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ARTICLE INFO ABSTRACT

Keywords: A faunal assemblage was recently recovered from the Krosinko site in Poland, marking a new site in the War-
F?u“a saw-Berlin ice-marginal valley. Analysis and radiocarbon dating of the remains revealed the presence of two
Biogeography subassemblages: one Late Pleistocene (at least MIS 3-2) and one Holocene (MIS 1), with the former being
;ﬁ;o;i)iogy taxonomically highly diverse. By referring to previous Polish studies, the Pleistocene mammal bone assemblage
Poland allowed us to reconstruct the biogeography of its individual components: woolly mammoths, woolly rhinoceri,

horses, giant deer, red deer, fallow deer, reindeer, steppe bison, aurochses, bears, and cave lions. The bioge-
ography was later combined with radiocarbon chronology using 21 dates from Krosinko. The wide range of
radiocarbon dates (48.4-26.4 ka BP) probably reflects different chronological distributions of species resulting
from the changing climate and environment as well as the diverse original sources of the bones. The remains,
which constituted a single, compact geological horizon, was possibly deposited in a single geological event
around 26 ka BP, as inferred from the most recently produced radiocarbon date. Radiocarbon datings of woolly
rhinoceros remains have shown the species to have been present around 38 ka BP, a time that it had previously
been considered to have been non-existent in Europe (with no evidence having been discovered for the period
40-34 ka BP). This result alters the stratigraphic gap range for the woolly rhinoceros in Europe to 40-38 ka BP.
The clear dominance of woolly mammoth and woolly rhinoceros specimens reflects the structure of the Mam-
muthus—Coelodonta faunal complex. The main representatives of this complex preferred the dry and cold con-
ditions that characterized the palaeoenvironmental conditions in Krosinko in MIS 2 and thus in Central Europe,
as shown by the integration of the results of the fauna and those of the sediments in which they were deposited.
These palaeoenvironmental features are related to the mammoth steppe, which was a long-lived biome in Eurasia
and whose diversity influenced the faunal distribution. Thus, the species-by-species review of taxa performed in
this paper, against the background of previous results from Poland, illuminates the individual responses of taxa
to changing environmental conditions in response to climatic ones. These changes led to the disappearance of the
mammoth steppe and near or total extinction of the fauna species inhabiting it.

1. Introduction

The Pleistocene (2.58 Ma-11.7 ka BP) was a time of dynamic change
in climate, environment and hominid evolution, and saw the loss of
large terrestrial mammals (megafauna) across most of the globe.

The climatic and environmental fluctuations during the Pleistocene
are related to the development and disappearance of ice sheets. During
the Vistulian Glaciation (MIS 5 d-MIS 2 [Marine Isotope Stage]), there
was an alternation between cooler events (Greenland Stadials: GS) and
warmer events (Greenland Interstadials: GI) (Rasmussen et al., 2014).
About 25 ka ago (MIS 2; The Last Glacial Maximum [LGM]), with a peak
at 21 ka ago, the developing ice sheet covered Scandinavia,
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north-eastern Europe, the British Isles and north-central Siberia. Poland
was covered to as far south as Leszno at that time (Leszno phase;
Table 1). A consequence of this was a shift in animal habitat zones from
the northern hemisphere far to the south, and a reorganization of
mammalian communities and vegetational belts (Lister and Stuart,
2008). During the deglaciation, the process of mammalians appearing in
Eurasia underwent a reversal—that is, animals moved farther and
farther north with the disappearing ice sheet, which is clearly shown by
the distribution of reindeer in Eurasia, including Poland.
Palaeoenvironmental fluctuations have led to the extinction of much
of Europe’s megafauna in response to changing climate and with the
influence in some cases of human impact. For northern Eurasia, detailed
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chronologies show a staggered extinction pattern, in which each
megafaunal species exhibits unique and complex distributional shifts,
culminating in extinction for some species and survival for others
(Stuart, 2015). This process of survival into the mid-Holocene, or even to
the present day (such as with reindeer and muskoxen) is not entirely
clear. The mammalian fossil record also makes it possible to trace how
individual species responded to these changes in terms of morphological
variations, population size and local adaptations on a time scale of 2.58
Ma. Cases of resettlement and rapid adaptation are well demonstrated
by the example of Yakutian horses, which are well adapted to the harsh
cold (up to —70 °C) with their thick, dense winter coats. They went
extinct in Yakutia at roughly the same time as the woolly mammoth and
rhinoceros — around 5000 years ago — but they have again arrived in
these parts, probably from Mongolia, within the last 800 years (Librado
et al., 2015). Genetic studies of them have shown convergent evolution
with native human populations and woolly mammoths, suggesting that
only a few evolutionary strategies are compatible with survival in
extremely cold environments (Librado et al., 2015).

In Poland, most palaeontological sites of Pleistocene age are scat-
tered across the south of the country, as shown by studies of fauna
(Hrynowiecka et al., 2018; Kowalski, 1959; Nadachowski et al., 2011;
Pawtowska et al., in press; Pawtowska, 2015; Woroncowa-Marcinowska
et al., 2017). This part of Poland is thus much better recognized, with
abundant evidence of Pleistocene fauna in the form of findings of re-
mains and radiocarbon datings that show how their distributions
changed. Many fewer palaeontological sites are known in central Poland
to date, as shown by studies carried out in the 1960s and 1980s
(Kowalski, 1959; Rutkowski, 1967; Stankowski and Tobolski, 1982;
Stankowski, 1988). This has to do with the cycles of ice sheet develop-
ment during successive glaciations (Cromerian-Elsterian Complex,
Saalian and Weichselian). However, detailed queries and field studies of
recent years (Pawlowska, unpublished data) show that there may be
more of these sites, especially of those dating to the Late Pleistocene. An
analysis and review of this material is currently being undertaken to
assess whether the detailed analysis of fossils from these sites can
expand the biostratigraphy of this region. The results of this will be the
subject of a separate publication. The present work will focus on one
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location, the open-air site Krosinko (52°13'05.9"N 16°49'16.5"E), which
yielded over 270 animal remains (Fig. 1).The location of Krosinko in
western Poland makes it important to our understanding of the palae-
oenvironment of Central Europe. During the deglaciation at the LGM,
conditions in Central Europe were potentially conducive to cold-hardy
animals and to animals well adapted to the prevailing harsh environ-
mental conditions. Apart from its geographic location in front of, though
not close to the ice sheet, the uniqueness of Krosinko is further
emphasized by the recognized geological context in which the remains
occur. Unfortunately, the stratigraphy is unknown at most Polish sites
with megafauna (usually woolly mammoth) (Kubiak, 2001). This
geological context provides an opportunity to integrate faunal records
with the biological, chemical and physical nature of the environment at
Krosinko in the Pleistocene at the time of accumulation of the
fine-grained and coarse-grained sedimentary series in which they were
found (Pawlowska et al., in press). However, the main objective of this
work is to reconstruct the faunistic structure of the assemblage recov-
ered from Krosinko, a unique site in Central Europe, and to establish the
radiocarbon chronology of the fauna by radiocarbon dating the
mammalian remains. Further, placing the results in the context of pre-
vious records of megafauna from Poland provides an overview of
Pleistocene and Holocene mammals in terms of biogeography and
chronology, and points to directions for further research.

2. Site and geological background

Krosinko is a gravel pit in Poland, located approximately 10 km
south-west of Poznan within the Warsaw-Berlin ice marginal valley
(Fig. 2); this, together with Warta River entrenched valley (Fig. 2), is the
dominant geomorphological feature surrounding the site. Warta River
entrenched valley is a narrow valley section that was formed after the
deglaciation of this area. The site was discovered in 2003 by the author.
In the following years, studies of faunal remains, sediments, flints (sensu
stricto) and botanical materials have been conducted.

Considering the glaciation history of Polish territory, the geological
profile at Krosinko and surrounding area records successive glaciations
from the Elsterian (MIS 12) through the Saalian Glaciation (MIS 8-6) to

Table 1
Chronologic chart of the Pleistocene and Holocene succession at Poland, with references to Western Europe.
MIS Dates (ka) Western Europe Poland Epoch
MIS 1 11.7-present Holocene Holocene Holocene
MIS 2 29-11.7 Late Weichselian Glaciation, including LGM Vistulian Glaciation (MIS 2) Late Glacial Interstadial (LGI) Late Pleistocene
Gardno Phase (14.5)
Pomeranian Phase (16)
Poznan Phase (18.5)
Leszno Phase (21)
MIS 3 57-29 Middle Weichselian Glaciation =~ Denekamp Grudziadz Interstadial
Huneborg
Hengelo
Hasselo
Moershoofd
Glinde
Ebersdorf
Oerel
MIS 5d-4 123-57 Early Weichselian Glaciation Vistulian Glaciation (MIS 5d-4)
MIS 5e 130-123 Eemian Interglacial Eemian Interglacial (MIS 5e)
MIS 8-6/MIS 10-6  300-130/ Saalian Glaciation Warthanian Glaciations (MIS 6) Middle Pleistocene
347-128 Odranian Glaciations (MIS 6)
Lublinian Interglacial (MIS 7)
Krznanian Glaciations (MIS 8)
Zbojnian Interglacial (MIS 9)
Liwiecian Glaciations (MIS 10)
MIS 11/9 424-374/ Holsteinian Interglacial Mazovian Interglacial (MIS 11)
337-300
MIS 12 478-424 Elsterian Sanian 2 (MIS 12)
MIS 19-13 790-478 Cromerian Complex Ferdynandovian (MIS 15-13)

Sanian 1 (MIS 16)
Kozi Grzbiet (MIS 21-17)
Nidanian (MIS 22)
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Fig. 2. A — Location of the study site in Europe. B — Orthomap showing location of Krosinko and main geomorphological forms.

the Weichselian, separated by interglacial deposits (Holsteinian and
Eemian Interglacial). During the Saalian Glaciation, glacial tills were
deposited in the study area; large-scale glaciotectonic deformations in
the foreland of the advancing ice sheet led to the formation of a push
moraine landform (Figs. 2 and 3). Sediments of the Weichselian Glaci-
ation, in the form of till, fluvioglacial sands and gravels, are associated
with the advance and retreat of the ice sheet during the Last Glacial
Maximum (LGM; MIS 2) (Pawlowska et al., in press, Fig. 3). Finally,
during the deglaciation phase, a latitudinal broad marginal valley (the
Warsaw-Berlin ice marginal streamway) was formed,; it is here that the
Krosinko site is located (Fig. 3).

The integration of sedimentological analysis, including quartz grains
analysis and quartz surface microtexture analysis revealed a change in
the river regime (MIS 5e and MIS 2) under changing palaeoclimate
conditions (Pawtowska et al., in press). During the Eemian interglacial
(MIS 5e), a meandering river existed in Krosinko whose sediments (silt,
unit A) form basal part of the geological profile (Fig. 4). These sedi-
ments, together with overlying deposits of fine-grained sand (lower unit
B), record a low-energy river (Pawlowska et al., in press). This is
consistent with the generally warm climate of that time. The change in
river regime in MIS 2 (around 19 ka BP; Poznan Phase) is marked in the
sedimentary succession by the occurrence of a gravel-sand series (the
upper part of unit B and unit C). This high-energy braided river left not
only sediments but also wood fragments, cones and animal remains. The
sediments of this unit were affected by chemical weathering (etching,
crusting), mechanical weathering (crushing, abrasion), and frost
weathering, as evidenced by the microtextural features of the grains
(Pawtowska et al., in press). In the geological profile, the Pleistocene
sediments are terminated by a sand series (unit D) that accumulated
between 18 ka and 11.7 ka BP (MIS 2; LGI), and which is associated with
a decrease in fluvial energy (Pawtowska et al., in press).

Overlying the Pleistocene sediments are peats of Holocene age (MIS

1), which occur in the northern and western parts of the studied site.

3. Material and methods

The material for the study consisted of animal remains found in the
gravel pit at Krosinko. In total, the collection includes 271 bones, teeth,
horncores and antlers.

The faunal material is stored as a private collection. Access to the
specimens is available by request to the author. Each fragment received
a general identification number (GID) composed of the site abbreviation
(KR), unit number (111, 112, 116 for Pleistocene context or 211 for
Holocene context), the letter code for finds (F), and a unique ID number
for each item.

3.1. Field study

Due to the high groundwater table (1.8 m a.s.l.), a reservoir recon-
naissance by divers was used to locate the remains in the stratigraphic
and lithological profile. Because of the high degree of siltation of the
water (due to the presence of silty-sandy sediments) it was impossible to
determine their precise occurrence in the sedimentary succession. A
series of geological drillings (BH1-8) was therefore carried out, which
allowed precise determination of their depth of occurrence (6-7 m) and
made it possible to examine the sediments in the stratigraphic sequence
(Pawtowska et al., in press). Geological analysis revealed their occur-
rence in Pleistocene gravelly—-sandy deposits of the braided river (Unit C;
MIS 2) and Holocene peats (MIS 1).

In view of the hydrological conditions in the gravel pit, the faunal
remains were excavated using a refueler suction pump and heavy
equipment used on a daily basis for sediment extraction. This method of
excavating the remains affected their completeness, as shown by the
high frequency (c.50%) of modern fractures. Such specimens were
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Fig. 3. Geological map of the study area with the location of Krosinko. Lakes are shown in blue. Based on Chachaj (1996), modified. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)

reconstructed by combining fragments from a single element of a given
taxon.

3.2. Palaeozoological method

The animal remains were examined using the comparative collection
housed at the Institute of Geology at Adam Mickiewicz University and
using key literature entries (Barone, 1972; Brown and Gustafson, 2000;
Guérin, 1980; Heintz, 1970; Lister, 1996; Maglio, 1973; Prummel,
1988). Specimens belonging to the family Bovidae that did not display
features of Bos or Bison (Balkwill and Cumbaa, 1992; Gee, 1993; Olsen,
1960; Sala, 1987; Stampfli, 1963) were designated as Bos/Bison due to
their state of preservation. The remaining material was designated to
taxon (species or genus).

3.3. Radiocarbon dating

Selected taxonomically diverse specimens were radiocarbon dated at
the Poznan Radiocarbon Laboratory and in the Research Laboratory for
Archaeology and the History of Art, Oxford University. In total twenty-
one samples were radiocarbon dated, of which 13 dates are published
here for the first time (Table 2). Radiocarbon dates were calibrated using

OxCal 20 software version 4.4, which works with IntCal20 (Reimer
et al., 2020). The resulting dates were referenced to the Intimate event
stratigraphy (Rasmussen et al., 2014), including the sequence of
Greenland Stadials (GS) and Greenland Interstadials (GI) within the
most recent glacial period. The GS and GI periods are the Greenland
expressions of the characteristic Dansgaard-Oeschger events that
represent cold and warm phases of the North Atlantic region, respec-
tively (Rasmussen et al., 2014).

4. Results
4.1. Mammal remains

In the study of the Krosinko fauna, 261 items of mammalian remains
from the Upper Pleistocene sediments (Fig. 5) and 10 items of
mammalian remains from the Holocene sediments (Fig. 6) were found.
These two subassemblages differ in the degree of fossilization and in the
location where they were found in the gravel pit. The vast majority of
remains that are fossilized (mainly due to permineralization by the
precipitation of silica) were found in Pleistocene sediments. In contrast,
sub-fossilized specimens come from Holocene peats. The faunal assem-
blages also differ in taxonomic composition, anatomical composition
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Fig. 4. Krosinko site, MIS 5e and MIS 3-2. Sedimentological succession in conjunction with fluvial regime change (from low-energy meandering river to high-energy
braided river). Sediments of the units A-D are described in the text (from base to top: sandy silt (A), sand (B), gravelly sand (C), and sand (D)). A bone indicates depth

of findings of mammals remains, along with flints and plant remains.

and degree of articulation of the elements.

4.1.1. Taxa distribution

The Pleistocene faunal assemblage is more taxonomically diverse
than its Holocene counterpart, which may be indirectly related to
sample size (n = 261 vs n = 10). The elements come from woolly
mammoth (n = 70; 26.8% of the Pleistocene assemblage), woolly rhi-
noceros (n = 41; 15.7%), horses (n = 31; 11.9%), reindeer (n = 13;
5.0%), aurochs (n = 6; 2.3%), giant deer (n = 3; 1.1%), red deer (n = 3;
1.1%), cave lion (n = 3; 1.1%) (Fig. 7), fallow deer (n = 1; 0.4%), steppe
bison (n = 1; 0.4%), and bear (n = 1; 0.4%) (Table 3). The dominant
remains are thus those of woolly mammoth and woolly rhinoceros, with
a fairly good proportion of horses. Aurochs and bison provide small
contributions to the assemblage, although this may be a function of the
poorly diagnostic elements of this group. Thus, the Bovidae proportion
increases to 12.3% if we consider the combined proportion from
aurochs, steppe bison and Bos/Bison.

The Holocene faunal assemblage includes remains of elk (n = 5) and
red deer (n = 3) (Table 3).

4.1.2. Body part distribution

Mammalian skeletal elements from the Pleistocene assemblage
represent all body parts (skull, axial, girdle, upper limb and lower limb).
There are more isolated teeth, skull fragments, antlers, vertebrae, ribs
and pelvises than other elements (Table 4). However, when looking at
the distribution of skeletal elements for each taxon individually, the
body part distribution is approximately even for woolly mammoths,
woolly rhinos, horses and bovidae, in contrast to other species, where it
is uneven (Table 4). Elements were not found in articulation, and no
element displayed traces of articulation during material deposition.

The Holocene assemblage includes an elk skull with antlers,

mandible and ribs, as well as antlers, humerus and metacarpals
belonging to red deer. Evidence of articulation was found between the
mandible and the elk skull. All the elk elements are probably from a
single individual.

4.2. Radiocarbon dating

The range of most of the dates is between 48 and 9 ka BP (Table 2),
falling in MIS 3-MIS 1. However, two of the dates (>45,400 and >
48,300) are open dates with no lower limit, which may suggest that
some material is older than MIS 3. Twenty dates indicate that the dated
remains originate from the Late Pleistocene (MIS 3-2), and their strat-
igraphic range is associated with the Vistulian Glaciation, including the
Last Glacial Maximum (LGM). Most dates from MIS 3 correspond to the
Grudziadz Interglacial in the Polish chronostratigraphy. One date in-
dicates Holocene age and relates to an elk skull.

The dated Pleistocene remains are from the woolly mammoth (n =
3), woolly rhinoceros (n = 3), horses (n = 3), giant deer (n = 1), red deer
(n = 1), reindeer (n = 3), a steppe bison (n = 1), aurochs (n = 2), a bear
(n=1),acavelion (n =1), and amammal (n = 1). The mammoths range
between 43 and 31 ka BP and the woolly rhinoceri fall between 48 and
38 ka BP. Horse bone dating yielded very clustered dates of 48 and 47 ka
BP. The skull of the giant deer has an open dating, being >45 ka BP. The
single date for red deer is 38 ka BP, while those for reindeer range be-
tween 36 and 26 ka BP. Of the elements belonging to Bovidae, both the
steppe bison and aurochs bones were dated to 35 ka BP and 34 and 38 ka
BP, respectively. Dating of the bear humerus yielded a date of 32 ka BP,
and the cave lion mandible received a date of >48 ka BP.
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Table 2

Results of radiocarbon dating of taxonomically diverse mammal samples from Krosinko. GID: General identification number; cal BP: calibrated years before the present; MIS: Marine isotope stage; LGM: Last Glacial

Maximum. The hyphen means that dates extend out of range.

Chronology

MIS

Lab No. References

Cal BP

14C years BP

Element

Taxon

GID number

Holocene
LGM

MIS 1

This study
This study

Lorenc and Pawlowska, 2010

Pawtowska (2015)

OxA-26791
OxA-26786
Poz-23774

OxA-26801
OxA-26803
Poz-23424

OxA-26794
OxA-26784
OxA-26795
OxA-26787
Poz-22688

OxA-26792
Poz-53988

OxA-26788

9185 + 40 8542-8293

Skull with antler

Antler
Antler
Pelvis

Eurasian elk (Alces alces)

KR/211.F3

MIS 2

29,151-28268
31,720-29887
34,317-32757
35,525-33451

26,460 + 240

Reindeer (Rangifer tarandus)
Reindeer (Rangifer tarandus)

KR/111.F122

MIS 2

28,500 + 300

KR/111.F193

MIS 3

31,160 + 390

Woolly mammoth (Mammuthus primigenius)

Bears (Ursus sp.)

KR/111.F29

This study MIS 3

Lorenc and Pawtowska, 2010

32,000 + 450

Humerus

KR/111.F153

MIS 3

36,422-34130

32,500 + 400

Loose tooth
Mandible

Rib

Woolly mammoth (Mammuthus primigenius)
Aurochs (Bos primigenius)

Mammals

KR/111.F192

MIS 3

This study
This study
This study
This study

Lorenc and Pawlowst

38,812-35665
38,840-35868

34,300 + 600

KR/111.F104

MIS 3

34,400 + 550

KR/111.F179

MIS 3

35,150 + 700 39,809-37155

Skull with horncore

Antler
Skull

Steppe bison (Bison priscus)

KR/111.F101

Late Pleistocene

Vistulian Glaciation

MIS 3

40,421-38387
41,836-39187

36,550 + 750

Reindeer (Rangifer tarandus)
Aurochs (Bos primigenius)

KR/111.F128

MIS 3

, 2010

38,000 + 900

KR/111.F191

MIS 3

This study
This study

42,128-39375
42,125-39672

52,369-41386

38,300 + 1000

Radius

Red deer (Cervus elaphus)

KR/111.F134
KR/112.F3

MIS 3

38,500 + 900

Humerus

Woolly rhinoceros (Coelodonta antiquitatis)

Woolly mammoth (Mammuthus primigenius)

Giant deer (Megaloceros giganteus)

MIS 3

n
—
(=]
)
(a2
]
2
4
=
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2
©
¥

43,800 + 1900
>45,400

Loose tooth

KR/111.F37

MIS 3
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Skull with antler

Radius

KR/111.F139

MIS 3

S
T T
2B
R
@ .8
2 c
E B

46,500 + 2600
47,000 + 2800
47,000 + 3000
48,200 + 3200
>48,300

Woolly rhinoceros (Coelodonta antiquitatis)

Equids (Equus ferus)
Equids (Equus ferus)
Equids (Equus ferus)

KR/111.F77

MIS 3

Thoracic vertebra
Metatarsal II/IV
Loose tooth
Mandible

Femur

KR/111.F178

MIS 3

(=}
—
(=]
N

KR/111.F190

This study MIS 3

Marciszak et al. (2021)

KR/111.F24

Cave lion (Panthera spelaea spelaea)

KR/111.F71

MIS 3

This study

48,400 + 32

Woolly rhinoceros (Coelodonta antiquitatis)

KR/111.F85
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5. Discussion

Field studies revealed a new site, Krosinko, in western Poland that
provided a large faunal assemblage. The location of the site is in keeping
with the significant lack of palaeontological studies of Quaternary fauna
from this region of Poland, and thus takes on a significance for the North
European Plain. Generally, radiocarbon dating allows two sub-
assemblages: to be distinguished — Pleistocene and Holocene — but the
wide range of available dates suggest that the older assemblage may be
more complex in nature.

5.1. Krosinko fauna in the broader context
5.1.1. Pleistocene fauna

5.1.1.1. Elephantidae and Rhinocerotidae. In the Pleistocene faunal
assemblage from Krosinko, remains of woolly mammoth and woolly
rhinoceros dominate over other identified taxa such as horses, giant
deer, red deer, fallow deer, reindeer, steppe bison, aurochses, bears and
cave lions. This contrasts with the remains of elk and red deer, which
were the only remains found in the Holocene peats (MIS 1). Krosinko is
one of the 265 sites of Pleistocene age in Poland at which the occurrence
woolly mammoths has been recognized since the early 19th century
(Pawlowska, 2015). These sites are distributed throughout Poland, with
a noticeable concentration along rivers and their tributaries.

The woolly rhinoceros, as a complementary species of the Pleisto-
cene fauna of Poland, is equally abundantly found at palaeontological
sites. However, there is no synthetic compilation of its geographical
variation that would verify the approximately one hundred sites known
in the 1960s (Kowalski, 1959), and the temporal variation has never
been studied.

The Pleistocene faunal biodiversity displayed from Krosinko, with
the dominance of woolly mammoth and woolly rhinoceros, reflects the
structure of the Mammuthus—Coelodonta faunal complex. The term
Mammuthus—Coelodonta Faunal Complex means more or less cold-
adapted Pleistocene large-mammal assemblages with similar or iden-
tical faunistic structures known from transregional expansion in Eurasia
(Kahlke, 1999, 2014). This term is a modification of the previous terms
“primigenius—antiquitatis fauna” for Asian cold-adapted mammal assem-
blages of Late Pleistocene age (Pei, 1957) and “Mammuthus—Coelodonta
fauna” (Chow et al., 1959). The various animal species are included in
the Middle Pleistocene faunal complex and the Late Pleistocene faunal
complex, respectively, which is related to, among other things, the
evolution of the fauna at that time. For example, in the mammoth
lineage, the steppe mammoth (Mammuthus trogontherii Pohlig, 1885;
Eurasia: c. 600-200 ka BP) is a direct ancestor of the woolly mammoth
(Mammuthus primigenius Blumenbach, 1799; Eurasia: c. 500-4 ka BP)
(Maglio, 1973; Lister and Sher, 2001; Lister et al., 2005). Generally,
however, it can be stated that these are animals of the genera Mammu-
thus (mammoth), Coelodonta (rhinoceros), Equus (horse), Bos (aurochs),
Bison (bison), Ovibos (muskox), Rangifer (reindeer), Megaloceros (deer),
Alces (elk), Saiga (saiga), Ursus (bear), Panthera (lion), Crocuta (hyena),
Lynx (lynx), Canis (wolf) and Alopex (fox), and so associated with both
the steppe and tundra.

A crucial ecological factor in the formation of this complex was the
formation of the Eurasian steppe-tundra (MIS 12; marine isotope stage),
a biome that no longer exists today, but that enabled species of Arctic
tundra origin to disperse towards the south and south-west as species of
steppe origin spread into northern and western regions. Evidence of
their co-occurrence (Mammuthus, Coelodonta, Rangifer) found at the Bad
Frankenhausen (Thiiringen) site (460 ka BP) marks the first appearance
of the structure of the Mammuthus—Coelodonta faunal complex (Kahlke,
1999, 2014). During the peak of the LGM, the mammoth steppe
stretched from the Iberian Peninsula across Eurasia into Alaska and
Canada (to Yukon) and served as the main source of protein for
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Fig. 5. Representatives of the main animal groups in
Krosinko (>MIS 3-2). 1: Woolly mammoth (Mam-
muthus primigenius; 1 A: atlas, 1 B: lower third molar);
2: horse (Equus ferus; tibia); 3: woolly rhinoceros
(Coelodonta antiquitatis; 3 A: skull, 3 B: mandible); 4:
steppe bison (Bison priscus; horncore and skull); 5:
aurochs (Bos primigenius; mandible with M2-3); 6:
reindeer (Rangifer tarandus; antler); 7: giant deer
(Megaloceros giganteus; astragalus); 8: red deer (Cervus
elaphus; radius); 9: fallow deer (Dama dama; antler);
10: cave lion (Panthera spelaea spelaea; mandible with
premolar 4-molar 1); 11: bear (Ursus; humerus).
Scale bar = 5 cm. (For interpretation of the references
to colour in this figure legend, the reader is referred
to the Web version of this article.)

Fig. 6. Krosinko site. Skull of elk (Alces alces; MIS 1).

megafauna. The relationship of animals and this ecosystem was
dependent. The mammoth steppe provided food indirectly for carni-
vores and directly for herbivores, who grazed, trampled vegetation and
fertilized the landscape, maintaining ecosystem productivity (Zimov
etal., 2012). A diverse set of megaherbivore and megacarnivore species
lived within this biome, and there was significant ecosystem faunal and
floral homogeneity. One of the earliest large species of herbivore to
appear in the steppe-tundra area was the steppe mammoth (Mammuthus
trogontherii), recognized in Poland at fifteen sites (Pawlowska, 2015),
including Belchatéw, where cultural traces on a rib, likely left by Homo
heidelbergensis (indirect evidence given the lack of human remains), are
the oldest butchery marks from Poland (Pawlowska et al., 2014a;
Pawtowska, 2017). More recently research, conducted by author reveals
the presence of steppe mammoth at one more site (Wiadystawow),
which expands to sixteen the number of Polish locations. Unfortunately,

this biome disappeared at the end of the Pleistocene, which correlates
with the extinction of many megafauna species.

5.1.1.2. Equidae. The group with the third-greatest number of remains
(n = 31) in the Krosinko assemblage is that of horses (Equus sp.). Horse
remains have been recognized at about eighty Polish sites (Kowalski,
1959; Woroncowa-Marcinowska et al., 2017) mainly distributed across
the south-west and north of the country. For the central Poland, Kro-
sinko is one of only two other sites (Poznan and Oborniki) known from
earlier studies (Kowalski, 1959). Isotopic studies of the mammoth steppe
using carbon and nitrogen isotopic compositions of megafauna collagen
indicated that woolly mammoths had a distinct diet, likely comprising
decayed plants, and that some horses shared this dietary niche (Drucker
et al,, 2015; Schwartz-Narbonne, 2016). Taphonomic factors aside
(Pawlowska, 2010), this could justify the frequent co-occurrence of
horse and mammoth remains, both in this assemblage from Krosinko
and in assemblages from other sites.

5.1.1.3. Bovidae. Differential diagnosis of aurochs and bison is more
easily made based on rock paintings depicting animal features such as
horns and coatings than based on fossil material. This is due to the
morphological similarity of many skeletal elements (e.g. Balkwill and
Cumbaa, 1992; Gee, 1993; Olsen, 1960; Sala, 1987; Stampfli, 1963).
There is also no consensus among researchers as to the features dis-
tinguishing Bos from Bison. This results in an overabundance of remains
classified in the family Bovidae or the Bos/Bison group in the taxonomic
distribution of many collections, including that of Krosinko. Future
studies of differences in the collagen protein sequence may be helpful.
Several remains from Krosinko, however, are definitely from steppe
bison and aurochs. The steppe bison is known from 44 sites scattered all
over Poland (with the exception of mountainous areas), whereas
aurochs have been found at 63 sites (Kowalski, 1959). However, there
always remains a margin of error in these data given the absence of a
revision of the taxonomic assignments of all remains. It seems that
steppe bison shared environments with horses in the Late Pleistocene,
incorporating forbs and grasses into their diets, as demonstrated by
dental microwear texture analysis and mesowear analyses from Alaska
(Kelly et al., 2021). This is unexpected, in that the separation of food
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Fig. 7. Mandibles (A: lingual and B: buccal views) and ulna bone (C: lateral view) of the cave lion (Panthera spelaea spelaea).

Table 3

Krosinko site, Central Europe. Composition and taxa proportions of the faunal
assemblages (at least MIS 3-1). NISP: number of identified specimens; MIS:
Marine isotope stage.

Age Taxon NISP % NISP
Holocene (MIS 1) Eurasian elk (Alces alces) 5
Mammals 2
Red deer (Cervus elaphus) 3
Pleistocene (MIS Woolly mammoth (Mammuthus 70 26,8
3-2) primigenius)
Woolly rhinoceros (Coelodonta 41 15,7
antiquitatis)
Equids (Equus) 31 11,9
Cervidae 2,3

6

Giant deer (Megaloceros giganteus) 3 1,1

Red deer (Cervus elaphus) 3 1,1

Fallow deer (Dama dama) 1 0,4

Reindeer (Rangifer tarandus) 13 5,0

Steppe bison (Bison priscus) 1 0,4
6

Aurochs (Bos primigenius) 2,3
Bos/Bison 25 9,6
Ruminantia (Bovidae/Cervidae) 5 1,9
Carnivora 1 0,4
Bears (Ursus sp.) 1 0,4
Cave lion (Panthera spelaea spelaea) 3 1,1
Unidentified mammals 51 19,5
Total Pleistocene 261 100,0
Total 271

resources facilitates the co-occurrence of competing megaherbivore
species in a shared geographic range, leading to high local and regional
diversities in communities of Late Pleistocene megafauna (Kelly et al.,
2021). These studies have also shown that Late Pleistocene bison (and
also horses) incorporated more forbs from the mammoth steppe in their
diets than do modern grazers, and thus had less abrasive diets.

5.1.1.4. Cervidae. Among deer, the taxonomic distribution in the Kro-
sinko assemblage indicates the presence of giant deer, red deer, fallow
deer and reindeer.

In Poland, giant deer remains have been found mainly in the south of

the country and are known for about 25 sites (Kowalski, 1959; Stefaniak,
2015). Giant deer from Krosinko were very large, as indicated by the
comparison of element measurements against other specimens in Eur-
asia, and particularly against the largest specimens from Ireland (Croitor
et al., 2014). The skull is noteworthy (Fig. 8), with its measurements
revealing that it belonged to a very large individual giant deer rivalling
the largest specimens from Ireland: the frontal breadth of the skull from
Krosinko corresponds to the maximal limit of variation range of the
sample from Ireland reported in 1994 by Lister (Croitor et al., 2014). In
contrast to the Krosinko outcomes, most species findings from Eastern
Europe are characterized by “normal” larger body size.

Among other cervids, the compilation by Kowalski (1959) shows that
significantly more sites in Poland feature the reindeer of remains (n =
119) than of red deer (n = 42) or fallow deer (n = 4). In this context,
however, the fallow deer antler fragment from Krosinko provides added
value to the biogeography of the taxon in Central Europe, being the only
one from the north-central part of Poland.

The bone collagen isotopic signatures showed that mainly reindeer,
but also giant deer, were the prey of the extinct cave lion Panthera spe-
laea (Bocherens et al., 2011), which is discussed next.

5.1.1.5. Felidae. The cave lion belongs to the family Felidae, one of two
groups of predators found in the Krosinko assemblage. Synthesis of the
cave lion distribution in Poland shows that Krosinko is one of eighteen
open-air sites that, along with 42 cave sites, are recorded in Poland
(Kowalski, 1959; Marciszak et al., 2021). Furthermore, Krosinko is one
of two sites, alongside Kowandwko (Lubicz-Niezabitowski, 1938),
marking the maximum northerly range of occurrence of the cave lion in
Poland. While the remains of adult male individuals predominate in all
Polish cave lion assemblages, the mandibles from Krosinko are from
females.

5.1.1.6. Ursidae. The second group of carnivores is that of bears, rep-
resented in the Krosinko assemblage by an element of a bear (Ursus sp.).
This adds to the list of 56 Polish sites (Kowalski, 1959) where remains of
this genus have been found.
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Krosinko (Central Europe), faunal remains of Late Pleistocene age. Anatomical differentiation of remains of individual taxa in the Pleistocene subassemblage. MP:
Mammuthus primigenius (woolly mammoth); CA: Coelodonta antiquitatis (woolly rhinoceros); E: Equids; MG: Megaloceros giganteus (giant deer); CE: Cervus elaphus (red
deer); DD: Dama dama (fallow deer); RT: Rangifer tarandus (reindeer); BPr: Bison priscus (steppe bison); BP: Bos primigenius (aurochs); B/B: Bos/Bison; U: Ursus sp.
(bear); PSS: Panthera spelaea spelaea (cave lion); NISP: number of identified specimens.

Element/Taxa MP CA E Cervidae MG CE DD RT BPr BP B/B Ruminantia Carnivora 18] PSS Total NISP % NISP
Skull 2 5 1 1 2 1 1 2 15 7,1
Loose tooth 23 3 5 1 1 33 15,7
Mandible 2 1 1 1 2 2 4,3
Antler 3 1 11 15 7,1
Atlas 1 2 2 5 2,4
Axis 1 1 0,5
Other vertebrae 1 6 4 1 2 1 15 7,1
Rib 7 1 2 2 1 13 6,2
Scapula 3 1 3 7 3,3
Humerus 1 2 1 1 1 1 7 3,3
Radius 3 2 1 1 1 1 9 4,3
Ulna 2 1 3 1,4
Carpal 2 1 3 1,4
Metacarpal 1 2 1 2 6 2,9
Pelvis 7 3 1 11 5,2
Femur 3 4 1 1 9 4,3
Patella 2 2 1,0
Tibia 2 3 2 7 3,3
Fibula 1 1 0,5
Astragalus 1 2 1 1 5 2,4
Calcaneus 1 1 0,5
Other tarsals 1 1 0,5
Metatarsal 2 3 1 1 2 9 4,3
Phalanges 1 4 2 7 3,3
Scapula or pelvis 1 1 0,5
Long bone 5 5 2,4
Indeterminate 8 2 10 4,8
Total 70 41 31 6 3 3 1 13 1 6 25 5 1 1 3 210 100,0

10cm

Fig. 8. Krosinko site. The skull of a giant deer (Megaloceros giganteus) in dorsal (A) and ventral (B) views.

5.1.2. Holocene fauna

The results indicate the presence of only elk and red deer remains
from the Holocene peats that complete the sedimentary succession at
Krosinko, which constitutes a record of the presence of a lake. The small
total of remains (n = 10) is due to the lack of large-scale peat exploi-
tation in this area, as is the case for sandy sediments. The radiocarbon
date obtained in this study (9185 + 40 BP; OxA-26791) is within the
range of the presence of elk in Poland, which is reported by Kowalski
(1959) as being from the Pleistocene to the postglacial. In total, sixty
Polish sites have been recognized so far (Kowalski, 1959; Stefaniak et al.,
2014).

5.1.3. Body-part distribution of Krosinko fauna
The results obtained from the Pleistocene faunal analysis (at least

MIS 3-2) indicate that the body-part distribution for individual taxa is
random, not displaying any characteristic pattern such as the dominance
of one element over others. The anatomical diversity of the remains
indicates a natural accumulation. The fact that bones were not found in
articulatory or anatomical order, and that evidence was not found
suggesting that they had been articulated at deposition stage, indicates
that they were reworked during deposition. This is consistent with the
results of geological studies, which clearly imply a significant palaeo-
environmental dynamic (Pawlowska et al., in press). Further research
focused on detailed taphonomic studies should shed more light on their
depositional history, though this is beyond the scope of this work.

In the case of the Holocene remains (MIS 1), the presence of artic-
ulated elk skeletal elements indicates that they originate from a single
individual (MNI = 1) and that any post-depositional processes that
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might have disturbed the bone setting had a negligible influence.
5.2. Palaeoclimate conditions in Central Europe

Environmental conditions, including palaeoclimatic conditions, can
be reconstructed from various data sets, of which faunal analysis —
enhanced by the results of lithological analysis and microtextural
analysis of quartz grains (Pawlowska et al., in press) — was used here.

The prevalence of woolly mammoth and woolly rhinoceros over
other taxa in the Krosinko assemblage indicates harsh environmental
conditions in the Late Pleistocene. These species, particularly the
mammoth, preferred the cold and dry conditions that characterized the
mammoth steppe where they occurred. At the same time, the absence of
roe deer and beavers suggests that temperate species did not colonize the
area from glacial refugia, and thus that there was not yet sufficient
climate change with land deglaciation.

The palaeoclimatic conditions towards the south of Central Poland
are inferred from fauna composition to be consistent with the recon-
struction of palaeoenvironmental conditions based on lithological
analysis and the microtexture analysis of quartz grains. These results,
indicating the significant proportion of RM (round matt grains) and EM/
RM (grains with dull edges and corners) grains, showed that Unit C - in
which megafaunal bones were found along with plant remains and flints
— was accumulated during a period of severe climatic conditions of
periglacial features, with strong influence from aeolian processes
(Pawtowska et al., in press). Simultaneously, the presence of an active
layer in the permafrost at this time, as determined by the presence of
cracked grains and the frequency and very advanced degree of frost
microtexture development, further confirmed the dry and cold climate
conditions, with frequent transitions through 0 °C.

The existence of permafrost during the Late Pleistocene is well
known in Central Europe, as its extent reached as far south as 48-49°N
(Duchkov, 2006). Under these conditions of periglacial and in-situ frost
weathering at Krosinko, cryoturbation marks (pseudoretouch, scratches,
cracks and pitting) and frost cracks (flaws, cracks, concentric circles)
developed (Chambers, 2005; Chu et al., 2015), as recorded on the flints
(Pawtowska et al., in press).

The periglacial climate inferred by the faunal and sedimentological
analysis is consistent with the type and palaeoregime of the river, which
was determined to be braided and high-energy (Pawlowska et al., in
press). Such fluvial systems functioned on ice sheet forelands supplied
by meltwaters from the north and by rivers from the south.

5.3. Radiocarbon chronology, habitats and biogeography of Pleistocene
fauna

5.3.1. General notes on the radiocarbon age

The spatial and temporal distribution of fauna in the Pleistocene in
Europe was not uniform. Individual settlement patterns by species shed
light on the differences between species. We observe the reduction in
abundance, range decline and population fragmentation to local refugia,
where the last populations became extinct or survived. In the last
interglacial period, the limits of the ranges changed at different rates —
not only in different species, but also within a single species over
different parts of its range (Plasteeva et al., 2020). This has to do with
the different subenvironments the animals may have preferred, and with
the presence of refugia that provided opportunities to survive adverse
conditions. For cold-adapted fauna, periglacial conditions were not a
problem, unlike for temperate species. Climatic changes entailed envi-
ronmental changes, as best exemplified by the woolly mammoth and the
woolly rhinoceros, which display different patterns. While woolly
mammoth existed in Europe at the end of the Late Pleistocene, with a
pattern of retreats northward, the woolly rhinoceros disappears from the
fossil record c. 14 ka BP (Lorenzen et al., 2011; Stuart and Lister, 2012).
Previous studies have shown that, prior to the Last Glacial Maximum
(LGM), most species occupied consistent isotopic niches on the
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mammoth steppe, suggesting consistent diets or habitats (Schwartz--
Narbonne, 2016). These patterns of isotopic niches altered during the
LGM, and these patterns were not restored in the Holocene
(Schwartz-Narbonne, 2016). These changes suggest that the ecosystem
suffered severe disturbance during the LGM, prior to the extinction of
many taxa at the end of the Pleistocene. Bison, horse, muskox and
reindeer are species that managed to survive the decline of the
mammoth steppe.

Radiocarbon dating results indicate that the Krosinko assemblage
composition is complex, and it contains faunal remains of variable age.
Given the radiocarbon dating performed on some of the recovered re-
mains, at least some of these animals lived during MIS 3, MIS 2, and MIS
1. The presence of open dates suggests that some of them are even
earlier. The variation in radiocarbon age of the remains confirms the
presence of two subassemblages: one Pleistocene (at least MIS 3-2) and
one Holocene (MIS 1: 9.1 ka BP). This mixed assemblage is not
contemporaneous, even within the Pleistocene range, as indicated by
radiocarbon dates (48.4 ka BP-26.4 ka BP). Considering depth of
occurrence (6-7 m) of the assemblage in the geological sequence, the
remains constitute a single horizon of up to ~1 m thickness. A quite
compact assemblage was thus possibly deposited as the effect of one
geological event at c. 26,460 + 240 BP or later, as can be inferred from
the latest available radiocarbon date applying the concept of “residual
material” (Ramsey, 2008). The wide range of radiocarbon dates prob-
ably reflects the chronological distributions differing to various degrees
between species, most probably resulting from changing climate and
environment preferences. Alternatively, it suggests the bones may come
from numerous variable original sources. This implies that the assem-
blage does not represent a single biocenosis, nor even a single tapho-
cenosis. Each species will thus be discussed individually.

5.3.2. Elephantidae and Rhinocerotidae

The results of radiocarbon dating of the woolly mammoth remains
(Mammuthus primigenius) from Krosinko, supplemented with those from
other Polish sites, were used to reconstruct the time and place of
extinction of the woolly mammoth in Poland (Pawlowska, 2015). The
radiocarbon dates indicate that woolly mammoths occurred in Poland
between about 54 and 30 cal ka BP (with a predominance of dates be-
tween 35 and 30 cal ka BP), which correlates with MIS 3 and is
consistent with the existing state of knowledge. From previous radio-
carbon studies (Nadachowski et al., 2011), it was apparent that
mammoth occurrence in Poland was discontinuous, with two defined
gaps: each gap occurred between a different pair of events linked with
cold climate in Central Europe, i.e. between H5 and H4 (43.2-40.6 cal ka
BP) and between H4 and H3 (34.8-32.0 cal ka BP). Radiocarbon dating
has also made it possible to demonstrate the presence of mammoths
between H4 and H3 (32.6 and 32.5 cal ka BP) using the example of two
other sites in Poland, thus shifting the range of this gap. Thus, new
radiocarbon dates that extend and verify the existing data have led to the
conclusion that, to date, there is no evidence for the occurrence of
mammoths in Poland between 43.2 and 40.6 cal ka BP, or between 34.8
and 32.6 cal ka BP. The radiocarbon dates support the conclusions of
Ukkonen et al. (2011) on the occurrence of woolly mammoth in the
circum-Baltic region — namely, that (i) the mammoth was widespread in
northern and north-eastern Europe during MIS 3; and (ii) that the widest
distribution of mammoths occurred around 30 ka. This taxon was closely
associated with the steppe.

There is still debate about the process of extinction of the woolly
rhinoceros (Coelodonta antiquitatis) in Eurasia, particularly regarding
whether it was simultaneous (isochronous) or gradual across parts of
Europe (anisochronous) (Lorenzen et al., 2011; Stuart and Lister, 2012).
This has to do with radiocarbon studies, which remain insufficient,
leading to gaps (such as c. 40-34 ka BP) in the pattern of dates in certain
areas, indicating temporary absences of C. antiquitatis (Stuart and Lister,
2012). The three radiocarbon dates of the Krosinko woolly rhinoceros,
which range between 48.4 and 38.5 ka BP, do not resolve the nature of
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extinction but have great chronostratigraphic significance. The radio-
carbon date of 38,500 + 900 BP (Table 2) falls exactly in the previously
defined temporal absence of the woolly rhinoceros in Europe. This al-
lows us to limit the range of the woolly rhino’s gap in Europe to 40 to 38
ka BP. This also shows how further radiocarbon dating of woolly rhi-
noceros remains is necessary to better understand the pattern of the
European distribution of this species. The general pattern for Eurasia
deducible from published radiocarbon dates shows that the woolly
rhinoceros ranged from >49 to c. 15 ka BP, with the species becoming
extinct in European Russia at 19.4-15.1 ka BP, and in Britain at c. 35 ka
BP (GI-7) (Stuart and Lister, 2012). From the perspective of Polish
chronology, the radiocarbon dates of woolly rhinos from Krosinko
indicate their presence during the Grudziadz Interglacial of the Vistulian
Glaciation (MIS 3). The temporal variability of the occurrence of the
woolly rhinoceros in Poland has never been studied, and individual
radiocarbon dates indicate that it was present c. 28.4 ka BP (Szczecin:
Stuart and Lister, 2012), 20.8 ka BP (Deszczowa Cave: Nadachowski
et al., 2009; Stuart and Lister, 2012), 17.8 and 16.1 ka BP (Jasna Cave:
Stuart and Lister, 2012). Even earlier work has reported that rhinoceros
remains have generally been found in layers dated to Riss — which
nonetheless needs to be verified — and to Wiirm, which would corre-
spond to MIS 8-3 (2?) (Kowalski, 1959). However, a systematic and
synthetic study of the remains of this species needs to be carried out to
shed light on the occupation patterns of Poland in the context of the rest
of Europe, and to resolve questions of morphological variation in spe-
cific subenvironments.

5.3.3. Equidae

The two radiocarbon dates for horse (Equus ferus) bones are closely
clustered at 48 and 47 ka BP. This is consistent with previous results of
relative dating of horse remains from Poland (MIS 8, 5d-2), which
mainly point to the Weichselian Glaciation (Riss, Wiirm: Cyrek et al.,
2010; Kowalski, 1959). However, radiocarbon dating series are lacking,
as is the case with the other taxa discussed here. Horses are a common
species in both glacial and interglacial faunal assemblages in Eurasia.
They prefer grassland or steppe areas, which does not mean that they are
ecologically or geographically restricted to these habitats (Woodward,
1991), but are rather associated with a wide range of Pleistocene and
Holocene environments (Azzaroli, 1992). In the Holocene, wild horses
survived in the steppe zone (Plasteeva et al., 2020). Their ecological
plasticity has in part to do with their ability to thrive in areas where
other ungulates fail to flourish. This prevalence is associated with the
use of habitat containing thick, fibrous vegetation — a resource which
other ungulates (such as ruminants) avoid due to the prohibitive amount
of energy and processing time involved — due to distinctive digestive
anatomy and physiology (Kaagan, 2000). Many authors have empha-
sized the role of climate in the evolution of the horse, especially during
the transition from Pleistocene to Holocene, with its severe changes in
climate (Uerpmann, 1990). For this reason, the Pleistocene ranges of
widespread wild horses in Eurasia were fragmented along with
decreasing abundance in the Early Holocene. Isotope studies also record
changes, such as depletion in horse 5'3C at the start of the Holocene, as is
also seen in cattle and red deer as a result of changing plant 5'3C values
due to an increase in atmospheric COy concentration (Stevens and
Hedges, 2004).

5.3.4. Bovidae

The radiocarbon dates for representatives of the family Bovidae—35
ka BP for steppe bison (Bison priscus) and 38 and 34 ka BP for aurochs
(Bos primigenius)—fall in the Middle Weichselian glaciation or the
Grudziadz Interstadial in Polish stratigraphy (MIS 3).

The radiocarbon data of the steppe bison skull with horncore
(39.8-37.1 cal ka BP) falls in GI-9-GI-8c. Given this taxon’s dominance
during the colder periods of the Late Pleistocene, with their association
with open environments (steppe-tundra), this date should be associated
with GS-9. On the other hand, recent palaeo-ecological studies indicate
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that this species also lived under interstadial conditions, leading to the
conclusion that ancient bison adapted to different degrees of palae-
omobility, according to the prevailing palaeo-ecological conditions and
climate (Funck et al., 2020). The fossil record of the taxon in Poland
begins with the Middle Pleistocene, although it is known from only one
cave (Bisnik: MIS 7-Cyrek et al., 2010, later revised by Krajcarz et al.,
2014 to MIS 6/5e). Its distribution throughout Poland falls within MIS
5d-2, based on the fossil record in the absence of radiocarbon chro-
nology, although excluding mountainous areas in the south (Wiirm:
Kowalski, 1959). This is related to the development of the steppe bison
during this time (Wiirm) at the expense of Bison priscus schoetensacki,
associated with forest biotopes, which became rarer (Palacio et al.,
2017). During the Middle and Late Weichselian, the steppe bison
(B. priscus) alternated in its occupation of Western Europe with the
European bison (Bison bonasus) as a result of climate-induced environ-
mental changes, as shown by studies of ancient mitogenomes from
throughout Europe, the Caucasus and Siberia, and reinforced by evi-
dence from cave paintings (Chauvet cave, France, 36 ka) (Massilani
et al.,, 2016). The Late Pleistocene European steppe bison originated
from northern Eurasia, whereas the modern wisent population emerged
from a refugium in the southern Caucasus after the Last Glacial
Maximum (Massilani et al., 2016). At the same time, the steppe bison
was disappearing from the fossil record in Poland, as seen by the lack of
its remains in postglacial strata (Kowalski, 1959). This is confirmed on a
European scale. Only B. bonasus in Europe survived the effects of the
climate changes in the Holocene, associated with temperate climate and
forested vegetation, as specified by fossil records and DNA study; how-
ever, this survival was at the expense of reductions in its genetic di-
versity (Massilani et al., 2016). The northern steppe bison population
persisted locally in southern Yukon into the middle Holocene (5400
years ago: Zazula et al., 2017).

Radiocarbon dates for aurochs (41.8-39.1 cal ka BP and 38.8-35.6
cal ka BP) fall into GS-11-GS-9 and GS-9-GS-8. These dates should be
associated with GI-10 and GI-9, and thus with moderate climatic con-
ditions, as this taxon requires. During cold intervals, the aurochs prob-
ably retreated, though in the absence of a radiocarbon chronology for
this species in Poland this is difficult to confirm at the moment. The fossil
record suggests that aurochses occurred in Poland in the Pleistocene
(MIS 5d-2) and Holocene (MIS 1), with the last representative of the
species dying in 1627 (Wiirm, Holocene: Kowalski, 1959). During the
Pleistocene, the spread of the aurochs was considerable in Europe, with
no evidence from Ireland or of crossing the Bering Strait. The lower
abundance of aurochs finds in the Pleistocene than in the Holocene
(Wright, 2013) also seems to apply to Poland. This may be the result of
the reduction in its range during the numerous Pleistocene glacial pe-
riods (Wright, 2013). On the other hand, it could also be explained by a
potential increase in abundance during the early Holocene (Mesolithic
and Neolithic) in response to increasingly favourable mild and humid
conditions after the end of the last Ice Age (Van Vuure, 2005). None-
theless, its dependence on temperate climate and on open forests,
widespread during the Holocene Climatic Optimum, has been confirmed
(Degerbgl and Fredskild, 1970) and is associated with the distribution in
Europe. This reason, along with the great genetic variation of Italian
aurochses, leads to the assumption that the species may have retreated
to refugia, perhaps on the Apennine Peninsula, during the Last Glacial
Maximum (Mona et al., 2010). Central and northern areas in Europe
were recolonized after the last glaciation by eastern immigrants origi-
nating from regions in Eastern Asia that hosted temperate forests with
large areas of grassland during the last glaciation (Mona et al., 2010). In
the Holocene, aurochses are common and took on symbolic meaning for
people, as shown by evidence from the Middle East, including Cata-
Ihoyiik. In Neolithic Gatalhoytik, highly selected elements of aurochses
(which were hunted using obsidian tools [Pawlowska, 2014]), were used
to decorate houses and were included in feast and other deposits
(Pawlowska, 2020).
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5.3.5. Cervidae

The radiocarbon date for the skull of the giant deer (Megaloceros
giganteus) (>45 ka BP) is an open date and may correspond to MIS 3,
when the giant deer was very common in the higher and middle latitudes
of Europe, or may be far beyond MIS 3. Giant deer preferred mixed semi-
open habitats that allowed both grazing and browsing, as demonstrated
by the relatively narrow distribution of M. giganteus in Eurasia and the
palaeoecological data, as two independent lines of evidence (Lister and
Stuart, 2019). In Poland, giant deer remains occur only in the Pleisto-
cene strata (Kowalski, 1959; Pawlowska et al., 2014b), which is
consistent with the results from Krosinko, with their complete absence
so far in the postglacial period. However, this species survived until
around 6900 radiocarbon year BP (Holocene) in western Siberia (Stuart
et al., 2004). The pattern of distributional changes showing that it dis-
appeared from the eastern areas of Eurasia correlates chronologically
with the spread of closed forest, while its extinction in western Europe
remains strongly linked to the deterioration of the climate and the
replacement of a productive mixed habitat with a tundra-like landscape
in the Younger Dryas (Late Glacial Interstadial: LGI) (Lister and Stuart,
2019).

The dating of the red deer (Cervus elaphus) radius bone from Krosinko
to 38 ka BP (42.1-39.3 cal ka BP) points to MIS 3 (GI-10 or GI-9), which
falls within the time frame of the species’ occurrence in Poland (MIS 11/
9: Pawlowska et al., 2014a; MIS 8: Cyrek et al., 2010; MIS 5d-2; Wiirm:
Kowalski, 1959) and in Europe (MIS 14-1). The pattern of European
inhabitation is discontinuous in the central part (LGM), when deer
occupied the refugia of southern Europe, as indicated by three deeply
divergent mitochondrial DNA lineages (the western European, eastern
European and Mediterranean groups) that split during the last glaciation
as a result of isolation (Skog et al., 2009). The western and eastern Eu-
ropean lineages could be linked to Iberian and Balkan refugia, respec-
tively, while the Mediterranean one might originate from a refugium in
Sardinia, Spain or Africa (Skog et al., 2009). This is related to the habitat
requirements of red deer, which was and is associated with woodlands.
Their development in LGI (Bolling) restores the occurrence of the taxon
in Central Europe. This species is usually present in deciduous forests,
although it is also known from coniferous forests and open habitats.
Similarly, giant deer is a mixed feeder, alternately browsing and grazing
according to the available habitat (Gordon, 2003). Its successful
recolonization in the late European Pleistocene led to its prevalence in
the Holocene (MIS 1), and this is also apparent in the assemblage
recovered from the Krosinko peats.

Radiocarbon dates from Krosinko indicate the presence of reindeer
(Rangifer tarandus) in Central Poland between 36 and 26 ka BP, which
correlates with the Middle and Late Weichselian glaciation (MIS 3-2).
The oldest date (40.4-38.3 cal ka BP) corresponds to the GS-10-GS-9
stadial, and the others (31.7-29.8 cal ka BP and 29.1-28.2 cal ka BP) to
the GS-5.2-GS-5.1 and GS-5.1-GS-4 stadials. These results are consistent
with the climatic requirements of the reindeer, which is a cold-hardy
species. Its abundance declined during warming, as is well illustrated
by an example from France (Grotte XVI), where episodes of summer
warming between about 36,000 and 12,000 radiocarbon years ago led to
a decline in the relative abundance of reindeer (Grayson and Delpech,
2005). Also, because of climate links, reindeer, along with saiga ante-
lope, spotted hyena and arctic fox, underwent significant distributional
changes in their range during the Pleistocene to Holocene shift (Som-
mer, 2020). This has implications for their distribution in Poland during
the Pleistocene by displaying a characteristic pattern of retreating
further and further north as the climate warms (transition to MIS 1; LGI).
Climate projections show that a temperature rise of 4-7.5 °C in the far
north would lead to high mortality in reindeer populations, and this
mortality may be accompanied by a significant retreat of the southern
limit of their distribution (Grayson and Delpech, 2005). The oldest
reindeer remains from Poland are known from a single site (Belchatow
coal mine) and are dated to MIS 11/9 (Pawlowska et al., 2014a). The
fossil record of other reindeer remains discovered in Poland ranges from
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MIS 8-6 through 5d-2 (for cave findings) to MIS 1 (for mostly Mesolithic
sites of northern Poland) (Riss, Wiirm and postglacial: Kowalski, 1959).

5.3.6. Felidae

Radiocarbon dating of the mandible of a cave lion (Panthera spelaea
spelaea) from Krosinko gave a date >48.3 ka BP (falls in or far beyond
MIS 3). This dating, alongside the radiocarbon dating of material from
other Polish sites, has shown the presence of this taxon between 150 and
28 ka BP (Marciszak et al., 2021). Generally, the cave lion (Panthera
spelaea) has been recorded in Poland at sites dated in the range 750-28
ka. This predator was predominantly associated with open habitats that
characterized cool stages, but it may also have occurred in the more
open woodland that developed in interstadials (Stuart and Lister, 2011).
This is strongly confirmed by the recent discovery of a partial skeleton of
a cave lion in Torca del Ledonthe (Iberia) dated to GI-11, which was a
warming event in which a mature forest developed under humid and
temperate conditions at this site (Alvarez-Lao et al., 2020). Isotope study
has pointed to an individualistic prey choice for cave lions, with some
individuals more oriented to reindeer and others to young cave bears,
significantly without competition from cave hyenas, which display
different isotopic signatures (Bocherens et al., 2011). During its history,
the cave lion went through a demographic bottleneck during MIS 3, as
shown in DNA analysis by a decline in effective population size around
47 cal ka BP, followed by an increase most likely around 18 cal ka BP
(Ersmark et al., 2015). This change is correlated with the appearance of
dwarf and gracile specimens in Poland from MIS 3 (Marciszak et al.,
2021). The species recovered shortly before its extinction which, ac-
cording to Stuart and Lister (2011), occurred around 14 cal ka BP. The
process of decline of the Pleistocene lion was approximately synchro-
nous across Poland, but the species vanished much earlier than in other
European areas (Marciszak et al., 2021). The reason for the extinction of
the cave lion has to do with climate change, with forces of ecosystem
change leading to the collapse of the mammoth steppe ecosystem (Stuart
and Lister, 2011). This change, moreover, affected many taxa.

5.3.7. Ursidae

A bear (Ursus sp.) from Krosinko with a radiocarbon date of 32 ka BP
stratigraphically matches the Middle Weichselian Glaciation or Grud-
ziadz Interstadial (MIS 3), and also corresponds with the stratigraphic
range of the occurrence of bears in Poland, including both U. speleaus
and U. arctos (from MIS 8 to MIS 2; Riss—Wiirm: Kowalski, 1959).

6. Conclusions

The study of the Krosinko findings led to the reconstruction of the
faunistic structure from the Late Pleistocene to Holocene (at least MIS
3-1). The two subassemblages differed both taxonomically and tapho-
nomically. The Pleistocene assemblage included woolly mammoth,
woolly rhinoceros, horse, giant deer, red deer, fallow deer, reindeer,
steppe bison, aurochs, bear and cave lion, while the Holocene was
represented by elk and red deer. The range of fossilization of the ma-
terial is extreme, ranging from very high in the Pleistocene assemblage
to little, if any, (sub-fossilization) in the Holocene assemblage.

The Pleistocene faunal assemblage, in which woolly mammoth and
woolly rhinoceros dominate, reflects the structure of the Mammu-
thus—Coelodonta faunal complex. Representatives of this complex
preferred the dry and cold conditions that characterized the palae-
oenvironmental conditions at Krosinko, and thus in Central Europe in
the Late Pleistocene. In addition, this area was characterized by
permafrost, which also covered much of Europe. These palae-
oenvironmental features are associated with the mammoth steppe, a
biome that functioned from Eurasia to Canada. The diversity of this
steppe influenced the faunal distribution in the range of taxa and groups
of taxa. The biogeography of the Krosinko fauna, combined with
radiocarbon chronology (21 dates), was thus conducted separately for
each taxon. This approach was necessary because of the individual
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response of taxa to changing environmental conditions in response to
those of climate. These changes, combined with reductions in herbi-
vores, led to the disappearance of the mammoth steppe and to the near
or total extinction of the faunal species inhabiting it.

Relating the Krosinko results to European evidence showed the dy-
namics of colonization of Eurasia by different Pleistocene fauna, their
habits and adaptations, and the history of migration, population
replacement and extinction in Eurasia. The fossil record, radiocarbon
chronology and DNA study form common lines of evidence for a long-
term process of species extinction, preceded by range reduction and
even by long existence in terminal refugia accompanied by a loss of
genetic variation and adaptive flexibility (Lister and Stuart, 2008).
However, some species, such as woolly mammoth, horse, giant deer,
steppe bison and muskoxen, survived the Late Pleistocene extinction
event and could be described as species with a high degree of ecological
flexibility.

Further research should focus on the taphonomic evaluation of the
Krosinko faunal material, in order to reconstruct the depositional history
in detail and to determine whether there are non-fluvial factors
responsible for their shape and deposition. In particular, it would be
valuable to assess the contribution of humans, and its character, on the
assemblage by evaluating marks present on the remains (natural vs an-
thropic). No less important is the need to revise the remains of Bovidae
to separate them into Bos and Bison, in order to perform a series of
radiocarbon dating for most taxa, excluding the woolly mammoth and
cave lion, and so to establish their precise chronology in Poland and to
relate them to patterns of settlement, withdrawal and extinction in
Eurasia.
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