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Climate changes that occurred during the Late Pleistocene have profound effects on the distribution of 22	
  

many plant and animal species and influenced the formation of contemporary faunas and floras of 23	
  

Europe. The course and mechanisms of responses of species to the past climate changes are now 24	
  

being intensively studied by the use of direct radiocarbon dating and genetic analyses of fossil 25	
  

remains. Here, we review the advances in understanding these processes by the example of four 26	
  

mammal species: woolly mammoth (Mammuthus primigenius), cave bear (Ursus spelaeus s. l.), saiga 27	
  

antelope (Saiga tatarica) and collared lemmings (Dicrostonyx ssp.). The cases discussed here as well 28	
  

as others show that the migrations, range shifts and local extinctions were the main responses to 29	
  

climate changes and that the dynamics of these climate driven processes were much more profound 30	
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than it was previously thought. Each species reacted by its individual manner, which depended on its 31	
  

biology and adaptation abilities to the changing environment and climate conditions. The most severe 32	
  

changes in European ecosystems that affected the largest number of species took place around 33–33	
  

31 ka BP, during the Last Glacial Maximum 22–19 ka BP and the Late Glacial warming 15–13 ka BP. 34	
  

 35	
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 38	
  

INTRODUCTION 39	
  

 The Late Pleistocene was a period marked with multiple climate changes of a magnitude 40	
  

greater than those observed today (Rasmussen et al., 2014). The impact of those fluctuations on Late 41	
  

Pleistocene mammal populations have been intensively studied by examination of changes in spatial 42	
  

distribution of fossil mammalian faunas in time (e.g. Graham et al., 1996; Sommer and Nadachowski, 43	
  

2006; Lister and Stuart, 2008; Markova and van Kolfschoten, 2008). This period witnessed also a 44	
  

mass extinction on an unprecedented scale not observed in fossil records for millions of years 45	
  

(Sandom et al., 2014; Stuart, 2015). By the end of the Pleistocene, the most of terrestrial megafauna 46	
  

species (heavier than 44 kg) became extinct or their population sizes decreased substantially 47	
  

(Barnosky et al., 2004; Koch and Barnosky, 2006). The course and the timing of these events differ 48	
  

from region to region and the causes of these extinctions are the subject of an on-going debate. Some 49	
  

researchers point only to climate changes, some blame human activities like overhunting and habitat 50	
  

alternation (Alroy, 2001; Sandom et al., 2014) whereas others suggest the combination of these two 51	
  

causes as a main trigger (Barnosky et al., 2004; Prescott et al., 2012; Stuart, 2015).  52	
  

 In recent years two main advances accelerated research in this field. The first one was the 53	
  

increase of accessibility and popularity of the AMS radiocarbon dating. The growing number of directly 54	
  

dated fossils allowed for precise tracking of changes in species’ geographic distribution, migrations 55	
  

and dating extinction events (e.g., MacPhee et al., 2002; Stuart, 2005; Sommer et al., 2008, 2014; 56	
  

Pacher and Stuart, 2009; Stuart and Lister, 2012, 2014). It enabled direct correlation between these 57	
  

events and climatic and environmental changes. The second advance was the emergence of the 58	
  

ancient DNA studies. The examination of genetic diversity has added another level of complexity to 59	
  

the research on the Late Pleistocene populations. Ancient DNA facilitated investigations of 60	
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intraspecific processes, such as population replacements or changes in their diversity; events that 61	
  

usually do not manifest in fossil record. These two methods combined together proved to be the most 62	
  

versatile approach in reconstruction of past population histories (e.g., Campos et al., 2010a, b; 63	
  

Lorenzen et al., 2011; Horn et al., 2014; Palkopoulou et al., 2016). 64	
  

The main aim of our study is to review the recent progress that was made in the research of 65	
  

four species: woolly mammoth (Mammuthus primigenius), cave bear (Ursus spelaeus s. l.), saiga 66	
  

antelope (Saiga tatarica) and collared lemming (Dicrostonyx ssp.) and to discuss its implications for 67	
  

our understanding of the impact of climate changes on migrations and extinctions of mammals in the 68	
  

Late Pleistocene. 69	
  

 70	
  

WOOLLY MAMMOTH (MAMMUTHUS PRIMIGENIUS) 71	
  

 Elephants (Elephantidae) are the largest terrestrial mammals, with stout body, characteristic 72	
  

long, highly pronounced proboscid or trunk, a combination of nose and upper lip, large ears, column-73	
  

like limbs, and small tail. The woolly mammoth, represents elephants well adapted to the cold and arid 74	
  

steppe-tundra environment (Maschenko, 2002; Lister et al., 2005). This species was widespread 75	
  

during the Late Pleistocene from Western Europe through the whole northern Asia to the northern part 76	
  

of North America (Kahlke, 2015). The morphological data revealed the woolly mammoths were 77	
  

present in Europe from around 200 ka BP until the end of the Pleistocene (Lister and Sher, 2001; 78	
  

Lister et al., 2005). However, genetic studies indicated that the Late Pleistocene history of 79	
  

Mammuthus primigenius was characterized by a complex series of range expansions and 80	
  

contractions, demographic changes and clade replacements (Palkopoulou et al., 2013).  81	
  

Phylogenetic analyses revealed that Holarctic mammoths belonged to three distinct mitochondrial 82	
  

(mtDNA) lineages (Fig. 1). The most widespread lineage I had nearly Holarctic distribution, the lineage 83	
  

II was confined to Central-East Asia while specimens from the lineage III to Europe (Debruyne et al., 84	
  

2008; Palkopoulou et al., 2013). The divergence of lineages I and II was previously estimated to ca. 1 85	
  

Ma ago (Debruyne et al., 2008; Gilbert and Drautz, 2008), however, most recent estimations suggest 86	
  

much younger date about 300 ka BP (Palkopoulou et al., 2013). Coalescent simulations suggested 87	
  

that actual split of three mammoth populations took place around 200 ka BP and was followed by a 88	
  

demographic expansion that started around 121 ka BP (Palkopoulou et al., 2013). This expansion 89	
  

coincides broadly with the end of Eemian Interstadial, which suggests that mammoths survived this 90	
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warm period confined to refugial areas and expanded as climate got cooler at the beginning of 91	
  

Weichselian glaciation (Palkopoulou et al., 2013). Surprisingly, this was not supported by the analyses 92	
  

of the whole paleogenomes, which indicated a much earlier expansion ca. 280 ka years ago and the 93	
  

maximum effective population size during Eemian (Palkopoulou et al., 2015).  94	
  

 95	
  

 96	
  

Fig. 1. Woolly mammoth (Mammuthus primigenius). A – Bayesian phylogeny of Holarctic woolly 97	
  

mammoths based on mtDNA cytochrome b sequences. The tree is a chronogram where branch 98	
  

lengths denote time elapsed since divergence and the position of tips corresponds to calibrated 99	
  

radiocarbon age of samples; B – distribution of paleontological sites with woolly mammoth 100	
  

remains radiocarbon-dated to the indicated periods. Colours indicate mitochondrial DNA lineages 101	
  

(modified after Palkopoulou et al., 2013). 102	
  

 103	
  

Despite, the ambiguities in the early history of mammoth populations, ancient DNA revealed also two 104	
  

more recent population turnovers. In the Eemian Interglacial and Early Weichselian, woolly mammoths 105	
  

that belonged to clade I were most probably confined to North America. It was estimated that ca. 66 ka 106	
  

BP they started to expand westward through Beringia and reached the area occupied by mammoths 107	
  

from clade II. Both populations lived in sympatry for 20 ka, when the clade II suddenly disappeared 108	
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from the fossil record ca. 40 ka BP (Palkopoulou et al., 2013). Woolly mammoths belonging to clade I 109	
  

expanded further west and reached Europe. The earliest specimen in Europe originating from this 110	
  

clade came from the site in Vologda Oblast in Russia and was dated to 32 ka BP. The appearance of 111	
  

clade I in Europe coincides with the disappearance of endemic European population (clade III), with 112	
  

the latest specimen dated to ca. 34 ka BP. There is, however, no evidence for any overlap between 113	
  

these populations and it seems that the extinction of clade III was not driven by the appearance of 114	
  

newcomers from the east. This scenario is supported by the lack of radiocarbon dating of mammoth 115	
  

remains in Central Europe between ca. 34 and 32 ka BP, e.g. in Poland (Nadachowski et al., 2011 116	
  

and Fig. 2). An important increase of mammoth’s population size in Europe took place between 31 117	
  

and 29 ka BP, which is confirmed by dense radiocarbon dating of mammoth remains collected from 118	
  

almost whole North European Plain (Nadachowski et al., 2011; Ukkonen et al., 2011; Markova et al., 119	
  

2013). Interestingly, during almost the whole Last Glacial Maximum (LGM), between ca. 22 and 18 ka 120	
  

BP (Fig. 2), there are no dated mammoth records in north-western, northern and central Europe sites 121	
  

(Stuart et al., 2004; Nadachowski et al., 2011; Ukkonen et al., 2011), which suggests a long-range 122	
  

contraction. Mammoths re-immigrated to Europe for next 3-4 millennia at the end of the GS-2 123	
  

(Greenland Stadial 2) with the return of severe climatic conditions and open vegetation (Lister and 124	
  

Stuart, 2008; Nadachowski et al., 2011 and Fig. 2). The next break in the mammoth record coincides 125	
  

roughly with the Bølling-Allerød warming (Greenland Interstadial 1, GI-1) followed by one more 126	
  

recolonization of Latvia and Estonia, dated to the Younger Dryas (GS-1) (Lõugas et al., 2002;	
  Stuart et 127	
  

al., 2002; Ukkonen et al., 2011 and Fig. 7). The last populations of Mammuthus primigenius in Europe 128	
  

lived in north-western Russia and disappeared around the Younger Dryas – Holocene boundary ca. 129	
  

11.8 – 11.4 ka BP (Lõugas et al., 2002; Ukkonen et al., 2011).  130	
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 131	
  

Fig. 2. Woolly mammoth (Mammuthus primigenius). Radiocarbon dates of woolly mammoth remains 132	
  

from Poland alongside the NGRIP GICC05 ice core δ 18O record (Svensson et al., 2008). Dates 133	
  

were compiled from Nadachowski et al. (2011), Pawłowska (2015), Wilczyński et al. (2015), 134	
  

Wojtal and Wilczyński (2015) and recalibrated in OxCal v. 4.2 (Ramsey, 2009) using Intcal13 135	
  

calibration curve (Reimer et al., 2013). MIS – Marine Isotopic Stages, GS – Greenland Stadials, 136	
  

GI – Greenland Interstadials; LGM – Last Glacial Maximum (after Mix et al., 2001). Grey strips 137	
  

illustrate inferred periods of the absence of mammoths in Poland. 138	
  

 139	
  

CAVE BEAR (URSUS SPELAEUS S. L.) 140	
  

 The bear family (Ursidae) are large mammals with big head and thick neck, small eyes and 141	
  

short tail, muscular bodies with stout legs and large paws. Most bears are omnivores, although the 142	
  

diets of polar bear (Ursus maritimus) and giant panda (Ailuropoda melanoleuca) is very narrow and 143	
  

specialized. The former is a carnivore and the latter is an obligate consumer of bamboo. It is assumed 144	
  

that the cave bear (Ursus spelaeus s.l.), one of the most widespread mammals in the Late Pleistocene 145	
  

in Europe, was an obligatory vegetarian. It evolved from Middle Pleistocene Ursus deningeri and 146	
  

differentiated into several forms recognized at morphological or genetic levels (Hofreiter et al., 2002; 147	
  

Rabeder et al., 2004a, b). In Europe, two main forms, U. spelaeus and U. ingressus existed. They 148	
  

differentiated probably between 414,000 and 173,000 years ago (Knapp et al., 2009). U. spelaeus 149	
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lived mainly in Western Europe and its remains were found in Spain, France, Germany, Belgium, Italy 150	
  

and Austria, although it was also recorded in Altai (Rabeder et al., 2004b; Knapp et al., 2009). U. 151	
  

ingressus inhabited South-eastern and Central Europe and was discovered mainly in Romania, 152	
  

Slovenia, Ukraine, Czech Republic, Poland, Slovakia and Greece but also in Austria, Germany and 153	
  

Switzerland (Rabeder et al., 2004b; Baca et al., 2014). Moreover, two small, dwarf cave bear forms 154	
  

that are considered as a subspecies, U. spelaeus eremus and U. spelaeus ladinicus were reported in 155	
  

high alpine caves in Austria and Italy (Rabeder and Hofreiter, 2004; Rabeder et al., 2004a) (Fig. 3A). 156	
  

Another major group of large bears, named U. deningeri kudarensis was discovered in the Caucasus 157	
  

(Baryshnikov, 1998; Knapp et al., 2009). Recent analysis of mtDNA of the Middle Pleistocene U. 158	
  

deningeri from Sima de los Huesos, Atauperca, Spain, revealed that U. deningeri kudarensis 159	
  

constitutes the most divergent cave bear lineage (Dabney et al., 2013). It was suggested that it 160	
  

belonged to a separate branch of cave bear evolution and its taxonomic status was changed to U. 161	
  

kudarensis (Dabney et al., 2013; Stiller et al., 2014). 162	
  

 The geographic origin of the U. ingressus is not known, but the basal position of haplotypes 163	
  

from Romanian site Pestera cu Oase in the phylogeny of this species points to South-eastern Europe 164	
  

(Baca et al., 2012). The phylogeographic picture of U. ingressus is unclear as the mtDNA phylogeny 165	
  

lacks significant support and clear phylogeographic lineages are not differentiated (Fig. 3A). It seems, 166	
  

however, that the spread of U. ingressus in Europe may have proceeded independently along the 167	
  

main European mountain ridges, Alps and Carpathians (Baca et al., 2014). 168	
  

It has been proposed that between 60 and 50 ka BP U. ingressus started westward migration 169	
  

along the Alps (Hofreiter et al., 2004; Rabeder and Hofreiter, 2004; Münzel et al., 2011). The earliest 170	
  

remains of this species from the Austrian and Swiss Alps, dated to ca. 50 ka BP are known from 171	
  

Gamssulzen cave. The westernmost record of U. ingressus came from Schnurenloch site near Bern, 172	
  

Switzerland, but species attribution was based solely on morphology without genetic confirmation 173	
  

(Rabeder and Hofreiter, 2004). Recently, several cave bear specimens from Kraków-Częstochowa 174	
  

Upland, Poland yielded mtDNA haplotypes identical to those found in Alpean U. ingressus, which 175	
  

suggests that this population spread also northwards beyond the Carpathian Arc (Popović et al., 176	
  

2015). 177	
  

In some cases, the appearance of U. ingressus was associated with disappearance of other 178	
  

cave bear forms that inhabited the area. The most interesting evidence of such replacement came 179	
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from the three cave sites in the Ach Valley in Swabian Jura, Germany: Hohle Fels, Geißenklösterle, 180	
  

and Sirgenstein (Hofreiter et al., 2007; Münzel et al., 2011). The latest occurrence of native inhabitant 181	
  

in this area, U. spelaeus, was dated to ca. 31.5 ka BP while the earliest record of U. ingressus from 182	
  

Geißenklösterle was dated to 36.3 ka BP. Only a single U. ingressus individual yielded such a date 183	
  

while most of others were dated to ca. 32 ka BP, which suggests that the main immigration took place 184	
  

just before the local extinction of U. spelaeus. A similar replacement was recorded in Herdengel cave 185	
  

in Austria, where U. ingressus replaced one of the small-sized cave bear forms, U. s. eremus. All of 186	
  

the eremus cave bears were dated by stratigraphic context to more than 60 ka BP, whereas all U. 187	
  

ingressus were younger than 37 ka BP (Stiller et al., 2014). The appearance of U. ingressus not 188	
  

always resulted in the replacement of other cave bear forms. In the two Austrian caves, Ramesch and 189	
  

Gamssulzen, located about 10 km from each other, U. ingressus lived side by side with U. s. eremus 190	
  

for at least 15,000 years (Hofreiter et al., 2004).  191	
  

Less is known about cave bear population that inhabited surroundings of Western Carpathians 192	
  

and Sudetes. Radiocarbon dates suggest more or less continuous presence of cave bears in this area 193	
  

(Nadachowski et al., 2008; Wojtal et al., 2015) during the Late Pleistocene. Preliminary results of 194	
  

genetic investigation of specimens from multiple sites in Poland, Czech Republic, Slovakia and 195	
  

Ukraine revealed that U. ingressus was the only form of cave bear present in this part of Europe 196	
  

(Popović et al., 2015; Fig. 3B). It appeared in Carpathians and Sudetes much earlier than in the Alps. 197	
  

The earliest remains confirmed with morphological and ancient DNA analyses are from Niedźwiedzia 198	
  

Cave in Sudetes. Bone collagen from one specimen from this cave was dated with U-Th method to 199	
  

about 80 ka BP (with accompanying 14C date >50 ka 14C BP) and the other was stratigraphically dated 200	
  

to more than ca. 70 ka BP (Baca et al., 2014). The mtDNA haplotypes of specimens from 201	
  

Niedźwiedzia Cave formed a divergent cluster in phylogenetic trees, which confirms the early 202	
  

separation and expansion of this population (Baca et al., 2012, 2014). Recently, two cave bears with 203	
  

similar mtDNA haplotypes were recorded further west in Zoolithen cave (Upper Franconia, Germany) 204	
  

(Stiller et al., 2014). In this cave, remains of U. spelaeus were also discovered and interestingly, an 205	
  

opposite replacement was suggested as the estimated age of both U. ingressus specimens was older 206	
  

than of nine U. spelaeus individuals (Stiller et al., 2014). These results are, however, based on 207	
  

molecular dating of the remains and should be further confirmed with direct radiocarbon dating. 208	
  

 209	
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 210	
  

Fig. 3. Cave bear (Ursus spelaeus s.l.). A – Bayesian phylogeny of European cave bears based on 211	
  

mtDNA control region sequences. The tree is a phylogram where branch lengths are proportional 212	
  

to amount of sequence differences; B – spatial distribution of cave bear remains classified as U. 213	
  

s. spelaeus and U. ingressus (after Popović et al., 2015). Colours indicate mitochondrial DNA 214	
  

lineages of cave bears. 215	
  

 216	
  

Another debated issue in cave bear populations’ history is the timing and causes of their 217	
  

extinction. Direct radiocarbon dates indicate that last cave bears went extinct prior to the LGM. Until 218	
  

recently, it was thought that they disappeared from fossil record quite synchronously in different parts 219	
  

of Europe around 24 14C ka BP (28 ka BP) at the end of GI-3 (Hofreiter et al., 2002; Pacher and 220	
  

Stuart, 2009; Bocherens et al., 2014). Palaeogenetic analyses showed, however, that the demise of 221	
  

cave bears started ca. 50 ka14C BP (Stiller et al., 2010), thus about 25,000 years before their final 222	
  

extinction. It has been proposed that the changing climate was one of the main causes of the cave 223	
  

bear extinction.  224	
  

Cave bears are generally considered herbivorous based on their craniodental adaptations 225	
  

(Kurtén, 1976; Wiszniowska et al., 2010; van Heteren et al., 2014) and most of the studies of stable 226	
  

isotopes (δ13C, δ15N) from bone and tooth collagen confirm that they were strict vegetarians 227	
  

(Bocherens et al., 1994, 1997; Taboada et al., 1999; Fernández-Mosquera et al., 2001; Münzel et al., 228	
  

2011; Krajcarz et al., 2016). The climate change which began since GS-3 caused severe 229	
  

transformations in plant communities all around Europe (Helmens, 2014). Vegetation seasons 230	
  

shortened and the availability of high quality plant material, which seems crucial for cave bears 231	
  

survival, decreased. Dietary habits of cave bears did not change during their presence for the last 232	
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10,000 years in Europe and this ecological niche conservatism may have led to decline of their 233	
  

populations (Bocherens et al., 2014). 234	
  

Beside the environmental changes several other factors might have influenced the cave bear 235	
  

populations. There is a substantial evidence of hunting the cave bears by humans (Münzel et al., 236	
  

2011; Wojtal et al., 2015), as well as their competition for caves as a shelter (Grayson and Delpech, 237	
  

2003). Possibly also large carnivores like cave lion (Panthera spelaea) and cave hyena (Crocuta 238	
  

crocuta spelaea) hunted hibernating cave bears (Diedrich, 2014).  239	
  

Recently several young cave bear specimens were reported in Western Europe. One 240	
  

specimen from Rochedane site (French Jura), confirmed with ancient DNA as U. spelaeus, yielded an 241	
  

AMS date of about 28.5 ka BP (Bocherens et al., 2014). Two specimens from Chiostraccio Cave 242	
  

(Siena, Italy) were dated to ca. 28 and 27 ka BP, respectively (Martini et al., 2014). Stiller et al. (2014) 243	
  

suggested that cave bear populations might have declined from east to west as most of the samples 244	
  

younger than 30 ka BP were found in Western Europe. However, young specimens were also 245	
  

reported in Eastern Europe (Fig. 4B). Two specimens from Kraków-Częstochowa Upland, from 246	
  

Deszczowa and Komarowa caves were dated to 28.6 ka BP and confirmed as U. ingressus (Popović 247	
  

et al., 2015; Wojtal et al., 2015). Another one from Isabela Textorisowa cave (Velka Fatra Mts., 248	
  

Slovakia) (Sabol et al., 2014) was similarly dated to 28.7 ka BP. The youngest genetically confirmed 249	
  

cave bear specimen so far come from Stajnia cave in Poland and was dated to around 26.1 ka BP. 250	
  

Baca et al. (2016) gathered 206 radiocarbon dated specimens and following eight approaches 251	
  

estimated the extinction time of U. spelaeus sensu lato to between 27.0 and 24.3 ka BP. These 252	
  

findings clearly indicate that the pattern recognised by Stiller et al. (2014) was a result of sampling 253	
  

bias and that the late cave bear survived independently in isolated populations in different parts of 254	
  

Europe even into the middle of GS-3 stadial. Especially the karst regions may have provided suitable 255	
  

microclimate for long survival of this species (Baca et al., 2016).The large amount of directly dated 256	
  

and genetically analysed cave bear remains provided insight into cave bear population dynamics in 257	
  

Europe. However, some aspects of mode of life of cave bears and details about their extinction, 258	
  

evolution and phylogeography still await explanation. 259	
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 260	
  

Fig. 4. Cave bear (Ursus spelaeus s.l.). A – distribution of paleontological sites with cave bear 261	
  

remains younger than 32 ka BP, B – Cave bear remains younger than 32 ka BP alongside the 262	
  

NGRIP GICC05 δ 18O ice core record. Specimens genetically determined as U. spelaeus are 263	
  

coloured in blue, whereas U. ingressus in green. 264	
  

 265	
  

SAIGA ANTELOPE (SAIGA TATARICA) 266	
  

 Hollow-horned ruminants (Bovidae) are the most diverse family in the order Artiodactyla. More 267	
  

delicately build species, including the genus Saiga, belong to the tribe Antilopini together with gazelles 268	
  

and other antelopes (Groves and Leslie, 2011). The bizarre-looking saigas are not related to sheep 269	
  

and goats, as was used to be thought, but are the sister group of the gazelles. They are non-territorial 270	
  

and nomadic antelopes, gathering in massive herds of many thousands individuals before migrations. 271	
  

Saiga is a specialised steppe herbivore adapted to flat plains and avoiding rugged terrains. At present 272	
  

it inhabits dry steppes and semi-deserts but during the Late Pleistocene it was widespread in vast 273	
  

areas of Eurasia and North America belonging to so-called “Mammuthus – Coelodonta” faunal 274	
  

complex (Kahlke, 1999, 2014). The number of dispersal events to Europe during the Late Pleistocene 275	
  

was limited by ecological requirements of this species and weather conditions. The high thickness of 276	
  

snow cover in winter was the largest restriction on long-distance migrations of saiga.  277	
  

 There is still hot debate whether saiga represents two or one species. Some palaeontologists 278	
  

distinguish two fossil species: Saiga borealis and S. tatarica (Baryshnikov and Tikhonov, 1994), others 279	
  

only one species with two subspecies, S. tatarica borealis and S. tatatrica tatarica in spite of some 280	
  

distinct differences found in the skull morphology between both forms (Kahlke, 1991; Ratajczak et al., 281	
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2016). The current genetic studies also suggest that both fossil and recent saiga should be classified 282	
  

as one species, Saiga tatarica (Kholodova et al., 2006; Campos et al., 2010b). 283	
  

 The permanent occurrence of this antelope in steppe areas in Eastern Europe north to Black 284	
  

Sea, in the Crimea and Dobruja (Dobrogea) in Romania during the whole MIS 3 cannot be questioned 285	
  

(Markova et al., 1995; Pean et al., 2013; Ridush et al., 2013). Previously published overviews suggest 286	
  

that saiga was also present in Western and Central Europe in MIS 3 (Stewart, 2007; Markova et al., 287	
  

2010). However, this evidence was not recently confirmed by direct radiocarbon dating (Nadachowski 288	
  

et al., 2016). During MIS 2 and early part of MIS 1 (the Late Glacial), saiga appeared in Europe in 289	
  

three immigration waves (Fig. 5). The oldest one was probably restricted only to Central Europe (e.g. 290	
  

Poland and Czech Republic) (Nadachowski et al., 2016) and was temporally limited to GI-2, i.e. a 291	
  

short warming period between 23.3 and 22.9 ka BP (Rasmussen et al., 2014). The second, 292	
  

geographically much wider migration started just after the LGM, ca. 19.5 ka BP, and lasted for ca. 293	
  

3,500–4,000 years to ca. 15.5 ka BP (Nadachowski et al., 2016 and Fig. 5). During this time, Saiga 294	
  

tatarica was present in the whole Europe north of the Carpathians, Alps and Pyrenees and reached 295	
  

Aquitaine Basin and Gascony in SW France. The comparison of still limited number of direct dates 296	
  

suggests rather migrations of saiga from western Europe to its eastern refugial areas because the 297	
  

dates from France (Langlais et al., 2015) are older than those from Germany and Poland 298	
  

(Nadachowski et al. 2016; Fig. 5). This interesting observation should be, however, confirmed by more 299	
  

direct radiocarbon dating. The reduction of distribution range of saiga in Europe was continued in the 300	
  

Late Glacial (Fig. 5) due to the development of vegetation cover not suitable for this herbivore. 301	
  

However, during cooler episodes of the Late Glacial, between Bølling and Allerød (GI-1d, former Older 302	
  

Dryas) and within the Allerød (GI-1c2) (Rasmussen et al., 2014) Saiga tatarica probably returned to 303	
  

Central Europe, but this reimmigration was restricted only to the area north of the Carpathians 304	
  

(Nadachowski et al., 2016 and Fig. 5). It seems that this species was unable to extend its range to the 305	
  

west of Europe during the Younger Dryas (GS-1), the last cold phase of the Pleistocene, even the 306	
  

climatic and environmental conditions were suitable for this herbivore.  307	
  

 The history of saiga in the European Late Pleistocene, especially directions of migrations 308	
  

(westward or eastward), needs further investigation basing on new radiocarbon dating and 309	
  

palaeogenetic studies to explain the complex migration events of this endangered ruminant.  310	
  

 311	
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 312	
  

Fig. 5. Saiga antelope (Saiga tatarica). A – a plot of direct radiocarbon dates of saiga antelope in 313	
  

Europe (Langlais et al., 2015 and Nadachowski et al., 2016) alongside the NGRIP GICC05 δ 18O 314	
  

ice core record, calibrated using program OxCal v. 4.2 (Ramsey, 2009). GS – Greenland 315	
  

Stadials, GI – Greenland Interstadials. B – spatial distribution of sites with saiga remains in 316	
  

Europe. White circles denote sites with remains dated by archaeological context, while coloured 317	
  

circles indicate sites with radiocarbon dated remains. Colours correspond to three putative waves 318	
  

of migration of saiga into Europe (supplemented and modified after Nadachowski et al., 2016). 319	
  

 320	
  

COLLARED LEMMING (DICROSTONYX SSP.) 321	
  

 Morphological and molecular evidence shows that voles and lemmings create a monophyletic 322	
  

group of rodents ranked by most authors as Arvicolinae subfamily (Chaline et al., 1999). Collared 323	
  

lemmings (Dicrostonyx ssp.) are cold-adapted animals that are restricted to dry and treeless Arctic 324	
  

tundra environments (Kowalski, 1995). They are a key species in trophic networks in Arctic 325	
  

ecosystems as they are prey for predators such as arctic fox, snow owl or stoat. Four contemporary 326	
  

species are recognised within the genus, D. torquatus that inhabits Eurasia from White Sea to Bering 327	
  

Strait, as well as D. groenlandicus, D. richardsoni and D. hudsonius that inhabit North America. These 328	
  

species have been recognised on the basis of phylogenetic analysis of mitochondrial DNA, karyotype 329	
  

diversity and hybridisation experiments (Jarrell and Fregda, 1993; Fedorov and Goropashnaya, 1999). 330	
  

Such classification is currently the most commonly accepted.  331	
  

 At present collared lemmings show nearly circumpolar distribution and do not exceed latitude 332	
  

65° N, but in the Pleistocene their range was much wider and their remains are known from 333	
  

paleontological sites throughout Europe and Asia (e.g. Markova et al., 2010; Ponomarev and 334	
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Puzachenko, 2015). Pleistocene collared lemmings are classified according to the growing complexity 335	
  

of occlusal surface of molar teeth. The oldest ones are known from the Early Pleistocene and are 336	
  

classified as Predicrostonyx (Nadachowski, 1992), which was followed by D. renidens, D. meridionalis 337	
  

and D. simplicior in the Middle Pleistocene (Zazhigin, 1980; Smirnov et al., 1986) and D. gulielmi in 338	
  

the Late Pleistocene. It was suggested that the transition between D. gulielmi and the recent D. 339	
  

torquatus took place in the Late Glacial about 15 – 13 ka BP. Morphometric analyses of molar teeth 340	
  

revealed that during this time, a substantial change in the structure of collared lemming populations 341	
  

took place (Smirnov, 2002). It was further supported by the genetic analyses of contemporary collared 342	
  

lemming populations. Phylogeographic analyses revealed the existence of five allopatric populations 343	
  

within the present distribution of the species (Fedorov et al., 1999). Each of the populations was 344	
  

characterised by low genetic diversity, which was interpreted as an effect of the regional population 345	
  

reductions that might have taken place during the warm periods in Holocene. Another evidence came 346	
  

from the palaeogenetic analyses of collared lemmings remains from Pymva Shor site in northern Pre-347	
  

Urals that revealed the signature of severe population bottleneck around 14.5 ka BP (Prost et al., 348	
  

2010). The climate warming during the Bølling/Allerød (GI-1a-c) period in the Late Glacial was 349	
  

accompanied with northward expansion of forests and supposedly this forced the contraction and 350	
  

isolation of collared lemming populations that resulted in their decline (Fedorov, 1999). 351	
  

Recently, Palakopoulou et al. (2016) used ancient DNA and radiocarbon dating to reconstruct 352	
  

the Late Pleistocene evolutionary history of collared lemmings. They obtained mtDNA sequences from 353	
  

more than 300 collared lemming specimens from multiple palaeontological sites, and 48 direct 354	
  

radiocarbon AMS dates. Phylogenetic analyses revealed that five distinct populations of collared 355	
  

lemmings, represented by five mitochondrial lineages (EA1 – EA5, Fig. 6A), existed in Europe. Each 356	
  

of the populations was widely distributed ranging from Western France to Ural Mountains. The 357	
  

radiocarbon dating revealed that subsequent populations succeeded each other through time during 358	
  

the last ca. 50 ka. This was interpreted as a series of collared lemming population extinctions and 359	
  

recolonizations that took place across the whole European continent. The found phylogenetic pattern 360	
  

indicated that subsequent recolonizations proceeded in east to west direction from a hypothetical 361	
  

refugial area in north-eastern Siberia. Dates for two earliest populations (EA1 & EA2) are close to 362	
  

radiocarbon dating limits but it seems that both were already present in Europe prior to 50 ka BP. The 363	
  

EA1 population vanished around 50 ka BP and EA2 population around 42.3 ka BP. Population EA3 364	
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appeared in Europe ca. 32 ka BP and disappeared 22.8 ka BP and was followed by population EA4, 365	
  

dated to a short period between 22.2 and 20.5 ka BP. Population EA5 emerged ca. 20.3 ka BP and 366	
  

disappeared from Europe ca. 14.5 ka BP. All Holocene and modern collared lemmings from Siberia 367	
  

belong to this EA5 mtDNA lineage (Fig. 6B). 368	
  

 369	
  

Fig. 6. Collared lemming (Dicrostonyx ssp.). A – Bayesian phylogeny of Eurasian collared lemmings 370	
  

based on mtDNA cytochrome b sequences. The tree is a chronogram where branch lengths 371	
  

denote time elapsed since divergence and the position of tips corresponds to calibrated 372	
  

radiocarbon age of the sample. Colours indicate different mtDNA lineages; B – Spatial 373	
  

distribution of paleontological sites with collared lemming in different periods. Colours indicate 374	
  

different mtDNA lineages (modified after Palkopoulou et al., 2016). 375	
  

 376	
  

It was postulated that population turnovers that took place across such a large geographical 377	
  

range, has to be driven by environmental or ecological changes in the steppe-tundra ecosystem. The 378	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

16	
  
	
  

dating of two earliest populations (EA1 and EA2) was not very precise and the connection between 379	
  

their demise and climate changes remains unclear. The spread of population EA3, which seems 380	
  

reliably dated, started just after GI-5 and might be associated with climate cooling that begun with the 381	
  

onset of the GS-5. Surprisingly, the two following population turnovers, i.e. the replacement of 382	
  

population EA3 by EA4 and EA4 by EA5, took place within the LGM. During this period, arctic tundra 383	
  

environments preferred by the collared lemmings, spread over the large areas of Eurasia (Tarasov et 384	
  

al., 2000). Thus, the causes of these replacements remain unclear, however, it was shown that they 385	
  

coincide with short term warming periods recorded in high resolution palynological record from Lago 386	
  

Grande di Montichio, Itally (Palkopoulou et al., 2016). 387	
  

 388	
  

DISCUSSION AND CONCLUSIONS 389	
  

 The high resolution reconstructions of migrations and extinctions events during the Late 390	
  

Pleistocene obtained in recent years showed that species responded to climate changes according to 391	
  

their individual adaptations and there are no grounds for considering species as faunal complexes 392	
  

responding simultaneously and in the same way (Hofreiter and Stewart, 2009; Stewart et al., 2010). 393	
  

This is well illustrated in the comparison of three species reviewed here: woolly mammoth, saiga 394	
  

antelope and collared lemming. They all are considered as members of “Mammuthus – Coleodonta” 395	
  

faunal complex (Kahlke, 1999, 2014), but their Late Pleistocene histories in Europe differ substantially. 396	
  

During the last 50 ka mammoths were present in Europe more or less continuously, with possible 397	
  

range contraction only during the LGM. The first confirmed appearance of saiga antelope was most 398	
  

probably related with the short term warming GI-2 dated to ca. 23 ka BP. However, only after the 399	
  

LGM, important extension of its range in Europe was observed. Collared lemmings most probably 400	
  

occurred, as mammoths, continuously since 50 ka but their population turnover was much more 401	
  

intensive and happened often than in the case of previous species. Interestingly, along with these 402	
  

apparent differences, some similarities are visible. It seems that most of the observed events are 403	
  

grouped around three periods. The first one covers the GI-5 warming and the onset of the GS-5 404	
  

cooling around 33–31 ka BP, the second one partly overlaps the maximum extent of Scandinavian Ice 405	
  

Sheet during the LGM ca. 22–19 ka BP and the last one is the abrupt climate warming during the Late 406	
  

Glacial ca. 15–13 ka BP (Fig. 7). In agreement with that, the climate during the LGM (as defined by 407	
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Mix et al., 2001) and the warming during the Late Glacial have been previously recognized as main 408	
  

factors that substantially influenced the distribution of many mammal species in Europe. 409	
  

 During the LGM, numerous species withdrew from Europe or restricted their ranges into so-410	
  

called southern glacial refugia (Hewitt, 2004; Stewart and Cooper, 2008). This concerns most of 411	
  

temperate species like red deer (Cervus elaphus) (Sommer et al., 2008; Skog et al., 2009), roe deer 412	
  

(Capreolus capreolus) (Sommer et al., 2009; Sommer and Zachos, 2009), brown hare (Lepus 413	
  

europaeus) (Stamatis et al., 2009) as well as cold adapted ones, like mammoths and saiga antelopes 414	
  

(Fig. 7). During the maximum extent of Scandinavian Ice Sheet, environmental conditions in Central 415	
  

and North-western Europe were extremely harsh, with continuous permafrost covering most of 416	
  

Poland, Germany, Belgium, Netherlands and northern France (Huijzer and Vandenberghe, 1998). 417	
  

Ukkonen et al. (2011) suggested that during that time productivity of environments was extremely low, 418	
  

which forced the contraction of even cold adapted species. However, the harsh conditions during the 419	
  

LGM do not seem to lead to many extinction events. Cooper et al. (2015) pointed that, the gradual 420	
  

climate deterioration prior to and the relative stability during the LGM allowed mammalian populations 421	
  

to retreat or to adapt to the changing environment. Two Europe-wide replacements of Dicrostonyx 422	
  

populations observed between 23 and 20 ka BP suggest, however, that some short-term 423	
  

environmental changes must have taken place at that time.  424	
  

 The Late Glacial period was marked with several climate oscillations, with warm Bølling-425	
  

Allerød Interstadial (GI-1) interrupted with Older Dryas (GI-1d) and followed with Younger Dryas (GS-426	
  

1) cold phases (Steffensen et al., 2008). These rapid changes are linked with the extinction of cave 427	
  

lions (Panthera spelaea) (Stuart and Lister, 2011) and woolly rhinoceros (Coelodonta antiquitatis) 428	
  

(Stuart and Lister, 2012).  429	
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 430	
  

Fig. 7. Population turnovers and extinctions in Europe based on radiocarbon dating. A – woolly 431	
  

mammoth, colours indicate different mtDNA clades (only specimens with genetic information are 432	
  

presented); B – woolly mammoth from Europe, without the differentiation into the clades, source 433	
  

of the dates is like in Fig. 2 supplemented with data from Nadachowski et al. (2011) and Ukkonen 434	
  

et al. (2011); C – cave bear, blue – U. s. spelaeus, green – U. ingressus; D – saiga antelope; E – 435	
  

collared lemmings, colours indicate different populations (EA1 – EA5). MIS – Marine Isotope 436	
  

Stages, GI – Greenland Interstadials; GS – Greenland Stadials; LGM – Last Glacial Maximum 437	
  

(after Mix et al., 2001). Vertical strips indicate timing of population turnovers or extinctions. 438	
  

 439	
  

 The period of 33-31 ka BP(33-1 ka BP) has been put forward only recently with the analyses 440	
  

of collared lemmings. Palkopoulou et al. (2016) noticed that the appearance of one of the Dicrostonyx 441	
  

populations in Europe on the onset of GS-5, ca. 31 ka BP, coincides broadly with the replacement of 442	
  

the endemic European mammoth population by another one from Asia and with the replacement of U. 443	
  

s. spelaeus by U. ingressus in Central Europe (Fig. 7.). Furthermore, the recent new radiocarbon AMS 444	
  

data showed that the last populations of spotted hyena (Crocuta crocuta) also became extinct ca. 31 445	
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ka BP (Stuart and Lister, 2014). The recent worldwide survey of extinction and population 446	
  

replacements revealed that timing of these events was significantly correlated with rapid and high 447	
  

amplitude climate changes during interstadials (Cooper et al., 2015). The concentration of such events 448	
  

around the GI-5 fits well to this hypothesis as this interstadial represents one of the most instant 449	
  

climate changes during last glaciation. 450	
  

 All four case studies presented here unveil the Late Pleistocene communities as complex and 451	
  

highly dynamic, characterized by geographic range shifts, migrations, replacements and local 452	
  

extinctions, which seem to be common phenomena rather than exceptions. Cooper et al. (2015) note 453	
  

that such processes might be essential for maintaining ecosystems stability in the periods with high 454	
  

climate variability. 455	
  

 456	
  

Acknowledgements. The work related to cave bear was supported by Polish National Science 457	
  

Centre grant no. 2012/07/B/NZ8/02845. We are grateful to the reviewers Lembi Lõugas and Thijs van 458	
  

Kolfschoten for their constructive comments and to Martyna Molak for her suggestions and help with 459	
  

proofreading and correction to the manuscript. 460	
  

 461	
  

REFERENCES 462	
  

 463	
  

Alroy, J., 2001. A multispecies overkill simulation of the end-Pleistocene megafaunal mass extinction. 464	
  

Science, 292:1893–1896. 465	
  

Baca, M., Stankovic, A., Stefaniak, K., Marciszak, A., Nadachowski, A., Węgleński, P., 466	
  

Mackiewicz, P., 2012. Genetic analysis of cave bear specimens from Niedźwiedzia cave. 467	
  

Palaeontologica Electronica, 15:16. 468	
  

Baca, M., Mackiewicz, P., Stankovic, A., Popović, D., Stefaniak, K., Czarnogórska, K., 469	
  

Nadachowski, A., Gąsiorowski, M., Hercman, H., Weglenski, P., 2014. Ancient DNA and 470	
  

dating of cave bear remains from Niedźwiedzia Cave suggest early appearance of Ursus 471	
  

ingressus in Sudetes. Quaternary International, 339-340: 217–223. 472	
  

Baca, M., Popović, D., Stefaniak, K., Marciszak, A., Urbanowski, M., Nadachowski, A., 473	
  

Mackiewicz, P., 2016. Retreat and extinction of the Late Pleistocene cave bear (Ursus spelaeus 474	
  

sensu lato). Science of Nature, 103: 92. 475	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

20	
  
	
  

Barnosky, A.D., Koch, P.L., Feranec, R.S., Wing, S.L., Shabel, A.B., 2004. Assessing the causes 476	
  

of late Pleistocene extinctions on the continents. Science, 306:70–5. 477	
  

Baryshnikov, G., Tikhonov, A., 1994. Notes on skulls of Pleistocene saiga of northern Eurasia. 478	
  

Historical Biology, 8: 209-234. 479	
  

Baryshnikov, G., 1998. Cave bears from the Paleolithic of the Greater Caucasus. In: Quaternary 480	
  

Paleozoology in the Northern Hemisphere.  (eds. J. J. Saunders, B. W. Styles, and G. F. 481	
  

Baryshnikov ). Illinois State Museum Scientific Papers, Vol. XXVII. Springfield XXVII: 69–118. 482	
  

Bocherens, H., Fizet, M., Mariotti, A., 1994. Diet, physiology and ecology of fossil mammals as 483	
  

inferred from stable carbon and nitrogen isotope biogeochemistry: Implications for Pleistocene 484	
  

bears. Palaeogeography, Palaeoclimatology, Palaeoecology, 107: 213–225. 485	
  

Bocherens, H., Billiou, D., Patou-Mathis, M., Bonjean, D., Otte, M., Mariotti. A., 1997. 486	
  

Paleobiological implications of the isotopic signatures (13C,15N) of fossil mammal collagen in 487	
  

Scladina Cave (Sclayn, Belgium). Quaternary Research, 48: 370–380. 488	
  

Bocherens, H., Bridault, A., Drucker, D.G., Hofreiter, M., Münzel, S.C., Stiller, M., van der Plicht 489	
  

J., 2014. The last of its kind? Radiocarbon, ancient DNA and stable isotope evidence from a late 490	
  

cave bear (Ursus spelaeus ROSENMÜLLER, 1794) from Rochedane (France). Quaternary 491	
  

International, 339-340: 179–188.  492	
  

Campos, P.F., Willerslev, E., Sher, A., Orlando, L., Axelsson, E., Tikhonov, A., Aaris-Sørensen, 493	
  

K., Greenwood, A.D., Kahlke R.D., Kosintsev, P., Krakhmalnaya, T., Kuznetsova, T., Lemey, 494	
  

P., MacPheek, R., Norris, C. A., Shepherd, K., Suchard, M.A., Zazula, G.D., Shapiro, B., 495	
  

Gilbert, T.P., 2010a. Ancient DNA analyses exclude humans as the driving force behind late 496	
  

Pleistocene musk ox (Ovibos moschatus) population dynamics. Proceedings of the National 497	
  

Academy of Sciences, 107: 5675–80. 498	
  

Campos, P.F., Kristensen, T., Orlando, L., Sher, A., Kholodova, M.V., Götherström, A., Hofreiter, 499	
  

M., Drucker, D.G., Kosintsev, P., Tikhonov, A., Baryshnikov, G.F., Willerslev, E., Gilbert, 500	
  

M.T.P., 2010b. Ancient DNA sequences point to large loss of mitochondrial genetic diversity in 501	
  

the saiga antelope (Saiga tatarica) since the Pleistocene. Molecular Ecology, 19: 4863-4875.  502	
  

Chaline, J., Brunet-Lecomte, P., Montuire, S., Viriot, L., Courant, F., 1999. Anatomy of the 503	
  

arvicoline radiation (Rodentia): palaeogeographical, palaeoecological history and evolutionary 504	
  

data. Annales Zoologici Fennici, 36: 239–267. 505	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

21	
  
	
  

Cooper, A., Turney, C., Hughen, K.A., Barry, W., Mcdonald, H.G., Bradshaw, C.J.A. 2015. Abrupt 506	
  

warming events drove Late Pleistocene Holarctic megafaunal turnover. Science Express, 349: 1–507	
  

8.  508	
  

Dabney, J., Knapp, M., Glocke, I., Gansauge, M.T., Weihmann, A., Nickel, B., Valdiosera, C., 509	
  

García, N., Pääbo, S., Arsuaga, J.L., Meyer, M., 2013. Complete mitochondrial genome 510	
  

sequence of a Middle Pleistocene cave bear reconstructed from ultrashort DNA fragments. 511	
  

Proceedings of the National Academy of Sciences, 110: 15758–63. 512	
  

Debruyne, R., Chu, G., King, C.E., Bos, K., Kuch, M., Schwarz, C., Szpak, P., Gröcke, D.R., 513	
  

Matheus P, Zazula, G., Guthrie, D., Froese, D., Buigues, B., de Marliave, C., Flemming, C., 514	
  

Poinar, Fisher, D., Southon, J., Tikhonov, A.N., MacPhee, R.D.E., Poinar, H.N., 2008. Out of 515	
  

America: ancient DNA evidence for a new world origin of Late Quaternary woolly mammoths. 516	
  

Current Biology, 18: 1320–6. 517	
  

Diedrich, C.G., 2014. Palaeopopulations of Late Pleistocene top predators in Europe: Ice Age spotted 518	
  

hyenas and steppe lions in battle and competition about prey. Paleontology Journal, 2014: 1–34. 519	
  

Fedorov, V.B., 1999. Contrasting mitochondrial DNA diversity estimates in two sympatric genera of 520	
  

Arctic lemmings ( Dicrostonyx  : Lemmus ) indicate different responses to Quaternary 521	
  

environmental fluctuations. Proceedings of the Royal Society of London B: Biological Sciences, 522	
  

266: 621–626. 523	
  

Fedorov, V., Goropashnaya, A., 1999. The importance of ice ages in diversification of arctic collared 524	
  

lemmings (Dicrostonyx): evidence from the mitochondrial cytochrome b region. Hereditas, 130: 525	
  

301–7. 526	
  

Fedorov, V.B., Fredga, K., Jarrellà, G.H., 1999. Mitochondrial DNA variation and the evolutionary 527	
  

history of chromosome races of collared lemmings (Dicrostonyx) in the Eurasian Arctic. Journal of 528	
  

Evolutionary Biology, 12: 134–145. 529	
  

Fernández-Mosquera, D., Vila-Taboada, M., Grandal-d’Anglade, A., 2001. Stable isotopes data 530	
  

(delta13C, delta15N) from the cave bear (Ursus spelaeus): a new approach to its 531	
  

palaeoenvironment and dormancy. Proceedings of the Royal Society of London B: Biological 532	
  

Sciences, 268: 1159–1164. 533	
  

Gilbert, M., Drautz, D., 2008. Intraspecific phylogenetic analysis of Siberian woolly mammoths using 534	
  

complete mitochondrial genomes. Proceedings of the National Academy of Sciences, 105: 8327–535	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

22	
  
	
  

8332. 536	
  

Graham, R.W., Lundelius, E.L., Graham, M.A., Schroeder, E.K., Toomey, R.S., Anderson, E., 537	
  

Barnosky, A.D., Burns, J.A., Churcher, C.S., Grayson, D.K., Guthrie, D., Harington, C.R., 538	
  

Jefferson, G.T., Martin, L.D., McDonald, G., Morlan, R.E., Semken Jr., H.A., Webb, S.D., 539	
  

Werdelin, L., Wilson, M.C., 1996. Spatial response of mammals to Late Quaternary 540	
  

environmental fluctuations. Science, 272: 1601–1606. 541	
  

Grayson, D.K., Delpech, F., 2003. Ungulates and the Middle-to-Upper Paleolithic transition at Grotte 542	
  

XVI (Dordogne, France). Journal of Archaeological Science, 30:1633–1648. 543	
  

Groves, C.P., Leslie, Jr., D.E., 2011. Family Bovidae (hollow-horned ruminants). In: Handbook of the 544	
  

Mammals of the World. T. 2. Hoofed Mammals (eds. D.E. Wilson and R.A. Mittermeier): 444-779. 545	
  

Lynx Edicions, Barcelona.  546	
  

Hewitt, G.M., 2004. Genetic consequences of climatic oscillations in the Quaternary. Philosophical 547	
  

transactions of the Royal Society of London. Series B, Biological sciences, 359: 183–195. 548	
  

Helmens, K.F., 2014. The last interglacial-glacial cycle (MIS 5-2) re-examined based on long proxy 549	
  

records from central and northern europe. Quaternary Science Reviews, 86: 115–123. 550	
  

Hofreiter, M., Capelli, C., Krings, M., Waits, L., Conard, N., Münzel, S., Rabeder, G., Nagel, D., 551	
  

Paunovic, M., Jambresic, G., Meyer, S., Weiss, G., Pääbo, S., 2002. Ancient DNA analyses 552	
  

reveal high mitochondrial DNA sequence diversity and parallel morphological evolution of late 553	
  

pleistocene cave bears. Molecular Biology and Evolution, 19: 1244–50. 554	
  

Hofreiter, M., Rabeder, G., Jaenicke-Després, V., Withalm, G., Nagel, D., Paunovic, M., 555	
  

Jambrĕsić, G., Pääbo, S., 2004. Evidence for reproductive isolation between Cave Bear 556	
  

populations. Current Biology, 14:40–43 557	
  

Hofreiter, M., Münzel, S., Conard, N.J., Pollack, J., Slatkin, M., Weiss, G., Pääbo, S., 2007. 558	
  

Sudden replacement of cave bear mitochondrial DNA in the late Pleistocene. Current Biology, 17: 559	
  

R122–3. 560	
  

Hofreiter, M., Stewart, J., 2009. Ecological change, range fluctuations and population dynamics 561	
  

during the Pleistocene. Current Biology, 19: R584-R594. 562	
  

Horn, S., Prost, S., Stiller, M., Makowiecki, D., Kuznetsova, T., Benecke, N., Pucher, E., 563	
  

Hufthammer, A.K., Schouwenburg, C., Shapiro, B., Hofreiter, M., 2014. Ancient mitochondrial 564	
  

DNA and the genetic history of Eurasian beaver (Castor fiber) in Europe. Molecular Ecology, 23: 565	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

23	
  
	
  

1717–1729. 566	
  

Huijzer, B., Vandenberghe, J., 1998. Climatic reconstruction of the Weichselian Pleniglacial in 567	
  

northwestern and central Europe. Journal of Quaternary Science, 13:391-417. 568	
  

Jarrell, G., Fregda, K., 1993. How many kinds of lemmings? A taxonomic overview. In: The Biology of 569	
  

Lemmings. (eds. N. Stenseth and R. Ims,): 45–57. Academic Press, London.  570	
  

Kahlke, R.D., 1991. Pleistocene distributional and evolutionary history of the genus Saiga Gray, 1843 571	
  

(Mammalia, Artiodactyla, Bovidae) in the Palaearctic. Vertebrata PalAsiatica, 10: 314-322.  572	
  

Kahlke, R.D., 1999. The History of the Origin, Evolution and Dispersal of the Late Pleistocene 573	
  

Mammuthus-Coelodonta Faunal Complex in Eurasia (Large Mammals). Fenske Companies: 574	
  

Rapid City, SD.  575	
  

Kahlke, R.D., 2014. The origin of Eurasian Mammoth faunas (Mammuthus-Coelodonta Faunal 576	
  

Complex). Quaternary Science Reviews, 96: 32-49. 577	
  

Kahlke, R.D., 2015. The maximum geographic extension of Late Pleistocene Mammuthus primigenius 578	
  

(Proboscidea, Mammalia) and its limiting factors. Quaternary International, 379: 147-154.  579	
  

Kholodova, M.V., Milner-Gulland, E.J., Easton, A. J., Amgalan, L., Arylov, Iu.A., Bekenov, A., 580	
  

Grachev, Iu.A., Lushchekina, A.A., Ryder, O., 2006. Mitochondrial DNA variation and 581	
  

population structure of the critically endangered saiga antelope Saiga tatarica. Oryx, 40: 103–582	
  

107. 583	
  

Knapp, M., Rohland, N., Weinstock, J., Baryshnikov, G.F., Sher, A., Nagel, D., Rabeder, G., 584	
  

Pinhasi, R., Schmidt, H.A., Hofreiter, M., 2009. First DNA sequences from Asian cave bear 585	
  

fossils reveal deep divergences and complex phylogeographic patterns. Molecular Ecology, 18: 586	
  

1225–38. 587	
  

Koch, P.L., Barnosky, A.D., 2006. Late Quaternary extinctions: State of the debate. Annual Review 588	
  

of Ecology, Evolution, and Systematics, 37: 215–250. 589	
  

Kowalski, K., 1995. Lemmings (Mammalia, Rodentia) as indicators of temperature and humidity in the 590	
  

European Quaternary. Acta Zoologica Cracoviensia, 38: 85–94. 591	
  

Krajcarz, M., Pacher, M., Krajcarz, M.T., Laughlan, L., Rabeder, G., Sabol, M., Wojtal, P., 592	
  

Bocherens, H., 2016. Isotopic variability of cave bears (δ15N, δ13C) across Europe during MIS 3. 593	
  

Quaternary Science Review, 131:51–72. 594	
  

Kurtén, B., 1976. The cave bear story: life and death of a vanished animal. Columbia University 595	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

24	
  
	
  

Press. 596	
  

Langlais, M., Laroulandie, V., Costamagno, S., Pétillon, J.-M., Mallye, J.-B., Lacrampe-597	
  

Cuyaubère, F., Boudadi-Maligne, M., Barshay-Szmidt, C., Masset, C., Pubert, E., Rendu, W., 598	
  

Lenoir, M., 2015. Premiers temps du Magdalénien en Gironde Réévaluation des fouilles Trécolle 599	
  

à Saint-Germain-le-Rivière (France). Bulletin de la Société préhistorique française, 112: 5-58.  600	
  

Lister, A.M., Sher, A.V., 2001. The origin and evolution of the woolly mammoth. Science, 294: 1094-601	
  

1097.  602	
  

Lister, A.M., Sher, A.V., van Essen, H., Wei, G., 2005. The pattern and process of mammoth 603	
  

evolution in Eurasia. Quaternary International, 126-128: 49-64.  604	
  

Lister, A.M., Stuart, A.J., 2008. The impact of climate change on large mammal distribution and 605	
  

extinction: Evidence from the last glacial/interglacial transition. Comptes Rendus Geoscience, 606	
  

340: 615–620. 607	
  

Lorenzen, E.D., Nogués-Bravo, D., Orlando, L., Weinstock, J., Binladen, J., Marske, K.A, Ugan, 608	
  

A., Borregaard, M.K., Gilbert, M.T.P., Nielsen, R., Ho, S.Y.W., Goebel, T., Graf, K.E., Byers, 609	
  

D., Stenderup, J.T., Rasmussen, M., Campos, P.F., Leonard, J.A., Koepfli, K.P., Froese, D., 610	
  

Zazula, G., Stafford Jr, T.W., Aaris-Sørensen, K., Batra, P., Haywood, A. M., Singarayer, 611	
  

J.S., Valdes, P.J., Boeskorov, G., Burns, J.A., Davydov, S.P., Haile, J., Jenkins, D.L., 612	
  

Kosintsev, P., Kuznetsova, T., Lai, X., Martin, L.D., McDonald, G.H., Mol, D., Meldgaard, M., 613	
  

Munch, K., Stephan, E., Sablin, M., Sommer, R.S., Sipko, T., Scott, E., Suchard, M.A., 614	
  

Tikhonov, A., Willerslev, R., Wayne, R.K., Cooper, A., Hofreiter, M., Sher, A., Shapiro, B., 615	
  

Rahbek, C., Willerslev, E., 2011. Species-specific responses of Late Quaternary megafauna to 616	
  

climate and humans. Nature, 479: 359–64. 617	
  

Lõugas, L., Ukkonen, P., Jungner, H. 2002. Dating the extinction of European mammoths: new 618	
  

evidence from Estonia. Quaternary Science Reviews 21/12-13: 1347-1354. 619	
  

MacPhee, R.D.E., Tikhonov, A.N., Mol, D., de Marliave, C., van der Plicht, H., Greenwood, A.D., 620	
  

Flemming, C., Agenbroad, L., 2002. Radiocarbon chronologies and extinction dynamics of the 621	
  

late Quaternary mammalian megafauna of the Taimyr Peninsula, Russian Federation. Journal of 622	
  

Archaeological Science, 29: 1017–1042. 623	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

25	
  
	
  

Markova, A.K., Smirnov, N.G., Kozharinov, A.V., Kazantseva, N.E., Simakova, A.N., Kitaev L.M., 624	
  

1995. Late Pleistocene distribution and diversity of mammals in Northern Eurasia. Paleontologia i 625	
  

Evolució, 28-29: 5-143.  626	
  

Markova, A.K., van Kolfschoten, T., 2008. Evolution of European Ecosystems during Pleistocene – 627	
  

Holocene transition 24-8 kyr BP. (eds. T. van Kolfschoten, A.K. Markova). KMK Scientific Press, 628	
  

Moscow. 629	
  

Markova, A. K., Puzachenko A., Yu., van Kolfschoten, T., 2010. The North Eurasian mammal 630	
  

assemblages during the end of MIS 3 (Brianskian – Late Karginian – Denekamp Interstadial). 631	
  

Quaternary International, 212: 149-158.  632	
  

Markova, A.K., Puzachenko, A.Yu., van Kolfschoten, T., van der Plicht, J., Ponomarev, D.V., 633	
  

2013. New data on changes in the European distribution of the mammoth and the woolly 634	
  

rhinoceros during the second half of the Late Pleistocene and the early Holocene. Quaternary 635	
  

International, 292: 4 -14. 636	
  

Martini, I., Coltorti, M., Mazza, P.P., Rustioni, M., Sandrelli, F., 2014. The latest Ursus spelaeus in 637	
  

Italy, a new contribution to the extinction chronology of the cave bear. Quaternary Research, 638	
  

81:117–124. 639	
  

Maschenko, E., 2002. Individual development, biology and evolution of the woolly mammoth. 640	
  

Cranium, 19: 4-120.  641	
  

Mix, A.C., Bard, E., Schneider, R., 2001. Environmental processes of the ice age: land, oceans, 642	
  

glaciers (EPILOG). Quaternary Science Reviews, 20: 627-657. 643	
  

Münzel, S.C., Stiller, M., Hofreiter, M., Mittnik, A., Conard, N.J., Bocherens, H., 2011. Pleistocene 644	
  

bears in the Swabian Jura (Germany): Genetic replacement, ecological displacement, extinctions 645	
  

and survival. Quaternary International, 245: 1–13. 646	
  

Nadachowski, A., 1992. Early Pleistocene Predicrostonyx (Rodentia, Mammalia) from Poland. Acta 647	
  

Zoologica Cracoviensia, 35: 203–216. 648	
  

Nadachowski, A., Lipecki, G., Stefaniak, K., Lorenc, M., Wojtal, P., 2008. Extinction of the cave 649	
  

bear (Ursus spelaeus) in Central Europe (in Polish and English). In: Archaeozoological research 650	
  

in Poland and Middle-East Europe, data – methods – interpretations. (eds. D. Makowiecki, R. 651	
  

Abłamowicz, D. Abłamowicz, K. Smiarowski, M. Makohonienko): 76–78. Bogucki Wydawnictwo 652	
  

Naukowe, Poznań. 653	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

26	
  
	
  

Nadachowski, A., Lipecki, G., Wojtal, P., Miękina, B., 2011. Radiocarbon chronology of woolly 654	
  

mammoth (Mammuthus primigenius) from Poland. Quaternary International, 245: 186–192. 655	
  

Nadachowski, A., Lipecki, G., Ratajczak, U., Stefaniak, K., Wojtal, P., 2016. Dispersal events of 656	
  

the saiga antelope (Saiga tatarica) in Central Europe in response to the climatic fluctuations in 657	
  

MIS 2 and the early part of MIS 1. Quaternary International, 420: 357-362. 658	
  

http://dx.doi.org/10.1016/j.quaint.2015.11.068.  659	
  

Pacher, M., Stuart, A.J., 2009. Extinction chronology and palaeobiology of the cave bear (Ursus 660	
  

spelaeus ). Boreas, 38: 189–206. 661	
  

Palkopoulou, E., Dalen, L., Lister, A.M., Vartanyan, S., Sablin, M., Sher, A., Nystrom Edmark, V., 662	
  

Barnes, I., Germonpre, M., Barnes, I., Thomass, J.A., 2013. Holarctic genetic structure and 663	
  

range dynamics in the woolly mammoth. Proceedings of the Royal Society of London B: 664	
  

Biological Sciences, 280: 20131910.  665	
  

Palkopoulou, E., Mallick, S., Skoglund, P., Enk, J., Rohland, N., Li, H., Omrak, A., Vartanyan, S., 666	
  

Poinar, H., Götherström, A., Reich, D., Dalén, L., 2015. Complete genomes reveal signatures 667	
  

of demographic and genetic declines in the Woolly Mammoth. Current Biology, 25: 1–6. 668	
  

Palkopoulou, E., Baca, M., Abramson, N.I, Sablin, M., Socha, P., Nadachowski, A., Prost, S., 669	
  

Germonpre, M., Kosintsev, P., Smirnov, N.G., Vartanyan, S., Ponomarev, D., Nystrom, J., 670	
  

Nikolskiy, P., Jass, C.N., Litvinov, Y.N., Kalthoff, D.C., Grigoriev, S., Fadeeva T., Douka, A., 671	
  

Higham, T.F.G., Ersmark, E., Pitulko, V., Pavlova, E., Stewart, J.R., Weglenski, P., 672	
  

Stankovic, A., Dalen, L., 2016. Synchronous genetic turnovers across Western Eurasia in Late 673	
  

Pleistocene collared lemmings. Global Change Biology, 22: 1710–1721. 674	
  

Pawłowska, K., 2015. Elephantids from Pleistocene Poland: State of knowledge. Quaternary 675	
  

International, 379: 89–105. 676	
  

Péan, S., Puaud, S., Crépin, L., Prat, S., Quiles, A., van der Plicht, J., Valladas, H., Stuart, A.J., 677	
  

Drucker, D.G., Patou-Mathis, M., Lanoë, F., Yanevich, A., 2013. The Middle to Upper 678	
  

Paleolithic sequence of Buran-Kaya III (Crimea, Ukraine): new stratigraphic, paleoenvironmental, 679	
  

and chronological results. Radiocarbon, 55, 2-3: 1454 – 1469. 680	
  

Ponomarev, D., Puzachenko, A., 2015. Evolution of occlusal shape of the first and second upper 681	
  

molars of Middle–Late Pleistocene collared lemmings (Dicrostonyx, Arvicolinae, Rodentia) in 682	
  

northeast European Russia. Boreas, 44: 741-759. 683	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

27	
  
	
  

Popović, D., Baca, M., Stefaniak, K., Lipecki, G., Nadachowski, A., Marciszak, A., Sabol, M., 684	
  

Ridush, B., Roblíčková, M., Káňa, V., Obada, T., Stankovic, A., Mackiewicz, P., 2015. 685	
  

Genetic studies of cave bear (Ursus ingressus) populations from Central and Eastern Europe. In: 686	
  

ICBS 2015. 687	
  

Prescott, G.W., Williams, D.R., Balmford, A., Green, R.E., Manica, A., 2012. Quantitative global 688	
  

analysis of the role of climate and people in explaining late Quaternary megafaunal extinctions. 689	
  

Proceedings of the National Academy of Sciences, 109: 4527–31. 690	
  

Prost, S., Smirnov, N., Fedorov, V.B., Sommer, R.S., Stiller, M., Nagel, D., Knapp, M., Hofreiter, 691	
  

M., 2010. Influence of climate warming on arctic mammals? New insights from ancient DNA 692	
  

studies of the collared lemming Dicrostonyx torquatus. PLoS One, 5: e10447. 693	
  

Rabeder, G., Hofreiter, M., 2004. Der neue Stammbaum der alpinen Höhlenbären. Die Höhle, 55: 1–694	
  

19. 695	
  

Rabeder, G., Hofreiter, M., Nagel, D., Withalm, G., 2004a. New taxa of alpine cave bears (Ursidae, 696	
  

Carnivora). Cahiers scientifiques-Muséum d'histoire naturelle de Lyon, HS 2: 49–67. 697	
  

Rabeder, G., Hofreiter, M., Withalm, G., 2004b. The systematic osition of the Cave Bear from 698	
  

Potočka zijalka (Slovenia).Mitteilungen der Kommission für Quartärforschung der 699	
  

Österreichischen Akademie der Wissenschaften	
  . 13: 197–200. 700	
  

Ramsey, C.B., 2009. Bayesian analysis of radiocarbon dates. Radiocarbon, 51: 337–360. 701	
  

Rasmussen, S.O., Bigler, M., Blockley, S.P., Blunier, T., Buchardt, S.L., Clausen, H.B., 702	
  

Cvijanovic, I., Dahl-Jensen, D., Johnsen, S.J., Fischer, H., Gkinid, V., Guillevic, M., Hoek, 703	
  

W.Z., Lowe, J.J., Pedro, J.B., Popp, T., Seierstad, I.K., Steffensen , J.P., Svensson, A.M., 704	
  

Vallelonga, P., Vinther, B.M., Walker M.J.C., Wheatley, J.J., Winstrup, M., 2014. A 705	
  

stratigraphic framework for abrupt climatic changes during the last Glacial period based on three 706	
  

synchronized Greenland ice-core records: refining and extending the INTIMATE event 707	
  

stratigraphy. Quaternary Science Reviews 106: 14–28.  708	
  

Ratajczak, U., Shpansky, A.V., Malikov, D.G., Stefaniak, K., Nadachowski, A., Wojtal, P., Ridush, 709	
  

B., Krakhmalnaya, T.V., Stepanchuk, V., Mackiewicz, P., 2016. Quaternary skulls of the saiga 710	
  

from eastern Europe and Siberia: Saiga borealis versus Saiga tatarica – One species or two? 711	
  

Quaternary International, 420: 329-347. http:/dx.doi.org/10.1016/j.quaint.2015.09.040.  712	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

28	
  
	
  

Reimer, P.J., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G., Ramsey B.C., Buck, C.E., Cheng, 713	
  

H., Edwards, R.L., Friedrich, M., Grootes, P.M., Guilderson, T.P., Haflidason, H., Hajdas, I., 714	
  

Hatté, C., Heaton, T.J., Hoffmann, D. L., Hogg, A.G., Hughen, K.A., Kaiser, K.F., Kromer, B., 715	
  

Manning, S.W., Niu, M., Reimer, R.W., Richards, D.A., Scott, E. M., Southon, J.R., Staff, 716	
  

R.A., Turney, C.S.M., Van der Plicht, J., 2013. IntCal13 and Marine13 radiocarbon age 717	
  

calibration curves, 0-50,000 years cal BP. Radiocarbon, 55: 1869-1887.  718	
  

Ridush, B., Stefaniak, K., Socha, P., Proskurnyak, Y., Marciszak, A., Vremir, M., Nadachowski, 719	
  

A., 2013. Emine-Bair Khosar Cave in the Crimea, a huge bone accumulation of Late Pleistocene 720	
  

fauna. Quaternary International, 284: 151-160. 721	
  

Sabol, M., Bendík, A., Grivalský, M.M., Lizák, J., Michlík, I., 2014. Latest and highest fossil record 722	
  

of cave bears (Ursus ex gr. spelaeus) in Slovakian Western Carpathians. Quaternary 723	
  

International, 339-340: 189–196. 724	
  

Sandom, C., Faurby, S., Sandel, B., Svenning, J.C., 2014. Global late Quaternary megafauna 725	
  

extinctions linked to humans, not climate change. Proceedings of the Royal Society of London B: 726	
  

Biological Sciences, 281: 20133254. 727	
  

Skog, A., Zachos F.E., Rueness E.K., Feulner P.G.D., Mysterud A., Langvatn R., Lorenzini R., 728	
  

Hmwe S.S., Lehoczky I., Hartl G.B., Stenseth N.C., Jakobsen K.S., 2009. Phylogeography of 729	
  

red deer (Cervus elaphus ) in Europe. Journal of Biogeography, 36: 66–77. 730	
  

Smirnov, N.G., Bolshakov, V.N., Borodin, A V., 1986. Pleistocene rodents of northern Siberia (in 731	
  

Russian). Nauka, Moscow. 732	
  

Smirnov, N.G., 2002. The rate of morphological mhanges in populations as a characteristic of the 733	
  

chronological structure of the evolutionary process. In: Populations, Communities, Evolution.: 734	
  

Novoe Znanie, Kazan, p 190–210. 735	
  

Sommer, R.S, Nadachowski, A., 2006. Glacial refugia of mammals in Europe: evidence from fossil 736	
  

records. Mammal Review, 36: 251–265. 737	
  

Sommer, R.S., Zachos, F.E., Street, M., Jöris, O., Skog, A., Benecke, N., 2008. Late Quaternary 738	
  

distribution dynamics and phylogeography of the red deer (Cervus elaphus) in Europe. 739	
  

Quaternary Science Reviews, 27: 714-733.  740	
  

Sommer, R.S., Zachos, F.E., 2009. Fossil evidence and phylogeography of temperate species: 741	
  

“Glacial refugia” and post-glacial recolonization. Journal of Biogeography, 36: 2013–2020. 742	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

29	
  
	
  

Sommer, R.S., Fahlke, J. M., Schmölcke, U., Benecke, N., Zachos, F.E., 2009. Quaternary history 743	
  

of the European roe deer Capreolus capreolus. Mammal Review, 39: 1-16.  744	
  

Sommer, R.S., Kalbe, J., Ekström, J., Benecke, N., Ronnie, L., 2014. Range dynamics of the 745	
  

reindeer in Europe during the last 25,000 years. Journal of Biogeography, 41: 298-306.  746	
  

Stamatis, C., Suchentrunk, F., Moutou, K.A., Giacometti, M., Haerer, G., Djan, M., Vapa, L., 747	
  

Vukovic, M., Tvrtković, N., Sert, H., Alves, P.C., Mamuris, Z., 2009. Phylogeography of the 748	
  

brown hare (Lepus europaeus) in Europe: a legacy of south-eastern Mediterranean refugia? 749	
  

Journal of Biogeography, 36: 515–528.  750	
  

Steffensen, J. P., Andersen, K. K., Bigler, M., Clausen, H. B., Dahl-Jensen, D., Fischer, H., Goto-751	
  

Azuma, K., Hansson, M., Johnsen, S.J., Jouzel, J., Masson-Delmotte, V., Popp, T., 752	
  

Rasmussen, S.O., Röthlisberger, R., Ruth, U., Stauffer, B., Siggaard-Andersen, M.L., 753	
  

Sveinbjörnsdóttir, A.E., Svensson, A., White, J.W.C., 2008. High-resolution Greenland ice 754	
  

core data show abrupt climate change happens in few years. Science, 321: 680-684. 755	
  

Stewart, J.R., 2007. Neanderthal extinction as part of the faunal change in Europe during Oxygen 756	
  

Isotope Stage 3. Acta Zoologica Cracoviensia, 50A: 93-124. 757	
  

Stewart, J., Cooper, A., 2008. Ice Age refugia and Quaternary extinctions: An issue of Quaternary 758	
  

evolutionary palaeoecology. Quaternary Science Reviews, 27: 2443–2448. 759	
  

Stewart, J.R., Lister, A.M., Barnes, I., Dalén, L., 2010. Refugia revisited: individualistic responses of 760	
  

species in space and time. Proceedings of the Royal Society B, 277: 661-671.  761	
  

Stiller, M., Baryshnikov, G.F., Bocherens, H., Grandal d’Anglade, A., Hilpert, B., Münzel, S.C., 762	
  

Pinhasi, R., Rabeder, G., Rosendahl, W., Trinkaus, E., Hofreiter, M., Knapp, M., 2010. 763	
  

Withering away-25,000 years of genetic decline preceded cave bear extinction. Molecular Biology 764	
  

and Evolution, 27: 975–8. 765	
  

Stiller, M., Molak, M., Prost, S., Rabeder, G., Baryshnikov, G.F., Rosendahl, W., Münzel, S., 766	
  

Bocherens, H., Grandal-d’Anglade, A., Hilpert, B., Germonpré, M., Stasyk, O., Pinhasi, R., 767	
  

Tintori, A., Rohland, N., Mohandesan, E., Ho, S.Y.W., Hofreiter, M., Knapp, M., 2014. 768	
  

Mitochondrial DNA diversity and evolution of the Pleistocene cave bear complex. Quaternary 769	
  

International, 339-340: 224–231. 770	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

30	
  
	
  

Stuart, A.J., Sulerzhitsky, L.D., Orlova, L.A., Kuzmin, Y.V., Lister, A.M., 2002. The latest woolly 771	
  

mammoths (Mammuthus primigenius Blumenbach) in Europe and Asia: A review of the current 772	
  

evidence. Quaternary Science Reviews, 21: 1559-1569. 773	
  

Stuart, A.J., Kosintsev, P.A., Higham, T.F.G., Lister, A.M., 2004. Pleistocene to Holocene extinction 774	
  

dynamics in giant deer and woolly mammoth. Nature, 431: 684-689.  775	
  

Stuart, A.J., 2005. The extinction of woolly mammoth (Mammuthus primigenius) and straight-tusked 776	
  

elephant (Palaeoloxodon antiquus) in Europe. Quaternary International, 126-128: 171–177. 777	
  

Stuart, A.J., Lister, A.M., 2011. Extinction chronology of the cave lion Panthera spelaea. Quaternary 778	
  

Science Reviews, 30: 2329–2340. 779	
  

Stuart, A.J., Lister, A.M., 2012. Extinction chronology of the woolly rhinoceros Coelodonta antiquitats 780	
  

in the context of late Quaternary megafaunal extinctions in northern Eurasia. Quaternary 781	
  

Sciences Reviews, 51: 1-17. 782	
  

Stuart, A.J., Lister, A.M., 2014. New radiocarbon evidence on the extirpation of the spotted hyaena 783	
  

(Crocuta crocuta (Erxl.) in northern Eurasia. Quaternary Sciences Reviews, 96: 108-116. 784	
  

Stuart, A.J., 2015. Late Quaternary megafaunal extinctions on the continents: a short review. 785	
  

Geological Journal, Special Issue: Pleistocene on the Hoof, 50: 338–363. 786	
  

Svensson, A., Andersen, K.K., Bigler, M., Clausen, H.B., Dahl-Jensen, D., Davies, S.M., 787	
  

Johnsen, S.J., Muscheler, R., Parrenin, F., Röthlisberger, R., Seierstad, I., Steffensen, J.P., 788	
  

Vinther, B.M., 2008. A 60 000 year Greenland stratigraphic ice core chronology. Climate of the 789	
  

Past, 4: 47–57. 790	
  

Tarasov, P.E., Volkova, V.S.V., Webb, T., Guiot, J., Andreev, A.A., Bezusko, L.G., Bezusko, T.V., 791	
  

Bykova, G.V., Dorofeyuk, N.I., Kvavadze, E.V., Osipova, I.M., Panova, N.K., Sevastyanov, 792	
  

D.V., 2000. Last glacial maximum biomes reconstructed from pollen and plant macrofossil data 793	
  

from northern Eurasia. Journal of Biogeography, 27: 609–620. 794	
  

Ukkonen, P., Aaris-Sørensen, K., Arppe, L., Clark, P.U., Daugnora, L., Lister, A.M., Lõugas, L., 795	
  

Seppä, H., Sommer, R.S, Stuart ,A.J., Wojtal, P., Zupiņš, I., 2011. Woolly mammoth 796	
  

(Mammuthus primigenius Blum.) and its environment in northern Europe during the last 797	
  

glaciation. Quaternary Science Reviews, 30: 693-712. 798	
  

van Heteren, A.H., MacLarnon, A., Soligo, C., Rae, T.C., 2014. Functional morphology of the cave 799	
  

bear (Ursus spelaeus) cranium: A three-dimensional geometric morphometric analysis. 800	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/


	
  

31	
  
	
  

Quaternary International, 339-340: 209–216. 801	
  

Taboada, V.M., Mosquera, F.D., Gonzalez, L.F., d’Anglade, G.A., Romani, V.J.R., 1999. 802	
  

Paleoecological implications inferred from stable isotopic signatures (d13C, d15N) in bone collagen 803	
  

of "Ursus spelaeus" ROS.-HEIN. Cadernos do Laboratorio Xeolóxico de Laxe: Revista de 804	
  

xeoloxía galega e do hercínico peninsular, 24: 73–87. 805	
  

Wilczyński, J., Wojtal, P., Sobieraj, D., Sobczyk, K., 2015. Kraków Spadzista trench C2: New 806	
  

research and interpretations of Gravettian settlement. Quaternary International, 359-360: 96-113. 807	
  

Wiszniowska, T., Mackiewicz, P., Stefaniak, K., Socha, P., Nowakowski, D., Nadachowski, A., 808	
  

2010. Dental enamel structure in fossil bears Ursus spelaeus and U. wenzensis (=minimus) in 809	
  

comparison to selected representatives of other Carnivora. In: Morphology and Systematics of 810	
  

Fossil Vertebrates. (ed. D. Nowakowski): 125–142: DN Publisher, Wrocław. 811	
  

Wojtal, P., Wilczyński, J., 2015. Zooarchaeological studies of large mammal remains from Kraków 812	
  

Spadzista site – trench C2 and trech E1 (2011-2012 excatations). In: A Gravettian site in 813	
  

Southern Poland: Kraków Spadzista (Eds. P. Wojtal, J. Wilczyński, G. Haynes): ISEA PAS, 93-814	
  

111. 815	
  

Wojtal, P., Wilczyński, J., Nadachowski, A., Münzel, S.C., 2015. Gravettian hunting and exploitation 816	
  

of bears in Central Europe. Quaternary International, 359-360: 58–71. 817	
  

Zazhigin, V.S., 1980. Late Pliocene and Anthopogene rodents of the South of Western Siberia (in 818	
  

Russian). Nauka, Moscow. 819	
  

 820	
  

 821	
  

 822	
  

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted December 2, 2016. ; https://doi.org/10.1101/090878doi: bioRxiv preprint 

https://doi.org/10.1101/090878
http://creativecommons.org/licenses/by-nc-nd/4.0/

