Appendix 1

1.1 Localities with remains of Panthera spelaea fossilis referred to in the text
Tunel Wielki cave is located on the north-western slope of Sadlana Hill, southern part of Kraków-Częstochowa Upland (Wyżyna Krakowsko-Częstochowska, southern Poland). It is developed as an almost straight, vertical corridor, formed by two elongated chambers connected by a nrrowing, ca. 22 m long, cutting through the rock. Its sediments, 400-100 cm thick, are formed by red, brown to dark brown clays with various proportion of other components: quartz sands, strongly eroded limestone rubble and small pieces of calcite debris in different layers. The age was estimated as Late Pleistocene and Holocene (Madeyska, 1988; Nadachowski, 1988). However, in the lower sediments, a Middle Pleistocene rodent Pliomys lenki was found, and a possibility of re-deposition or the presence of somewhat older layers in some lenses, and mixed with those of Late Pleistocene age was suggested (Bartolomei et al., 1975; Nadachowski, 1988; Madeyska 1988). Recent revision of bones from the deeper sediments showed the presence of other Middle Pleistocene species: Ursus deningeri and Panthera gombaszoegensis. The 36 lion bones found in the site were attributed to a large male and a medium-sized female.
Draby sites are located on Draby Hill, Wieluń Upland (Wyżyna Wieluńska, central Poland) (Głazek et al., 1976). Nine paleontological sites were discovered; they are probably parts of one cave system filled with the same sequence of sediments (Głazek et al., 1976, 1977). Lion remains were found in two of them, Draby 5 and 8. The sites are formed as a narrow karst depressions developed along tectonic fractures, which are almost completely filled with sediments and covered by limestone rubble and Holocene soil. The sediments are composed of dark loams at the bottom, passing into lighter sandy loams at the top. A small proportion of black ferruginous concretions and corroded limestone debris was also found (Głazek et al., 1976). The assemblage accompanying the lion remains, dated at MIS 11, includes Talpa europeaea, Sorex runtonensis, Rhinolophidae gen. indet., Vespertilionidae gen. indet., Arvicola sp., Microtus sp., Microtus cf. arvalis, Microtus cf. gregalis, Mimomys sp., Glis glis, Lycaon (Xenocyon) lycaonoides, Canis lupus mosbachensis, Ursus deningeri, Ursus arctos ssp., Gulo gulo, Martes martes, Mustela nivalis, P. s. fossilis, P. gombaszoegensis and Felis silvestris (Głazek et al., 1976, 1977). The two bones belonged to two lion individuals: isolated P3 of an immense male and a damaged metarcarpal of a large lioness.
Południowa cave, located on Mt. Połom (Kaczawskie Mts, western Sudety Mts), has been known for more than 300 years (Volkmann, 1720; Pulina, 1977). It was found during quarrying, and destroyed in 1980s. The first exploration took place in 1904 (Langenhan, 1904a, 1904b), however thorough excavations were carried out only in the 1930s (Heller, 1937; Zotz 1939). The sediments are composed of a mixture of yellow clays, intercalations of quartz gravels, red clays of terra-rossa type and limestone covered by brown clays. They yielded a scarce material of micromammals: Soricidae indet., Rhinolophus aff. ferrumequinum, Myotis sp., Baranomys langenhani and Glis glis (Bieroński et al., 2007). Irregular excavations were carried out during and after the Second World War, resulting in finding of carnivore remains (Bieroński et al., 2007): Lycaon (Xenocyon) lycaonoides, Canis lupus mosbachensis, Ursus deningeri, Ursus arctos ssp. and Panthera spelaea fossilis. So far 4 bones were attributed to P. s. fossilis, and belonged to great male. Additionally, in Wschodnia cave, located also on Mt. Połom, a fragment of left mandible with p4 of robust male lion was added to this study.
Wierzchowska Górna cave, situated near the village Bębło (southern part of Kraków-Częstochowa Upland) was explored between 1871 and 1886. Three layers ca. 200 cm in thickness are composed of dripstone limestones and alluvial clays (Kowalski, 1951). Unfortunately, the excavated sediments and bones were not stratigraphically determined, and the material from different layers was mixed. Morphometric analysis of the abundant lion material showed that part of this material was probably of late Middle Pleistocene age (Barycka, 2008). The presence of Late Pleistocene lions was confirmed by C14 date (Barnett et al., 2009). Five isolated teeth and one mandible reresented robust, adult males of P. s. fossilis. It cannot be totally excluded, however, that some of them belonged to the same individual.
Deszczowa cave is a small cavity developed in a fissure, located on the limestone hill Popielowa Góra (central part of Kraków-Częstochowa Upland), and was explored between 1992 and 1994 (Cyrek et al., 2000). The sediments consist mainly of grained sands (Krajcarz, 2012a). The lowermost sediments, where the lion remains were found, were dated as not older than MIS 6 (Nadachowski et al., 2009; Krajcarz, 2012a). However, the presence in the same layers of some older faunal elements, for examle Microtus oeconomus malei Hinton 1907, and Dicrostonyx simplicior Gloger, 1841, Vulpes praeglacialis (Kormos, 1932) and a small, gracile Gulo gulo (features characteristic of the late Middle Pleistocene wolverines) may suggest that those layers are older (Krajcarz, 2012a; Marciszak, 2012). The fauna can be comparable in age with the fauna from the lowermost sediments of Biśnik cave, dated at MIS 10-9, especially in view of the morphology of lion teeth. The nine cranial fragments indicate a young, large male.
Biśnik cave is a multi-layered site located in the central part of Kraków-Częstochowa Upland, and excavated since 1992. The cave is formed by several interconnected chambers and rock shelters, originally almost completely filled by deposits. The layers in the site are numbered downwards, and the oldest levels with lion remains, 19ad-19, consist of brown and dark brown clays and silty loams of varied proportion of gravel (Krajcarz, 2012b). The horizon is dated as MIS 9 or 10 (Krajcarz, 2012b; Marciszak et al., 2011). Among the particularly abundant accompanying fauna, there are many Middle Pleistocene taxa, for example small Canis lupus ssp., Ursus deningeri, Panthera gombaszoegensis, Cervalces latifrons or Capreolus priscus (Marciszak et al., 2011; Stefaniak, 2015). At least 210 lion bones from the lowermost sediments (19ad-18) belonged to 13 individuals (11 large males and 2 females, also big).
1.2 Scheme of measurements of Panthera spelaea material
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Fig. S1. Scheme of measurements of lion mandible (modified from Argant 2010): 1 - total length (infradentale to condyle), 2 - infradentale to angular process length, 3 - infradentale to coronoid process length, 4 - infradentale to anterior margin of masseter fossa, 5 - anterior margin of c1 to posterior margin of m1, 6 - posterior margin of c1 to posterior margin of m1, 7 - diastema length, 8 - cheek teeth row length (anterior margin of p3 to posterior margin of m1), 9 - premolars row length (anterior margin of p3 to posterior margin of p4), 10 - distance between mental foramina, 11 - angular process to coronoid process height, 12 - symphysis maximum diameter, 13 - symphysis minimum diameter, 14 - condyle height, 15 - condyle breadth, 16 - mandible body height before p3, 17 - mandible body thickness before p3, 18 - mandible body height behind m1, 19 - mandible body thickness behind m1.
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Fig. S2. Scheme of measurements of lion teeth (modified from Schmid 1940). Left - lateral view, right - occlusal view, ant - anterior side, pos - posterior side, ling - lingual side, bucc - buccal side. Terminology: P3/P4: hy - hypocon, pp - preparastyl, pr - protocon, ps - parastyl, pa - paracon, me - metastyl, c - cingulum; p3/p4/m1: pa - paraconid, pr - protoconid, h - hypoconid, t - talonid, c - cingulum. Measurements: P3: 1 - total length, 2 - paracon length, 3 - paracon height, 4 - anterior breadth, 5 - posterior breadth; P4: 1 - total length, 2 - paracon length, 3 - paracon height, 4 - metastyl length, 5 - anterior breadth, 6 - posterior breadth; p3/p4: 1 - total length, 2 - protoconid length, 3 - protoconid height, 4 - anterior breadth, 5 - posterior breadth; m1: 1 - total length, 2 - paraconid length, 3 - paraconid height, 4 - protoconid length, 5 - protoconid height, 6 - crown height, 7 - crown breadth.
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Fig. S3. Scheme of measurements of lion postcranial bones: 1 - total length, 2 - proximal epiphysis depth, 3 - proximal epiphysis breadth, 4 - anteroposterior shaft length, 5 - minimal shaft breadth, 6 - distal epiphysis depth, 7 - distal epiphysis breadth. Other bones: 1 - maximal length, 2 - maximal breadth, 3 - maximal depth.
1.3 Morphological description of remains of Panthera spelaea fossilis 
from Polish excavation sites
Morphometric differences between P. s. fossilis and P. s. spelaea were previously studied and summarised by many authors (Kurtén, 1960; Dietrich, 1968; Kurtén, 1968; Schütt, 1969a; Hemmer and Schütt, 1970; Ballesio, 1975; Schütt and Hemmer, 1978; Erdbrink, 1981, 1983; Argant, 1988, 1991; Guzvica, 1998; Argant, 2000; Baryshnikov and Boeskorov, 2001; Groiss, 2002; Hemmer, 2003, 2004; Bona, 2006; Sotnikova and Nikolsky, 2006; Argant et al., 2007; Hankó, 2007; Barycka, 2008; Baryshnikov and Tsoukala, 2010; Bona and Sardella, 2014; Sabol, 2014; Sotnikova and Foronova, 2014). However, these analyses were almost exclusively based on cranial and dental characters. Some researchers tried to include also mandibular features, especially when the lack of the teeth excluded the typical dental analysis (Dietrich, 1968; Barycka, 2008; Sotnikova and Foronova, 2014). However, the thorough analysis of large series of mandibles from Eurasian sites showed that none of such features could be used for distinguishing the two forms. Such characters as the height and thickness of the mandibular body, the shape of masseteric fossa and mandible ramus as well as the shape of lower mandibular margin should be regarded as effects of intraspecific variation. These features are sexually dimorphic and ontogenetically highly variable so their taxonomical usefulness is rather poor (Fig. 2, Table S4).

The morphology of extremely large and robust P3 from Draby agrees well with that of the typical P. s. fossilis. The crown is very broad (posterior breadth to length ratio is 55.3), with a high and more rounded main cusp, the paracon, which is proportionally short (paracon length to total length ratio is 46.1). Two smaller additional cusplets, the anterior protocon and the posterior hypocon, are comparable in size, and strongly expanded. The protocon is much shifted anterio-lingually, while the hypocon is placed slightly more posterio-buccally. The distinction between the paracon and the hypocon, as well as between the hypocon and the posterior cingulum is poorly pronounced, and the posterior cingulum is more strongly developed. The posterior part of the crown is strongly elongated on the lingual side towards posterior root and forms a long, broad and nearly flat triangular surface (Fig. 4A, Tables S1-S2). The worn P3 from Tunel Wielki cave is much smaller, slightly less robust and has smaller additional cusplets (Fig. 4B, Tables S1-S2). The P3 from Wierzchowska Górna and Deszczowa caves are also very massive, with particularly expanded lingual margin, but their accessory cusplets, especially the protocon, are more reduced (Fig. 4C-3D, Tables S1-S2). The P3 from layers dated to MIS 10-9 of Biśnik cave represented a higher evolutionary level, with a narrower crown and proportionally shorter main cusp.

The morphology of the examined P4 from the Polish sites corresponds well with the morphology of P4 from Mosbach 2 (Fig. 3A-4D). The four upper carnassials from Biśnik cave are metrically heterogeneous but morphologically homogeneous. All have a triangular, well-developed, broad and relatively high protocon (Fig. 3C-3D). The centrally positioned top of the cusp is well developed. The cusp is oriented almost vertically to the entire tooth, and separated from the parastyl by a wide U-shaped valley. The rounded and low parastyl is proportionally small, and closely appressed to the paracon. A shallow V-shaped valley separating both cusps is less developed. There are no preparastyl on the blunt, anterior wall of the parastyl. The paracon is high and long, with three thick ridges running from the top to the base of the cusp. The metacon is shorter and lower than the paracon, with a well-developed saddle in the middle part and a blunt posterior wall. The posterior half of the P4 is buccally and lingually strongly broadened in the middle part, and reveals an almost straight buccal margin. In occlusal view, the P4 is short and broad, while in buccal view it is rather low (Fig. 3C-3D, Table S3). The three large P4 from Wierzchowska Górna cave have also a similar shape (Fig. 3H-3I). They are characterised by a robustly built, highly pronounced and long paracon (longer than the metastyl), a straight buccal crown margin, a high, rounded parastyl with no sign of preparastyl, and a high, large and broad protocon (Fig. 3H-3I). The two P4 from Deszczowa cave, belonging to the same individual, are also particularly broad, with an extremely high paracon and a slightly curved buccal margin of the crown (Fig. 3F-3G).

The five p3 from Biśnik cave are oval teeth, characterised by relatively large linear dimensions as well as a well-developed, proportionally high and rounded protoconid, located in the centre (Fig. 4F, Tables S5-S6). Both additional cusplets, the paraconid and the hypoconid, are weakly developed and low. The paraconid is shifted anterio-lingually, while the medially positioned hypoconid is only slightly raised posteroio-lingually. These cusps are closely associated with the main cusp and moderately separated from the surrounding cingulum, which is better developed only on the anterior- and posterior walls. In occlusal view, the buccal margin is slightly convex, and the lingual margin of the posterior half is moderately expanded. The transition between the anterior and posterior parts is not strongly marked (Fig. 4F).

The lower premolar p4 from Południowa cave is large, longer than m1 (Lp4/Lm1 index is 101.3), with a short and high protoconid and a robust crown. The buccal margin is straight, the lingual margin is noticeably expanded and forms a broad and smooth area. The accessory cusplets are equal in size, large, rounded and high. The hypoconid is poorly searated from the strong posterior cingulum, while the paraconid is well separated from the main cusp by a wide, V-shaped valley. Behind the hypoconid, a small but distinctive metaconid is visible (Fig. 4N). The p4 from Wschodnia cave is very similar in size and shape (Fig. 4J). The smaller p4 from Tunel Wielki is oval and massive, with moderately convex lingual and buccal margins. Its anterior part is broad, with a blunt anterior wall, and the transition from the anterior to posterior part is less marked. The protoconid is short, and the additional cusplets are proportionally larger than those in the p4 from Południowa cave, and their distinction from the main cusp and cingulum is much less pronounced. The four p4 from Biśnik cave are large and robust, with the still short but already low protoconid, and more reduced accessory cusplets. They are well separated from the protoconid and the strongly reduced posterior cingulum. The anterior part of the crown is slightly narrower, the middle transition is double-side concave, and the posterior part on the lingual and buccal margins is strongly expanded (Fig. 4O). In the stratigrahically younger lions from Biśnik and Wierzchowska Górna caves, the index of Lp4/Lm1 is between 95-97. In occlusal view, the anterior part is relatively broad, the middle part is double-sided concave and the posterior part is convex on the lingual and buccal sides. The additional cusps, the anterior paraconid and the posterior hypoconid, are poorly reduced as well as quite high and equal in size. In lingual view, the distinction between the main cusp and additional cusplets is less marked, and especially the hypoconid is closely associated with the well-developed posterior cingulum.

The large m1 from Południowa cave is oval and robust, with the breadth to length index exceeding 56 (Table S8). The paraconid is long and low, with the anterior margin shifted far anteriorly, while the protoconid is slightly longer and much higher than the paraconid and its posterior wall is visibly sloped. The notch between the main cusps is deep, narrow and V-shaped (Figs. 5E). The height, measured on the lingual side from the bottom of the cingulum to the bottom of the notch between the paraconid and the protoconid, is greater. The crown is higher and more elongated in lateral view. A well-developed bulge is situated on the lingual margin in the middle part of the crown, between the paraconid and the protoconid. In many specimens, it rises into a small cusp-like structure. The strongly developed lower margin of the cingulum rises considerably upwards, buccally and lingually in distal direction under the protoconid. A zigzag enamel structure formed by the lower margin of the cingulum is placed on the border between the protoconid and the talonid on the buccal and lingual sides. The talonid is elongated and well-developed (Fig. 5E).

The m1 from Tunel Wielki cave is robust, with a short paraconid, which is shifted less anteriorly than those of the m1 from Południowa cave, and with a particularly expanded anterior paraconid wall (Fig. 5F). The paraconid is long and massive, comparable in length with the protoconid. The protoconid is proportionally short, with an expanded posterior wall. The notch between the main cusps is narrow and deep, the median bulge, the talonid and the zigzag enamel are well-developed (Fig. 5F). The teeth from Biśnik and Wierzchowska Górna caves are very big and massive, and their paraconid is shorter and slightly lower than the protoconid. The paraconid is still shifted far anteriorly, the median bulge, the talonid and the zigzag structure are still unreduced (Fig. 5H-5M).
Fig. S4. Box-plots of all measurements of Pleistocene lion remains clustered into four groups according to their geological age: MIS (Marine isotope stage) 17-12, 11-9, 8-6 and 5-2. The thick line indicates median, the grey box shows quartile range and the whiskers denote the range without outliers.
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