
Middle-East Siberia, Far East Russia, similar to other
cranial material figured herein from other former col-
lections” (Diedrich, 2022). Also, the article says: “Sev-
eral specimens were used from the recent e-bay portal
and by photographs send by https://ninijian.com/, and
www.henskensfossils.nl/) which ‘Siberian sites’ were
not mentioned there in some cases” (ibid.).

Based on this information the material comes from
the Vilyui River near Tynda (the Amur region) (Died-
rich, 2022). The Vilyui River, being one of the largest
tributaries of the Lena River, originates in Krasnoyarsk
region and is mostly located in Yakutia, where it flows
through the Central Siberian Plateau (Gavrilov, 1971).
There are no Tynda town or Tynda River there. Yet
there is the Gilyui River (545 km long, a right tributary
of the Zeya River, Amur basin) in the Amur Region,
with Mogot and Tynda being its main tributaries (Pro-
horov, 1971). The Tynda town in the Amur region is
located at the same latitude (N 55.1496°, E 124.7364°)
as the northernmost hyaenas finds from Baikal-Yenisei
Siberia (Table 1). Thus, there is probably an error in
Diedrich's article and it is the Gilyui River in the Amur
region where the material comes from. Hence there is
still no evidence on the occurrence of the cave hyena
north of 56°N in Eastern Siberia.

It is currently impossible to determine the boundary
between the ranges of the Siberian C. spelaea and Far
Eastern C. ultima ussurica Baryshnikov et Vereshchag-
in, 1996 (Baryshnikov & Vereshchagin, 1996; Barysh-
nikov, 2014). Far eastern C. u. ussurica is characterized

by larger cheek teeth with a relatively smaller postcra-
nial skeleton (Lewis & Werdelin, 2022). Most publica-
tions lack morphological descriptions of hyena remains
from Baikal-Yenisei Siberia. The hyena remains ana-
lyzed in this article do not differ morphologically from
typical Siberian C. spelaea bones. On this basis, we
assume that all these finds belong to C. spelaea. Fur-
ther detailed morphological and paleo-DNA studies are
necessary to clarify the distribution boundary between
these two fossil hyena species.

Radiocarbon dating and temporal distribution of
the cave lion and cave hyena

The history of cave lions in Baikal-Yenisei Sibe-
ria can be reconstructed quite confidently. Remains of
Pantherinae are known in Southern Siberia starting as
early as the Early Pleistocene; their bones are present
in such sites as Bachatsky quarry, Kurtak and Zasukh-
ino (Vangengejm et al., 1990; Sotnikova & Foronova,
2014). Undisputed P. spelaea is recorded no later than
the early Late Pleistocene; at this time, their remains
are numerous in localities of the Kurtak archaeological
area. The Late Pleistocene history of the latter species
can be reconstructed using numerous '“C dates of its
bones and associated fauna remains (Table 2). These
dates come from both Minusinsk depression and Baikal
part of the discussed region and cover the time interval
of 40.2—-17.9 ka without significant interruptions. They
attest the regular presence of cave lions throughout the
studied territory during the whole span of the Karginian
interstadial (MIS 3) and the LGM (Fig. 2).

Remains of the cave lion with radiocarbon dates are
notknown in the region after 17915+70 or 17910+75 “C
a BP (Stuart & Lister, 2011), which corresponds to the
end of the LGM (Fig. 2). They are however present in
some sites of the Late Paleolithic (Abramova et al.,
1991), some of which may be younger than these dates.



90

Late Pleistocene cave lion and cave hyena

‘ OxA-25677
: ~ OxA-20257

OxA-20252

A OXA-18712
GV-02630 ‘ LGV 02629

-34.5
Gl-12 GI-11GI110GI-9  GI-8 GI-7 GI-6 GI-5 Gl-4 GI-3 Gl-2 Gl-1
-36.0
LGM 375 p
-38.0 2
405 2
420 %
-43.5
45.0
GS-13 G5-12 GS-11GI-10 GI-9 Gl-8 GI-7 GI-6 GS-5 GS-4 GS-3 Gl-2 Gl-1
h oxa1e082 Panthera spelaea
OxA-17054 ?m '
OxA-20672
l OxA-20251
| A Keentrooss
. OxA-17033
OXA 17373

‘ UBA—41723 NSKA-02214

Crocuta spelaea

~

L I Ll Ll
45000 40000 35000

...I.:.
30000
YEd

s 25000 20000 15000 10000

Fig. 2. Calibrated age distributions of the Late Pleistocene remains of Panthera spelaea and Crocuta spelaea in the region
of Baikal-Yenisei Siberia along the 8"%0 curve of ice core NGRIP GICCO05 (Rasmussen et al., 2014). The graphs express the
distribution of age in calibrated years at two standard deviations (95.4%).

The youngest finds of the cave lion are known from
Tashtyk 1, Afontova Gora Il and Kokorevo 2 sites in
Yenisei Siberia, which are dated to the terminal Pleis-
tocene (~14—11.5 ka). It is thus possible that P. spelaea
persisted in the Southern Siberia until the final of Pleis-
tocene.

In the south of Western Siberia, the distribu-
tion of lions follows the same pattern. The youngest
lion remains are known in the upper reaches of the
Ob River and its tributaries. These remains date to
15.9 ka (Vasiliev et al., 2018). In the Tomsk Ob region,
the youngest lion remains are aged 39.3 ka (Shpanskiy
& Svyatko, 2018).

Reconstruction of the history of C. spelaea in Baikal-
Yenisei Siberia is difficult due to the small number of
available dates for this species. To date, only seven dated
finds of the cave hyena are known for the region (Table 1).
Of these, five were obtained from the bones of hyenas

from the Minusinsk depression, one from the Tunka Val-
ley and one from the Eastern Sayan. We consider the re-
mains of a hyena from the Novosyolovo log locality to
be the most ancient find. Radiocarbon dating of a jaw
from this locality showed an extra-limit age of more than
48428 “C aBP(UBA-39703). Itis most likely that the jaw
comes from the deposits of the first half of the Late Pleis-
tocene (one of the warm intervals within MIS 5), which
are found in this area. Two other dates, which also showed
an extralimital age, were obtained from the remains
of hyenas from the Archeologicheskaya (>45785 “C
a BP) and Zapovednaya (>45853 '“C a BP) caves. In our
opinion, these remains date back to the very beginning
of the Karginian interstadial (MIS 3) and, for this reason,
were beyond the scope of the “C-dating method. For the
remains of C. spelaea from the Fanatikov cave, dates
have been obtained indicating their early Karginian age
(Vasiliev et al., 2020).
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Table 2. '“C dates of the bone remains of Crocuta spelaea and Panthera spelaea in the region of Baikal-Yenisei Siberia. The
numbers correspond to the numbers in Fig. 1.

Ne |Bone | Lab. code |“C ageBP  [C/Nat |[Site Reference
Panthera spelaea

1 ulna OxA-18712 402104350 3.1 Tamir Stuart & Lister, 2011

2 mandibula OxA-20252 35750+400 32 Derbina IV Stuart & Lister, 2011

2 mandibula OxA-20257 35390+280 3.2 Derbina IV Stuart & Lister, 2011

3 femur OxA-25677 34600+600 Ust-Odinsk Shchetnikov et al., 2015¢

4 humerus UBA-41723 26248+199 3.17 Novoselovo alluvial this paper

NSKA-02214 26190+215 3.12

5 cranium OxA-17373 25700+130 3.3 Kurtak 4 Stuart & Lister, 2011

6 metatarsale II | OxA-17033 21500+100 33 Mal’ta Stuart & Lister, 2011

7 mandibula KGM-IBn170035 |20540+80 Malye Goly this paper

2 humerus OxA-20251 20085+80 32 Volchika II Stuart & Lister, 2011

8 radius OxA-20672 18350+75 34 Elovka Stuart & Lister, 2011

9 metatarsale OxA-17054 17915+70 3.1 Kubekovo Stuart & Lister, 2011

10 |radius OxA-16982 17910475 3.1 Onon River Stuart & Lister, 2011
Crocuta spelaea

4 mandibula UBA-39703 >48428 3.06 Novoselovo log this paper

11 |dente UBA-46352 >45853 3.14 Zapovednaya cave this paper

12 |costa UBA-46351 >45785 3.18 Arheologicheskaya cave | this paper

13 | sacrum GV-02630 421404330 Fanatikov cave Vasiliev et al., 2020

13 | sacrum GV-02629 37350+448 Fanatikov cave Vasiliev et al., 2020

8 metacarpal OxA-19719 35560+300 Zaktui Shchetnikov et al., 2015a

14 |— LU-7588 26180+810 Gorome-1 cave Tashak & Kobylkin, 2015

The remains of cave hyena from Zaktui site are of
special interest (Shchetnikov et al., 2015a). Previously,
the date 355604300 '“C a BP was obtained from a hyena
metacarpal found in the middle part of the geological
section (Table 1). Later a radius of C. spelaea (stored
at [EC SB RAS) was excavated from the base of the
section. These deposits are older than 50 ka (Shchet-
nikov et al., 2015a). Hence, Zaktui is the only locality
in Southern Siberia where in situ remains of C. spelaea
are known from differently aged parts of the section.

In addition to dated remains, several sites in the Mi-
nusinsk depression contain undated remains of hyenas.
These are mainly cave taphocenoses of the Kargin-
ian (MIS 3) interstadial (Ovodov, 2009a): grottoes of
Proskuryakov (40595-45770 '“C a BP), Tokhzasky and
Dvuglazka (26580-28600 “C a BP). Hyena remains
come from Sartanian (MIS 2) sites, including Derbinsky
Bay (Motuzko et al., 2010) and layer 4 (174204330 '“C
a BP) of Dvuglazka Grotto (Ovodov & Martynovich,
1992). These finds, originating from relatively young
(MIS 2) deposits, require to be assessed in light of the
cave hyena demise (see below), as we believe that they
were indeed redeposited. The youngest remains of a
cave hyena in the south of Western Siberia indicate
the extinction of this species no earlier than 38.2 ka
(Vasiliev et al., 2018).

The dynamics of the species extinction in the North-
ern Eurasia indicates that the cave hyena died out no
later than 31 ka, and in Siberia its extinction is thought
to happen earlier than in Europe, at about 43 ka (Shpan-

sky & Kuzmin, 2021; Stuart & Lister, 2014). Neverthe-
less, there is one date for Southern Siberia that implies a
later extinction of C. spelaea. The date 26180+810 '“C
a BP (LU-7588), recovered from the cave hyena bone
from Gorome-1 cave, is the youngest for C. spelaea
remains in the discussed region (Tashak & Kobylkin,
2015). This "“C date is however problematic as no in-
formation was provided regarding the material used,
methods applied (liquid scintillation method or AMS),
and the C/N ratio of the studied sample. Even if the date
from Gorome-1 is valid, it would imply that the extinc-
tion of the cave hyena in the Southern Siberia occurred
about 31 ka (a calibrated value for the above date), i.e.,
near the boundary between the Karginian interstadial
(MIS 3) and Sartanian stadial (MIS 2). There is how-
ever a gap of 10 ka (Fig. 2) between the aforementioned
date and other dates for the cave hyena obtained from
the territory of Southern Siberia (e.g., Fanatikov cave
and Zaktui site). New dates are thus necessary to con-
firm the presence of the cave hyena in the region during
this time interval.

Conclusion

The accumulation of an array of '*C dates for the
cave lion P. spelaea and the cave hyena C. spelaea
made it possible to clarify their distribution and extinc-
tion history in Baikal-Yenisei Siberia. It is shown that
in the region the cave lion tended to inhabit lowland
environments, and the cave hyena mostly inhabited
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mountainous regions. In large numbers, the remains of
hyenas are found only in cave taphocenoses; in open-
type localities, they are scarce.

The cave hyena lived in the region in the Middle—ear-
ly Late Pleistocene. The species was especially abundant
at the beginning of the Karginian time (MIS 3) — at that
time hyenas inhabited many caves of the region, which
they obviously used as dens. It is possible that hyenas
survived here up to the Karginian-Sartanian (MIS 3—
MIS 2) boundary, but no reliable finds of this animal are
known in younger deposits. In Eastern Siberia hyaenas
did not disperse beyond the Altai-Sayan mountain region
and their bones were not found north of S6°N.

Unlike hyenas, cave lions were ubiquitous in Bai-
kal-Yenisei Siberia almost until the end of the Late
Pleistocene. This is confirmed both by the '“C dating of
their remains and by the regular finds of the cave lion
bones at Paleolithic sites. This species apparently be-
came extinct near the terminal Pleistocene along with
other representatives of the mammoth fauna.
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