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METACARPAL BONE | (MTC I)

Males and females

Table S1. Sample numbers (N), means (M), and standard errors (m) of the variables of mtc |
among different forms of bears

Form GL Bp Dp

N M=£m N M=+m N N M+m
U. etruscus 1 54.2 no data no data 1 87
U. deningeri 48 62.840.71 48 24.2+0.30 48 21.5+0.30 48 12.2+0.18
U. k. praekudarensis 12 69.4+1.96 13 26.7£0.92 13 21.6+0.84 14 13.4+0.46
U. k. kudarensis 61 69.7£0.40 65 28.840.28 64 26.5£0.32 63 14.6=0.15
U. savini 1 53.9 1 22.00 1 16.8 1 115
U. rossicus 11 50.0+£0.92 7 18.6+0.25 7 16.1+0.41 7 9.8+0.20
U. s. spelaeus 7 59.6£0.83 7 228+0.29 6 21.1+0.53 7 11.8+0.18
U. k. kanivetz 23 62.4+0.87 24 24.2+0.59 24 22.0£0.63 24 12.6+0.35
U. s. eremus 20 63.2+1.01 20 24.5+0.60 20 22.0+0.61 20 12.6+0.30
U. s. ladinicus 10 62.0+1.54 10 23.7£1.00 10 21.5+0.72 10 13.0+0.56
U. k. ingressus 54 66.0+0.54 21 25.1+0.57 21 21.6£0.71 54 13.0+0.16
U. arctos 25 73.0£1.96 26 22.44+0.79 21 21.4+0.79 26 10.7+0.36

Bd Dd

N M=+m N M=+m
U. etruscus 1 13.5 1 11.4
U. deningeri 47 18.4+0.24 44 16.6+0.18
U. k. praekudarensis 14 20.5+0.72 14 18.2+0.54
U. k. kudarensis 61 21.8+0.21 55 18.7+0.14
U. savini 1 17.2 1 15.1
U. rossicus 11 14.9+0.32 7 13.0+0.19
U. s. spelaeus 7 17.6£033 5 16.8+0.65
U. k. kanivetz 23 18.8+0.36 21 17.2+0.39
U. s. eremus 20 18.4+0.33 20 18.1+0.29
U. s. ladinicus 10 18.6+0.64 10 17.4+0.47
U. k. ingressus 51 19.2+0.23 39 18.5+0.25
U. arctos 25 17.740.58 20 15.6+0.55

Sexual size dimorphism

Table S2. Sexual size dimorphism (SSD and ASSD) of mtc | in the different forms of cave bears
and brown bear; p based on Mann-Whitney U Test; v, % - relative variance associated with SSD.

SSD
ASSD
GL Bp Dp SD Bd Dd
U. deningeri
Males 67.9+0.83 26.5+0.34 23.0+0.47 13.3+0.22 20.3+0.22 17.8+0.21
Females 60.2+0.57 23.1+0.24 20.8+0.31 11.6+0.18 17.5+0.17 15.9+0.13
SSD 6.0+0.79 6.94+0.83 4.9+1.3 6.6+1.14 7.5+0.75 5.7+0.75
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) 6.28
v, % 77.6 78.7 40.4 59.0 85.1 77.4
U. rossicus
Males 53.8+1.83 15.0+0.58
Females 48.6+0.48 18.6£0.25  16.14+0.41 9.840.20 14.9+0.41 12.9+0.19
SSD >.11.85 no data no data no data 0.5+2.37 no data
(0.01) n.s.
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v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

SSD

GL Bp Dp SD Bd ASSD
U. k. praekudarensis
72.6+£0.92  28.5+0.44 23.4+0.58 14.3+0.31 22.0+0.38 19.3+0.24
60.6t1.14  22.6+0.58 18.7+0.84 11.60.48 17.0£0.63 15.6+0.56
9.0+£1.1 11.6+£1.4 11.2+2.4 10.6+2.2 12.8+1.9 10.5+1.8  10.97
(0.009) (0.003) (0.003) (0.002) (0.002) (0.002)
93.3 89.8 81.3 85.8 88.9 91.6
U. k. kudarensis
70.5+0.40 29.7+0.22 27.2+0.32 14.9+0.15 22.2+0.18 18.9+0.11
66.6+0.50 26.0+0.54 24.3+0.57 13.4+0.22 19.94+0.43 17.8+0.35
2.9+0.47 6.6+1.04 5.841.3 5.4+0.95 5.5£1.10 3.0+£0.99 4.86
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (0.005)
53.5 71.3 45.7 50.1 55.0 37.2
U. s. spelaeus
61.4+0.73  22.3+0.60 22.5+0.55 11.9+0.37 16.9+0.50 14.4
58.3+0.90 23.1+0.16 20.4+0.44 11.8+0.18 18.1+0.26 17.4+0.33
2.540.97 5.1+1.32 0.9+1.75 -
(0.05) n.s. n.s.
U. s. ladinicus
68.0+1.15 27.6£1.59 24.5+0.60 14.9+1.20 21.0+1.11 19.1+0.80
59.5+1.15 22.1+0.49 20.2+0.33 12.14+0.24 17.5+0.34 16.6+0.29
6.6+1.3 11.1+£3.4 9.7+1.5 10.4+4.5 8.9+3.0 6.9+2.4 8.96
(0.02) (0.02) (0.02) (0.04) (0.04) (0.04)
81.0 82.3 91.5 72.5 78.1 75.6
U. s. eremus
66.8+0.85 26.7+0.52 24.3+0.35 13.8+0.21 19.5+0.31 19.1+0.21
59.6+0.84 22.2+0.30 19.7+0.50 11.5+0.22 17.3+0.30 17.0+£0.24
5.7+0.94 9.3+1.2 10.5+1.4 9.0+1.2 5.9+1.2 6.0+0.90 1.74
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
78.1 85.3 85.1 84.8 70.5 81.3
U. k. kanivetz
69.2+0.54  27.5+0.24 24.4+0.42 13.9+0.14 20.6+0.17 19.7+0.17
63.0£0.42 32.1+0.24 19.7+0.40 12.0+0.13 17.9+0.17 17.0+0.13
4.74+0.52 8.6+£0.67 10.7+1.34 7.3+0.74 6.8+0.62 7.3+0.58 7.56
(<0.001) (<0.001) (0.005) (<0.001) (<0.001) (<0.001)
85.2 85.3 62.6 82.9 86.5 86.2
U. k. kanivetz
66.4+1.21  27.1+0.67 25.0+0.71 14.1+0.49 20.4+0.37 18.4+0.32
60.0+0.49 22.2+0.23 19.8+0.32 11.5+0.18 17.6+0.23 16.3+0.27
5.1£1.04 9.9+1.5 11.6+1.8 10.2+2.04 7.24+1.2 6.3+1.7 8.38
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (0.002)
66.5 84.1 84.3 74.4 78.8 59.3
U. arctos
81.9+1.91 26.1+0.94 23.7+0.70 12.5+0.40 20.5+0.60 17.7+0.43
67.0£1.59  19.7+0.50 19.3+0.73 9.54+0.25 15.7+0.32 14.0+0.26
10.1+1.7 14.0+2.4 10.2+2.4 13.5+£2.2 13.4+1.9 11.7£1.6  12.13
(<0.001) (<0.001) (0.004) (<0.001) (<0.001) (<0.001)
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Univariate analysis

32 -
ku
{ J
..
28
a
®
Q.
m
24
20
8
48 64 80 48 64 80 48 64 80 48 64 80
GL GL GL GL
® males Meals Females
m females 1-Pearson r 1-Pearsonr
20 GL GL
Bp Bp
18
Bd Bd
8 16
Dd SD
14
SO — Dd
12 D
1 .I 1 1 1 Dp p
48 56 64 72 80
GL

Fig. S1. The scatterplots of measures (GL — Dd) of mtc | and their UPMGA classification: et —
U. etruscus, a— U. arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k.
kudarensis, s — U. s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s.
ladinicus.
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Table S3. Statistical parameters of measures of mtc | among different bears and sexes: m — males, f— females.

z 5z 5 2 : oz :  z 5z 2
5 @2 6 . % 8 L 8 8 1+ g 8 L 3 8 3 B8 ¢
5 5 B 5 4 5 5 5 & g B 5
U. etruscus 1 542 1 8.7 1 13.5 1 11.4
U. savini 1 539 1 220 0.00 1 16.8  0.00 1 11.5 1 17.2 1 15.1
U. rossicus 8 486 136 7 186 067 7 161 1.08 7 98 052 8 149 116 7 13.0 0.50
3 538 3.18 3 150 1.00
U. deningeri 32 602 322 32 231 134 32 208 175 32 116 100 31 174 095 29 159 0.76
16 679 333 16 265 135 16 230 188 16 133 088 16 203 090 15 179 087
U. k. praekudar. 500 117 4 223 137 4 179 078 4 112 0.71 4 16.9 1.61 4 155 1.35

9 729 2.86 9 28.6 140 9 23.2 1.88 10 143  0.99 10 220 1.20 10 193 0.77
13 665 205 15 260 208 15 243 221 14 135 0.82 13 200 1.68 12 179 142
48 706 285 50 29.7 152 49 272 230 49 149 1.07 48 222 1.26 43 19.0 0.79

U. k. kudarensis

U. s. spelaeus 4 58.3 1.80 4 23.1 032 4 204 0.88 4 11.8 0.37 4 18.1 054 4 17.4  0.67
614 1.27 3 223 1.04 2 225 0.78 3 120 0.64 3 17.0 0.87 1 14.4  0.00

U. k. kanivetz 14 600 184 14 222 085 14 19.8 1.20 14 11.5 0.66 14 176  0.87 13 16.3 1.06
9 66.1 399 10 271 213 10 250 225 10 141 155 9 205 1.18 8 18.7 1.76

U. s. eremus 10 596 264 10 222 0.93 10 19.7 157 10 11.5 0.70 10 17.3  0.96 10 17.0 0.77
10 668 267 10 267 1.63 10 243 110 10 13.8  0.65 10 19.5 1.00 10 19.1 0.67

U. s. ladinicus 7 595 3.05 7 221 1.29 7 20.2 0.88 7 121  0.64 7 175 0.91 7 16.6 0.76
3 68.0 1.99 3 276 275 3 245 1.04 3 149 2.07 3 210 1.93 3 191  1.39

U. k. ingressus 28 630 222 13 234 148 13 19.9 247 28 120 0.67 27 179 0.91 18 171 0.73
26 692 285 8 279 1.00 8 243 2.38 26 140 0.74 24 20.6  0.93 21 19.7 0.90

U. k. kanivetz 14 600 184 14 222 0.85 14 198 1.20 14 115 0.66 14 176 0.87 13 16.3 1.06
9 66.1 399 10 271 213 10 25.0 225 10 141 155 9 205 1.18 8 18.7 1.76

U. arctos 15 670 615 15 197 193 11 19.2 3.20 15 95 0.96 15 157 126 11 13.7 0.94

S +3 +3 3 w3 3 3 ~3 3 ~3 -~3 -3 3
w

10 821 666 11 261 3.12 10 23.7 2.43 11 125 131 10 20.6  2.07 9 179 155
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Fig. S2. The scatterplot of Index plumpness (ip) and GL of mtc I: et — U. etruscus, a — U. arctos,
r — U. rossicus, sa — U. savini, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis,
s — U. s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus.
Point — males, square — females

Table S4. Kruskal-Wallis test z' values (males - above diagonal and females — under diagonal)
for measures of mtc I. The statistical significance values, according to 2-tailed p values, have
been underlined.

Taxa /1 2 3 4 5 6 7 8 9 10
GL
U. deningeri 1 1.75 1.90 4.65 3.01 4.79 1.44 0.73 0.74 2.93
U. rossicus 2 1235 2.84 523 3.97 5.36 2.69 1.94 0.41 4.00
U. k. praekudarensis 3 [0.05 1.01 0.12 0.32 0.30 0.85 1.12 2.01 0.30
U. k. kudarensis 4 1332 469 1.05 0.35 0.49 1.70 1.89 2.89 0.91
U. s. spelaeus 5 (220 3.62 0.95 0.10 0.10 1.48 1.72 2.64 0.86
U. k. ingressus 6 |5.00 590 1.47 1.20 0.94 1.94 2.09 3.03 1.23
U. k. kanivetz 7 |2.26 3.90 0.70 0.97 061 2.25 0.42 1.58 0.90
U. s. eremus 8 [1.78 3.56 0.53 1.46 0.95 2.82 0.48 1.13 1.22
U. s. ladinicus 9 (041 1.12 0.26 2.19 1.84 2.93 162 1.35 2.31
U. arctos 10|0.68 2.74 0.17 2.47 168 3.91 1.48 1.02 0.76
Bp
U. deningeri 1 1.93 2.13 4.69 1.67 4.67 2.92 120 0.59 1.30
U. rossicus 2 11.99 3.26 5.53 2.92 560 4.12 2.50 0.67 0.80
U. k. praekudarensis 3 [0.05 0.95 0.18 0.49 0.77 0.10 0.85 2.02 2.89
U. k. kudarensis 4 1381 508 1.78 0.92 1.18 0.09 1.43 276 5.81
U. s. spelaeus 5 [2.19 3.33 143 0.18 1.49 0.69 0.38 1.66 2.51
U. k. ingressus 6 |3.50 4.77 176 0.03 0.19 0.85 1.95 3.13 5.65
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Taxa 1 2 3 4 5 6 7 8 9 10
U. k. kanivetz 7 1298 436 1.45 0.63 0.24 0.61 1.11 2.37 3.84
U. s. eremus 8 281 424 133 0.93 0.42 0.89 0.27 1.33 2.05
U. s. ladinicus 9 |1.05 216 0.75 103 0.72 1.02 0.64 0.49 0.15
U. arctos 10|2.62 0.30 1.14 6.01 3.72 556 5.16 5.08 2.44
Dp
U. deningeri 1 1.61 2.87 429 2.01 4.74 358 1.81 0.03 1.24
U. rossicus 2 R.22 3.69 4.61 297 5.12 429 2.76 1.00 0.59
U. k. praekudarensis 3 0.00 1.10 0.48 0.70 0.56 0.31 0.72 1.92 3.65
U. k. kudarensis 4 [2.87 4.53 1.27 0.46 1.67 099 049 195 5.28
U. s. spelaeus 5 [1.39 2.84 0.83 0.49 140 1.05 0.06 1.36 2.83
U. k. ingressus 6 3.41 4.89 1.67 0.86 1.08 0.23 1.37 259 5.60
U. k. kanivetz 7 223 3.95 1.03 0.47 0.16 1.25 1.06 2.26 4.39
U. s. eremus 8 [2.60 4.27 1.18 0.17 0.37 0.99 0.30 1.27 2.58
U. s. ladinicus 9 052 179 035 1.00 0.51 1.47 0.72 0.90 0.66
U. arctos 10 2.75 0.54 141 4.97 3.23 530 440 4.72 2.14
SD
U. deningeri 1 1.94 0.77 3.58 3.40 543 2.67 0.37 0.79 1.78
U. rossicus 2 R.05 2.24 4.69 4.43 6.04 3.89 1.76 0.48 0.50
U. k. praekudarensis 3 [1.14 0.04 152 234 291 152 0.26 121 2.08
U. k. kudarensis 4 R.40 3.88 2.18 1.63 2.78 0.46 1.64 2.43 5.49
U. s. spelaeus 5 .13 3.36 2.28 0.54 0.35 1.03 2.41 3.01 451
U. k. ingressus 6 B.38 4.66 2.55 0.79 0.04 1.06 2.84 3.38 7.13
U. k. kanivetz 7 R79 4.16 2.39 0.50 0.18 0.23 1.65 2.39 3.99
U. s. eremus 8 0.80 257 1.48 145 153 228 1.87 0.93 1.54
U. s. ladinicus 9 050 168 1.26 0.76 1.03 1.19 1.03 0.06 0.18
U. arctos 10 3.67 1.01 0.52 5.71 4.46 6.75 5.93 4.14 2.45
Bd
U. deningeri 1 171 1.18 4.36 190 4.92 3.27 0.20 0.39 1.74
U. rossicus 2 [2.63 2.24 497 298 5.42 4.20 144 0.70 0.30
U. k. praekudarensis 3 0.30 0.78 1.01 0.37 143 1.19 0.82 1.17 222
U. k. kudarensis 4 [1.35 3.46 0.76 0.65 1.04 053 2.29 239 6.14
U. s. spelaeus 5 0.89 261 0.71 0.02 1.16 090 1.31 1.61 3.09
U. k. ingressus 6 2.78 4.59 1.16 1.12 0.72 0.07 2.73 274 6.61
U. k. kanivetz 7 [1.86 3.86 0.92 0.43 0.27 0.68 2.24 240 4.54
U. s. eremus 8 0.62 296 050 0.71 0.49 1.95 1.16 0.47 1.35
U. s. ladinicus 9 0.07 1.73 0.31 0.67 0.58 1.35 0.94 0.26 0.55
U. arctos 10 4.02 0.46 1.01 4.84 3.28 6.48 5.38 4.29 2.22
Dd
U. deningeri 1 1.67 120 484 191 5.18 2.05 0.47 0.58 0.73
U. rossicus 2 [2.18 2.24 458 2.70 4.89 298 1.64 0.65 1.12
U. k. praekudarensis 3 012 101 1.26 0.88 1.63 0.39 0.57 1.34 1.62
U. k. kudarensis 4 B3.86 4.93 1.22 0.15 0.91 1.01 2.03 2.82 5.16
U. s. spelaeus 5 R.39 3.60 1.05 0.16 0.15 0.64 134 195 2.22
U. k. ingressus 6 3.21 4.42 1.09 0.27 0.04 148 2.38 3.12 5.49
U. k. kanivetz 7 223 3.71 0.64 152 090 1.13 1.03 1.84 251
U. s. eremus 8 R.82 4.16 0.80 1.14 0.62 0.77 0.44 0.81 0.91
U. s. ladinicus 9 086 214 035 1.34 101 1.12 0.40 0.67 0.17
U. arctos 10 1.42 0.77 0.65 4.45 3.11 3.91 3.12 3.60 1.64



Metacarpal and metatarsal bones of cave bears 14

Multivariate analyses

Table S5. Description of the modeled morphological spaces for cave bears and brown bear mtc
I. Correlation coefficients among the measures and dimensions of two morphospace models
(MDS axes: E1-E3, K1-K3); r* — coefficients of determination in the linear multiple regression
models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace 2 morpho- morphospace P2
space
El E2 E3 K1 K2 K3 El K1 K2

GL 073 062 026 -018 020 -0.38 0.95 0.89 0.06 038 0.86
Bp 097 -0.02 001 009 -042 -0.58 0.98 0.97 -0.07 0.27 0.95
Dp 0.88 0.13 -040 -030 -0.50 -0.35 0.99 0.88 -0.44 024 0.92
SD 094 -024 003 024 -051 -029 0.96 0.94 -0.04 -0.02 094
Bd 096 0.04 013 016 -0.29 -0.49 0.95 0.96 0.04 015 0.93
Dd 092 -0.10 025 0.18 -0.27 -0.35 0.92 0.90 0.02 013 0.83

Relative variance (%) of dimensions associated with taxonomical composition

504 625 248 285 505 1538 56.1 4.5 14.2
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Fig. S3. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc | in males and females: A, C — models with U. arctos; B — model
without U. arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic
correlation — 0.92); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications
based on the coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2)
morphospaces (numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’
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horizontal and vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean”
(centroid) + “sample range” x 0.95.

Males

Table S6. Description of the modeled morphological spaces of mtc | for males of cave bears
and brown bear. Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E1-E2, K1-K2): r* — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace morphospace r?
El E2 K1 K2 El E2 K1 K2
GL 061 041 0.22 0.05 0.80 0.67 -0.47 045 0.14 0.92
Bp 092 -0.07 0.03 -0.26 0.86 0.91 0.09 -0.20 -0.00 0.85
Dp 0.76  -0.70 -0.28 -0.70 0.88 0.74 0.68 -0.48 0.46 0.95
SD 0.89 -0.09 -0.32 -0.03 0.89 0.88 0.12 -0.30 -0.27 091
Bd 0.88 0.10 0.22 -0.06 0.90 0.88 -0.04 -0.05 -0.06  0.86
Dd 0.74  0.15 -0.02 0.06 0.67 0.74 -0.13  0.06 -0.02  0.62

Relative variance (%) of dimensions associated with taxonomical composition
70.2  56.3 63.6 19.3 76.9 26.6 184 7.5
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Fig. S4. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc | in males: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.92); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +

“sample range” x 0.95.
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Females

Table S7. Description of the modeled morphological spaces of mtc | for females of cave bears
and brown bear. Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E1-E2, K1-K2): r’ — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace morphospace r?
El E2 K1 K2 E K1 K2
GL 057 0.56 0.33 -0.29 0.84 0.85 -0.13 -0.25 0.76
Bp 095 -0.01 -0.47 0.03 0.90 0.93 -0.28 -0.13  0.85
Dp 0.84 0.46 -0.41 -0.43 0.95 0.84 -0.55 -0.17  0.85
SD 090 -0.27 -0.53 0.18 0.91 0.89 -0.19 0.27 0.91
Bd 093 -0.10 -0.35 0.20 0.89 0.92 -0.06 0.00 0.84
Dd 089 -0.21 -0.22 0.31 0.90 0.86 0.17 -0.19  0.88
ip 0.23 -0.15 -0.66 0.32 0.79 0.17 0.12 0.32 0.43

Relative variance (%) of dimensions associated with taxonomical composition
68.8  59.9 39.5 31.6 73.6 32.4 6.7
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Fig. S5. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc | in females: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.95); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +

“sample range” x 0.95.
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METACARPAL BONE Il (MTC 1I)
Males and females

Table S8. Sample numbers (N), means (M), and standard errors (m) of the variables of mtc Il
among different forms of bears

Form GL Bp Dp SD

N M+m N M+m N M+m N M=+m
U. deningeri 41 72.840.80 42 18.9+0.29 40 26.9+0.40 42 15.4+0.24
U. k. pragkudarensis 10 83.4+1.85 14 22.2+0.66 12 32.7+1.06 14 17.5+0.57
U. k. kudarensis 72 83.7£0.51 74 22.2+0.20 74 31.7+£0.28 75 17.3+£0.18
U. savini * 1 56.8 no data nodata 1 9.9
U. rossicus 21 58.6+0.65 16 14.0+0.21 15 22.2+0.28 17 12.5+0.16
U. s. spelaeus 16 78.5+1.71 16 20.4+0.60 12 28.4+0.89 16 17.6+0.37
U. k. kanivetz 21 73.5+0.92 22 18.9+0.37 19 26.8+0.47 22 17.0+0.27
U. s. eremus 20 74.7+£0.78 20 19.1+0.48 20 26.3+0.38 20 16.1+0.34
U. s. ladinicus 14 71.3+0.63 10 18.0+0.30 14 25.2+0.38 13 15.4+0.24
U. k. ingressus 53 78.4+0.78 20 21.6+0.44 19 28.9+0.56 52 17.8+0.27
U. arctos 26 80.8+2.29 25 16.0+0.59 22 24.9+1.08 26 12.3+0.49

Bd Dd

N M=+m N M+m
U. deningeri 41 23.0+0.33 40 19.2+0.22
U. k. praekudarensis 13 26.2+0.75 9 22.7+0.78
U. k. kudarensis 68 26.9+0.23 65 22.0+0.13
U. savini * 1 16.9 1 14.3
U. rossicus 19 18.5+0.25 15 14.8+0.19
U. s. spelaeus 16 25.0+0.51 10 19.5+0.36
U. k. kanivetz 21 24.4+0.41 17 19.1+0.41
U. s. eremus 20 24.0+£0.39 20 19.6+0.27
U. s. ladinicus 14 22.4+0.26 14 18.2+0.14
U. k. ingressus 50 24.8+0.21 36 20.2+0.25
U. arctos 26 20.2+0.66 23 17.7+0.56
*

- female proposed
Sexual dimorphism

Table S9. Sexual size dimorphism (SSD and ASSD) of mtc Il in the different forms of cave
bears and brown bear ; p based on Mann-Whitney U Test; v, % - relative variance associated
with SSD.

SSD

ASSD
GL Bp Dp SD Bd Dd
U. deningeri
Males 77.6+0.87 20.5+0.33  29.0+0.58 16.5+0.34 24.7+0.51 20.3240.23
Females 69.4+0.56 17.6+0.24  25.40+0.26 14.5+0.18 21.8+0.18 18.3+0.22
SSD 5.6+0.70 7.6+£1.07 6.6+£1.17 6.5+1.24 6.2+1.17 5.2+0.83 6.28
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
v, % 76.6 69.9 64.5 56.8 63.7 65.3
U. rossicus
Males 61.1+1.14 14.940.33  22.9+0.34 13.0+0.15 19.5+0.23 15.3+0.30
Females 57.2+0.43 13.6+0.17 22.0+0.34 12.3+0.18 17.8+0.18 14.6+0.23
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SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

SSD

ASSD
GL Bp Dp SD Bd Dd
3.3+£1.03 4.6+1.3 2.0+1.07 2.8+1.93 4.6+0.78 2.3£1.26 3.25
(0.002) (0.01) n.s. (0.04) (<0.001) n.s.
64.7 61.2 - 17.9 79.9 -
U. k. praekudarensis
86.6+1.13  23.8+0.56 34.5+0.81 18.7+0.47 28.0+0.49 23.8+0.43
76.0+£1.78  20.1+£0.72 29.3+1.78 15.8+0.76 24.0+0.89 20.4+1.63
6.5+1.3 8.4+2.09 8.2+3.08 8.4+2.60 7.7+1.96 7.7£3.83 7.81
(0.02) (0.01) (0.03) (0.02) (0.004) n.s.
83.7 59.7 65.0 18.9 58.5 -
U. k. kudarensis
86.5+0.43  23.1+0.23 32.5+0.34 18.2+0.17 27.8+0.27 22.4+0.15
79.9+0.53 21.0+0.24 30.6+0.39 16.2+0.25 25.5+0.24 21.440.14
4.0+0.41 4.840.72 3.0+0.82 5.8+0.88 4.3+0.68 2.3+0.47 4.03
(<0.001) (<0.001) (0.002) (<0.001) (<0.001) (<0.001)
70.6 55.3 18.4 47.8 51.4 36.8
U. s. spelaeus
86.2+0.90 22.8+0.81 31.2+1.19 19.2+0.32 27.0+0.69 20.4+1.07
73.9+1.11  19.0+0.35 26.4+0.46 16.7+0.23 23.8+0.30 19.1+0.16
7.7+£0.9 9.1£2.12 8.3+£2.22 7.0£1.1 6.3+£1.48 3.3£2.74 6.94
(0.001) (0.001) (0.02) (0.001) (0.003) n.s.
84.1 75.5 64.0 72.7 51.9 -
U. s. ladinicus
73.4+0.87 19.0+0.41 26.1+0.43 16.2+0.39 23.1+0.24 18.3+0.35
70.2+0.58 17.4+0.23 24.7+0.48 15.0+0.20 22.1+0.32 18.1+0.10
2.2+1.7 4.5+1.29 2.841.27 3.84+1.39 2.3+0.89 0.5+1.0 2.71
(0.01) (0.007) n.s. (0.03) n.s. n.s.
52.5 62.4 - 51.3 - -
U. s. eremus
79.9+1.29 22.6+0.76 29.1+0.58 18.6+0.74 27.1+0.44 21.4+0.43
75.5+0.57 18.3+0.30 25.6+0.24 15.5+0.18 23.3+0.20 19.1+0.20
4.240.92 10.6+2.0 6.3+1.16 8.9+2.25 7.6+£0.97 5.7+1.16 7.22
(0.004) (0.003) (0.003) (0.003) (0.003) (0.004)
78.5 85.6 85.5 84.6 91.4 80.1
U. k. ingressus
83.6+0.81 23.0+0.38 30.6+0.45 19.7+£0.22 27.1£0.27 21.4+0.25
74.5+£0.59  19.9+0.40 26.6+0.40 16.4+0.20 23.2+0.17 18.9+0.14
5.7+0.59 7.2+1.29 7.0+£1.06 9.1+0.83 7.8+0.64 6.2+0.71 7.17
(<0.001) (<0.001) (0.005) (<0.001) (<0.001) (<0.001)
80.5 80.3 81.7 87.5 90.8 73.1
U. kanivetz
79.4+1.20 21.1+0.51 29.6+1.07 18.4+0.31 27.0+0.69 21.8+0.32
71.6+0.61  18.1+0.27 26.0+0.30 16.4+0.23 23.6+0.29 18.5+0.30
5.2+0.89 7.7+1.8 6.5+2.0 5.7+1.1 6.7+1.48 8.2+1.1 6.66
(0.001) (0.001) (0.003) (<0.001) (0.002) (0.009)
87.6 85.4 87.0 75.6 79.7 80.0
U. arctos
92.6+2.40 19.1+0.36 29.5+0.88 15.0+0.52 23.7+0.64 20.2+0.48
75.5+1.62  13.9+0.40 21.1+0.78 10.7+0.28 18.0+0.42 15.8+0.45
11.5+1.8 15.8+1.7 16.6+2.4 16.8+2.4 13.8+1.9 12.2+1.8  14.46
(<0.001) (<0.001) (0.004) (<0.001) (<0.001) (<0.001)
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SSD

GL Bp Dp ) Bd Dd
v, % 75.6 88.1 82.3 84.8 85.6 80.4

ASSD

Univariate statistic

Table S10. Kruskal-Wallis test z' values (males - above diagonal and females — under diagonal)
for measures of mtc 1. The statistical significance values, according to 2-tailed p values, have
been underlined.

Taxa |1 2 3 4 5 6 7 8 9 10
GL
U. deningeri 1 1.50 354 5.46 3.25 0.38 0.46 0.81 3.07 5.02
U. rossicus 2 1231 431 5.74 4.05 147 146 0.40 3.95 5.57
U. k. praekudarensis 3 1231 345 0.03 0.08 2.38 2.13 3.42 1.38 0.84
U. k. kudarensis 4 |7.41 851 0.99 0.07 2.92 252 420 222 1.21
U. s. spelaeus 5 244 4.08 0.75 3.01 2.23 2.00 3.23 1.20 0.89
U. k. kanivetz 6 |[1.42 3.36 152 5.05 1.14 0.09 0.96 1.61 3.30
U. s. eremus 7 1278 454 0.82 3.63 0.05 1.24 1.00 1.35 2.95
U. s. ladinicus 8 |[0.15 1.97 2.03 516 1.87 0.96 2.01 2.83 4.41
U. k. ingressus 9 |4.04 574 052 3.60 0.50 2.08 0.65 2.74 2.65
U. arctos 10 (251 4.31 0.96 3.91 0.27 1.00 0.25 1.80 0.94
Bp
U. deningeri 1 1.87 3.75 4.66 2.09 0.45 194 1.05 3.27 1.27
U. rossicus 2 [3.10 445 477 3.18 1.91 3.00 0.66 4.07 0.81
U. k. praekudarensis 3 (246 4.44 0.74 1.13 256 0.86 3.72 0.74 4.42
U. k. kudarensis 4 |5.50 7.47 0.83 0.75 252 046 3.89 0.17 5.16
U. s. spelaeus 5 |1.82 4.15 0.85 2.23 1.34 0.13 250 0.53 2.88
U. k. kanivetz 6 |0.71 3.46 1.87 4.12 1.13 1.33 1.22 2.05 1.38
U. s. eremus 7 |1.01 3.71 167 3.79 0.89 0.28 2.38 0.31 2.66
U. s. ladinicus 8 |0.43 213 2.46 4.40 186 0.95 1.19 3.30 0.05
U. k. ingressus 9 |2.83 4.97 0.03 1.02 092 211 1.87 271 4.01
U. arctos 10 [3.19 0.19 450 8.09 4.25 356 3.83 2.09 5.12
Dp
U. deningeri 1 1.88 4.11 4.10 1.68 0.33 0.19 156 1.22 0.53
U. rossicus 2 291 459 425 2.83 1.74 133 0.38 2.60 2.12
U. k. praekudarensis 3 [1.89 3.58 152 159 258 3.05 4.48 2.77 3.27
U. k. kudarensis 4 |5.33 7.22 0.83 0.68 1.90 245 4.16 2.08 2.75
U. s. spelaeus 5 [1.09 3.17 0.89 2.39 1.01 143 260 0.71 1.18
U. k. kanivetz 6 |097 350 1.25 3.64 0.32 0.41 1.45 0.50 0.05
U. s. eremus 7 1031 298 1.66 4.44 0.81 0.62 1.02 0.99 0.54
U. s. ladinicus 8 |0.80 159 221 453 154 1.49 0.99 2.34 1.83
U. k. ingressus 9 |1.39 353 0.74 2.26 0.20 0.57 1.09 1.80 0.60
U. arctos 10290 0.08 3.57 7.35 3.16 3.50 2.97 154 3.52
SD
U. deningeri 1 1.74 295 298 3.36 2.12 192 047 573 1.26
U. rossicus 2 |2.02 3.74 3.63 4.07 3.10 2.89 1.01 5.45 0.69
U. k. praekudarensis 3 |1.70 2.98 1.09 0.62 0.47 0.31 2.62 1.38 3.69
U. k. kudarensis 4 [3.97 5.27 0.68 1.73 0.38 0.43 2.27 3.79 3.80
U. s. spelaeus 5 [3.90 5.09 1.34 1.07 1.02 0.81 3.01 0.51 4.04
U. k. kanivetz 6 |4.00 526 1.08 0.70 0.43 0.09 2.05 1.79 2.90
U. s. eremus 7 1194 351 0.31 1.47 2.09 1.89 1.94 1.40 2.63
U. s. ladinicus 8 |0.64 218 1.00 2.19 2.65 2.51 0.90 4.16 0.47
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Taxa 1 2 3 4 5 6 7 8 9 10
U. k. ingressus 9 |459 577 1.08 0.70 0.57 0.11 2.04 2.65 6.09
U. arctos 10 |2.95 0.62 3.61 6.59 6.00 6.35 4.46 2.88 7.13

Bd
U. deningeri 1 221 3.26 435 2.12 179 1.72 1.08 2.92 0.69
U. rossicus 2 12.09 4.66 5.70 3.61 3.26 3.10 0.69 4.57 1.42
U. k. praekudarensis 3 1293 4.13 0.50 0.82 0.95 0.81 3.44 1.17 3.52
U. k. kudarensis 4 1695 7.57 1.33 0.58 0.74 058 3.82 1.14 4.34
U. s. spelaeus 5 [3.08 440 0.34 2.10 0.16 0.08 2.57 0.12 2.48
U. k. kanivetz 6 |3.41 4.76 049 2.65 0.15 0.06 2.31 0.08 2.16
U. s. eremus 7 273 419 0.95 3.36 0.69 0.62 2.24 0.00 2.07
U. s. ladinicus 8 |0.44 2.08 221 4.60 215 2.23 1.70 3.02 0.51
U. k. ingressus 9 312 458 1.06 4.04 0.81 0.77 0.06 1.81 3.19
U. arctos 10 {2.36 0.00 4.38 8.60 4.77 5.27 4.65 2.24 5.21
DD

U. deningeri 1 1.81 448 4.86 0.40 155 122 135 211 0.16
U. rossicus 2 |3.08 5.03 491 160 259 238 0.37 3.23 1.80
U. k. praekudarensis 3 |165 331 164 2.66 163 2.25 4.65 3.04 4.00
U. k. kudarensis 4 |586 7.65 1.11 1.93 0.73 1.39 4.42 253 3.80
U. s. spelaeus 5 1153 3.71 051 242 0.89 0.56 1.28 0.73 0.28
U. k. kanivetz 6 |0.46 320 1.35 4.61 1.09 0.39 2.27 0.44 1.38
U. s. eremus 7 |199 450 058 3.27 0.03 1.34 2.03 0.05 1.03
U. s. ladinicus 8 |055 199 183 4.72 1.71 0.86 2.01 2.76 1.37
U. k. ingressus 9 |153 4.16 0.84 3.84 0.38 0.92 0.46 1.66 1.63
U. arctos 10 {2.69 056 3.04 7.68 3.40 2.83 4.23 158 3.86
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Fig. S6. The scatterplots of length of mtc Il and the other measures (BP — DD) and relationships
between measures of mtc 11 (single linkage, correlation distances used): et — U. etruscus, a — U.
arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s — U.
s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus. The
dashed lines are lines of regressions and ellipses’ horizontal and vertical projections onto the
axes are equal to the “sample mean + “sample range” x 0.95.
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Table S11. Statistical parameters of measures of mtc |1 among different bears and sexes: m — males, f— females.

Taxa z > zZ 3 z > z > pd 3 z 3
.3 2 4 & 2 & & 2 4 8 2 5 B 2 & 8 ¢

O g o g O g o 5 o & 0O &

U. rossicus 8 611 324 5 149 073 4 229 068 5 130 033 8 195 065 5 153 0.67
13 572 156 11 136 056 11 220 113 12 123 064 11 178 0.61 10 146 0.72

U. deningeri 17 77.6 3.60 18 205 141 17 290 239 18 165 145 17 247 209 17 203 0.97

24 694 276 24 176 116 23 254 126 24 145 089 24 218 089 23 183 1.05
7 8.6 300 8 238 157 8 345 230 8 187 134 7 280 130 6 238 1.05
3 760 309 6 201 176 4 293 35 6 158 187 6 240 219 3 204 282
41 86.6 273 43 231 136 43 325 225 44 182 115 40 278 169 40 224 0.98
31 799 29% 31 210 131 31 306 219 31 162 139 28 255 126 25 214 0.70

U. k. praekudar.

U. k. kudarensis

U. s. spelaeus 86.2 221 6 229 198 5 312 265 6 192 078 6 2/0 169 3 204 185
10 739 352 10 190 111 7 264 121 10 167 0.74 10 238 09 7 19.1 0.44
U. k. kanivetz 5 794 268 6 211 124 4 297 214 6 184 075 5 270 154 3 218 055
16 716 245 16 181 107 15 260 114 16 164 094 16 236 116 14 185 1.12
U. s. eremus 4 799 259 4 226 152 4 291 117y 4 186 148 4 271 089 4 214 0.86

16 735 229 16 183 119 16 256 09 16 155 073 16 233 081 16 191 0.78
5 734 194 5 190 091 5 261 097 5 162 087 5 231 054 5 18.3 0.78
9 702 173 9 174 069 8 247 136 9 150 059 9 221 096 8 18.1 0.27
22 838 326 11 230 126 11 306 151 22 197 103 21 271 122 19 214 1.09
31 745 329 9 199 121 8 266 114 30 164 112 29 232 094 17 189 0.60
10 926 760 10 191 112 10 295 279 10 150 166 10 237 203 10 202 151
16 735 648 15 139 153 12 211 270 16 107 112 16 180 166 13 158 1.62

U. s. ladinicus

U. k. ingressus

-3 "3 ™3 "3 "3 "3 ™3 ™3 ™3
o

U. arctos

™3
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Fig. S7. The scatterplot of Index plumpness (ip) and GL of mtc II: a — U. arctos, r — U. rossicus,
d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s — U. s. spelaeus, k — U. k.
kanivetz, i — U. k. kanivetz, e — U. s. eremus, | — U. s. ladinicus. Point — males, square — females.
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Multivariate analysis

Table S12. Description of the modeled morphological spaces for cave bears and brown bear mtc
I1. Correlation coefficients among the measures and dimensions of two morphospace models
(MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the linear multiple regression
models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace morphospace r?
El E2 K1 El E2 K1 K2
GL 0.83 0.49 -0.41 0.89 0.96 0.09 -0.51 0.17 0.93
Bp 0.96 -0.07 -0.04 0.93 0.95 -0.10 -0.32 041 0.97
Dp 0.95 0.18 -0.24 0.96 0.94 0.22 -0.52 023 0.94
SD 0.90 -0.33 0.26 0.96 0.88 -0.42  -0.01 0.13 0.97
Bd 0.97 -0.08 -0.01 0.95 0.97 -0.08  -0.33 0.11 0.95
Dd 0.96 0.13 -0.22 0.93 0.95 0.15 -0.53 0.10 0.94
ip 0.31 -0.33 0.20 0.65 0.28 -0.34 0.27 -0.09 0.28

Relative variance (%) of dimensions associated with taxonomical composition
62.9 70.5 64.8 67.8 44.3 57.5 14.1
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Fig. S8. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc Il in males and females: A, C — models with U. arctos; B — model

without U. arctos; C — “size” morphospace; D — NJ tree;
correlation — 0.89); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications

E — UGMA dendrogram (cophenetic

based on the coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2)
morphospaces (numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’
horizontal and vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean”

(centroid) + “sample range” x 0.95.
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Males

Table S13. Description of the modeled morphological spaces for males of cave bears and brown
bear mtc 11. Correlation coefficients among the measures and dimensions of two morphospace
models (MDS axes: E1-E2, K1-K2); r’ — coefficients of determination in the linear multiple
regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace morphospace r?
El E2 K1 El E2 K1 K2
GL 0.72 0.56 -0.30 0.78 0.93 -0.14 0.18 -0.00 0.89
Bp 0.92 -0.14 0.16 0.88 0.93 0.04 0.00 0.10 0.89
Dp 0.91 0.30 -0.25 0.90 0.91 -0.36 0.39 -0.06 0.91
SD 0.85 -0.37 0.38 0.93 0.86 0.39 -0.28 0.05 0.95
Bd 0.95 -0.06 0.06 0.93 0.95 -0.01 0.04 -0.26  0.96
Dd 0.92 0.21 -0.18 0.88 0.93 -0.29 0.29 -0.11 0.20
ip 0.27 -0.27 0.31 0.52 0.24 0.27 -0.30 -0.53 0.46

Relative variance (%) of dimensions associated with taxonomical composition
79.9 74.0 50.9 83.6 51.3 52.3 6.5
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Fig. S9. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc Il in males: A, C — models with U. arctos; B — model without U.

arctos; C — “size” morphospace; D — NJ tree; E —

UGMA dendrogram (cophenetic correlation —

0.88); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the

coordinates of samples’ centroids in the “size” (E1
(numbers near the nodes - bootstrap (1000 repeats)

, E2) and “shape” (K1, K2) morphospaces
supports in %). Ellipses’ horizontal and

vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +

“sample range” x 0.95.
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Females

Table S14. Description of the modeled morphological spaces for females of cave bears and
brown bear mtc Il. Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace P2 morphospac morphospace P2
e
El E2 K1 K2 El K1 K2
GL 0.76 0.61 -043 -046 0.96 0.94 -0.60 0.15 0.92
Bp 0.96 -0.07 0.00 -011 0093 0.94 -0.39 048 094
Dp 0.93 0.09 -0.17  -0.06 091 0.92 -0.51 0.39 0.86
SD 0.88 -0.40 040 -018 0.96 0.82 -0.01 0.05 0.90
Bd 0.97 -0.13 011 -023 095 0.96 -0.37 0.17 0.92
Dd 0.96 0.09 -0.13  -0.17 092 0.94 -0.56 0.18 0.91
ip 0.22 -0.41 0.37 0.17 0.79 0.20 0.37 0.06 0.28

Relative variance (%) of dimensions associated with taxonomical composition
84.9 70.1 59.9 33.9 85.7 50.1 21.6
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Fig. S10. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc 11 in females A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.92); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean”(centroid) +

“sample range” x 0.95.
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Table S15. Sample numbers (N), means (M), and standard errors (m) of the variables of mtc I11
among different forms of bears

Form GL Bp Dp SD

N M=£m N M=£m N M=£m N M+m
U. etruscus 1 66.1 no data no data 1 9.6
U. deningeri 34 76.1+0.80 34 19.1+0.30 31 27.4+0.49 36 14.7+0.20
U. k. praekudarensis 10 81.842.80 12 19.3+0.76 8 29.3+1.57 12 15.5+0.63
U. k. kudarensis 72 86.8+£0.64 72 21.3+0.21 70 32.6+0.31 75 17.4+0.23
U. rossicus 19 62.3+0.87 15 16.3£0.40 15 22.1+0.35 15 13.3+0.25
U. s. spelaeus 14 82.3+1.68 14 20.5+0.64 7 29.7£1.16 14 16.8+0.43
U. k. kanivetz 17 77.4+£1.15 17 19.1+0.30 17 27.4+0.53 17 15.6+0.39
U. s. eremus 20 81.0+1.25 20 20.7+0.46 20 30.7+0.59 20 16.5+0.39
U. s. ladinicus 13 75.1+1.28 13 18.3+0.44 13 28.2+0.69 13 14.4+0.27
U. k. ingressus 52 84.8+0.74 26 21.740.34 23 33.0+£0.57 54 17.6+0.27
U. arctos 28 79.4+1.76 29 16.7+0.48 20 25.2+0.99 29 12.1+0.41

Bd Dd

N M=+m N M+m
U. etruscus 1 15.9 1 12.9
U. deningeri 34 22.6£0.31 32 19.6+0.25
U. k. praekudarensis 11 24.3+0.97 10 21.3+0.79
U. k. kudarensis 69 26.5+0.27 71 22.5+0.19
U. rossicus 19 19.4+0.36 13 15.6+0.25
U. s. spelaeus 13 24.8+0.62 6 20.7+0.46
U. k. kanivetz 17 23.6£0.36 15 19.2+0.35
U. s. eremus 20 25.5+0.46 20 21.1+0.35
U. s. ladinicus 13 22.6+0.46 13 19.2+0.36
U. k. ingressus 50 25.4+0.34 38 20.9+0.29
U. arctos 28 19.1+0.52 19 17.3+0.54

Sexual dimorphism

Table S16. Sexual size dimorphism (SSD and ASSD) of mtc 11 in the different forms of cave
bears and brown bear ; p based on Mann-Whitney U Test; v, % - relative variance associated

with SSD.
SSD
ASSD
GL Bp Dp SD Bd Dd
U. deningeri
Males 89.4+2.11 21.5+0.31 33.9+0.52 17.3+£0.48 26.8+0.46 23.240.71
Females 73.9+0.70 18.2+0.30  26.1+0.41 14.1+0.22 21.7+0.24 19.0+0.24
SSD 4.3+0.83 6.2+1.01 6.7+1.54 5.1+1.09 6.4+0.85 4.9+1.08 5.60
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
v, % 69.8 52.8 61.2 50.4 75.6 54.3
U. rossicus
Males 67.5+£1.72 17.941.40  25.1+1.25 14.7+1.15 21.6+0.83 16.4+0.05
Females  60.9+0.64 16.1+0.39 22.7+0.29 13.0+0.20 18.8+0.23 15.4+0.28
SSD 5.1+1.43 5.4+4.29 4.842.69 5.844.22 6.842.13 3.0+0.89 5.14
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v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

SSD

ASSD
GL Bp Dp SD Bd Dd
(0.01) n.s. n.s. n.s. (0.005) n.s.
41.6 - - - 79.6 -
U. k. praekudarensis
89.4+£2.11 21.5+0.31 33.9+0.52 17.3+0.48 26.8+0.46 23.240.71
74.2+1.36  17.2+0.77 26.2+0.75 13.8+0.54 21.4+0.96 19.3+0.63
9.3£1.54  11.1+£2.17 12.9+1.53 11.3+2.34 11.1+2.21 9.3£2.24  10.83
(0.01) (0.004) (0.04) (0.008) (0.008) (0.02)
86.3 68.6 93.7 66.2 80.4 87.4
U. k. kudarensis
89.4+0.48 22.0+0.19 35.5+0.29 18.3+0.19 27.6+0.20 23.1+0.16
80.2+0.80  19.5+0.32 30.4+0.58 15.1+0.32 24.1+0.41 21.0+0.33
5.4+0.55 6.0+0.90 4.9+1.01 8.8+1.09 7.7+0.89 5.9+0.82 6.26
(0.009) (0.01) (0.02) n.s. (0.009) n.s
76.2 60.8 51.0 - 69.7 -
U. s. spelaeus
90.4+£1.26 23.1+1.44 33.9+1.30 18.8+0.34 27.4+0.64 -
77.6+0.60 19.5+0.37 28.1+0.49 15.9+0.29 23.7+0.47 -
7.6+0.83 8.4+3.51 9.43+2.25 8.4+1.30 7.3+1.56 no data 8.22
(0.005) (0.02) n.s. (0.006) (0.009)
93.6 38.2 - 88.4 73.6 -
U. s. ladinicus
83.7£2.30 21.2+0.10 33.3+0.90 15.8+0.40 25.7+0.85 21.7+0.75
73.6+0.82  17.7+0.30 27.3+0.34 14.2+0.24 22.0+0.29 18.7+0.21
6.44+1.55 8.9+0.80 9.94+1.59 5.44+1.56 7.7+1.89 7.3+1.94 7.60
n.s. n.s. n.s. n.s. n.s. n.s.
U. s. eremus
85.4+1.15 22.3+0.23 33.0+0.46 17.7+0.38 27.2+0.37 22.3+0.34
76.5+0.95 19.2+0.55 28.5+0.38 15.2+0.39 23.8+0.35 19.9+0.31
5.54+0.92 7.54+1.44 7.3+0.98 7.5+1.66 6.6+0.99 5.5+1.09 6.66
(0.004) (0.003) (0.003) (0.003) (0.003) (0.004)
775 72.6 84.4 66.4 81.2 71.0
U. k. ingressus
88.1+0.96  22.8+0.27 34.6+0.86 19.2+0.25 27.7+0.21 22.240.27
82.0+£0.76  20.0+0.34 30.1+0.68 16.1+0.21 23.5+0.23 19.3+0.21
3.6+0.72 6.6+1.02 7.0+£1.22 8.7+0.94 8.2+0.61 6.9+0.83 6.83
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)
76.5 75.8 75.8 80.4 93.8 81.1
U. kanivetz
85.7+1.99 21.1+0.15 30.6+1.18 16.4+0.29 26.1+0.26 19.4+1.73
75.6+0.67 18.7+0.24 26.8+0.41 15.5+0.30 23.1+0.27 19.1+0.24
6.3+1.31 5.9+0.71 6.7+2.19 3.0+£1.32 6.1+0.77 0.8+4.54 4.80
(0.01) (0.01) (0.02) n.s. (0.01) n.s.
86.6 75.7 71.3 - 81.7 -
U. arctos
92.5+3.03  19.8+0.85 29.6+1.34 14.9+0.82 23.1+0.99 19.8+0.64
75.9+1.28 15.7+0.39 23.2+0.60 11.2+0.28 18.0+0.36 16.1+0.47
9.9+1.96  11.4+2.67 12.2+2.81 14.2+3.33 12.3+2.59 10.2+2.2  11.70
(<0.001) (<0.001) (0.003) (<0.001) (<0.001) (0.003)
74.3 59.3 67.2 68.5 75.6 70.0
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Univariate analysis

Table S17. Kruskal-Wallis test z' values (males - above diagonal and females — under diagonal)
for measures of mtc I11. The statistical significance values, according to 2-tailed p values, have
been underlined.

Taxa /1 2 3 4 5 6 7 8 9 10
GL
U. deningeri 1 290 494 069 326 126 1.78 0.50 3.63 3.64
U. k. praekudarensis 2 |0.04 0.16 294 050 1.02 144 141 0.50 0.46
U. k. kudarensis 3 |4.23 254 3.94 050 1.38 250 1.74 1.29 0.48
U. rossicus 4 1321 210 6.90 3.26 161 2.00 0.91 3.20 3.49
U. s. spelaeus 5 12.06 1.38 1.32 4.52 1.41 190 1.75 1.07 0.09
U. k. kanivetz 6 [093 056 281 3.71 1.12 0.07 0.48 0.82 1.45
U. s. eremus 7 (148 098 189 3.98 0.49 0.60 0.50 1.45 2.07
U. s. ladinicus 8 |0.24 0.20 3.68 246 198 1.00 1.48 1.27 1.79
U. k. ingressus 9 |535 3.06 0.73 8.04 197 3.64 257 4.48 1.15
U. arctos 10 |1.33 0.75 2.90 4.36 1.00 0.24 0.43 1.31 3.90
Bp
U. deningeri 1 1.10 295 1.07 2.01 0.27 294 0.40 4.11 0.13
U. k. praekudarensis 2 [1.03 0.87 166 0.94 052 1.35 0.29 2.07 1.09
U. k. kudarensis 3 1239 2.62 240 045 1.25 093 0.85 2.15 243
U. rossicus 4 1285 1.07 4.93 227 1.09 265 1.12 3.13 0.94
U. s. spelaeus 5 |1.85 2.30 0.07 4.08 1.28 0.15 0.98 0.68 1.94
U. k. kanivetz 6 |0.75 151 1.39 3.28 1.09 1.62 0.14 2.16 0.34
U. s. eremus 7 1131 190 0.61 3.58 0.46 0.59 1.21 0.73 2.64
U. s. ladinicus 8 |0.73 040 271 179 225 132 1.77 1.64 0.46
U. k. ingressus 9 |251 279 059 4.68 057 1.71 1.03 2.83 3.52
U. arctos 10351 1.29 592 0.19 4.67 3.89 4.12 2.16 5.34
Dp
U. deningeri 1 2.65 3.72 0.82 1.87 0.20 2.28 1.43 4.34 0.26
U. k. praekudarensis 2 |0.26 0.82 258 031 195 1.11 0.68 0.00 2.32
U. k. kudarensis 3 1439 252 259 0.28 1.86 0.70 0.19 1.64 2.76
U. rossicus 4 (269 2.06 6.58 2.07 0.83 210 1.73 3.12 0.94
U. s. spelaeus 5 171 1.15 1.07 3.44 1.43 0.57 0.34 0.38 1.64
U. k. kanivetz 6 |0.73 0.24 3.26 3.14 1.16 131 1.06 2.52 0.01
U. s. eremus 7 1264 163 095 4.71 0.30 1.86 0.14 1.78 177
U. s. ladinicus 8 138 0.73 2.32 3.60 0.62 0.66 1.15 0.82 1.22
U. k. ingressus 9 |348 233 0.16 537 1.05 2.71 0.91 2.02 3.49
U. arctos 10222 1.75 6.12 042 3.13 2.71 431 3.20 5.00
SD
U. deningeri 1 1.68 4.99 0.23 3.35 0.46 2.69 0.01 5.98 0.21
U. k. praekudarensis 2 10.49 1.66 1.23 168 0.76 0.58 1.02 2.65 1.31
U. k. kudarensis 3 211 1.86 2.39 0.71 211 121 2.15 2.03 3.60
U. rossicus 4 176 0.78 3.55 242 051 1.68 0.17 3.01 0.34
U. s. spelaeus 5 1296 2.61 129 4.12 2.13 1.33 2.22 0.22 2.90
U. k. kanivetz 6 |250 220 0.64 3.79 0.66 1.27 0.32 2.85 0.28
U. s. eremus 7 1181 1.76 0.14 3.08 0.98 0.40 1.46 2.43 2.09
U. s. ladinicus 8 |0.08 0.50 1.63 156 250 2.04 1.50 2.78 0.13
U. k. ingressus 9 |4.27 3.17 2.00 539 0.21 1.07 1.40 3.29 4.54
U. arctos 10 {3.75 194 580 146 5.88 576 4.73 3.11 8.14

Bd
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Taxa 1 2 3 4 5 6 7 8 9 10
U. deningeri 1 196 459 0.75 248 0.75 2.97 0.40 4.44 0.36
U. k. praekudarensis 2 10.14 1.25 222 0.71 0.72 0.59 0.84 1.39 2.04
U. k. kudarensis 3 |3.81 245 3.79 0.17 176 0.69 1.70 0.37 3.97
U. rossicus 4 277 165 6.13 2.67 121 293 0.86 3.81 0.39
U. s. spelaeus 5 244 1.85 0.48 4.46 1.26 0.26 1.32 0.33 2.53
U. k. kanivetz 6 |2.09 149 1.28 4.38 0.59 1.23 0.20 1.86 0.95
U. s. eremus 7 1279 2.06 0.25 4.84 0.21 0.84 1.28 0.88 2.87
U. s. ladinicus 8 035 0.37 274 265 185 1.43 212 1.79 0.60
U. k. ingressus 9 325 204 0.79 5.72 0.10 0.65 0.36 2.21 3.96
U. arctos 10 {359 2.02 7.28 0.45 5.13 5.20 5.58 3.25 6.94

Dd

U. deningeri 1 2.66 4.24 0.97 053 0.14 1.73 0.47 2.12 0.69
U. k. praekudarensis 2 1011 0.02 2.64 082 213 125 1.31 1.29 3.00
U. k. kudarensis 3 1342 1.99 3.07 0.90 2.63 2.00 1.53 2.50 4.22
U. rossicus 4 |3.85 273 6.62 1.07 0.72 197 111 2.12 0.48
U. s. spelaeus 5 [1.87 1.38 0.23 4.35 0.57 0.21 0.16 0.25 0.85
U. k. kanivetz 6 [0.03 0.08 285 3.43 1.72 1.32 0.50 1.47 0.37
U. s. eremus 7 |176 113 0.97 4.79 0.47 154 0.53 0.11 2.19
U. s. ladinicus 8 |0.77 0.62 3.57 266 2.25 0.71 2.19 0.61 0.88
U. k. ingressus 9 (052 0.23 268 4.11 1.49 0.41 126 1.17 2.53
U. arctos 10 |3.50 2.43 6.43 0.48 4.09 3.09 451 230 3.78
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Fig. S11. The scatterplots of length of mtc 111 and the other measures (Bp — Dd) and
Relationships between measures of mtc 11 (single linkage, correlation distances used): et — U.
etruscus, a — U. arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k.
kudarensis, s — U. s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s.
ladinicus. The dashed lines are lines of regressions and ellipses’ horizontal and vertical
projections onto the axes are equal to the “sample mean & “sample range” x 0.95.
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Table S18. Statistical parameters of measures of mtc 111 among different bears and sexes: m — males, f — females.

Taxa

« Z 5 Z s =z 5 Z s Z 5 z 2

$ L o 2 4 & 2 & &8 2 4 88 2 & B8 2 1 § 24

o © © © © e

O 5 O 5 ©C 5 @ » @ 5 ° &

U. etruscus 1 66.1 1 9.6 1 159 000 1 129

U. rossicus 4 675 343 2 179 198 2 251 177 2 147 163 4 216 165 2 164 0.07
15 609 248 13 161 142 13 227 103 13 130 072 15 188 0.91 11 154 0.93
U. deningeri 11 806 357 13 206 127 11 298 251 13 156 085 11 246 105 10 210 1.14

22 735 29 21 182 139 20 261 183 22 142 103 22 217 116 21 190 1.13
5 894 473 6 215 077 3 344 097 6 173 118 6 268 113 5 232 158
5 742 304 6 172 189 5 262 168 6 138 132 5 214 214 5 193 141
52 894 346 51 220 138 50 335 205 53 183 128 48 276 141 50 231 111
20 80.2 358 21 195 146 20 304 258 22 151 149 21 241 189 21 210 150

U. k. praekudar.

U. k. kudarensis

U. s. spelaeus 904 252 4 231 289 2 339 184 4 188 068 4 274 128 1 220 0.00
10 776 191 10 195 118 5 281 110 10 159 093 9 237 142 5 204 1.03
U. k. kanivetz 3 8.7 345 3 211 025 3 306 205 3 164 050 3 261 046 3 19.4 3.00
14 756 251 14 187 091 14 268 152 14 155 113 14 231 100 12 191 0.84
U. s. eremus 10 854 364 10 223 072 10 330 146 10 177 120 10 272 116 10 223 1.09

10 765 301 10 192 174 10 285 122 10 152 124 10 238 110 10 199 0.97
2 837 325 2 212 014 2 333 1.27 2 158 057 2 257 120 2 21.7 1.06
1 736 270 11 177 098 11 273 111 11 142 080 11 220 09 11 187 0.71
24 881 472 16 228 107 15 346 150 26 192 130 23 277 103 21 222 124
28 820 402 10 200 108 8 301 193 28 161 110 27 235 117 17 193 0.87
925 743 7 198 226 7 296 356 7 149 216 6 231 244 6 19.8 1.56
23 761 6.00 22 157 184 13 228 278 23 113 131 23 181 171 14 163 1.72

U. s. ladinicus

U. k. ingressus

-3 —hg —h3 —h3 —h 3 —h 3 —h3g —h3g —h3zg -
N

U. arctos

- 3
o
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Fig. S12. The scatterplot of Index plumpness (ip) and GL of mtc I1I: a— U. arctos, r — U.
rossicus, sa — U. savini, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s — U.
s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus. Point —
males, square — females.

Multivariate analysis

Table S19. Description of the modeled morphological spaces for cave bears and brown bear mtc
I11. Correlation coefficients among the measures and dimensions of two morphospace models
(MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the linear multiple regression
models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” morphospace “Shape” 2
morphospace morphospace  r? morphospace
El E2 K1 K2 El E2 K1 K2 K3

GL 095 056 -013 049 0.96 0.95 0.16 -0.5 -0.25 0.28 0.97
Bp 091 024 007 032 0.87 0.92 0.04 -042 -01 -01 0.89
Dp 096 044 009 046 094 0.96 0.22 -0.6 -0.42 -0.08 0.97
SD 092 012 001 0.09 0.9 0.92 -0.22 -0.15 -0.37 -0.01 0.98
Bd 097 025 005 03 097 0.97 -0.02 -0.37 -0.31 -0.03 0.97
Dd 095 051 015 053 094 0.95 0.34 -0.58 -0.11 0.05 0.95
ip 030 -0.65 0.54 -0.26 0.87 0.29 -0.25 0.19 0.04 -0.70 0.69

Relative variance (%) of dimensions associated with taxonomical composition
594 319 176 36.8 59.8 29.3 374 395 96




Metacarpal and metatarsal bones of cave bears 40

B K1
A
K 1 0.08
0.08 ¢
1 0.04
0.04
O etruscus
o rossicus 41 0.00
0.00 } A deningeri
+ praekudarensis
* kudarensis
® spelaeus ™=
-0.04} ® kanivetz O G
~¢ lingressus  U. etruscus * 3
A erefnys
-0.08} . e | -0.08
U. etruscus™= E1
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 -0.15 -0.10 0.00 0.10
D
1U. S. spelaeus
E2 C U. s. eremus
0.06} = 60
U. k. kudarensis
R - U. k. ingressus
0.02f _ o siitissie U. k. praekudarensis
o Sz _ < rossicus . .
U. etruscus = A deningeri U. deningeri
0.00f + praekudarensis 68
§ e U. s. ladinicus
-0.024 ® Kanivetz
* ingressus U. k. kanivetz
Q ° F A eremus
-0.04t = o ladinicus .
- arctos U. rossicus
-0.06 ’ i s ; . . E U. arctos
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
U. etruscus
& F
U. arctos
72
U. etruscus
U. k. kanivetz U. k. kanivetz
n39 U. deningeri U. s. eremus
4(5 U. s. spelaeus
U. s. ladinicus U. k. ingressus
100 U. k. praekudarensis U. k. kudarensis
80 L—— U. k. praekudarensis
133 U. s. ladinicus
U. s. spelaeus : :
61 U. deningeri
13 —— U. s. eremus U. rossicus
48 U. k. kudarensis U. arctos
49 U. etruscus
U. k. ingressus

U. rossicus

Fig. S13. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc 111 in males and females: A, C — models with U. arctos; B — model
without U. arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic
correlation — 0.92); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications
based on the coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2)
morphospaces (numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’
horizontal and vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean”
(ctntroid) + “sample range” x 0.95.
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Table S20. Description of the modeled morphological spaces for males of cave bears and brown
bear mtc 111. Correlation coefficients among the measures and dimensions of two morphospace

models (MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the linear multiple

regression models.

Measure Morphospaces with U. arctos Morphospaces without U. arctos
S “Size” “Shape” “Size” “Shape”
morphospace morphospace r>  morphospace morphospace r?
El K1 K2 K3 El K1 K2 K3

GL 0.70 -0.35 0.06 053 0.84 0.88 -0.26 0.08 -0.61 0.95

Bp 0.83 -0.20 -0.43 -0.27 0.78 0.79 -0.29 -0.10 0.08 0.75

Dp 0.94 -0.42 -060 011 0.96 0.94 -0.57 -0.38 -0.27 0.96

SD 0.84 019 -048 0.03 0.92 0.83 0.08 -0.39 -0.27 0.93

Bd 0.90 0.03 -049 -0.07 0.89 0.89 -0.08 -0.26 -0.17 0.89

Dd 0.89 -045 -037 -0.10 0.87 0.87 -0.57 -0.06 -0.13 0.88

ip 0.20 037 -044 -053 0.72 0.19 0.22 -0.40 0.64 0.67

Relative variance (%) of dimensions associated with taxonomical composition

75.1

25.3

36.9

28.2

77.2

22.6

33.9

19.2
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Fig. S14. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces

reproduced variation of mtc 11l in males: A, C — mode

Is with U. arctos; B — model without U.

arctos; C — “size” morphospace; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram

(cophenetic correlation — 0.92); F — Sattath-Tversky (S

attath, Tversky, 1977) additive tree. All

classifications based on the coordinates of samples’ centroids in the “size” (E1, E2) and “shape”
(K1, K2) morphospaces (numbers near the nodes - bootstrap (1000 repeats) supports in %).

Ellipses’ horizontal and vertical projection onto the E1
“sample mean” (centroid) + “sample range” x 0.95.

(E2) and K1 axes are equal to the
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Females

Table S21. Description of the modeled morphological spaces for females of cave bears and
brown bear mtc 111. Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E1-E2, K1-K2): r’ — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace P2 morpho- morphospace P2
space

El E2 K1 K2 El K1 K2 K3 K4
GL 0.71 053 -0.20 -0.41 0.94 0.88 -0.18 -0.06 0.24 -0.03 0.89
Bp 0.89 -0.20 031 -0.28 0.82 0.85 -0.02 -044 -0.21 037 0.94
Dp 0.93 -0.10 0.33 -0.44 0.86 0.90 -0.20 0.10 0.25 0.44 0.9
SD 0.88 -049 0.67 -0.09 094 0.85 044 -026 034 014 094
Bd 0.96 -0.31 053 -0.36 0.95 0.95 0.05 -0.21 045 0.27 0.96
Dd 0.95 -0.08 0.33 -0.60 0.95 0.92 -0.24 -0.18 0.25 0.07 0.92
ip 0.08 -0.73 0.72 -0.18 0.89 0.09 0.13 -049 053 051 0.78

Relative variance (%) of dimensions associated with taxonomical composition

74.8 659 548 46.5 71.2 374 201 57 107
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Fig. S15. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc 111 in females: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.92); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +
“sample range” x 0.95.
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METACARPAL BONE IV (MTC IV)
Males and females

Table S22. Sample numbers (N), means (M), and standard errors (m) of the variables of mtc IV
among the different forms of bears

Form GL Bp Dp SD

N M=£m N M=£m N M=£m N M+m
U. deningeri 37 79.4+093 37 21.0+0.33 37 29.2+0.47 37 16.3+0.22
U. k. praekudarensis 6 82.4+3.45 8 18.2+0.89 6 29.1+1.58 8 14.9+0.71
U. k. kudarensis 48 89.9+0.98 53 24.1+0.32 51 34.1+0.46 54 18.4+0.26
U. rossicus 26 63.2+0.70 20 17.1+0.23 19 23.3+0.35 20 14.0+0.24
U. s. spelaeus 28 81.4+0.98 27 21.7+0.30 24 30.1+0.47 28 17.4+0.30
U. k. kanivetz 18 80.1+1.30 18 21.1+0.46 17 29.4+0.71 18 17.8+0.30
U. s. eremus 20 82.6+1.01 20 22.2+0.33 20 32.4+0.44 20 16.8+0.31
U. s. ladinicus 10 77.0£1.39 10 21.2+0.39 10 30.2+0.59 10 16.0+0.33
U. k. ingressus 45 88.5+0.71 14 24.3+0.59 11 35.6+0.76 47 18.5+0.23
U. arctos 27 80.5+1.87 27 17.6+0.58 21 24.5+0.78 27 12.6+0.38

Bd Dd

N M=+m N M+m
U. deningeri 36 24.9+0.35 36 20.8+0.23
U. k. praekudarensis 7 24.3+1.28 5 21.3£1.31
U. k. kudarensis 51 28.1+0.40 46 22.9+0.28
U. rossicus 26 20.2+0.23 17 16.0+0.27
U. s. spelaeus 28 25.3+0.40 18 20.6+0.28
U. k. kanivetz 18 25.8+0.50 10 21.0+0.44
U. s. eremus 20 26.0+0.48 20 21.3+0.37
U. s. ladinicus 10 24.2+0.54 10 20.0+0.36
U. k. ingressus 45 27.2+0.37 30 22.8+0.20
U. arctos 27 19.2+0.54 21 17.4+0.52

Sexual dimorphism

Table S23. Sexual size dimorphism (SSD and ASSD) of mtc 1V in the different forms of cave
bears and brown bear; p based on Mann-Whitney U Test; v, % - relative variance associated
with SSD.

SSD ASS
GL Bp Dp SD Bd Dd D

U. deningeri
Males 85.8+1.11 22.5+0.49  31.7+0.43 17.6+0.24 26.6+0.36 22.1+0.25
Females 76.0£0.54 20.2+0.33  27.8+0.56 15.5+0.19 24.0+0.39 20.0+0.20

SSD 6.0+0.76 5.5+1.38 6.5+1.10 6.3+0.92 5.0+1.06 5.0+0.76
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001) 5.74
v, % 81.8 47.4 59.0 71.3 51.1 71.2
U. rossicus

Males 66.4+0.82  17.8+0.24 24.4+0.28 14.6+0.39 21.0+0.22 16.8+0.31
Females  60.9+0.51 16.6+0.25 22.6+0.24 13.6+0.25 16.8+0.28 15.4+0.30

SSD 4.3+0.76  3.5£1.00  3.9+0.78 3.6+1.63 3.5+0.87 4.141.33
(<0.001)  (0.005) (<0.001) (0.03) (0.002) (0.01)  3.83
v, % 66.5 50.7 75.1 48.0 44.6 57.5

U. k. praekudarensis
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Males

Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

SSD ASS
GL Bp Dp SD Bd Dd D
89.0+3.84  20.9+0.35 34.0£0.65 16.7+0.64 27.4+0.62 24.3+0.70
75.7+£0.70  16.6+0.63 16.7+0.64 13.8+0.71 22.0+1.16 19.6+1.05
8.1+2.37  11.6+1.93 11.9+1.46 9.5+3.13 11.0+2.68 10.7+2.9
n.s. (0.035) n.s. n.s n.s. n.s. 10.47
- 68.2 - - -
U. k. kudarensis
93.4+0.77  24.94+0.32 35.4+0.43 19.1+0.25 29.24+0.40 23.7+0.25
83.4+1.36  22.7+0.55 31.7+0.77 17.2+0.44 26.3+0.63 21.6+0.46
5.6+0.88 4.74+1.33 5.6+1.32 5.3+1.40 5.4+1.36 4.6+1.16
(<0.001) (0.002) (<0.001) (0.002) (<0.001) (<0.001) 5.20
66.8 39.8 54.3 43.4 48.1 50.7
U. s. spelaeus
89.9+1.24  23.4+0.78 32.5+0.71 19.9+0.65 28.2+0.88 22.0+0.64
79.4+0.52  21.2+0.22 29.3+0.43 16.8+0.18 24.5+0.28 20.4+0.27
6.4+0.79 4.9+1.83 5.3+1.34 8.1+1.85 6.9+1.75 3.9+1.63
(<0.001) (0.01) (0.004) (<0.001) (<0.001) n.s. 5.93
92.3 50.5 55.0 86.6 83.4 -
U. s. ladinicus
80.5+1.23  21.5+0.38 31.2+1.00 16.4+0.35 25.4+0.39 20.4+0.41
73.5+0.97 20.8+0.69 29.2+0.21 15.5+0.52 23.4+0.82 19.6+0.59
4.6+1.02 1.7+£1.87 3.3£1.7 2.8+1.97 4.1£1.86 2.0+1.79
(0.01) n.s. n.s. n.s. n.s. n.s. 3.09
79.3 - - - - -
U. s. eremus
86.6+0.89  23.3+0.38 34.1+0.32 17.8+0.32 28.0+0.38 22.7+0.36
79.3+0.73  21.3+0.30 31.0+0.44 15.9+0.31 24.4+0.35 20.2+0.32
4.440.72 4.5+1.09 4.7+0.84 5.8+41.31 6.8+0.99 5.8+1.13
(<0.001) (0.003) (<0.001) (0.003) (<0.001) (<0.001) 5.34
78.9 62.6 73.5 65.2 82.4 72.5
U. k. ingressus
90.9+1.01 25.5+0.46 36.4+0.86 20.4+0.27 30.1+0.42 23.3+0.26
87.4+0.87 22.2+0.84 33.5+0.58 17.7+0.18 25.9+0.28 22.4+0.26
1.9+0.75 6.94+2.02 4.2+1.49 7.1+0.85 7.4+0.90 1.9+0.80
n.s. (0.01) n.s. (<0.001) (<0.001) (0.04) 491
- 52.5 - 90.8 87.9 19.6
U. k. kanivetz
87.6+0.72  23.9+0.48 32.84+0.59 19.4+0.27 28.4+0.61 22.2+0.70
77.2+0.84 20.1+0.21 28.0+0.60 17.2+0.23 24.8+0.38 20.2+0.26
6.3+0.67 8.7+1.20 8.0+1.39 6.0+0.96 6.7+£1.35 4.7+1.77
(0.002) (0.002) (0.003) (0.002) (0.002) (0.04) 6.74
93.3 92.7 78.4 86.2 81.9 64.0
U. arctos
89.1+3.0  20.5+0.89 28.0+0.85 14.3+0.61 22.5+0.80 19.4+0.55
75.5+1.36  16.0+0.38 22.6+0.47 11.6+0.29 18.3+0.35 16.1+0.30
8.2+2.01  12.24+2.67 10.8+1.92 10.4+2.63 10.2+2.15 9.0+£1.79
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (0.003) 10.15
54.8 65.9 75.5 69.4 71.5 74.1
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Univariate analysis

Table S24. Kruskal-Wallis test z' values (males - above diagonal and females — under diagonal)
for measures of mtc IV. The statistical significance values, according to 2-tailed p values, have
been underlined.

Taxa /1 2 3 4 5 6 7 8 9 10
GL
U. deningeri 1 0.76 4.14 256 164 0.63 252 0.08 1.33 0.99
U. k. praekudarensis 2 10.24 146 2.36 0.45 0.21 0.75 0.68 1.63 0.11
U. k. kudarensis 3 |3.60 2.06 6.89 126 2.15 1.24 3.53 4.29 2.62
U. rossicus 4 1332 149 6.30 3.66 256 5.00 2.41 0.65 3.35
U. s. spelaeus 5 204 122 1.67 5.06 0.79 0.33 1.47 2.49 0.76
U. k. kanivetz 6 |0.70 0.61 2.44 3.52 1.03 1.22 0.53 1.63 0.16
U. k. ingressus 7 16.07 298 1.69 8.72 3.76 4.26 2.19 3.20 1.33
U. s. eremus 8 185 1.26 1.20 4.45 0.20 1.06 2.78 1.31 0.83
U. s. ladinicus 9 |1.06 051 3.27 110 2.27 1.45 451 222 2.04
U. arctos 10 {0.12 0.18 3.44 298 199 0.76 5.59 1.84 0.95
Bp
U. deningeri 1 1.07 3.05 2.73 0.73 1.01 293 0.60 0.94 1.38
U. k. praekudarensis 2 | 257 2.79 0.80 1.48 167 294 1.41 0.26 0.16
U. k. kudarensis 3 |3.27 451 5.64 144 097 0.73 1.97 3.11 4.38
U. rossicus 4 1340 0.12 6.00 293 3.08 5.14 3.05 1.28 1.36
U. s. spelaeus 5 |1.77 3.61 147 4.79 0.29 173 0.19 141 1.82
U. k. kanivetz 6 1024 224 3.01 279 1.74 1.33 0.49 162 2.03
U. k. ingressus 7 1165 3.28 0.36 3.78 0.56 1.70 2.15 3.17 4.03
U. s. eremus 8 |156 340 112 4.24 0.10 159 0.45 1.35 1.83
U. s. ladinicus 9 |0.61 247 138 282 0.46 0.73 0.80 0.50 0.16
U. arctos 10 {4.14 0.10 6.98 0.30 5.65 3.34 4.17 4.86 3.17
Dp
U. deningeri 1 1.06 4.00 2.15 0.53 0.66 3.68 2.00 0.13 1.49
U. k. praekudarensis 2 |0.62 0.69 2.26 0.67 0.55 1.07 0.08 1.05 1.86
U. k. kudarensis 3 337 250 5,57 2.36 2.00 0.88 1.18 2.87 5.20
U. rossicus 4 (344 153 6.08 2.28 2.32 5.14 3.72 1.60 0.72
U. s. spelaeus 5 149 144 176 4.51 0.15 258 1.15 054 1.72
U. k. kanivetz 6 |0.16 0.67 2.67 3.12 1.09 2.29 0.93 0.66 1.78
U. k. ingressus 7 |255 248 0.82 431 176 2.33 1.62 3.02 4.73
U. s. eremus 8 |277 230 0.11 533 1.42 2.28 0.85 1.68 3.21
U. s. ladinicus 9 |094 119 1.16 3.16 0.00 0.77 150 1.01 1.03
U. arctos 10 {350 157 6.14 0.05 4.57 3.17 4.34 5.38 3.20
SD
U. deningeri 1 0.65 2.44 219 229 215 3.99 0.28 1.07 2.29
U. k. praekudarensis 2 |1.21 2.01 0.84 218 2.12 3.07 0.81 0.20 0.83
U. k. kudarensis 3 331 3.19 453 0.75 0.70 2.33 1.80 2.84 4.89
U. rossicus 4 (206 0.25 4.74 391 3.71 5.68 2.27 0.74 0.04
U. s. spelaeus 5 254 271 0.82 4.12 0.00 0.84 1.91 2.79 4.05
U. k. kanivetz 6 |295 3.06 0.04 4.36 0.76 0.78 1.81 2.67 3.82
U. k. ingressus 7 1484 395 1.05 6.02 2.00 0.87 3.31 4.03 6.04
U. s. eremus 8 1048 1.43 220 216 156 2.05 3.23 1.22 2.36
U. s. ladinicus 9 |0.04 097 196 141 147 1.89 2.66 0.28 0.73
U. arctos 10 {352 1.03 6.42 1.03 578 579 8.10 3.34 2.24

Bd
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Taxa 1 2 3 4 5 6 7 8 9 10
U. deningeri 1 045 3.12 252 143 155 3.74 140 0.79 1.90
U. k. praekudarensis 2 105 1.22 2.03 059 0.72 1.81 0.48 0.96 1.65
U. k. kudarensis 3 |3.04 275 5.89 0.72 043 129 1.11 3.00 5.04
U. rossicus 4 1359 110 6.17 342 343 6.14 3.65 115 0.54
U. s. spelaeus 5 [0.76 1.47 228 4.23 0.19 151 0.19 185 291
U. k. kanivetz 6 |1.06 1.64 159 4.11 041 1.19 0.38 195 2.95
U. k. ingressus 7 1321 274 020 6.59 2.36 1.56 1.95 3.56 5.40
U. s. eremus 8 040 1.23 2.09 3.37 0.21 054 2.10 1.83 3.06
U. s. ladinicus 9 1033 0.61 220 199 0.79 1.01 2.17 0.58 0.70
U. arctos 10 {432 146 6.96 0.54 4.98 4.75 7.51 3.95 2.40

Dd

U. deningeri 1 190 3.04 281 0.07 0.24 2.07 094 140 2.01
U. k. praekudarensis 2 |0.44 058 344 163 151 081 1.33 2.61 2.96
U. k. kudarensis 3 260 1.74 553 175 165 0.55 1.60 3.62 5.07
U. rossicus 4 354 163 5.48 1.84 232 451 3.42 0.99 0.95
U. s. spelaeus 5 10.68 0.78 1.69 3.84 0.24 135 0.68 0.95 1.22
U. k. kanivetz 6 |0.28 056 1.47 2.85 0.20 1.20 0.45 131 1.67
U. k. ingressus 7 1393 241 126 6.54 289 2.35 0.96 2.94 3.91
U. s. eremus 8 |10.23 054 192 3.26 0.36 0.09 3.01 2.05 2.73
U. s. ladinicus 9 |056 0.01 2.17 194 098 0.67 3.00 0.67 0.20
U. arctos 10355 159 554 0.09 3.85 281 6.63 3.25 1.90
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Fig. S16. The scatterplots of length of mtc 1V and the other measures (BP — DD) and

Relationships between measures of mtc 1V (single linkage, correlation distances used): et — U.
etruscus, a — U. arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k.
kudarensis, s — U. s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s.
ladinicus. The dashed lines are lines of regressions and ellipses’ horizontal and vertical
projections onto the axes are equal to the “sample mean £ “sample range” x 0.95
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Table S25. Statistical parameters of measures of mtc IV among different bears and sexes: m — males, f— females.

T . Z 5 Z 5 z 5 Z 5 Z 5 z 2
$ L, @ 2 4. & 2 & & 2 4 85 2 L5 &8 2 5 B8 9

O 5 o 5 O g o 5 o s A 3

U. rossicus f 15 609 199 12 166 086 12 226 0.83 12 136 0.85 15 196 109 10 154 0.94
m 11 664 271 8 178 067 7 244 073 8 146 110 11 210 072 7 168 081

U. deningeri f 24 760 265 24 202 161 24 278 245 24 155 094 23 240 189 23 200 0.97
m 13 858 400 13 225 177 13 317 155 13 176 085 13 266 131 13 221 0.89

U.k praekudar. f 3 757 121 5 166 141 4 267 119 5 138 158 4 220 231 3 196 1.82
m 3 890 664 3 209 060 2 340 092 3 167 110 3 274 108 2 243 0.99

U.k. kudarensis ~ f 17 834 559 20 227 245 18 317 327 20 172 199 19 263 276 18 216 1.95
m 31 934 429 33 249 182 33 354 249 34 191 143 32 292 229 28 237 1.35

U. s. spelaeus f 22 790 243 21 212 101 18 293 183 22 168 0.83 22 245 130 15 204 1.03
m 6 899 303 6 234 192 6 325 173 6 197 159 6 282 215 3 220 1.10

U. k. kanivetz f 13 772 304 13 201 077 12 280 208 13 172 0.82 13 248 137 6 202 064
m 5 876 161 5 239 108 5 328 133 5 194 059 5 284 136 4 222 1.40

U. s. eremus f 11 793 262 11 213 1.01 11 31.0 147 11 159 102 11 244 116 11 202 1.06
m 9 866 267 9 233 113 9 341 095 9 178 095 9 280 115 9 227 1.09

U. s. ladinicus f 5 735 218 5 208 155 5 292 047 5 155 117 5 234 184 5 196 1.32
m 5 805 274 5 215 08 5 312 225 5 164 078 5 254 087 5 204 0091

U. k. ingressus f 31 874 48 5 222 18 3 335 101 33 177 102 31 259 154 18 224 1.09
m 14 909 379 9 255 137 8 364 244 14 204 100 14 301 158 12 233 0.90

U. arctos f 17 755 559 17 160 156 12 222 219 17 116 118 17 183 146 11 157 1.21
m 10 890 948 10 205 281 9 276 247 10 143 193 10 225 252 10 194 1.75
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Fig. S17. The scatterplot of Index plumpness (ip) and GL of mtc 1V: a — U. arctos, r — U.
rossicus, d— U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s — U. s. spelaeus, k
— U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus. Points — males, squares
— females.

Multivariate analysis

Table 26. Description of the modeled morphological spaces for cave bears and brown bear mtc
IV. Correlation coefficients among the measures and dimensions of two morphospace models
(MDS axes: E1-E2, K1-K2); r* — coefficients of determination in the linear multiple regression
models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r? morphospace  morphospace r?
El E2 K1 K2 El E2 K1 K2
GL 0.88 0.44 -0.36 -0.17 097 094 -021 012 -0.40 0.96
Bp 0.96 -0.03 0.14 -0.06 093 095 0.01 -0.08 -0.02 0.93
Dp 0.95 0.06 0.02 0.07 094 094 -021 014 -010 0.93
SD 0.93 -0.27 0.26 -024 096 093 031 -0.35 -0.22 0.98
Bd 0.97 -0.13 0.17 -0.24 096 096 007 -0.12 -0.20 0.93
Dd 0.96 0.08 -0.05 -0.07 094 095 -0.15 0.07 -0.19 0.92
ip 0.18 -0.68 0.69 -0.18 084 019 054 -047 034 0.46

Relative variance (%) of dimensions associated with taxonomical composition
67.1 60.9 47.9 9.6 65.0 321 244 126
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Fig. S18. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc 1V in males and females: A, C — models with U. arctos; B — model
without U. arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic
correlation — 0.86); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications
based on the coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2)
morphospaces (numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’
horizontal and vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean”
(centroid) + “sample range” x 0.95.
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Males

Table S27. Description of the modeled morphological spaces for males of cave bears and brown
bear mtc 1V. Correlation coefficients among the measures and dimensions of two morphospace
models (MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the linear multiple
regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace  morphospace r?
El E2 K1 K2 El K1
GL 0.83 0.40 -0.35 -0.05 0.94 0.91 0.31 0.89
Bp 0.93 -0.14 0.23 0.15 0.94 0.92 -0.13 0.89
Dp 0.95 -0.09 0.04 -0.04 0.90 0.94 0.13 0.87
SD 0.90 -0.47 0.33 -0.12  0.92 0.89 -0.25 0.87
Bd 0.96 -0.24 0.22 -0.21  0.97 0.96 0.05 0.93
Dd 0.95 0.04 -0.07 -0.05 0.92 0.92 0.28 0.89
ip 0.23 -0.60 0.62 -0.17  0.81 0.25 -0.40 0.24

Relative variance (%) of dimensions associated with taxonomical composition
80.6 65.3 42.4 0.0 83.9 34.3
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Fig. S19. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc IV in males: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.93); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +
“sample range” x 0.95.
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Females

Table S28. Description of the modeled morphological spaces for females of cave bears and
brown bear mtc IV. Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace  morphospace r?
El E2 K1 K2 El E2 K1 K2
GL 0.77 0.40 -0.20 -0.10 0.89 092 -017 007 0.04 0.93
Bp 0.95 -0.18 0.26 -043 090 093 004 -013 019 0.85
Dp 0.95 -0.05 0.07 -0.33 091 093 -019 0.07 042 0.97
SD 0.93 -0.44 0.48 -0.35 095 091 037 -047 0.29 0.96
Bd 0.96 -0.33 0.37 -0.27 096 094 022 -029 028 0.91
Dd 0.96 -0.10 0.10 -048 096 094 -0.04 -010 0.05 0.92
ip -0.05 -0.67 0.61 018 077 -004 057 -056 045 0.57

Relative variance (%) of dimensions associated with taxonomical composition
81.2 66.6 48.1 28.9 751 356 256 7.1
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Fig. S20. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc IV in females: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.81); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +
“sample range” x 0.95.
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METACARPAL BONE V (MTC V)
Males and females

Table S29. Sample numbers (N), means (M), and standard errors (m) of the variables of mtc V
among different forms of bears

Form GL Bp Dp SD

N M=£m N M=£m N M=£m N M+m
U. etruscus* 3 79.3£2.89 1 19.5 nodata 3 13.8+0.59
U. deningeri 40 79.4+1.00 38 26.6+0.46 39 31.8+0.56 40 16.7+0.26
U. k. praekudarensis 4 86.7+4.32 6 29.7£1.66 8 36.3+1.62 9 17.5+0.87
U. k. kudarensis 63 89.9+0.70 71 32.0+0.32 74 36.8+0.41 74 19.2+0.24
U. rossicus 15 62.0+0.88 18 21.9+0.31 17 27.0+0.60 17 14.3+0.25
U. s. spelaeus 11 86.5+1.90 9 30.1+0.91 11 34.6£1.12 10 19.3+0.69
U. k. kanivetz 22 82.6+1.25 21 29.5+0.46 22 34.5+0.94 22 18.3+0.37
U. s. eremus 20 80.6+1.08 20 28.2+0.48 20 33.3+0.71 20 16.7+0.33
U. s. ladinicus 6 775+158 6 27.1+054 6 32.7£1.10 6 16.4+0.25
U. k. ingressus 55 88.6+0.71 27 31.3+0.55 27 36.840.68 57 19.7+0.28
U. arctos 31 83.9+1.85 29 23.3+0.70 23 28.2+1.04 31 14.3+0.48

Bd Dd

N M=+m N M+m
U. etruscus* 3 20.6+£1.20 3 16.5+0.65
U. deningeri 40 26.5+0.35 40 19.5+0.28
U. k. praekudarensis 5 28.7+#1.46 5 21.5+0.97
U. k. kudarensis 63 30.2+0.36 59 22.8+0.19
U. rossicus 15 22.6£0.55 12 15.6+0.25
U. s. spelaeus 10 28.9+0.84 6 21.4+0.72
U. k. kanivetz 22 28.5+0.70 20 20.7+0.39
U. s. eremus 20 26.3£0.38 19 20.3+0.25
U. s. ladinicus 6 26.2+0.63 6 19.5+0.31
U. k. ingressus 54 30.1+0.37 38 22.8+0.25
U. arctos 31 22.4+0.56 23 18.4+0.54
* Males only

Sexual size dimorphism

Table S30. Sexual size dimorphism (SSD and ASSD) of mtc V in the different forms of cave
bears and brown bear; p based on Mann-Whitney U Test; v, % - relative variance associated

with SSD.
SSD
GL Bp Dp sSD Bd Dd ASSD
U. deningeri
Males 84.1+£1.11  28.9+0.47 34.54+0.49 17.9+0.29 28.1+0.38 20.7+0.35
Females  75.0+£0.86 24.6+0.35 29.3+0.56 15.6+0.23 24.9+0.33 18.5+0.26
SSD 5.7+0.88 8.0+1.10 8.2+1.17 6.9+1.11 6.0+0.95 5.6+1.11 6.7
(p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 70.8 74.8 69.7 64.8 64.9 53.9
U. rossicus
Males 63.9+1.13  22.8+0.48 28.9+1.05 14.8+0.5 23.6+0.87 16.1+0.30
Females  59.7+0.77 21.3+0.26  25.7+0.33 13.9+0.07 21.4+0.32 15.3+0.33
SSD 3.4+1.11  3.4+1.24 5.9+2.02 n.s. 4.9£2.06 n.s.. 3.9
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SSD

GL Bp Dp SD Bd Dd ASSD
(p=0.01) (p=0.03) (p=0.003) (p=0.01)
v, % 40.2 26.1 56.7 - 56.5 -
U. k. praekudarensis
Males 90.3+3.35  32.1+0.9 38.6+0.75 18.5+0.7 29.7+1.39 22.1+0.96
Females 75.8* 24.8+0.25  29.4+1.05 13.940.75 24.8* 19.0*
SSD 12.8+£1.7 13.5£1.91 14.2+3.2
87  (p=0.056) (p=0.056)  (p=0.056) 9.0 75 10.9
v, %* - - - - - -
U. k. kudarensis
Males 91.4+0.44 32.840.24  38.1+0.31 19.9+0.22 31.2+0.28 23.3+0.15
Females  81.2+1.34 29.4+1.93  32.6+0.84 17.1£0.5 26.3£0.65 20.94+0.41
SSD 5.9+0.82 5.5+1.55 7.8+1.27 7.6+£1.48 8.5£1.24 5.44+0.99 6.8
(p<0.001) (p<0.001)  (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 80.6 51.0 62.1 50.7 67.9 66.5
U. s. spelaeus
Males 91.6£0.67 31.8£0.92 37.2+1.14 21.2+0.35 30.8+0.44 23.4+0.45
Females  80.4+1.46 28.1+0.96 31.5+0.71 17.3£0.40 26.2+0.84 20.44+0.54
SSD 6.5+0.93 6.24+2.22 8.3£1.96 10.1+1.39 8.1+1.67 ns 77
(p=0.008)  (p=0.04) (p=0.01) (p=0.01) (p=0.01) s '
v, % 83.9 78.9 89.7 92.6 88.3 -
U. s. ladinicus
Males 80.5+£1.63 27.7+0.58  34.8+0.73 16.6+0.24 27.1£0.32 19.7+0.55
Females  74.6+1.16 26.5+0.87 30.6+1.03 16.1+:0.43 25.34+1.02 19.4+0.37
SSD n.s. n.s. n.s. n.s. n.s. n.s. 3.0
v, %* - - - - - -
U. s. eremus
Males 87.241.60 31.0£0.69  37.4+0.64 18.6+0.25 28.8+0.33 23.942.10
Females  78.4+0.69 27.2+0.33 31.94+0.59 16.1+0.27 25.540.21 19.9+0.21
SSD 5.3+1.05 6.6+1.32 7.8+1.25 7.2+1.07 6.2+0.73 9.1+4.84 70
(p=0.002) (p=0.001) (p=0.001) (p=0.002) (p=0.001) (p=0.008) '
v, % 79.5 79.8 72.9 76.3 89.3 73.9
U. k. ingressus
Males 91.9+0.58 33.4+0.30  39.4+0.47 21+0.22 31.7+0.25 23.54+0.13
Females  83.0+0.33 28.440.47  33.1+0.37 17.4+0.24 27.0+0.35 20.5+0.37
SSD 5.1+0.45 8.1+0.91 8.7+0.83 9.440.85 8.0+0.74 6.8+0.89 77
(p<0.001) (p<0.001)  (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 86.2 85.9 87.3 84.7 84.0 88.8
U. kanivetz
Males 88.7+1.1 32.5+0.44  39.2+0.98 20.2+0.27 31.8+0.59 22.6+0.41
Females  792+1.03 27.7+0.55  31.9+0.69 17.3+£0.31 26.6+0.60 19.7+0.27
SSD 5.7+£0.90 8.0+1.17 10.3+1.69 7.8+1.11 9.0+1.44 6.9+1.16 79
(p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 77.5 79.2 79.2 79.8 77.8 80.2
U. arctos
Males 91.1£2.0 26.4+0.69 31.3+0.95 15.9+0.38 24.7+0.60 19.8+0.46
Females  76.2+1.52 20.5+0.53 23.3+0.71 12.1+0.27 19.9+0.41 16.3+£0.78
SSD 8.9+1.51  12.6+1.87 14.7+2.20 13.4+1.67 10.6+1.63 9.7+2.52 116

(p<0.001)  (p<0.001)  (p<0.001)  (p<0.001)  (p<0.001)  (p=0.002)
v, % 66.2 78.8 81.2 75.4 75.7 59.9
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Univariate analysis
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Fig. S21. The scatterplots of measures (GL — Dd) of mtc V and their classification: et — U.
etruscus, a — U. arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k.
kudarensis, s — U. s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s.
ladinicus.
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Table S31. Statistical parameters of measures of mtc V among different bears and sexes: m — males, f — females.

Taxa

Z s Z 2 =z > Z s Z 3 =z 3

.3 2 4 & 2 & & 2 4 8 2 5 B 2 & 8 ¢

o g 8 Z A g 9 5 & F o 3
U. etruscus 3 793 501 1 195 3 138 101 3 206 207 3 165 1.12
U. rossicus 8 639 321 8 228 137 7 289 279 8 148 143 8 229 091 5 161 066
7 597 204 10 213 081 10 257 103 9 139 021 7 214 08 7 153 0.88
U. deningeri 19 841 485 18 289 199 19 345 214 19 179 125 19 281 164 19 207 155
21 75 393 20 246 156 20 293 252 21 156 105 21 249 15 21 185 1.18

U. k. praekudar. 3 903 581 4 321 18 6 386 183 7 185 18 4 297 278 4 221 1.93

1 758 2 248 035 2 294 148 2 139 106 1 248 1 19
49 914 305 56 328 181 57 381 233 57 199 164 50 312 196 47 233 1.06
14 812 502 15 294 361 17 326 347 17 171 204 13 263 235 12 209 143

U. k. kudarensis

U. s. spelaeus 6 916 163 5 318 20/ 6 372 279 5 212 078 6 308 109 2 234 0.64
804 325 4 281 193 5 315 159 5 173 089 4 262 169 4 204 107

U. k. kanivetz 8§ 87 311 8 325 125 8 392 27/ 8 202 077 8 318 167 7 226 1.09
14 79.2 386 13 277 197 14 319 257 14 173 116 14 266 224 13 19.7 0.98

U. s. eremus 5 872 357 5 31 154 5 374 142 5 186 05 5 288 074 4 218 043

15 784 267 15 272 129 15 32 227 15 161 106 15 255 082 15 199 0.82

3 805 28 3 277 10 3 348 12/ 3 166 042 3 271 056 3 19.7 0.95
3 746 2 3 265 151 3 306 1/8 3 161 075 3 253 177 3 194 0.64

U. s. ladinicus

U. k. kanivetz 35 919 343 16 334 122 16 394 187 36 21 129 35 317 149 29 235 0.69
20 83 236 11 284 15 11 331 124 21 174 11 19 27 152 9 205 112
U. arctos 16 911 8 14 264 258 14 313 35 16 159 151 16 247 24 14 198 171

-3 -3 +3 3 3 +3 3 -3 -3 =3 3
(6]

15 762 589 15 205 206 9 233 212 15 121 104 15 199 158 9 16.3 2.34
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Table S32. Kruskal-Wallis test z' values (males - above diagonal and females — under diagonal)
for GL and BP of mtc V between bear taxa. The statistical significance values, according to 2-
tailed p values, have been underlined.

Taxa /1 2 3 4 5 6 7 8 9 10
GL
U. deningeri 1 1.75 190 4.65 3.01 4.79 144 0.73 0.74 2.93
U. rossicus 2 |2.35 2.84 523 3.97 536 2.69 194 0.41 4.00
U. k. praekudarensis 3 10.05 1.01 0.12 0.32 0.30 0.85 1.12 2.01 0.30
U. k. kudarensis 4 1332 4.69 1.05 0.35 049 1.70 1.89 2.89 0.91
U. s. spelaeus 5 220 3.62 0.95 0.10 0.10 1.48 1.72 2.64 0.86
U. k. ingressus 6 [5.00 590 147 1.20 0.94 1.94 2.09 3.03 1.23
U. k. kanivetz 7 226 3.90 0.70 0.97 0.61 2.25 0.42 158 0.90
U. s. eremus 8 |1.78 356 0.53 146 095 2.82 0.48 113 1.22
U. s. ladinicus 9 |041 112 0.26 219 184 293 162 1.35 2.31
U. arctos 10 |0.68 2.74 0.17 2.47 1.68 3.91 148 1.02 0.76
Bp
U. deningeri 1 193 213 4.69 1.67 4.67 292 1.20 0.59 1.30
U. rossicus 2 11.99 3.26 553 2.92 5.60 4.12 2.50 0.67 0.80
U. k. praekudarensis 3 10.05 0.95 0.18 0.49 0.77 0.10 0.85 2.02 2.89
U. k. kudarensis 4 381 5.08 1.78 092 1.18 0.09 1.43 276 5.81
U. s. spelaeus 5 1219 3.33 1.43 0.18 149 0.69 0.38 1.66 2.51
U. k. ingressus 6 |3.50 4.77 1.76 0.03 0.19 0.85 1.95 3.13 5.65
U. k. kanivetz 7 1298 436 145 0.63 0.24 0.61 111 2.37 3.84
U. s. eremus 8 |281 424 1.33 0.93 0.42 0.89 0.27 1.33 2.05
U. s. ladinicus 9 |105 216 0.75 1.03 0.72 1.02 0.64 0.49 0.15
U. arctos 10(2.62 0.30 1.14 6.01 3.72 556 5.16 5.08 2.44
Dp
U. deningeri 1 1.61 287 429 2.01 474 358 1.81 0.03 1.24
U. rossicus 2 [2.22 3.69 4.61 297 5.12 429 276 1.00 0.59
U. k. praekudarensis 3 0.00 1.10 0.48 0.70 0.56 0.31 0.72 1.92 3.65
U. k. kudarensis 4 2.87 453 1.27 0.46 1.67 0.99 0.49 1.95 5.28
U. s. spelaeus 5 |1.39 2.84 0.83 0.49 140 1.05 0.06 1.36 2.83
U. k. ingressus 6 3.41 4.89 1.67 0.86 1.08 0.23 1.37 259 5.60
U. k. kanivetz 7 223 3.95 1.03 0.47 0.16 1.25 1.06 2.26 4.39
U. s. eremus 8 R.60 4.27 1.18 0.17 0.37 0.99 0.30 1.27 2.58
U. s. ladinicus 9 052 1.79 0.35 1.00 0.51 1.47 0.72 0.90 0.66
U. arctos 10 2.75 0.54 141 4.97 3.23 530 4.40 4.72 2.14
SD
U. deningeri 1 194 0.77 358 3.40 5.43 2.67 0.37 0.79 1.78
U. rossicus 2 [2.05 2.24 4.69 4.43 6.04 3.89 1.76 0.48 0.50
U. k. praekudarensis 3 [1.14 0.04 152 234 291 152 0.26 1.21 2.08
U. k. kudarensis 4 240 3.88 2.18 1.63 2.78 0.46 1.64 2.43 5.49
U. s. spelaeus 5 R.13 3.36 2.28 0.54 0.35 1.03 241 3.01 4.51
U. k. ingressus 6 [3.38 4.66 2.55 0.79 0.04 1.06 2.84 3.38 7.13
U. k. kanivetz 7 279 4.16 2.39 0.50 0.18 0.23 1.65 2.39 3.99
U. s. eremus 8 0.80 257 1.48 1.45 153 228 1.87 0.93 1.54
U. s. ladinicus 9 050 168 1.26 0.76 1.03 1.19 1.03 0.06 0.18
U. arctos 10 3.67 1.01 0.52 5.71 4.46 6.75 5.93 4.14 2.45
Bd
U. deningeri 1 171 118 4.36 1.90 4.92 3.27 0.20 0.39 1.74
U. rossicus 2 [2.63 2.24 497 298 542 4.20 1.44 0.70 0.30
U. k. praekudarensis 3 0.30 0.78 1.01 0.37 143 1.19 0.82 117 222
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Taxa 1 2 3 4 5 6 7 8 9 10
U. k. kudarensis 4 [1.35 3.46 0.76 0.65 1.04 053 229 2.39 6.14
U. s. spelaeus 5 [0.89 2.61 0.71 0.02 1.16 0.90 1.31 1.61 3.09
U. k. ingressus 6 [2.78 459 1.16 1.12 0.72 0.07 2.73 2.74 6.61
U. k. kanivetz 7 [1.86 3.86 0.92 0.43 0.27 0.68 2.24 240 4.54
U. s. eremus 8 0.62 296 050 0.71 0.49 1.95 1.16 0.47 1.35
U. s. ladinicus 9 0.07 1.73 0.31 0.67 0.58 1.35 0.94 0.26 0.55
U. arctos 10 4.02 0.46 1.01 4.84 3.28 6.48 5.38 4.29 2.22
Dd
U. deningeri 1 1.67 1.20 4.84 191 518 2.05 0.47 0.58 0.73
U. rossicus 2 [2.18 224 458 270 4.89 298 1.64 0.65 1.12
U. k. praekudarensis 3 0.12 1.01 1.26 0.88 1.63 0.39 057 134 1.62
U. k. kudarensis 4 3.86 4.93 1.22 0.15 0.91 1.01 2.03 2.82 5.16
U. s. spelaeus 5 [2.39 3.60 1.05 0.16 0.15 0.64 134 195 222
U. k. ingressus 6 [3.21 4.42 1.09 0.27 0.04 1.48 2.38 3.12 5.49
U. k. kanivetz 7 [2.23 3.71 0.64 152 0.90 1.13 1.03 1.84 251
U. s. eremus 8 [2.82 4.16 0.80 1.14 0.62 0.77 0.44 0.81 0.91
U. s. ladinicus 9 086 214 035 1.34 1.01 1.12 0.40 0.67 0.17
U. arctos 10 1.42 0.77 0.65 4.45 3.11 391 3.12 3.60 1.64
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Fig. S22. Scatterplot of Index plumpness (ip) and GL of mtc V: et — U. etruscus, a — U. arctos, r
— U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s — U. s.
spelaeus, k — U. k. kanivetz, k — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus. Points —
males, squares — females.
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Multivariate analyses

Table S33. Description of the modeled morphological spaces for cave bears and brown bear mtc
V. Correlation coefficients among the measures and dimensions of two morphospace models
(MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the linear multiple regression
models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace  morphospace r?
El E2 K1 K2 El E2 K1 K2
GL 0.84 0.43 -0.08 -0.29 091 093 028 032 0.00 0.93
Bp 0.97 0.02 0.26 -0.01 094 09 010 0.18 0.00 0.93
Dp 0.96 -0.04 0.45 -0.11 096 095 0.01 014 031 0.95
SD 0.94 -0.20 0.38 025 096 093 -022 -0.16 -0.00 0.95
Bd 0.96 -0.19 0.44 0.02 09 095 -0.17 -0.03 0.18 0.9
Dd 0.96 0.13 0.19 -0.12 094 097 012 019 0.00 0.95
ip 0.48 -0.79 0.78 038 084 027 -074 -060 0.33 0.68

Relative variance (%) of dimensions associated with taxonomical composition
60.7 56.0 47.8 25.9 595 327 316 43
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Fig. S23. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtc V in males and females: A, C — models with U. arctos; B — model
without U. arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic
correlation — 0.94); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications
based on the coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2)
morphospaces (numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’
horizontal and vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” +
(“sample range” x 0.95).
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Males

Table S34. Description of the modeled morphological spaces for males of cave bears and brown
bear mtc V. Correlation coefficients among the measures and dimensions of two morphospace
models (MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the linear multiple
regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r morphospace morphospace  r?
El E2 K1 K2 El K1 K2
GL 0.72 0.61 -0.33 0.09 0.87 0.92 0.39 0.43 0.86
Bp 0.96 0.07 0.25 0.15 0.92 0.95 0.12 035 091
Dp 0.93 0.04 0.33 -0.07 0.92 0.90 0.15 0.10 o0.87
SD 0.91 -0.28 0.50 0.35 0.96 0.88 -0.24 0.35 0.92
Bd 0.96 -0.10 0.41 0.17 0.95 0.95 -0.05 0.30 0.94
Dd 0.96 0.21 0.10 0.22 0.96 0.96 0.20 050 0.95
ip 0.39 -0.59 0.71 0.07 081 0.36 -0.55 -0.21 0.58

Relative variance (%) of dimensions associated with taxonomical composition
81.7 55.5 53.9 17.8 84.8 21.3 28.7
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Fig. S24. Scatterplot of the first dimensions of “size” and “shape” morphospaces reproduced
variation of mtc V in males: A, C — models with U. arctos; B — model without U. arctos; C —
“size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation — 0.88); F —
Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” and “shape” morphospaces (numbers near the
nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and vertical projections onto
the axes are equal to the “sample mean” (centroid) = “highest value -~ x 0.95.



Females

Table S35. Description of the modeled morphological spaces for females of cave bears and
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brown bear mtc V. Correlation coefficients among the measures and dimensions of two

morphospace models (MDS axes: E1-E2, K1-K2): r’ — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r morphospace morphospace  r?
El E2 K1 K2 El E2 K1 K2
GL 0.76 0.58 -0.56 0.17 090 091 -0.27 0.23 -0.41 0.88
Bp 0.94 -0.04 -0.25 0.05 089 092 -0.07 022 -0.38 0.86
Dp 0.95 -0.07 -0.30 -0.04 089 092 -0.12 0.38 -0.11 0.89
SD 0.90 -0.30 0.04 0.02 095 087 033 -015 -0.20 0.95
Bd 0.91 -0.23 -0.12 -0.28 095 0.88 -0.16 0.19 0.00 0.86
Dd 0.96 0.07 -0.43 -0.08 095 094 -020 0.28 -0.30 0.89
ip -0.10 -0.69 0.42 -0.64 0.88 -0.08 0.33 0.06 0.70 0.52

Relative variance (%) of dimensions associated with taxonomical composition

76.6

64.7

59.5

6.0

68.4

15.4

4.0

32.9
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Fig. S25. Scatterplot of the first dimensions of “size” and “shape” morphospaces reproduced
variation of mtc V in females: A, C — models with U. arctos; B — model without U. arctos; C —
“size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation — 0.95); F —
Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” and “shape” morphospaces (numbers near the
nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and vertical projections onto
the axes are equal to the “sample mean” (centroid) + “sample range” x 0.95.
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Fig. S24. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt V in males: A, C — models with U. arctos; B — model without U.
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arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.89); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +
“SamPle TANGE” X 0.95. . 67
Fig. S25. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt V in females: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.95); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +
“sample Tange” X 0.95. .. 69
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METATARSAL BONE | (MTT I)

Males and females

Table S1. Sample numbers (N), means (M), and standard errors (m) of the variables of mtt I
among different forms of bears

Form GL Bp Dp SD

N M=+m N M=+m N M=+m N M+m
U. deningeri 30 55.5+0.68 30 23.9+0.44 30 25.9+0.62 30 12.2+0.26
U. k. praekudarensis 26 61.2+0.91 27 26.4+0.51 28 26.5£0.56 29 13.5+0.24
U. k. kudarensis 96 60.7£0.40 95 26.7+0.17 102 29.2+0.26 100 13.3+0.10
U. rossicus 13 42.2+0.48 10 16.5+0.26 10 17.0+0.57 10 8.6+0.20
U. s. spelaeus 12 54.7+1.09 11 23.1+0.70 12 25.6+0.86 12 11.5+0.36
U. k. kanivetz 13 54.5+1.03 12 22.9+0.59 13 24.8+0.44 13 11.3+0.26
U. s. eremus 20 54.0+0.77 20 22.4+0.54 20 25.2+0.65 20 11.2+0.38
U. k. ingressus 38 56.6+0.56 13 24.3+0.58 13 23.8+0.66 38 17.5+0.25
U. arctos 24 64.8+1.51 24 20.8+0.59 18 21.7+0.93 24 9.7+0.37

Bd Dd

N M+m N M+m
U. deningeri 30 17.6+0.31 30 15.5+0.24
U. k. praekudarensis 28 19.6+0.29 28 16.6+0.23
U. k. kudarensis 98 19.5+0.14 94 15.9+0.11
U. rossicus 13 13.5+0.29 9 11.3+0.18
U. s. spelaeus 11 17.6£0.49 11 16.2+0.37
U. k. kanivetz 13 17.2+0.41 13 15.6+0.27
U. s. eremus 20 16.7+0.37 20 16.0+0.33
U. k. ingressus 38 17.5+0.25 31 16.7+0.22
U. arctos 24 16.2+0.55 17 13.7+0.47

Sexual size dimorphism

Table S2. Sexual size dimorphism (SSD and ASSD) of mtt I in the different forms of cave bears
and brown bear; p based on Mann-Whitney U Test; v, % - relative variance associated with SSD.

Measures
GL Bp Dp SD Bd Dd ASSD
U. deningeri
Males  57.1+0.69 25.3+0.39 27.9+0.60 13.1+0.28 18.5+0.26 16.3+0.20
Females 53.1+1.04 21.7+0.45 23.0+0.62 10.8+0.21 16.1+0.36 14.4+0.31
SSD 3.7+£1.13 7.8+1.27  9.6£1.71  9.5+1.48  7.0£1.30  6.0£1.20 73
(p=0.004) (p<0.001) (p<0.001) (p<0.001) (p<0.001) (p <0.001) '
v, % 42.2 71.3 66.8 70.5 67.2 65.0
U. rossicus
Males  43.9+0.29 17.0+0.43 18.9+1.06 9.1+0.29 14.7+0.22 11.64+0.42
Females 41.2+0.45 16.3+0.31 16.1+0.41 8.4+0.21 12.740.1  11.2+0.18
SSD 3.2+0.63 7.1+0.89
(p=0.004) n.s. n.s. n.s. (p=0.004) n.s. 4.4
v, % 69.5 - - - 92.0 -
U. k. praekudarensis
Males  63.1+0.65 27.4+0.4 27.3+0.56 13.9+0.21 20.0+0.21 17.2+0.15
Females 55.0+1.61 22.9+0.81 23.4+0.86 12.1+0.56 17.8+0.86 14.8+0.31
SSD 6.8+1.48 8.9+1.8 7.7£2.03 6.742.30  5.842.33 = 7.5£1.08 7.2
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v, %

Males
Females
SSD

v, %
Males
Females
SSD

v, %
Males
Females
SSD

v, %
Males
Females
SSD

v, %
Males
Females
SSD

Vv, %
Males

Females
SSD

Measures
GL Bp Dp SD Bd Dd ASSD
(p<0.001) (p<0.001) (p=0.006) (p=0.01) (p=0.02) (p<0.001)
75.6 72.4 55.6 51.8 54.6 84.2
U. k. kudarensis
66.1+0.44 27.5+0.19 30.7£0.26 13.8£0.10 20.0+0.17 16.3+0.15
61.9+0.55 26.1+0.25 27.840.35 12.9+0.15 19.0+0.20 15.5+0.13
3.3+0.37 2.5+0.58 5.0£0.74  3.2+0.67 2.7+0.66  2.5+0.62 33
(p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
72.7 23.7 45.2 28.0 23.1 19.7
U. s. spelaeus
59.2+0.78 25.6+0.56 28.1+0.56 12.9+0.32 19.1+0.41 17.5+0.35
52.5+0.74 21.7+0.54 24.4+1.02 10.8+0.28 16.8+0.52 15.4+0.26
6.0£0.96 8.2£1.64 7.0+42.22  8.8+1.80  6.4+1.84  6.3£1.32 71
(p=0.008) (p=0.01) n.s. (p=0.008)  (p=0.02) (p=0.01) '
83.4 80.5 47.7 76.7 61.4 81.0
U. s. eremus
56.9+0.60 24.4+0.61 27.3+0.79 12.5+0.43 18.1+0.39 17.1+0.38
51.1+0.58 20.5+0.23 23.1+0.40 9.8+0.16  15.4+0.19 14.9+0.19
5.3+0.77 8.5+1.46 8.4+1.76 12.0+2.05 7.9+1.30 7.0+1.32 8.2
(p<0.001) (p<0.001) (p=0.002) (p<0.001) (p<0.001) (p=0.002) '
82.3 76.7 68.4 77.0 78.4 73.2
U. k. ingressus
59.6+£0.47 25.4+£0.62 24.0+0.95 12.9+0.29 18.8+0.21 17.5+0.20
54.2+0.52 22.6£0.61 23.5+0.92 11.1+£0.20 16.5+£0.25 15.8+0.26
4.7£0.62  5.8+1.81 7.4+1.48  6.5+0.93  5.0+0.98 51
(p<0.001) (p=0.004) n.s. (p<0.001) (p<0.001) (p<0.001) '
76.0 56.9 - 115 69.3 80.2
U. kanivetz
57.7+£0.88 25.0£0.20 25.8+0.60 12.0+£0.23 18.2+0.67 16.4+0.20
51.7+£0.81 21.4+£0.45 24.0+0.46 10.840.32 16.3+0.18 15.0+0.27
5.5¢1.01  7.7+1.06 53+1.71  554+2.01  4.7+1.08 54
(p=0.003) (p=0.006) n.s. (p=0.02) (p=0.01)  (p=0.006) '
77.9 87.0 56.3 70.9 69.3
U. arctos
70.2£1.79 23.3+0.55 23.9+1.32 11.1+0.50 18.5+0.64 15.3+0.49
60.2+1.44 18.6+0.44 19.5+0.84 8.5+0.24 14.3+0.37 12.4+0.37
7.6+£1.75 11.1+1.70 10.3+£3.62 13.1+2.84 12.8£2.26 10.5+2.24 10.9
(p<0.001) (p<0.001) (p=0.01) (p<0.001) (p=0.004) (p=0.001) '
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Univariate analysis
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Fig. S1. The scatterplots of measures (GL — Dd) of mtt I and their UPMGA classification: et — U.
etruscus, a— U. arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k.
kudarensis, s — U. s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s.
ladinicus.



Metacarpal and metatarsal bones of cave bears 11

Table S3. Statistical parameters of measures of mtt | among different bears and sexes: m — males, f — females.

Taxa . : . . . :
< Z g Z g Z s Z 3 Z 3 Z >

) 1 - - (A 1 o Q_D 1 o Q_D 1 D (&) (&) 1 o) T N ' =) o (&)

» O Og5 o O ns5 o @) 035 o n ng o o 05 3 @) 05

O &» o » O Z » @ & &

U. rossicus 8 412 126 7 163 08 7 161 108 7 84 056 8 127 027 6 112 045
5 439 066 3 170 075 3 189 18 3 91 050 5 147 050 3 116 0.72

U. deningeri 12 531 360 12 217 156 12 230 215 12 108 0.72 12 161 126 12 144 1.07

18 571 291 18 253 166 18 279 255 18 131 121 18 185 112 18 16.3 0.85

6 550 395 6 229 1.98 6 234 211 6 121 1.37 6 17.8 2.10 6 14.8 0.75
20 631 293 21 274 18 22 273 260 23 139 102 22 200 097 22 172 0.70

50 584 205 51 261 176 53 278 254 51 129 105 49 190 137 49 155 0.88
46 633 228 44 275 125 49 307 179 49 138 069 49 200 117 45 163 1.02

8 525 2.09 21.7 1.42 244 2.88 8 10.8 0.79 16.8 1.37 7 154 0.68
59.2 1.56 256 1.11 28.1 1.13 4 129 0.64 4 19.1 0.82 4 175 0.70

7 8
4 4
21 542 239 5 226 1.36 5 235 206 21 111 091 21 165 115 15 158 0.99
17 596 193 8 254 175 8 240 270 17 129 121 17 188 0.8 16 175 0.1
7 7
5 6

U. k. praekudarensis

U. k. kudarensis

U. s. spelaeus

\l

U. k. ingressus

U. k. kanivetz 7 517 214 21.4 1.19 240 121 7 108 084 7 163 049 7 150 0.72
6 577 217 25.0 0.45 258 147 6 120 056 6 182 164 6 164 0.49
U. s. eremus 10 511 1.84 10 205 0.72 10 231 126 10 98 051 10 154 059 10 149 0.61
10 569 1.89 10 244 194 10 273 249 10 125 135 10 181 123 10 171 1.19
U. arctos 13 602 508 13 186 159 9 195 252 13 85 086 13 143 132 9 124 1.12

3=+3 3 +3 3 3 3 +~3 =3 =
N

11 702 593 11 233 184 9 239 39 11 111 165 11 185 211 8 153 1.39
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Fig. S2. The scatterplot of Index plumpness (ip) and GL of mitt I: et — U. etruscus, a — U. arctos,
r — U. rossicus, sa — U. savini, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis,
s —U. s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus.
Point — males, square — females

Table S4. Kruskal-Wallis test z' values (males - above diagonal and females — under diagonal)
for measures of mtt I. The statistical significance values, according to 2-tailed p values, have
been underlined.

Taxa /1 2 3 4 5 6 7 8 9
GL
U. deningeri 1 1.32 46 5.79 0.64 157 0.11 0.37 6.23
U. rossicus 2 2.32 433 4.84 152 2.36 1.19 0.96 5.66
U. k. praekudarensis 3 0.97 2.86 043 2.09 292 3.1 4.23 2.37
U. k. kudarensis 4 | 4.01 6.17 1.86 241 3.8 3.59 5.03 2.31
U. s. spelaeus 5 0.44 172 1.27 3.92 0.33 0.46 0.84 3.48
U. k. ingressus 6 0.61 3.09 0.56 4.10 1.02 1.01 1.7 4.79
U. k. kanivetz 7 0.62 148 1.40 3.92 0.18 1.18 0.38 4.59
U. s. eremus 8 0.99 134 1.76 4.94 0.47 1.68 0.26 5.79
U. arctos 9 | 391 584 219 0.89 3.94 3.81 3.97 4.73
Bp
U. deningeri 1 1.96 3.07 4.15 0.16 0.26 0.60 0.80 1.81
U. rossicus 2 2.49 3.58 4.00 1.72 1.97 1.26 1.38 0.82
U. k. praekudarensis 3 0.68 2.74 066 164 2.11 259 3.38 4.1
U. k. kudarensis 4 | 4.14 6.23 2.28 2.05 2.74 3.10 4.21 550
U. s. spelaeus 5 0.01 2.22 0.61 3.28 0.03 0.58 0.68 1.34
U. k. ingressus 6 0.51 249 0.12 2.25 0.46 0.72 0.89 172
U. k. kanivetz 7 0.20 2.04 0.78 3.52 0.18 0.62 0.02 0.72
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Taxa 1 2 3 4 5 6 7 8 9
U. s. eremus 8 0.94 159 1.44 5.00 0.82 1.23 0.63 0.86
U. arctos 9 2.06 0.77 2.36 6.92 1.76 2.08 1.56 1.00
Dp
U. deningeri 1 2.37 0.46 3.76 0.06 2.24 149 0.36 2.02
U. rossicus 2 1221 2.16 4.23 1.98 0.78 1.10 2.03 0.98
U. k. praekudarensis 3 [0.10 1.98 461 0.33 1.95 1.20 0.01 1.72
U. k. kudarensis 4 14.25 599 3.04 1.93 5.22 4.02 3.40 5.14
U. s. spelaeus 5 10.83 2.77 0.61 258 1.61 1.14 0.30 1.43
U. k. ingressus 6 |0.15 1.93 0.05 2.73 0.53 047 171 0.26
U. k. kanivetz 7 1053 243 0.36 2.76 0.25 0.29 1.08 0.24
U. s. eremus 8 |[0.14 2.01 0.21 4.12 0.93 0.26 0.63 1.49
U. arctos 9 |159 0.70 142 571 223 140 189 1.39
SD
U. deningeri 1 251 1.93 2.08 0.48 0.43 2.10 0.93 2.78
U. rossicus 2 1240 3.54 360 1.70 2.27 0.82 1.82 0.78
U. k. praekudarensis 3 |162 351 0.13 1.61 2.35 3.48 2.57 4.55
U. k. kudarensis 4 13.92 596 1.04 1.61 255 3.61 271 4.90
U. s. spelaeus 5 10.01 220 151 3.32 0.22 1.12 0.17 1.36
U. k. ingressus 6 [0.44 299 141 4.24 0.40 1.78 0.56 2.38
U. k. kanivetz 7 1011 2.04 155 3.26 0.09 0.49 1.20 0.15
U. s. eremus 8 | 145 1.06 2.77 5.44 130 2.04 1.16 1.59
U. arctos 9 |2.68 0.15 3.82 7.50 2.38 3.49 2.17 1.07
Bd
U. deningeri 1 2.13 3.71 4.08 0.83 0.51 0.34 0.54 0.79
U. rossicus 2 | 253 456 4.69 2.29 246 152 1.58 2.56
U. k. praekudarensis 3 | 155 357 0.22 1.32 3.12 291 3.66 2.38
U. k. kudarensis 4 (422 659 1.35 1.27 3.37 2.97 3.86 2.47
U. s. spelaeus 5 [0.65 2.83 0.84 2.60 0.52 0.96 1.14 0.28
U. k. ingressus 6 |0.52 3.23 1.27 4.49 0.70 0.98 0.33
U. k. kanivetz 7 1010 2.33 1.30 3.24 0.28 0.11 0.91
U. s. eremus 8 [1.09 145 240 5.26 0.49 0.32 1.05 1.18
U. arctos 9 184 093 3.06 6.71 157 1.70 1.68 0.64
Dd
U. deningeri 1 2.18 2.75 0.00 2.24 3.38 0.11 2.19 1.38
U. rossicus 2 | 224 3.63 2.28 341 4.01 2.00 3.38 1.14
U. k. praekudarensis 3 1031 221 3.37 0.67 0.87 1.79 0.03 3.54
U. k. kudarensis 4 (284 471 1.76 2.38 4.00 0.12 2.47 1.53
U. s. spelaeus 5 [1.77 3.53 1.23 0.18 0.14 1.84 0.64 2.98
U. k. ingressus 6 |3.08 479 2.15 0.94 0.76 2.32 0.74 4.04
U. k. kanivetz 7 |0.65 257 0.27 151 1.00 1.93 1.57 1.18
U. s. eremus 8 (053 261 0.14 199 1.25 2.37 0.16 3.06
U. arctos 9 206 040 2.02 5.04 3.48 4.99 242 247
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Multivariate analyses

Table S5. Description of the modeled morphological spaces for cave bears and brown bear mtt I.
Correlation coefficients among the measures and dimensions of two morphospace models (MDS
axes: E1-E3, K1-K3); r? — coefficients of determination in the linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”

morphospace morphospace r’ morphospace morphospace r?

El E2 K1 K2 El E2 K1 K2 | K3
GL 0.86 0.35 011 -0.35 0.74 0.88 -0.21 -014 021 036 091
Bp 095 0.18 030 -0.53 0.93 0.9 -0.02 -0.28 045 0.20 0.93
Dp 086 -0.26 058 -0.15 096 0.85 038 -052 0.08 -0.12 0.97
SD 095 0.05 033 -054 093 094 0.09 -030 056 -0.12 0.96
Bd 095 0.26 021 -053 091 0.9 -0.10 -0.20 045 0.15 0.90
Dd 077 061 -023 -021 085 0.78 -0.52 032 018 -0.03 0.9
ip 037 -012 029 -0.38 0.33 021 -021 047 -0.30

Relative variance (%) of dimensions associated with taxonomical composition
64.4 5124 431 55.1 68.2 41.0 51.7 235 12.6
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Fig. S3. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt | in males and females: A, C — models with U. arctos; B — model
without U. arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic
correlation — 0.89); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications
based on the coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2)
morphospaces (numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’
horizontal and vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean”
(centroid) + “sample range” x 0.95.
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Males

Table S6. Description of the modeled morphological spaces of mtt I for males of cave bears and
brown bear. Correlation coefficients among the measures and dimensions of two morphospace
models (MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the linear multiple
regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” morphospace “Shape”
morphospace morphospace  r? morphospace r
El E2 K1 K2 El E2 K1 K2 K3

GL 0.51 047 005 045 066 0.79 -0.25 -0.13 -045 0.29 0.89
Bp 091 0.01 0.22 -0.04 084 0.91 0.03 -0.15 -0.03 0.47 0.84
Dp 0.81 -045 057 -0.31 088 0.75 0.58 -0.56 0.20 0.02 0.94
SD 091 -0.16 0.18 -0.45 0.87 0.88 0.19 -0.09 040 0.38 0.91
Bd 0.88 0.20 0.10 0.01 081 0.88 -0.09 -0.02 -0.04 0.48 0.82
Dd 0.66 050 -0.45 -0.09 0.79 0.62 -0.57 0,52 -0.07 -0.05 0.88
ip 0.13 -0.05 0.02 -0.13 0.06 -0.15 -0.11 -0.53 0.30

Relative variance (%) of dimensions associated with taxonomical composition
73.2 58.0 489 519 82.5 48.6 584 7.7 29.7
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Fig. S4. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt I in males: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.98); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +
“sample range” x 0.95.
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Females

Table S7. Description of the modeled morphological spaces of mtt | for females of cave bears
and brown bear. Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E1-E2, K1-K2): r’ — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” morphospace “Shape”
morphospace morphospace r morphospace  r?
El E2 K1 K2 K3 El E2 K1 K2
GL 063 065 -001 -0.12 033 0.84 091 -0.26 -0.08 0.30 0.87
Bp 097 0.06 055 -0.22 0.27 0.97 097 -0.05 -0.22 0.46 0.95
Dp 090 -0.20 054 027 014 0.97 0.87 0.33 -0.50 0.10 0.96
SD 095 -0.13 0.70 -0.20 0.00 0.97 094 0.10 -0.23 052 0.92
Bd 096 009 052 -021 019 092 0.96 -0.10 -0.13 0.39 0.91
Dd 0.83 0.17 0.22 -0.18 -0.13 0.81 0.80 -0.46 0.22 0.01 0.89
ip 054 -0.15 -0.66 0.03 0.19 0.50 0.34 -0.25 0.24

Relative variance (%) of dimensions associated with taxonomical composition
84.7 56.1 341 127 242 85.6 28.7 17.8 36.7
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Fig. S5. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt | in females: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.90); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +
“sample range” x 0.95.
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METATARSAL BONE Il (MTT II)
Males and females

Table S8. Sample numbers (N), means (M), and standard errors (m) of the variables of mtt |1
among different forms of bears

Form GL Bp Dp SD

N M+m N M+m N M+m N M=+m
U. etruscus 1 60.5 1 115
U. deningeri 35 65.6+0.65 35 15.0+0.21 35 23.5+0.26 35 12.8+0.19
U. k. praekudarensis 25 72.9+1.15 31 17.1+0.36 27 27.2+0.56 31 14.6+0.27
U. k. kudarensis 78 73.4+£0.43 83 17.5+0.17 78 27.7+0.27 87 15.0+0.15
U. rossicus 17 515+0.52 14 11.2+0.29 12 18.5+0.28 14 10.1+0.09
U. s. spelaeus 18 67.9+0.69 18 15.3+0.69 15 23.5+0.54 18 13.6+0.24
U. k. kanivetz 19 68.3£1.07 19 15.9+0.30 17 23.9+0.40 19 13.8+0.26
U. s. eremus 20 69.3£0.93 20 15.2+0.38 20 25.2+0.50 20 13.4+0.33
U. s. ladinicus 11 65.8+0.99 11 15.1+0.36 11 24.1+0.55 11 13.6+0.36
U. k. ingressus 38 70.4+0.68 10 16.4+0.37 10 25.4+0.55 39 14.0+0.22
U. arctos 23 75.8+£1.88 23 13.5+0.56 19 23.5+0.81 23 11.6+0.43

Bd Dd

N M=+m N M+m
U. etruscus 1 17.1 1 12.1
U. deningeri 34 19.2+0.22 32 15.5+0.19
U. k. praekudarensis 29 22.1+0.38 25 17.5+0.34
U. k. kudarensis 82 22.8+0.21 67 17.5+0.13
U. rossicus 17 15.3+0.17 14 12.2+0.10
U. s. spelaeus 18 19.9+0.35 9 16.4+0.34
U. k. kanivetz 19 20.3+0.34 12 15.6+0.39
U. s. eremus 20 20.6+0.39 20 16.6+0.26
U. s. ladinicus 11 20.2+0.48 10 15.8+0.49
U. k. ingressus 38 20.4+0.30 26 16.8+0.24
U. arctos 23 17.8+40.53 20 15.1+0.46
*

- female proposed

Sexual dimorphism

Table S9. Sexual size dimorphism (SSD and ASSD) of mtt 11 in the different forms of cave bears
and brown bear ; p based on Mann-Whitney U Test; v, % - relative variance associated with

SSD.
Measures
GL Bp Dp SD Bd Dd ASSD
U. deningeri
Males 66.9+0.48 15.4+0.17 23.9+0.25 13.0+0.16 19.6+0.17 15.840.16
Females 59.3+1.02 13.4+0.57 21.8+0.55 11.94+0.72 17.440.52 14.1+0.38
SSD 6.0+0.89 6.8+2.08 4.6+1.32 6.0+1.48 5.6+1.38 56
(p<0.001) (p<0.001) (p =0.003) n.s. (p<0.001) (p<0.001) '
v, % 81.1 61.9 55.6 30.7 72.2 65.6
U. rossicus
Males 52.6£0.41 11.5¢0.35 18.8+0.20 10.2+0.11 15.4+0.24 12.1+0.15
Females  48.9+0.38 10.4+0.23  17.4+0.70 10.0+0.18 15.2+0.09 12.2+0.05
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Measures

GL Bp Dp SD Bd Dd ASSD
SSD 3.6+0.55 n.s. n.s. n.s. n.s. n.s. 2.4
(p=0.002)
v, % 79.4 - - - - -
U. k. praekudarensis
Males 76.1£0.67 18.0£0.22  28.5+0.29 15.2+0.24 23.1+0.19 18.440.19
Females  64.7+0.53  14.5+0.61 22.7+£0.91 12.6£0.16 18.9+0.41 15.240.30
SSD 8.1+0.61 10.8+2.02  11.3+1.88 9.2+1.04 10.1£1.09 9.8+1.05 9.9
(p<0.001) (p<0.001)  (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 91.6 78.1 92.8 75.2 90.4 89.0
U. k. kudarensis
Males 75.6+0.31 17.9+0.18 28.7+0.27 15.5+0.18 23.6+0.23 17.94+0.13
Females  69.4+0.50 16.7+0.27  26.2+0.41 14.3+0.23 21.5+0.31 16.7+0.16
SSD 4.3+0.41 3.5+0.97 4.6+0.89 4.0+0.98 4.54+0.86 3.6+0.61 41
(p<0.001) (p=0.004)  (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 77.3 18.5 50.3 14.2 25.8 47.6
U. s. spelaeus
Males 70.6£0.55 16.1+0.40 25.0+0.74 14.2+0.39 20.84+0.61 17.4+0.28
Females 657+0.51 14.8+0.18 22.1+0.31 13.2+0.22 19.24+0.24 15.6+0.16
SSD 3.6£0.55 4.3+1.44 6.2+1.70 3.6£1.63 4.1£1.63 5.4+0.99 45
(p<0.001) (p=0.003) (p=0.006) (p=0.03) (p=0.006) (p=0.02) '
v, % 68.9 29.7 79.7 39.2 40.5 87.8
U. s. ladinicus
Males 68.5+0.98 16.2+0.25  25.7+0.65 14.4+0.47 21.3+0.68 16.9+1.03
Females 63.5+0.86 14.2+0.23  22.8+0.24 12.9+0.33 19.3+0.40 15.1+0.15
SSD 3.8+0.99 6.8+1.13 6.0+£1.43 5.6+2.10 5.1+£1.94 5.7+£3.26 55
(p=0.004) (p=0.004) (p=0.008) (p=0.03) (p=0.02) (p=0.02) '
v, % 67.6 85.7 74.4 46.6 58.0 44.0
U. s. eremus
Males 74.2+40.56 17.0+0.50 27.5+0.70 15.0+0.41 22.7+0.26 17.8+0.23
Females  66.7+0.59 14.2+0.23  24.0+0.34 12.6+0.23 19.5+0.23 15.94+0.22
SSD 5.3+0.58 8.9+1.77 6.8+1.51 8.6+1.71 7.5+0.86 5.6+0.95 713
(p<0.001) (p<0.001) (p=0.002) (p<0.001) (p<0.001) (p<0.001) '
v, % 88.1 78.5 73.5 76.2 87.4 75.5
U. k. ingressus
Males 75.2+40.51 17.5£0.40 27.24+0.55 15.5+0.30 22.5+0.34 17.8+0.16
Females  68.0+0.51 15.7+0.28  24.240.29 13.3+0.16 19.3+0.18 15.9+0.23
SSD 5.1+0.50 5.54+1.48 5.841.22 7.7+1.18 7.6+0.92 5.7+£0.82 6.2
(p<0.001) (p=0.009) (p=0.009) (p=0.009) (p<0.001) (p=0.009) '
v, % 81.7 66.9 81.9 91.5 95.9 94.5
U. kanivetz
Males 73.7+£1.59 17.1£0.26  25.0+0.30 14.7+0.39 21.9+0.21 16.9+0.81
Females  65.9+0.65 15.3+0.31 23.5+0.50 13.4+0.27 19.6+0.32 15.0+£0.24
SSD 5.6£1.23 5.6+1.23 4.5+1.69 5.7+£0.92 51
(p<0.001) (p=0.002) n.s. (p=0.04) (p=0.04) n.s. '
v, % 88.0 74.7 - 28.6 84.2 -
U. arctos
Males 80.3+2.18 15.1+0.61 26.1+0.78 12.8+0.50 19.4+0.59 16.5+0.47
Females 68.9+1.85 11.5+0.52  20.7+0.70 10.0+0.31 15.7+0.38 13.5+0.37
SSD 7.6£1.82 13.6+3.05 11.44+2.25 12.5+2.59 10.3+2.01 10.2+2.00 10.9

(p=) (=) (=) (=) (=) (p=)
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Measures
GL Bp Dp SD Bd Dd

ASSD

v, % 48.4 78.1 72.4 75.2 76.1 68.1

Univariate statistic

Table S10. Kruskal-Wallis test z' values (males - above diagonal and females — under diagonal)
for measures of mtc 1. The statistical significance values, according to 2-tailed p values, have
been underlined.

Taxa |1 2 3 4 5 6 7 8 9 10
GL
U. deningeri 1 152 5.81 6.98 1.02 4.60 2.39 2.85 0.34 6.46
U. rossicus 2 10.35 6.07 6.69 2.04 5.13 3.19 3.62 1.29 6.69
U. k. praekudarensis 3 |1.36 1.66 041 3.14 057 1.42 121 312 114
U. k. kudarensis 4 1499 5.06 351 3.21 0.30 1.29 1.06 3.12 1.69
U. s. spelaeus 5 12.00 2.27 056 3.29 251 1.23 153 0.43 3.89
U. k. ingressus 6 [3.96 4.10 243 1.62 2.04 0.94 0.71 2.60 1.58
U. k. kanivetz 7 233 259 0.83 3.26 0.28 1.90 0.23 150 2.20
U. s. eremus 8 |2.82 3.04 134 255 0.85 1.20 0.61 1.77 2.04
U. s. ladinicus 9 |0.86 1.17 0.47 3.88 1.04 286 1.32 181 3.79
U. arctos 10 [3.73 3.90 2.37 0.86 2.00 0.35 1.85 1.28 2.77
Bp
U. deningeri 1 199 5.79 6.54 0.81 252 2.46 251 0.89 0.51
U. rossicus 2 |1.29 6.20 6.50 2.23 3.51 3.55 3.63 2.12 2.14
U. k. praekudarensis 3 1097 221 041 3.15 050 1.12 1.29 240 4.17
U. k. kudarensis 4 |3.79 4.74 2093 3.13 0.32 095 1.13 2.31 4.34
U. s. spelaeus 5 |1.40 2.63 0.42 2.65 1.67 144 142 0.19 0.35
U. k. ingressus 6 |227 332 146 0.84 1.14 0.38 0.46 1.36 2.06
U. k. kanivetz 7 12,02 319 1.05 2.10 0.65 0.64 0.08 1.11 1.89
U. s. eremus 8 |0.73 2.08 0.37 4.02 0.86 1.93 1.62 1.07 1.90
U. s. ladinicus 9 |041 166 0.53 3.25 0.94 1.86 153 0.25 0.50
U. arctos 10 | 1.07 0.47 2.27 6.16 2.85 3.61 3.68 2.17 1.53
Dp
U. deningeri 1 1.70 6.03 7.29 0.92 2.08 0.67 3.09 1.12 2.08
U. rossicus 2 |1.07 596 6.50 2.05 2.93 1.74 3.86 2.13 3.06
U. k. praekudarensis 3 10.85 1.77 0.05 3.08 1.13 2.82 0.98 2.39 2.52
U. k. kudarensis 4 1414 432 3.04 3.28 1.16 296 1.02 250 2.74
U. s. spelaeus 5 1019 1.27 0.72 4.40 1.16 0.10 1.71 0.27 0.76
U. k. ingressus 6 |1.97 269 112 159 192 1.17 0.30 0.85 0.59
U. k. kanivetz 7 1158 240 059 3.12 150 0.71 1.67 0.34 0.80
U. s. eremus 8 |212 282 112 243 210 0.19 0.65 1.30 1.09
U. s. ladinicus 9 /081 1.74 0.05 3.10 0.68 1.17 0.64 1.18 0.40
U. arctos 10 {0.40 0.82 1.34 5.44 0.65 257 227 291 1.29
SD
U. deningeri 1 1.86 4.89 6.78 1.70 4.81 2.33 292 1.77 0.29
U. rossicus 2 11.20 540 6.52 2.87 543 3.34 3.88 2.81 1.85
U. k. praekudarensis 3 1039 158 0.89 1.64 0.74 0.67 0.28 1.00 3.64
U. k. kudarensis 4 |3.55 4.44 3.26 2.34 011 1.22 0.84 152 4.75
U. s. spelaeus 5 136 249 0.98 243 2.06 0.67 1.06 0.31 1.30
U. k. ingressus 6 |1.81 297 141 289 0.33 1.14 0.80 142 3.84
U. k. kanivetz 7 1192 3.00 155 192 0.58 0.37 0.34 0.31 1.92
U. s. eremus 8 |047 1.76 0.03 4.11 1.11 1.73 1.82 0.64 2.42
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Taxa 1 2 3 4 5 6 7 8 9 10
U. s. ladinicus 9 10.87 1.97 051 242 0.38 0.70 0.90 0.55 1.44
U. arctos 10 (156 0.05 2.07 6.62 3.36 4.37 4.16 2.47 2.53

Bd
U. deningeri 1 182 570 746 125 3.75 2.02 3.25 154 0.24
U. rossicus 2 091 6.28 7.43 2.48 4.71 3.08 4.21 259 1.77
U. k. praekudarensis 3 |1.19 2.07 0.49 272 1.04 155 0.58 1.77 4.41
U. k. kudarensis 4 455 5.36 3.28 3.29 158 195 0.93 2.14 5.38
U. s. spelaeus 5 [1.65 257 0.39 3.24 1.69 0.76 1.69 0.43 0.93
U. k. ingressus 6 [2.08 3.06 0.67 4.02 0.25 0.71 0.24 0.97 3.00
U. k. kanivetz 7 1241 331 1.13 254 0.80 0.71 0.83 0.27 1.68
U. s. eremus 8 [2.22 3.13 093 2.83 0.57 0.43 0.25 1.07 2.76
U. s. ladinicus 9 159 243 0.47 249 0.13 0.06 0.55 0.35 1.27
U. arctos 10 (0.86 0.20 2.24 6.79 290 3.72 3.89 3.66 2.64
Dd

U. deningeri 1 1.77 6.17 5.88 1.76 3.90 1.46 3.15 1.19 1.42
U. rossicus 2 10.91 6.47 6.04 2.71 471 244 4.06 2.19 2.68
U. k. praekudarensis 3 [1.14 1.95 154 1.72 143 2.00 1.24 2.27 3.61
U. k. kudarensis 4 1440 4.81 3.20 0.99 0.31 1.29 0.29 157 2.81
U. s. spelaeus 5 [1.78 2.49 0.76 1.89 0.72 0.22 0.63 0.43 0.74
U. k. ingressus 6 |[2.72 3.38 1.50 2.03 0.47 1.00 0.04 1.25 2.03
U. k. kanivetz 7 11.07 191 0.11 3.50 0.88 1.69 0.89 0.21 0.47
U. s. eremus 8 284 3.48 164 177 0.61 0.19 1.83 112 1.71
U. s. ladinicus 9 095 1.76 0.15 3.20 0.88 1.59 0.05 1.72 0.22
U. arctos 100.46 058 1.74 5.76 2.37 3.67 169 3.79 1.50
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Fig. S6. The scatterplots of measures (GL — Dd) of mtt 11 and their UPMGA classification, and
single linkage dendrograms of measurements based on the correlation metric. et — U. etruscus, a
— U. arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s
—U. s. spelaeus, k,U — U. k. kanivetz, U, k,EE — Ursus. kanivetz, EE, e — U. s. eremus, | - U. s.
ladinicus..
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Table S11. Statistical parameters of measures of mtt 1l among different bears and sexes: m — males, f— females.

Taxa . . . .
X z 3 =z 5 =z 3 =z 3 =z 5 = 3
S ' - 1N ! o on o oNn o) oA o S A g=] s=la
n O] Og o 0O 05 o a 05 n n Nng T 20| n 5 8 (@] [
o &» o & O &H P &» o & &

U. etruscus 1 605 1 115 1 171 1 121
U. rossicus 5 489 08 4 104 047 3 174 122 4 100 037 5 152 021 4 122 0.10
12 526 143 10 115 112 9 188 059 10 102 034 12 154 084 10 121 0.46
U. deningeri 6 593 249 6 134 140 6 218 134 6 119 177 6 174 128 6 141 0.93

29 669 259 29 154 092 29 239 134 29 130 087 28 196 087 26 158 0.82
7 647 140 8 145 173 6 227 223 7 126 043 7 189 109 7 152 0.78
18 761 283 23 180 107 21 285 135 24 152 116 22 231 091 18 184 0.81
28 694 264 31 167 152 30 262 223 35 143 137 30 215 169 24 16.7 0381
50 756 219 52 179 141 48 287 186 52 155 128 52 236 167 43 179 0.87

U. k. praekudarensis

U. k. kudarensis

(o]

U. s. spelaeus 10 657 160 10 148 058 8 221 088 10 132 070 10 192 075 5 156 0.36
706 155 8 161 114 7 250 195 8 142 109 8 208 171 4 174 057

U. k. kanivetz, EE 25 680 254 6 157 068 6 242 072 26 133 083 25 193 091 14 159 0.85
13 752 18 4 175 080 4 272 111 13 155 1.08 13 225 122 12 178 054

U. k. kanivetz, U 13 659 236 13 153 110 12 235 173 13 134 098 13 196 116 8 150 0.68
6 737 389 6 171 063 5 250 067 6 147 095 6 219 050 4 169 1.63

U. s. eremus 13 667 213 13 142 082 13 240 123 13 126 084 13 195 091 13 159 0.80
7 742 149 7 170 133 7 275 184 7 150 108 7 227 068 7 17.8 0.60

U. s. ladinicus 6 635 210 6 142 058 6 228 060 6 129 081 6 193 097 6 151 0.37
5 685 219 5 162 056 5 257 145 5 144 104 5 213 152 4 169 206

U. arctos 10 689 584 10 115 165 9 207 210 10 100 097 10 157 119 9 135 1.11
13 803 785 13 151 220 10 261 245 13 128 179 13 194 213 11 165 155
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Fig. S7. The scatterplot of Index plumpness (ip) and GL of mtt II: et — U. etruscus, a — U. arctos,
r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s — U. s.
spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus. Point —
males, square — females.
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Multivariate analysis

Table S12. Description of the modeled morphological spaces for cave bears and brown bear mitt
I1. Correlation coefficients among the measures and dimensions of two morphospace models
(MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the linear multiple regression
models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace morphospace r?
El E2 K1 K2 El E2 K1 K2
GL 0.83 047 030 028 094 094 -0.25 0.15 043 0.92
Bp 095 -0.010 -012 034 094 09 -0.05 0.11 0.15 0.95
Dp 096 0.21 015 053 094 095 -0.19 -0.04 047 0.96
SD 093 -0.18 -031 045 095 0.93 0.16 0.40 0.34 0.96
Bd 096 -0.04 -009 060 096 0.96 -0.00 0.15 039 094
Dd 095 0.22 005 049 092 095 -0.27 0.15 029 094
ip 046 -0.35 -0.30 0.59 0.43 0.44 0.13 0.14

Relative variance (%) of dimensions associated with taxonomical composition
61.2 40.9 314  39.0 65.7 5.4 12.2 21.1
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Fig. S8. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt Il in males and females: A, C — models with U. arctos; B — model
without U. arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic
correlation — 0.92; F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications
based on the coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2)
morphospaces (numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’
horizontal and vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean”
(centroid) + “sample range” x 0.95.
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Males

Table S13. Description of the modeled morphological spaces for males of cave bears and brown
bear mtt 11. Correlation coefficients among the measures and dimensions of two morphospace
models (MDS axes: E1-E2, K1-K2); r* — coefficients of determination in the linear multiple
regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” morphospace “Shape”
morphospace morphospace  r? morphospace r
El E2 K1 K2 El E2 K1 K2
GL 0.85 049 0.09 042 08 094 0.23 0.08 0.61 0.94
Bp 0.94 0.08 -0.31 0.31 092 094 0.04 0.04 030 0.94
Dp 0.96 0.28 -0.13 0.62 0.95 0.96 0.16 -0.09 057 094
SD 0.93 -0.14 -054 036 095 094 -0.19 0.35 044 0.96
Bd 0.95 0.03 -0.30 0.54 0.93 0.96 -0.04 0.06 052 0.94
Dd 0.94 0.20 -0.22 0.43 0.89 0.9 0.10 0.07 043 0.91
ip 049 -0.36 -0.44 0.38 0.46 -0.48 0.15 0.07

Relative variance (%) of dimensions associated with taxonomical composition
83.2 389 29.7 350 88.2 8.1 6.9 423
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Fig. S9. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt Il in males: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.90); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +
“sample range” x 0.95.
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Females

Table S14. Description of the modeled morphological spaces for females of cave bears and
brown bear mtt 1. Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace morphospace r?
El E2 K1 K2 El E2 K1 K2
GL 0.67  0.60 0.15 0.31 0.83 091 -0.10 0.05 0.31 0.82
BP 096 -0.15 -0.43 0.35 0.91 094 0.08 0.35 0.16 0.89
BD 092 0.10 -0.20 0.31 0.89 091 -0.14 0.07 0.07 0.89
SD 092 -0.35 -0.61 0.12 0.94 089 034 0.55 0.16 0.92
DP 096 -0.18 -0.50 0.40 0.94 095 -0.04 0.37 0.18 0.90
DD 094 0.03 -0.25 0.56 0.94 092 -0.30 0.08 0.49 0.96
ip 033 -0.41 -0.69 0.27 0.33 0.13 0.47 -0.09

Relative variance (%) of dimensions associated with taxonomical composition
73.3 57.1 46.0 15.6 70.7 10.1 24.4 19.9
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Fig. S10. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt Il in females: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.86); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +
“sample range” x 0.95.
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METATARSAL BONE Il (MTT I11)
Males and females

Table S15. Sample numbers (N), means (M), and standard errors (m) of the variables of mtt 111
among different forms of bears

Form GL Bp Dp SD

N M=£m N M=£m N M=£m N M+m
U. etruscus 1 78.0 1 12.5
U. deningeri 38 75.4+0.92 38 18.7+0.34 37 28.6+0.45 38 14.1+0.25
U. k. praekudarensis 19 81.8+1.22 24 19.4+0.32 22 31.3+0.45 23 15.2+0.28
U. k. kudarensis 68 83.4+0.49 75 19.8+0.18 70 31.0+0.24 76 16.2+0.14
U. rossicus 17 58.8+0.58 17 14.2+0.32 17 23.3+0.43 17 11.5+0.14
U. s. spelaeus 18 78.8+1.19 18 19.1+0.44 15 29.6+0.72 18 15.9+0.33
U. k. kanivetz 22 78.4+1.04 24 18.9+0.46 21 29.8+0.69 24 15.7+0.28
U. s. eremus 20 78.1+£1.29 20 19.3+0.46 20 30.0+0.54 20 14.8+0.33
U. s. ladinicus 14 71.7+£0.91 14 17.6£0.51 14 27.9+0.57 14 13.8+0.36
U. k. ingressus 55 80.6+0.63 27 19.4+0.40 25 30.840.48 55 16.2+0.22
U. arctos 30 76.9+1.49 30 16.2+0.52 17 25.7£1.10 31 12.0+0.34

Bd Dd

N M=+m N M+m
U. etruscus 1 18.2 1 14.7
U. deningeri 38 20.7£0.34 35 16.9+0.27
U. k. praekudarensis 20 22.5+0.43 17 18.1+0.33
U. k. kudarensis 69 23.2+0.20 63 18.5+0.13
U. rossicus 17 16.3+0.17 12 12.7+0.11
U. s. spelaeus 18 21.8+0.47 11 18.2+0.39
U. k. kanivetz 21 21.8+0.36 17 17.8+0.30
U. s. eremus 20 21.7+£0.38 20 17.6+0.32
U. s. ladinicus 14 20.3+0.48 14 16.4+0.26
U. k. ingressus 55 22.4+0.27 41 18.0+0.24
U. arctos 31 17.5£0.45 19 15.9+0.55

Sexual dimorphism

Table S16. Sexual size dimorphism (SSD and ASSD) of mtt Il in the different forms of cave
bears and brown bear ; p based on Mann-Whitney U Test; v, % - relative variance associated
with SSD.

Measures
GL Bp Dp SD Bd Dd ASSD
U. deningeri
Males 80.5+0.77 20.3+0.43  30.9+0.55 15.1+0.35 22.2+0.50 18.0+0.37
Females 71.2+0.70 17.5+0.31  26.8+0.35 13.3+0.24 19.5+0.27 16.0+0.23
SSD 6.1+0.68 7.441.41 7.1+£1.13 6.4+1.49 6.5+1.36 5.9+1.30 6.6
(p<0.001) (p<0.001)  (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 82.6 57.4 69.6 52.4 56.5 54.8
U. rossicus

Males 60.3+0.35 14.4+0.50 23.8+0.56 11.3+0.23 16.5+0.22 12.94+0.04
Females 56.1+0.55 14.0+0.24  22.3+0.49 11.6+0.13 15.9+0.19 12.6+0.21
SSD 3.6+0.56 n.s. (p=0.045) n.s. n.s. n.s. 1.7
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Measures

GL Bp Dp SD Bd Dd ASSD
(p<0.001)
v, % 81.5 - - - - -
U. k. praekudarensis
Males 84.0+£0.71 20.0+£0.21  32.0+0.33 15.7£0.25 23.3+0.38 18.5+0.35
Females  73.9+1.44 17.0+0.54  28.1+0.84 13.5+0.39 20.2+0.38 16.8+0.42
SSD 6.4+1.02 8.1+1.56 6.5+1.51 7.4+1.60 7.3+1.24 4.8+1.55 6.8
(p<0.001) (p<0.001) (p=0.002) (p<0.001) (p<0.001) (p =0.015) '
v, % 84.0 81.1 73.2 55.0 82.0 44.6
U. k. kudarensis
Males 86.8+0.41 20.4+1.48 32.0+1.71 16.8+0.20 24.0+0.26 19.0+0.21
Females 80.3+0.42 19.1+1.47  30.0+1.79 15.6+0.16 22.5+0.24 18.0+0.18
SSD 3.9+0.35 3.2+0.86 3.2+0.68 3.5+0.80 3.3+0.76 2.7+0.59 29
(p<0.001) (p<0.001)  (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 78.3 18.1 33.5 33.8 38.4 36.6
U. s. spelaeus
Males 84.6+1.35 21.2+0.64 32.3£0.77 17.5+0.38 24.0+0.67 19.34+0.45
Females  75.9+0.79 18.0+0.27  28.2+0.67 15.0+0.20 20.7+0.25 17.2+0.22
SSD 5.4+0.97 8.3+1.78 6.9+1.68 7.6£1.32 7.5+1.61 5.6£1.37 6.9
(p<0.001) (p<0.001) (p=0.001) (p<0.001) (p<0.001) (p=0.009) '
v, % 78.5 68.2 71.6 89.8 83.6 90.7
U. s. ladinicus
Males 75.8+0.91 18.6+0.68 29.8+0.67 14.9+0.51 21.9+0.50 17.3+0.20
Females 69.3+0.51 16.9+0.64  26.6+0.43 12.9+0.24 19.1+0.35 15.7+0.18
SSD 4.0+0.72 ns 5.6+1.41 7.0+£2.05 7.0+£1.49 4.7+0.80 55
(p<0.001) - (p=0.003) (p=0.01) (p=0.001) (p=0.001) '
v, % 81.7 - 69.0 62.0 76.8 83.9
U. s. eremus
Males 84.0+1.27 21.5+0.33  32.4+0.58 16.3+0.34 23.4+0.42 19.0+0.33
Females  74.2+0.76 17.9+0.30  28.4+0.34 13.7+0.17 20.5+0.22 16.6+0.20
SSD 6.2+0.94 9.1+1.15 6.6+1.11 8.6+1.27 6.4+1.09 6.7+1.10 73
(p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 83.6 86.2 80.2 85.0 80.8 81.2
U. k. ingressus
Males 85.240.55 21.6+0.47  33.5+0.50 17.8+£0.22 24.3+0.28 19.3+0.21
Females  77.2+0.41 18.1+0.22  29.3+0.26 15.0+0.15 21.6+0.16 16.8+0.18
SSD 4.94+0.43 8.9+1.32 6.7+0.90 8.5+0.81 7.5+0.72 6.8+0.77 79
(p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 87.4 84.0 87.0 90.1 86.0 73.8
U. kanivetz
Males 84.1+0.67 20.9+0.58  32.1+1.04 16.6+0.44 23.240.59 19.2+0.34
Females  75.1+0.54 17.140.33  28.0+0.50 15.0+0.24 21.0+£0.27 17.1+0.15
SSD 5.7+0.55 8.7+1.76 6.8+£1.93 5.1+1.58 5.0+1.47 5.9+1.02 6.2
(p<0.001) (p<0.001) (p=0.009) (p=0.003) (p=0.006) (p<0.001) '
v, % 93.4 79.8 69.0 67.6 74.5 84.0
U. arctos
Males 86.3+3.22 19.3+1.33  29.3+£1.72 13.8+0.64 20.4+0.71 17.7+0.62
Females 735+0.93 15.140.27  23.2+0.75 11.2+0.27 16.440.32 14.24+0.45
SSD 8.0£2.11  12.443.96 11.6+3.59 10.1+2.78 10.942.12 10.74+2.43 106

(p<0.001)  (p<0.001) (p=0.002)  (p<0.001)  (p<0.001)  (p<0.001)
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Univariate analysis

Table S17. Kruskal-Wallis test z' values (males - above diagonal and females — under diagonal)
for measures of mtt 111. The statistical significance values, according to 2-tailed p values, have
been underlined.

Taxa /1 2 3 4 5 6 7 8 9 10
GL
U. deningeri 1 221 198 5.10 188 3.21 1.84 1.75 1.21 2.68
U. rossicus 2 | 159 3.90 6.83 3.45 5.13 3.55 3.46 0.55 4.32
U. k. praekudarensis 3 |110 213 254 0.36 0.92 0.17 0.08 2.65 0.98
U. k. kudarensis 4 |751 6.35 3.17 143 185 1.87 1.98 4.73 0.96
U. s. spelaeus 5 (294 3.61 097 2.99 0.29 0.19 0.27 2.54 0.48
U. k. ingressus 6 |4.83 471 1.68 290 0.86 0.57 0.67 3.49 0.31
U. k. kanivetz 7 1235 3.17 050 3.97 0.65 1.70 0.08 2.53 0.72
U. s. eremus 8 [1.70 2.71 0.12 434 1.10 2.19 0.50 2.45 0.80
U. s. ladinicus 9 |090 0.67 1.62 6.24 3.16 4.38 2.68 2.17 3.20
U. arctos 10 |{1.68 2.72 0.07 5.72 154 3.05 0.87 0.28 2.15
Bp
U. deningeri 1 3.75 043 0.34 1.21 1.88 0.89 185 1.82 1.07
U. rossicus 2 |2.83 3.47 4.37 4.04 4.97 4.14 4.79 1.37 2.29
U. k. praekudarensis 3 1055 1.80 0.85 153 229 1.28 222 154 0.76
U. k. kudarensis 4 13.63 5.04 2.65 1.08 1.83 0.72 1.78 2.19 144
U. s. spelaeus 5 /096 330 1.17 1.93 0.34 0.42 0.40 2.49 1.92
U. k. ingressus 6 |1.38 3.66 1.42 1.84 0.27 0.88 0.09 3.13 2.55
U. k. kanivetz 7 10.02 272 054 3.13 0.86 1.23 0.92 236 1.72
U. s. eremus 8 /0.81 3.20 1.07 2.09 0.13 0.42 0.73 3.07 2.50
U. s. ladinicus 9 041 218 0.18 297 1.13 1.45 040 1.01 0.75
U. arctos 10 {356 0.65 1.64 7.74 4.00 4.76 3.20 3.85 2.22
Dp
U. deningeri 1 3.04 131 139 125 271 1.71 1.46 1.09 0.66
U. rossicus 2 11.85 415 4.42 3.43 5.03 4.18 3.90 1.47 1.96
U. k. praekudarensis 3 1096 215 0.10 0.38 1.67 0.65 0.44 2.06 1.68
U. k. kudarensis 4 549 5.09 1.87 0.46 1.90 0.79 055 2.13 1.74
U. s. spelaeus 5 1186 299 0.32 222 0.88 0.14 0.01 1.92 1.60
U. k. ingressus 6 |3.55 410 1.17 110 1.15 0.88 1.02 3.13 2.84
U. k. kanivetz 7 1146 273 0.01 294 043 1.70 0.16 2.34 2.01
U. s. eremus 8 196 3.06 0.32 240 0.01 1.23 0.44 2.14 1.81
U. s. ladinicus 9 /036 1.36 1.10 4.24 1.82 3.07 1.48 1.88 0.40
U. arctos 10 {1.97 0.30 2.16 6.34 3.29 4.80 3.00 3.42 1.28
SD
U. deningeri 1 2.22 053 3.24 319 513 226 1.59 0.39 0.98
U. rossicus 2 |1.66 2.64 4.72 451 6.10 3.85 3.24 146 1.17
U. k. praekudarensis 3 1013 1.37 2.68 2.83 4.64 1.83 1.17 0.78 1.43
U. k. kudarensis 4 |553 5.17 3.03 1.29 2.63 0.12 0.68 2.58 3.64
U. s. spelaeus 5 |3.10 3.78 199 1.16 0.27 1.19 155 294 3.64
U. k. ingressus 6 |3.87 4.17 2.13 1.74 0.10 195 2.34 3.98 5.20
U. k. kanivetz 7 1316 3.81 197 133 0.08 0.01 0.47 211 2.84
U. s. eremus 8 (042 1.84 0.17 4.08 2.37 2.76 2.38 1.60 2.23
U. s. ladinicus 9 |0.57 0.98 0.53 4.48 298 3.35 2.99 0.85 0.42
U. arctos 10250 0.02 1.66 8.46 5.25 6.68 5.41 255 1.27

Bd
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Taxa 1 2 3 4 5 6 7 8 9 10
U. deningeri 1 323 1.11 257 148 3.13 1.13 1.02 0.75 1.73
U. rossicus 2 |2.08 4.14 5.79 3.85 6.14 3.73 3.63 1.76 1.19
U. k. praekudarensis 3 10.62 2.09 1.19 0.64 183 0.20 0.10 155 2.63
U. k. kudarensis 4 |591 5.87 2.76 0.14 0.86 0.72 0.83 253 3.94
U. s. spelaeus 5 [1.73 3.18 0.60 2.99 0.65 041 049 183 2.69
U. k. ingressus 6 [3.02 4.07 1.13 3.19 0.65 1.26 1.37 2.96 4.36
U. k. kanivetz 7 (242 3.68 1.04 2.38 0.56 0.01 0.09 155 247
U. s. eremus 8 |[141 294 0.38 3.35 0.29 1.00 0.86 1.47 2.37
U. s. ladinicus 9 (063 129 100 4.83 195 281 248 1.69 0.68
U. arctos 10 |2.73 0.28 2.30 9.07 4.07 6.07 4.81 3.74 1.38

Dd

U. deningeri 1 2.65 058 2.26 194 274 181 151 1.48 0.40
U. rossicus 2 222 3.01 440 3.74 470 3.70 3.56 0.97 2.09
U. k. praekudarensis 3 |1.13 257 146 148 199 1.32 0.97 1.87 0.88
U. k. kudarensis 4 |552 593 1.83 0.61 0.79 0.37 0.12 3.15 2.28
U. s. spelaeus 5 1217 356 0.62 1.29 0.13 0.21 0.60 2.81 2.08
U. k. ingressus 6 [2.07 3.66 0.05 3.43 0.81 0.14 0.66 3.50 2.71
U. k. kanivetz 7 1214 3.65 0.33 2.24 0.41 0.45 0.39 2.73 1.96
U. s. eremus 8 [1.09 2.88 0.38 3.53 1.23 0.68 0.98 2.52 1.69
U. s. ladinicus 9 |0.75 1.27 152 4.62 243 226 237 154 1.03
U. arctos 10175 0.69 221 6.31 3.30 3.49 3.43 254 0.72
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Fig. S11. The scatterplots of measures (GL — Dd) of mtt I11 and their UPMGA classification, and
single linkage dendrograms of measurements based on the correlation metric. et — U. etruscus, a
— U. arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s
—U. s. spelaeus, k — U. k. kanivetz, U, i — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus..
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Table S18. Statistical parameters of measures of mtt 111 among different bears and sexes: m — males, f — females.

Taxa =

S 1 | _IS Z. o 0_8 Z. o 0_8 Z. a) 08 Z. i) '(38 Z, o '03
o O OB o o ms o a) 03B N n NnIT o o Mo © O 03z
0) N om N 0O h o0 h m nh 0O N

U. etruscus 1 780 1 125 1 182 1 147
U. rossicus 6 561 055 5 140 024 5 223 049 6 116 013 6 159 019 6 126 021
11 603 035 8 144 050 8 238 056 7 113 023 11 165 022 6 129 0.04
U. deningeri 21 712 070 21 175 031 21 268 035 21 133 024 21 195 0.27 19 16.0 023

17 805 0.77 17 203 043 16 309 055 17 151 035 17 222 050 16 180 0.37

5 739 144 5 170 054 4 281 084 5 135 039 5 202 038 4 168 0.42
14 840 071 19 200 021 18 320 033 18 157 025 15 233 038 13 185 0.35

36 803 042 38 191 024 36 300 030 38 156 016 36 225 024 33 180 0.8
32 868 041 37 204 024 34 320 029 38 168 020 33 240 026 30 190 0.13

12 759 079 12 180 027 10 282 067 12 150 020 12 207 025 6 172 0.22
846 135 6 212 064 S5 323 07/ 6 175 038 6 240 067 5 193 045

32 772 041 17 181 022 16 293 026 32 150 015 32 210 016 22 168 0.18
23 852 05 10 216 047 9 335 050 23 178 022 23 243 028 19 193 0.21

U. k. praekudarensis
U. k. kudarensis
U. s. spelaeus

U. k. ingressus

U. k. kanivetz 14 751 054 14 175 033 12 280 050 14 150 024 13 210 027 11 171 0.5
8 841 067 10 209 058 9 321 104 10 166 044 8 232 059 6 192 034
U. s. eremus 12 742 0.6 12 179 030 12 284 034 12 137 017 12 205 022 12 16.6 0.20

8 840 127 8 215 033 8 324 058 8 163 034 8 234 042 8 190 0.33
8 693 051 8 169 064 8 266 043 8 129 024 8 191 035 7 157 0.18
6 750 091 6 186 068 6 298 067 6 149 051 6 219 050 6 173 0.20
22 735 093 22 151 027 10 232 05 22 112 027 22 164 032 10 142 045
8§ 8.3 322 8 193 133 7 293 172 9 138 064 9 204 071 9 17.7 0.62

U. s. ladinicus

U. arctos

3S=+3+3+3 -3 3 3 3 +~3 -3 =3
(o]
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Fig. S12. The scatterplot of Index plumpness (ip) and GL of mtt I1I: et — U. etruscus, a — U.
arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s — U.
s. spelaeus, k — U. k. kanivetz, U, i — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus. Point —
males, square — females.

Multivariate analysis

Table S19. Description of the modeled morphological spaces for males of cave bears and brown
bear mtt 111. Correlation coefficients among the measures and dimensions of two morphospace
models (MDS axes: E, K1-K2); r* — coefficients of determination in the linear multiple
regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r? morphospace morphospace r?
E K1 K2 E K1 K2

GL 0.89 035 017 091 0.94 0.21 0.16 091
Bp 0.91 024 -031 0.93 0.90 -0.31 021  0.95
Dp 0.94 0.01 -0.15 0.90 0.92 -0.01 -0.16 094
SD 0.91 -0.20  0.09 091 0.90 0.22 001 084
Bd 0.95 -0.10 -0.02 0.94 0.95 0.15 0.13 091
Dd 0.96 0.14 0.02 092 0.95 0.10 022 091
ip 0.30 -0.54  -0.30 0.29 -0.07  -0.06

Relative variance (%) of dimensions associated with taxonomical composition

55.2

38.7

17.1

56.6

11.0

16.5
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Fig. S13. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt I11 in males and females: A — models with U. arctos; B — model
without U. arctos; C — NJ tree; D — UGMA dendrogram (cophenetic correlation — 0.96); E —
Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 and K1 axes are equal to the “sample mean” (centroid) + “sample

range” x 0.95.
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Males

Table S20. Description of the modeled morphological spaces for males of cave bears and brown
bear mtt I11. Correlation coefficients among the measures and dimensions of two morphospace
models (MDS axes: E, K1-K3): r* — coefficients of determination in the linear multiple
regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace morphospace r?
E K1 K2 E K1 K2
GL 0.89 0.42 0.29 0.90 0.93 0.41 046 091
Bp 0.88 -0.18 032 094 0.87 -0.18 050 094
Dp 0.89 0.04 -0.09 0.85 0.88 0.14 0.07 0.88
SD 0.87 023 -019 0.84 0.87 0.27 0.19 0.79
Bd 0.91 0.25 -0.04 0.86 0.93 0.32 035 0.87
Dd 0.94 035 020 0.9 0.94 0.34 047 091
ip 0.33 -0.18  -0.37 0.31 -0.03 -0.11

Relative variance (%) of dimensions associated with taxonomical composition
78.7 30.2 30.9 87.7 27.7 22.7
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Fig. S14. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt I11 in males: A — models with U. arctos; B — model without U.
arctos; C — NJ tree; D — UGMA dendrogram (cophenetic correlation — 0.95); E — Sattath-
Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the coordinates of
samples’ centroids in the “size” (E) and “shape” (K1, K2) morphospaces (numbers near the
nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and vertical projection onto
the E1 and K1 axes are equal to the “sample mean” (centroid) + “sample range” x 0.95.
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Females

Table S21. Description of the modeled morphological spaces for females of cave bears and
brown bear mtt I11. Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E, E1-E2, K1-K2); r? — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace morphospace r?
E K1 K2 El E2 K1 K2
GL 0.82 0.18 036 076 0.92 0.06 0.12 0.48 0.89
Bp 0.88 0.15 -0.02 081 083 0.43 -0.12  -0.03 0.88
Dp 0.94 0.09 -014 093 091 0.19 -0.02 027 0.86
SD 0.91 -0.37  0.02 095 091 -0.34 0.54 025 0.97
Bd 0.96 -0.19 -0.03 096 0.95 -0.07 0.31 0.35 0.90
Dd 0.95 0.09 013 091 093 0.18 0.06 0.26 0.88
ip 0.19 -0.42  -0.39 0.21 -0.24 035 -0.09

Relative variance (%) of dimensions associated with taxonomical composition
81.2 17.9 18.6 76.4 11.8 21.4 28.7
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Fig. S15. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt I11 in females: A — models with U. arctos; B — model without U.
arctos; C — NJ tree; D — UGMA dendrogram (cophenetic correlation — 0.95); E — Sattath-
Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the coordinates of
samples’ centroids in the “size” (E, E1, E2) and “shape” (K1, K2) morphospaces (numbers near
the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and vertical projection
onto the E1 and K1 axes are equal to the “sample mean” (centroid) + “sample range” x 0.95.
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METATARSAL BONE IV (MTT IV)
Males and females

Table S22. Sample numbers (N), means (M), and standard errors (m) of the variables of mtt IV
among the different forms of bears

Form GL Bp Dp SD

N M=£m N M=£m N M=£m N M+m
U. etruscus 2 78.5 2 12.05
U. deningeri 37 82.0£0.80 37 20.6+0.26 36 27.7+0.43 38 14.9+0.23
U. k. praekudarensis 16 89.9+1.84 19 24.0+0.66 17 30.1+0.79 19 16.7+0.39
U. k. kudarensis 80 93.4+0.58 96 24.2+0.27 90 31.7+0.28 96 17.7+0.15
U. rossicus 28 64.5+0.57 20 16.9+0.31 20 22.4+0.33 20 12.2+0.16
U. s. spelaeus 18 86.6+1.33 18 21.5+0.46 13 31.7+0.81 18 16.0+0.30
U. k. kanivetz 20 82.5+1.53 22 20.2+0.45 19 29.3+0.75 22 15.9+0.32
U. s. eremus 20 86.6+1.11 20 20.1+0.26 20 32.4+0.73 20 15.7+0.36
U. s. ladinicus 12 82.4+1.89 12 19.3£0.50 12 30.5+1.02 12 14.1+0.48
U. k. ingressus 53 87.3£0.81 24 22.5+0.38 23 31.840.53 55 16.3+0.23
U. arctos 23 84.3+1.75 23 18.8+0.57 18 25.9+0.86 23 12.5+0.37

Bd Dd

N M=+m N M+m
U. etruscus 2 18.1 2 13.8
U. deningeri 36 22.5+0.32 36 17.7+0.22
U. k. praekudarensis 15 24.7£0.66 13 19.4+0.63
U. k. kudarensis 79 26.3+0.22 72 20.0+0.13
U. rossicus 28 17.7+0.17 18 13.6+0.16
U. s. spelaeus 17 23.5+0.50 5 19.1+0.78
U. k. kanivetz 19 23.0£0.51 15 17.5+0.45
U. s. eremus 20 23.8+£0.38 20 19.1+0.27
U. s. ladinicus 12 22.3+0.66 9 17.8+0.45
U. k. ingressus 53 23.7£0.29 37 18.740.21
U. arctos 23 19.0+0.50 17 16.3+0.50

Sexual dimorphism

Table S23. Sexual size dimorphism (SSD and ASSD) of mtt 1V in the different forms of cave
bears and brown bear; p based on Mann-Whitney U Test; v, % - relative variance associated

with SSD.
Measures
GL Bp Dp SD Bd Dd ASSD
U. deningeri
Males 86.6+1.00 21.6+0.47 30.1+0.54 16.1+0.39 23.9+0.51 18.6+0.29
Females 79.0+0.51 19.9+0.24  26.2+0.31 14.2+0.15 21.6+0.28 17.0+0.20
SSD 4.6+0.68 3.9+1.26 7.0£1.10 6.3+1.38 5.1£1.29 4.6+£1.00 59
(p<0.001) (p<0.001)  (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 76.4 325 72.8 59.5 49.0 60.7
U. rossicus
Males 66.4+0.38 17.3+0.43  23.0+0.25 12.6+0.15 18.0+0.14 13.840.12
Females 61.1+0.55 16.2+0.25  21.2+0.60 11.6+0.21 17.0+0.27 13.1+0.32
SSD 4.1+0.52 3.1+1.49 4.2+1.46 3.9+1.07 3.1+0.88 n.s. 3.5
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Measures

GL Bp Dp SD Bd Dd ASSD
(p<0.001) (p=0.046) (p=0.006) (p=0.002) (p<0.001)
v, % 7.7 55.3 63.2 59.4 76.7 -
U. k. praekudarensis
Males 95.5£1.22 25.840.64  32.4+0.63 17.9+0.28 26.8+0.46 21.3+0.36
Females 82.6+1.12 21.5+0.61 27.6£0.90 15.0+£0.27 22.3+0.32 17.240.34
SSD 7.2+0.93 9.1+1.87 8.0+1.84 8.7+1.20 9.1+1.14 10.6+1.28 88
(p<0.001) (p<0.001) (p=0.002) (p<0.001) (p<0.001) (p =0.001) '
v, % 90.8 81.7 72.4 83.4 94.1 90.6
U. k. kudarensis
Males 96.6+0.50 24.4+0.35 33.0+0.33 18.3+0.17 27.2+0.25 20.5+0.15
Females  88.6+0.57 23.9+0.43  30.0+0.33 16.9+0.20 25.0+0.27 19.2+0.17
SSD 4,3+0.41 n.s. 4.8+0.74 3.9+0.76 4.2+0.70 3.1+0.58 35
(p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 73.5 0.0 43.6 32.6 39.5 44.7
U. s. spelaeus
Males 93.2+1.51 23.5£0.74  34.5+1.07 17.2+0.41 25.4+0.80 20.24+0.49
Females 83.3+0.79 20.5+0.29  30.0+0.53 15.4+0.29 22.440.36 17.440.80
SSD 5.6+0.97 6.8+1.82 7.1+£1.86 5.3+1.55 6.3+1.85 ns 6.4
(p<0.001) (p=0.001) (p=0.003) (p=0.002) (p=0.003) e '
v, % 93.1 73.4 20.2 4.8 35.9 -
U. s. ladinicus
Males 91.6+£3.05 21.1+1.11  35.2+1.79 16.5+0.71 25.34+1.05 20.0+0.10
Females 79.3+1.02 18.6+0.40  28.9+0.62 13.3+0.23 21.2+0.44 17.1+0.21
SSD 7.2+1.89 6.2+2.98 9.9+2.97 11.0+£2.51 8.8+2.45 s 85
(p=0.009) (p=0.036) (p=0.018) (p=0.009) (p=0.009) - '
v, % 91.3 54.3 92.1 93.3 92.4 -
U. s. eremus
Males 92.3+0.74 21.2+0.31 35.6+0.76 17.44+0.49 25.8+0.31 20.3+0.31
Females  83.6+0.78 19.5+0.24  30.7+0.66 14.840.24 22.840.26 18.5+0.22
SSD 5.0£0.61 4.2+0.98 7.441.52 8.1+1.70 6.2+0.84 4.84+0.99 6.0
(p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 85.2 64.9 69.5 75.9 84.4 71.9
U. k. ingressus
Males 93.5+1.05 23.840.98  33.8+1.31 18.2+0.25 26.0+0.24 19.6+0.23
Females  84.4+0.64 22.1+0.36  31.1+0.46 15.4+0.18 22.6+0.26 18.0+0.25
SSD 5.1+£0.70 s, ns. 8.5+0.92 7.0+0.73 4.14+0.90 54
(p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 78.1 - - 63.2 57.9 41.0
U. kanivetz
Males 92.0+£1.99 21.9+0.43 33.3+1.19 17.8+0.15 26.3+0.45 19.9+0.50
Females  79.4+1.00 19.6+0.50  27.9+0.58 15.4+0.30 21.9+0.28 16.6+0.27
SSD 7.4+1.30 5.54+1.59 8.7+2.17 7.1+1.01 9.2+41.11 9.0+1.57 78
(p<0.001) (p=0.006) (p=0.001) (p=0.001) (p<0.001) (p=0.001) '
v, % 86.0 66.7 77.4 83.2 88.2 83.5
U. arctos
Males 90.4+2.60 21.0+0.86 28.1+0.89 14.1+0.38 21.2+0.55 17.7+0.50
Females 797+1.37 17.140.31  23.1+0.86 11.3+0.26 17.34+0.31 14.7+0.41
SSD 6.3+£1.73  10.0+2.40 9.7+£2.43 11.2+1.82 10.2+1.65 9.4+2.00 95

(p=0.001) (p<0.001)  (p<0.001)  (p<0.001)  (p<0.001)  (p<0.001)




Metacarpal and metatarsal bones of cave bears 47

Univariate analysis

Table S24. Kruskal-Wallis test z' values (males - above diagonal and females — under diagonal)
for measures of mtt IV. The statistical significance values, according to 2-tailed p values, have
been underlined.

Taxa |1 2 3 4 5 6 7 8 9 10
GL
U. deningeri 1 1.83 340 547 195 2.83 167 158 1.36 1.24
U. rossicus 2 | 215 5.09 8.17 3.36 4.85 2.97 3.06 241 2091
U. k. praekudarensis 3 1199 341 0.50 0.93 1.05 1.03 1.42 0.86 2.02
U. k. kudarensis 4 |7.01 7.62 259 1.56 2.18 1.61 222 127 3.19
U. s. spelaeus 5 293 437 040 2.63 0.12 0.14 0.40 0.12 0.84
U. k. ingressus 6 |4.30 555 0.73 3.20 0.34 0.28 0.62 0.23 1.24
U. k. kanivetz 7 1051 242 151 5.66 2.28 3.24 0.24 0.00 0.64
U. s. eremus 8 |3.10 4.53 0.47 2.61 0.08 0.25 2.42 0.20 0.43
U. s. ladinicus 9 |035 209 144 4.78 2.07 2.75 0.07 2.18 0.54
U. arctos 10 /0.83 2.63 1.22 5.03 1.90 2.71 0.31 2.03 0.34
Bp
U. deningeri 1 2.74 351 3.16 147 1.69 0.26 0.41 0.30 0.48
U. rossicus 2 |3.14 6.04 6.50 3.59 3.81 2.26 1.85 1.35 2.04
U. k. praekudarensis 3 |157 3.86 143 138 1.17 2.38 3.33 2.47 3.69
U. k. kudarensis 4 |4.67 6.29 1.49 0.53 0.28 1.73 2.83 1.91 3.32
U. s. spelaeus 5 10.66 3.34 0.90 3.00 0.19 0.96 1.63 1.28 1.77
U. k. ingressus 6 |2.88 508 062 1.11 181 114 182 143 1.98
U. k. kanivetz 7 1056 2.62 192 4.84 110 3.21 0.56 0.44 0.61
U. s. eremus 8 |0.65 241 193 453 115 311 0.12 0.00 0.01
U. s. ladinicus 9 |157 146 260 4.99 193 3.74 1.06 0.91 0.01
U. arctos 10 {3.21 052 3.90 7.31 3.36 555 253 226 1.14
Dp
U. deningeri 1 236 184 3.13 2.76 2.35 1.95 3.87 2.48 0.77
U. rossicus 2 |1.71 3.91 597 4.46 4.17 3.66 577 3.89 1.40
U. k. praekudarensis 3 |119 239 0.43 1.17 0.69 0.42 2.00 1.19 241
U. k. kudarensis 4 |5.02 5.08 219 1.06 048 0.16 2.12 1.07 3.65
U. s. spelaeus 5 310 391 158 0.17 0.48 0.66 0.61 0.20 3.21
U. k. ingressus 6 |523 541 279 1.17 0.95 0.22 1.16 0.61 2.84
U. k. kanivetz 7 1163 281 0.14 252 1.63 3.13 1.33 0.77 2.44
U. s. eremus 8 |4.56 4.99 245 0.78 0.70 0.25 2.70 0.31 4.29
U. s. ladinicus 9 |230 328 0.86 1.18 0.77 1.89 0.82 1.58 2.89
U. arctos 10 {1.23 046 2.00 4.76 3.57 5.12 240 4.68 2.91
SD
U. deningeri 1 2.33 243 4.11 1.02 3.68 1.55 1.39 0.20 1.50
U. rossicus 2 210 451 6.76 2.79 594 3.20 3.24 158 0.65
U. k. praekudarensis 3 |146 291 0.69 0.93 0.88 0.30 0.68 1.29 3.61
U. k. kudarensis 4 1641 6.31 2.80 1.63 0.40 0.84 1.39 1.80 5.26
U. s. spelaeus 5 249 3.77 0.63 2.43 171 051 0.25 0.52 214
U. k. ingressus 6 |3.09 419 056 3.81 0.21 0.99 1.49 1.89 4.81
U. k. kanivetz 7 |252 3.81 0.48 3.03 0.21 0.04 0.28 0.93 2.58
U. s. eremus 8 |119 281 041 397 118 1.26 1.06 0.74 2.53
U. s. ladinicus 9 |127 081 226 591 3.14 355 3.16 2.10 1.12
U. arctos 10{2.70 0.06 3.41 8.19 4.55 5.45 4.72 3.44 1.01

Bd
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Taxa 1 2 3 4 5 6 7 8 9 10
U. deningeri 1 2.63 2.61 421 096 2.04 167 134 0.80 141
U. rossicus 2 |3.11 4.94 8.00 2.99 4.95 3.57 3.50 2.32 0.90
U. k. praekudarensis 3 1095 3.24 0.33 1.27 0.99 0.51 1.04 0.96 3.68
U. k. kudarensis 4 |546 745 2.62 1.87 193 0.88 1.63 1.30 5.36
U. s. spelaeus 5 |113 3.67 0.01 3.12 0.56 0.66 0.27 0.05 2.05
U. k. ingressus 6 |1.77 466 0.16 4.25 0.18 0.26 0.25 0.36 3.31
U. k. kanivetz 7 1028 3.10 0.68 4.41 0.80 1.22 0.42 0.49 2.65
U. s. eremus 8 [180 432 047 266 052 047 1.39 0.16 2.45
U. s. ladinicus 9 |041 223 114 442 129 172 0.60 1.83 1.66
U. arctos 101 3.23 0.14 3.29 8.04 3.78 4.97 3.18 4.49 2.23

Dd

U. deningeri 1 229 394 397 168 146 139 247 114 0.65
U. rossicus 2 | 2.67 5.61 6.22 3.03 3.63 2.90 4.22 2.30 1.42
U. k. praekudarensis 3 1041 244 152 1.08 2.78 1.63 1.26 1.18 4.12
U. k. kudarensis 4 |5.18 6.30 2.90 0.21 2.19 0.78 0.13 0.45 3.99
U. s. spelaeus 5 1042 184 0.15 1.62 0.83 0.37 0.10 0.22 2.00
U. k. ingressus 6 233 433 1.13 2.76 0.54 0.44 1.31 043 1.91
U. k. kanivetz 7 [0.66 1.90 0.86 4.90 0.73 2.59 0.56 0.09 1.75
U. s. eremus 8 1295 471 1.72 1.36 0.96 0.95 3.14 0.34 2.79
U. s. ladinicus 9 |0.10 2.26 0.26 3.44 0.33 154 0.60 2.13 1.45
U. arctos 10| 2.34 0.38 2.15 6.15 1.62 4.07 156 4.48 1.96
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Fig. S16. The scatterplots of measures (GL — Dd) of mtt IV and their UPMGA classification, and
single linkage dendrograms of measurements based on the correlation metric. et — U. etruscus, a
— U. arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s
—U. s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus.
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Table S25. Statistical parameters of measures of mtt 1V among different bears and sexes: m — males, f— females.

Taxa =

S ' - _IS Z. o 0_8 Z. o 0_8 Z- o) QS Z- o '(38 Z, ge; '08
1 B 0 OT o m Mo o (a) 03T n n NI - m mo © (@) N o
G) ) Hh 0O n o Hn n 0O )
U. etruscus 1 735 1 115 1 172 1 130
1 835 1 126 1 19.0 1 145
U. rossicus 10 611 055 7 162 025 7 212 060 7 116 021 10 170 027 7 131 0.32
18 66.4 038 13 173 043 13 230 025 13 126 015 18 180 0.14 11 138 0.12
U. deningeri 22 790 051 23 199 024 22 262 031 23 142 015 22 216 028 21 170 0.20
15 86.6 100 14 216 047 14 301 054 15 161 039 14 239 051 15 186 0.29
U. k. praekudarensis 7 826 112 8 215 061 8 276 090 8 150 027 7 223 032 6 172 034
9 955 122 11 258 064 9 324 063 11 179 028 8 268 046 7 213 0.36

U. k. kudarensis 32 886 057 40 239 043 38 300 033 39 169 020 33 250 027 28 19.2 0.17
48 96.6 050 56 244 035 52 330 033 57 183 017 46 272 025 44 205 0.15

12 833 079 12 205 029 8 300 053 12 154 029 11 224 036 2 174 0.80
932 151 6 235 074 S5 345 10/ o6 172 041 6 254 080 3 202 049

36 844 064 18 221 036 17/ 311 046 38 154 018 36 226 026 22 180 0.25
17 935 105 6 238 098 6 338 131 17 182 025 17 260 024 15 196 0.23

U. s. spelaeus

U. k. ingressus

U. k. kanivetz 15 794 100 17 196 050 14 279 058 17 154 030 14 219 028 11 1l6.6 0.27
5 920 19 &5 219 043 5 333 119 o5 178 015 5 263 045 4 199 0.50
U. s. eremus 13 836 0./8 13 195 024 13 307 066 13 148 024 13 228 026 13 185 0.22

7 923 074 7 212 031 7 36 076 7 174 049 7 258 031 7 203 031

S=+3=+3+3 -3 3 3 +-3 -3 3 -~ -3
(o]

U. s. ladinicus 9 793 102 9 186 040 9 289 062 9 133 023 9 212 044 7 171 o021
3 9016 305 3 211 111 3 352 179 3 165 071 3 253 1.05 2 200 0.10
U. arctos 13 797 137 13 171 031 8 231 086 13 113 026 13 173 031 8 147 041
10 904 260 10 210 086 10 281 089 10 141 038 10 212 055 9 17.7 0.50
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Fig. S17. The scatterplot of Index plumpness (ip) and GL of mtt IV: et — U. etruscus, a — U.
arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s — U.
s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus. Point —
males, square — females.

Multivariate analysis

Table 26. Description of the modeled morphological spaces for cave bears and brown bear mtt
IV. Correlation coefficients among the measures and dimensions of two morphospace models
(MDS axes: E1-E2, K1-K2); r* — coefficients of determination in the linear multiple regression
models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r? morphospace morphospace r?
El E2 K1 K2 El E2 K1 K2
GL 092 -0.09 -006 -002 088 0.96 0.08 0.04 047 0.92
Bp 084 -045 010 -040 094 0.82 -0.49 -043 023 0.98
Dp 088 022 -010 029 091 0386 0.32 0.34 021 092
SD 093 020 -040 -0.06 093 0.93 0.16 0.07 056 0.89
Bd 096 015 -033 -0.08 096 0.97 0.15 0.03 0.60 0.96
Dd 096 004 -015 -0.07 092 0.9 0.11 -0.02 047 0.92
ip 032 026 -053 -0.23 0.33 0.15 -0.06  0.53

Relative variance (%) of dimensions associated with taxonomical composition

69.4

29.9

15.8

38.1

69.9

25.5

29.8

37.3
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Fig. S18. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces

reproduced variation of mtt IV in males and females: A, C —
without U. arctos; C — “size” morphospace; D — NJ tree; E —

models with U. arctos; B — model
UGMA dendrogram (cophenetic

correlation — 0.85); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications

based on the coordinates of samples’ centroids in the “size”
p

(E1, E2) and “shape” (K1, K2)

morphospaces (numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’
horizontal and vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean”

(centroid) + “sample range” x 0.95.
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Males

Table S27. Description of the modeled morphological spaces for males of cave bears and brown
bear metatarsal IV. Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E1-E2, K1-K3): r’ — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” morphospace “Shape”
morphospace morphospace  ? morphospace  r?
E K1 K2 E K1 K2

GL 0.93 0.42 0.46 0.88 0.96 0.46 051 0.92
Bp 0.78 -0.05 0.55 0.89 0.77 -0.10 0.61 0.91
Dp 0.87 0.59 0.04 0.91 0.86 0.63 0.09 0.91
SD 0.92 0.57 0.39 0.87 0.93 0.55 0.48 0.87
Bd 0.96 0.59 0.48 0.94 0.96 0.56 055 0.94
Dd 0.97 0.50 0.49 0.93 0.97 0.50 0.54 0.92
ip 0.34 0.43 0.33 0.33 0.33 0.28

Relative variance (%) of dimensions associated with taxonomical composition
88.5 425 40.9 91.7 39.5 413
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Fig. S19. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt IV in males: A, C — models with U. arctos; B — model without U.
arctos; C — NJ tree; E — UGMA dendrogram (cophenetic correlation — 0.89); D — Sattath-
Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the coordinates of
samples’ centroids in the “size” (E, E1, and E2) and “shape” (K1, K2) morphospaces (numbers
near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and vertical
projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) + “sample

range” x 0.95.
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Females

Table S28. Description of the modeled morphological spaces for females of cave bears and
brown bear mtt V. Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E, K1-K2); r? — coefficients of determination in the linear
multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” morphospace “Shape”
morphospace morphospace  r? morphospace  r?
E K1 K2 E K1 K2
GL 0.88 -0.04 0.35 0.82 0.95 0.25 0.29 0.88
Bp 0.84 -0.24 0.36 0.79 0.82 0.38 -0.08 0.81
Dp 0.85 0.32 0.03 0.90 0.81 -0.26 0.22 0.88
SD 0.90 -0.29 -0.18 0.93 0.89 0.30 0.55 0.87
Bd 0.95 -0.24 -0.04 0.94 0.95 0.35 0.45 0.92
Dd 0.93 -0.08 0.18 0.88 0.92 0.19 0.26 0.85
ip 0.25 -0.43 -0.37 0.26 0.30 0.41

Relative variance (%) of dimensions associated with taxonomical composition
82.5 518 33.1 79.5 526 24.0
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Fig. S20. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt IV in females: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.89); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +
“sample range” x 0.95.
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METATARSAL BONE V (MTT V)
Males and females

Table S29. Sample numbers (N), means (M), and standard errors (m) of the variables of mtt V
among different forms of bears

Form GL Bp Dp SD

N M=£m N M=£m N M=£m N M+m
U. etruscus 1 75.5 1 10.5
U. savini 1 76.1 1 28.0 1 29.2 1 13.9
U. deningeri 33 83.5+1.12 30 28.4+0.60 33 30.5+0.67 35 13.6+0.24
U. k. praekudarensis 17 92.1+1.39 17 31.0+0.81 18 31.0+0.71 22 15.3+0.33
U. k. kudarensis 45 93.4+0.61 56 33.6+0.30 58 34.1+0.39 60 16.1+0.15
U. rossicus 17 64.6+0.61 13 23.4+0.36 14 25.1+0.51 15 11.2+0.15
U. s. spelaeus 11 90.0+2.24 9 28.4+0.89 11 28.6+0.56 11 14.1+0.44
U. k. kanivetz 36 81.6+1.11 35 28.8+0.52 35 33.4+0.63 36 13.7+0.28
U. s. eremus 20 87.1+£1.38 20 29.5+0.69 20 31.3+0.89 20 13.6+0.33
U. s. ladinicus 8 79.5+1.05 6 25.6+0.47 8 27.3:0.96 8 12.4+0.24
U. k. ingressus 37 90.8+0.91 13 30.5+0.82 13 31.3+1.06 37 14.2+0.19
U. arctos 23 86.842.39 21 24.4+0.93 18 27.0+£1.15 23 11.9+0.43

Bd Dd

N M=+m N M+m
U. etruscus 1 175 1 13.4
U. savini 1 22.3 1 15.1
U. deningeri 35 22.9+0.38 34 17.7+0.25
U. k. praekudarensis 19 25.0+0.60 21 19.4+0.48
U. k. kudarensis 44 25.9+0.25 43 20.0+0.17
U. rossicus 18 18.4+0.17 14 13.6+0.14
U. s. spelaeus 11 23.6+0.67 5 18.4+0.51
U. k. kanivetz 36 27.7£0.50 33 19.9+0.34
U. s. eremus 20 23.7+£0.42 19 18.8+0.30
U. s. ladinicus 7 21.0+047 7 17.4+0.27
U. k. ingressus 36 24.2+0.33 30 19.1+0.23
U

. arctos 23 19.8+0.57 17 16.0+0.53
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Sexual size dimorphism

Table S30. Sexual size dimorphism (SSD and ASSD) of mtt V in the different forms of cave
bears and brown bear; p based on Mann-Whitney U Test; v, % - relative variance associated
with SSD.

Measures
GL Bp Dp SD Bd Dd ASSD
U. deningeri
Males 91.741.66 32.0+0.58 34.2+1.19 15.0+0.49 25.0+0.63 19.1+0.36
Females 79.9+0.48 26.6+0.47  28.9+0.56 13.0+0.19 22.1+0.34 17.1+0.22
SSD 6.9+1.01 9.2+1.28 8.3+2.09 6.9+1.87 6.3+1.53 5.7+1.18 79
(p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) (p<0.001) '
v, % 85.2 77.9 55.4 56.9 53.8 58.9
U. rossicus
Males 66.1£0.44  23.5+0.37 24.9+0.59 11.2+0.16 18.4+0.24 13.6+0.17
Females  61.9+0.55 23.3+1.13 25.7+1.12 11.1+0.45 18.3+£0.24 13.6+0.23
SSD 3.3£0.55 n.s. n.s. n.s. n.s. n.s. 0.6
(p=0.001) '
v, % 82.7 - - - - -
U. k. praekudarensis
Males 94.9+1.15 32.9+0.4 32.1+1.75 16.4+0.20 26.5+£0.36 20.2+0.48
Females  854+1.19 26.6+0.98  28.2+0.79 15.6+0.18 22.0+0.81 17.5+£0.79
SSD 5.3+£0.92 10.5+1.9 6.5+1.82 9.1+1.84 9.3+1.83 7.3+2.46 8.0
(p=0.003) (p=0.002)  (p=0.014) (p=0.002) (p <0.001) (p=0.017) '
v, % 82.7 86.1 444 76.4 77.1 28.8
U. k. kudarensis
Males 95.8+0.44 34.7+0.36  34.9+0.52 19.9+0.22 26.4+0.26 20.2+0.21
Females 88.9+0.58 32.1+0.33  32.9+0.49 17.1+0.5 25.0+0.41 19.6+0.26
SSD 3.7+0.40 3.840.73 3.0+1.1 2.2+0.83 2.840.95 1.7+0.83 29
(p<0.001) (p<0.001) (p=0.011) (p=0.02) (p=0.004) (p=0.03) '
v, % 81.9 38.1 6.4 12.6 25.0 13.4
U. s. spelaeus
Males 95.8+1.61 30.0+0.91  29.8+0.50 15.2+0.27 25.3+0.46 20.0*
Females  83.1+1.37 27.2+1.24  27.2+1.24 12.8+0.40 21.6+0.44 18.0+0.41
SSD 7.1+1.18 s 4.8+1.38 8.6+1.73 8.0+£1.36 s 6.5
(p=0.008) s (p=0.02) (p=0.008) (p=0.008) s '
v, % 87.5 0.0 54.6 33.2 73.9 -
U. s. ladinicus
Males 81.8+0.65 26.8+0.90 29.4+1.07 12.9+0.33 22.2+0.23 17.7+0.41
Females 77.2+1.09 25.0+0.28  25.3+0.57 12.0+0.17 20.1+0.36 16.9+0.07
SSD 2.9+0.08 ns. 7.5+2.23 ns. ns. ns. 4.7
(p=0.03) (p=0.03) '
Vv, % 75.5 - 79.0 - - -
U. s. eremus
Males 92.1+1.14 32.0+0.65  34.9+0.53 14.7+0.35 25.3+0.22 20.0+0.80
Females 82.2+1.15 27.0+0.52  27.7+0.44 12.54+0.22 22.0+0.32 17.6+0.21
SSD 5.6+0.93 8.3+1.32 11.5+1.11 8.2+1.54 6.9+0.82 6.3+£0.74 78
(p<0.001) (p<0.001)  (p<0.001) (p=0.002) (p<0.001) (p<0.001) '
v, % 78.3 77.2 91.5 73.3 87.4 87.9

U. k. ingressus
Males 95.4+0.73  32.94+0.51 34.0+1.17 15.0+£0.18 25.8+0.30 21.0+£0.26
Females  86.0+0.55 27.8+0.60  28.3+0.68 13.3+0.20 22.6+0.23 18.1+0.13
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SSD

v, %

Males
Females
SSD

v, %

Males
Females
SSD

v, %

Measures

GL Bp Dp SD Bd Dd ASSD
5.2+0.50 8.4+1.30 9.1+2.19 5.94+0.95 6.5+0.79 5.2+0.77 6.7
(p<0.001) (p=0.003) (p=0.01) (p<0.001) (p<0.001) (p<0.001) '

81.8 88.3 61.5 71.8 77.4 86.1

U. k. kanivetz

89.1£0.76  32.7+0.39  37.4+0.83 15.7+0.42 30.0+0.95 21.1+0.83
77.9+0.94 27.0£0.33  31.6+0.49 12.7+0.14 26.6+0.43 19.3+0.28
6.7+0.72 9.6+0.86 8.5+1.40 10.3+1.57 6.0+1.84 4.242.17 76
(p<0.001) (p<0.001) (p<0.001) (p<0.001) (p=0.002) (p=0.005) '

77.0 87.6 77.4 84.7 75.4 33.9

U. arctos

92.5+£3.51 26.7+1.25 29.1+1.53 13.1+0.58 21.4+0.81 17.3+0.62
82.4+2.80 22.6+1.12 24.8+1.45 11.0+0.51 18.6+0.63 14.8+0.64
5.7£2.57 8.3+3.41 8.5+43.21 6.9+2.56 7.7+2.78 75
(p=0.02) (p=0.01) (p=0.02) (p=0.01) (p=0.002) '

12.5 21.2 27.4 19.7 23.8 45.3
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Fig. S21. The scatterplots of measures (GL — Dd) of mtt \V and their classification: et — U.
etruscus, a — U. arctos, sa — U. savini, r — U. rossicus, d — U. deningeri, pk — U. k.

praekudarensis, ku — U. k. kudarensis, s — U. s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e

—U.s. eremus, | — U. s. ladinicus.
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Table S31. Statistical parameters of measures of mtt VV among different bears and sexes: m — males, f — females.

T ] ; ] ] ; )
axa - S 5 = >z s =z > =z >
$ . 8 @2 4 & 82552 & 824 8 825 B B2 8 8BS
7o 58 5 8 5 9 5 3 g 0 3
U. etruscus 1 755 1 10.5 1 17.5 1 13.4
U. savini 1 761 1 280 1 292 000 1 13.9 1 223 1 151
U. rossicus 6 619 134 3 233 19 3 257 193 3 111 078 6 183 059 3 13.6 0.40
11 66.1 146 10 235 117 11 249 197 12 112 055 12 184 082 11 136 0.55
U. deningeri 23 799 231 20 266 209 23 289 268 25 130 097 25 221 172 24 171 1.07

10 917 525 10 320 18 10 342 376 10 150 154 10 250 200 10 191 115
5 854 265 5 266 220 5 282 177 6 134 119 6 220 198 6 175 194
12 949 400 12 329 138 13 321 272 16 160 093 13 265 130 15 202 184
16 889 232 23 321 157 23 329 234 23 156 08 16 250 165 15 19.6 1.00
29 958 239 33 347 206 35 349 306 37 164 121 28 264 140 28 202 1.09
5 831 306 S5 272 278 S5 271 134 5 128 09 S5 216 098 4 180 0.82
9%8 394 4 300 162 o6 298 122 6 152 065 6 253 113 1 20.0 0.00
18 8.0 231 6 278 147 6 283 167 18 133 086 18 226 099 15 181 0.1
19 9%4 319 7 329 136 7 340 310 19 150 076 18 258 128 15 201 1.01

U. k. praekudarensis
U. k. kudarensis
U. s. spelaeus

U. k. ingressus

U. k. kanivetz 24 779 460 24 270 160 24 316 241 24 127 067 24 266 212 23 193 134
12 891 262 11 327 130 11 374 275 12 157 146 12 300 328 10 211 2.63
U. s. eremus 10 822 364 10 270 163 10 277 139 10 125 071 10 220 100 10 176 0.67

10 921 360 10 320 206 10 349 169 10 147 112 10 253 0.70 10 20.0 0.56

U. s. ladinicus 4 772 218 4 250 05 4 2653 114 4 120 03 4 201 071 3 169 0.12

4 818 129 2 268 127 4 294 215 4 129 066 3 222 040 4 177 0.82

U. arctos 13 824 101 12 226 387 9 248 436 13 110 184 13 186 228 9 148 192
9 8

10 925 111 9 267 3.75 291 460 10 131 182 10 214 255 173 1.75

S=+3 3 +3 -3 3 -3 -3 3 3 3 -
(o]
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Table S32. Kruskal-Wallis test z' values (males - above diagonal and females — under diagonal)
for GL and BP of mtt V between bear taxa. The statistical significance values, according to 2-
tailed p values, have been underlined.

Taxa /1 2 3 4 5 6 7 8 9 10
GL
U. deningeri 1 322 134 218 157 171 128 0.12 1.95 0.03
U. rossicus 2 |2.63 4.74 6.23 4.36 5.47 2.06 3.09 0.43 3.19
U. k. praekudarensis 3 1232 3.88 0.66 0.47 0.25 2.75 147 3.00 1.37
U. k. kudarensis 4 1534 6.15 1.15 0.02 0.45 3.92 2.33 3.67 2.22
U. s. spelaeus 5 (148 3.19 0.66 1.97 0.30 2.71 1.67 3.04 1.59
U. k. ingressus 6 [4.05 526 0.25 1.35 1.08 3.29 185 332 174
U. k. kanivetz 7 1075 216 2.78 6.06 1.93 4.79 1.15 1.06 1.25
U. s. eremus 8 |1.36 3.33 1.15 3.03 0.39 192 1.95 1.86 0.09
U. s. ladinicus 9 |1.02 1.01 253 4.09 191 3.30 0.61 1.80 1.93
U. arctos 10/0.80 3.01 165 391 0.86 2.73 145 0.56 1.45
Bp
U. deningeri 1 3.10 0.68 2.67 1.10 0.63 0.58 0.03 1.41 2.09
U. rossicus 2 |1.56 3.92 6.51 124 3.44 3.75 3.07 0.38 0.93
U. k. praekudarensis 3 10.06 1.36 2.00 1.63 0.04 0.09 0.71 1.81 2.84
U. k. kudarensis 4 1518 4.16 3.15 3.05 157 2.05 2.71 2.83 5.12
U. s. spelaeus 5 10.36 1.57 0.23 2.85 153 155 1.08 0.51 0.51
U. k. ingressus 6 |1.10 2.09 0.80 2.34 0.55 0.12 0.66 1.75 2.52
U. k. kanivetz 7 065 1.90 0.34 4.75 0.04 0.69 0.61 1.75 2.70
U. s. eremus 8 |0.65 1.85 0.40 3.52 0.13 0.50 0.14 1.40 2.06
U. s. ladinicus 9 |1.15 044 098 4.09 1.20 1.77 153 1.49 0.17
U. arctos 10 (2.62 0.01 1.85 7.14 2.13 294 3.27 2.82 0.57
Dp
U. deningeri 1 3.97 124 052 216 0.08 1.83 0.53 2.02 2.20
U. rossicus 2 |151 297 556 1.22 3.68 595 4.52 0.93 1.61
U. k. praekudarensis 3 1035 1.03 217 121 120 3.22 1.80 1.18 1.13
U. k. kudarensis 4 1396 341 2.72 295 0.35 1.78 0.15 2.61 3.20
U. s. spelaeus 5 |1.15 0.49 0.62 3.52 2.08 3.78 2.62 0.12 0.20
U. k. ingressus 6 |0.44 1.02 0.05 2.99 0.60 157 0.40 197 2.09
U. k. kanivetz 7 1291 290 2.08 1.09 288 231 1.29 3.42 4.03
U. s. eremus 8 |1.01 0.83 0.38 4.09 0.34 0.35 3.27 2.42 2.72
U. s. ladinicus 9 |213 030 1.46 4.28 0.87 1.47 3.71 1.30 0.30
U. arctos 10 {2.38 0.02 1.37 535 0.66 1.39 457 1.21 0.36
SD
U. deningeri 1 3.26 1.77 246 0.34 0.06 0.92 059 1.83 1.84
U. rossicus 2 | 217 553 6.84 3.15 3.85 4.39 2.65 054 1.34
U. k. praekudarensis 3 1036 211 0.53 1.12 2.04 0.84 243 3.22 3.82
U. k. kudarensis 4 14.84 4.44 2.70 158 3.02 144 319 3.72 4.77
U. s. spelaeus 5 (/046 151 0.64 3.29 0.33 0.44 0.85 1.96 1.94
U. k. ingressus 6 |0.86 256 0.22 3.60 0.97 1.01 0.73 2.02 2.17
U. k. kanivetz 7 1081 1.79 0.86 559 0.01 1.60 154 256 2.85
U. s. eremus 8 |1.16 1.36 1.15 4.84 0.38 1.78 0.54 1.39 1.25
U. s. ladinicus 9 183 045 1.78 4.40 1.13 2.27 1.40 0.93 0.44
U. arctos 10 {345 0.23 2.72 7.43 1.81 3.97 2.75 1.77 0.34
Bd
U. deningeri 1 311 160 1.76 0.12 0.84 3.08 0.15 151 2.18
U. rossicus 2 |2.62 5.01 574 279 4.47 6.49 3.26 0.53 0.83
U. k. praekudarensis 3 |0.22 1.89 0.07 1.24 0.93 1.62 144 260 3.92
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Taxa 1 2 3 4 5 6 7 8 9 10
U. k. kudarensis 4 |13.35 4.73 2.45 1.31 1.05 194 159 2.70 4.41
U. s. spelaeus 5 (049 157 0.24 257 0.57 251 0.01 149 201
U. k. ingressus 6 [0.79 3.04 0.72 2.42 0.96 265 0.68 2.12 3.32
U. k. kanivetz 7 |5.06 577 3.38 1.15 3.43 3.86 2.93 3.58 5.36
U. s. eremus 8 [0.04 227 0.16 2.70 0.41 0.65 3.88 1.61 2.33
U. s. ladinicus 9 |153 057 1.12 3.39 087 193 4.20 1.37 0.02
U. arctos 10 (3.04 0.31 190 566 151 352 7.21 2.43 0.37
Dd
U. deningeri 1 277 2.19 184 049 146 2.85 099 1.12 121
U. rossicus 2 |1.67 5.31 5.31 1.65 455 5.69 3.78 0.94 1.37
U. k. praekudarensis 3 1053 1.79 0.68 0.37 0.82 0.93 111 2.77 3.36
U. k. kudarensis 4 1478 4.10 2.75 0.16 0.26 1.62 0.64 251 3.13
U. s. spelaeus 5 [1.06 2.08 0.51 1.78 0.08 0.73 0.07 1.05 1.03
U. k. ingressus 6 [1.94 262 081 256 0.12 1.67 0.37 2.24 2.67
U. k. kanivetz 7 1521 4.14 279 0.15 1.75 2.66 1.87 3.28 3.90
U. s. eremus 8 |0.63 191 0.01 3.27 057 0.98 3.39 1.87 2.14
U. s. ladinicus 9 |0.38 097 067 285 1.05 137 2.85 0.71 0.15
U. arctos 10 (1.74 051 1.75 5.34 2.08 3.12 5.60 1.99 0.67
36
k
34 b O kK
)
32+
30+ r
sa
o = ®
- ku Pk
r ®
28 PY d O ku
® e i®
| Pk i @S
26 + O Os
24 +
et a
O a o
O
22 1 1 1 1 1 1 1 J
60 65 70 75 80 85 90 95 100
GL

Fig. S22. The scatterplot of Index plumpness (ip) and GL of mtt V: et — U. etruscus, a — U.
arctos, r — U. rossicus, d — U. deningeri, pk — U. k. praekudarensis, ku — U. k. kudarensis, s — U.
s. spelaeus, k — U. k. kanivetz, i — U. k. ingressus, e — U. s. eremus, | — U. s. ladinicus. Point —
males, square — females.
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Multivariate analyses

Table S33. Description of the modeled morphological spaces for cave bears and brown bear mitt
V. Correlation coefficients among the measures and dimensions of two morphospace models
(MDS axes: E1-E2, K1-K2); r? — coefficients of determination in the linear multiple regression
models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace r’ morphospace morphospace r?
El E2 K1 K2 El E2 K1 K2
GL 0.86  0.50 041 007 092 0.88 0.36 046 -0.07 091
Bp 093 0.28 0.07 020 091 0093 0.14 0.30 0.13 0.89
Dp 085 -0.29 -038 -020 087 0.83 -0.43 -0.27  0.06 0.90
SD 090 033 006 032 091 091 0.20 0.36 0.20 0.87
Bd 089 -0.17 -0.17 -021 086 0.87 -0.31 -0.09 -0.26 0.86
Dd 090 0.03 0.09 -029 090 0.89 -0.12 0.10 -0.38 091
ip 020 -0.75 -063 -0.39 0.16 -0.78 -0.63  -0.31

Relative variance (%) of dimensions associated with taxonomical composition
62.2  65.5 535 453 64.7 59.2 51.8 45.2
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Fig. S23. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt V in males and females: A, C — models with U. arctos; B — model
without U. arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic
correlation — 0.83); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications
based on the coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2)
morphospaces (numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’
horizontal and vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean”
(centroid) + “sample range” x 0.95.
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Males

Table S34. Description of the modeled morphological spaces for males of cave bears and brown
bear mtt V (males only). Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E1-E2, K1-K2): r’ — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” “Shape”
morphospace morphospace  r? morphospace morphospace r
El E2 K1 K2 El E2 K1 K2 K3

GL 0.85 042 026 034 091 0.87 0.37 0.34 048 019 0.92
Bp 0.93 0.19 -0.15 0.12 0.89 0.93 0.11 026 021 042 094
Dp 0.83 -0.42 -0.06 -043 092 0.81 -049 -0.35 0.05 0.24 0.95
SD 0.89 032 -0.28 021 092 0.89 0.21 0.36 -0.02 0.10 0.93
Bd 091 -0.06 -0.06 -0.12 0.84 0.91 -0.16 0.00 0.09 -0.06 0.90
Dd 0.91 0.07r 019 -0.04 0.89 0.91 -0.01 0.06 043 -0.01 0.92
ip 0.31 -0.59 -0.36 -0.57 0.26 -0.66 -042 -0.43 -0.36

Relative variance (%) of dimensions associated with taxonomical composition
83.3 487 413 417 89.7 47.7 36.8 40.8 304
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Fig. S24. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces

reproduced variation of mtt V in males: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.89); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and

vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +

“sample range” x 0.95.
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Females

Table S35. Description of the modeled morphological spaces for females of cave bears and
brown bear mtt V. Correlation coefficients among the measures and dimensions of two
morphospace models (MDS axes: E1-E2, K1-K3): r* — coefficients of determination in the
linear multiple regression models.

Measures Morphospaces with U. arctos Morphospaces without U. arctos
“Size” “Shape” “Size” morphospace “Shape”
morphospace morphospace r’ morphospace  r?
El E2 K1 K2 K3 El E2 K1 K2
GL 0.63 058 019 043 -0.06 0.88 0.72 0.48 0.52 0.18 0.86
Bp 0.84 041 027 0.03 -0.40 094 0.87 0.20 0.33 0.06 0.85
Dp 0.78 -0.36 -042 -0.48 0.00 094 0.73 -0.50 -0.41 -0.07 0.88
SD 0.76 044 035 -0.13 -0.18 0.89 0.81 0.27 0.39 -0.21 0.89
Bd 0.83 -0.43 -0.53 -0.22 -0.55 094 0.76 -0.59 -042 046 0.93
Dd 0.88 -0.17 -0.44 0.09 -0.47 093 0.85 -0.35 -0.18 0.51 0.89
ip 043 -0.79 -0.65 -0.48 -0.49 0.30 -0.89 -0.74 0.33

Relative variance (%) of dimensions associated with taxonomical composition
746 77.2 60.8 504 33.2 79.6 77.4 68.5 40.3
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Fig. S25. Scatterplot of the first dimensions of “size” (E1) and “shape” (K1) morphospaces
reproduced variation of mtt V in females: A, C — models with U. arctos; B — model without U.
arctos; C — “size” morphospace; D — NJ tree; E — UGMA dendrogram (cophenetic correlation —
0.95); F — Sattath-Tversky (Sattath, Tversky, 1977) additive tree. All classifications based on the
coordinates of samples’ centroids in the “size” (E1, E2) and “shape” (K1, K2) morphospaces
(numbers near the nodes - bootstrap (1000 repeats) supports in %). Ellipses’ horizontal and
vertical projection onto the E1 (E2) and K1 axes are equal to the “sample mean” (centroid) +
“sample range” x 0.95.
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