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Hyla japonica®l & X284 tUA
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9] &= (latitude)t L% (altitude) 9k o] Aol weh dehs G490 Apol=
SARAA AN MAgt= BEolA G Fol A7 AN} ZE QA A
2 & H89 AyE 7P A e Gloger 1833; Bergmann 1847; Allen 1877;
Rensch 1950). o]} = 27 A 21e-4 <l W # (ecogeographical rule) #| 4
Aol Al tdstay S oz 2884 =&=dH, I F Bergmann's ruled
Island rule & °ol&g A= 374 Alolo] AEFAS AFES & A
A TH(Bergmann 1847, Foster 1964). =2 ZFY XFF £ =2
(endotherm)E 9l Al =3t% = Bergmann's rules 9=y =] upg} e 2

of AN FEUAFE BPL 2 FoEA FUHd AFWHS Folw

£28 ZQ0vtar AWEItH(Bergmann 1847). H+ 22 AFAEL 78y
oy e} kA F(amphibian)tt 3} 7 (reptile) & 22 ¥ 2% 5 (ectotherm) 90 Al &

o]yt & o] yeElIdT L H 3 th(Ashton 2000, 2002; Iraeta et al. 2008;

al. 2012a, b; Eweleit and Reinhold 2014). H=3t T2 A= g4 Aoz A
F¥ Island rule> Aol AMAste= FEo] A9 {4, Bole F&3 181 4
Ay e golow Ao FES AX F FES FolAE AIAHS Helg:
Aol th(Foster 1964). o]& F2 EFFollA o] FoAA AT FAFo} e W2
o= AEa gtk (Mcclain et al. 2006; Wu et al. 2006). o] 438 H%5E
of thgh A+ AdEe] dAA AR A A4S AWete ARSI dAS
ARk, olel wit o] AdER yEiual glo] WM2FEdd tE S A sy WA
o] Hgo= =42 o217} drh(Ashton 2002; Bancild et al. 2009; Cvetkovié¢ et
al. 2009).
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2). &7/ Bonggae-dong)> Aol o FAHE S A AHo=E o
it ke Ao FHE Rolu Holu Aubr] dAFow A AR
(basalt) 91 &@WolelA WHAo] o] Fo|Xth(Fig. 3D). YW it (Gamsan-ri)
o Af AFE T Sty Ankelel BlEo] o] FAFE AFo=m Itk 9
I vpst=o] A &£A o2 HI7MH I Qlo], 7ol AAsts Earv]lEso] dEg

weha, FATeel Waje] o] Fojx FolthFig. 3B). AAEA HAE

o,

H

ol A Aare Beli telz Ad Hejglon], o A9 w3k uke] gl
48 gl A Mol ol Fom gor], Bud o3 A5t FYHE F

o] tH(Fig. 3F).

Figure 1. Map of the research areas in the Korean Peninsula.



Table 2. Research areas in the KoreanPeninsula

Location Date Altitud SIZ% Coordinate Type of.breedmg
(m) (Km®) site
Buan-gun, June 35° 39'N . .
Jeollabuk-do 2013 > 126° 31'E rice field
Imsil-gun, May B 35° 41'N . .
Jeollabuk-do 2013 252 127° 16'E rice field
. August B 35° 38'N . .
Ulsan-si 2013 205 199° 09'E rice field
Hamyang-gun, o .
_ July _ 35" 31'N . .
Gyeongsangnam 2013 185 127° 42'F rice field
do
Geoje-si, o A . .
August 35 O'N rice field
Gyeongza(‘)ngnam 2013 17 4020 1980 apE (island)
Wando-gun, June 10 970 34° 18'N rice field
Jeollanam-do 2012 : 126° 43'E (island)
o At temporal pond
. 2012 - 33° 20'N .
Jeju-do 2013 250 1849.2 126° 31'E on volcanic rock

(island)




Table 2. Research areas in Jeju Island

_ Altitude . . .
Location Date (m) Coordinate Type of breeding site
m
Bonggae-dong, 33° 25'N temporal pond on
ggac~dong May 2012 497 o poral b
Jeju-si 126° 38'E volcanic rock
Gamsan-ri, 33° 14'N temporal pond on
. ) June to July 2012 11 o s )
Seogwipo-si 126° 21'E volcanic rock (coast)
Cheonji-dong, April to June 2012 33° 14'N temporal pond on
Seogwipo-si June 2013 126° 33'E

volcanic rock (island)

Figure 2. Map of the research areas in Jeju Island. A) Bonggae, B)

Gamsan (coast) and C) Cheonji (= Saesum, island).



Figure 3. Photographs of the breeding sites in the research areas. A) Buan, B)
Imsil, C) Wando, D) Bonggae, E) Gamsan, F) Cheonji.
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Figure 4. Amplexus (top) and calling males (bottom) of
H. japonica in the research areas.



Figure 5. Measured external characteristics of H. Jjaponica.
Snout-vent length (SVL), head width (HW), body
weight (BW).

_‘|O_



ZASE A A et 1EE Ful8 GPS(oregon 550, garmin)® 7]

o

5
Sk, 7 A9 =AHE 7] (Korea Meteorological Administration,

KMA)o A Al&38te= 71747

re
e
.

Heh, A

)

FI25 2007 - 2013)¢F WA A-d R (ST

)

SAA AA A, G, Al
BNE

: , Ak, A 2007 -
2013) AA=2E & H7]174d 2007-2013). A2 A9l {3 (type of habitats)<
AA WS (inland) ¥ 3l ¢H(coast) 28] A (island) &2 Ylar, A2 =xe] HA
(size of habitats) A9 o] Aol $Ixte= A F-ov oz 59

A 2AE B FHE AEELS SPSS ver. 18(Statistical Package for the
Social Sciences, version 18.0)& ©]&3lo] At S4s JdE He B
23 eAGE AR, FF, WA, 712)9 Je] Ar]eke] #A= Person's
Fack Jed Ao Zo] 4L one
way ANOVA(analysis of variation, with Turkey test, post hoc)®} Kruskal

wallis testE AFg3stga, Ao ek =719 Holx= e FE 7 A (paired

X

S|
~

M
Ol

correlation analysisE ©]-&3}¢]

samples t-test)Z} H]E G =¥ 2-3% 2 A (Mann-whitney u-test)S A}-83}4

_’I’I_



1. 2 =

Hif— X|C}

[ —

f—
re

F ad2vbel (7 366, 92 7D AATAS AQstel, o) AL Z45A

(Table 3). A9 A Z7|= AFTE HE9 FZ(SVL: 43.02mm; HW:

16.66mm; BW: 6.50g)2 &7 (SVL: 51.28mm; HW: 18.41mm; BW: 14.36g)¢] 7}

o] 4% FAe| wel grh(Table 3).

L] #Z(SVL: 3738 + 2.90mm; HW: 1339 = 1.10mm;
0

]lo

L

T AL, 9

>
lo
¥
N
H
o
>
1o
o2
X

ool Ht T3 A
BW: 427 £ 093g)¥ <4FH(SVL: 4464 £ 0.62mm; HW: 1553 = 0.22mm; BW:
869 £ 0.89g) EFoA ©& Ao Hlg T Aoz e THKruskal wallis
test, P < 0.05). ®k¥, 7H 22 Ao Ar]l= A9 d¢ dA(SVL, BW)
FEHW) A veRtar, b A9 &AHSVL)# F(HW, BW)olA] ek
tH(Kruskal wallis test, 2 < 0.05).

AA T e A7]E Wag A3(Table 4), dH o] e FHo] AR F
O ™ (paired samples t-test, SVL: t = -12415, n = 72; HW: t = -8320, n = 72;
BW: t = 7274, n = 55), ¥ 73} 79 A7) Aol= Ao wet =
A YEtE (Mann whitney u-test, 2 < 0.05).
=A% gJA7re] A A (Pearson’s correlation analysis, P < 0.05)E #43h
A3 (Table 5), F7A 9 EE A2 b FAE FHAA7 AR (Fig. 6),
53] SVL} HWALolo] Aol 714 & ez YEStHr = 0945 n = 364,
b iiew, SVL HWALold[ A 7+

N
VAN
o
(]
(]
=
12
2
k1
oft
Y,
(Y
o
oz
r |
r ol
)
N

AA)et AUharel 2719 A (Pearson’s
correlation analysis)ES #4413 ZA3+= Table 6 A AR HH+28]9 =Z7]9F
HAZ=Aboldl #AAE= FASVL: r = -0.728, n = 364, HW: r = -0.729, n = 364,
BW: r = -0.766, n = 330)3% ¢Z(SVL: r = -0.783 n = 76; HW: r = -0.791, n

_’Iz_



=76, BW: r = 0793, n = 68) ¥ =& &9 AHBAAE 2E Aoz YEY
oHP < 0.00D(Fig. 7). A4 A9S FHEZ WH(IA, T, = F2 3§
(F-9F &40 2 A AGAAE, g% AFE)o2 Fiste] AA% 33 A7)
T Arle FRBAE A A (Fig. 8), FH(SVL : r = 0621, n = 364
HW :r = 0615 n = 364; BW: r = 0558, n = 330)% %Z(SVL : r = 0.759, n
= 76; HW :r = 0765, n = 76; BW : r = 0729, n = 68) 2ol A wltie} ol
ot dve A9AFE AT Azt AAE BIFHol yEERthP <
0.001). T3 A Ao WA (AAE, ¢=, AFE) A7|9ke #AAE 2 (SVL:
r = 0544, n = 211; HW: r = 0544, n = 211; BW: r = 0647, n = 1773} %%
(SVL: r = 0348, n = 45 HW: r = 0388, n = 45 BW: r = 0374, n = 37) =%
Fo4= HellA Fo daaAs ZAH(Fig. 9).

Table 7l #IAIZE wRel o] 20078 2013 7kA] A Hat 7] A5

HW: r = 0.701, n = 364; BW: r = 0651, n = 330)% ¢Z(SVL: r = 0.808, n
76; HW: r = 0817, n = 76; BW: r = 0.789, n = 68) 7oA 7]} F2 49
FHEAS BATHP < 0.001)(Fig. 11).
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Table 3. Mean + SE of the external characteristics on H. japonica in the Korean Peninsula

Population
(n = male /
female)

Mean #= SE (range)

Male (n = 366)

Female (n = 76)

SVL (mm) HW (mm) BW (g) SVL (mm) HW (mm) BW (g)
Buan 31.40 + 2.40 10.88 + 0.92 2.59 + 0.50 36.21 + 1.85 12.23 + 0.37 3.73 + 0.35
(n =57/ 3) (27.01 - 36.88) (8.86 - 12.80) (1.60 - 3.50) (34.97 - 38.34) (11.81 - 12.51) (3.40 - 4.10)
Imsil 30.98 £+ 0.30 10.95 + 0.12 2.43 + 0.07
(n =57/0) (27.00 - 37.38) (9.40 - 13.25) (1.70 - 4.00)
Hamyang 31.67 + 0.50 11.27 + 0.15 2.20 + 0.11 34.51 + 0.49 11.74 + 0.20 2.91 + 0.14
(n=17 /19 (28.40 - 36.53) (10.05 - 12.37) (1.73 - 3.38) (30.96 - 38.88) (9.90 - 13.47) (1.70 - 3.78)
Ulsan 32.08 + 0.36 11.43 + 0.16 2.30 + 0.10 34.25 + 0.81 12.00 + 0.31 3.09 + 0.30
(n=23/9) (28.77 - 36.76) (10.38 - 13.26) (1.41 - 3.45) (29.62 - 37.12)  (10.71 - 13.17) (1.93 - 4.84)
Geoje 34.06 + 0.31 12.18 + 0.13 2.61 + 0.07
39.41 13.56 4.88
n=36/1) (30.27 - 38.00) (10.85 - 13.82) (1.69 - 3.51)
Wando 33.31 + 0.37 11.82 + 0.14 2.99 + 0.11 39.73 £ 1.76 13.47 + 0.72 5.38 + 0.47
(n =33/23) (27.31 - 36.91) (10.05 - 13.25) (1.66 - 4.28) (37.25 - 43.14)  (12.36 - 14.83) (4.79 - 6.30)
JeJu 37.38 + 2.90 13.39 + 1.10 4.27 + 0.93 4464 + 0.62 15.53 + 0.22 8.69 + 0.89
(n = 143 / 41) (30.03 - 43.02) (10.90 - 16.66) (2.46 - 6.50) (35.24 - 51.28) (12.45 - 18.41) (3.58 - 14.36)

* note

: snout-vent length (SVL), head width (HW), body

weight (BW)
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Table 4. Size difference between sexes of H. japonica in the Korean Peninsula

(P < 0.05)
Paired samples t-test, male - female
Population SVL HW BW
Korean Peninsula t -12.415 -8.320 -7.274
B P < 0.001 < 0.001 < 0.001
(n =366 /76) 4 72 72 55

Mann-whitney u-test, male - female

Buan

P < 0.05 < 0.05 < 0.05
(n =57/ 3)
Imsil
P - - -
(n =57/0)
Hamyang
P < 0.05 0.102 < 0.05
(n =17/ 19)
Ulsan
P 0.152 0.257 0.113
(n=23/9)
Geoje
P - - -
n=36/1)
Wando
P < 0.05 0.113 < 0.05
(n =33/ 23)
JeJu
P < 0.001 < 0.001 < 0.001
(n = 143 / 41)

Table 5. Relationship between the external characteristics of A japonica in the

Korean Peninsula (Pearson's correlation analysis, P < 0.05)

External Male Female

traits HW BW HW BW
r 0.945 0.926 0.966 0.933

SVL P P < 0.001 P < 0.001 P < 0.001 P < 0.001
n 364 330 76 68
r 0.884 0.918

BW P P < 0.001 P < 0.001
n 330 68
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Table 6. Relationship between the environmental factors and the external characteristics

Peninsula (Pearson's correlation analysis, P < 0.05)

of H. japonica

in the Korean

Environmental Male Female
factors SVL HW BW SVL HW BW
r -0.728 -0.729 -0.766 -0.783 -0.791 -0.793
Latitude P P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
n 364 364 330 76 76 68
r 0.621 0.615 0.558 0.759 0.765 0.729
Type of habitat P P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
n 364 364 330 76 76 68
) ) r 0.544 0.544 0.647 0.348 0.388 0.374
Size of habitat
] P P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
(island only)
n 211 211 177 45 45 37
r 0.702 0.701 0.651 0.808 0.817 0.789
Temperature P P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
n 364 364 330 76 76 68
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Table 7. The temperature of habitats in the Korean Peninsula (2007-2013) (°C)

Location Year January February March April May June Jula August October September November December

2007 2.9 4.7 7 10.9 17.3 21.5 24.3 27.4 22.4 16.9 9.7 5.1

2008 1.3 0.9 6.6 11.8 16.5 20.3 25.8 25.9 23.1 17.8 10.7 4.8

2009 1.4 3.8 6.1 10.6 16.8 21.4 24.2 25.5 22.2 18 9.9 3

Buan 2010 0.2 2.8 5.6 8.9 15.9 20.7 25.6 27.8 23.4 15.8 9.4 2.9

2011 -2.8 1.3 3.9 9.3 16.5 20.8 24.7 24.6 20.8 14.9 12.3 2.6

2012 0.1 -0.4 4.3 11 16.5 20.6 24.5 26.5 20.6 15.8 8.5 0.2

2013 -1.7 0.6 5.3 9.5 17.0 22.4 26.7 27.7 21.5 15.5 8.0 2.3

Mean 0.2 2.0 5.5 10.3 16.6 21.1 25.1 26.5 22.0 16.4 9.8 3.0

2007 -1.2 2.5 5.5 9.3 16.1 21.1 23.7 25.6 20.8 12.9 4.1 0.9

2008 -2 -2.9 5.3 11.6 16.1 20.3 25.4 23.7 21.1 14.3 6.1 0.3

2009 -3.1 2.8 5.7 11 17.3 21.2 23.5 24.3 20.2 13.5 6.4 -0.5

Imsil 2010 -2.8 1.7 49 8.9 16.7 22.3 25.1 25.8 20.7 12.4 4.3 -1.6

2011 -8.2 -0.4 1.9 9.4 16.4 21.6 24.4 24.1 19.8 11.6 9.5 -1.3

2012 -3.5 -2.8 3.8 10.9 17.4 21.1 24.1 25.3 18.5 11.6 4.4 -3.8

2013 -4.4 -1.2 4.8 8.4 16.4 22.0 25.2 25.9 19.8 13.5 5.1 -0.6

Mean -3.6 0.0 4.6 9.9 16.6 21.4 24.5 25.0 20.1 12.8 5.7 -0.9

2007 4.9 7.3 9 12.8 17.3 20.6 23.8 26.8 23.5 18.3 11.1 7

2008 3.8 3 8.9 13.6 17.1 20.1 25.6 25.6 23.8 18.8 11.5 6.3

2009 3.5 7 8.7 12.9 17.7 20.7 23.9 25.4 22.8 18.4 11 5.3

Wando 2010 2.9 5.3 7.9 11.1 16.4 20.8 24 26.8 23.9 17.6 10.3 4

2011 -1.3 3.4 5.2 10.6 16.4 20 24.2 24.3 21.5 15.4 13.3 3.6

2012 2.1 1.7 6.8 12.2 17.1 20.5 23.7 26.8 21.1 16.5 9.7 3.2

2013 1.3 2.9 7.8 11.7 18.1 22.3 27.2 28.3 23.2 17.9 9.8 4.5

Mean 2.5 4.4 7.8 12.1 17.2 20.7 24.6 26.3 22.8 17.6 11.0 4.8

2007 1.8 5 8.2 12.9 19.1 23.2 25.3 27.5 21.3 14.7 6.8 2.9

2008 0.6 0.2 7.5 13.5 18.2 20.7 27.3 24.8 21 14.6 6.6 0.7

2009 -1.9 3.6 6.6 12.9 18.1 22.3 23.7 24.1 20.6 13.9 7.2 0.8

Hamyang 2010 -1.2 2.4 5.4 9.6 17.1 22.8 25.2 26.7 21.3 13.5 5.7 0.4

2011 -3.9 1.5 4.8 11.8 17.6 23 25.5 25 20.9 12.9 10.5 0.8

2012 -1 -0.5 6 12.8 18.8 22.3 26.1 26.1 19.7 13 6.1 -1.9

2013 -2.8 0.3 6.6 9.4 17.6 22.5 25.5 26.3 19.4 13.7 5.8 0.6

Mean -1.2 1.8 6.4 11.8 18.1 22.4 25.5 25.8 20.6 13.8 7.0 0.6
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Table 7. The temperature of habitats in the Korean Peninsula (2007-2013) (°C)
Location Year January February March April May June Jula August October September November December
2007 5.8 8.2 9.2 13.4 18.3 21 24 27.2 236 18.9 11.9 71
2008 2.7 2.4 8.9 13.8 18 20.7 27.1 26.2 23.6 19.1 11.4 5.8
2009 42 8.7 10.4 14.8 18.9 22 24.5 25.9 23.7 19.7 12 6.5
‘ 2010 41 6.4 8.6 11.9 17.7 20.6 24.5 27.2 23.8 18 1.1 5.9
Geole 2011 0.3 5.8 7.1 12.4 16.1 19.9 23.8 245 22.2 16.9 136 4.9
2012 3.2 3.1 8.3 13.1 17.2 19.9 24 26 21.1 17 10.1 35
2013 1.7 3.7 9.7 12.3 18.4 22.2 26.7 28.2 23.2 18.1 10.0 5.0
Mean 3.1 55 8.9 13.1 17.8 20.9 24.9 26.5 23.0 18.2 11.4 55
2007 3.6 6.1 8.6 133 19 21.6 23.9 27 21.7 16.4 9
2008 2.1 1.9 8.3 13.9 18.3 20 27.2 25.1 21.9 16.9 9.6
2009 11 6.4 8.8 13.9 19.4 22.4 23.8 24.4 21.4 16.7 8.7 2.7
2010 0.5 3.5 6.3 10 17.2 21.9 25 271 21.9 155 76 2.4
Ulsan 2011 2.5 3.2 58 11.9 16.9 21.9 95.2 24.7 21.2 14.7 113 2.3
2012 0.7 0.4 6.6 13.4 18.4 21.1 25.9 25.9 20.2 14.7 77 0.2
2013 0.9 3.4 9.4 12.1 18.4 22.0 27.8 29.0 22.8 17.7 9.8 43
Mean 0.9 3.6 7.7 12.6 18.2 21.6 25.5 26.2 21.6 16.1 9.1 3.0
2007 7.2 9.1 108 13.9 18.9 215 24.8 28.1 23.3 183 12.0 9.6
2008 6.4 51 10.0 14.2 17.2 20.8 27.2 26.7 23.9 19.3 13.0 8.4
2009 5.5 8.7 9.8 13.7 18.6 22.6 25.8 25.6 22.9 19.0 12.4 73
_ 2010 5.3 7.3 9.3 11.8 17.3 212 25.9 28.8 24.2 17.6 11.7 71
Jeju 2011 2.3 7.0 7.8 13.2 18.2 21.7 27.3 26.0 23.1 17.9 15.7 71
2012 5.4 48 9.0 14.5 19.0 22.3 26.6 27.8 22.0 18.4 12.0 6.6
2013 56 6.2 10.0 135 18.6 217 28.7 29.1 24.0 19.2 12.9 8.1
Mean 5.4 6.9 9.5 135 18.3 21.7 26.6 27.4 23.3 18.5 12.8 7.7
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Figure 10. The monthly mean temperature of habitats in the Korean Peninsula (2007-2013).
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x| o}
= —

N

H

. H=F

AFE AG MaA oA F 184(FA 143, 4R ADNAZ AR sto], P AS
5743t tH(Table 8). ¥7elA 7b¢ & A7/ FZ(SVL: 43.02mm, HW:
16.66mm, BW: 650g, n = 60)3 <ZH(SVL: 51.28mm, HW: 1841lmm, BW:
14.36g, n = 29)°] yetutow, HJokeo] =A7] w3 Z(SVL: 3951 + 0.28mm,
HW: 1407 + 0.13mm, BW: 484 + 0.13g, n = 60)3 &Z(SVL: 4650

-+

0.43mm, HW: 16.17 £ 0.19mm, BW: 10.19+0.4g, n = 29)°] t& X H]s] Z
Tone way ANOVA, P < 0.05). ¥bH A Ao 73} JHe a7|= BE J4
oM ogrel AA uEbwtar, Hae] Hit Ar] B 2I(SVL: 3467 +
0.25mm, HW : 1248 + 0.09mm, BW: 345 + 0.1g, n = 52)% ¥Z(SVL: 36.88
+ 1.16mm, HW: 13.04 + 0.34mm, BW: 364 = 04lg, n = 5)°] 7} 2 Ao
2 UERHHP < 0.05).
A% e FA3AH A 2715 ¥awd A3(Table 9), 25 4 A
ol7l Aol AAHA7|olF M (sexual size dimorphism, SSD)o] EFsETH paired
samples t-test, SVL: t = -12952, n = 41, HW: t = -8962, n = 41, BW: t =
-8.343, n = 24, P < 0.05). =3 #2 A Ar]E AAAEE v Ay
(Table 9), WFE9 AYeld <A =277 & A2 Uy
(Mann-Whitney U-test, 2 < 0.05). A9 WA+7He] =
(Table 10), Al A9 ZAAxLe] EF v&E fAdo=m FEHJH(One way
P <

ANOVA with post hoc, Turkey test,

7 Aols #AE A

=243 PA7ke] AAB[A(P < 0.05)= 23 A3 (Table 11), Ao I Azt
of o] ATATIAV U= AR yEhyton E3] SVLIY BW(I = 0922, P <

0.001, n = 109014 =2 A¥FdS BT oA T3k AN Fo] FAAAE
e, SVLY HW(r = 0917, P < 0.001, n = 1094 =& AAAHE HY
T A+ (Fig. 12).

b MR g e] Arlek ek Ay Al (Pearson’s  correlation
analysis, P < 0.05)5 #2413 ZA3(Table 12), <=Z(SVL: r = 0597, n = 143;
HW: r = 0507, n = 143; BW: r = 0466, n = 109, P < 0.00D)¢] =7]¢} 1A}

_25_



olelli= o] F#AAAY A= AR YERHT FAB FAEA FA(SVL: r =
0.701, n = 41; HW: r = 0679, n = 41; BW: r = 0733, n = 33, P < 0.001)° 4]
= oaxd mE Fo] AAE AFAdo] B, FART HwH EA e
(Fig. 13).

2007AF-E 20131 Aolell AlF= M A A 7] 2E = Table 13 A4 8kS
o A 7] 2S 243 A3 (Table 14), 793 Hi 255 HA(17.03 T)7}
7V Eokal, olojA 741524 C), BH(10.87 Tl WERRT, AEHE(E 35
4, 9% 689, 7t 9-11¢¥, AL 1 12-29) Ht 7] Te FAHHo] 7}
=otom, SR Hel 7Y wdth(Fig. 14).

MR A e 7l AT Ao JaAAE EA% Ay (Fig. 15), FH(SVL:
r = -0.706, n = 143; HW: r = -0.616, n = 143; BW: r = 0597, n = 109, P <
0.001)¥ A (SVL: r = -0.800, n = 41; HW: r = -0.753, n = 41; BW: r =
-0.805, n = 33) EFolA &9 ARBAE RoFAHP < 0.001).

=
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Table 8. Mean * SE of external

characteristics in the population of H. japonica in Jeju Island

Mean + SE (range)

Population
(n = male/ Male (n = 143) Female (n = 41)
female) SVL (mm) HW (mm) BW (g) SVL (mm) HW (mm) BW (g)
Bonggae 39.51 £ 0.28 14.30 £ 0.13 4.84 £ 0.13 46.50 = 0.43 16.17 £ 0.19 10.02 + 0.40
(n = 60/29) (33.63 - 43.02) (10.90 - 16.66) (2.92 - 6.50) (41.79 - 51.28) (14.42 - 18.41) (6.61 - 14.36)
Gamsan 37.77 £ 0.31 13.63 £ 0.11 4.28 £ 0.11 42.45 = 0.62 14.65 £ 0.16 5.54 + 0.18
(n = 31/7) (33.15 - 41.59) (11.92 - 14.46) (2.59 - 5.08) (39.56 - 43.95) (14.02 - 15.07) (4.57 - 5.94)
Cheonji 34.67 + 0.25 12.48 = 0.96 3.45 + 0.07 36.88 = 1.16 13.04 + 0.34 3.64 + 0.06
(n = 52/5) (30.03 - 38.51) (11.23 - 13.97) (2.46 - 4.56) (35.24 - 41.44) (12.45 - 14.35) (3.58 - 3.70)
Total 37.38 + 2.90 13.39 = 1.10 4.27 £ 0.93 44.64 + 0.62 15.53 = 0.22 8.69 + 0.89
ota
(30.03 - 43.02) (10.90 - 16.66) (2.46 - 6.50) (35.24 - 51.28) (12.45 - 18.41) (3.58 - 14.36)
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Table 9. Size difference between sexes of H. japonica in Jeju Island (P < 0.05)

Paired samples T-test, male - female

Population SVL HW BW
) t -12.952 -8.962 -8.343
Jeju Island
P < 0.001 P < 0.001 P < 0.001
(n = 143 / 41)
df 40 40 23
Mann-Whitney U-test, male - female
Bonggae
P < 0.001 < 0.001 < 0.001
(n = 60/29)
Gamsan
P < 0.01 0.001 0.001
(n = 31/7)
Cheonji
P 0.088 0.088 -
(n = 52/5)

Table 10. Comparison of the external characteristics among the populations of
H. japonica in Jeju Island (One way ANOVA, with post hoc, Turkey
test, P < 0.05), B = Bonggae, G = Gamsan, C = Cheonji

Male Female
P P
B g < 0.05 B g < 0.05
SVL G 2 < 0.05 G 2 < 0.05
c (B; < 0.05 ¢ (B; < 0.05
B g < 0.05 B g < 0.05
HW G CB: < 0.05 G 2 < 0.05
c g < 0.001 ¢ (B; < 0.05
B g < 0.05 B g < 0.05
wo °E am b
© & ow B <o
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Table 11. Relationship between the external characteristics of H. japonica in Jeju

Island (Pearson's correlation analysis, P < 0.05)

Male Female
HW BW HW BW

r 0.894 0.922 0.917 0.830
SVL P < 0.001 P < 0.001 P < 0.001 P < 0.001

n 143 109 41 33

r 0.846 0.798
BW P < 0.001 P < 0.001

n 109 33
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Figure 12. Relationship between the external characteristics of A japonica in Jeju Island.
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Table 12. Relationship between environmental factors of habitats and the external

(Pearson's correlation analysis, P < 0.05)

characteristics of H. japonica in Jeju Island

Environmental Male Female
factors of habitats SVL HW BW SVL HW BW
r 0.597 0.507 0.466 0.701 0.679 0.733
Altitude P P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
n 43 43 109 41 41 33
r -0.706 -0.616 -0.597 -0.800 -0.753 -0.805
Temperature P P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001
n 143 143 109 41 41 33
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Relationship between the altitude of habitats and the external characteristics of H. japonica in Jeju Island
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Table 13. The temperature of habitats in Jeju Island (2007-2013) (°C)
Area Year January February March April May June Jula August October September November December
2007 0.2 3.5 5.5 9.0 15.0 17.5 21.2 22.4 19.2 13.0 6.2 2.9
2008 -0.2 -2.1 4.5 9.9 13.9 16.6 22.4 20.9 18.1 13.5 6.8 2.2
2009 -0.9 3.8 5.1 10.0 15.3 18.4 20.6 20.6 17.6 13.4 6.3 1.2
Bonggae 2010 -0.3 2.1 4.2 7.1 13.9 17.7 21.6 22.9 19.0 12.0 6.3 1.3
2011 -4.7 1.6 1.9 9.1 14.6 18.2 22.0 21.6 18.3 12.5 10.5 0.5
2012 -1.3 -14 4.3 10.9 15.3 17.2 21.9 22.2 16.6 12.3 5.7 0.3
2013 0.6 1.2 6.7 9.5 15.7 18.4 24.3 23.9 18.6 14.0 6.9 1.5
Mean -0.9 1.2 4.6 9.4 14.8 17.7 22.0 22.1 18.2 13.0 7.0 1.4
2007 5.2 7.8 9.3 12.4 17.8 21.2 25.0 27.4 23.7 17.7 10.9 7.9
2008 4.7 3.1 8.7 13.5 17.5 20.3 26.5 26.0 23.4 18.6 12.0 7.2
2009 4.4 8.0 9.0 13.3 18.7 21.7 24.8 26.0 23.1 18.5 11.8 6.5
Gamsan 2010 4.8 6.9 8.6 11.5 17.4 21.6 25.5 27.6 24.0 17.4 11.3 6.4
2011 1.1 6.3 6.7 12.0 17.9 21.1 26.0 25.6 23.3 17.2 15.2 5.8
2012 4.2 3.9 8.2 13.8 18.7 22.0 25.7 277.4 21.5 17.6 11.1 5.4
2013 4.2 5.3 8.9 12.1 18.4 21.7 26.4 28.0 23.5 18.7 11.7 7.3
Mean 4.1 5.9 8.5 12.7 18.1 21.4 25.7 26.9 23.2 18.0 12.0 6.6
2007 7.9 10.2 11.5 14.9 19.4 21.8 25.4 28.2 25.1 20.1 13.9 10.3
2008 7.9 6.0 11.1 15.2 18.6 20.8 27.2 27.1 24.7 20.7 14.0 9.8
2009 6.7 10.8 11.7 15.2 20.0 22.1 25.5 26.6 24.5 20.6 13.8 8.9
Cheonii 2010 7.5 9.3 10.8 13.3 18.3 22.0 25.9 28.3 25.5 19.5 14.0 8.9
2011 4.0 9.0 9.3 14.2 18.7 21.7 26.7 26.3 251 19.9 17.2 8.3
2012 6.8 6.6 10.8 155 19.9 22.4 26.1 27.9 23.0 19.7 13.2 7.9
2013 7.0 8.5 12.2 14.3 19.2 22.2 27.3 29.1 25.4 21.1 13.9 8.7
Mean 6.8 8.6 11.1 14.7 19.2 21.9 26.3 27.6 24.8 20.2 14.3 9.0

_33_



—— Cheunji 2007 —— Gamsan 2007
—— 2008 — 2008
30,00 2009 30.00 2009
— 2010 P — 2010
2011 20m
—2012 —2012
2013 2013
3 3 — Cheanji
3 2000 < 20,00 ]
Q o — Gamsan
e 2 30,00 Bonggae
£ ® — Jeju-do
5 T =
£ £ "
0 o =
(= (= n
10.00 10.00 =
(5]
20,00
i
o
«~§
h
~
e —r T T T T T T 1 T T 771 8 — T T T T T T I T T 7 T 2
i 2 3 4 5 6 7 B 8 10 1 12 1 2 3 4 &5 B 7 8 8 10 1 12 a
o
Month Month @
5 10.007
=
—— Bonggas 2007 ]
—— 2008 @
25,00 . A8 E-
— 2010 o
2011 [
1 —— 2012 e
20.00
2013 3 0.004
5 =
@
o 15007
Q
2
2
£ 1000
= -10.00 T T T T T T T T T T T T
2 1 2 3 4 5 6 7 8 9 10 11 12
500
Month
0.00
5.00 — T+ T T T Tt T T T T
1 2 3 4 5 6 7 8 9 10 11 12
Month

Figure 14. The monthly mean temperature of habitats in Jeju Island (2007-2013).
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Table 14. The mean temperature of habitats in Jeju Island (2007-2013)

Seasonal mean temperature (°C)

Season
Spring Summer Autumn Winter
Location
(March - May) (June - August) (September - November) (December - February)
Bonggae 10.87 0.57 9.59 20.60 12.70
Gamsan 15.24 5.54 13.07 24.64 17.72
Cheonje 17.03 8.14 14.96 25.27 19.76
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Biogeographical variation of Korean tree frog

Hyla japonica based on external characters

Kyo-Soung Koo

Department of Biology Education

Graduate School, Jeju National University

Abstract

In order to determine the effect of environmental factors on the body size of
the Korean tree frog, Hyla japonica, 1 surveyed seven populations between
April 2012 and October 2013: Buan-gun, Imsil-gun, Hamyang—-gun, Geoje-si,
Ulsan-si, Wando-gun, and Jeju—do in the southern part of the Korean
Peninsula. Snout-vent length (SVL), head width (HW) and body weight (BW)
were measured to compare among populations, and environmental factors
were studied to confirm the correlation of the body size of H. japonica in
populations with latitude, altitude, temperature, type, and size of habitat. The
results reveal that the Jeju population was the biggest group in body size in
both sexes (Kruskal wallis test, 22 < 0.05). However, the population of the
smallest in body size was different according to the populations and the
external characters. A female bhias in sexual size dimorphism (SSD) was
shown in all populations and external characters were measured (paired

samples t-test, P < 0.05). The result of studying the correlation between
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body size and environmental factors (Pearson’s correlation analysis, P < 0.05)
revealed that a smaller body size appeared at higher latitudes and
temperatures, while a larger body size appeared at higher altitudes and larger
habitats. Moreover, the bigger H. japonica was discovered in the habitat
adjacent to the coastal region. The result of the relationship between body
size and environmental factors was identical in both sexes. Consequently, the
SSD of H. japonica was consistent with the typical phenomenon in anuran.
However, the result of the relationship between body size and environmental
factors was showed a discrepancy with previous studies, especially in the
relationship between body size and latitude. This means that the effect of the
environment on body size could be applied differently according to the habitat.
The effect of the environment on the body size of H. japonica was partly
confirmed by this study, and these results could be useful for understanding

the relationship between its life and its environment.
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