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Supplementary material

Table S1. Coordinates of the occurrence data used in the study and associate raw data of habitat
(Republic of Korea, February to March 2020). Species absence and presence are binary encoded
by 0 and 1 respectively. Species names are abbreviated such as: “Bs” for Bufo sachalinensis,

“Ru” for Rana uenoi, “Rc” for Rana coreana, “Rh” for Rana huanrenensis, and “Hy” for

Hynobius sp.
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e e 55 R o S e O dmb sy s G ST Ui Dol e
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35181851 126541723 0 1 0 0 1 138 8.1 1515 107 143 3213 46 12 46 0.001 10
35174015 12653742 0 1 0 0 0 131 8.1 208 148 945 1134 25 6 3 30 0.1
35177379 126525551 0 1 0 0O O 87 7.32 127 91.6 64.8 5925 10 24 300 0.001 0.1
35177498 126523967 0 1 0 0 1 87 7.27 150 74.2 106 4242 70 4 145 0.001 30
34615056 126718434 0 1 0 0 O 88 8.03 703 495 336 67.6 5 0.001 460 10 10
34440496 126636956 0 1 1 0 0 72 7.52 90.9 63.7 411 126 8 17 370 75 100
34798258 12732988 0 1 0 0 O 75 9.65 65.2 465 30.9 741 36 0.001 250 40 0.1
34991198 127364433 0 0O 0O 0 O 147 76 19.08 136 95.8 203 18 25 50 55 100
35098458 128209184 0O O O 0 O 54 7.42 123.9 87.7 60.1 11040  >150 10 200 0.001 20
34813402 128620469 0O 1 0 0 0 24 6.69 136.9 974 70.3 0.38 4 22 70 0.001 9
35317063 128627252 0 1 1 0 O 52 7.11 104.3 74.8 53.4 2975 15 3 130 9 0.1
3529137 128673047 O O O 0 O 32 6.65 173.8 124 90.4 5460  >150 6 245 75 10
35290928 128673153 0 0O 0O 0 O 16 6.17 160.7 113 797 1113 4 15 250 135 100
35100171 128316759 O O O O O 107 7.55 1025 73 524 714 57 4 170 0.001 30
351818 126540889 1 O O 0 O 138 6.46 147.4 82.4 511 17500  >150 2 2 0.001 0.1
34767518 126764794 0 0O O 0 O 174 6.95 635 455 35 500  >150 80 70 15 20
3444127 126636165 0 1 0 0 O 105 6.29 89.7 645 437 9.66 15 17 480 2 80
34799665 127.328626 0 O O 0 O 106 6.98 66.4 471 318 21000  >150 5 285 0.001 0.1
34799343 127330545 0 1 1 0 0 75 6.69 823 58.2 398 450 5 4 340 40 100
34988748 127361206 0 1 0 0 O 115 6.79 1143 66 44.4 43 4 7 8 17 100
34991481 127364396 1 1 0 0 O 147 7.77 223 158 10 105 70 13 30 50 50
35146963 127686222 1 0O 1 0 O 6 7.28 1265 90.6 58.3 3300 45 30 50 0.001 80
35104341 127756005 0 1 0 0 O 107 7.49 99.7 73.7 52.1 14.4 25 3 55 8 9
35100495 127767287 1 0 0O 0 O 59 7.97 94.8 68.1 459 3500  >150 2 15 10 10
35099747 128317398 0 1 1 0 O 83 7.82 67.1 481 324 800 10 3 95 25 70
36.485866 127737912 1 0 0 0 1 196  8.12 126 89.2 55.6 3600  >150 15 105 5 0.1
36.613205 127467446 0 1 1 0 O 71 7.46 112.3 79.9 50.6 21 10 245 25 245 0.1
37.572087 126869008 1 o 1 0 0O 12 8.28 281 200 128 585 15 0.001 35 340 70
36495415 127189263 1 0O O 0 O 49 93 531 380 249 15300  >150 4 4 65 0.1
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Table S2. Pairwise correlations coefficients for the variables measured in this study (Republic of Korea, February to March 2020). In

bold are the variables removed from the analyses.

Total

Distance

Distance

Elevation pH Conductivity disso_lved Salinity  Surface  Depth to dirt to large E)isft(‘?rg(;f Vegg\t/z:\etrion
solids road road

Elevation 1 0.143 -0.092 -0.093 -0.163 -0.284  -0.019 0.113 -0.047 -0.149 -0.245
pH 1 0.334 0.34 0.3 0.002 0.06 -0.14 -0.134 0.128 -0.251
Conductivity 1 0.951 0.832 0.029 0.042 -0.087 -0.26 0.204 -0.049
Total dissolved solids 1 0.871 0.031 0.032 -0.073 -0.282 0.253 -0.014
Salinity 1 0.038 -0.069 -0.096 -0.177 0.189 0.002
Surface 1 0.512 0.016 -0.085 -0.106 -0.043
Depth 1 0.033 -0.075 -0.195 -0.182
Distance to dirt road 1 -0.062 -0.134 -0.01
Distance to road 1 -0.221 0.067
Distance to trees 1 0.102
Vegetation cover 1




Table S3. Biotic and abiotic factors tested in Generalized linear models, and their influence in the
type of breeding habitat for Bufo sachalinensis (n = 22), Hynobius sp., (n = 18) Rana coreana (n
=21), Rana huanrenensis (n = 29) and Rana uenoi (n = 33; Republic of Korea, February to March
2020). SE is the standard error, Z is the Z-value from the Wilcoxon’s test, and P corresponds to

the p-value. Significant variables are denoted in bold.

Estimate SE Z Cliower C|Upper P
Bufo sachalinensis
Elevation (m) -0.59 0.37 -1.61 -1.30 0.13 0.108
pH 0.51 0.35 1.47 -0.17 1.20 0.141
Conductivity (uS/m) -0.16 0.39 -0.40 -0.92 0.61 0.689
Distance to road (m) -0.17 0.34 -0.50 -0.84 0.50 0.617
Distance to dirt road (m) -0.22 0.33 -0.66 -0.87 0.43 0.509
Distance to forest (m) -0.28 0.32 -0.87 -0.92 0.35 0.382
Surface (m2) 0.85 0.51 1.67 -0.15 1.84 0.094
Vegetation cover (%) 0.30 0.35 0.86 -0.38 0.97 0.389
Depth (cm) 1.10 0.41 2.72 0.31 1.90 0.007
Hynobius sp.
Elevation (m) 0.45 0.31 1.45 -0.16 1.06 0.148
pH -0.03 0.33 -0.09 -0.68 0.62 0.928
Conductivity (uS/m) 0.21 0.33 0.63 -0.44 0.86 0.526
Distance to road (m) 0.25 0.33 0.78 -0.39 0.89 0.438
Distance to dirt road (m) -0.12 0.29 -0.40 -0.68 0.44 0.687
Distance to forest (m) -0.62 0.31 -2.02 -1.23 -0.02 0.043
Surface (m2) 0.26 0.33 0.79 -0.39 0.92 0.427
Vegetation cover (%) 0.81 0.39 2.08 0.05 1.58 0.038
Depth (cm) -0.54 0.35 -1.57 -1.22 0.14 0.117
Rana coreana
Elevation (m) -1.11 0.43 -2.56 -1.96 -0.26 0.010
pH 0.18 0.35 0.51 -0.50 0.85 0.611
Conductivity (uS/m) -0.06 0.37 -0.16 -0.78 0.66 0.873
Distance to road (m) 0.45 0.37 1.20 -0.28 1.17 0.229
Distance to dirt road (m) 0.75 0.40 1.91 -0.02 1.53 0.056
Distance to forest (m) 1.55 0.54 2.88 0.49 2.61 0.004
Surface (m2) 0.04 0.44 0.08 -0.82 0.90 0.935

Vegetation cover (%) -0.29 0.34 -0.85 -0.97 0.38 0.394



Depth (cm) -1.21 0.44 -2.75 -2.07 -0.35 0.006
Rana huanrenensis

Elevation (m) 2.14 0.73 2.94 0.71 3.57 0.003
pH -1.21 0.68 -1.77 -2.54 0.13 0.077
Conductivity (1S/m) 0.76 0.48 1.59 -0.18 1.70 0.113
Distance to road (m) -0.66 0.47 -1.43 -1.58 0.25 0.154
Distance to dirt road (m) 0.31 0.46 0.67 -0.59 1.20 0.501
Distance to forest (m) -0.61 0.57 -1.06 -1.73 0.52 0.289
Surface (m2) 0.42 0.53 0.79 -0.62 1.46 0.428
Vegetation cover (%) 0.75 0.57 1.31 -0.37 1.87 0.191
Depth (cm) -2.48 0.82 -3.01 -4.09 -0.86 0.003
Rana uenoi

Elevation (m) 0.71 0.39 181 -0.06 1.47 0.071
pH -0.32 0.33 -0.97 -0.96 0.32 0.330
Conductivity (uS/m) 0.10 0.31 0.32 -0.51 0.70 0.749
Distance to road (m) 0.28 0.32 0.87 -0.35 0.92 0.384
Distance to dirt road (m) -0.35 0.28 -1.27 -0.90 0.19 0.205
Distance to forest (m) -0.38 0.34 -1.12 -1.03 0.28 0.263
Surface (m2) -0.35 0.39 -0.90 -1.10 0.41 0.371
Vegetation cover (%) 0.11 0.31 0.36 -0.49 0.71 0.722
Depth (cm) -1.40 0.41 -3.43 -2.20 -0.60 0.001




Table S4. Distance at which Bufo sachalinensis, Hynobius sp., Rana uenoi, Rana coreana and Rana huanrenensis lay their eggs from
the bank and whether they share their breeding habitat (Republic of Korea, February to March 2020). SE is the standard error and t is

the test statistic of the Student’s test with its associated p-value (P). Significant variables are denoted in bold.

Mean Max Min
Target taxon Syntopic taxon Estimate SE tvalue P distance to distance to distance to cr;u(stge?) (sir][e)
bank (m) bank (m) bank (m)
Rana coreana Bufo sachalinensis -2.15 0.14 -1498 <0.001 0.97 2.80 0.00 106 2
Bufo sachalinensis Rana coreana -1.14 286 -0.40 0.693 0.37 1.10 0.00 3 2
Rana uenoi Bufo sachalinensis -0.77 039 -197 0.050 0.59 2.00 0.00 39 2
Bufo sachalinensis Rana uenoi 0.08 211 0.04 0.972 0.32 1.10 0.00 6 2
Hynobius sp. Bufo sachalinensis 5.65 251 225 0.029 2.00 2.00 2.00 2 1
Bufo sachalinensis ~ Hynobius sp. 3.36 480 0.70 0.489 0.20 0.20 0.20 1 1
Rana coreana Hynobius sp. -2.45 019 -12.71 <0.001 0.83 3.80 0.02 25 2
Hynobius sp. Rana coreana 2.57 219 118 0.246 0.36 0.41 0.30 2 2
Rana uenoi Hynobius sp. -0.77 036 -2.12 0.035 0.95 3.30 0.00 44 8
Hynobius sp. Rana uenoi 2.69 142 1.89 0.066 0.32 1.78 0.00 34 8
Rana coreana Rana uenoi -1.09 0.16 -6.69 <0.001 244 9.20 0.00 74 10
Rana uenoi Rana coreana 0.93 0.27 340 <0.001 2.23 8.00 0.00 135 10
Rana uenoi Rana huanrenensis -0.84 206 -041 0.685 0.10 0.10 0.10 1 1
Rana huanrenensis ~ Rana uenoi 3.06 387 0.79 0.430 0.44 0.44 0.44 1 1
Hynobius sp. Rana huanrenensis 0.67 132 051 0.612 0.21 0.61 0.00 16 9
Rana huanrenensis  Hynobius sp. 0.87 0.88  0.99 0.325 0.16 0.44 0.00 26 9
Bufo sachalinensis none - - - - 0.74 7.1 0 30 17
Rana coreana none - - - - 9.31 19.6 0 169 8
Rana huanrenensis none - - - - 0.17 1.3 0 73 20
Rana uenoi none - - - - 0.89 4 0 89 14




Table S5. Relative distance (distance corrected by the waterbody surface) at which Bufo sachalinensis, Hynobius sp., Rana uenoi, Rana
coreana and Rana huanrenensis lay their eggs from the bank and whether they share their breeding habitat (Republic of Korea, February
to March 2020). SE is the standard error and t is the test statistic of the Student’s test with its associated p-value (P). Significant variables

are denoted in bold.

Mean Max Min

Target taxon Syntopic taxon Estimate SE t value P distanceto  distance to  distance to cTu(sige?) (sir:e)
bank (m) bank (m) bank (m)
Rana coreana Bufo sachalinensis -0.09 0.01 -14.06  <0.001 1.85 6.22 0.22 106 2
Bufo sachalinensis ~ Rana coreana <0.001 0.03 0.02 0.982 0.52 1.57 0.00 3 2
Rana uenoi Bufo sachalinensis -0.01 0.01 -1.22 0.224 4.39 13.30 0.00 39 2
Bufo sachalinensis  Rana uenoi 0.01 0.02 0.53 0.593 1.72 7.33 0.00 6 2
Hynobius sp. Bufo sachalinensis 0.01 0.05 0.12 0.908 3.33 3.33 3.33 2 1
Bufo sachalinensis ~ Hynobius sp. <0.001 0.05 -0.02 0.983 0.33 0.33 0.33 1 1
Rana coreana Hynobius sp. -0.07 0.01 -8.43 <0.001 2.50 12.70 0.00 25 2
Hynobius sp. Rana coreana -0.02 0.04 -0.45 0.654 1.04 1.08 1.00 2 2
Rana uenoi Hynobius sp. -0.03 0.01 -3.34 0.001 2.53 7.86 0.00 44 8
Hynobius sp. Rana uenoi <0.001 0.03 0.08 0.936 3.01 5.00 0.00 34 8
Rana coreana Rana uenoi -0.02 0.01 -3.33 0.001 6.48 6.58 0.00 74 10
Rana uenoi Rana coreana 0.03 0.01 3.66 <0.001 8.21 9.30 0.00 135 10
Rana uenoi Rana huanrenensis -0.01 0.05 -0.22 0.825 1.25 1.25 1.25 1 1
Rana huanrenensis  Rana uenoi 0.02 0.05 0.43 0.667 5.50 5.50 5.50 1 1
Hynobius sp. Rana huanrenensis < 0.001 0.02 0.19 0.853 3.31 9.68 0.00 16 9
Rana huanrenensis  Hynobius sp. 0.01 0.01 0.57 0.571 3.24 5.50 0.00 26 9
Bufo sachalinensis none - - - - 0.45 2.01 0.00 30 17
Rana coreana none - - - - 11.20 23.10 0.00 169 8
Rana huanrenensis none - - - - 2.45 8.67 0.00 73 20
Rana uenoi none - - - - 5.57 32.50 0.00 89 14
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Figure S1. Predictions of the presence of eggs of Bufo sachalinensis (n = 22), Rana coreana (n =
21), Hynobius sp. (n = 18), Rana uenoi (n = 33) and Rana huanrenensis (n = 29) for the biotic and
abiotic factors that significantly influence their presence at the site (Republic of Korea, February
to March 2020). Predictions were made through a Generalized Linear Model. The y-axis shows

the probability of presence of the eggs.
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Figure S2. Distances of egg clusters from the bank of the waterbodies for Bufo sachalinensis (n =
number of eggs; n = 40), Hynobius sp. (n = 48), Rana coreana (n = 374), Rana huanrenensis (n =

99) and Rana uenoi (n = 308; Republic of Korea, February to March 2020).
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