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One or Two: How Many Species of the Genus Pyrrhocorax (Passeriformes, Corvidae) Inhabited the 
Crimea During the Late Pleistocene? Gorobets, L., Kovalchuk, О. & Ridush, B. —Th e article provides 
an overview of bird remains assigned to the genus Pyrrhocorax Tunstall, 1771 from nine cave sites of Late 
Pleistocene and Early Holocene age within the Crimean Peninsula (Ukraine). A large sample of chough 
bones from the Emine-Bair-Khosar Cave (722 bones) is processed and the results obtained are presented 
here for the fi rst time. Re-identifi cation of the remains revealed the presence of the Alpine chough Pyr-
rhocorax graculus in the studied region instead of two species of the genus Pyrrhocorax as previously 
believed. Th e material processed was assigned to an extinct subspecies, Pyrrhocorax graculus vetus, based 
on a series of measurements taken from various skeletal elements (in particular, coracoideum, humerus, 
ulna, radius, carpometacarpus, femur, tibiotarsus, and tarsometatarsus). Th e previous assumptions of the 
coexistence of two chough species in the Crimea during the Late Pleistocene made it possible to consider 
climate in this region as relatively warm. Our results indirectly revealed that the climate of the Crimean 
Peninsula at the verge of the Late Pleistocene and Holocene was rather cool and therefore unsuitable for 
the red-billed chough.
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Introduction

Numerous fossil bird remains of Late Pleistocene age were found in sediments fi lling caves and rock 
shelters in the Crimean Peninsula (Tugarinov, 1937; Voinstvensky, 1963, 1967; Baryshnikov & Potapova, 1988, 
1992; Gavris & Taykova, 2004; Tsvelykh, 2013, 2017, 2018; Majkić et al., 2017; Kovalchuk et al., 2021). During 
Pleistocene glaciations, this area could have been a refugium for many species including birds, which subse-
quently settled in the southern part of Eastern Europe (Nikiforov, 2008). Th e study of Late Pleistocene fossil 
remains from the Crimean Peninsula is one of the keys to understanding the history of the avifauna of Eastern 
Europe. Nowadays, most of the bird species identifi ed in the Late Pleistocene of the Crimea are common not 
only within this peninsula, but in the entire territory of Ukraine. Nevertheless, several species have disappeared 
from the region, including representatives of the genus Pyrrhocorax Tunstall, 1771, the remains of which were 
numerous among Late Pleistocene birds. Th ey were not recorded in the Crimea for 200 years of zoological 
obser vations (Kostin, 2006).

Several publications on the study of Pleistocene birds of the Crimea appeared in the 20th century (e. g., 
Tugarinov, 1937; Voinstvensky, 1963, 1965, 1967; Baryshnikov & Potapova, 1988). Authors of these articles 
mentioned two species, Pyrrhocorax pyrrhocorax and P. graculus, which coexisted there during the Late Pleis-
tocene. However, the methods used by these researchers raise doubts about the accuracy of the species identi-
fi cation. A critical analysis of past publications and the study of new fi nds are crucial for establishing a correct 
number of species of the genus Pyrrhocorax lived in the territory of the Crimea in the Late Pleistocene. Th ese 
bird species oft en coexist in ecosystems, but their habitats diff er substantially. Th e Alpine chough Pyrrhocorax 
graculus prefers high mountain rocky areas and tolerates cold conditions (Madge, 2019). In these birds, sur-
vival rate in winter is higher than in summer, and warming during cold seasons negatively aff ects the number 
of adults (Chiff ard et al., 2019). Th e red-billed chough Pyrrhocorax pyrrhocorax also inhabits mountainous 
regions, although it can nest at the sea level (McKay, 1996). Th roughout the year, the diet of the latter species 
includes mainly insects (Laiolo & Rolando, 1999), so these birds avoid extremely cold conditions. Accurate 
information about the coexistence of two species of the genus Pyrrhocorax or, vice versa, the presence of only 
one of them is important for better understanding paleoecological conditions in the Crimea.

Th e aim of this paper is to present the results of a revision of a large sample of chough remains (including 
those described for the fi rst time) from the Late Pleistocene of the Crimean Peninsula.

Fossi l  record of  the  genus Pyrrhocorax
All known fossil bird remains of the genus Pyrrhocorax belong to the extant species — the red-billed 

chough Pyrrhocorax pyrrhocorax (Linnaeus, 1758) and the Alpine chough P. graculus (Linnaeus, 1766). A sin-
gle extinct species, Pyrrhocorax primigenius, was described by Milne-Edwards (1875) from the Pleistocene of 
France. However, Mourer-Chauviré (1975) re-examined the type series of this species and came to the conclu-
sion that P. primigenius does not deserve the species rank and rather represents an extinct subspecies of the 
nominal species: Pyrrhocorax pyrrhocorax primigenius (Milne-Edwards, 1875), based on diff erences in size of 
the bones (Mourer-Chauviré, 1975). Mlíkovský (2002) believed the using subspecies categories for extinct birds 
is not substantiated enough and referred the chough bones from France as P. pyrrhocorax. An extinct subspe-
cies Pyrrhocorax graculus vetus Mourer-Chauviré, 1975 was described for the Alpine chough. Th e previously 
used Pyrrhocorax graculus vetus Kretzoi, 1962 is considered to be nomen nudum (Mlíkovský, 2002; Kurochkin 
et al., 2015).

Th e extant Pyrrhocorax graculus graculus (Linnaeus, 1766) inhabits mountainous regions in Europe and 
North Africa; bones of this subspecies now predominate in comparative osteological collections of Europe 
(Cramp & Perrins, 1994). P. graculus graculus diff ers from P. graculus vetus in size: long tubular bones of the 
latter are shorter and thicker (Mourer-Chauviré, 1975). Th e size of skeletal elements in extinct and extant sub-
species has a signifi cant overlap. Identifi cation of fossils usually requires a large sample or the fi nding of bones 
with sizes that are reliably diff erent from those in extant birds. Th is is probably one of the reasons why most 
researchers avoid describing new subspecies.

Th e range and time of existence of Pyrrhocorax graculus vetus is insuffi  ciently studied. Th is subspecies is 
recorded in the Late Pliocene, Early and Late Pleistocene of Hungary, Early and Middle Pleistocene of Romania, 
and Late Pleistocene of Austria and Slovakia (Kessler, 2020). In our opinion, in this case, the identifi cation of 
a subspecies does not have a proper argumentation. In each locality, the sample is not signifi cant (usually less 
than 10 specimens including phalanges), the bones are damaged, and it is possible to take only a few measure-
ments. In addition, Kessler (2020) mentioned the Late Pliocene fi nds of the P. graculus vetus remains with 
reference to Jánossy (1972), although corvids are not mentioned at all in the article cited. In addition to the type 
locality (Saint-Estève) and other Middle Pleistocene localities in France (Mourer-Chauviré, 1975), P. graculus 
vetus has been identifi ed in materials from the Late Pleistocene locality of Devetashka Cave in Bulgaria (Boev, 



153One or Two: How Many Species of the Genus Pyrrhocorax Inhabited the Crimea?

1999) and Treugolnaya Cave in the North Caucasus (Potapova & Baryshnikov, 1993). Numerous remains of 
this subspecies were found in Bulgaria (number of identifi able specimens — 197), the sample from the Cauca-
sus is smaller (number of identifi able specimens — 23), but the measurements provided indicate a high prob-
ability that the subspecies is identifi ed correctly.

Th e earliest fi nds of bird remains of the genus Pyrrhocorax are described from the Csarnóta 2 locality in 
Hungary, dated to the Early Pliocene (Kessler, 2013, 2020; Kessler & Horváth, 2022). Nevertheless, this infor-
mation needs confi rmation (Kurochkin et al., 2015). Th e place of their deposition is not specifi ed. During the 
re-identifi cation of bird remains described in the above articles, a large number of errors were found, including 
the identifi cation not only to the species or genus, but also to the family and even order level (see Zelenkov, 
2016 a, b, 2017 for more details).

Reliable fi nds of Pyrrhocorax are known from the Late Pliocene, both in the east and west of Europe, in 
Bulgaria (Boev, 2000) and Spain (Villalta, 1964), respectively. Probably, two species of this genus could have 
been found in the Late Pliocene, although researchers preferred describing them in open nomenclature as 
either P. cf. pyrrhocorax or P. aff . pyrrhocorax. During Pleistocene, P. graculus and P. pyrrhocorax were quite 
numerous in mountainous regions of southern Europe (south of 50° N latitude). Remains of these species were 
found in dozens of Pleistocene localities in western, central and eastern parts of the subcontinent (Tyrberg, 
1998; Boev, 1999; Mlíkovský, 2002). Th e easternmost fi nds of Early Pleistocene age are confi ned to Bulgaria 
(Boev, 2006 a: only P. pyrrhocorax) and Romania (Čapek, 1917; Jánossy, 1979: both species), i. e. westward 
of the Crimea. During the Middle Pleistocene, both species of the genus Pyrrhocorax existed further east of 
the Crimea, in the North Caucasus (Potapova & Baryshnikov, 1993; Baryshnikov & Potapova, 1995). In most 
localities, remains of both these species have been identifi ed, although only P. graculus is usually described 
from Eastern Europe (Tyrberg, 1991; Boev, 1994; Mlíkovský, 1997; Wojtal et al., 2012). Such a diff erence can 
be explained by cooler conditions in this part of Europe during that time (Tyrberg, 1991). Th ere are data on the 
coexistence of P. graculus and P. pyrrhocorax in the Late Pleistocene of the Crimea (Tugarinov, 1937; Voinst-
vensky, 1967; Baryshnikov & Potapova, 1988), but we doubt the accuracy of these identifi cations. Voinstvensky 
(1967) published a survey of Miocene–Holocene birds of Ukraine but he does not specify how he recognized 
these two extant species. Tugarinov (1937) and later Baryshnikov & Potapova (1988) described their methodol-
ogy although there are grounds for skepticism. Th ese authors described the same sample (number of identifi -
able specimens — 209), but their results diff er signifi cantly (see below). Th e authors have not commented the 
reason for such a great discrepancy. We believe that the information on the number of Pyrrhocorax species in 
the Pleistocene of the Crimea needs to be re-examined.

Material and Methods

Th e material for this study comes from nine cave sites in the Crimean Mountains (fi g. 1). Almost all the 
remains described (except some specimens from Sjuren 1 and Adzhi-Koba Caves) are deposited in the col-
lection of the Department of Palaeontology, National Museum of Natural History (NMNHU of the National 
Academy of Sciences of Ukraine in Kyiv, and they were re-identifi ed by one of us (LG). For most of the locali-
ties listed below (except of Emine-Bair-Khosar), the age was determined by accompanying archaeological arti-
facts. A mixing of layers of diff erent age has been established for some of these sites, which was not previously 
considered. In particular, the remains of Gallus gallus were described from the Late Palaeolithic of Kara-Koba 
(Voinstvensky, 1967); this is not possible, chickens appeared in Europe much later (Best et al., 2022). Anatomi-
cal terminology presented here follows Baumel et al. (1993). Most of the measurements were taken according 
to the scheme in Tomek & Bochenski (2000), in some cases according to Mourer-Chauviré (1975) which is 
indicated separately.

Studied local it ies
Emine-Bair-Khosar (44°48'04.65" N, 34°17'21.99" E). Th e cave (fi g. 2) is situated on the north edge of the 

Chatyrdag Plateau, which is a part of the Main Range of the Crimean Mountains. It is a complex 125 m deep 
karst shaft , consisting of subvertical and subhorizontal parts, with a total length of 1485 m. Th e several sites 
with bone remains are concentrated in the upper part, to a depth of 50 m. Th e main way of the large mam-
mals’ bone accumulation was through the vertical 18-meter-deep entrance pit, which functioned as a trap. At 
the same time, scavengers could penetrate to the cave through another entrance, leading via the subhorizontal 
gallery (the Northern Gallery), to the pit bottom (Vremir & Ridush, 2005; Ridush et al., 2013). Th e entrance pit 
is 4-meter-wide in its mouth, widening into an extensive chamber (the Main Chamber), up to 20 m wide and 
up to 15 m high. Because of the wide entrance, more than half of this chamber is in the photic zone. Th erefore, 
the alpine choughs, as well as the other troglophilous bird species, could be nesting in the niches in walls and 
ceiling. Even in the present days, the nesting of some owl species was noticed in the endmost corner of the 
Main Chamber. Th e debris cone under the entrance pit contains up to 3–5 % of bone material, and even more 
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in the bone-breccia site Bb. Th e sediments in the cone, consisting mainly of limestone debris, blocks, and loams, 
gravitationally moved downslope due to the crip process, solifl uction. Small particles, including remains of 
small vertebrates, were also transported by the melt water from snow cone and usually accumulated on the pit 
bottom during cold and snowy winters (Ridush et al., 2013, 2018).

Th ere are eight bone sites in the cave: Ba1, Ba2, Bb, Bc, Be, Bf, Bg, Bh, and Bj. Only two of them, i. e. Ba2 
and Bc, are now well stratifi ed. Th e Ba2 site contains the following units/layers: A, B, C, D, E, F (Holocene), Unit 
G (MIS 2), Unit H (MIS 3), and Unit I (MIS 5e, Eemian interglacial) (Bondar & Ridush, 2010; Ridush, 2013; 
Ridush et al., 2018). Th e Bc site contains the layers 1, 2a, 2b, 3, 4, and 5 (Vremir & Ridush, 2005). Th e sequence 
of cave sediments at the joint section of Ba2 and Bc sites covers the period since the Middle Pleistocene (MIS 7) 
up to the Late Holocene. Th e sequence was dated radiometrically during palaeogenetic research of diff erent spe-
cies, mainly of Cervus elaphus, from this site (Stankovic et al., 2011; Gąsiorowski et al., 2014; Doan et al., 2018, 
2022; Niedziałkowska et al., 2021). Th e rest of the sequence was roughly dated using biostratigraphic methods 
(Ridush et al., 2018). Th e accumulation of bones occurred there mainly during interglacials (MIS 5e) and inter-
stadials (MIS 3, 5c). Th e absence of cold-loving faunal elements (e. g. Rangifer tarandus) allows us concluding 
that a snow plug closed the entrance pit during very cold intervals (Ridush et al., 2018).

Kiik-Koba (44°57'54.05" N, 34°21'08.98" E; 515 m a. s. l.; Late Pleistocene). Eight bird bones were found, 
one of which has been assigned to P. pyrrhocorax (Voinstvensky, 1967).

Fig. 1. Map showing the Late Pleistocene and Early Holocene cave sites in the Crimean Peninsula yielding the 
remains of choughs (Pyrrhocorax): 1 — Emine-Bair-Khosar; 2 — Kiik-Koba; 3 — Kosh-Koba; 4 — Adzhi-
Koba; 5 — Sjuren 1; 6 — Alymivskyi Navis; 7 — Karani-Koba; 8 — Murzak-Koba; 9 — Fat’ma-Koba.
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Kosh-Koba (44°58'00.20" N, 34°20'59.99" E; 488 m a. s. l.; Mousterian, Late Pleistocene). Th ree bird bones 
were found there, and all referred to as P. pyrrhocorax (Voinstvensky, 1967).

Adzhi-Koba (44°54'59.94" N, 34°27'28.04" E; 760 m a. s. l.; Mousterian, Late Pleistocene). A total of 
601 bird bones were collected there and now they are deposited in the Zoological Institute (ZISP) of the Rus-
sian Academy of Sciences. Of them, six were described as P. pyrrhocorax and 29 — as P. graculus (Baryshnikov 
& Potapova, 1988). Another 43 bones are deposited in the NMNHU-P, of which M. Voinstvensky identifi ed six 
specimens as representing P. pyrrhocorax (original labels preserved).

Sjuren 1 (44°39'15.40" N, 33°48'31.90" E; 100 m a. s. l.; Aurignacian–Azilian, Late Pleistocene). Several 
hundreds of bird bones were found there, their exact number is not known (Voinstvensky, 1967), and most 
are deposited in ZISP. Of them, 48 bones were identifi ed as belonging to P. pyrrhocorax and 126 others — as 
P. graculus (Baryshnikov & Potapova, 1988). Tugarinov (1937) also described the remains from Adzhi-Koba 
and Sjuren 1 without diff erentiation by locality. Th e results of determination of choughs in Tugarinov (1937) 
diff er from those presented in Baryshnikov & Potapova (1988). Other 179 bird bones are deposited at the 
NMNHU, of which M. Voinstvensky identifi ed two specimens as P. pyrrhocorax and three as P. graculus. Th ese 
materials have not been published before.

Alymivskyi Navis (44°41'06.01" N, 33°52'26.07" E; 320 m a. s. l.): 172 bird bones were found, of which six 
were described as P. graculus and one as Pyrrhocorax sp. (Voinstvensky, 1967).

Karani-Koba (44°36'07" N, 33°42'57" E; 339 m a. s. l.; Late Palaeolithic, Early Holocene). A total of 
114 bird bones were collected on this site; 65 specimens were described as belonging to P. pyrrhocorax, and 
21 ones — as P. graculus (Voinstvensky, 1967). Th e collection is partially preserved; there are 94 bird bones in 
the NMNHU-P. Of them, 52 specimens were initially identifi ed by M. Voinstvensky (1967) as P. pyrrhocorax 
(original labels preserved), and seven as P. graculus. Another nine bones from the site remain unlabelled; we 
identifi ed them as belonging to P. graculus.

Murzak-Koba (44°31'59.98" N, 33°42'00" E; 156 m a. s. l.). Th ere are 26 bird bones in the material from 
this site including four specimens identifi ed as P. graculus (Voinstvensky, 1967).

Fat’ma-Koba (44°31'55.06" N, 33°48'00.8" E; 437 m a. s. l.; Early Holocene). Th ere are 11 bird bones from 
this site; one specimen was identifi ed as P. graculus (Voinstvensky, 1967).

Fig. 2. Locations of bone sites in the Emine-Bair-Khosar Сave on the section (Vremir & Ridush, 2005 modifi ed).



156 L. Gorobets, О. Kovalchuk & B. Ridush

Results and Comparisons

There are no reliable anatomical differences between bones of extant Pyrrhocorax pyr-
rhocorax and P. graculus. In a review of the comparative skeletal anatomy of European cor-
vids (Tomek & Bochenski, 2000), a single difference between these species (the structure 
of the condylus medialis of the femur) is indicated; the authors pointed the low diagnostic 
value of this character. Other attempts to find anatomical differences seem to be inconclu-
sive, mainly because different researchers find different discrepancies. For example, Tuga-
rinov (1937) mentioned one difference in the structure of tarsometatarsus (probably refer-
ring to the foramen vasculare distale, which in our opinion is a very variable character). 
He does not specify the number of skeletons in the comparative collection, but it is clear 
from the text that there were few of them — one Pyrrhocorax graculus and a handful of 
P. pyrrhocorax. Jánossy (1974) used the skeletons of three individuals of extant P. graculus 
and two P. pyrrhocorax, and indicated anatomical differences in tarsometatarsus, albeit it 
is difficult to understand which ones. According to his data (Jánossy, 1974), the ‘foramina 
inferiora’ are symmetrical in P. graculus and asymmetrical in P. pyrrhocorax. Probably, the 
foramen vasculare distale is meant, but this character differs from that suggested by Tugari-
nov (1937). The latter considered the number of foramina to be a diagnostic character (one 
in P. pyrrhocorax and two in P. graculus), while Jánossy (1974) pointed that there are two 
openings in both species, but they differ in symmetry.

We have examined the available specimens of choughs (eight individuals of P. gracu-
lus and three individuals of P. pyrrhocorax) and do not confirm the reliability of this 
character. Baryshnikov & Potapova (1988) wrote about the questionable difference in the 
shape of the processus acrocoracoideus and the depth of the recess in the distal part of 
carpometacarpus.

Even if the above differences are reliable the authors are limited in its application to 
distinguish between the two species. Tugarinov (1937) indicated that according to the ana-
tomical differences he discovered all tarsometatarsi belonged to one species, Pyrrhocorax 
graculus. Jánossy (1974) pointed out differences in the structure of tarsometatarsus, but 
this was one of six fossil chough bones he examined. Baryshnikov & Potapova (1988) tried 
to exploit the differences in the coracoideum structure, although there were only two cora-
coidei assigned to P. graculus among two hundred bird remains they examined. Fossil re-
mains of the genus Pyrrhocorax can only be identified to species level by measurements 
(Boev & Tsoukala, 2019). It is desirable to use various measurements. Instead, Tugarinov 
(1937) used a single parameter: the total length. Baryshnikov & Potapova (1988) measured 
bone length, width of the proximal and distal epiphyses, and the width of the diaphysis.

The total length is a parameter that is often used, but it is not enough to distinguish 
two species of choughs. In these birds, almost all measurements of tubular bones overlap; 
the only exception is the total length of humerus, the maximum dimensions of which in 
P. graculus are less than the minimum values of P. pyrrhocorax (Tomek & Bochenski, 2000). 
It is noteworthy that Tugarinov (1937) and Baryshnikov & Potapova (1988) identified all 
humeri from the Crimea as P. graculus. The conclusion that two species of the genus Pyr-
rhocorax differ in the length of wing bones (Jánossy, 1974) was made on a small sample 
and it was not confirmed using a larger sample (Tomek & Bochenski, 2000). To distinguish 
the fossil remains, the researcher needs to take a set of measurements on a large sample of 
extant species.

To our knowledge, no scientific institution has numerous extant Pyrrhocorax skele-
tons. Mourer-Chauviré (1975) combined data from several French scientific institutions; 
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the total sample in her study included eight individuals of extant P. pyrrhocorax and 15 ex-
tant individuals of P. graculus. Tomek & Bochenski (2000) combined measurements from 
collections of various institutions in Europe (but not France) and reached a sample of 
26 individuals of extant P. pyrrhocorax and 49 individuals of extant P. graculus.

In the NMNHU-P comparative collection, there are skeletons of three individuals of 
P. pyrrhocorax and six individuals of P. graculus. We used them to look for anatomical 
characters, but did not measure them since Tomek & Bochenski (2000) already used these 
specimens in the general sample. Their monograph is fundamental for the identification 
of the Pyrrhocorax remains. For some time, it was little known and not referenced in a 
number of articles published at the beginning of the 21st century (Boev, 2001, 2006 a, b; 
Mlíkovský, 2009). Now it is used by almost all researchers to identify the fossil remains of 
the genus Pyrrhocorax from Pleistocene localities in Europe (e. g., Rando, 2007; Tomek 
et al., 2012; Bedetti & Pavia, 2013; Carrera et al., 2018; Suárez-Bilbao et al., 2018; Boev & 
Tsoukala, 2019).

Baryshnikov & Potapova (1988) used data presented by Mourer-Chauviré (1975), 
but they had a small comparative collection with a sample from 1–4 individuals (depend-
ing on measurement) to 16 individuals (femur). The sample size matters: the mean fe-
mur length data in Baryshnikov & Potapova (1988) and Mourer-Chauviré (1975) agree to 
within 0.01 mm. For other bones, mean values are significantly different, as the difference 
between sam ples is sometimes 1 : 14. Under these circumstances, the measurements from 
Mourer-Chauviré (1975) should be regarded as etalon, and a small sample as an auxiliary 
one. Instead, the authors consider their small sample as a benchmark (see fig. 7 in Barysh-
nikov & Potapova, 1988). As a result, they conclude that there was no Pyrrhocorax graculus 
vetus in the Late Pleistocene of the Crimean Peninsula, and the birds should be identified 
both as Pyrrhocorax graculus and Pyrrhocorax pyrrhocorax.

If we compare the data on extant birds given by Tugarinov (1937) and Baryshnikov & 
Potapova (1988) with those on a larger sample (e. g., Tomek & Bochenski, 2000), it is no-
ticeable that previous researchers of fossil birds of the Crimea had a false representation of 
the difference in size between P. pyrrhocorax and P. graculus. For example, we will give data 
on the length of the ulna — this parameter is presented in all sources for both species (tab-
le 1), the results for other bones are the same. Tugarinov (1937) underestimated the size 
of P. pyrrhocorax — the maximum size presented by him is only slightly larger than the 
average in a large sample. Baryshnikov & Potapova (1988), on the contrary, overestimated 
the sizes: the minimum value in their sample is closer to the average in a large sample. 
This probably led to large discrepancies in the results. Tugarinov (1937) identified even 
small birds as Pyrrhocorax pyrrhocorax, while Baryshnikov & Potapova (1988) assigned 
only large individuals to this species. Therefore, according to Tugarinov (1937), the ratio 

T a b l e  1 .  Comparison of data on the length of ulna in extant Pyrrhocorax pyrrhocorax and P. graculus

Species n Length of the ulna, mm Referencesminimum maximum mean
P. pyrrhocorax ? 58.1 67.6 – Tugarinov, 1937

6 63.2 72.6 66.6 Baryshnikov & Potapova, 1988
22 56.0 72.5 65.2 Tomek & Bochenski, 2000

P. graculus 1 56.3 – – Tugarinov, 1937
2 56.3 56.5 – Baryshnikov & Potapova, 1988

31 54.2 62.0 57.4 Tomek & Bochenski, 2000
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of the P. pyrrhocorax to P. graculus remains is close to 1 : 1, however this proportion is 1 : 
3 in the Adzhi-Koba and Sjuren 1 according to Baryshnikov & Potapova (1988). In total, 
they determined the same 209 specimens of the genus Pyrrhocorax, but the discrepancy in 
results is very significant with such a sample size. Voinstvensky (1967) did not specify by 
which characters he distinguished the two chough species. His work is a survey of fossil 
birds of Ukraine from the Miocene up to the Holocene, and birds of the genus Pyrrhoco-
rax are mentioned together with dozens of other species from the Late Pleistocene of the 
Crimea. However, there are bones he examined and his labels in the NMNHU. W e checked 
the definitions in each case. M. Voinstvensky doubted the accuracy of the identification 
(species names on the labels crossed out and written again). Sometimes he identified the 
remains to a species level even if bones are poorly preserved and it is impossible to take 
any measurements. According to our data, 13 specimens of 65 bones from the Kara-Koba 
Cave, which Voinstvensky (1967) identified as Pyrrhocorax pyrrhocorax, are not suitable 
for measurements, so it is impossible to establish the species properly. The same applies 
to five bones (out of 10) from Kosh-Koba, three bones (out of five) from the Adzhi-Koba 
Cave, and two bones (out of 4) from the Murzak-Koba Cave.

Table  2 .  Measurements of bones from the Late Pleistocene of the Crimea identifi ed as Pyrrhocorax 
pyrrhocorax by Voinstvensky (1967)* and their comparison with those in extant Pyrrhocorax

Bone Locality, inventory number Measurements, mm
total length proximal width distal width

H
um

er
us

Kosh-Koba, NMNHU-P Av-7078 – – 13.2
Karani-Koba, NMNHU-P Av-10729 – 13.2 –
Karani-Koba, NMNHU-P Av-10741 – 13.6 –
Karani-Koba, NMNHU-P Av-10760 43.2 13.5 11.7
Karani-Koba, NMNHU-P Av-10761 46.4 15.6 13.2
extant P. graculus (minimum)** 40.6 13.2 10.5
extant P. graculus (maximum)** 46.0 15.7 12.6
extant P. pyrrhocorax (minimum)** 48.4 13.7 11.0
extant P. pyrrhocorax (maximum)** 58.7 17.6 13.6
extant P. pyrrhocorax (mean)** 52.9 15.7 12.5

Ca
rp

om
et

ac
ar

pu
s

Karani-Koba, NMNHU-P Av-10745 36.0 9.5 9.1
Karani-Koba, NMNHU-P Av-10816 37.4 9.2 –
Murzak-Koba, NMNHU-P Av-10831 36.6 – 9.4
extant P. graculus (minimum)** 33.5 7.8 7.4
extant P. graculus (maximum)** 38.1 9.0 8.9
extant P. pyrrhocorax (minimum)** 35.8 8.0 8.2
extant P. pyrrhocorax (maximum)** 43.3 10.2 10.0
extant P. pyrrhocorax (mean)** 38.9 9.2 9.0

Ta
rs

om
et

at
ar

su
s

Karani-Koba, NMNHU-P Av-10736 – 7.4 –
Karani-Koba, NMNHU-P Av-10759 46.2 7.1 5.1
Karani-Koba, NMNHU-P Av-10784 – 7.3 –
Karani-Koba, NMNHU-P Av-10807 – 7.7 –
extant P. graculus (minimum)** 41.8 6.6 4.7
extant P. graculus (maximum)** 48.9 7.8 5.7
extant P. pyrrhocorax (minimum)** 45.9 7.3 4.9
extant P. pyrrhocorax (maximum)** 56.4 8.6 6.4
extant P. pyrrhocorax (mean)** 51.0 7.9 5.5

*Th e table does not show the results of measurements of ulnae (20 specimens), radii (3 specimens), femori 
(7 specimens), and tibiotarsi (8 specimens). All these bones are damaged and it is impossible to measure their 
total length. Th e results of other measurements corroborate the general conclusion.

**Data aft er Tomek & Bochenski (2000).
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The identification of bones that are suitable for measurements is questionable. The 
remains identified by Voinstvensky (1967) as Pyrrhocorax pyrrhocorax are small as for 
this species (table 2). Their diameters in most cases are within the range characteristic of 
P. graculus. In some cases, the size of bones is larger than that of extant P. graculus, but not 
more than 0.2–0.5 mm. All fossil bones are smaller than or close to the average size of those 
in extant P. pyrrhocorax. If we accept Voinstvensky’s conclusion that these remains repre-
sent P. pyrrhocorax, the question arises why all of them are so small. There is no question 
if we accept that there was no P. pyrrhocorax in the Late Pleistocene of the Crimea, and all 
the bones belong to P. graculus.

The femur NMNHU Av-2128 from Adzhi-Koba was misidentified by Voinstvensky 
as P. pyrrhocorax. In fact, it belongs to a rook Corvus frugilegus. This is evidenced by the 
measurements — the total length is 46.5 mm, while the maximum length of P. pyrrhocorax 
is 46.0 mm (Tomek & Bochenski, 2000). The bone is also distinguished by an edge of the 
facies articularis antitrochanterica (cranial view) and a rounded crista tibiofibularis (lateral 
view), which is not characteristic for Pyrrhocorax.

Considering the above, we believe that the identification of bird remains from the Late 
Pleistocene of the Crimean Peninsula as P. pyrrhocorax does not have sufficient arguments. 
By all measurements, these remains correspond to or are very close to those in extant 
P. gra culus. Minor deviations allow us to assume that the remains belonged to an extinct 
subspecies.

To clarify this question, we investigate bird remains from the Emine-Bair-Khosar 
Cave  — the locality with the largest number of chough bones in the Crimea. Among 
722 bones belonging to Pyrrhocorax, 630 were found in layers dated to the Late Pleistocene, 
19 — to the Early Holocene, and 73 specimens come from layers lacking precise dating. 
The bones of Pleistocene age were used for the identification of the subspecies, while the 
remains of the other age were used as additional ones when checking anatomical characters 
and clarifying the ecological niche. The total length of tubular bones (number of identifi-
able specimens — 108) revealed that birds of the genus Pyrrhocorax from the Late Pleisto-
cene of the Crimea were smaller than extant P. pyrrhocorax (fig. 3). The maximum size of 
the bones is smaller than the mean for P. pyrrhocorax, and the maximum size of humeri is 
smaller than the minimum for P. pyrrhocorax.

Birds from the Late Pleistocene of the Crimea belonged to the same size class as extant 
P. graculus, although some differences in the total length of tubular bones are also notice-
able. Comparison of two samples using Student’s t-test revealed significant differences in 
size between the fossil Pyrrhocorax graculus from Emine-Bair-Khosar and extant P. gracu-
lus (tables 3–9, fig. 3). No differences were found for ulnae (radii were not used as they are 
represented only by two specimens). Most of the differences are in carpometacarpi. Pyr-
rhocorax from Emine-Bair-Khosar was distinguished by a shorter length of carpometacar-
pus, a smaller width of its proximal and distal ends, and a smaller width of the distal part 
of os metacarpale minus. Fossil specimens have a narrower proximal end of humerus, but 
a greater depth of the caput humeri. The distal end of the humerus was wider. Fossil speci-
mens also had a larger diaphysis of coracoid, tibiotarsus, and tarsometatarsus.

The subspecies Pyrrhocorax graculus vetus from the type locality of Saint-Estève, France 
(Middle Pleistocene) differs from the extant species in all the indicated characters (Mourer-
Chauviré, 1975; measurements of the width of the distal part of os metacarpale minus and 
the depth of the caput humeri are not given in the original description). The only noticeable 
difference between the birds from the Crimea and Pyrrhocorax graculus vetus is the length 
of tibiotarsus. In birds from the type locality, the mean value is 69.6 mm, while it equals 
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Fig. 3. Minimal and maximal values, arithmetic mean and standard deviation (SD) for the total length of cora-
coideum, humerus, ulna, carpometacarpus, femur, tibiotarsus and tarsometatarsus: PP — extant Pyrrhocorax 
pyrrhocorax (aft er Tomek & Bochenski, 2000); PGg — extant Pyrrhocorax graculus graculus (aft er Tomek & 
Bochenski, 2000); PGv — Pyrrhocorax graculus vetus from the Emine-Bair-Khosar Cave (our data); n — num-
ber of specimens.
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T a b l e  3 .  Comparison of measurements (in mm) of coracoidei of Pyrrhocorax graculus vetus from 
Emine-Bair-Khosar and extant Pyrrhocorax graculus (aft er Tomek & Bochenski, 2000)

Measurements
Extinct

P. graculus vetus
Extant

P. graculus t practical t critical
Statistically 
signifi cant 
diff erence
(yes/no)n mean SD n mean SD

Total length 14 31.4 1.2 21 31.6 1.2 0.48 2.04 no
Medial length 16 29.5 1.1 22 29.4 1.1 0.28 2.03 no
Minimum diameter of the shaft 17 2.5 0.2 24 2.3 0.2 3.15 2.02 yes
Sternal width 14 9.0 0.4 21 9.0 0.6 0 2.02 no
Depth of the sternal part 16 2.9 0.3 25 2.7 0.2 2.57 2.02 yes

Table  4 .  Comparison of measurements (in mm) of humeri of Pyrrhocorax graculus vetus
from Emine-Bair-Khosar and extant Pyrrhocorax graculus (aft er Tomek & Bochenski, 2000)

Measurements
Extinct

P. graculus vetus
Extant

P. graculus t practical t 
critical

Statistically 
signifi cant 
diff erence
(yes/no)n mean SD n mean SD

Total length 20 44.0 1.4 37 43.4 1.3 1.62 2.00 no
Proximal width 18 13.8 0.7 32 14.2 0.6 2.13 2.01 yes
Distal width 25 11.8 0.5 37 11.3 0.4 4.36 2.00 yes
Depth of the condylus dorsalis 23 5.8 0.4 39 5.5 0.2 3.94 2.00 yes
Maximum diameter of the shaft 26 4.7 0.4 40 4.6 0.2 1.35 2.00 no
Height of the processus 
supracondylaris dorsalis

21 6.3 0.4 32 6.4 0.3 1.03 2.01 no

Minimum diameter of the shaft 26 3.8 0.2 40 3.7 0.2 1.98 2.00 no

T a b l e  5 .  Comparison of measurements (in mm) of ulnae of Pyrrhocorax graculus vetus from Emine-
Bair-Khosar and extant Pyrrhocorax graculus (aft er Tomek & Bochenski, 2000)

Measurements
Extinct

P. graculus vetus
Extant

P. graculus t practical t critical
Statistically 
signifi cant 
diff erence
(yes/no)n mean SD n mean SD

Total length 10 56.5 2.1 31 57.4 2.2 1.14 2.02 no
Proximal width 15 7.8 0.4 34 7.6 0.4 1.61 2.01 no
Proximal height 15 8.4 0.5 31 8.5 0.4 0.73 2.02 no
Height of the processus cotylaris 
dorsalis

10 3.7 0.3 32 3.6 0.3 0.92 2.02 no

Minimum diameter of the shaft 16 3.7 0.2 38 3.6 0.3 1.22 2.01 no
Diagonal distal width 14 7.4 0.3 41 7.3 0.3 1.08 2.01 no
Depth of the condylus dorsalis 14 4.8 0.3 37 4.7 0.4 0.85 2.01 no

to 67.5 mm in individuals from the Crimea. However, both values fall into the range char-
acteristic of extant Pyrrhocorax graculus: 64.5–75.2 mm (Tomek & Bochenski, 2000), and 
the discrepancy may be due to a small sample size (there are hundreds of bones in the type 
locality, but only five tibiotarsi suitable for measurements, instead four complete tibiotarsi, 
were found in Emine-Bair-Khosar). In the original description of Pyrrhocorax graculus ve-
tus (Mourer-Chauviré, 1975), it is noted that some bones are slightly shorter than those in 
extant Pyrrhocorax graculus but more massive. This characteristic also applies to choughs 
from the Emine-Bair-Khosar. Bird remains from the Middle Pleistocene of France and Late 
Pleistocene of the Crimea are similar in how they differ from extant birds in terms of total 
length (fig. 4). If it were a coincidence, the difference would be proportional to the length 
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T a b l e  6 .  Comparison of measurements (in mm) of carpometacarpi of Pyrrhocorax graculus vetus from 
Emine-Bair-Khosar and extant Pyrrhocorax graculus (aft er Tomek & Bochenski, 2000)

Measurements
Extinct

P. graculus vetus
Extant

P. graculus t practical t critical
Statistically 
signifi cant 
diff erence
(yes/no)n mean SD n mean SD

Total length 23 34.2 1.4 28 35.5 1.3 3.43 2.01 yes
Proximal width 31 8.1 0.4 29 8.4 0.3 3.27 2.00 yes
Proximal height 31 6.1 0.5 29 6.5 0.3 3.72 2.00 yes
Cranial length 26 31.1 1.2 29 32.0 1.1 2.9 2.01 yes
Length of the os metacarpale alulare 27 4.1 0.2 29 4.1 0.2 0 2.01 no
Depth of the trochlea carpalis, 
measured with the processus 
pisiformis

23 5.1 0.3 27 5.3 0.4 1.97 2.01 no

Maximum distal width 24 7.9 0.6 25 8.1 0.4 1.38 2.01 no
Maximum width of the distal part 
of the os metacarpale minus

25 4.1 0.3 25 4.4 0.2 4.16 2.01 nes

Table  7 .  Comparison of measurements (in mm) of femori of Pyrrhocorax graculus vetus from Emine-
Bair-Khosar and extant Pyrrhocorax graculus (aft er Tomek & Bochenski, 2000)

Measurements
Extinct

P. graculus vetus
Extant

P. graculus t practical t critical
Statistically 
signifi cant 
diff erence
(yes/no)n mean SD n mean SD

Total length 25 39.7 1.3 28 40.0 1.5 0.77 2.01 no
Proximal width 32 7.2 0.4 30 7.3 0.2 1.23 2.00 no
Minimum diameter of the shaft , 
measured at the middle of its 
length

33 3.1 0.3 26 3.0 0.1 1.62 2.00 no

Distal width 27 7.6 0.3 27 7.7 0.3 1.22 2.01 no
Depth of the condylus medialis, 
measured with the long axis of 
the bone parallel to the calipers

26 4.3 0.2 25 4.5 0.3 2.81 2.01 yes

Depth of the tibial part of the 
condylus lateralis

27 5.9 0.2 27 6.1 0.3 2.88 2.01 yes

Depth of the fi bular part of the 
condylus lateralis

27 4.8 0.3 23 5.0 0.2 2.7 2.01 yes

Table  8 .  Comparison of measurements (in mm) of tibiotarsi of Pyrrhocorax graculus vetus from Emine-
Bair-Khosar and extant Pyrrhocorax graculus (aft er Tomek & Bochenski, 2000)

Measurements
Extinct

P. graculus vetus
Extant

P. graculus t practical t critical
Statistically 
signifi cant 
diff erence
(yes/no)n mean SD n mean SD

Total length 4 67.5 3.0 23 69.3 2.9 1.14 2.06 no
Proximal width I: distance between the 
facies articularis medialis and the facies 
articularis lateralis

9 6.5 0.3 28 6.5 0.3 0 2.03 no

Proximal width II: distance between 
the facies articularis medialis and crista 
cnemialis lateralis

7 9.7 0.4 21 9.7 0.3 0 2.06 no

Distal width 17 6.1 0.3 30 6.1 0.2 0 2.01 no
Depth of the condylus distalis medialis 16 5.9 0.2 28 6.1 0.3 2.38 2.02 yes
Minimum diameter of the shaft 15 3.0 0.1 31 2.8 0.2 3.64 2.02 yes
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of the skeletal element; however, such a regularity is not noticeable. The biggest difference 
is in the length of tarsometatarsi and carpometacarpi, while the difference between the ul-
nae (one of the longest bones in the avian skeleton) is much smaller. Since the birds from 
the Emine-Bair-Khosar differ from extant Pyrrhocorax graculus and do not differ from 
Pyrrhocorax graculus vetus Mourer-Chauviré 1975, we believe that the population of this 
subspecies existed in the Late Pleistocene of the Crimea.

In the original description of this subspecies, it is indicated that it differs from the ex-
tant species only in measurements while there are no anatomical differences. Based on the 
finds from the Crimea, some characters were found in the place of the shoulder joint of Pyr-
rhocorax graculus vetus. They differ from the extant species by a better developed attach-
ment point for the musculus pectoralis on humerus. The impressio musculus pectoralis in 
the place of transition into crista deltopectoralis has a clear edge; crista deltopectoralis has 
a concavity in the proximal edge. The pneumatic opening on the tuberculum brachiale of 

Table  9 . Comparison of measurements (in mm) of tarsometatarsi of Pyrrhocorax graculus vetus from 
Emine-Bair-Khosar and extant Pyrrhocorax graculus (aft er Tomek & Bochenski, 2000)

Measurements
Extinct

P. graculus vetus
Extant

P. graculus t practical t critical
Statistically 
signifi cant 
diff erence
(yes/no)n mean SD n mean SD

Total length 12 44.3 2.1 22 45.4 1.9 1.56 2.04 no
Proximal width 13 7.0 0.4 25 7.1 0.3 0.87 2.03 no
Distal width 21 5.2 0.3 22 5.2 0.2 0 2.02 no
Minimum diameter of the shaft 21 2.9 0.2 24 2.6 0.1 6.48 2.02 yes

Fig. 4. Diff erences in the length of tubular bones of Pyrrhocorax graculus vetus and extant Pyrrhocorax graculus. 
Data on the remains from France and extant birds follow Mourer-Chauviré (1975). Measurements are pre-
sented according to the scheme in Mourer-Chauviré (1975).
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the coracoideum is larger as compared to that in extant Pyrrhocorax (88%, n = 16) (fig. 5). 
These characters may reflect individual variability; it is difficult to use them in subspecies 
diagnostics.

Discussion

During the Late Pleistocene, the Alpine chough Pyrrhocorax graculus was widely dis-
tributed in the mountainous regions of Europe, from the Atlantic islands in the west to the 
Caucasus in the east (Boev, 1999). At the same time, the subspecies Pyrrhocorax graculus 
vetus was recorded only from Eastern Europe between 24° and 16° E longitude — in the 
Devetashka Cave, Bulgaria (Boev, 1999), Treugolnaya Cave, North Caucasus (Potapova & 
Baryshnikov, 1993), and Emine-Bair-Khosar in Ukraine (our data). In Western Europe, 

Fig. 5. Humerus (A) and coracoideum (C) of Pyrrhocorax graculus vetus from Emine-Bair-Khosar compared 
to respective bones (B, D) of Pyrrhocorax graculus. Arrows indicate a clear edge of the impressio musculus 
pectoralis (1) and a large tuberculum brachiale (2).

Fig. 6. Measurements of humerus (А) and tarsometatarsus (В) of Pyrrhocorax graculus vetus from the Emine-
Bair-Khosar Cave (Late Pleistocene, Ukraine), Pyrrhocorax graculus from Llonin Cave (Late Pleistocene, Spain) 
and extant Pyrrhocorax graculus.
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Pyrrhocorax graculus (without spec-
ifying the subspecies) is mentioned, 
although localities of Late Pleisto-
cene age with a large number of its 
remains are known for this territory. 
Even the author of the original de-
scription of the subspecies identified 
82 bones from the Grotte du bois du 
Canet (France) simply as Pyrrhoco-
rax graculus (Clot et al., 1984). At 
Llonin Cave (Spain), 27 remains of 
Pyrrhocorax graculus were found, all 
with diameters in the range typical 
for the extant Pyrrhocorax graculus 
(Núñez-Lahuerta et al., 2021). Com-
parison of the measurements from 
Spain and Emine-Bair-Khosar indi-
cates a difference: in the Late Pleis-
tocene of Spain there were birds that 
do not differ from extant ones, while in the Late Pleistocene of the Crimea there were birds 
that differ both from extant ones and those from Spain (fig. 6). This allows us to assume that 
the range of Pyrrhocorax graculus vetus in Europe was reduced during the Late Pleistocene, 
and this subspecies occurred only in the north of the Balkan Mountains, in the Crimean 
Mountains and the North Caucasus. In Pleistocene layers of the Emine-Bair-Khosar Cave, 
the bones of Pyrrhocorax graculus constitute 96.8 % of all bird remains. The relative abun-
dance of this species on the site during the Early Holocene is less than 20 % (table 10), in 
later times, choughs were not observed in the Crimea at all (Kostin, 2006). Apparently, 
warming has changed local ecosystems and these birds have disappeared. Nowadays, Pyr-
rhocorax graculus (fig. 7) occurs in mountainous areas of Europe at 1500–3000 m a. s. l. 

Fig. 7. Alpine chough Pyrrhocorax graculus. Drawing by Velizar 
Simeonovski.

Table  10.  Percentage of bird species in layers of Late Pleistocene and Early Holocene age of the Emine-
Bair-Khosar Cave

Species Late Pleistocene (NISP* 651) Early Holocene (NISP* 95)
Pyrrhocorax graculus vetus 96.8 20.0
Turdus merula 0 2.1
Sylvia atricapilla 0 4.2
Galerida cristata 0.2 0
Alauda arvensis 0 3.2
Anthus spinoletta 0 1.1
Passer sp. 0.2 0
Phylloscopus collybita/trochilus 0.2 0
Caprimulgus europaeus 0.3 0
Jynx torquilla 0 1.1
Lagopus lagopus 0 1.1
Coturnix coturnix 0 5.3
Columba livia/oenas 2.2 55.8
Falco tinnunculus 0.2 0
Gallinago media 0.2 0

*NISP — number of identifi able specimens.
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(Cramp & Perrins, 1994), while the highest peak of the Crimean Mountains is 1545 meters. 
It means that there are no ecosystems suitable for the existence of Pyrrhocorax graculus 
in the Crimea in modern climatic conditions. The range of Pyrrhocorax graculus also de-
creased due to warming in other regions of Europe during Holocene (Carrera et al., 2022).

The identification of the subspecies and its discovery in the Crimea is a new puzzle to 
the natural history of Pyrrhocorax graculus. Much more important is the conclusion that 
only one chough species (not two) have occurred in this region during the Pleistocene. 
Findings of its remains are indicators of past climatic conditions. For example, in a review 
devoted to a relict fauna of the Ice Age, Tyrberg (1991, p. 38) stated that ‘the differences in 
the Würmian ranges of the two Pyrrhocorax species may be due to a greater tolerance for 
cold continental climates by the Alpine Chough’. We agree with this conclusion of Tyrberg 
(1991) but note one inaccuracy. The review states that two species of the genus Pyrrhoco-
rax coexisted in western and southern regions of Europe, as well as in the Crimea, whereas 
P. graculus, adapted to cold conditions, was more numerous in Eastern Europe (Tyrberg, 
1991). If we accept that P. pyrrhocorax was absent in the Crimea during the Late Pleisto-
cene, this even strengthens the above statement.

The results obtained indicate cold conditions in the Crimea during the Late Pleis-
tocene. The climate was even colder than that in other regions of Europe located at the 
same latitude (44° N). The species composition of birds in each Late Pleistocene locality in 
Europe is different, but there are common features. There are birds representing various 
ecological niches, in particular open landscapes, forest steppes and forests. Indicators of 
open landscapes in materials from the Late Pleistocene localities are ptarmigans (Lagopus 
lagopus, L. muta) and phasianids (Perdix perdix, P. paleoperdix, Coturnix coturnix, Alecto-
ris sp.). The presence of trees is indicated by the findings of grouses (Tetrao urogallus, Lyru-
rus tetrix, Bonasia bonasia), thrushes (Turdus merula, T. philomelos, T. iliacus, T. pilaris, 
T. viscivorus), and woodpeckers (Picus viridis, Dendrocopos major, D. medius, Dryobates 
minor). This group also includes pigeons, which have a great ecological plasticity, but in the 
wild prefer forested areas (Murton & Westwood, 1966).

Temperatures in the mountainous regions of Europe, at least during nesting season, 
were not low, there were many insects, and there are numerous remains of birds that catch 
insects on the fly, in particular swallows (Delichon urbicum, Hirundo rustica, Cecropis dau-
rica, Riparia riparia, Ptyonoprogne rupestris) and swifts (Tachymarptis melba, Apus apus, 
A. pallidus) in large samples. The red-billed chough Pyrrhocorax pyrrhocorax catches in-
sects on the ground surface. If the diet of Pyrrhocorax graculus includes insects only during 
warm months, they are the main food for P. pyrrhocorax throughout the year (Laiolo & 
Rolando, 1999). In addition, there should have been numerous rodents in palaeoecosys-
tems, and therefore the remains of birds of prey were also found, including owls (Surnia 
ulula, Asio flammeus, A. otus, Aegolius funereus, Atene noctua, Strix aluco, S. uralensis, 
Bubo scandiacus) and falcons (Falco tinnunculus, F. vespertinus). A variety of conditions 
and not extremely low temperatures attract crows (Corvus corone / frugilegus, C. monedula, 
C. corax). All the groups of birds listed are present in Pleistocene localities of Europe, in 
which choughs have been found. An exception is the Emine-Bair-Khosar (table 11). More 
than 96 % of a large sample (651 bird bones) from this site are represented by a single spe-
cies — P. graculus. It allows us to assume extreme climatic conditions in this region as evi-
denced by the absence of dendrophylous species (except for a small number of pigeons that 
prefer ecosystems with trees but can also inhabit rocky areas) as well as migratory species 
arriving during warm season.
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Further palaeontological investigations in the Crimea together with a thorough revi-
sion of previously published data are important for the study of animal assemblages and es-
timating palaeoecological changes in this region during the Late Pleistocene and Holocene.
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