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	The cranial measurements were taken according to the scheme:

(1)
total length (Prosthion–Acrocranion)

(2)
condylobasal length (Prostion–Occipital condyles)

(3)
basal length (Prosthion–Basion)

(4)
viscerocranium length (Prosthion–Point F)

(5)
neurocranium length (Point F–Acrocranion)

(6)
basifacial length (Prosthion–Synsphenion)

(7)
basicranial length (Synsphenion–Basion)

(8)
rostrum length (Prosthion–rostral margin of orbit)

(9)
neurocranium length (Nasion–Basion)

(10)
palatal length (Prosthion–Staphylion)

(11)
external C1–M1 length (mesial margin of alveolus of C1 to distal margin of alveolus of P4)

(12)
internal C1–M1 length (distal margin of alveolus of C1 to distal margin of alveolus of P4)

(13)
diastema length (distal margin of alveolus of C1 to mesial margin of alveolus of P2)

(14)
upper postcanine tooth row length (mesial margin of alveolus of P2 to distal margin of alveolus of M1)

(15)
upper premolar row length (mesial margin of alveolus of P2 to distal margin of alveolus of P4)

(16)
breadth at zygomatic arches (Zygion–Zygion)

(17)
nasal aperture breadth

(18)
maximal incisor row breadth at I3 alveoli
(19)
minimal breadth at canines between internal margins of canine alveoli (C1–C1 B)

(20)
maximal breadth at canines between external margins of canine alveoli (C1–C1 B)

(21)
maximal palatal breadth at P4 external alveoli
(22)
minimal distance between infraorbital foramina

(23)
minimal distance between orbits (Entorbital–Entorbital)

(24)
frontal breadth (Ectorbital–Ectorbital)

(25)
minimal postorbital breadth
(26)
maximal breadth at parietotemporal sutures
(27)
maximal supraoccipital breadth
(28)
mastoid breadth (Otion–Otion)

(29)
minimal breadth between pterygoids

(30)
height of foramen magnum (basionopisthion)

(31)
breadth of foramen magnum

(32)
maximal height of zygomatic arch

(33)
minimal height of zygomatic arch

(34)
maximal breadth at occipital condyles
(35)
tympanic bulla length

(36)
tympanic bulla breadth

(37)

maximal length of orbit

(38)

maximal height of orbit

(39)

cranial height (Acrocranion–Basion)

(40)

maximal breadth of mandibular fossa



Fig. S1 Scheme of measurements of lion skull (modified after Argant, 2010)
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	The mandibular measurements were taken according to the scheme:
(1)
total length (infradentale to condyle length)

(2)
length from infradentale to angular process

(3)
length from infradentale to coronoid process

(4)
length from infradentale to rostral margin of masseteric fossa

(5)
c1–m1 external length (mesial margin of c1 to distal margin of m1)

(6)
c1–m1 internal length (distal margin of c1 to distal margin of m1)

(7)
length of diastema 
(8)
length of the cheek teeth row (mesial margin of p3 to distal margin of m1)
(9)
length of the premolars row (mesial margin of p3 to distal margin of p4)
(10)
minimal distance between mental foramina

(11)
ramus height (from base of angular process to apex of coronoid process)

(12)
symphysis maximum diameter

(13)
symphysis minimum diameter

(14)
condyle height

(15)
condyle breadth

(16)
mandibular body height before p3

(17)
mandibular body thickness before p3

(18)
mandibular body height behind m1

(19)
mandibular body thickness behind m1




Fig. S2 Scheme of measurements of lion mandible (modified after Argant, 2010).
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Fig. S3 Scheme of measurements of lion P3 (modified after Schmid 1940)
(c – cingulum, ms – metastyle, pa – paracone, ps – parastyle)

(L)
total length 

(L pa)
paracone length

(H pa)
paracone height

(Ba)
mesial breadth

(Bp)
distal breadth
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Fig. S4 Scheme of measurements of lion P4 (modified after Schmid 1940)
(me – metastyle, pa – paracone, pp – preparastyle, pr – protocone, ps – parastyle)
(L)
total length 

(L pa)
paracone length

(H pa)
paracone height

(L me)
metastyle length

(Ba)
mesial breadth

(Bp)
distal breadth
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	Fig. S5 Scheme of measurements of lion p3 and p4 (modified after Schmid 1940)
(c – cingulum, h – hypoconid, pa – paraconid, pr – protoconid)

(L)
total length 

(L pr)
protoconid length

(H pr)
protoconid height

(Ba)
mesial breadth

(Bp)
distal breadth


	Fig. S6 Scheme of measurements of lion m1 (modified after Schmid 1940)
(pa – paraconid, pr – protoconid, t – talonid)

(L)
total length 

(L pa)
paraconid length

(H pa)
paraconid height

(L pr)
protoconid length

(H pr)
protoconid height
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height at carnassial notch 

(B)
breadth
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	Fig. S7 Scheme of measurements of lion postcranial bones (modified after Argant 2010)
(L)
total length

(mL)
anterior-posterior shaft diameter

(B)

total breadth

(mB)
minimum shaft diameter

(H)

total height

(dL)
distal epiphysis depth

(pL)
proximal epiphysis depth

(dB)
distal epiphysis breadth

(pB)
proximal epiphysis breadth

(Btr)
trochlear breadth
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Fig. S8 Terminology of bones in lion paws (modified after Sandford and Dawkins 1866)
1.2. Measurements of lions from Ukraine
Table S1 Cranial measurements of Panthera spelaea spelaea from Ukraine
	Measurements
	Kryshtaleva Cave
	Chernihiv
	Rudky

	
	NMNHU-P OF-803/1964
	A-34
	574

	1
	268.1
	375.0
	

	2
	256.4
	355.0
	

	3
	246.2
	322.0
	

	4
	137.4
	176.0
	

	5
	175.3
	185.0
	

	6
	156.4
	
	

	7
	72.8
	
	

	8
	149.7
	
	

	9
	204,6
	
	

	10
	132.4
	
	

	11
	94.9
	145.0
	

	12
	56.7
	
	

	13
	4.5
	6.0
	

	14
	69.9
	80.0
	

	15
	63.4
	
	

	16
	189.4
	245.0
	

	17
	53.6
	63.0
	

	18
	64.4
	
	

	19
	68.9
	
	

	20
	86.4
	111.0
	

	21
	114.5
	132.0
	

	22
	85.8
	103.0
	

	23
	66.7
	78.0
	

	24
	90.1
	112.0
	

	25
	59.3
	71.0
	73.0

	26
	92.6
	
	

	27
	101.4
	
	

	28
	114.6
	152.0
	158.0

	29
	38.9
	54.0
	

	30
	24.8
	29.0
	

	31
	27.0
	31.0
	

	32
	86.4
	
	

	33
	37.9
	
	

	34
	58.7
	70.0
	70.0

	35
	48.3
	48.0
	

	36
	30.1
	35.0
	

	37
	85.3
	
	

	38
	54.0
	
	

	39
	83.8
	123.0
	

	40
	
	
	

	41
	94.7
	118.0
	


Table S2 Upper premolar measurements of lions from Ukraine
	
	
	
	C1
	P2
	P3
	P4

	Site
	Coll. no.
	Taxon
	L
	B
	L
	B
	L
	Lpa
	Hpa
	Bm
	Bd
	L
	Lpa
	Hpa
	Lme
	Bm
	Bd

	Kryshtaleva Cave
	OF-803/1964
	P. s. spelaea
	20.1
	15.4
	8.8
	5.9
	23.9
	12.9
	15.4
	9.2
	10.8
	36.1
	13.5
	18.8
	14.4
	18.1
	12.5

	Kryshtaleva Cave
	OF-803/1964
	P. s. spelaea
	20.2
	15.3
	
	
	
	
	
	
	
	35.9
	13.7
	18.4
	14.3
	17.6
	12.3

	Rudky
	
	P. s. spelaea
	
	
	
	
	28.0
	
	
	
	
	40.0
	
	
	
	
	

	Chernihiv
	A-34
	P. s. spelaea
	32.0
	23.0
	11.0
	
	28.0
	
	
	
	16.0
	39.0
	
	
	
	21.0
	

	Molodova 1
	
	P. s. spelaea
	
	
	
	
	24.0
	
	
	
	10.4
	33.7
	
	
	
	17.7
	

	Molodova 1
	
	P. s. spelaea
	
	
	
	
	24.7
	
	
	
	10.3
	
	
	
	
	
	

	Maiaky
	4-843
	P. l. persica
	21.0
	15.0
	
	
	
	
	
	
	
	
	
	
	
	
	


Table S3 Mandibular measurements of lions from Ukraine
	Site
	Coll. no.
	Taxon
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	Kryshtaleva Cave
	OF-806/1964
	P. s. spelaea
	201.2
	198.7
	192.7
	
	110.7
	89.7
	21.7
	67.6
	43.4
	11.7
	89.5
	
	
	
	43.4
	39.1
	16.6
	42.5
	18.9

	Rudki 
	
	P. s. spelaea
	
	
	
	
	115.7
	
	22.9
	67.7
	43.3
	
	
	75.3
	
	
	
	
	
	42.8
	

	Korman
	
	P. s. spelaea
	
	
	
	
	120.0
	
	18.8
	
	43.2
	
	
	72.0
	
	
	
	
	
	
	

	Kremenchug
	
	P. s. spelaea
	
	
	
	
	130.0
	
	26.0
	
	
	
	
	70.0
	
	
	
	40.0
	
	
	

	Kodak
	OF-646/3541
	P. s. spelaea
	
	
	
	
	131.4
	
	
	75.7
	48.5
	13.4
	
	
	
	
	
	56.3
	25.3
	
	21.9

	Molodova 1
	
	P. s. spelaea
	
	
	
	
	
	
	
	69.7
	
	
	
	
	
	
	
	
	
	
	19.1

	Olviya
	
	P. l. persica
	
	
	
	
	
	
	
	60.5
	38.5
	
	
	
	
	
	
	
	
	
	


Table S4 Lower premolar and molar measurements of lions from Ukraine
	
	
	
	i2
	i3
	c1
	p3
	p4
	m1

	Site
	Coll. no.
	Taxon
	L
	B
	L
	B
	L
	B
	L
	L pr
	Hpr
	Bm
	Bd
	L
	L pr
	Hpr
	Bm
	Bd
	L
	Lpa
	Hpa
	Lpr
	Hpr
	Hin
	B

	Sambir
	
	P. s. fossilis
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	34.7
	18.9
	19.3
	21.9
	19.7
	12.7
	19.7

	Bilykh Stin Cave
	BS-114 + BS-129
	P. s. spelaea
	
	
	
	
	
	
	
	
	
	
	
	30.4
	14.4
	19.6
	13.4
	16.3
	32.4
	17.3
	18.5
	19.4
	20.7
	11.5
	16.2

	Kremenchug
	
	P. s. spelaea
	
	
	
	
	
	
	19.0
	10.7
	10.1
	7.8
	10.0
	28.5
	15.1
	18.9
	11.2
	13.4
	31.4
	17.9
	17.4
	15.5
	16.6
	10.8
	14.8

	Volia-Homuletska
	
	P. s. spelaea
	
	
	
	
	
	
	
	
	
	
	
	27.9
	14.6
	
	11.4
	13.6
	29.7
	14.8
	17.1
	15.2
	19.6
	7.6
	14.1

	Kodak
	OF-645/3197
	P. s. spelaea
	
	
	
	
	29.4
	21.7
	20.0
	
	
	
	9.7
	26.1
	13.5
	17.2
	10.0
	14.0
	30.1
	14.5
	
	16.0
	
	
	15.7

	Kodak
	OF-646/3541
	P. s. spelaea
	
	
	
	
	
	
	
	
	
	
	
	26.8
	12.9
	17.1
	10.6
	14.1
	30.0
	14.4
	
	16.7
	
	9.5
	15.7

	Rudky
	
	P. s. spelaea
	
	
	
	
	23.8
	15.7
	16.3
	
	
	
	9.8
	24.6
	
	
	
	12.7
	26.1
	
	
	
	
	
	13.9

	Korman’
	
	P. s. spelaea
	
	
	
	
	
	
	18.6
	
	
	
	
	26.0
	
	
	
	
	
	
	
	
	
	
	

	Molodova 5
	
	P. s. spelaea
	
	
	
	
	
	
	
	
	
	
	
	29.3
	13.9
	
	12.9
	15.3
	28.7
	16.4
	17.9
	15.5
	17.9
	10.1
	13.5

	Molodova 5
	
	P. s. spelaea
	
	
	
	
	
	
	
	
	
	
	
	28.7
	13.8
	
	12.6
	15.1
	28.7
	16.6
	17.7
	15.9
	17.6
	9.8
	13.9

	Molodova 1
	
	P. s. spelaea
	
	
	
	
	
	
	[18.9]
	
	
	
	
	23.7
	
	
	
	
	25.6
	12.6
	13.9
	10.6
	16.1
	7.4
	12.2

	Molodova 1
	
	P. s. spelaea
	
	
	
	
	21.9
	16.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Molodova 1
	
	P. s. spelaea
	
	
	
	
	
	16.1
	16.0
	
	
	
	8.5
	
	
	
	
	
	
	
	
	
	
	
	

	Kryshtaleva Cave
	OF-806/1964
	P. s. spelaea
	6.8
	6.1
	
	
	18.8
	13.2
	17.2
	9.7
	11.6
	6.7
	8.7
	25.7
	12.7
	15.9
	10.7
	12.6
	25.8
	14.5
	14.9
	14.9
	13.7
	7.7
	12.7

	Kryshtaleva Cave
	OF-806/1964
	P. s. spelaea
	
	
	7.4
	6.8
	19.1
	13.6
	
	
	
	
	
	25.5
	12.4
	16.3
	10.4
	11.9
	26.2
	14.4
	15.1
	14.9
	13.5
	7.8
	12.9

	Emine-Bair-Khosar
	Bj-104
	P. s. spelaea
	
	
	
	
	
	
	15.6
	7.5
	7.9
	5.8
	8.5
	23.3
	12.8
	14.6
	8.7
	11.4
	24.6
	13.1
	14.4
	12.7
	15.2
	6.4
	12.4

	Olviya
	
	P. l. persica
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	22.0
	
	
	
	
	
	10.5


Table S5 Postcranial measurements of lions from Ukraine
	Site
	Coll. no.
	Taxon
	Bone
	L
	pL
	pB
	mL
	mB
	dL
	dB
	dtr

	Kaniv
	10-789
	P. s. spelaea
	humerus
	400.4
	114.3
	91.4
	
	37.7
	
	98.6
	74.5

	Kryshtaleva Cave
	OF-805/1964
	P. s. spelaea
	humerus
	
	86.3
	
	
	26.8
	
	78.9
	57.1

	Mezhyrich
	OF-509/56-1090, OF-510/56-4488
	P. s. spelaea
	humerus
	
	100.7
	85.5
	
	
	63.6
	90.4
	76.6

	Vykhvatyntsi
	25978
	P. s. spelaea
	humerus
	
	
	66.0
	46.0
	
	
	101.0
	

	Kryshtaleva Cave
	
	P. s. spelaea
	femur
	
	44.3
	27.2
	
	
	
	
	

	Kryshtaleva Cave
	
	P. s. spelaea
	radius
	274.3
	36.9
	
	
	19.2
	
	
	

	Bilykh Stin Cave
	BS-123
	P. s. spelaea
	radius
	370.1
	50.2
	79.8
	
	43.8
	
	
	

	Maiaky
	4-846 + 4-1300
	P. l. persica
	radius
	
	25.0
	37.0
	
	
	58.0
	34.2
	

	Olviya
	
	P. l. persica
	radius
	
	
	
	
	28.0
	62.0
	37.0
	

	Emine-Bair-Khosar
	Bj-88
	P. s. spelaea
	mc 2
	94.9
	20.6
	29.1
	
	13.7
	20.2
	21.0
	

	Bilykh Stin Cave
	BS-120
	P. s. spelaea
	mc 2
	123.5
	39.8
	30.7
	
	
	
	28.3
	

	Emine-Bair-Khosar
	Bj-83
	P. s. spelaea
	mc 3
	107.6
	24.3
	24.5
	
	14.7
	20.5
	22.4
	

	Emine-Bair-Khosar
	Bj-92
	P. s. spelaea
	mc 3
	107.6
	23.4
	24.3
	
	15.0
	20.4
	21.8
	

	Bilykh Stin Cave
	BS-113
	P. s. spelaea
	mc 3
	135.8
	33.2
	30.1
	
	
	
	29.1
	

	Emine-Bair-Khosar
	Bj-89
	P. s. spelaea
	mc 4
	105.1
	20.6
	24.7
	
	13.5
	20.7
	20.7
	

	Emine-Bair-Khosar
	Bj-93
	P. s. spelaea
	mc 4
	105.0
	20.4
	23.5
	
	13.8
	20.9
	20.7
	

	Maiaky
	4-849
	P. l. persica
	mc 4
	97.4
	21.2
	17.2
	12.0
	13.1
	19.2
	19.5
	

	Emine-Bair-Khosar
	Bj-85
	P. s. spelaea
	mc 5
	87.7
	21.3
	23.5
	
	12.4
	19.2
	20.1
	

	Emine-Bair-Khosar
	Bj-90
	P. s. spelaea
	mc 5
	87.6
	22.1
	23.5
	
	12.9
	19.9
	20.0
	

	Maiaky
	4-848
	P. l. persica
	mc 5
	81.5
	20.8
	20.8
	12.0
	12.0
	18.0
	17.0
	

	Emine-Bair-Khosar
	Bj-84
	P. s. spelaea
	mt 2
	110.1
	18.1
	29.0
	
	13.8
	19.7
	19.5
	

	Emine-Bair-Khosar
	Bj-91
	P. s. spelaea
	mt 2
	95.6
	19.5
	29.1
	
	14.2
	19.7
	21.3
	

	Emine-Bair-Khosar
	Bj-87
	P. s. spelaea
	mt 4
	127.8
	23.0
	29.7
	
	15.8
	21.0
	19.5
	

	Bilykh Stin Cave
	BS-119
	P. s. spelaea
	mt 4
	157.5
	40.4
	33.1
	
	
	
	28.6
	

	Emine-Bair-Khosar
	Bj-86
	P. s. spelaea
	mt 5
	119.2
	24.2
	24.3
	
	11.6
	18.9
	18.6
	

	Sambir
	
	P. s. fossilis
	calcaneus
	155.6
	
	
	
	
	
	
	

	Maiaky
	4-851
	P. l. persica
	ph II-4
	36.0
	14.7
	14.6
	9.0
	9.5
	
	
	

	Maiaky
	17-2434
	P. l. persica
	ph II-4
	37.0
	15.0
	15.2
	9.3
	10.0
	
	
	


Table S6 Skeletal predictors of body mass and condylobasal length arranged by progressively decreasing values of the correlation coefficient (r) as indicator of predictive power of the variable (body mass in kg, the rest in mm)
	Skeletal predictors of body mass (BM) in felids

	Skeletal predictor
	r
	Regression
	Source

	Condylobasal length (CBL)
	0.92
	log BM= 3.11 × log CBL - 5.38
	Van Valkenburgh 1990

	Condylobasal length (CBL)
	
	(CBL 1/CBL 2)3 × BM of extant specimen
	Christiansen and Harris 2009

	m1 L × B
	
	ln BM = log 1.653 × ln (m1 L × B) × log 1.897
	Legendre and Roth 1988

	m1 L
	0.95
	log BM = 3.05 × log m1 L - 2.15
	Van Valkenburgh 1990

	Humerus shaft breadth
	0.986
	log BM = 2.886 × log HSB - 1.91
	Hemmer 2001

	Postcranial predictors of condylobasal length (CBL) in pantherines

	Skeletal predictor
	r
	Regression
	Source

	Humerus length (HL)
	0.99
	CBL = 1.03 HL - 13
	Hemmer and Schütt 1970

	Radius length (RL)
	0.98
	CBL = 1.09 RL
	Hemmer and Schütt 1970

	Ulna length (UL)
	0.99
	CBL = 0.89 UL - 4
	Hemmer and Schütt 1970

	Metacarpal 2 length (MC2 L)
	0.99
	CBL = 3.23 MC2
	Hemmer and Schütt 1970

	Metacarpal 3 length (MC3 L)
	0.99
	CBL = 3.13 MC3 L - 25
	Hemmer and Schütt 1970

	Metacarpal 4 length (MC4 L)
	0.98
	CBL = 3.03 MC4 L - 12
	Hemmer and Schütt 1970

	Metacarpal 5 length (MC5 L)
	0.99
	CBL = 3.57 MC5 L
	Hemmer and Schütt 1970

	Femur length (FL)
	0.98
	CBL = 1.01 FL - 37
	Hemmer and Schütt 1970

	Tibia length (TL)
	0.98
	CBL = 1.28 TL - 85
	Hemmer and Schütt 1970

	Calcaneus length (CL)
	0.97
	CBL = 3.03 CL + 9
	Hemmer and Schütt 1970

	Talus length (AL)
	0.98
	CBL = 5.71 AL
	Hemmer and Schütt 1970

	Metatarsal 2 length (MT2 L)
	0.97
	CBL = 3.23 MT2 L - 55
	Hemmer and Schütt 1970

	Metatarsal 3 length (MT3 L)
	0.96
	CBL = 2.86 MT3 L - 51
	Hemmer and Schütt 1970

	Metatarsal 4 length (MT4 L)
	0.97
	CBL = 2.78 MT4 L - 44
	Hemmer and Schütt 1970

	Metatarsal 5 length (MT5 L)
	0.98
	CBL = 3.33 MT5 L - 70
	Hemmer and Schütt 1970


Table S7. Comparison of skull length and upper canine (C1) length and breadth in Ukrainian cave lions with data for different temporal samples of Panthera spelaea and extant P. leo (in mm). Comparative data are based on the literature (see Material and methods) and own measurements. Abbreviations: lMP, late Middle Pleistocene; LP, Late Pleistocene; M, mean; Max, maximum value; Min, minimum value; MIS, Marine Isotopic Stage; MP, Middle Pleistocene; N, number of individuals
	Site
	Coll. no.
	Taxon
	Sex
	Age (MIS)
	Skull length
	C1 length
	C1 breadth

	
	
	
	
	
	M
	Min-Max
	N
	M
	Min-Max
	N
	M
	Min-Max
	N

	Kryshtaleva Cave
	OF-803/1964
	P. s. spelaea
	♀
	LP (2)
	268.1
	
	
	20.1
	
	
	15.4
	
	

	Chernihiv
	A-34 

	P. s. spelaea
	♂
	lMP?
	375.0
	
	
	32.0
	
	
	23.0
	
	

	
	
	P. s. fossilis
	♂
	MP (20-12)
	463.9
	442.0-484.7
	3
	35.1
	29.6-44.6
	19
	27.5
	22.0-37.6
	19

	
	
	P. s. fossilis
	♂
	lMP (11-9)
	427.8
	416.0-450.0
	4
	32.2
	29.0-37.8
	13
	24.9
	21.9-29.5
	13

	
	
	P. s. intermedia-spelaea
	♂
	lMP-LP (8-5)
	425.1
	364.8-475.0
	12
	29.3
	25.9-34.4
	28
	21.5
	19.0-25.0
	28

	
	
	P. s. spelaea
	♂
	LP (4-2)
	377.2
	345.1-437.0
	26
	26.9
	22.5-34.1
	56
	19.9
	17.1-24.5
	56

	
	
	P. leo
	♂
	extant
	365.9
	330.8-396.0
	45
	26.6
	22.5-32.0
	18
	19.2
	16.5-22.5
	18

	
	
	P. s. fossilis
	♀
	MP (20-12)
	
	
	
	28.7
	27.5-30.0
	3
	19.8
	19.2-20.1
	3

	
	
	P. s. fossilis
	♀
	lMP (11-9)
	
	
	
	25.9
	25.4-26.3
	3
	19.3
	18.8-20.2
	3

	
	
	P. s. intermedia-spelaea
	♀
	lMP-LP (8-5)
	338.5
	324.0-349.2
	6
	24.2
	20.6-28.0
	21
	17.4
	15.8-18.6
	21

	
	
	P. s. spelaea
	♀
	LP (4-2)
	301.9
	268.1-333.0
	15
	22.9
	19.0-27.1
	29
	16.0
	14.0-17.0
	29

	
	
	P. leo
	♀
	extant
	299.7
	277.4-333.2
	39
	21.0
	19.5-23.0
	10
	15.4
	14.5-16.2
	10


Table S8. Comparison of three mandibular dimensions of Ukrainian lions with those in different temporal samples of Panthera spelaea and extant Panthera leo (in mm). Measurements: 1, total length (infradentale to condyle length); 8, length of cheek teeth row (mesial margin of p3 to distal margin of m1); 18, mandibular body thickness behind m1. Abbreviations: coll. no., collection number; lMP, late Middle Pleistocene; LP, Late Pleistocene; M, mean; Max, maximum value; Min, minimum value; MIS, Marine Isotopic Stage; MP, Middle Pleistocene; N, number of individuals. Comparative data are based on the literature (see Material and methods) and own measurements.
	Site
	Coll. no.
	Taxon
	Sex
	Age (MIS)
	1
	8
	18

	
	
	
	
	
	M
	Min-Max
	N
	M
	Min-Max
	N
	M
	Min-Max
	N

	Kryshtaleva Cave
	OF-806/1964
	P. s. spelaea
	♀
	LP (2)
	201.2
	
	
	67.6
	
	
	42.5
	
	

	Rudki
	
	P. s. spelaea
	♀
	LP
	
	
	
	67.7
	
	
	42.8
	
	

	Kodak
	OF-646
	P. s. spelaea
	♂
	LP
	
	
	
	75.7
	
	
	
	
	

	Molodova 1
	
	P. s. spelaea
	♀
	LP (3)
	
	
	
	69.7
	
	
	
	
	

	Olviya
	
	P. l. persica
	♀
	H (1)
	
	
	
	60.5
	
	
	
	
	

	
	
	P. s. fossilis
	♂
	MP (20-9)
	291.2
	266.0-314.4
	10
	86.7
	79.0-102.5
	17
	66.6
	58.4-82.2
	18

	
	
	P. s. intermedia-spelaea
	♂
	lMP-LP (8-5)
	267.7
	244.1-288.7
	13
	83.5
	75.4-92.7
	25
	61.8
	51.7-74.1
	26

	
	
	P. s. spelaea
	♂
	LP (4-2)
	263.2
	245.4-283.5
	19
	77.6
	72.3-85.3
	52
	57.3
	51.2-66.3
	42

	
	
	P. leo
	♂
	extant
	248.6
	220.0-279.0
	17
	75.7
	66.0-86.0
	17
	51.2
	44.5-57.5
	17

	
	
	P. s. fossilis
	♂
	MP (20-9)
	222.0
	
	1
	70.4
	60.4-76.1
	4
	49.1
	48.1-50.1
	2

	
	
	P. s. intermedia-spelaea
	♀
	lMP-LP (8-5)
	226.1
	211.2-236.2
	6
	69.7
	64.3-73.7
	16
	44.2
	36.1-50.4
	18

	
	
	P. s. spelaea
	♀
	LP (4-2)
	221.9
	201.2-237.4
	10
	68.6
	64.4-72.3
	12
	45.1
	34.8-50.6
	13

	
	
	P. leo
	♀
	extant
	210.8
	192.0-227.0
	11
	67.4
	65.0-71.7
	11
	43.9
	38.5-50.0
	11


Table S9. Comparison of the lower carnassial (m1) length of Ukrainian cave lions with different temporal samples of Panthera spelaea and extant Panthera leo (in mm). Abbreviations: coll. no., collection number; lMP, late Middle Pleistocene; LP, Late Pleistocene; M, mean; Max, maximum value; Min, minimum value; MIS, Marine Isotopic Stage; MP, Middle Pleistocene; N, number of individuals. Comparative data based on the literature (see Material and methods) and own measurements.

	Site
	Coll. no.
	Taxon
	Sex
	Age (MIS)
	L m1

	
	
	
	
	
	M
	Min-Max
	N

	Sambir
	
	P. s. fossilis
	♂
	MP
	34.7
	
	

	Bilykh Stin Cave
	BS-114 + BS-129
	P. s. spelaea
	♂
	lMP
	32.4
	
	

	Kremenchug
	
	P. s. spelaea
	♂
	LP
	31.4
	
	

	Volia-Homuletska
	
	P. s. spelaea
	♂
	LP
	29.7
	
	

	Kodak
	OF-645/3197
	P. s. spelaea
	♂
	LP
	30.1
	
	

	Kodak
	OF-646/3541
	P. s. spelaea
	♂
	LP
	30.0
	
	

	Rudky
	
	P. s. spelaea
	♀
	LP
	26.1
	
	

	Molodova 5
	
	P. s. spelaea
	♀?
	LP 
	28.7
	
	

	Molodova 5
	
	P. s. spelaea
	♀?
	LP
	28.7
	
	

	Molodova 1
	
	P. s. spelaea
	♀
	LP
	25.6
	
	

	Kryshtaleva Cave
	OF-806/1964
	P. s. spelaea
	♀
	LP (2)
	25.8
	
	

	Kryshtaleva Cave
	OF-806/1964
	P. s. spelaea
	♀
	LP (2)
	26.2
	
	

	Emine-Bair-Khosar
	Bj-104
	P. s. spelaea
	♀
	LP
	24.6
	
	

	Olviya
	
	P. l. persica
	♀
	H (1)
	22.0
	
	

	
	
	P. s. fossilis
	♂/♀
	MP (20-12)
	30.9
	27.4-36.1
	60

	
	
	P. s. fossilis
	♂/♀
	lMP (11-9)
	30.8
	25.2-35.4
	30

	
	
	P. s. intermedia
	♂/♀
	lMP (8-6)
	30.2
	25.1-33.6
	57

	
	
	P. s. spelaea
	♂/♀
	lMP-LP (6-5)
	31.4
	27.7-35.1
	71

	
	
	P. s. spelaea
	♂/♀
	LP (4-2)
	28.5
	23.2-32.2
	274

	various
	
	P. leo
	♂
	extant
	28.3
	25.5-32.5
	17

	various
	
	P. leo
	♀
	extant
	25.8
	24.5-28.0
	10

	Central Africa
	
	P. leo
	♂
	extant
	27.9
	25.8-30.0
	24

	Central Africa
	
	P. leo
	♀
	extant
	25.2
	22.6-27.1
	20


Table S10. Comparison of the humerus and radius dimensions of Ukrainian cave lions with different temporal samples of Panthera spelaea and extant Panthera leo (in mm). Measurements: L - total length; dB, distal epiphysis breadth. Abbreviations: coll. no., collection number; lMP, late Middle Pleistocene; LP, Late Pleistocene; M, mean; Max, maximum value; Min, minimum value; MIS, Marine Isotopic Stage; MP, Middle Pleistocene; N, number of individuals. Comparative data are based on the literature (see Material and methods) and own measurements.
	Site
	Coll. no.
	Taxon
	Sex
	Age (MIS)
	Humerus (L)
	Humerus (dB)
	Radius (L)

	
	
	
	
	
	M
	Min-Max
	N
	M
	Min-Max
	N
	M
	Min-Max
	N

	Kaniv
	10-789
	P. s. spelaea
	♂
	lMP-LP
	400.4
	
	
	98.6
	
	
	
	
	

	Kryshtaleva Cave
	OF-805/1964
	P. s. spelaea
	♀
	LP (2)
	
	
	
	78.9
	
	
	274.3
	
	

	Mezhyrich
	OF-509+510
	P. s. spelaea
	♂
	LP (2)
	
	
	
	90.4
	
	
	
	
	

	Vykhvatyntsi
	25978
	P. s. spelaea
	♂
	LP
	
	
	
	101.0
	
	
	
	
	

	Bilykh Stin Cave
	BS-123
	P. s. spelaea
	♂
	lMP
	
	
	
	
	
	
	370.1
	
	

	
	
	P. s. fossilis
	♂
	MP (20-9)
	405.9
	370.4-454.9
	9
	108.5
	94.3-129.7
	16
	359.5
	328.4-400.4
	7

	
	
	P. s. intermedia
	♂
	lMP (8-6)
	353.3
	336.2-370.5
	6
	96.6
	90.2-100.4
	5
	311.9
	300.4-332.7
	5

	
	
	P. s. spelaea
	♂
	lMP-LP (6-5)
	372.5
	361.6-388.7
	11
	103.9
	94.4-117.7
	21
	358.3
	346.6-375.7
	10

	
	
	P. s. spelaea
	♂
	LP (4-2)
	364.7
	335.4-396.5
	33
	97.2
	90.4-115.4
	53
	327.5
	301.2-364.6
	33

	
	
	P. leo
	♂
	extant
	334.0
	306.5-367.0
	12
	86.1
	78.0-100.0
	12
	306.3
	282.5-329.5
	12

	
	
	P. s. fossilis
	♀
	MP (20-9)
	
	
	
	85.7
	84.1-87.9
	4
	290.4
	
	1

	
	
	P. s. intermedia
	♀
	lMP-LP (6-5)
	
	
	
	82.6
	79.3-85.8
	2
	
	
	

	
	
	P. s. spelaea
	♀
	LP (4-2)
	315.8
	260.4-332.8
	15
	82.6
	64.8-90.5
	45
	286.6
	256.4-299.1
	20

	
	
	P. leo
	♀
	extant
	295.3
	266.0-317.0
	10
	76.8
	70.0-86.5
	10
	269.0
	248.0-284.5
	10


Table S11. Comparison of the metacarpal dimensions of Ukrainian lions with different temporal samples of Panthera spelaea and extant Panthera leo (in mm). Abbreviations: coll. no., collection number; lMP, late Middle Pleistocene; LP, Late Pleistocene; M, mean; Max, maximum value; Min, minimum value; MIS, Marine Isotopic Stage; MP, Middle Pleistocene; N, number of individuals. Comparative data are based on the literature (see Material and methods) and own measurements.
	Site
	Coll. no.
	Taxon
	Sex
	Age (MIS)
	Mc 2 (L)
	Mc 3 (dB)
	Mc 4 (L)
	Mc 5 (L)

	
	
	
	
	
	M
	Min-Max
	N
	M
	Min-Max
	N
	M
	Min-Max
	N
	M
	Min-Max
	N

	Emine-Bair-Khosar
	Bj-88
	P. s. spelaea
	♀
	LP
	94.9
	
	
	
	
	
	
	
	
	
	
	

	Bilykh Stin Cave
	BS-120
	P. s. spelaea
	♂
	lMP 
	123.5
	
	
	
	
	
	
	
	
	
	
	

	Emine-Bair-Khosar
	Bj-83
	P. s. spelaea
	♀
	LP
	
	
	
	107.6
	
	
	
	
	
	
	
	

	Emine-Bair-Khosar
	Bj-92
	P. s. spelaea
	♀
	LP
	
	
	
	107.6
	
	
	
	
	
	
	
	

	Bilykh Stin Cave
	BS-113
	P. s. spelaea
	♂
	lMP
	
	
	
	135.8
	
	
	
	
	
	
	
	

	Emine-Bair-Khosar
	Bj-89
	P. s. spelaea
	♀
	LP
	
	
	
	
	
	
	105.1
	
	
	
	
	

	Emine-Bair-Khosar
	Bj-93
	P. s. spelaea
	♀
	LP
	
	
	
	
	
	
	105.0
	
	
	
	
	

	Mayaky
	4-849
	P. l. persica
	♀
	H
	
	
	
	
	
	
	97.4
	
	
	
	
	

	Emine-Bair-Khosar
	Bj-85
	P. s. spelaea
	♀
	LP
	
	
	
	
	
	
	
	
	
	87.7
	
	

	Emine-Bair-Khosar
	Bj-90
	P. s. spelaea
	♀
	LP
	
	
	
	
	
	
	
	
	
	87.6
	
	

	Maiaky
	4-848
	P. l. persica
	♀
	H
	
	
	
	
	
	
	
	
	
	81.5
	
	

	
	
	P. s. fossilis
	♂
	MP (20-9)
	133.7
	124.4-150.1
	16
	138.5
	125.6-154.6
	18
	137.5
	122.6-157.8
	27
	125.7
	113.9-144.1
	22

	
	
	P. s. intermedia
	♂
	lMP (8-6)
	129.2
	123.5-138.9
	8
	135.3
	124.7-144.5
	11
	131.1
	123.4-140.4
	14
	115.8
	109.4-123.6
	17

	
	
	P. s. spelaea
	♂
	lMP-LP (6-5)
	130.2
	120.6-147.4
	32
	140.3
	131.5-154.4
	21
	138.6
	122.6-156.9
	25
	120.3
	109.5-137.7
	38

	
	
	P. s. spelaea
	♂
	LP (4-2)
	120.7
	115.6-129.4
	38
	129.8
	124.4-141.6
	31
	128.4
	120.2-145.7
	28
	110.7
	103.4-121.5
	49

	Africa
	
	P. leo
	♂
	extant
	106.3
	99.7-113.5
	11
	119.9
	112.5-128.0
	11
	115.9
	107.0-127.0
	11
	94.9
	89.5-101.5
	11

	Central Africa
	
	P. leo
	♂
	extant
	101.1
	96.3-106.8
	14
	113.3
	108.1-120.5
	14
	108.3
	103.6-114.9
	16
	91.7
	88.6-96.6
	14

	
	
	P. s. fossilis
	♀
	MP (20-9)
	111.2
	102.4-117.3
	7
	118.4
	116.5-121.6
	4
	111.9
	100.0-119.4
	5
	105.2
	100.4-111.7
	4

	
	
	P. s. intermedia-spelaea
	♀
	lMP (8-6)
	112.7
	103.5-119.4
	10
	119.5
	118.1-120.9
	2
	117.2
	
	1
	101.2
	92.6-107.6
	18

	
	
	P. s. spelaea
	♀
	lMP-LP (6-5)
	116.3
	110.8-119.7
	9
	120.6
	115.5-123.9
	6
	
	
	
	
	
	

	
	
	P. s. spelaea
	♀
	LP (4-2)
	106.5
	95.4-114.6
	50
	116.4
	104.8-122.2
	47
	113.3
	103.4-119.4
	36
	95.9
	85.5-102.5
	43

	Africa
	
	P. leo
	♀
	extant
	96.4
	91.5-101.0
	8
	108.5
	101.0-114.0
	8
	105.1
	98.0-110.5
	8
	86.6
	80.0-90.0
	8

	Central Africa
	
	P. leo
	♀
	extant
	90.7
	87.3-96.3
	14
	101.9
	97.9-106.1
	14
	97.8
	94.4-100.6
	12
	81.8
	78.3-86.9
	14


Table S12. Comparison of the metatarsal (mt 2, mt 4 and mt 5) and calcaneal dimensions of Ukrainian cave lions with different temporal samples of Panthera spelaea and extant Panthera leo (in mm). Abbreviations: coll. no., collection number; lMP, late Middle Pleistocene; LP, Late Pleistocene; M, mean; Max, maximum value; Min, minimum value; MIS, Marine Isotopic Stage; MP, Middle Pleistocene; N, number of individuals. Comparative data based are on the literature (see Material and methods) and own measurements.
	Site
	Coll. no.
	Taxon
	Sex
	Age (MIS)
	Mt 2 (L)
	Mt 4 (dB)
	Mt 5 (L)
	Calcaneus (L)

	
	
	
	
	
	M
	Min-Max
	N
	M
	Min-Max
	N
	M
	Min-Max
	N
	M
	Min-Max
	N

	Emine-Bair-Khosar
	Bj-84
	P. s. spelaea
	♀
	LP
	110.1
	
	
	
	
	
	
	
	
	
	
	

	Emine-Bair-Khosar
	Bj-91
	P. s. spelaea
	♀
	LP
	95.6
	
	
	
	
	
	
	
	
	
	
	

	Emine-Bair-Khosar
	Bj-87
	P. s. spelaea
	♀
	LP
	
	
	
	127.8
	
	
	
	
	
	
	
	

	Bilykh Stin Cave
	BS-119
	P. s. spelaea
	♂
	lMP
	
	
	
	157.5
	
	
	
	
	
	
	
	

	Emine-Bair-Khosar
	Bj-86
	P. s. spelaea
	♀
	LP
	
	
	
	
	
	
	119.2
	
	
	
	
	

	Sambir
	
	P. s. fossilis
	♂
	MP
	
	
	
	
	
	
	
	
	
	155.6
	
	

	
	
	P. s. fossilis
	♂
	MP (20-9)
	147.2
	132.6-169.6
	23
	169.1
	154.8-181.7
	16
	154.6
	142.4-163.3
	11
	144.4
	129.5-157.6
	57

	
	
	P. s. intermedia
	♂
	lMP (8-6)
	135.3
	131.2-143.5
	9
	158.8
	147.6-171.2
	8
	137.9
	127.3-145.4
	10
	129.5
	121.8-141.4
	18

	
	
	P. s. spelaea
	♂
	lMP-LP (6-5)
	145.2
	127.3-153.5
	30
	164.2
	153.6-176.4
	32
	149.7
	129.2-157.9
	36
	136.4
	130.5-142.2
	24

	
	
	P. s. spelaea
	♂
	LP (4-2)
	133.1
	126.8-145.8
	27
	148.7
	140.3-163.9
	22
	135.7
	127.3-150.6
	30
	131.9
	120.5-145.4
	80

	
	
	P. leo
	♂
	extant
	123.4
	116.0-129.5
	11
	137.0
	127.0-143.0
	11
	123.6
	115.0-130.0
	11
	114.6
	107.0-127.0
	12

	
	
	P. s. fossilis
	♀
	MP (20-9)
	
	
	
	137.8
	133.2-142.5
	4
	122.5
	
	1
	119.5
	111.4-126.8
	5

	
	
	P. s. intermedia
	♀
	lMP (8-6)
	126.1
	
	1
	135.5
	
	1
	117.4
	
	1
	115.7
	113.7-118.4
	5

	
	
	P. s. spelaea
	♀
	lMP-LP (6-5)
	121.2
	119.8-122.4
	5
	133.4
	114.9-144.1
	5
	122.2
	
	1
	117.5
	110.3-123.5
	8

	
	
	P. s. spelaea
	♀
	LP (4-2)
	117.9
	108.6-124.6
	39
	131.9
	120.8-139.4
	27
	119.8
	115.4-125.6
	11
	113.7
	107.8-119.3
	35

	
	
	P. leo
	♀
	extant
	112.0
	105.5-117.5
	8
	124.3
	114.5-129.5
	8
	112.8
	104.5-115.5
	8
	102.0
	90.5-112.0
	8


12

