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3

Invar iable  sex-re lated structures  in  torto ises

a) b)
Pooled KO PC PB TS Pooled KO PC PB TS

GENERAL GENERAL

SCL 15.68 13.95 11.99 17.87 18.19 CCL -3.95 -4.48 -4.70 -4.11 -4.70

CCL 9.60 7.93 6.67 11.13 11.73 MCW -3.11 -2.87 -3.56 -2.30 -3.56

MCW 9.66 8.64 6.73 10.98 11.16 MaxCW -7.37 -8.20 -8.25 -8.77 -8.25

MaxCW 6.35 4.63 2.85 6.92 7.77 CCW 0.81 -0.08 1.29 2.55 1.29

CCW 13.34 11.38 10.88 15.23 15.29 MPL 13.40 14.74 13.62 12.57 13.62

MPL 27.53 27.33 24.84 28.14 29.71 MaxPL 8.45 8.74 8.58 8.07 8.58

MaxPL 22.94 22.19 20.14 23.78 24.59 PW6 -5.27 -3.79 -5.97 -4.00 -5.97

PW6 7.79 8.01 4.85 9.33 8.90 MaxPW -6.67 -6.36 -7.40 -5.46 -7.40

MaxPW 6.47 6.28 3.21 8.29 7.32 TLC 0.70 0.70 0.78 0.66 0.78

TLC 14.87 13.77 11.83 16.61 16.56 MBC -0.97 1.14 -2.18 -0.39 -2.18

MBC 10.47 10.11 7.83 12.32 12.01 SH 3.67 1.68 5.35 5.13 5.35

SH 15.46 13.14 14.90 15.73 18.25 BL 22.42 24.31 23.94 22.79 23.94

BL 37.76 38.64 35.19 39.15 38.72 FLL -7.36 -7.00 -6.13 -7.84 -6.13

FLL 4.62 4.71 3.08 5.34 6.49 HLL -5.10 -6.69 -4.47 -5.06 -4.47

HLL 7.24 6.87 4.48 8.91 8.25 HL -6.72 -6.05 -6.92 -6.70 -6.92

HL 1.74 1.74 -0.27 3.14 4.07 SL -4.36 -4.06 -4.96 -7.87 -4.96

SL 3.45 4.08 1.31 1.45 5.13 HW -5.54 -3.58 -5.95 -7.09 -5.95

HW 4.15 6.16 1.61 3.42 5.36 HH -5.80 -4.59 -6.37 -6.05 -6.37

HH 3.00 4.38 0.66 3.46 4.27 TL -45.41 -48.41 -48.60 -44.61 -48.60

TL -34.75 -39.00 -39.40 -32.83 -32.85 Weight 5.19 5.29 11.44 4.88 11.44

Weight 50.07 49.53 43.72 50.65 51.04 ADDITIONAL

ADDITIONAL WV2 6.73 8.15 8.31 9.81 8.31

WV2 18.32 17.87 18.06 20.67 19.88 WV3 7.66 8.96 8.72 11.38 8.72

WV3 20.72 20.03 18.50 23.90 22.70 WV4 -5.00 -3.11 -5.66 -2.61 -5.66

WV4 7.55 8.19 4.82 9.82 9.55 PC -87.78 -95.01 -93.98 -78.39 -93.98

PC -77.65 -88.33 -84.81 -65.37 -75.33 GSL 2.58 5.19 1.86 2.56 1.86

GSL 17.51 17.96 14.53 18.90 20.55 HSL 4.62 6.72 0.43 5.78 0.43

HSL 15.34 15.43 11.43 16.30 17.95 PSL 15.29 25.82 16.02 18.25 16.02

PSL 26.07 33.60 23.98 32.91 26.40 AbSL 23.15 23.69 25.33 19.68 25.33

AbSL 37.55 35.93 35.08 36.91 39.43 FSL -10.74 -9.58 -11.02 -5.42 -11.02

FSL 3.41 1.73 1.72 11.21 4.11 AnSL 39.02 41.04 34.81 44.01 34.81

AnSL 52.43 56.42 45.49 56.22 56.80 ANW -36.11 -38.73 -35.02 -35.48 -35.02

ANW -27.00 -30.05 -25.71 -24.34 -27.03 ASJ -16.10 -22.71 -13.18 -15.45 -13.18

ASJ 5.10 -1.51 -1.50 10.23 6.15 SHP -6.48 -7.36 -4.82 -7.71 -4.82

SHP 6.22 6.35 5.28 7.34 7.19 C1 0.99 -9.54 3.20 11.70 3.20

C1 38.93 21.04 23.20 43.18 41.70 C2 -11.70 -21.69 -11.31 0.26 -11.31

C2 19.96 4.72 8.52 22.95 25.84 C3 -18.20 -25.28 -17.21 -9.54 -17.21

C3 7.35 -4.18 -1.08 11.44 14.32 C4 -21.39 -25.64 -20.58 -18.62 -20.58

C4 0.99 -5.94 -5.94 1.12 4.93 CL -46.57 -53.08 -54.08 -41.53 -54.08

CL -34.20 -43.74 -42.48 -28.48 -30.30 ScC -100.47 -99.70 -106.64 -97.29 -106.64

ScC -94.80 -95.92 -97.38 -94.98 -92.69

Table A3. Sexual Dimorphism Index (SDI) for all traits, calculated as [(F-M)/M]×100 (as in Willemsen & Hailey, 2003): a) 
SDI in size, based on means obtained in ANOVA; b) SDI in shape, based on adjusted means from ANCOVA (calculated 
for a pooled sample and for every population separately). Differences larger than 30% are given in bold; differences 
ranging from 20% to 30% are given in italic (abbreviations the same as in Tables A1 and A2).
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S.  Djordjev ić et  a l .

GENERAL Females Males

Locality KO PV PB TS F p KO PV PB TS F p

SCL 195.9 202.7 214.1 199.1 15.90 0.000 172.0 181.1 181.6 167.4 10.69 0.000

CCL 248.6 255.7 269.2 251.9 14.89 0.000 230.0 239.5 242.2 224.0 8.29 0.000

MCW 142.0 149.8 156.9 147.3 22.20 0.000 130.9 140.5 141.2 131.8 12.09 0.000

MaxCW 150.0 158.3 167.7 159.8 21.13 0.000 143.5 153.7 156.7 147.5 7.56 0.000

CCW 254.9 269.5 281.4 262.6 26.34 0.000 228.9 243.4 244.0 226.7 12.04 0.000

MPL 164.0 167.5 173.3 162.6 12.68 0.000 128.8 134.7 135.5 124.8 11.99 0.000

MaxPL 177.8 183.2 191.5 179.5 14.23 0.000 145.7 152.8 154.7 143.4 9.37 0.000

PW6 127.6 133.5 138.9 130.1 16.36 0.000 118.4 127.4 126.9 118.8 11.26 0.000

MaxPW 130.7 136.5 143.4 134.8 17.55 0.000 123.1 132.3 132.3 124.7 9.04 0.000

TLC 487.8 502.4 527.2 493.5 15.22 0.000 428.9 449.2 452.3 420.8 9.02 0.000

MBC 405.0 407.5 426.0 399.1 13.07 0.000 367.6 379.8 379.0 354.4 7.22 0.000

SH 98.6 101.0 103.7 97.3 11.57 0.000 87.2 87.9 89.6 81.9 11.07 0.000

BL 85.3 88.2 91.3 85.0 15.03 0.000 61.6 65.6 65.5 60.9 13.16 0.000

FLL 46.8 48.6 49.2 46.5 9.42 0.000 44.8 47.1 46.7 43.4 8.55 0.000

HLL 55.0 56.8 59.3 56.0 11.46 0.000 51.6 54.3 54.4 51.4 5.52 0.001

HL 32.5 33.5 33.6 32.3 9.58 0.000 32.0 33.5 32.6 30.9 12.87 0.000

SL 27.3 26.0 27.2 26.2 6.84 0.000 26.3 25.7 26.8 24.9 6.70 0.000

HW 28.1 27.9 28.7 27.3 9.50 0.000 26.5 27.4 27.7 25.8 8.68 0.000

HH 21.6 21.5 21.9 21.0 8.24 0.000 20.7 21.3 21.2 20.0 8.77 0.000

TL 30.8 30.8 36.0 33.9 11.95 0.000 50.6 50.1 53.5 50.1 1.26 0.291

Weight 1558.0 1686.4 1963.9 1585.8 21.51 0.000 1044.1 1190.8 1302.7 1031.8 9.56 0.000

n 48 35 49 96 54 59 23 60

ADDITIONAL Females Males

WV2 41.5 42.3 43.2 39.7 14.92 0.000 35.1 36.0 35.6 33.1 12.01 0.000

WV3 47.4 47.9 50.0 45.8 14.38 0.000 39.4 40.6 40.2 37.3 10.87 0.000

WV4 42.2 41.5 43.3 40.0 11.01 0.000 39.0 39.7 39.3 36.5 8.20 0.000

PC 0.7 0.9 2.1 1.4 11.86 0.000 5.79 5.93 5.87 5.60 0.39 0.761

GSL 24.7 25.9 26.1 24.7 3.95 0.009 20.9 22.7 21.9 20.5 5.81 0.001

HSL 25.9 26.7 27.6 26.2 3.68 0.013 22.4 24.1 23.8 22.2 6.46 0.000

PSL 16.3 14.4 14.5 12.7 32.27 0.000 11.9 11.7 11.0 10.0 7.84 0.000

AbSL 59.8 59.4 63.1 59.4 6.80 0.000 43.8 44.3 45.9 42.6 4.44 0.005

FSL 12.1 12.0 12.9 11.0 6.83 0.000 11.7 11.9 11.6 10.6 3.83 0.011

AnSL 25.1 25.7 25.3 25.2 0.36 0.785 15.8 17.9 16.2 16.0 13.02 0.000

ANW 38.5 41.4 42.4 39.8 7.87 0.000 55.1 55.6 55.7 54.6 0.32 0.813

ASJ 28.4 31.2 36.3 33.3 18.15 0.000 28.8 31.7 32.8 31.4 5.09 0.002

SHP 71.7 72.1 74.3 69.2 11.84 0.000 67.2 68.6 69.1 64.6 4.86 0.003

C1 10.1 12.3 16.2 14.7 21.98 0.000 8.3 10.0 11.2 10.3 10.23 0.000

C2 17.0 19.9 25.8 22.0 28.73 0.000 16.1 18.4 20.8 17.4 8.06 0.000

C3 24.8 28.9 34.9 29.8 27.78 0.000 25.8 29.2 31.0 26.0 9.11 0.000

C4 36.3 39.2 47.6 41.2 26.69 0.000 38.6 41.7 46.6 39.2 7.92 0.000

CL 8.3 9.4 11.7 11.3 26.05 0.000 14.7 16.2 16.2 16.2 2.32 0.077

ScC 0.4 0.3 0.5 0.6 0.82 0.485 9.30 9.93 9.97 8.39 2.85 0.038

n 52 34 49 96 56 59 23 57

Table A4. ANOVA of separate characters within sexes, among localities (KO=Konjsko, PV=Pčinja River valley, PB=Prolom 
Banja, TS=Trstenik; df=3): general and additional traits.
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Invar iable  sex-re lated structures  in  torto ises

GENERAL Females Males

Locality KO PV PB TS F p KO PV PB TS F p

CCL 256.4 256.0 256.9 256.1 0.21 0.887 234.4 232.4 234.5 234.3 1.39 0.248

MCW 146.0 150.0 150.4 149.5 10.40 0.000 133.2 136.7 137.0 137.3 13.43 0.000

MaxCW 154.9 158.5 159.9 162.5 30.10 0.000 146.5 148.8 151.4 154.6 25.91 0.000

CCW 261.5 269.7 270.9 266.2 11.91 0.000 232.9 237.2 237.1 235.8 3.4118 0.019

MPL 168.6 167.6 166.0 165.1 8.52 0.000 130.9 131.3 131.8 129.7 1.4859 0.220

MaxPL 183.2 183.4 182.9 182.5 0.58 0.628 148.3 148.7 150.2 149.4 1.33 0.265

PW6 131.4 133.6 132.9 132.2 2.31 0.077 120.6 123.8 123.0 124.1 9.85 0.000

MaxPW 134.6 136.7 137.2 136.9 4.07 0.008 125.6 128.4 128.0 130.5 13.71 0.000

TLC 503.3 503.0 502.6 502.0 0.53 0.663 436.9 436.4 438.4 439.5 2.30 0.079

MBC 414.9 407.9 410.4 404.5 5.89 0.001 374.0 369.6 367.9 369.3 1.14 0.335

SH 101.1 101.1 99.7 98.7 5.88 0.001 88.5 85.9 87.4 84.8 7.18 0.000

BL 87.9 88.3 87.2 86.4 7.32 0.000 62.5 64.1 63.9 63.0 3.27 0.022

FLL 48.1 48.7 47.2 47.2 5.92 0.001 45.6 45.8 45.3 45.3 0.40 0.753

HLL 56.5 56.9 56.9 56.8 0.23 0.874 52.6 52.8 52.7 53.7 1.93 0.126

HL 33.1 33.5 32.7 32.6 5.95 0.001 32.4 32.8 31.8 31.9 4.72 0.003

SL 27.8 26.0 26.4 26.5 11.68 0.000 26.6 25.2 26.2 25.6 8.47 0.000

HW 28.7 27.9 27.7 27.6 16.47 0.000 26.8 26.8 27.0 26.7 0.44 0.724

HH 22.1 21.5 21.2 21.2 15.41 0.000 21.0 20.8 20.8 20.6 1.62 0.187

TL 32.2 30.8 33.9 34.6 8.36 0.000 51.7 48.2 51.5 52.9 6.11 0.001

Weight 1689.7 1691.5 1755.1 1657.7 6.47 0.000 1099.5 1102.6 1206.7 1160.5 10.88 0.000

n 48 35 49 96
   

54 59 23 60
   

ADDITIONAL Females Males

WV2 42.5 42.4 41.4 40.3 12.82 0.000 35.6 35.3 34.8 34.1 6.52 0.000

WV3 48.6 48.0 47.8 46.6 8.79 0.000 40.1 39.7 39.2 38.5 5.31 0.002

WV4 43.3 41.7 41.3 40.7 13.10 0.000 39.8 38.6 38.1 37.9 6.07 0.001

PC 0.8 0.9 1.8 1.5 6.41 0.000 6.0 5.7 5.6 6.0 0.67 0.573

GSL 25.4 26.0 24.9 25.2 1.62 0.186 21.3 22.0 21.2 21.4 0.98 0.403

HSL 26.4 26.8 26.7 26.6 0.14 0.935 22.8 23.6 23.2 22.9 1.29 0.281

PSL 16.6 14.4 14.1 12.8 34.46 0.000 12.1 11.4 10.6 10.5 6.68 0.000

AbSL 61.5 59.7 60.0 60.5 2.67 0.049 44.4 43.4 44.9 43.8 1.97 0.121

FSL 12.4 12.0 12.5 11.2 4.03 0.008 12.0 11.4 11.2 11.1 2.05 0.109

AnSL 25.7 25.8 24.3 25.6 2.56 0.056 16.1 17.6 15.8 16.4 8.52 0.000

ANW 39.3 41.6 40.8 40.3 2.29 0.079 56.4 53.8 53.7 57.1 7.20 0.000

ASJ 30.2 31.5 33.1 34.4 14.37 0.000 29.8 30.4 31.4 33.2 9.88 0.000

SHP 73.5 72.4 71.0 70.4 14.81 0.000 68.7 66.6 66.8 67.4 5.22 0.002

C1 11.1 12.4 14.4 15.3 18.46 0.000 8.7 9.5 10.6 11.0 14.18 0.000

C2 18.3 20.1 23.4 22.9 19.83 0.000 16.8 17.4 19.7 18.8 7.05 0.000

C3 26.4 29.2 32.0 30.9 16.32 0.000 26.8 27.9 29.5 27.9 2.96 0.034

C4 38.4 39.5 43.9 42.6 15.44 0.000 40.1 39.6 44.4 42.0 7.49 0.000

CL 8.7 9.4 11.0 11.5 22.97 0.000 15.2 15.5 15.5 17.1 4.17 0.007

ScC 0.3 0.3 0.6 0.5 1.21 0.309 9.6 9.5 9.5 9.0 0.49 0.688

n 52 34 49 96
   

56 59 23 57
   

TL as the covariate

AnSL 25.31 26.10 24.94 25.05 1.13 0.336 15.75 17.94 16.10 15.96 14.05 0.000

ANW 38.83 42.02 41.79 39.51 6.88 0.000 55.20 56.18 54.43 54.92 0.90 0.441

Table A5. ANCOVA of separate characters, within sexes, among localities (SCL as the covariate; df=3); analysis repeated 
for rear parts of the shell with tail length, TL as the covariate (KO=Konjsko, PV=Pčinja River valley, PB=Prolom Banja, 
TS=Trstenik): General and Additional traits.


