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Fossil assemblages and their biodiversity
	The vertebrate fossil remains used in this study consist mainly of teeth and disarticulated complete bones or their fragments, sometimes jaws and skull fragments. Some of large bones were recovered directly in the course of exploring the sites but most of them and the finer paleontological material (amphibians, reptiles, small birds and mammals) were obtained by wet sieving the entire sediment. The species attribution of material was based on the best diagnostic elements. Frequencies of skeletal elements were measured in terms of the Number of Identified Specimens (NISP). The samples size was determined by counting Minimum Number of Individuals (MNI) of diagnostic element (Lyman 2008) and presented in Tables 1-2 and Supplementary Tables S1- S6. The MNI value respects body laterality as well as fragmentation of the bones and teeth but not their size. The whole fossil assemblage excavated in 2013 from RCR site was studied and comprised in total 3,692 identified bones and teeth, which correspond to the minimum number of 2,006 individuals, representing at least 53 taxa, including amphibians, reptiles, birds, and various species of mammals with distinct predominance of small mammals (Table 1, Supplementary Tables S1, S2 and S3). In the case of OB(WE) site, the analysed material was restricted to remains collected from the area of four square meters (N4, N3, M4 and M3), where the Magdalenian fireplace was located (Valde-Nowak et al. 2018), but it was enough to find potential differences in the faunal composition between layers III and II. The faunal assemblage in OB(WE) is much more numerous and diversified in comparison to the assemblage from RCR, and is composed of 15,053 identified fragments, which correspond to the minimum number of 5,509 individuals, representing at least 120 taxa, including amphibians, reptiles, birds as well as large and small mammals (Table 2, Supplementary Tables S4, S5 and S6). 
The distribution of individual species in the faunal assemblages coming from successive periods of time was compared using the proportion test. Benjamini and Hochberg method was applied in the multiple testing for p-value correction to control the false discovery rate. Differences were considered significant, when p-value was smaller than 0.05. The statistical analyses were performed in R package 3.5.1 (A language and environment for statistical computing, R Core Team 2018, R Foundation for Statistical Computing, Vienna, Austria). In order to quantitatively assess the global distinction between the faunal assemblages, we sum up the absolute differences (A) between the percentage occurrence of individual species i in the assemblages coming from successive periods, t and t+1. This measure was calculated separately for the NISP and MNI percentage:
 and  , where S is the number of species. This parameter can take values in the range from 0% (no change) to 100% (the total change of fauna).
To estimate changes in biodiversity and compare the small mammal assemblages, we used Simpson’s Diversity Index given by the formula: , where ni is the number of individuals of taxon i; N is the number of individuals of all taxa; S is the number of taxa. This index allows us to numerically quantify two main factors of biodiversity, the richness (the number of species per sample) and the evenness (the relative abundance of the different species) of compared assemblages. The value of this index ranges between 0 and 1. When one species is dominant over the rest, the index is close to 0, and when many species are more equally represented in an assemblage, the index approaches 1. In other words, the greater value of D index, the grater sample diversity. Additionally, we used Margalef’s Species Richness Index, which is the simplest measure of biodiversity calculated using the formula: d = , where S is the number of species and N is the number of individuals of all taxa. The increase in the value of this index means higher diversity.

Taxonomic identification and nomenclature
	The remains from two excavation sites were identified following the commonly used criteria, specific for every group of vertebrates. The bones were identified to species or a higher taxonomic rank by specialists and with the help of the comparative skeletal collection hosted at the Institute of Systematics and Evolution of Animals PAS as well as appropriate manuals (e.g. Woelfle 1967, Kraft 1972, Chaline et al. 1974, Tomek and Bocheński 2000, Bocheński and Tomek 2009). The taxonomic identifications of fossils belonging to rodents, a taxonomic group crucial for environmental reconstructions, was based on recognition of their dental patterns, particularly the features of the first lower molar (m1) in the case of voles and lemmings, and/or other teeth, in case of remaining species. The m1s of Microtus arvalis and M. agrestis were distinguished following the criteria defined by Nadachowski (1982, 1984) and Cuenca-Bescós and Laplana (1995), with the special reference to the degree of asymmetry between the buccal and lingual triangles and the morphology of anteroconid complex (ACC) (Luzi and López-García 2019) in spite of some level of uncertainty of the specific distinctness (e.g. Navarro et al. 2018). We avoided the general classification of the remains to “Microtus arvalis/agrestis group”, because it is not enough to account palaeoecological reconstructions. Poorly diagnostic elements (such as small bone fragments, ribs or vertebras) were excluded from the study and remained unidentified. Maturity of bird bones was determined due to their porosity and advance in fusion of epiphyses (Serjeantson 2009). Teeth and bones of some species (e.g. the shrews) were measured for diagnostic purposes.
	The taxonomic attributions and nomenclature follow the most recent and updated classifications by: Speybroeck et al. (2016) for amphibians and reptiles, Dickinson and Remsen (2013) and Dickinson and Christidis (2014) for birds and Wilson et al. (2009-2018) for mammals. In the case of mammals, the nomenclature used often follows the recent advances in genetic studies and sometimes deviates from the traditional palaeontological nomenclature. For instance, the narrow-headed vole was attributed to the species L. gregalis of the genus Lasiopodomys (not Microtus) due to the recent genetic studies of extant species, which showed its sister-group relationship with other species of Lasiopodomys (Petrova et al. 2015). The same point of view was assumed in the case of taxonomic status of fossil collared lemmings (genus Dicrostonyx). The Late Pleistocene remains from Eurasia were often classified to the extinct species Dicrostonyx gulielmi (e.g. Horáček and Ložek 1988; Nadachowski 1989; Borodin 2009; Krokhmal and Rekovets 2010, and many others). However, the extant species (Dicrostonyx torquatus) and the post-LGM fossil populations from Europe share the same haplogroup and certainly belong to one species (Palkopoulou et al. 2016), which should be named D. torquatus due to priority.

Taphonomic studies
	The tested samples of rodent remains included 200 m1s and 200 incisors for each assemblage, i.e. the RCR and two layers of OB(WE). Taphonomic studies were based on observation of changes in chewing traces and the lateral surface of isolated m1s and incisors. Traces of digestion were sought according to the methods proposed by Andrews (1990) and Fernández-Jalvo et al. (2016). Digestion is a directional and progressive process. Digestive marks are the most important indicator of the origin of the remains of small mammals because they are difficult to confuse with other traces. The m1 and incisors digestion grades have been classified according to the categories proposed by Fernandez-Jalvo et al. (2016). The categories include: light, moderate, heavy and extreme traces of digestion. The obtained results were compared with the indices obtained for individual predators developed by Andrews (1990) to identify the bird predator that provides invaluable information for accurate interpretation of the palaeoenvironment in the vicinity of the site (Fernandez-Jalvo et al. 2016). 

Results 
The Rock overhang in Cisowa Rock 
Amphibians and reptiles of the RCR fauna (NISP=104, MNI=22, 5 taxa) (Supplementary Table S1) are dominated by two species: the grass frog (Rana temporaria) and the adder (Vipera berus). Both species are characterized by an extremely wide geographic distribution reaching in northern Europe the polar circle (Speybroeck et al. 2016). Their dominating may indicate a severe climatic condition in the area. 
The bird assemblage in RCR (NISP=186, MNI=49, 27 taxa) is represented mainly by grouses (NISP=54, MNI=8 MNI, 3 taxa) as well as diversified sets of passerines (NISP=89, MNI=20, 9 taxa) and shorebirds (NISP=37, MNI=14, 8 taxa) (Supplementary Table S2). Such taxa as Eurasian skylark (Alauda arvensis) and the northern wheatear (cf. Oenanthe oenanthe) indicate an open area. The large number of the great snipe’s (Gallinago media) remains points to wet meadow habitat, while the presence of the willow grouse (Lagopus lagopus), the rock ptarmigan (Lagopus muta), the grey plover (Pluvialis squatarola) and the Eurasian golden plover (Pluvialis apricaria) attest to the severe cold conditions. The avifauna deposited in the individual layers of RCR seems to be rather similar; however, not big enough number of the excavated bird bones and the relatively small number of the identified taxa make such comparisons difficult and unreliable. 
Mammals excavated in the RCR site are also diversified, especially among small mammals (NISP=3402, MNI=1935, at least 21 taxa) (Table 1, Supplementary Table S3). Although the whole assemblage represents a typical cold-adapted Late Pleistocene community, there are changes marked by quantitative fluctuations in the abundance and relative proportions between some species and less by the alterations in the species number. The small mammal assemblages from layers III and II are very similar and dominated by three species of rodents: collared lemming (Dicrostonyx torquatus) (with the frequency of 61% and 53.9%, respectively), narrow-headed vole (Lasiopodomys anglicus) (19.5% and 26.8%, respectively) and common vole (Microtus arvalis) (16.7% and 15.8%, respectively). Other species are accessory elements of the assemblage (below 1%) and represent forms living on banks of streams and/or ponds (e.g. Alexandromys oeconomus or Arvicola amphibius) or choosing dry areas (e.g. Spermophilus citelloides or Cricetulus migratorius). In general, the RCR small fauna is distinctly less diversified in comparison to both OB(WE) assemblages: D = 0.60 and d = 1.79 (Supplementary Table S11) as well as to the Late Pleistocene associations of a similar age from Kraków-Częstochowa Upland (Nadachowski 1982; Nadachowski et al. 2009). The RCR fauna is distinguished by the rare presence of the snow vole (Chionomys nivalis), currently a mountain species living in cavernicolous habitats in most of the European mountains (Nadachowski 1991, Yannic et al. 2012). Larger mammals are represented by four species only, including the wild horse (Equus ferus) and probably reindeer (Rangifer tarandus).

The Obłazowa Cave, western entrance
	The assemblage of cold-blooded vertebrates comprises at least four species of amphibians and two species of reptiles (Supplementary Table S4). As in the case of RCR fauna, the grass frog (Rana temporaria) is the most common species in both layers. The numerous occurrence of this species in the cave can probably be ascribed to an accumulation of owl pellets. The increase in the number of some species in layer II (e.g. Bombina sp. and Zootoca vivipara) may indicate an amelioration of the climate. 
Avifauna identified in OB(WE) consists of 4,309 remains, representing the minimum 436 individuals from at least 67 bird taxa (Supplementary Table S5). Galliform bones constituted more than 80% of the material and dominated in the assemblage. Majority of them belong to medium-sized birds, and one bone type, tarsometatarsus, clearly outnumbers the rest. Because of that, and since this bone is quite reliable for identification of the medium-size galliforms, we decided to classify this bone alone to a species, while the rest of medium-size galliform bones were cautiously described as “Galliformes size of Lagopus”. It would be, however, reasonable to assume that most of the bones belong to one of two Lagopus species (L. muta or L. lagopus). Galliformes of different sizes, such as smaller common quail (Coturnix coturnix) or bigger the Eurasian black grouse (Lyrurus tetrix), are represented by distinctively fewer elements. Birds associated with wetlands (Anseriformes, Charadriiformes, Gruiformes) are represented by much smaller number of species, similarly to passerines. The latter group is best represented by Alaudidae (NISP =159, MNI=24, 5 taxa). Other passerines (Turdidae, Corvidae) as well as the rest of identified birds, including diurnal birds of prey and owls, contributed less to the assemblage. Although in two layers of OB(WE) the two Lagopus species are dominant, they are present in different proportions; in the layer III, the rock ptarmigan (L. muta) evidently prevails over the willow grouse (L. lagopus), while in the layer II, its dominance is diminished. Changes in proportions of these species may indicate forestation of the cave vicinity. Similarly, in the layer II, there are fewer shorebirds as well as Alaudidae representatives, which occupy open habitats. Instead, some forest species appear, like Luscinia sp. or European greenfinch (Chloris chloris). A relatively high number of young specimens of almost all numerous species confirm their breeding near the excavation site (Supplementary Table S5). 
The mammal species composition of layers III and II in the OB(WE) site is similar (Table 2, Supplementary Table S6). Among insectivorous mammals (Eulipotyphla) preferring of moist meadows and other damp environments, the most taxonomically diversified are shrews represented by at least four taxa (3 species of Sorex of large, medium and small size, and Neomys fodiens). The most common is the largest common shrew (Sorex araneus), which increased its frequency in the assemblage from ca. 1.0% in layer III to 3.1% in layer II. The most interesting is the presence of a fossil taxon, medium-sized Sorex runtonensis, in both layers. This species has occurred in Europe since the Early Pleistocene (Rzebik-Kowalska and Pereswiet-Soltan, 2018) and is possibly conspecific with the extant Sorex tundrensis from Asia (Osipova et al. 2006). The most numerous in two layers are three species of rodents (D. torquatus, L. anglicus and M. arvalis), which constitute almost 87% and over 78% of the assemblages in layers III and II, respectively. The collared lemming (Dicrostonyx torquatus) is distinctly less frequent in the younger layer II. The change in its contribution from ca. 30.1% in layer III to 17.7% in layer II is very significant. The narrow-headed vole (Lasiopodomys anglicus) did not change its frequency between layers (ca. 27.0% and 26.6%), while common vole (Microtus arvalis), contrary to collared lemming, increased significantly its percentage representation in layer II (34.0%) in comparison with layer III (29.10%). Three other rodents, Microtus agrestis, Chionomys nivalis and Alexandromys oeconomus can be treated as accessory taxa with the frequency around 3-4%, while other species of small mammals are only accidental elements of the community with frequency below 1%. Forest species, although very rare, are in both layers represented by bank vole (Clethrionomys glareolus), northern birch mouse (Sicista betulina), fat dormouse (Glis glis) as well as red squirrel (Sciurus vulgaris), which was found only in layer II. Species indicating dry steppe areas and constituting characteristic elements of the Late Pleistocene rodent communities in Central Europe (e.g. Spermophilus superciliosus, Cricetus cricetus and Cricetulus migratorius) appear only sporadically. In general, the small mammal assemblage in layer III is less diversified (D = 0.75, d = 2.86) in comparison with that in the younger layer II (D = 0.50; d = 3.20), although species of layer III are more equally distributed than in layer II (Supplementary Table S11). The diversity of larger mammals is also higher in comparison with the RCR assemblage, especially in layer II (Supplementary Table S6). In layer II, beside 3 canid species, the most diversified are mustelids, including wolverine (Gulo gulo), an inhabitant of tundra and boreal forests. The fauna in layers III and II is dominated by small mustelids: weasel (Mustela nivalis) and stoat (Mustela erminea) (over ca. 62% and ca. 66%, respectively). Surprisingly in layer III, three ungulate species are found, including saiga antelope (Saiga tatarica). Its presence was recently confirmed on the basis of aDNA studies. As in the RCR site, in layer II only two ungulates are present, the wild horse (Equus ferus) and reindeer (Rangifer tarandus).

Supplementary Table S1. Distribution and percentage representation of amphibians (Amphibia) and reptiles (Reptiles) in Rock overhang in Cisowa Rock. NISP – number of identified specimens; MNI – minimum number of individuals. 
	Taxon

	Layer
	Total
(NISP/MNI)

	
	III
	II
	I
	

	
	(NISP/MNI)
	%MNI
	(NISP/MNI)
	%MNI
	(NISP/MNI)
	%MNI
	

	Amphibia
	
	
	
	
	
	
	

	Rana temporaria 
	3/2
	100
	32/8
	66.8
	8/3
	37.5
	43/13

	Bufo bufo 
	
	
	2/1
	8.3
	
	
	2/1

	Triturus sp.
	
	
	2/1
	8.3
	
	
	2/1

	Anura indet.
	
	
	11
	
	
	
	11

	Reptilia
	
	
	
	
	
	
	

	Anguis fragilis 
	
	
	11/1
	8.3
	4/3
	37.5
	15/4

	Vipera berus
	
	
	28/1
	8.3
	3/2
	25.0
	31/3

	Total
	3/2
	100
	86/12
	100
	15/8
	100
	104/22



1

Supplementary Table S2. Distribution and percentage representation of birds (Aves) in Rock overhang in Cisowa Rock; former genera names that were used in relevant bibliography (e.g. Tomek et al. 2003) are indicated in brackets in “taxa” column. NISP – number of identified specimens; MNI – minimum number of individuals; number of young specimens placed in brackets. 
	Taxon
	Layer
	Total
(NISP/MNI)

	
	III
	II-III
	II
	I-II
	I
	

	
	NISP/MNI
	%MNI
	NISP/MNI
	%MNI
	NISP/MNI
	%MNI
	NISP/MNI
	%MNI
	NISP/MNI
	%MNI
	

	Spatula (Anas) querquedula
	
	
	1/1
	100
	
	
	
	
	
	
	1/1

	cf. Spatula clypeata
	1/1
	7.1
	
	
	
	
	
	
	
	
	1/1

	Anas platyrhynchos
	
	
	
	
	1/1
	5.5
	
	
	
	
	1/1

	Lagopus lagopus
	3/1
	7.1
	1
	
	5/1
	5.5
	1
	
	4/1
	10.0
	14/3

	Lagopus muta
	4/1
	7.1
	1
	
	4/2
	11.4
	
	
	1 (1)/1
	10.0
	10 (1)/4

	Galliformes indet. (Lagopus size)
	6
	
	1
	
	10 (3)
	
	5
	
	6 (1)
	
	28 (4)

	Lyrurus (Tetrao) tetrix
	
	
	
	
	
	
	
	
	2/1
	10.0
	2/1

	Cuculus canorus
	1/1
	7.1
	
	
	
	
	
	
	
	
	1/1

	Crex crex
	
	
	
	
	
	
	
	
	1/1
	10.0
	1/1

	cf. Pluvialis squatarola
	
	
	
	
	
	
	
	
	1/1
	10.0
	1/1

	cf. Pluvialis apricaria
	
	
	
	
	2/1
	5.5
	2 (1)
	
	
	
	4 (2)/1

	Vanellus vanellus
	
	
	
	
	1/1
	5.5
	
	
	
	
	1/1

	cf. Numenius sp.
	
	
	
	
	1/1
	5.5
	
	
	
	
	1/1

	Gallinago media
	3/1
	7.1
	1
	
	6/1
	5.5
	2
	
	2/1
	10.0
	14/3

	Gallinago gallinago
	1/1
	7.1
	
	
	
	
	
	
	
	
	1/1

	cf. Gallinago gallinago
	
	
	
	
	1/1
	5.5
	
	
	1/1
	10.0
	2/2

	Lymnocryptes minimus
	
	
	
	
	
	
	1/1
	16.7
	
	
	1/1

	cf. Tringa totanus
	
	
	
	
	
	
	1/1
	16.7
	
	
	1/1

	cf. Tringa sp.
	
	
	
	
	
	
	1
	
	
	
	1

	Charadriiformes indet.
	1/1
	7.1
	
	
	3
	
	1
	
	
	
	5/1

	Strix aluco
	1/1
	7.1
	
	
	1/1
	5.5
	
	
	
	
	2/2

	Falco tinnunculus
	
	
	
	
	2/1
	5.5
	1
	
	
	
	3/1

	Anthus sp.
	1/1
	7.1
	
	
	1/1
	5.5
	
	
	
	
	2/2

	cf. Motacilla sp.
	
	
	
	
	1/1
	5.5
	
	
	
	
	1/1

	Coccothraustes coccothraustes
	
	
	
	
	
	
	1/1
	16.7
	
	
	1/1

	Chloris chloris
	
	
	
	
	
	
	1/1
	16.7
	
	
	1/1

	Fringillidae indet.
	1/1
	7.1
	
	
	
	
	
	
	1/1
	10.0
	2/2

	Emberiza sp.
	1/1
	7.1
	
	
	
	
	
	
	
	
	1/1

	Alauda arvensis
	2/1
	7.1
	
	
	11/2
	11.4
	1
	
	1/1
	10.0
	15/4

	Alaudidae indet.
	9/1
	7.1
	1
	
	21 (1)/2
	11.4
	10 (3)
	
	7/1
	10.0
	48 (4)/4

	cf. Oenanthe oenanthe
	1/1
	7.1
	
	
	
	
	1/1
	16.7
	
	
	2/2

	Turdus cf. philomelos
	
	
	
	
	
	
	1/1
	16.7
	
	
	1/1

	Turdus viscivorus/pilaris
	
	
	
	
	1/1
	5.5
	
	
	
	
	1/1

	Passeriformes indet.
	1 (1)
	
	
	
	4
	
	1
	
	3 (1)
	
	9 (2)

	Aves indet.
	1 (1)
	
	
	
	1 (1)
	
	
	
	4
	
	6 (2)

	Total
	38 (2)/14
	100
	6/1
	100
	77 (5)/18
	100
	31 (4)/6
	100
	34 (3)/10
	100
	186 (14)/49



Supplementary Table S3. Distribution and percentage representation of large mammals (Carnivora and Ungulata) in Rock overhang in Cisowa Rock. NISP – number of identified specimens; MNI – minimum number of individuals. 
	Taxon
	Layer
	Total
(NISP/MNI)

	
	III
	II-III
	II
	I
	

	
	(NISP/MNI)
	%MNI
	(NISP/MNI)
	%MNI
	(NISP/MNI)
	%MNI
	(NISP/MNI)
	%MNI
	

	Mustela nivalis
	1/1
	50.0
	
	
	3/2
	40.0
	
	
	4/3

	Vulpes sp.
	
	
	
	
	1/1
	20.0
	2/1
	100
	3/2

	Equus ferus
	
	
	1/1
	100
	2/1
	20.0
	
	
	3/2

	cf. Rangifer tarandus
	
	
	
	
	1/1
	20.0
	
	
	1/1

	Artiodactyla indet.
	1/1
	50.0
	
	
	
	
	
	
	1/1

	Total
	2/2
	100
	1/1
	100
	7/5
	100
	2/1
	100
	12/9



Supplementary Table S4. Distribution and percentage representation of amphibians (Amphibia) and reptiles (Reptiles) in Obłazowa Cave (western entrance). NISP – number of identified specimens; MNI – minimum number of individuals.
	Taxon

	Layer
	Total
(NISP/MNI)

	
	III
	II
	

	
	(NISP/MNI)
	%MNI
	(NISP/MNI)
	%MNI
	

	Amphibia
	
	
	
	
	

	Rana temporaria 
	268/28
	84.8
	555/51
	73.9
	823/79

	Bombina sp.
	
	
	2/2
	2.9
	2/2

	Bufo/Bufotes sp.
	
	
	4/4
	5.8
	4/4

	Salamandra salamandra
	11/4
	12.1
	7/4
	5.8
	18/8

	Reptilia
	
	
	
	
	

	Vipera berus
	3/1
	3.1
	8/4
	5.8
	11/5

	Zootoca vivipara
	
	
	9/3
	4.3
	9/3

	Serpentes indet.
	
	
	1/1
	1.5
	1/1

	Total
	282/33
	100
	586/69
	100
	868/102



Supplementary Table S5. Distribution and percentage representation of birds (Aves) in Obłazowa Cave (western entrance); former genera names used in bibliography (e.g. Tomek et al. 2003) indicated in “taxa” column. NISP – number of identified specimens; MNI – minimum number of individuals; numbers of young specimens placed in brackets. 
	Taxon
	Layer
	Total
(NISP/MNI)

	
	III
	II
	

	
	(NISP/MNI)
	%MNI
	(NISP/MNI)
	%MNI
	

	Branta bernicla
	1 (1)/1
	0.4
	
	
	1 (1)/1

	cf. Branta leucopsis
	1/1
	0.4
	
	
	1/1

	Clangula hyemalis
	1 (1)/1
	0.4
	4 (2)/2
	1.0
	5 (3)/3

	Melanitta nigra
	
	
	4/1
	0.5
	4/1

	cf. Melanitta sp.
	1/1
	0.4
	
	
	1/1

	Bucephala clangula
	3 (2)/2
	0.9
	2/1
	0.5
	5 (2)/3

	Aythya fuligula
	2/1
	0.4
	2/1
	0.5
	4/2

	Mareca (Anas) penelope
	1/1
	0.4
	1/1
	0.5
	2/2

	Anas platyrhynchos
	4/1
	0.4
	1 (1)/1
	0.5
	5 (1)/2

	Anas acuta
	2/1
	0.4
	2/2
	1.0
	4/3

	Anas crecca
	3/1
	0.4
	1/1
	0.5
	4/2

	Spatula (Anas) querquedula/Anas crecca
	
	
	4 (1)
	
	4 (1)

	Anatinae indet.
	5 (2)
	
	9
	
	14 (2)

	Coturnix coturnix
	4 (4)/2
	0.9
	1 (1)/1
	0.5
	5 (5)/3

	Lagopus lagopus
	135 (1)/53
	22.9
	140 (2)/64
	31.7
	275 (3)/117

	Lagopus muta
	195 (4)/92
	39.6
	173 (4)/76
	37.8
	368 (8)/168

	Galliformes indet. (Lagopus size)
	1529 (4)
	
	1274 (7)
	
	2803 (11)

	Lyrurus (Tetrao) tetrix
	35 (1)/4
	1.7
	12/3
	1.5
	47 (1)/7

	Rallus aquaticus
	1/1
	0.4
	1/1
	0.5
	2/2

	Crex crex
	3/1
	0.4
	
	
	3/1

	Rallus/Crex
	
	
	2
	
	2

	Porzana porzana
	3/1
	0.4
	2/1
	0.5
	5/2

	Pluvialis squatarola
	
	
	1/1
	0.5
	1/1

	Pluvialis apricaria
	1/1
	0.4
	1/1
	0.5
	2/2

	Pluvialis sp.
	2 (2)
	
	1 (1)
	
	3 (3)

	Charadrius dubius
	
	
	2 (1)/1
	0.5
	2 (1)/1

	Vanellus vanellus
	8/3
	1.3
	
	
	8/3

	Arenaria interpres
	2 (1)/1
	0.4
	
	
	2 (1)/1

	Calidris (Philomachus) pugnax
	22 (6)/3
	1.3
	5/1
	0.5
	27 (6)/4

	Scolopax rusticola
	2/1
	0.4
	
	
	2/1

	Gallinago media
	43 (4)/5
	2.1
	27 (1)/3
	1.5
	70 (5)/8

	Gallinago gallinago
	13 (1)/2
	0.9
	2/1
	0.5
	15 (1)/3

	Lymnocryptes minimus
	2/1
	0.4
	2/1
	0.5
	4/2

	Actitis (Tringa) hypoleucos
	2/2
	0.9
	
	
	2/2

	Tringa sp.
	3 (2)/1
	0.4
	2/1
	0.5
	5 (2)/2

	Charadriidae/Scolopacidae
	32 (5)
	
	24 (6)
	
	56 (11)

	Chroicocephalus (Larus) ridibundus
	2 (1)/1
	0.4
	1/1
	0.5
	3 (1)/2

	Larus canus
	2 (1)/1
	0.4
	
	
	2 (1)/1

	Charadriiformes indet.
	1 (1)
	
	
	
	1 (1)

	Circus aeruginosus
	1/1
	0.4
	
	
	1/1

	Circus sp.
	
	
	1/1
	0.5
	1/1

	Asio otus
	3 (2)/1
	0.4
	1/1
	0.5
	4 (2)/2

	Asio flammeus
	2/1
	0.4
	1/1
	0.5
	3/2

	Asio sp.
	2
	
	8
	
	10

	Strix aluco
	1/1
	0.4
	2/1
	0.5
	3/2

	Bubo sp.
	2/1
	0.4
	1/1
	0.5
	3/2

	Dendrocopos major
	
	
	1/1
	0.5
	1/1

	Falco tinnunculus
	13 (6)/3
	1.3
	7 (4)/1
	0.5
	20 (10)/4

	Falco columbarius
	1/1
	0.4
	
	
	1/1

	Falco subbuteo
	
	
	2/1
	0.5
	2/1

	Falco sp.
	10 (4)/1
	0.4
	6 (4)
	
	16 (8)/1

	Lanius excubitor
	1/1
	0.4
	
	
	1/1

	Lanius sp.
	3 (1)/1
	0.4
	
	
	3 (1)/1

	Pica pica
	3 (1)/1
	0.4
	3/1
	0.5
	6 (1)/2

	Nucifraga caryocatactes
	1/1
	0.4
	
	
	1/1

	Corvus monedula
	7 (3)/1
	0.4
	3 (2)/2
	1.0
	10 (5)/3

	Corvidae small size
	8 (2)/1
	0.4
	6 (2)
	
	14 (4)/1

	Corvus frugilegus
	
	
	2/1
	0.5
	2/1

	Corvus corax
	1/1
	0.4
	
	
	1/1

	Anthus (cf.) trivialis
	1/1
	0.4
	
	
	1/1

	Anthus spinoletta
	
	
	1/1
	0.5
	1/1

	Anthus sp.
	7
	
	5/1
	0.5
	12/1

	Motacilla alba
	
	
	2/1
	0.5
	2/1

	Motacilla sp.
	3/1
	0.4
	1
	
	4/1

	Motacilla sp./Anthus sp.
	4
	
	2
	
	6

	Fringilla sp.
	2/1
	0.4
	2/1
	0.5
	4/2

	Pyrrhula pyrrhula
	2/1
	0.4
	1/1
	0.5
	3/2

	Chloris chloris
	
	
	1/1
	0.5
	1/1

	Fringillidae indet.
	13 (1)/2
	0.9
	3
	
	16 (1)/2

	cf. Plectrophenax nivalis
	1/1
	0.4
	
	
	1/1

	Emberiza (Miliaria) calandra
	1/1
	0.4
	
	
	1/1

	Emberiza sp.
	2 (1)
	
	3/2
	1.0
	5 (1)/2

	Lophophanes (Parus) cristatus
	
	
	1/1
	0.5
	1/1

	Parus major
	
	
	1/1
	0.5
	1/1

	Paridae indet.
	1/1
	0.4
	1
	
	2/1

	Melanocorypha calandra
	1/1
	0.4
	
	
	1/1

	Eremophila alpestris
	3/1
	0.4
	1/1
	0.5
	4/2

	Lullula arborea
	22/5
	2.1
	3/1
	0.5
	25/6

	Alauda arvensis
	37 (2)/8
	3.4
	18/3
	1.5
	55 (2)/11

	Galerida cristata
	3/2
	0.9
	4/2
	1.0
	7/4

	Alaudidae indet.
	51 (2)
	
	16 (2)
	
	67 (4)

	Hirundo rustica
	5 (1)/2
	0.9
	1/1
	0.5
	6 (1)/3

	Sitta europaea
	1/1
	0.4
	1/1
	0.5
	2/2

	Cinclus cinclus
	1/1
	0.4
	1/1
	0.5
	2/2

	Luscinia sp.
	
	
	1/1
	0.5
	1/1

	Turdus philomelos
	1/1
	0.4
	
	
	1/1

	Turdus sp.
	2 (1)
	
	2/1
	0.5
	4 (1)/1

	Passeriformes indet.
	119 (21)
	
	58 (5)
	
	177 (26)

	Aves indet.
	15 (3)
	
	9 (4)
	
	24 (7)

	Total
	2423 (95)/235
	100
	1886 (50)/201
	100
	4309 (145)/436




Supplementary Table S6. Distribution and percentage representation of large mammals (Carnivora and Ungulata) in Obłazowa Cave (western entrance). NISP – number of identified specimens; MNI – minimum number of individuals. 
	Taxon
	Layer
	Total
(NISP/MNI)

	
	III
	II
	

	
	(NISP/MNI)
	%MNI
	(NISP/MNI)
	%MNI
	

	Canis lupus
	
	
	1/1
	3.7
	1/1

	Vulpes lagopus
	7/1
	5.9
	2/1
	3.7
	9/2

	Vulpes vulpes
	1/1
	5.9
	2/1
	3.7
	3/2

	Vulpes sp.
	3/1
	5.9
	4/1
	3.7
	7/2

	Gulo gulo
	
	
	1/1
	3.7
	1/1

	Martes martes
	
	
	1/1
	3.7
	1/1

	Mustela erminea
	3/2
	11.8
	12/5
	18.5
	15/7

	Mustela nivalis
	8/5
	29.5
	14/8
	29.7
	22/13

	Mustela sp.
	6/3
	17.7
	14/5
	18.5
	20/8

	Equus ferus
	1/1
	5.9
	1/1
	3.7
	2/2

	Rangifer tarandus
	6/1
	5.9
	9/1
	3.7
	15/2

	Saiga tatarica
	1/1
	5.9
	
	
	1/1

	Artiodactyla indet.
	3/1
	5.9
	1/1
	3.7
	4/2

	Total
	39/17
	100
	62/27
	100
	101/44





Supplementary Table S7. Habitat preferences of particular species of small mammals (types of habitats distinguished according to IUCN Redlist, 2019). 
	Species
	Habitat

	
	Forest
	Shrubland
	Grassland
	Wetlands
	Rocky area
	Desert (temperate)

	Talpa europaea
	0.333
	0.333
	0.333
	
	
	

	Sorex araneus
	0.632
	0.05
	0.316
	
	
	

	Sorex minutus
	0.332
	0.332
	0.166
	0.166
	
	

	Sorex runtonensis
	0.5
	
	0.332
	0.166
	
	

	Neomys fodiens
	0.158
	
	0.05
	0.791
	
	

	Ochotona pusilla
	
	0.5
	0.5
	
	
	

	Lepus cf. timidus
	0.332
	0.332
	0.166
	0.166
	
	

	Sciurus vulgaris
	1
	
	
	
	
	

	Spermophilus citelloides
	
	
	1
	
	
	

	Spermophilus superciliosus
	
	
	1
	
	
	

	Glis glis
	0.75
	0.25
	
	
	
	

	Sicista betulina
	0.4
	
	0.4
	0.2
	
	

	Cricetulus migratorius
	0.25
	0.25
	0.25
	
	
	0.25

	Cricetus cricetus
	
	0.5
	0.5
	
	
	

	Lemmus lemmus
	
	0.4
	0.4
	0.2
	
	

	Dicrostonyx torquatus
	
	0.2
	0.4
	0.4
	
	

	Clethrionomys glareolus
	0.5
	0.5
	
	
	
	

	Arvicola amphibius 
	0.285
	
	0.142
	0.71
	
	

	Chionomys nivalis
	
	
	
	
	1
	

	Lasiopodomys anglicus
	0.05
	
	0.95
	
	
	

	Alexandromys oeconomus
	0.2
	0.2
	0.2
	0.4
	
	

	Microtus agrestis
	0.3
	0.3
	0,2
	0.2
	
	

	Microtus subterraneus
	0.333
	0.333
	
	
	0.333
	

	Microtus arvalis
	0.333
	0.333
	0.333
	
	
	



Supplementary Table S8. Habitat preferences of particular species of birds (Aves) (types of habitats distinguished according to IUCN Redlist, 2019). 
	Taxon
	Habitat

	
	Forest
	Shrubland
	Grassland
	Wetlands
	Rocky area
	Desert (temperate)

	Branta bernicla
	
	
	1
	
	
	

	cf. Branta leucopsis
	
	
	1
	
	
	

	Clangula hyemalis
	
	
	0.67
	0.33
	
	

	Melanitta nigra
	
	0.5
	
	0.5
	
	

	Bucephala clangula
	0.67
	
	
	0.33
	
	

	Aythya fuligula
	
	
	
	1
	
	

	Spatula (Anas) querquedula
	
	
	0.5
	0.5
	
	

	cf. Spatula clypeata
	
	
	0.5
	0.5
	
	

	Mareca (Anas) penelope
	
	
	0.5
	0.5
	
	

	Anas platyrhynchos
	
	
	
	1
	
	

	Anas acuta
	
	
	
	1
	
	

	Anas crecca
	
	
	
	1
	
	

	Coturnix coturnix
	
	
	1
	
	
	

	Lagopus lagopus
	0.33
	0.33
	0.33
	
	
	

	Lagopus muta
	
	
	1
	
	
	

	Lyrurus (Tetrao) tetrix
	0.25
	0.25
	0.25
	0.25
	
	

	Cuculus canorus
	0.5
	0.25
	0.25
	
	
	

	Rallus aquaticus
	
	
	0.5
	0.5
	
	

	Crex crex
	
	
	0.5
	0.5
	
	

	Porzana porzana
	
	
	0.5
	0.5
	
	

	Pluvialis squatarola
	
	
	1
	
	
	

	cf. Pluvialis squatarola
	
	
	1
	
	
	

	Pluvialis apricaria
	
	0.33
	0.33
	0.33
	
	

	cf. Pluvialis apricaria
	
	0.33
	0.33
	0.33
	
	

	Charadrius dubius
	0.33
	
	0.33
	0.33
	
	

	Vanellus vanellus
	
	0.5
	0.5
	
	
	

	Arenaria interpres
	
	
	0.5
	0.5
	
	

	Calidris (Philomachus) pugnax
	
	
	0.5
	0.5
	
	

	Scolopax rusticola
	0.67
	0.33
	
	
	
	

	Gallinago media
	
	0.2
	0.4
	0.4
	
	

	Gallinago gallinago
	0.33
	
	0.33
	0.33
	
	

	cf. Gallinago gallinago
	0.33
	
	0.33
	0.33
	
	

	Lymnocryptes minimus
	
	
	0.5
	0.5
	
	

	Actitis (Tringa) hypoleucos
	0.25
	
	0.25
	0.5
	
	

	cf. Tringa totanus
	
	
	
	1
	
	

	Chroicocephalus (Larus) ridibundus
	
	
	0.5
	0.5
	
	

	Larus canus
	
	
	0.5
	0.5
	
	

	Circus aeruginosus
	
	
	
	1
	
	

	Asio otus
	0.33
	
	0.33
	0.33
	
	

	Asio flammeus
	
	
	0.5
	0.5
	
	

	Strix aluco
	0.5
	0.5
	
	
	
	

	Dendrocopos major
	1
	
	
	
	
	

	Falco tinnunculus
	0.33
	0.33
	0.33
	
	
	

	Falco columbarius
	0.33
	0.33
	0.33
	
	
	

	Falco subbuteo
	0.25
	0.25
	0.25
	0.25
	
	

	Lanius excubitor
	0.17
	0.17
	0.17
	0.17
	0.17
	0.17

	Pica pica
	0.25
	0.25
	0.25
	
	0.25
	

	Nucifraga caryocatactes
	1
	
	
	
	
	

	Corvus monedula
	0.33
	
	0.33
	
	0.33
	

	Corvus frugilegus
	0.5
	
	0.5
	
	
	

	Corvus corax
	0.2
	0.2
	0.2
	
	0.4
	

	Anthus (cf) trivialis
	0.33
	0.33
	0.33
	
	
	

	Anthus spinoletta
	
	
	0.4
	0.2
	0.4
	

	Motacilla alba
	
	
	0.33
	0.33
	
	0.33

	Coccothraustes coccothraustes
	1
	
	
	
	
	

	Pyrrhula pyrrhula
	0.5
	0.5
	
	
	
	

	Chloris chloris
	0.5
	0.5
	
	
	
	

	cf. Plectrophenax nivalis
	
	
	0.67
	
	0.33
	

	Emberiza (Miliaria) calandra
	
	
	1
	
	
	

	Lophophanes (Parus) cristatus
	0.67
	0.33
	
	
	
	

	Parus major
	0.25
	0.25
	0.25
	
	
	0.25

	Melanocorypha calandra
	
	
	1
	
	
	

	Eremophila alpestris
	
	0.67
	0.33
	
	
	

	Lullula arborea
	0.33
	0.33
	0.33
	
	
	

	Alauda arvensis
	
	0.5
	
	0.5
	
	

	Galerida cristata
	
	0.33
	0.67
	
	
	

	Hirundo rustica
	
	0.33
	0.33
	0.33
	
	

	Sitta europaea
	1
	
	
	
	
	

	Cinclus cinclus
	
	
	
	0.67
	0.33
	

	cf. Oenanthe oenanthe
	
	0.17
	0.17
	0.17
	0.33
	0.17

	Turdus philomelos
	0.5
	0.5
	
	
	
	

	Turdus cf. philomelos
	0.5
	0.5
	
	
	
	



Supplementary Table S9. Attribution of rodent species present in the RCR and OB(WE) assemblages into particular climatic zones according to the bioclimatic analysis method (Hernández Fernández 2001a,b, 2006, Hernández Fernández and Peláez- Campomanes 2003, 2005). Climate zones and their main vegetation types: I – equatorial zone, evergreen tropical rain forest; II - tropical zone with summer rains - tropical deciduous forest; II/III - transition tropical semi-arid zone, savanna; III - sub-tropical arid zone, sub-tropical desert; IV - winter rain and summer drought zone - sclerophyllous woody plants; V - warm temperate zone - temperate evergreen forest; VI - typical temperate zone - nemoral broadleaf deciduous forest; VII - arid temperate zone – from steppe to cold desert; VIII - cold temperate (boreal) zone, boreal coniferous forest (taiga); IX – arctic zone, tundra.
	Species
	Climatic zones

	
	I
	II
	II/III
	III
	IV
	V
	VI
	VII
	VIII
	IX

	Sciurus vulgaris
	0
	0
	0
	0
	0.333
	0
	0.333
	0
	0.333
	0

	Spermophilus citelloides
	0
	0
	0
	0
	0.333
	0
	0.333
	0.333
	0
	0

	Spermophilus superciliosus
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	Glis glis
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	Sicista betulina
	0
	0
	0
	0
	0
	0
	0.5
	0
	0.5
	0

	Cricetulus migratorius
	0
	0
	0
	0
	0.333
	0
	0.333
	0.333
	0
	0

	Cricetus cricetus
	0
	0
	0
	0
	0
	0
	0.5
	0.5
	0
	0

	Lemmus lemmus
	0
	0
	0
	0
	0
	0
	0
	0
	0.5
	0.5

	Dicrostonyx torquatus
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	Clethrionomys glareolus
	0
	0
	0
	0
	0
	0
	0.5
	0
	0.5
	0

	Arvicola amphibius 
	0
	0
	0
	0
	0.25
	0
	0.25
	0.25
	0.25
	0

	Chionomys nivalis
	0
	0
	0
	0
	0.25
	0
	0.25
	0
	0.25
	0.25

	Lasiopodomys anglicus
	0
	0
	0
	0
	0
	0
	0
	0.333
	0.333
	0.333

	Alexandromys oeconomus
	0
	0
	0
	0
	0
	0
	0.333
	0
	0.333
	0.333

	Microtus agrestis
	0
	0
	0
	0
	0
	0
	0.5
	0
	0.5
	0

	Microtus subterraneus
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	Microtus arvalis
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0



Supplementary Table S10. Details of sequencing results from Obłazowa Cave (western entrance) (OB(WE)) and Rock overhang in Cisowa Rock (RCR).
	Sample
	Site
	Layer
	Reads
	Reads mapped to mtDNA
	duplicates
	reads mapped to mtDNA wo duplicates
	Species DNA
	Bases covered (out of 4282 bp)
	Fraction of bases covered
	Used in analyses
	Used in SkyGrid
	mtDNA lineage
	Comment
	3pAtoG
	5pCtoT
	GenBank

	MI2041
	OB(WE)
	II
	57294
	2117
	804
	1313
	M. arvalis
	4156
	0.97
	1
	1
	Central
	
	0.24
	0.23
	 MK910697

	MI2042
	OB(WE)
	II
	882510
	5349
	3757
	1592
	M. arvalis
	4078
	0.95
	1
	1
	Central
	
	0.31
	0.34
	 MK910698

	MI2043
	OB(WE)
	II
	582000
	98826
	95341
	3485
	M. anglicus
	
	
	0
	0
	
	
	0.15
	0.18
	

	MI2044
	OB(WE)
	II
	485695
	14492
	9472
	5020
	M. arvalis
	3855
	0.90
	1
	1
	Central
	
	0.25
	0.23
	 MK910699

	MI2045
	OB(WE)
	II
	195000
	59626
	49008
	10618
	M. arvalis
	3953
	0.92
	1
	1
	Central
	
	0.23
	0.23
	 MK910700

	MI2046
	OB(WE)
	II
	760305
	27058
	22759
	4299
	M. arvalis
	3699
	0.86
	1
	1
	Central
	
	0.21
	0.19
	 MK910701

	MI2047
	OB(WE)
	II
	718802
	29632
	23768
	5864
	M. anglicus
	
	
	0
	0
	
	
	0.20
	0.22
	

	MI2048
	OB(WE)
	II
	316248
	68700
	63966
	4734
	M. arvalis
	3570
	0.83
	1
	1
	Central
	
	0.26
	0.25
	 MK910702

	MI2049
	OB(WE)
	II
	420030
	149731
	139135
	10596
	M. arvalis
	4035
	0.94
	1
	1
	Central
	
	0.25
	0.25
	 MK910703

	MI2051
	OB(WE)
	II
	31733
	1183
	255
	928
	M. arvalis
	4221
	0.99
	1
	1
	Central
	
	0.26
	0.22
	 MK910704

	MI2052
	OB(WE)
	II
	66593
	166
	135
	31
	
	
	
	0
	0
	
	
	
	
	

	MI2053
	OB(WE)
	II
	139146
	1732
	1504
	228
	M. arvalis
	
	
	0
	0
	
	
	0.28
	0.17
	

	MI2054
	OB(WE)
	II
	109249
	23480
	19414
	4066
	M. arvalis
	4079
	0.95
	1
	1
	Central
	
	0.28
	0.29
	 MK910705

	MI2055
	OB(WE)
	II
	121132
	13838
	12287
	1551
	M. arvalis
	3580
	0.84
	1
	1
	Central
	
	0.21
	0.22
	 MK910706

	MI2056
	OB(WE)
	II
	47668
	6892
	5601
	1291
	M. arvalis
	4208
	0.98
	1
	1
	Central
	
	0.23
	0.23
	 MK910707

	MI2058
	OB(WE)
	II
	367432
	20054
	17836
	2218
	M. arvalis
	3111
	0.73
	1
	1
	Central
	
	0.24
	0.23
	 MK910708

	MI2059
	OB(WE)
	II
	518603
	60402
	57659
	2743
	M. arvalis
	3710
	0.87
	1
	1
	Central
	
	0.29
	0.29
	 MK910709

	MI2060
	OB(WE)
	II
	487338
	144110
	140454
	3656
	M. arvalis
	3992
	0.93
	1
	1
	Central
	
	0.22
	0.19
	 MK910710

	MI2061
	OB(WE)
	II
	654948
	97076
	94858
	2218
	[bookmark: _GoBack]M. anglicus
	
	
	0
	0
	
	
	0.13
	0.11
	

	MI2062
	OB(WE)
	II
	350609
	94070
	87339
	6731
	M. arvalis
	3905
	0.91
	1
	1
	Central
	
	0.24
	0.24
	 MK910711

	MI2066
	OB(WE)
	III
	1979260
	49947
	40678
	9269
	M. arvalis
	4115
	0.96
	1
	1
	Central
	
	0.23
	0.24
	MK910712

	MI2067
	OB(WE)
	III
	334182
	76967
	72515
	4452
	M. arvalis
	4104
	0.96
	1
	1
	Central
	
	0.20
	0.22
	MK910713

	MI2068
	OB(WE)
	III
	786086
	75853
	68784
	7069
	M. arvalis
	4179
	0.98
	1
	1
	Central
	
	0.22
	0.24
	MK910714

	MI2069
	OB(WE)
	III
	1456441
	112045
	104126
	7919
	M. arvalis
	4194
	0.98
	1
	1
	Central
	
	0.22
	0.22
	MK910715

	MI2070
	OB(WE)
	III
	180036
	30487
	27332
	3155
	M. arvalis
	4181
	0.98
	1
	1
	Central
	
	0.18
	0.23
	MK910716

	MI2071
	OB(WE)
	III
	416105
	109723
	100629
	9094
	M. arvalis
	4134
	0.97
	1
	0
	Eastern
	considered modern contamination
	0.24
	0.26
	

	MI2072
	OB(WE)
	III
	207270
	85698
	75697
	10001
	M. arvalis
	4122
	0.96
	1
	1
	Central
	
	0.24
	0.25
	MK910717

	MI2073
	OB(WE)
	III
	632586
	263919
	254448
	9471
	M. arvalis
	4143
	0.97
	1
	1
	Central
	
	0.26
	0.25
	MK910718

	MI2074
	OB(WE)
	III
	599398
	296308
	281962
	14346
	M. arvalis
	4200
	0.98
	1
	0
	Central
	RTT outlier
	0.25
	0.24
	

	MI2075
	OB(WE)
	III
	1339897
	29651
	22164
	7487
	M. arvalis
	4213
	0.98
	1
	1
	Central
	
	0.23
	0.24
	MK910719

	MI2076
	OB(WE)
	III
	128225
	24993
	23014
	1979
	M. arvalis
	
	
	0
	0
	
	mixture
	0.24
	0.24
	

	MI2077
	OB(WE)
	III
	230968
	90122
	77301
	12821
	M. arvalis
	4152
	0.97
	1
	1
	Central
	
	0.27
	0.27
	MK910720

	MI2078
	OB(WE)
	III
	933749
	390871
	381525
	9346
	M. arvalis
	4186
	0.98
	1
	1
	Central
	
	0.23
	0.23
	MK910721

	MI2079
	OB(WE)
	III
	1521276
	8885
	4120
	4765
	M. arvalis
	4113
	0.96
	1
	1
	Central
	
	0.26
	0.21
	MK910722

	MI2080
	OB(WE)
	III
	139605
	23167
	19720
	3447
	M. arvalis
	3771
	0.88
	1
	1
	Central
	
	0.17
	0.17
	MK910723

	MI2081
	OB(WE)
	III
	1340154
	125702
	113612
	12090
	M. arvalis
	4094
	0.96
	1
	1
	Central
	
	0.24
	0.35
	MK910724

	MI2082
	OB(WE)
	III
	764465
	3574
	3247
	327
	M. arvalis
	
	
	0
	0
	
	
	0.22
	0.20
	

	MI2083
	OB(WE)
	III
	3244156
	113016
	105934
	7082
	M. arvalis
	4218
	0.99
	1
	1
	Central
	
	0.23
	0.24
	MK910725

	MI2084
	OB(WE)
	III
	356618
	77799
	71462
	6337
	M. arvalis
	4175
	0.98
	1
	1
	Central
	
	0.22
	0.27
	MK910726

	MI2085
	OB(WE)
	III
	506019
	124020
	114189
	9831
	M. arvalis
	4048
	0.95
	1
	1
	Central
	
	0.27
	0.27
	MK910727

	MI2092
	OB(WE)
	II
	19774
	452
	124
	328
	M. arvalis
	
	
	0
	0
	
	
	0.30
	0.25
	

	MI2093
	RCR
	II
	331339
	278
	139
	139
	M. gregalis
	
	
	0
	0
	
	
	0.16
	0.22
	

	MI2094
	RCR
	II
	836747
	32493
	25069
	7424
	M. arvalis
	4154
	0.97
	1
	0
	Central
	RTT outlier
	0.31
	0.31
	

	MI2095
	RCR
	II
	245795
	3764
	2392
	1372
	M. arvalis
	4167
	0.97
	1
	1
	Central
	
	0.27
	0.29
	MK910728

	MI2096
	RCR
	II
	537762
	92099
	83729
	8370
	M. arvalis
	4098
	0.96
	1
	0
	Eastern
	considered modern contamination
	0.05
	0.05
	

	MI2097
	RCR
	II
	1350821
	346548
	333130
	13418
	M. arvalis
	3543
	0.83
	1
	1
	Central
	
	0.27
	0.25
	MK910729

	MI2098
	RCR
	II
	4274042
	12736
	11311
	1425
	M. arvalis
	3690
	0.86
	1
	0
	Central
	RTT outlier
	0.31
	0.26
	

	MI2099
	RCR
	II
	216247
	20779
	16968
	3811
	M. arvalis
	4031
	0.94
	1
	1
	Central
	
	0.23
	0.25
	MK910730

	MI2100
	RCR
	II
	13617
	159
	73
	86
	M. arvalis
	
	
	0
	0
	
	
	
	
	

	MI2101
	RCR
	II
	158100
	41595
	34618
	6977
	M. arvalis
	4117
	0.96
	1
	1
	Central
	
	0.32
	0.31
	MK910731

	MI2102
	RCR
	II
	2621928
	14597
	7727
	6870
	M. arvalis
	4072
	0.95
	1
	0
	Eastern
	considered modern contamination
	0.04
	0.03
	

	MI2103
	RCR
	II
	94240
	21887
	17044
	4843
	M. arvalis
	3856
	0.90
	1
	1
	Central
	
	0.27
	0.27
	MK910732

	MI2104
	RCR
	II
	365109
	59536
	51869
	7667
	M. arvalis
	4185
	0.98
	1
	0
	Eastern
	considered modern contamination
	0.05
	0.05
	

	MI2105
	RCR
	II
	879088
	57225
	55808
	1417
	M. arvalis
	4152
	0.97
	1
	1
	Central
	
	0.16
	0.14
	MK910733

	MI2106
	RCR
	II
	2394337
	62008
	52536
	9472
	M. arvalis
	4137
	0.97
	1
	1
	Central
	
	0.28
	0.30
	MK910734

	MI2107
	RCR
	II
	78594
	279
	119
	160
	M. arvalis
	
	
	0
	0
	
	
	
	
	

	MI2108
	RCR
	II
	511104
	50131
	47031
	3100
	M. arvalis
	4168
	0.97
	1
	0
	Eastern
	considered modern contamination
	0.03
	0.02
	

	MI2109
	RCR
	II
	1446759
	99637
	88390
	11247
	M. arvalis
	3852
	0.90
	1
	0
	Eastern
	considered modern contamination
	0.04
	0.03
	

	MI2110
	RCR
	II
	925400
	48596
	47462
	1134
	M. arvalis
	4087
	0.95
	1
	0
	Eastern
	considered modern contamination
	0.06
	0.04
	

	MI2117
	RCR
	modern
	235764
	20857
	18981
	1876
	M. arvalis
	3894
	0.91
	1
	0
	Eastern
	
	0.04
	0.04
	MK910735

	MI2118
	RCR
	modern
	2177256
	175073
	170561
	4512
	M. arvalis
	4123
	0.96
	1
	0
	Eastern
	
	0.02
	0.06
	MK910736

	MI2119
	RCR
	modern
	3886048
	136669
	129925
	6744
	M. arvalis
	4106
	0.96
	1
	0
	Eastern
	
	0.03
	0.02
	MK910737





Supplementary Table S11. Results of Simpson’s Diversity Index (D) and Margalef’s Species Richness Index (d) for small mammals.
	Site
	D
	d

	Obłazowa Cave (WE), layer II
	0.50
	3.20

	Obłazowa Cave (WE), layer III 
	0.75
	2.86

	Rock overhang in Cisowa Rock
	0.60
	1.79



Supplementary Table S12. Categories of digestion of incisors (I) and m1 from Obłazowa Cave (western entrance) (OB(WE)) and Rock overhang in Cisowa Rock (RCR).
	Site
	Categories of digestion 

	
	No traces of digestion
	Light
	Moderate
	Heavy
	Extreme

	
	I
	m1
	I
	m1
	I
	m1
	I
	m1
	I
	m1

	OB (WE) layer II
	63.0%
	93.3%
	33.0%
	5.3%
	3.0%
	0.9%
	–
	0.5%
	–
	–

	OB (WE) layer III
	69.5%
	89.5%
	24.5%
	10.5%
	5.0%
	–
	1.0%
	–
	–
	–

	RCR
	57.0%
	50.3%
	33.0%
	35.6%
	9.0%
	10.2%
	1.0%
	3.9%
	–
	–



Supplementary Table S13. Results of the qualitative bioclimatic analysis of the rodent assemblages from Rock overhang in Cisowa Rock (RCR) and layers III and II from Obłazowa Cave (western entrance) (OB(WE)).
	Site
	Highest
probability
	P1
	2nd highest
probability
	P2

	OB(WE) – layer II
	VI
	1.000
	VIII
	<0.001

	OB(WE) – layer III 
	VI
	1.000
	VIII
	<0.001

	RCR
	VI
	1.000
	VIII
	<0.001



Ancient DNA analyses 
aDNA extraction and sequencing libraries preparation
	DNA from paleontological samples was extracted in the Laboratory of Paleogenetics and Conservation Genetics (LPCG), Centre of New Technologies, University of Warsaw, Poland in full compliance with the rules for work with ancient DNA to prevent any contamination from modern DNA. Single teeth were rinsed with sterile demineralized water in 2ml Eppendorf tubes and crushed with sterile tips into smaller pieces. Overnight digestion at 37°C was performed in 1ml of digestion buffer containing 0.5M EDTA, 0.5% N-laurylsarcosine and 20 mg/ml proteinase K. Digestion buffer was combined with 13 ml of binding buffer (5M guanidine hydrochloride, 40% isopropanol), purified using MinElute (Qiagen) silica columns and eluted in 60 l of pre-warmed EB buffer. Negative control was included in every batch of DNA extraction. 
[bookmark: __Fieldmark__13313_1812405587][bookmark: __Fieldmark__13334_1812405587][bookmark: __Fieldmark__13340_1812405587]	Extracts of DNA were directly converted in double-indexed sequencing libraries following Meyer & Kircher (2010) protocol with the following modifications: after end-repair and fill-in enzymes were inactivated at 75°C for 15 min and at 80°C for 20 min, respectively. After the ligation step purification was performed using magnetic beads (Biomiga). To maximise the quality of obtained sequences double-barcoding approach was applied. Adapters used in ligation contained 7-bp long barcode sequences as it was described in Rohland et al. (2014). The second barcodes were introduced with indexing primers P5 and P7 . Indexing PCR was performed in 3 x 25 l volume using AmpliTaq Gold 360 Master Mix (Thermo Fisher Scientific) with the 19 amplification cycles. PCR products from three independent amplifications were pooled and purified using magnetic beads and eluted in 40 l of EBT buffer.

mtDNA enrichment and sequencing
[bookmark: __Fieldmark__13366_1812405587]	Hybridization capture of mtDNA was performed using the protocol proposed by Horn (2012). Modern DNA of common and field vole were used for bait preparation. Complete mitochondrial genome was amplified in several overlapping PCR reaction. Sequences of primers and PCR conditions are presented in Table S10. PCR products were purified using magnetic beads and sonicated at Covaris S220 at an average fragment length of 200 bp. Hybridization was repeated twice in two overnights reactions pooling 4 samples in one reaction. All samples pooled in one reaction possessed different indexes and barcodes. Post-capture PCR after each of hybridizations were performed in 30 l volume using Herculase II Fusion Polymerase (Agilent) in 10 - 15 cycles. Amplified products were purified with magnetic beads and quantified using spectrophotometer and qPCR, pooled in equimolar proportions and sequenced at NextSeq Illumina platform (150 cycles, paired-end, MidOutput kits).
Sequence data processing
[bookmark: __Fieldmark__13415_1812405587][bookmark: __Fieldmark__13428_1812405587][bookmark: __Fieldmark__13439_1812405587]	Raw Illumina reads were firstly demultiplexed based on indices using bcl2fastq Conversion Software v2.20 (Illumina) and additionally barcoded reads were split into separate files using script Sabre (https://github.com/najoshi/sabre). Adapter sequences were trimmed and paired-end reads were collapsed using AdapterRemoval v2 . Merged reads were aligned to reference mitochondrial genome of M. arvalis using mem algorithm in bwa 0.7.17 . Applying tools from SAMtools package only reads with mapping quality over 30 were retained and duplicate reads were discarded. Presence of damage pattern characteristic for ancient DNA was checked using MapDamage (Supplementary Table S10).

Phylogenetic analyses
[bookmark: __Fieldmark__13465_1812405587][bookmark: __Fieldmark__13479_1812405587]	Initial tree included all sequences form OB(WE) and RCR sites identified as of Microtus arvalis and 303 haplotypes of present-day common voles from across Europe published earlier . Bayesian tree was reconstructed in Beast 1.8.4. We used 1,053 bp fragment of mtDNA cytochrome b partitioned into three codon positions. TrN +I+G substitution model was used as indicated by jModeltest 2 . Two MCMC chains were run for 50,000,000 steps each with parameters samples every 5,000 steps. Tracer 1.7 was used to check convergence and mixing. Resulting tree files were combined using logcombiner and summarized with treeannotator. Six main mtDNA lineages with high posterior node probabilities was observed on the reconstructed phylogeny (Supplementary Figure S1).
	We have recovered 4.3 kb fragment of mtDNA from 51 paleontological and 3 present-day samples, morphologically determined as belonging to the common vole (Microtus arvalis). Forty-eight specimens were M. arvalis (15, 18 and 15 from layer II and III from OB(WE) and layer II from RCR, respectively) and three specimens turned out to be narrow-headed voles (Lasiopodomys gregalis). Most of the paleontological specimens (41) belonged to the Central mtDNA lineage while the remaining seven (six from RCR and one from OB(WE) layer III) and three modern specimens to the Eastern mtDNA lineage (Supplementary Figure S1). The Central lineage is at present distributed in Western Europe, mainly on the territory of modern Germany, while the Eastern lineage is present in most of Central, Eastern and South-eastern Europe. All specimens that belonged to Central mtDNA lineage exhibit DNA damage pattern characteristic for ancient DNA with more than 20% of molecules damaged at the terminal nucleotides. In contrast specimens that yielded Eastern mtDNA lineage have much less or no damages at the ends of DNA molecules similarly to present-day specimens. Layer II at RCR is located directly below turf starting from depth of 30 cm. We believe that specimens with Eastern mtDNA lineage were most probably historical or Holocene contaminants that permeated into Layer II from the surface.
To further evaluate whether these sequences might be younger than inferred age of layers II in RCR and III in OB(WE) we used TempEst 1.5.1  to check whether their assigned age is congruent with their divergence from the root (Supplementary Figure S2). To use TempEst we first inferred phylogeny in PhyML 3.1  using 4.3 kb mtDNA fragment of all palaeontological sequences (48) and five sequences from present-day individuals. Two heuristic search algorithms were used (NNI and SPR) assuming TrN+I+G substitution model. Node support was assessed by the approximate likelihood ratio test (aLRT) based on the Shimodaira-Hasegawa-like procedures.
We observed that six out of seven of the Eastern lineage samples had considerably higher divergence from the root of the tree than expected at their assigned sampling date, suggesting that all of them were substantially younger. In addition, we found that three other samples seem to have considerably lower divergence from the root than expected at their assigned age (Supplementary Figure S2). This suggest that those sequences potentially came from deeper layer and might be substantially older. It was shown that inclusion of sequences obtained from samples with high dating error may significantly influence the phylogenetic estimates, therefore we excluded those sequences from molecular rate estimation and reconstruction of Nef. 

[image: ][image: ]
Supplementary Figure S1. Bayesian phylogeny of common voles based on 1053 bp fragment of mtDNA cytochrome b. Sequences obtained in this study are marked with gray background. Number at nodes indicate node posterior probabilities, values lower than 0.8 were omitted. Western-North, Western-South and Balkan clades were collapsed.

To check whether the dates assigned to sequences are consistent with divergence from root-to-tip we used TempEst 1.5.1  (Supplementary Figure S2). To use TempEst we inferred phylogeny in PhyML 3.1  using 4.3 kb mtDNA fragment of all palaeontological sequences (48) and five sequences from present-day individuals. Two heuristic search algorithms were used (NNI and SPR) assuming TrN+I+G substitution model. Node support was assessed by the approximate likelihood ratio test (aLRT) based on the Shimodaira-Hasegawa-like procedures .

[image: ]
Supplementary Figure S2. Root-to-tip regression plot with ancestor traces shown. Sequences that can be considered outliers are labelled.
	
[bookmark: __Fieldmark__13522_1812405587][bookmark: __DdeLink__13659_1812405587][bookmark: OLE_LINK125][bookmark: OLE_LINK126]To reconstruct effective population changes through time evolutionary rate may be estimated from the time structured data. However, palaeontological sequences from OB(WE) and RCR alone lacks the temporal breadth and phylogenetic signal for reliable estimation. To separately estimate substitution rate of the 4.3 kb mtDNA fragment used for reconstruction of Nef, we used 41 sequences from paleontological specimens together with sequences of five modern individuals (three from the vicinity of Cisowa Rock sequenced here, mtDNA reference sequence and a sequence from an individual used to produce hybridization bait which came from Białowieża, NE Poland). To each paleontological sample we assigned the date that was a mean of medians of all 14C dates obtained from the layer that it came from. PartitionFinder2 was used to find the most appropriate partitioning scheme and substitution models (Supplementary Table S10). Bayesian SkyGrid tree prior was applied with time at the last point set to 30,000 years BP. Strict clock and the CTMC rate reference prior was used. Two MCMC chains were run for 50,000,000 steps each with parameters samples every 5,000 steps. Tracer 1.7 was used to check for convergence and mixing. To check whether used the dataset has enough temporal signal to reliably estimate mutation rate we performed Date Randomization Test. Twenty replicates with dates randomly assigned to sequences were generated using TipDatingBeast R package. There was no overlap between substitution rates (plus 95% HPD intervals) estimated from real and randomised datasets indicating that the dataset has enough phylogenetic signal to reliably estimate mutation rate (Supplementary Figure S3). The resulting mean substitution rate was 2.087 x 10-7 (95% HPD interval: 1.074 x 10-7 – 3.14 x 10-7) substitutions /site/year. 
[image: ]
Supplementary Figure S3. Results of date randomization test. Mean estimated mutation rate (solid circles) with 95% HDP interval (vertical lines) estimated from real data (1) and from data with randomized sampling times (2-21).

The estimation of effective population size changes through time was performed similarly but we used only 38 sequences obtained from OB(WE) and RCR specimens and fixed substitution rate estimated in the previous step. Bayesian SkyGrid was reconstructed in Tracer 1.7.1 from combined logs of two MCMC runs. 
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