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ABSTRACT

The mean snout-vent length (SVL) of the Kaloula borealis is estimated
at 45.2mm, its HL (head length) at 10.6mm, HW (head width) at 14.4mm,
and SL (snout length) and ED (eye diameter) at 4.4mm. Its FLIMB
(forelimb length) was estimated at 19.4mm and HLIMB (hindlimb length)
at 44.9mm. The EN (distance between eye and nostril) was half the size
of IND (internarial distance), and the IOD (interorbital distance) was
longer than the IND but smaller than the SL or ED. The length of the
forelimb was half the size of SVL and the length of the hindlimb was
similar to that of SVL. The third finger of the forelimb was the longest
and the first toe was the shortest. The fourth toe of the hindlimb was
the longest and the first toe was the shortest. The tBL (body length) of
a tadpole was smaller than half of its tTL (total length) and its tIDE
(intereye distance) was longer than its tTH (tail height). The abdomen of
the tadpole was initially transparent but turned to be gray and
black-dotted at Gosner stage 28.

K. borealis was found to stay at the same place in their habitat under
rocks, in piles of stones, or in the soil for 5 to 7 days. This suggests
that K. borealis dwells in the same place for a long time and migrates
for the night within a limited area. The spawning sites of K. borealis in a
large number of wetlands were surveyed in Jeju Island between May and
August from 2007 to 2010. The subjects’ habitation was investigated by
their calls throughout a rainy night up to the next morning. Spawning
sites ascertained the existence of their eggs and tadpoles. In the results,
83 wetlands were found to be used as spawning sites. Of these, most of
the spawning sites were permanent wetlands. In addition, 81.9% of the

wetlands in Jeju Island were at an altitude of 150m or lower. K. borealis
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spawned in shallow water not more than 50cm in depth. By region, 54
wetlands were in Jeju—si and 29 wetlands were in Seoguipo—si. This
might be attributed to the relatively high farming activity in Seogwipo-—si
compared to Jeju—si. In Seongsan-eup where a reedy marsh stretches
out, wide spawning sites were well-preserved compared to other regions.

In order to analyze the environmental factors influencing the breeding
activities of the K. borealis, spawning sites in Daejung—Eub, Jeju Island
were Investigated for 4 years from 2008 to 2011. Rainfall, humidity,
temperature, barometric pressure, and wind speed were analyzed
together. Spawning activities according to precipitation revealed that the
major factors influencing breeding activities included rainfall, humidity,
and barometric pressure. The most important factor was rainfall,
suggesting that K. borealis spawns when it rains hard. Temperature was
also important for breeding activity. The breeding season was from May
to August, meeting the conditions for breeding activities. Like the
previous studies on other anurans In temperate regions, rainfall and
temperature might be important for the breeding activities of K. borealis
on Jeju Island.

The feeding habits of K. borealis was studied among 52 out of 56
specimens collected in Daejung—up, Jeju Island in June 2011. The
stomach contents were analyzed by stomach flushing method. In the
result, the main preys for K. borealis were found to be Diptera sp.,
Harpalidae, Formicidae, and Drosophilidae. K. borealis fed on all sizes of
small preys while individuals with large SVL fed on big preys. By feeding
on a large amount of food with less activities, the individuals with large
SVL increased their energy efficiency. In many cases, K. borealis fed on
Diptera sp. or Drosophilidae that were slow but capable of flying. This
suggests that K. borealis has a sit—and-wait form of preying rather than

an active searching technique for acquiring food.
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The age of K. borealis was determined by skeletochronology
performed among 38 males and 58 females sampled in the Daejung-eup
during their breeding season in June 2009. SVL and body weight (BW)
were also analyzed. The mean value of SVLL was 43.69%£3.44 mm in males
and 46.32%+4.23mn in females. The age at first reproduction was estimated
to be 2 years in males and 3 years in females. The oldest males and
females were 8 and 10 years of age, respectively, indicating that the
longevity of K. borealis might be more than 8 years for males and 10
years for females and that females significantly live longer than males. In
growth curve for K. borealis using von Bertalanffy growth model, the
growth coefficient (K) was 0.56 in male and 0.41 in female; the
asymptotic size was 46.41 mn in male and 50.22 mn in female.

There were three major reasons for the decline in the K. borealis in
Jeju Island. The first was the loss of habitats due to expansion of
housing areas and road constructions. Second, the expansion of farmland
caused a decrease in spawning habitats in swamps. Of note, pesticide
container waste and fertilizer wrappers were frequently found in the
swamps. This may have destroyed habitats by chemical toxicity. Third,
predators like carps and mudfishes discharged in the swamp decreased
the number of tadpoles by predation. In fact, an adult K. borealis actually
avolded spawning in swamps where predators were found. To preserve
K. borealis on Jeju Island, identification of spawning sites should be
considered first. To preserve the spawning swamp in their habitats,
reclamation of wetland to farmland should be prohibited together with
management of farming waste, including pesticide bottles and fertilizer
wrappers. Because non—native predator species discharged in the wetland
may feed on K. borealis tadpoles, the introduction of non—native species
should be carefully observed in spawning sites of K. borealis on Jeju

[sland.



M=

[

FAFE A AAe ExetH T2 E(Anuran)ol = 547, =855 (Caudata)
o 10¥, F=F9YE(Gymnophiona)ol 10%% % 3% (Order) 74¥HFamily)
6,9800]F0] F3x3a1 Jrtt.(Appendix 1, http://amphibiaweb.org). ¥ Z&-o]
(Kaloula borealis)= 77215 (Anura) & °]¥(Microhylidae) v§-&o]o}x}
(Microhylinae) 4014 (Kaloula)ol 43t Eolth.

Microhylidaet= & MAIF o2 110} (subfamily)el] 70 510F ©]/d A4
&t B33k 15 o|th(http://amphibiaweb.org). °o|E5S HEE FHo|FEH =
WA 7 7kA ¢] A o](SVL; snout-vent length)7} lem%-E A|ZHEE 2HE H7]9
M8 Fo2 FFHAR 10em AHAE HeE FX Yk (Stebbins, 1951;
Duellman and Trueb, 1994; Cogger and Zweifel, 1998). =24 +x+ & 3
(Family)e] 7i7-elets & o244 Ad Hol v o9 7 & 54 F 7HA

A HE o GHe #a F2 dESoIn. AT E 2n=22004 28
2w &1 w2 Wy FEF g7 Ul Side s g drhete]
A= dd A gokon, Uil Al T3 FR[Eo] B FoME &
TH(Duellman and Trueb, 1994; Jensen et al, 2008).
MAFAEAE FE UFY SAoH, AR = ZAA AAsEr|e g
x

(Stebbins, 1951). &3] MAsh= T2 TF 949 HolAd 2HH7= 541,

LA

i

-z

M

o

fob

o

At}

2 a.

%0 il

o\

wjuj = who] ARFS 7% gth(Lannoo, 2005). °l&5& F& Y& i AU+
540R Qo] dwHoR AAvis AvE F2 450, & e Ay ge
FEo ANHQ e 579 ATS 2 Fuol PolE vk MAe =

wol A ZEEALelel HIZE Bol WEle el o] FojXItk(Solé and Kwet, 2002;
Lannoo, 2005; Teixeira et al, 2006). £75 L ML (axillary)o] i 7)Y o}t
59 Microhylidae:x &3o] GAE AXH Za DA M7= 2 HE
d& AA7I=E 3 2ol GAE AAE T2 5N FAVE 7AW o
o thE dHFamily)e] E@olelA = 4 ol Ad 22 derEe fin

(Stebbins, 1951; Duellman and Trueb, 1994). T3l AdR=2 JF1} v,

=

a7



HEo] Quo) A WA gk

Y

o] B 1% AQtHGlaw and Vences. 1992)
Microhylidae®] A A& Holdg]7zt, WAl Z e} Fofold g7}, Holwle 7},
el 7 FA4, of=Z g7t A%, 2837t FEolAlol, wriYol,

ST=
A3} ool EEFTH AFFS DA A oM E = F

sl

_>.:

ol
=

Atk Microhylidaes= Jr7IHobel witp7tazt2ol A FMF tHPEs 26k

=

Fo]7]% 3}tH(Stebbins, 1951; Cogger and Zweifel, 1998; Guyer and

Donnelly. 2005; Lannoo, 2005; Van der Meijden et al, 2007; Jensen et
al., 2008).

| 5/ \
Y M i lil 4]
) * 3 - > f 7
e L S B
i s v
; ; P el
T 24
& P K.rugifera N
Pha e @ r 1
s J
% o L
P e K.assamensis it
O K vernicosa { :
< 7 )
o (|
i Y K.rigida
| A |\;" e / K kalingensis
!I K rsprob,a# ca % f p-* . / K. kokacii
\ . k4 / K.waltera
\ / K.conjunita
K.pulchra » ="
'.\ IZ T it i
& i I T o oy
| B e LA
w K.aureata ——= ' Kmedialinate .. i
g F g
L “__._\—-—-7‘ K. baleta o ¥ 5 - _--./:/_; \Q‘:\ s -1

Figure 1. Geographical distribution of the genus Kaloula.

Kaloula?:2 Gray(1831)ell 9J&| wHA %o Kaloula pulchra@Z grAlol &2
2 d#HFY. A7 2= Kaloula%e 54S v-g3 o] &3 B9 &

olglal Yo ¥ FEE EFarh HeEs Fal ol flom vty o))
AR gk theEle #al wkehe 4-570 el mpxuh pde el o
goz Ay Feolt) AT ol RHE TEI moolgtn 7Esa 3l

T} &3k Sengupta et al(2009)8 kaloulaol F23F EAS tS3 o] 7|&

= E
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Table 1. The list of genus Kaloula (VU: Vulnreable, NT: Near Threatened, LC:
Least Concern, DD: Data Deficient. http://amphibiaweb.org)

Scientific Name

IUCN Red
List Status

Vernacular Name

Kaloula
Kaloula
Kaloula
Kaloula
Kaloula
Kaloula
Kaloula
Kaloula
Kaloula
Kaloula
Kaloula
Kaloula
Kaloula
Kaloula
Kaloula
Kaloula

assamensis
aureata
baleata
borealis
conjuncta
kalingensis
kokacii
macrocephala
mediolineata
picta

pulchra
rigida
rugifera
taprobanica
verrucosa

walteri

LC
DD
LC
LC
LC
VU
NT
DD
NT
LC
LC
VU
LC
LC
LC
DD

Smooth-Fingered Narrow—-Mouthed Frog
Boreal Digging Frog

Philippine Narrowmouth Toad

Kalinga Narrowmouth Toad

Catanduanes Narrow—-Mouthed Frog

Painted Narrowmouth Frog
Piebald Digging Frog

Luzon Narrow—-Mouthed Frog
Sichuan Digging Frog

Sri Lankan Bullfrog
Verrucous Digging Frog

Vogt(1913)= WZ#ol= Callula tornieri Vogtel= M E2E o7 W¥E 3
U, ¥ sFolHoz ue A
WA, WEole sFo]oal

(http://amphibiaweb.org).
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Callula tornieri

by Vogt, 1913

Kaloula borealis by Noble, 1925

Kaloula wolterstortfi
Cacopoides tornieri

Kaloula tornieri

by Stejneger, 1925

by Mori, 1928

by Gee and Boring, 1929



Kaloula wolterstorfi by Shaw, 1929,

Kaloula manchuriensis by Boring and Liu, 1932
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A1E 2|8 HE] S5

Eol= Mol (Microhylidae)oll £él= Fo= f2uete] Asts &
FTae N FEE tEA Hels 5ol vk AARJN A mEol @A
92 Aol lom FFol s mEet FEolvt Ae(FHAYEAA,
2011) Fej= S-2ugtel A28k el & (Rana)oly N2l & (Hyla), 773
M-24(Bombina)®= BE7F &3] apol7t drh 5 FHe A A e
hzbAfolsn 2he SA) whade] AbxjE o] vk &, 2010; °] &, 201D).
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2001; ZHAEALT 2011; o] 5, 2011), E&FHUE 2 BoA A =

w2
>,

Z4E 9 Fot Z5%3(large median subgular external vocal sac)o]tH(<F
S, 2001). Hol= 2 vy Fy WXHYF, MuF, 2398 FeS EASH(a
=, 2012).
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A%

=P

WEol  AlAe ArIE HeotERry] f&s 7 FedE=E S48
SVL(snout-vent length), HL(head length), HW(head width), SL(snout
length), ED(eye diameter), EN(distance between eye and nostril),
IND(internarial distance), IOD(interorbital distance), FLIMB(forelimb
length), FARM(forearm length), HLIMB(hindlimb length), THIGH(thigh
length), TIBIA(tibia length), FOOT(foot length). 542 ZAgHE A}E3}4]
O.lmm7HA 2 3} SHHHLE Ueda(1998)9F Sengupta(2009)e] uwpgkt}

(Figure 2).

=74 T8 A (SVL: sgelA FuldZ744]), meldo] (HL: sEolA
E7HAD, M EF (HW: 4% dF Abel), 52 do] (SL: F = SHE Ateld] T4
oA mo] BEE 7)), £ A4 (ED: £ AN HEZA Ad), w3}

Ato] o] (EN: 8} we] oz & o] (IND: F & Aol %
o), == Abe] Hol(IOD: w=/A&F Atele] 7H &2 4deo]), iy 4deo] (FLIMB:
dthE] Ar=olol A 7Hd 21 &7 E71A]), Sivke] do] (HLIMB: FujAd 7ol
A sive] 7P 21 wvbeEzbA), dEdel (TIBIA: EF AN FE74A),
LA o](FOOT: F=elA 7Hd 11 @7rs7hxD)E SAsGAL, =279 dHe
Savage®} Heyer(1997)2] WS uwlsitt.

o]l Aol B9 A7)+ Gosner(1960)9 379HAl4l = FAS 7HA
Aot 542 Ueda(1998)2] iiol whel =2 Zdol(tBL), &< F7(BH),
nElzEel(tTH), wel FHHW), w=HAGIED), JAdoltTL®E &8kt
(Figure 3).
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Figure 2. Measured parts of Kaloula borealis.
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Figure 3. Measured parts of tadpole.
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Wgole] Hi SVLS 45.2mmeol™, HLS 10.6mm, HWi= 14.4mm, SL¥}
EDE 4.4mmz A%t FLIMBE 19.4mmeo|i HLIMBE 44.9mm#= et
Uil ltH(Table 2). ZF AAF-9E 7] v &ollA o]l 49+ SL+= HLS
42%73 =o]al ED¢9} H]szdith HLS HWe| 76% 4 == wEdold nls] w9
Wol7b t] Atk ENE IND9| Aukgxolr, [ODE INDRU &5 t©] A% SL
L EDE T 2w At

Figure 4. Dorsal(left) and lateral(right) views of head of Kaloula borealis.

T2 IEE dgo 9lo] #Z Holx ¢grow, HEY Y folde HolX ZEt
(Figure 4). ®W%o] <rtig] Zol= SVLe Awk ALsw, Jrigle] Zol=
SVL¥} A9 H|s=stth. FOOT+ HLIMBY dwkd ) okzk Ati(Table 3). <o}

2] Finger lengthi= Al WA Wrigte] 713 A 3 WA drbgo] 718 #ho).
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Table 2. Morphological measurements” of Kaloula borealis (n=12)

SVL HL HW SL ED EN IND

MeantSD 45.2+4.3 10.6+£0.7 14.0£1.9 4.4%0.5 4.4%+0.6 1.9+0.3 3.4%+0.3

Range 37.6-51.2 9.2-11.5 11.2-17.2 3.6-5.2 3.4-5.3 1.4-2.4 3.0-3.9

10D FLIMB FARM HLIMB  THIGH TIBIA FOOT

Mean=SD 4.1+0.5 22.8+24 19.4+2.1 44.9+3.8 15.1#+1.1 11.9+1.4 23.7%£1.9

Range 3.6-5.1 19.6-26.6 14.4-22.8 39.1-50.1 12.5-16.2 9.8-14.9 20.5-26.2

*The measurements were as follows: snout-vent length (SVL), head length (HL), head
width (HW), snout length (SL), eye diameter (ED), distance between eye and nostril
(EN), internarial distance (IND), interorbital distance (IOD), forelimb length (FLIMB),
hindlimb length (HLIMB), thigh length (THIGH), tibia length (TIBIA), and foot length

(FOOT).

rthe] Wrlkel A= F3>F4>F2>F1 & Yelda glew 51te] Toe length
= oul ®A 2rbee]l R AW, A WA @vieto]l B Fvh =AME
Ti>Te>Ts> T T 22 Hojlo], E24F] = ofstAl ddyo] glom 11-14101
Y%-141M1-24IV23-1V & YeEhtal lek(Figure 5).

Figure 5. Hand (left) and foot (right) of Kaloula borealis.
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Table 3. Relation of each morphological measurement to the snout-vent length (SVL) in Kaloula borealis (n=12)

P ey mL W SL ED EN IND 10D FLIMB FARM HLIMB THIGH TIBIA FOOT
men

1 45.9 0.24 0.32 0.11 0.10 0.04 0.07 0.08 0.49 0.44 0.89 0.33 0.25 0.53
2 50.3 0.23 0.31 0.09 0.09 0.05 0.06 0.10 0.51 0.45 0.98 0.32 0.27 0.49
3 5l.2 0.22 0.29 0.09 0.07 0.03 0.07 0.09 0.46 0.37 0.97 0.31 0.29 0.50
4 47.3 0.21 0.32 0.11 0.09 0.05 0.08 0.10 0.55 0.43 1.06 0.34 0.24 0.55
5 49.2 0.23 0.35 0.08 0.11 0.04 0.07 0.09 0.48 0.42 0.97 0.29 0.27 0.51
6 42.0 0.24 0.33 0.11 0.11 0.05 0.08 0.09 0.47 0.45 1.02 0.32 0.24 0.49
7 47.8 0.23 0.27 0.08 0.11 0.03 0.07 0.09 0.44 0.40 0.97 0.31 0.25 0.51
8 37.6 0.24 0.30 0.10 0.09 0.04 0.09 0.11 0.55 0.38 1.04 0.41 0.26 0.56
9 45.2 0.23 0.35 0.10 0.11 0.04 0.08 0.09 0.59 0.48 1.03 0.36 0.26 0.55
10 40.1 0.26 0.29 0.11 0.09 0.05 0.08 0.09 0.50 0.44 1.03 0.31 0.29 0.57
11 44.5 0.26 0.27 0.10 0.10 0.04 0.08 0.08 0.51 0.44 0.95 0.34 0.26 0.52
12 41.1 0.25 0.30 0.10 0.10 0.04 0.08 0.09 0.51 0.45 1.06 0.38 0.27 0.53

Mean 45.18 0.24 0.31 0.10 0.10 0.04 0.08 0.09 0.51 0.43 1.00 0.34 0.26 0.53
+SD  +4.27 +0.01 *0.03 £0.01 +0.01 +0.01 £0.01 #£0.01 #+0.04 £0.03 £0.05 #0.03 £0.02 =+0.03

*The measurements were same as in Table 2.
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Table 4. Morphological measurements” of Kaloula borealis tadpole (n=5)

tBL tBH tTH tHW tIED tTL

1 14.4 8.8 9.8 10.4 9.8 32.1

2 14.2 8.4 9.2 10.2 9.8 31.7

3 14.7 7.9 9.0 9.8 9.3 31.9

4 13.8 7.1 9.0 9.9 9.2 28.3

5 13.8 7.5 8.9 9.2 8.9 29.9
Mean 14.2 7.9 9.2 9.9 9.4 30.8

*The measurements were as follows: body length (tBL), (3) body height (tBH), head width
(tHW), intereye distance (tIED), and tail length (tTL).

wgo] FAlel HEldol= dA|dole] AdbrHt o7k Z o, Aloleo] 7HA
2 ngle] Eolrt o7t dAl veal ti(Table 4). FA4<9 vlHE Aol

o E

WEol = Kaloula%oll Al SVL 40-50mmABE2 F3t=7]9 7ol et
kaloula®ll &3l= 7NF8lE2 Kaloula walteri ¢+ 7] SVL 24.5-31.5mm*A %=
9] 2 FHRIAME-H(Diesmos, 2002) Kaloula pulchra*l¥ SVL 73.00mm
(Sengupta, 2009)¢] & =7/F7F o, WHo|= Kaloula assamensis (SVL
52.20mm)e} #e T3+ Aol gl 3= Ao Helth Kaloula
assamensis ¢+ Kaloula pulchra o)A+ SL<& HLe ®jgF v A3 7|=2 e
i glo] wEol 7 okt 2o} Kaloula taprobanicadl Ay HLY 30%7A &0
o EDXRT} oF7F ¥ Ati(Sengupta, 2009). o] ttE ¥+ F3 Kaloula walteri

el(Diesmos et al, 2002; Sengupta, 2009) %% EDXHUT} SLo] ZA o
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ATk, WEFoloA ek Holx| ¢l QO™ Kaloula assamensis 9+ Kaloula
pulchra, Kaloula taprobanica <%= I19H& Ho|x| o3 il glor}) o]ls =
=< fold= FEAY FustAl Holal tk(Sengupta, 2009). Skrhe] rhe
A= FOFOF R 2 U8 Kaloula®)| &3t 53 €2 23E Hola g}

(Sengupta, 2009). ;8] Toe length A4+ TOTOTOTOT 02 ol

rob

o], oF W7g3} ol Kaloula taprobanica‘t Kaloula assamensisi©] &%
TAE Kol v ©E Kaloula %3 o] 2247 = ofstA weHo o,
Kaloula assamensis 2| 114-21114-2311114-2IV2-14VY} Kaloula pulchra 9]
[1-114-21114-3IV3-1V(Sengupta, 2009)¢t= th2 A vehd e Eo %3}
© TEANAAE Ael7b yrar

Eol Ao 3TdAlAM s aeldelrt wgdole] 2uj7F ottt He Ao
vetuar vt ol 279 Al A aejdelrt wejdelo] thef 1
Uth=(Park et al, 2006) |29} vlus] BW, AFSFS wgrt me
Huh o A% S0 wE Zlom yehdar v W] §A9 el ZHEstd
AR et XAHo] glomg Holres E£9 fVws AFshs ZoRE Holn,
A9 542 APFA<Q Microhylidae® HEHZ Duellman®t Trueb(1994)<]

tadpole typell ol &
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M E
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ol wiEe] Aol dt F8 A= AT MFAEA s stEe el

= GA A ARG o] GAE AFES] G| g5 glon, 24

o A%e ol 104mel Fobie] Ael Fa QY dEe wrksh A 9
(Figure 6). %% QA 247 v@goz Asdd Mg BF2 S0l
ol glom, magon Asdd Agel B AFol Fekaieh 1 99 A

oo FAAR o]FolA glom dd wARAGe A2 Ho] JYrk FAAE
47 AA= drleld Qud AAE Edon o of
of Ao gaw RaTh EAXGY Yoo Py HPA: 27vm ot

Ha glow, 7 F HgF Bl g AR ol AT EAWAFoR A
12}

2
2L

550m® A=l A2 Aol glar, =X ko] 7k= 15m, A2 5m A= ¢
Fol gt} o] AL J}S3} & Alolol= hHEE Eo] e HHE EAsa 9
o F3 o3F Abolelli= 10-20cm 7FEFe] Eo] ale] Ebabsltel ek A,
o7t AFHA R APREE AAR o] &E XAl rt. ARl Eo] iLolw u}

ol Astd FEo] IdE A AR E&o A EejEnh o] A
fr7l=o]l weol A FrlES Hel® o WEo] 49 HolE o]fHa
Atk EgF FAA e} v Ao A= thdgk B ZFE] AL Qlo] A
A wgele] Holrk Har glomw o] A= W G WEol7t A AEt
I 9JE Ao doETh webA o] X9 wWFol AFAHOR HAH | A
= o]zt

Waole]l FEWtES dolrry] g 20099 7€l 270A(SVL=51mm,

BW=21g; SVL=52mm, BW=21.5g)S X 3&3} ¥ transmittersE ©]-&3lo] F4
ST JlAe] s Fol7] sl AT 10%v|Tke] A7 E FAskgith W

sol]l A5 wol Hdstal St &2 5oz A7I7F @ = bandut
HEZ gD 7 gl wEE vFEE 2emd = A7fste] 4171 (Holohil,
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BD-2, Internal Helix, Weight:1.2g)& & <toll ¥t} ¥€7] #Hol isopropyl
alcoholol] Yol AZsiglon Ttz HE ts 258 A8, 2 5 4
=

Aol 3L St AEAF-E FRAZE F A Fe] b A

=
0
o)
—
=
=
re
e
_OL
2
=2

a1, Yagi antenna(FOX-2M)E 417](Receiver, 1CO
A oo YA E E2ls)SiT.

Figure 6. Map of the area where the main survey site
located. (http://daum.net).
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L]

H3%  AEX]

r
r

HI
il

N E

HA FA A A AAF R o AFeA FAFEC] FaHY The AE
& 57F Atk (Lips, 1998). #A7MA 4zl A 7ol 32%7F BFEHAS T
neow, AA MRS HAL 438 =AM HATE o] FolA L UvK(Stuart et
al, 2004, TUCN 2012). 53] M7= dutdqos &4 A% Fo= 5
A7) wZel(Collins and Storfer, 2003) ¥AF2o e AA o] yakelA
wAAL Har vk FEuEE olels ofyol A A =3 & 4 UAY WE
ol(Kaloula borealis) 9+ A 74 Bl FAb§ o= s Jete A717F dA
8] =ole Folth(¥ &, 200D).

AFZo A Wgo] 75 B Mori(1928)7F A5 F-tollA Az S
o2 7|53 2, Shannone 19560 AFE=E tXlste] AT FALE
ste] 71E3STh S 2(2004) 5 A AA S A
o 1(2005a)= XX sHEAbd AW SFAFA dof(aret a1, 2005b)el
A EolE BEEIY. 220060 AFE FA-aksT ATAI A wEo] ol
sl AARE 715 star lew, AF=
o 2 5(2009)2 2004 FE 2008Wel AA 32vHe] Wao] AbekA] A&
ato] AFo] ofg] oA HlEol7F Akt Bl Mgt AS Rtk whebA
ATl Aol Wgo] AbgAl= o Beol ST 7ol o A E
© o] o]l HES A4 E ¢ S Aol A

o] B AT AFmelA WEole] ek RE AR} Aax 87 9 54

7]



Aolt}. wd oleld 7|EA ARE AL JeowA Ty D W] I
ol Al el Aol Helo] Fsata, Al $A AAWAZ 9§ 7 A

= Ale 7 = ARTE 2 5 o] AlRRA Tk Ee] Al e REE 4 3l

¢

ZALZ|1ZE 3 S

ZARE 200795E 201097hA] 43z wEole] atdri2 4zl 593E 8
A AFEY A AGel B HXZ AL AEske FR

wag7t gee 7Ikke R AsgltkWells, 1977a). AR 1|7}
B 20:00%H thed 01:007HA = 2547t 58 FAE ol $49 94

g sfopstglon, ol W¥elo] Lohelsl EHY RE Al AARTE
gl 2be AFE A 9L WYOR olFojHov, 2AAY FBS
st 2ol BEHS Fol/]l sl FAS FAHOE WEHOm proldl
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HA7F HAE YK Figure 8). W#ol= HE7|oMEE I Foln= jhehx
HoE 98] A3t Hx= 7AHA Fdrh ABAR o] &= 419 T8 4
Ao Folar#ol(Scirpus triangulatus), =3 (barnyard grass), ZNT-@ut
(Spirodela polyrhiza), *1¥|(Polygonum hydropiper) =2 &2 A}e}al glow 73
FAEC] M BE T AAG o ReE FAAET] wWol Agal S
THTable 5). A=™M=Z #aE &A= 2007 457], 20083 2171, 2009
dell 117K, 2010l 678l #2d AedAE 7H w2 = s e
£ 1% 388mol A& = abEA R wEd] o, b e o U=

AEA = A% 2mE SHEsol s AARATE B b bAoA dH e Al
[e]

>

A4S S B2E AHAAE A 47K FEE ek md g
A4, dAAA FA, ek
(Figure 9). 7 4o HFAEE H]& F74A FA o 2tet Faz A8 s
29L& 437 A o5

= Aol Adats 3ol 197) A ¥ (22.9%), Fviut H7F Wol & wl UAH
2 FA7F dAEE AGS 1670 A9(19.3%), 4A Y} FEAZ

(6.0%)°] A tHTable 7, Figure 10).
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Table 5. List of the aquatic plants covered the spawning sites of Kaloula borealis on Jeju Island

Scientific name Korean name I I I v
Scirpus triangulatus Folarggol O
barnyard grass =9 O
Spirodela polyrhiza 7N 2wt O
Polygonum hydropiper o %] O
Oenanthe javanica R a= ©
Nymphaea tetragona 4 O
Isachne nipponensis TN E O
Ludwigia ovalis o Ank= O
Trapa japonica o O
Nelumbo nucifera A% O
Ceratophyllum demersum SolvtE O
Typha orientalis s O
Potamogeton distinctus 7+ O
Scirpus lacustris Zareg ol O
Lythrum anceps ARk O
Erigeron annuus RS O
Garden Sorrel T2 O
Acorus calamus TE O
Nymphoides indica SRS O
Phragmites communis Zd O

I, Submerged Water Plants; II, free-floating hydrophytes; III, floating-leaved hydrophytes; IV, emergent hydrophytes.
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Table 6. Individual numbers of Kaloula borealis observed at the survey sites by
year from 2007 to 2010

SI\IItOe Administrative district of the site Alzz;de Irrlggliggfl Year
1 Yongdam-dong 58 30< 2007
2 Yongdam—dong 17 20< 2010
3 Samdo-dong 111 20< 2007
4 Geonib-dong 38 30< 2007
5 Ara-dong 109 30< 2008
6 Ara-dong 119 50< 2007
7 Ara-dong 261 20< 2007
8 Jeju-si Ara-dong 287 30< 2008
9 Myongdo-dong 270 50< 2007
10 Hwabuk-dong 2 20< 2007
11 Nohyoung-dong 102 30< 2007
12 Oedo—-dong 24 10< 2009
13 Oedo-dong 57 30< 2007
14 Oedo-dong 72 20< 2008
15 Hoecheon—-dong 83 20< 2010
16 Sinheung-ri 24 200< 2008
17 Bukchon-ri 17 30< 2007
18 Hamdeok-ri 24 100< 2008
19 Jochen—eup Hamdeok-ri 33 100< 2007
20 Gyorae-ri 388 100< 2007
21 Seonheul-ri 171 50< 2009
22 Daeheul-ri 148 20< 2007
23 Gimnyeong-ri 49 100< 2009
24 Gimnyeong-ri 52 30< 2007
25 Deokcheon-ri 160 30< 2007
26 Songdang-ri 196 20< 2010
27 ) Pyongdae-ri 63 20< 2007
gy GuiwaTeup Handong-ri 17 30< 2007
29 Sangdo-ri 27 20< 2008
30 Hado-ri 21 20< 2007
31 Jongdal-ri 5 20< 2008
32 Jongdal-ri 20 30< 2007
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Table 6. Continued

Site

Altitude

No Administrative district of the site (m) Iiﬁgggfl Year
33 Sineom 67 30< 2008
34 Sangga 101 50< 2009
35 Sineom 53 100< 2007
36 Jangjeon 143 200< 2010
37 Yongheung 102 50< 2007
Aeweol-eup
38 Usuam 222 50< 2007
39 Sogil 208 30< 2009
40 Eoeum 270 30< 2007
41 Bongseong 89 20< 2009
42 Eoeum 64 50< 2008
43 Gwideok-ri 19 30< 2007
44 Sangdae-ri 62 30< 2007
45 Hallim—-eup Ongpo-ri 45 30< 2007
46 Geumak-—ri 355 50< 2008
47 Geumak-—ri 381 300< 2007
48 Hanwon-ri 44 30< 2008
49 Nakcheon-ri 69 20< 2007
50 Joeji-ri 85 100< 2008
5] HlangveongTmyeon oo 143 30< 2009
52 Joeji-ri 146 30< 2007
53 Gosan-ri 65 30< 2007
o4 Cheongsu-ri 78 300< 2007
55 Saekdal-ri 137 20< 2008
56 Seogwipo-si Dosun-ri 73 20< 2008
S7 Yongheung-ri 65 30< 2007
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Table 6. Continued

SiteN

Altitude

o Administrative district of the site (m) Irrﬁigggfl Year
58 Goseong-ri 9 50< 2008
59 Sinyang-ri 6 200< 2007
60 Nansan-—ri 49 30< 2009
61 Nansan-ri 42 100< 2007
62 SusanZ-ri 98 30< 2007
gy conssanTew Susan-ri 90 30< 2008
64 Susan-ri 117 200< 2010
65 Nansan-ri 139 20< 2007
66 Sincheon-ri 36 30< 2008
67 Siheung-ri 4 200< 2009
68 Sehwa-ri 75 200< 2007
69 Sehwa-ri 88 50< 2007
70 Pyoseon—-myeon Hacheon-ri 86 20< 2009
71 Gasi-ri 148 30< 2007
72 Gasi-ri 130 30< 2009
73 Teheung2-ri 29 100< 2008
74 Hannam-ri 122 30< 2007
75 Hannam-ri 129 20< 2007
Namwon-eup
76 Sumang-ri 159 20< 2008
77 Sinye-ri 150 30< 2007
78 Harye-ri 197 30< 2008
79 Sangchang 108 20< 2008
go  ndeoKTIVeOR o ekwang 358 200< 2007
81 Boseong-ri 54 30< 2010
82 Daejeong—eup Hamo-ri 15 500< 2007
83 Hamo-ri 4 300< 2007
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Figure 8. Distribution of the spawning sites of Kaloula borealis on Jeju Island. (The numeric indicates the site
number described in the Table 6).
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Table 7. Types of spawning sites of Kakoula borealis

Site Nomber of site
Permanent wetland 43
Stream around 19
Temporary wetlands 16
Waterway near a farmland 5

Permanent wetland Temporary wetlands

‘ : s
Waterway near a farmland Stream around

Figure 9. Spawning sites of Kaloula borealis in Jeju Island.
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Figure 10. Rate of types of spawning sites of Kaloula borealis.
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2+ 51-100mA] o]

e EA,
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Table 8. Altitudinal frequency of the spawning sites of Kaloula borealis on Jeju

Island
Altitude
(m) 0-50 51-100 101-150 151-200 201-250 251-300 301-400
m
Site 26 23 19 4 4
Ratio(%) 31.3 27.7 22.9 4.8 4.8
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ME
WAL QR QoA o}F Fad EAllth W FAF FolA QA

l

1>
e
offl

< Ae=Fy 2AEEA #HEEHo] Adv(Duellman and Trueb, 1994,
Bevier, 1997; Yanosky et al, 1997). %52 HA S 517]H3F A5Fd &5
Ag Wk olyeg, Tl =2 SRS AFete] Fu|FIF S A A WA

A2 oles & ULEF sto] MY V|IE Aget, A Ao na

A e 5 T 24 g4o]a, B HAS 7| ek 4
2E2S8 AA e = drHSemlitsch, 1985; Loredo and Van Vuren, 1996;

Palis, 1997; Wilbur, 1997). ¥3 t}& @ Aol FuFe] wAdse 2
RN ol 2 F93 gloew  dHA  fukBlair,  1960;
Heinzmann, 1970). ¢A7F WA &sol+= Aol wet 24 F 7H4 712 -
o] = Ao=E delA Ut st Al Al FoE, o5 4 d U
W H2jo] 7hssl tiAF oz 7)o o]FoZtHHoogmoed and Gorzula,
1979; Toft and Duellman, 1979; Aichinger, 1987; Hero, 1990; Gascon,
1991; Duellman, 1995; Bevier, 1997; Bertoluci, 1998). wjg}x o]E<] w2
= XAs= A F8 8l AeFeoltt. E UE St A Fv|
A ol59 WA ES Aldd #do] il A 2k ojFEskal vt
(Ritke, et al, 1992; Duellman and Trueb, 1994).
it 2R o] AT A2 T3 ofEAbelY] #2 7|te] dojub W
Aol zZHd28(Lofts 1974; Jorgensen, 1988) 9Jo] 753, 2%, Hlo] A7],
S, vbeE ofe] 97 adlEel o3 wkegeh AlEAA WsTE ds A ellA
e A & "dHE At Fuli Apolol WA
o] t}H3E & g3 th(Bertoluci and Rodrigues 2002). %A F9o &% =

= oe #4729l /g, el AV, FE, vhE 548 FulF A W
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}(Bellis, 1962; Heinzmann, 1970; Bauch and Grosse,

1989, Smit, 1992; Henzi et al., 1995; Brooke et al, 2000).

N

—_
fife)

g
el

of
N
ﬂo
B

e

—_
110

(Blankenhorn 1972; Salvador and Carrascal 1990; Dorcas and Foltz 1991;

[e)
T

Fukuyama and Kusano 1992; Henzi et al, 1995; Brooke et al, 2000).

2] Lol A

F 25 7F 91tk (Yoo and Jang, 2011)

2L FeLketel A4

W 20| (kaloula borealis)?]

=
T

gl

RHoz d&Ex JgrkH, 1971; 11 5, 2011a).
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odel &4 8k F oW agld os deet=xs A7l 98 Atee] of
Folxl e b acl=df "elHE wAstglon wrh o atgke] o]fo A

X (Logistic Regression)S AR
st AT WMol Akeke BE H|7F Y o] o] FoX = Aol glom
2

2 Aol Imm o)l ARE ARSIl eH, 2-3d AHH o2 H7F U
o

oyl ATE B3 dojx wWEele AdAVIE HW, 2008 5THE 8Y
Abellar, 20099l 2011 69 ZollA 8¥Atol& vEth A Abgo]
o] Folx= A7) 2008delE 5€ 28Yollar, 2009l 649 99, 2010
o 6¥€ 1149, 2011d0E 69 10492 AFA G = 54 HolA 69 %9
abgro] o] oz = o2 el THTable 9). 2008l 59 o ©-2 H|7}
g Atgro] o]Fojx o} 2009WF-E 2011d7H4= 59 THEH 69 271X
HI7E 227} ol Abghe] o] FojX A gkl o]F M7 W™
Abgho] o] Folhth, Abeh7|zhe 2008l 76Y ol 2009l 67, 2010
doll= 61, 20110l 599 & Atd7|gte]l A @okAlal = 43S Hol

3 Q= Ao YErRt} (Table 9, Figure 13)
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Table 9. The breeding period and duration of Kaloula borealis on Jeju Island

. o . Breeding season
Year Breeding initiation date Breeding end date .
duration(days)

2008 28 May 11 August 76
2009 9 June 14 August 67
2010 11 June 10 August 61
2011 10 June 7 August 59
4 FoF FALE WAoo AME3la= 20084 63 (94 20¥), 2009 63]

(A4 219), 20109 63](F$2 199), 20119 83| (%Y 18Y)% tH(Table
10). 2008l 5ol 7} Wol Wy Abgdo] o]fojgom ] =
64 10 Aol v7F Wg Ap&shglvh. 1ejal mpA et Akgho] o] FojX| & Al
T 8¢ 109 #AF= ol H7} Bo] WEle & Abde] o]FojfrE A
4 & AATh 2 EEE Ak 35E 1304 33 o] F oA 9ot 20114
= 6ol H7F A dig] AbeksleE 53] QltH(Table 10).
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Table 10. Meteorological data of the breeding season of Kaloula borealis during

five years from 2008 to 2011 on Jeju Island

Rainfall Humidity Temperature (C) Barometric Wind
Year Date -
(mm) (%) Max. Min. pressure(hpa) speed(m/s)
28 May 63.5 91.9 214 18.1 991.6 7.3
15 June 29.0 76.0 24.2 17.6 999.7 4
20 June 28.0 92.6 21.7 19.7 997.3 6.3
2008
28 June 36.5 87.4 23.5 19.4 998.1 2.7
20 July 18.5 83.5 27.3 24.5 995.7 6.5
10 August 21.5 82.6 29.9 22.6 996.8 4.4
9 June 24.0 83.6 23.0 17.7 1000.3 7.5
22 June 31.0 89.1 23.5 18.0 9914 4.2
30 June 88.5 90.3 23.4 19.1 994.9 6.1
2009
23 July 25.0 79.8 26.7 19.3 994.6 3.6
28 July 52.5 84.5 25.6 19.2 993.8 8.4
14 August 44.5 89.4 25.6 21.8 100.4 4.8
12 June 26.0 85.3 23.2 20.2 998.0 3.8
26 June 39.0 97.6 23.1 21.0 996.6 4.4
10 July 20.5 90.9 27.1 21.1 997.5 3.8
2010
13 July 100.5 97.6 24.1 21.6 998.9 8.4
27 July 26.5 89.3 27.0 22.1 1001.8 5.2
10 August 45.0 89.5 28.4 25.3 990.0 8.4
10 June 51.0 93.9 22.5 19.4 994.7 3
16 June 23.0 90.1 22.9 18.5 997.2 2.6
21 June 34.0 89.3 24.6 17.4 1002.4 3.1
25 June 21.5 88.9 28.3 23.1 994.6 6.3
2011
30 June 30.0 95.0 23.7 21.3 1002.2 4.2
6 July 37.0 92.9 23.8 19.3 992.6 2
1 August 13.5 86.6 28.8 24.7 997.7 6.6
7 August  67.0 88.3 27.0 24.3 984.5 4.2

_39_



Table 11. Results of binary logistic regression for effects of the abiotic factors on

breeding season

Abiotic factor B SE wald P
Rainfall -0.433 0.144 9.113 0.003™
Max. Temp 0.116 0.093 1.554 0.213
Min. Temp 0.104 0.104 0.992 0.319
Humidity -0.104 0.060 5.495 0.019°
Barometric pressure 0.193 0.090 4.639 0.031"
Wind speed -0.149 0.114 1.706 0.192

* Statistically significant (£<0.05)
“* Statistically very much significant (7<0.005)

ol Abgty eyl AAE A2 AFAE o] gsle B89
=dl(Table 11), Z$-#e Mg 714 2 @2(SE=0,144, wald=9.113,

POODOE 2838 Qi AR edth % n7k wol el ¢ wol 5
W5 ARl o)Fo] AL U BE AAEC] WA Fwom

7] AZebed F ek rh &1 AlAReRe Ugels IR R 2H, o]eg e
e 9 2371 AEH YAt H L% (SE=0.093, wald=1.554, P=0.208)
o} HA2%(SE=0.104, wald=0.092, P=0.316)04+= 4tgho] o] Fojx|= x}
a8 ke FAtoloA freide] gle AR dEua vk ddEEd A9
= okslA Zgsta Q= Aoz YJehta 9 om(SE=0.060, wald=5.495,
P<0.05), HI7F 2= ol AUsErt e e & 5 A} (Figure 12).
Figure 13& Atghe] dold wje} dojubx] hks o] 7Ioht} #4585 ek
T ER 7IA A Atge] A= AR JFS FE R UEa JokS
E=0.090, wald=4.693, P<0.05), ¥%¢1 A9 At g3o] gl o= v
Bl QJtHSE=0.114, wald=1.706, p=0.192)(Table 12). webx] = o]e] Ak

doll 4T FE adows Ao /M A3, 2 dForE FEmst 7]
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------- spawning day

non-spawning day

Figure 13. Barometric pressure and wind speed in breeding season (left

wind speed).

barometric pressure, right
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%

o gl ubato| A mAole] WA A7|= Hl7} wol Ygs Aupd A
tH(iL &, 2011a). S uete] Avlde netsd 7R 2wt
$9% 9% mitd 9L weds s de dvsh 9A%a 9

(Humphries, 1979; Okuno, 1985). 53] Wgol= f-eluegte] At FrlF

FolA e AZlel MG ha Qe Folv, Fe MA/S 2w gk 7
4ol AT BE ANHow AAHE Aol BeYol, F= Fo dusis
WEole] AVEAAGL 5, 2011a) ¥& SER ajo] 2o Fwo] WE oF

4dZF Akgho] o] Fojx] 7]7HS HW, 20084 76, 20099 67, 2010 61
d, 2011 599 = Ak &olxl Aem Y=, oA siviet ®27|3te]
Frobxl A WEole] T WMAHE SHolA = wlg EYsitta & 4 o
A2 DA Aem WAty 7|58k o] WstatAQl =tste] of gFolehd
wol  WEHAaL ThEe] =ojA WA 7IFke] oA A|wH(Bradshaw  and
Holzapfel, 2008) A3+ w2 YeEfyar 917] wfiZolt}. a4 vk A 94 o= o
B 847 ALsteAE £ o oW VI EUHYE 3 B et vk E=g
2011 el ok aloke 2l 69wt 53]¢] Aheho] o]folxon, 7Y 6
S Abgho] o] FojXl & 8L 1U7EAl & Thrho] Abgho] o] oy x| x] gkt

FgE Tl ARelA ge el ol wel e fAe) Fi wobdw

ol Holxt AskE Zesl ©rk olRe ol A A o] At
g4l ERE wolzt

AE A% FARG B35y wiEel(Newman,
1989), A#A o= Fu AAe] AldA= ale] ¥

23k aoz gt/ Hrh 3 201149 7€
7 oA e dEE ALETd Ak o] Fo] tf et e WEele] {fAS
Adste 495 7ML Y, thy atsE vtEs 4R AR e 3§

A S "o ol H R VIS el WA Tadk fldacler A&
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def A AL

Ao R

1
s

Siberian Tree Frog(Rana amurensis)~= 8-9TColA

Foh(Solomonova et al, 2011). |

S

7]=0] 10-18CelA 7Hg &

[e)
-5

RN

7]12-0] 8-10C(Howard, 1980), &

1
s

AlZF A9 9] woodfrogs (Rana sylvatica)

o
el

iy

5T

1
s

°] common frog(Rana temporaria)

o
1
tHHaapanen, 1982).
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27}

¥l 4]

744 Ql(Prado et al, 2005)°. &
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o] a1 AtH(Hodl, 1990). 7]

olo] HtH(Roy et al, 2004).
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H5E HAI|ZHE Ho| 59

WEO|E Kalouladio| 43bc FAFE Sevetlds U3
Asta gom, AFEAAE Eu RRAA Ye Bxstn doka 5

2011). W&ol HFEold & ol AAstd A&shy] witel, ve Rt
) .

Z2AoA HU=Z YA E 93 A Krebs and Davies, 1997). FAF<] &
A FHlFs 7 7HA 2A8E 5 & 7 S FAd stue W
He s SolyiA EASES shal, & & WHoEs 3 91X
7kba] eko} 7ltkEthrh 24 EE-S @th(Duellman and Trueb, 1994; Lima
and Magnusson, 1998). o|&|st Ho|&F2o] 5L Fopgte] &5 d, W
of AYUFY SR, €5 v 558), AAA AFY +9, 18 A
AWgle] & HolgdHe AAx ol vk(Toft, 1980, 1981; Duellman and
Trube, 1994).

o] HolgAdME MR et A4 F 7 F4S A=,
Ful e WA 7|7kl AlAH o R 2 7|7 dojuh= A<k 11 7IZE F
o dojup:= Ao ® UEm 4 AUth(Wells, 1977b). Bufo japonicus‘t ZF70++
2l(Rana nigromaculata)®t 22 44 &F2(Hirai and Matsui, 2000b) #-
Z17boll A|AH o2 AbestE FoRE HAAZAqE Heolg WX gkt Ry

doll A 7E7HH 21 713%

_,d
=
i

A WAske, R Ao EEsk= HHA

Y (Hyla japonica)= W2171zF WU HolE& HHFHs7]% sttf(Maeda and
Matsui, 1999).

T Fe d8HoR 713542 x4 q5s st g xR ot

BAA Fre Yol 2 dAeE, #¥s=, AU, =471, Avls, 34



W, 28al s IR FHF TE= o] FojA JUrKToft, 1980, 1981;
Duellman and Turbe, 1994; Lima and Magnusson, 1998; Van Sluys and
Rocha, 1998; Anderson et al., 1999).

Tl e drbdor oS E3HS w dd o A7 HolE #HE
= HAdAriz ks a flow, #o A7y 4] Holrh vhkst Fu)o
Holg o] Faks T+ o= delA dthBerry, 1966; Houston, 1973;
Labanick, 1976; Toft, 1980; Flowers and Graves, 1995; Newman, 1999;
Hirai and Matsui, 2000a). wehA FuliFe ddgkel w2l LA gk &

Z HolE Y& 5 I HERE oF
X fAlEol EAHHS A& = JvH(Christian, 1982; Lima, 1998).

gow 159 HolgAds Wiew
AoONAT FElel Bd E Edo] gk AR E AFs] kel o] FoAl
o

AR 201149 649 3 @3 AFE oS st A FA oA o] F
ARt AP A= 567 A0lH AAAR A 1% MS-2228-<el| A
ulH Al 71 & Stomach Flushing Method(Leclerc and Courtois, 1993)% o]
&3to] ASd S0l HEES 7] vd FHIRE 10% :=2=lol] A
shATh AGA NN APAR o] Fste AZtol k= wWlEole] Hol= ffoA A&
3t¥ 7] W&ol ol AgE HAFTOoRE Y on, o] A 243t Sto] =3

stk =3 AQAFEEE MAES snout-vent length (SVL; to nearest 0.1

32

mm)®¢} body weight (BW; to nearest 0.1 )& 7|53 % X339 d 4
of oA FolFdn. WEole BA Y= H&Eoly & "ol HA = 54
o= Qlaf o] offal, g A AdNAE 7|7 vET] wEe] ¥
o|AV| &= YA ER Wo|FAdS dutstetr|vt g4 Fvh wEbs 2 4

MATle] EHF GAE AT BASAY AAS 9 WERY $Pe Ay



sk 3l9le] EFaso® 393, EH(Order)¥ I (Family)F+o = TE3+S1

o AFE 7 wolo HAAo|st EE txd7A e ~(CD-20P, Mitutoyo
Co.)%} calibrated ocular micrometer7} H-2Fe 33w (SZ-51, Olympus
Co)Z ol&ste] 0.lmme9 = FA3skdvh. EA¥ ®olo] ZHo|et £5 o]
o] Holo] Ry E A& tHDunham, 1983; V: prey volume, L: prey

length, W: prey width).
V = 4/3n(L/2) (W/2)*

Wolsk SVLA| mleste] wol] o] WobAix oldAE opm A v
o35k SVL| e AeEAL FARG. of B TRl =275k o]
S

ole] =] #AET ¥ BAel ola] Bk wpebd Z47ke] gl

S d=sh7] A8, 4719 Fa%
Lo} wgrole] SVLALele] HAE ZFAFSHSITE T3 F3te] #A7] Afol&
ol 7] Q& t-testE TSI FAEAIS SPSS(statistical package

for the social sciences, ver. 12.0) T2 138 o]&3}3c}

21

AHE 56704 5 EAHE o7l oA &2 4MAE A 7] 30
MA et kZlo] 227HA91 5270 Aol sl HoldS A et A I A
9] = o] x}o] EA A= HA 9] A7 mean 47.6+2.9
(range=41.7-55.2mm)°] il T 9] A7 mean 44.3+4.7
(range=36.0-52.6mm)= S¢tH o] FAHG & Aoz ERTHt=-3.121,

df= 50, p<0.01). WHolE ARF $7 BE e FF Holg o} o]
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T3k Aol USdHE, HERE bFle] Wt wo|a(7.7+3.7 range=4-17)%}
SRl Hyk Wol]4:(8.044.1 range=3-19NA %= F94do] A vea 9o
™ (df=50, t=0.324, p=0.748), &+ 2+ /HAL] 9] Lo So] &= wolo %
FI % folgh xtolE HolA eFdrh(t=-1.460, df=50, p=0.151).

wgole]l QoA ERlHE Holo &= F 40971913, BT AAs oAt
AATsES S5 ‘—?Zé‘ﬂéﬂ]%(Cleoptera), 3} 2] 2(Diptera), A =
(Heteroptera), HE (Hymenoptera), L}H] 2 (Lepidoptera), i 1] &

(Homoptera), YAHE U E(Dermaptera)o|g e, dAal Hol/lA42 96.8%,
AA Hol Fao] 97.8%¢|H. 5 F/FE Al¢stile Av|F(Araneida)Rtol
1= k. (Appendix 2). 9o EFWN=(EARIE=> 20%, Hirai, 2002)= 3t
2] 7 (Diptera sp.)7} 48.1%, WA F(Harpalidae)”} 38.5%, 7Iv]+F
(Formicidae)”} 30.8%, %3}2]5F(Drosophilidae)’} 23.1% %, ™o| 7fA4~(H
olF> 6%)x= Z32]F(Drosophilidae)’} 22.5%, 7005 (Formicidae)”}
20.0%, 325 (Diptera sp.)7} 17.6%, WA Hd F(Harpalidae)”} 13.2% % 4
Elgt}. 9ol {u2E 3] F(Diptera sp)’F 23.5%% 7FE A YERGC
o, 1 thgow WHAHYF (Harpalidae) 19.4%, FAE A (Forficulidae)
13.6% o2 YElstH(Table 12).
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Table 12. Diet composition of Kaloula borealis®

Taxa of the victims Ap Np Vp
Cleoptera
Chrysomelidae 9.6 2.0 2.8
Curculionidae 7.7 1.7 0.7
Harpalidae 38.5 13.2 19.4
Scarabaeidae 9.6 1.2 6.6
Tenebrionidae 5.8 1.7 0.6
Carabidae 9.6 1.7 11.0
Diptera
Diptera sp. 48.1 17.6 23.5
Drosophilidae 23.1 22.5 1.3
Diptera larva 7.7 1.5 1.5
Heteroptera
Pentatomidae 11.5 2.7 2.6
Miridae 5.8 1.5 0.3
Coreidae 9.6 2.0 5.9
Hymenoptera
Formicidae 30.8 20.0 1.3
Vespidae 1.9 0.2 2.7
Tenthredinidae 7.8 1.5 1.2
Lepidoptera
Lepidoptera larva 5.8 1.2 1.5
Homoptera
Flatidae 7.7 3.4 1.3
Dermaptera
Forficulidae 5.8 1.2 13.6
Araneida 13.5 3.2 2.2

¥ The data were obtained from investigation of 409 victims from 52 stomachs. Ay

appearance percentage, N, numeric proportion, V,: volumetric proportion.
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Ao 2 Ve o™ (Figure 14),

s

3L Al
a7

i

7} 2 o

A Hp<0.01).

zt

’

]_

o2 YERSTHP<0.01).

Hol7}F AX AL = ASZE YEFtH(Table 13, Figure 15).
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Figure 14. Relationship between frog snout-vent length (SVL) and

total volume of the victims in a stomach
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Figure 15. Relationships between snout-vent length (SVL) and

minimum (O) and maximum (@) volumes of the prey in a stomach.

Table 13. Result of the correlation analysis between the victim volume and SVL

(snout-vent length)

o SVL
Victim volume
R p-Value
Total 0.42 <0.01
Maximum 0.76 <0.01
Minimum 0.51 <0.01

FENETF 2 T2 479 HolF(HAHHE F, e, e, =3l
3k SVLI}F A H 3 Holiy|ste] A A HA- Y F(p= 0.35)2 232 F(p=
0 (p= 0.19)1M = Goat] &= Aoz vewth &1 dafF
M daaAet foldel e ASZ YEUH(p<0.01), SVLol & /HAIdF=

Bul7F & HolE AFdv=E A4S o4 5 AT (Figure 16, Table 14).
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Figure 16. Relationship between frog snout-vent length (SVL) and the volume of
the major prey taxa.

Table 14. Result of the correlation analysis between the major victims and SVL

iy SVL
Taxon of victim —
R Significance
Harpalidae 0.13 ns
Diptera 0.52 p<0.01
Drosophilidae 0.12 ns
Formicidae 0.15 ns
2AbE WEele] 7 welo] WREE W, AV, wivl R, U, WRE
AT 2A @2 Wb A, dhels, gAREARAAE WS 2
2 ngrh AARARA A9E ¥} 2 AAER 5L T2 SVL 277}
Z MAEe] Hol7t Ha e Aoz YeltH(Figure 17).
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Figure 17. Volume distributions of the prey taxa consumed by Kaloula
borealis.

SN E(EIANE> 20%)7F =& F8 4749 HolF(AAHHF, g7, 7N
n 5, 239§ FIHA AuFet 2aelFe AL 27171 Fa By

W7k FA ehta glov], BE 279 @EolEd £4YHE AoE =
AR S e WAMARE Fo ug o 277 degsA dehta 9
ow], SVLel & WFoli B ¥zt 4o velUnrt ¥37h 2 EoldES

X235 E Aor ZAFE Y tH Appendix 2, Figure 18).
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Figure 18. Volume distributions of the major prey taxa consumed by
Kaloula borealis.
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2t

oA AL Ao 7P 7] Eo] H= Wwold wolds wrely] $sto
oJEolHov], AWE 56704 F 547N Sl Aol#e] ol YL, AL
Mol w¥ AAFEOY, FZ £FS volz o] 4aw Ut Aew ek
Teixeira et al(2006)2 Sterecyclops incrassatus®
o] 917k vlo] A= HlE2 duA dd@el F2 B7F 2 5 i, 2z JHAE0
Holl Hol7t 50 A= v Eo] oW JMAES I HolR oyA HHS FA
st frelshAl 2-8-gthar shQlth. Rhdoll ©@r) ke wolE o] WAL oy

o LdA7IE Holg HA @ Fes s FE2 A7F Hlo Sl BlEo

s
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Tk 9ol A= Holde] F7HE 7l 2UAEY SUke #ol Qla, FUE A4
g Zagk AqyA AFS ZhsshAl $th(Scott, 19955 Hirai, 2002;
Grayson et al, 2005). o|Hol] FAlE wWF-ol= 5670A 5 527 A A ¢ <t

A vost #AHE Aow ol ATH ANEL wols Y mAstm E

Foz 17 v, o5 FE AwI|Y A%H HolBEL FozH )3
oLt thAE BEW AR ol g g AR welh
AAolgel ] PAFI AeE duHom el Fmrh A (Shine,
1979), oW EARIAE gzie] s tehtn Aieh wol F5 RuelA o
S gl AR fAsl e

=

O
1 o}
=
i)
o,
oX,
=
2
=
ks
po
&
-
po
o,
>
fru
of\
J

o) W gtk =F we] FRE AR AN gt oe@ ol
2 A2 AAAA 2SI 7] WEo R duA glom, ok wek AT
Apelol A Bl A71s 9e) A7k MR FHo| Hme ge ol THe et
(Measey, 1998; Hirai and Matsui, 2000b; Cross and Gerstenberger, 2002;
Parker and Goldstein, 2004; Cicek, 2007; Silva et al., 2009).

ANl ® & el Holre dEwrt 7MY Bokew, deows WA
dl, MM« 22 YEF T Microhylidaeol] &3t UH9 52 T2 7|1
& "Hol& 33l lom(Van Sluys et al, 2006; Teixeira et al, 2006), ‘go}

el 7kl dofg-dHol MAst= FEAAA= 7 T3 AT shuetal st
StHSole et al, 2002). 3FARF Microhylidaeo| &3t FTE°| /MMES +2

= AR A ol o] el diE AR Jlol= AREAS T
itk (Van Sluys et al, 2006). =3k duba o2 5%l Fr|Fo] F212 JiH]
o o] a1, A QHow FHEAL FUF WS w] o] FojX|aL, WhHof| gropA 7
v = FulRe A w1l shue] el A7|7h A4 9

o o] FAAXITH(Toft, 1980, 1981). o|Hoel ZALE AL FHA=
Al M2 s2ES AulEr] flste] e EYUEE Zopdla v B
= ARl A= ol E Sl B2 JhAIRe]l AAEtr] oy ar

2 Eeldeld Qi AW BIelwr A4e] sbsstet. weba of Aol A

p

o

g

>§

al A

T

i
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AU ol o] g7} BE £EL Hol olgiH: R nrks ofd e Jo
2 nold, WRele] LA B WE okly TE GAUAAFY F AN
of Agatrta weEm, ol EAbe A

WoATtE B Ay 25 o9 Fe
Sos| Qe webs Wl o] =
WA BEHom TASE Auchs gl Zlgsitt vy

7 Y
A 2Fol XA He] <kl o] &S v ¥AEe= Ao HRAU Kaloula

[e)

©

Aow wHuxa glow, Syl MAst= =/ tel(Rana  plancyi

Ao AL FHrF 2 Holg HE AL Ag|He Aoz Qlete] e
olw, o] Hirai(2002)2] F7W2(Rana

Hola glom g8 Al wio

4

ol ZALA Wl Holz AgIE st AvFE B ¥t 4
S ww ohe Fo uteh Bo P gyl A PonA RE 79
Wpolst Ms AAst: Atk el Rt @M FANE B R} e
FHE $uh 2 Fol TSl REH] dlof, AL AAS Helge BE I

719l ol Hela ARt Kyt F AES A7)7F 2 ol
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21t (Duellman and Trueb, 1994).
ol AFE F3 Lozl "yole HolYx
As| a7 WEole] HE ek AT

v}l

-
or—

4 f8% AnE B89 Ao 7
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HeZ Liolt= =M

AT A A ele A Fu, AHAGS LI )7

o

-

ol

TZe WsE d5d vk AR d"ES g0 7 de wHe=
u 1to] B "] (skeletochronology)e]l @] o]&¥ar vt wiuol el 2 A 72
- (femur) =2 A& (phalanx)e] wde] dAwE A Folx LAG(ine of
£ Yolll= "Heltk(Halliday and
Verrell, 1988). LAG= ¥4 79 A9 EE wWolA Qi glow, HTo=
MA 2 Z4AE WAY FolA &7] flete] A=s ol&ste] EXear 3
= o] &% wyolHE 2 AA AEe FAF MAL A8TE2E FASE
g v} Helslar org &<l HH o]t} (Francillon—Vieillot et al., 1990).
= A2 TE T dTEd eE=d deolZdAAT el Bol ARE

H
&1 ¢lth.(Halliday and Verrell, 1988; Castanet et al, 1988). o] W& 7z}

.
-
o

arrested growth) & o] 7lA 2

A=

248 5 9L, £F o HHow PP YBAE
s & o 7] wEoln. elE® o] WRS AREste]l AAME, v, WA
A Folahs vo] 58 4 T o oy dAF AFdA FAe)
}.(Hemelaar, 1988; Caetano and Castanet, 1993; Wake and Castanet,
1995). Skeletochronology AF&3Fe] Tilley(1980)+= thE &7 shollA F +F
o] T Ao TS AT3kelal, Francillon-Vieillot er al(1990)2 %
ol A3be] dEFS, Kyriako-Sklavounou(2008)E 78 7iA|wt Wl A ¢ hol
A g ATseith wiuol Aol A w o] Lol HZE A= ol fr whit
A-oll= 7HAIe] Aol et o] FAdo] FIHEUIE & Aol Aol
o] o] FoIXA] 7] o] WA o] Fa AUeA FAHT o= wfEel <
AqF7F =H71E2 AvbE LAGs(line of arrested growth)@h E2l& Ao] A
th o] A& 1ddl & 7 FAFHER o] A& AW A yols FSAHT F

rob

O:
7

O

gt
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= ol o] Fol

Slt}.(Castanet et al, 1991). =txWo A2 LAGe] thsh A= =
Aol gllal LAGsE Aol oAHE Aolghal oA
Aecha ¢

oA o] AF=
7719 LAGs7F 84

Aort dujAy

Hov, Aol ATNA By ARl AE

ool A=

al., 2008), AlTEF%
=702 (Cheong et al., 2007)
A7) o] Fo] x| ] Sk

A k. (Khonsue, 2000)
SEfetol A, ol Hl S o] 8e FAF AFE A¥RY fu
E=%%(LLee and Park, 2008)¥ irgj=F5(o], 2007), A dl=F%(Lee et

(Lee et al, 2010)9lA o]FolaL FulFolA= S+
AFE (20074 A

g(o] &, 2009), =
7b w3 E Ao, oA mEgolell A

AT EEAVEQ WEolo] aFAH AT oyt A4l 5

Fro A2t e AATEE i

i n

1%, ol AAze ¢

of da
oz ol HY & o] 8dte] WEele] 41, A4
=5 gela] flste] A=A
g7 T A M=
1. ZAA] 4%
AT AFEEAALE AFA S st A FAA 2AREHA
o AR S dmelal FRle] AAAR FH Aol glon] RHom:
of~BE LE7F fiAeta Atk 5419 wel= 15m X< Smelw, 4 10-20
cnQl Yol = AFetv]el W WH ot Abdkata gl
ARTEE 2AE] 95kl 20099 6€ell WA dhRE FA ol A
& o6rtele] WEols =g W
AFA R ol g5}

7 38utE], oA 58utE] S E el E
T2 21:00-23:00 Alole] H|Z7} Ho] Q&= of7the

o) T3le F
92 w3 ehgt

a4 T

= MAE 7
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2. WolEHY

A NAe vtz AR FA9d 1%° MS-222% vwhHshe], FFoly
B F wjdA7tAe] Aol(SVL; snout-vent length)®} HFAIBW: body
weigh)E Z2H2b Blyol B e s 2ok A4 &(CAD, MWII300)& ©]-83ko] 0.1m,
0.1g d9l= SAHsA NASAHS vz A= 3-8 719 & ol&sto] A=

S ¢F 0.3~0.5mm AE Aste] 109 =28y S A
Aoty W= £=H]3F o Guarinoe(1995)9] A& A<l =&k AdHo| ulg}

RM2045)S o]&3ste]  10-14m= #g Sgol=ZFetne] Fa3k s
hematoxylin (Mayer's acid hemalum)©2.%= 30 o

2 Fedn 7 (Leica, DM500) <400 #}&olA LAGsY & Ao 5433

HE
)
14
=
o
ol
38
H
N
=
2
1o

3. A3 # BAEN
ggolel MATS 44FHS von Bertalanffy®] WAA& o] §3to] 4hE3ko]
A2 v 2

Si=Sm=(Sm=So)e
WA 2o Al S, (average body length at age t) 3t tdA o wje] 7fA =7
Hi %k, Sm (asymptotic body length) #2 A3k, So (body length at
metamorphosis)©= WH ¥ JNAA7] #, tlage) #2> #HEE MAY A=, t0
(age at metamorphosis) #t= WEIAl A#HS 9W|stH, k(growth cofficient)
He ARATE Ariga. BEole A, AP AdeA A 5 WEzbA] A
dojlen, Mef 25 7jAe] SVLL 13.4m(n=6)°] At}
Alele] SVL, BW, A& e] abo]i t-testS o] &38lo] H]a s}

A
Rov, Zr JAFgE A gAY FFWIEY Aol Chi-square testE o] &

—
10
)
N

t}. von Bertalanffy

S|
SE2A AEE HarEFAxH (meantSD)E AAEGoH, EAEAL
SPSS(statistical package for the social sciences, ver. 12.0) X 2135 o]&

sheie.
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2 o

W o] o] 2] F+L hematoxylind] 98] BT HefMoz QML= %7
e e B FEe datA vEisten, W] =’ ARE Bl FE
LAGs= A2 Bepdlor ks A AHFigure 19). ol we} w&o] 2z 7
Aol Awe A AME LAGse 5 Alo] FH3A

EERE 96(F7 38, ¥Fl 58)NAL] ol SAelM AdAe] veltE£= Table
1504 H= A3 2ok F7 A9s 24l 847 R E o, oHFld

=2

FHL 10d oo Hola ., WEole] AA

=

EAS =A% A, 7 mean(£SD) SVLE 43.69+3.44mm ©]i 4HE&
46.32+14.23mmeo]t}. SVL rangetr= <FZH oA 38.53-52.55mmo|al LFH o A+=

36.04-55.29mmeo] H(Table 16).

Figure 19. Cross-section of the phalanges of Kaloula borealis, 5
year old male(left), 6 year old female(right).
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Table 15. SVL variation of Kaloula borealis population by age and sex

Male (n=38) Female (n=58)
Age N Mean=®=SD Range N Mean®SD Range

2 1 40.74 -

3 3  40.29£1.76 38.53-42.04 1 36.04 -

4 10 41.66%+2.71 37.63-46.51 7 43.66£3.87 36.04-47.76
5) 12 44.33+3.21 39.38-51.66 19  45.44+3.84 38.14-51.99
6 9 45.60%2.11 42.54-49.89 12 46.27+4.56 37.19-51.24
7 2 43.61%£3.99 40.79-46.43 11 48.41%£3.42 43.10-55.29
8 1 52.5510 52.55-52.55 4 49.74+2.62 47.35-52.01
9 - - - 3 49.43+1.51 47.74-50.65
10 - - - 1 47.06£0 47.06-47.06

Table 16. Statistics and range of SVL distribution of Kaloula borealis by sex

Sex Mean+SD Range
Male 43.69+3.44 38.53-52.55
Female 46.32+4.23 36.04-55.29
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Table 17. Statistics and range of body weight distribution of Kaloula borealis by

SeX
Sex Mean+SD Range
Male 11.64+2.90 7.10-21.29
Female 12.83%4.01 6.80-21.49

o] R Rle] SVLE Fefu|dk atelE Kof(t=-3.20, df=94, p
€0.05), k7ol A Hletey ¥ 21 SVLE 7HA1L A& Ao= FAEAT
SHAITE BWe o7%lo] g Hoz A YoAnk 73 A Alo]of] f-ofw
gk Afoli= HolA &ArHt=-1.68, df=94, p=0.10).

ol HH & o] &sto] WEole dAHE FE Ad, A W 4.9+£1.23
2Hn=38, range=2-8), UHAE H 5.9+1.48%(n=58, range=3-10)E 3}oly]
ATt WEo] FAL HA 245 Ho 8H7HA 9 Edetglon, o] ke 54t
WA ZF 58wukg] 7he-dl 1277} &35t 20.6%=% 71 =2 HEE HIATL
W e A 3R FHA 1087HA] Edeksion, 73 o] 54 JiA
7 38mbg] Zhdl 1997t Edete] 50.0%% 7HY =2 =9 HEE BHIY
(Figure 2). "J&o] 713 719 2t A =AW= ol 2

e THx2=12.96,

H

A ol Ao wWE FdANIEA = o7l glv AL
df=8, p=0.11, Figure 20).
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Figure 20. Age composition distribution of males (closed bars) and females

(open bars) from Kaloula borealis.

von Bertalanffy] W45 ol&ste] o] =33 Ao Ag=de =43
g Ax, AAes R 92 247 0.56+0.09, 0.41£0.06, HHAEH S
46.41£1.26mn, 50.22+£1.51m= AE5 A tH(Table 18).

BEol FHE 287 we ZFS Hlonm, 24 o|fNEE HudgH
=ge olfe= 7o AAsA ke (Figure 21), A2 374 e

e Bolvrh 34 ol %o HuAFA A EEe= Aow FlEATHFigure
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Table 18. Asymptotic size and growth coefficient of Kaloula borealis

Sex N Asymptotic size (mm) Growth coefficient (K)
(mean+SD) (mean+SD)
Male 58 46.41£1.26 0.56+0.09
Female 38 50.22+1.51 0.41+0.06

Waolo] oA AL BE olel SVL, SVLI AFoA AAdA7E A=
Aoz YERTH(Table 19). #4431 yo]e} SVLEUYE= SVLY AlFolA ¢
ABBAE BHolal Yrh(Figure 23).

Elir
rlo

Table 19. Relationship between age, weight and snout-vent length (SVL) of

Kaloula borealis(male=38, female=58)

Age SVL
pearson correlation .590#*
SVL
Sig. (2-tailed) .000
Male
pearson correlation .406%* .836**
Weight
Sig. (2-tailed) .011 .000
pearson correlation .463%x
SVL
Sig. (2-tailed) .000
Female
pearson correlation .412%x AT 7%
Weight
Sig. (2-tailed) .001 .000

*x_ Correlation is significant at the 0.01 level (2—tailed)
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Figure 22. Growth curve of Kaloula borealis (female).
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oE

ol A& T ARE AAl Eele SVLE Mlas] B ohFlo] RlE G
SVLe] B A yebstth. Shine(1979)¢ Hare] oJatd A3 5
AN 90%ol/de] FolA dFleol FRRBY A7|7F AvaL sklon, -yt A
A SN2 (Rans rugosa), w/W-2l(Rana plancyi chosenica)Ql 78-%%= <
Aol o AA vepdtra thLee et al, 2008; Cheong et al., 2007). "%
ole] BWSl %= o7lo] F7ut HuHowms A7 Wil oy A
= fovsiAls Al Aok s T s Bl ARG fojulEAl A

23 Jom(Lee et al, 2008), Kaloula verracosa®l A7-9lA% mating®
MAE Atelol A kAol AAl veal Atk (Zhou et al, 2006). o]Hel A%
gEoloM s el A7) Zpolol A Frejide] vERA S e Hol thE
ol Bl el EFA Zeolrb Bel A wdeval = ¢ = duh shAIRE
Kaloula verracosa®t #°| mating® WA E Alolol A= AFH o] FHHT} 9
vskA Yo oj(Zhou et al, 2006), ¥ @& MAFTE ZAbsE A3k A}
olFE & e Aer Ho Xt

e =S A= WAZE gl whet 7 (marrow cavity)©] ®lo1#] A
2

%% H(resorption line)o] B Tt AFF7 Aot ol Z4el A AFS
H line EFA7 o2 SAstelo} Stk WFeIQ FTE J AFFI Y
e 2

o
fru
ot
-0,
i
¥
o
ne
=
X
o
fr
§2
rlo
oS
>
ET
S
P
rlo
ks
P
2
R
ol
2
S
>
ol
e
o
i
o

™ (Shirose et al, 1993), o<} 2 T =& AMYES AAS 2| 517] ¢

A AT AL, LereR Aste]l TAAAA =BD FFo| %] 1)

Fol Aow ddA drH(Kyriakopoulou-Sklavounou, 2008). W&ol <A, ¥
2171 GRS ZAEt7] st AR Zhe] ke A Aol dojuta F 54 E
e 5402 Qste] 79 Hydro] dAHD e Aoz Azten
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A dojy= Ao w BiEo] Jri(Ento and Matsui, 2002; Lee et al, 2008).
-

Y, Dyscophus guineti 71 3-6
= 1t (Felton et al, 2006).
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=

=
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H7E dag00a HECRXY

o

A AAACE e WAL st HE2 ol ol odA gu. A2 IF
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Figure 25. Dead of tadpole by drying(Spawning sites before and after being
dried).

Figure 26. Destruction of spawning sites by reclamation of croplands(left:
before the reclamation; right: after the reclamation).
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Appendix 1. Species number (in the parentheses) of the Amphibian taxa

order

Family

Subfamily

Anura
(6174)

Allophrynidae (1)
Alsodidae (31)

Alytidae (12)

Arthroleptidae (140)
Ascaphidae (2)

Batrachylidae (14)
Bombinatoridae (10)

Brachycephalidae (50)
Brevicipitidae (33)
Bufonidae (577)
Calyptocephalellidae (4)

Centrolenidae (151)

Ceratobatrachidae (86)

Ceratophryidae (12)
Ceuthomantidae (4)
Conrauidae (6)
Craugastoridae (115)

Cycloramphidae (33)

Dendrobatidae (283)

Dicroglossidae (184)

Eleutherodactylidae (204

Heleophrynidae (6)
Hemiphractidae (98)
Hemisotidae (9)

Hylidae (911)

Alytinae (5)

Discoglossinae (7)

Centroleninae (119)

Hyalinobatrachiinae (32)

non-subfamily(119)
Colostethinae (64)
Dendrobatinae (41)
Hyloxalinae (59)
Dicroglossinae (160 )
Occidozyginae (24 )
Eleutherodactylinae (197)

Phyzelaphryninae (7)

Hylinae (699)
Pelodryadinae (160)
Phyllomedusinae (52)
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(Appendix 1. Continued)

order Family Subfamily
Hylodidae (42 )
Hyperoliidae (215)
Leiopelmatidae (4)
Leptodactylidae (190)
Boophinae (74)
Mantellidae (201) Laliostominae (4)
Mantellinae (123)
Megophryidae (167)
Micrixalidae (11)
non-subfamily (4)
Asterophryinae (266)
Cophylinae (59)
Dyscophinae (3)
Gastrophryninae (65)
Microhylidae (514) Hoplophryninae (3)
Kalophryninae (19
Melanobatrachinae (1)
Microhylinae (71)
Anura Otophryninae (6)
(6174) Phrynomerinae (5)

Myobatrachidae (129)

Nasikabatrachidae (1)
Nyctibatrachidae (28)
Odontophrynidae (38)
Pelobatidae (4)
Pelodytidae (3)
Petropedetidae (12)
Phrynobatrachidae (85)
Pipidae (33)
Ptychadenidae (51)

Pyxicephalidae (68)

Ranidae (371)
Ranixalidae (10)

Rhacophoridae (347)

Scaphiophryninae (12)

Limnodynastinae (65)
Myobatrachinae (64)

Cacosterninae (62)
Pyxicephalinae (6)

Buergeriinae (5)
Rhacophorinae (342)
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(Appendix 1. Continued)

order Family Subfamily

Rinodermatidae (3)

Rhinophrynidae (1)

Scaphiopodidae (7)
Anura Sooglossidae (4)

(6174) . Holoadeninae (47)
Strabomantidae (585) .
Strabomantinae (538)

Telmatobiidae (60)
Uncertain (7)

Ambystomatidae (32)
Amphiumidae (3)
Cryptobranchidae (3)
Dicamptodontidae (4)
Hynobiidae (54)

Hemidactyliinae (330)

Caudata Plethodontidae (426) )
Plethodontinae (96)

(623)

Proteidae (6)
Rhyacotritonidae (4)

Pleurodelinae (69)
Salamandridae (87) Salamandrinae (16)
Salamandrininae (2)

Sirenidae (4)

Caeciliidae (42)
Chikiidae (1)
Dermophiidae (14)
Herpelidae (9)
Gymnophiona Ichthyophiidae (51)
(190) Indotyphlidae (21)
Rhinatrematidae (11)
Scolecomorphidae (6)
Siphomopidae (22)
Typhlonectidae (13)

Total numer of species : 6,987
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Appendix 2. Individual number of the victims in each stomach and SVL of

every Kaloula borealis specimen

No 1 2 3 4 5 6 7 8 9 10 11 12 13
SVL(mm) 42.6 44.6 48.7 41.5 48.7 47.0 47.9 552 49.8 43.2 49.1 51.2 45.6
Cleoptera

Chrysomelidae |
Curculionidae 3
Harpalidae 3 2 4 1 2 3
Scarabaeidae 1 1
Tenebrionidae
Carabidae
Diptera
Diptera sp. 1 2 1 4 2 4 3 2 2
Drosophilidae 8 11
Diptera larva |
Heteroptera
Pentatomidae 2 1
Miridae 2
Coreidae 2
Hymenoptera
Formicidae 13 5
Vespidae 1
Tenthredinidae
Lepidoptera
Lepidoptera larva 2
Homoptera
Flatidae
Dermaptera
Forficulidae

Araneida 2
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(Appendix 2. Continued)

No 14 15 16 17 18 19 20 21 22 23 24 25 26

SVL(mm) 472 37.6 483 52.6 50.5 50.2 422 453 457 504 41.7 499 49.1

Cleoptera
Chrysomelidae
Curculionidae 1
Harpalidae 3 3 2 3 4 4
Scarabaeidae 1 1
Tenebrionidae
Carabidae 2 1 |
Diptera
Diptera sp. 4 3 1 3 1
Drosophilidae 14 4 6 8
Diptera larva
Heteroptera
Pentatomidae 3 1
Miridae
Coreidae 1
Hymenoptera
Formicidae 2 4 4
Vespidae
Tenthredinidae 3
Lepidoptera
Lepidoptera larva
Homoptera
Flatidae 3
Dermaptera
Forficulidae 2 1

Araneida 2 1 2
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(Appendix 2. Continued)

No 27 28 29 30 31 32 33 34 35 36 37 38 39

SVL(mm) 39.5 373 41.7 46.7 425 44.6 499 452 465 454 464 40.8 52.6

Cleoptera
Chrysomelidae | 2
Curculionidae 2 1
Harpalidae 1 3 4
Scarabaeidae
Tenebrionidae 2 1
Carabidae 1
Diptera
Diptera sp. 4 5 1 4 4 3
Drosophilidae 5 8
Diptera larva 2 2 |
Heteroptera
Pentatomidae 2
Miridae 3
Coreidae 3
Hymenoptera
Formicidae 7 5 3 3 6 4
Vespidae
Tenthredinidae 1 1
Lepidoptera

Lepidoptera larva

Homoptera

Flatidae 3
Dermaptera

Forficulidae 2
Araneida 2
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(Appendix 2. Continued)

No 40 41 42 43 44 45 46 47 48 49 50 51 52
SVL(mm) 36.0 445 41.0 36.5 432 47.8 46.1 46.5 403 49.7 48.2 494 44.6
Cleoptera
Chrysomelidae 2 2
Curculionidae
Harpalidae 3 2 3 3 1
Scarabacidae 1
Tenebrionidae 4
Carabidae 2
Diptera
Diptera sp. 2 3 4 5 4
Drosophilidae 6 6 2 14

Diptera larva
Heteroptera
Pentatomidae 1 2
Miridae 1
Coreidae 1
Hymenoptera
Formicidae 2 9 6 2 7
Vespidae
Tenthredinidae 1
Lepidoptera
Lepidoptera larva 1 2
Homoptera
Flatidae 5 3
Dermaptera
Forficulidae

Araneida 2 2
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