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ABSTRACT

To investigate the feeding habits of the Kaloula borealis, the stomach contents of 52 out of 56 specimens
collected around Daejung-up, Jeju Island in June 2011 were studied. The stomach contents were analyzed with
the stomach flushing method. According to the results, the main preys of the Kaloula borealis were Diptera sp.,
Harpalidae, Formicidae and Drosophilidae. the Kaloula borealis of all sizes fed on small preys, while
individuals with large SVL fed on big preys. By feeding on a large amount of food with a small number of
activities, the individuals with large SVL is considered to enhance energy efficiency. In many cases, the
Kaloula borealis fed on Diptera sp. or Drosophilidae, which are slow but active and capable of flying. As a
result, the Kaloula borealis take the sit-and-wait form of preying rather than actively searching for food. The
results of this research on feeding habits of the Kaloula borealis will provide valuable resources to protect the
endangered Kaloula borealis experiencing a sharp decline in their population and to prepare plans for

population preservation strategies for them.
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ME 3 A42E AT Sstel ool

mIilo| Aol &35l oFAE o) r
I ME W Yl
= ot 1= s AT S
3tof da] E3xslal tkKo ef al., 2011). Uglo]L on] ZAR= 20119 64 3F 27 AR ARG stmalo] €)%
U 5 ol Alsinl Agely] o, ke FulRels 3 &A0lA ololAck e A= seNHI AFoyst
of 5] o Aow Belh RAFRO HATE A B FRAUYAR 47 19%2] MS222 800 n31417
L o s Aol A FAZ, o]5L g&For W % Stomach Flushing Method(Leclerc and Courtois, 1993)
olF L glom, Folx FHXANA HHE oA E £ o]&ste fl&ol S0l WeE=S Aol nlE] Exlet
Al ItK(Krebs and Davies, 1997). A 72| £4]2H5 10% Z=gdo] askgieh. HHAA A= o] 53t
A FolRe T 7R ZAYE F e 7] U ek = Aol wFolo] Blol= flofA 43kE7] wiwof olF
Shte] JRe 2hds] EOPEM“W EARES Sk, E T ARE Fagtem siglon, o] S 2417t ot 435}
2 oz e g Ao 7Hks] o} Zthe oyt a2AEH ek E3 YA 7HAE2 snout-vent length(SVL;
< 3ttH(Duellman and Trueb, 1994; Lima and Magnusson, to nearest 0.1 mm)%} body mass(BM; to nearest 0.1 g)&

—_
Nel

98). o]2|gt Blo|&Fo] SALE oY & i, Wi
HAYUZY EASE, 25 B 552), AAA AFY
%, 12| At g HolFute AR o] ok
(Toft, 1980; 1981; Duellman and Trube, 1994).

50]50] BolSA)AE WA kAol wet 2A) T 71X
SAS T, Frlge] WAk YA O B 7]
o ofupiz A9k 11 717k Bbol Lolubs Aow 1}
= 4 Yt Wells, 1977). Bufo japonicus‘t Z712](Rana
nigromaculata)®} 2L AFE F2(Hirai and Matsui,
2000b) B 717b0] AN H o2 Aekels o2 WA
o= HolE WA gh=th W=, 4ofx 79744 11 7|7t
of 24 wAst, A& Mol Fisk= H7NFE(Hyla
Japonicay= H1241717F WU Hol5 A Fsl7]%= i Maeda
and Matsui, 1999).

Rl 45O 7|sFegel ¥
A49] EAAole. AR Ful5el “401
R, AR A7), AR, A2R 1T 252
ERE FASF FER o]FofA Uth(Toft, 1980; 1981;
Duellman and Turbe, 1994; Lima and Magnusson, 1998;
Van Sluys and Rocha, 1998; Anderson et al., 1999).

FulFols drtder oS HES o el of 2717
HolE Ha & Qe HA7|= HHA glon, o] A
71} qle] Yot charat ulsre] Holuelo] Rrg i
Zog dHA thBerry, 1966; Houston, 1973; Labanick,
1976; Toft, 1980; Flowers and Graves, 1995; Newman,
1999; Hirai and Matsui, 2000a). W2t Fo|F= A

r:irt

wieh Al e SRR AP 4 ol 2 A nr
2 uol 9 4 QU HUR o|F® RSl T4

S A33F 4= Qlck(Christian, 1982; Lima, 1998).
2 A= A7) WEelY AEE ddeE 159
Ho|G5AS B EN VAT Tejet B 9 Eelof I

7183 F ZIAGAY Fho] T FolFdeh. ol

HA 7ol Fdolut & Wl AAsHe HHOR ol
gl of P, EF A9} ofRINAlE A717F HE7] )
2o vo]a7] % Gep R Hol5ye At 4

A opck. wheba] B Qi Walyle] melgh AHE 74w

wAstech HAT 9 WEB) BAS A shele) &
F42 07 319aL, B(Orden) 7} THFamily)4F 02 T5
shoick. AWE 2t wolo] Hadolet g YA Aeln A
(CD-20P, Mitutoyo Co.)L} calibrated ocular micrometer”}
Habe 53 u]7(SZ-51, Olympus Co.)S ©]-85}¢] 0.lmm
elz 245tk 245 solo] Lojot & o]l
Ho|o] RulE AFESFItH(Dunham, 1983).

V = 431 (L2Y(W/2)

Wl SVLo] ulefate] Blo]e] ool gobxi=A] obd
ool 112} HolHu|o} SVLO|| gt AFTEAS 423)
t}. o] B4 maRe] Av]e} Holo] A7) PAS A
Ao ojs| 71k wets Zizke] gloq WA o
1 MAS et AR} A e Hujel Hara,
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Q3 Ho| BRI(>20%; Hirai, 2002)2] 23R =9} 1
molo] SVLA|S] WAE AT T o] B
7] Aol gobay] 913 vrestd St FARLE
SPSS(statistical package for the social sciences, ver. 12.0)
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ALfRt =70] 307)A12 o] 227HA|91 S27)A o Thstked
w918 AT AT 4] HolAjo] HAo AL
A9l A7)+ mean 47.6+2.9(range=41.7-55.2mm)] 1L
719 37]= mean 44.3+4.7(range=36.0-52.6mm) = &
Zlo] $AHT & o2 YEETht=-3.121, df= 50,
p<0.01). WHO|= YAT A BE 2L Fiel Holg
EAslmz wo] FA7be] Aol it etk Qe 3
F Ho|R(1T3.7 ranged-17)9t SAY H# wol s
(8.0+4.1 range=3-19)°| A= F-2JAo] gA trea gl
(df=50, t=0.324, p=0.748), == 2} 7HA| &) ] Hol 5o
o= ®lole] & ME g3t Ajol2 molx ekste}
(t=-1.460, df=50, p=0.151).

ggolo] ffofA ZlE Holo] = F 40971, R
AR s=o)8lt. A s E% L5 T4 H Y5 (Cleoptera),
18] E{(Diptera), *=HUA|E(Heteroptera), HE(Hymenoptera),

find

Table 1. Diet composition of Kaloula borealis(409
prey from 52 stomachs, total volume
17497.6 mm”)

Prey taxa F N \"
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 34 1.3
Dermaptera
Forficulidae 5.8 1.2 13.6
Araneida 13.5 3.2 2.2

*F: frequency of occurrence, N: numeric proportion, V:
volumetric proportion

U] E(Lepidoptera), 1ju]E(Homoptera), A HY =
(Dermaptera)©| 3o, AA| Hol7|A|4=2] 96.8%, HA| H
o] Huo] 97.8%0|%ty LFFE AYstiles AnlF
(Araneida)7to] 2l =] Qlth (Appendix 1). Ho| &HHIE
(E8W=> 20%, Hirai, 2002)= 1}2]F(Diptera sp.)7}
48.1%, HA|HY F(Harpalidae)7} 38.5%, 7l2]5(Formicidae)
7} 30.8%, z1}2]F(Drosophilidae)”} 23.1%0]1, Ho] 7
HA(Ho|4> 6%)= ZI}2]F(Drosophilidae)”7} 22.5%, 7
u] 2 (Formicidae)7} 20.0%, T}2]&(Diptera sp.)7} 17.6%,
WA Y| F(Harpalidae) 7} 13.2%= Uebgth Ho] Haj=
+ 92| (Diptera sp.)7} 23.5% %2 7H¢ =4 UEkstom,
I oz WHAHY F(Harpalidae) 19.4%, A
(Forficulidae) 13.6% <S& UEltHTable 1).
g0l o] SVLE A F3k Hol R uete] Ao A= 7HA
o 27|7} 248 a7} 2P| EAlshs o2 v
0wl (Figure 1), 4FHEAOIAE §2l3keithp<0.01).
3 7 AIolA] P12 wolet b4 2 sole] BAolA
% golstT, 2 AR A3IE 71 2 solo A SVL
o] 245 uole] BIE ARZIEA £ AVVAS 0ol
o $OlHE gl A0 Uehthp<0.01). 3t 7 A7}

700

600

Prey volume(mm3)

35 40 45 50 55 60
SVL(mm)

Figure 1. Relationship between frog snout - vent length
(SVL) and total diet volume of prey items
in a stomach

Table 2. Results of the correlation analysis

p | SVL
rey volume R P
Total 0.42 <0.01
Maximum 0.76 <0.01
Minimum 0.51 <0.01

*R: correlation coefficient, P: level of significance, SVL:
snout-vent length
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800 ST} 52 F8 9] HolZ(HAEH R, v,
Anl, Zatelgel thek SVLIE 435t ol Rulete] 3
600 - . Aol A AR F(p= 0.35)9} 23}2]F7(p= 0.26), 7|7
o (p= 0.19)° M= FoJstA o= Aoz yepydth shAut
£ w0 shel ol A AR Foliel ol Ao et
£ (p<0.01), SVLO| 2 AH A58 Huj7k 2 wol& 4T
g 200 = A& & 4 UQIcK(Figure 3, Table 3).
a 2AbE WEolo] 7t wolo] RulHEE W, 7u]F, u)
04
Table 3. Results of the correlation analysis in major
-200 ; ; ; ; prey taxa
35 40 45 50 55 60
SVL(mm) SVL
Prey volume R P
Figure 2. Relationships between snout - vent length(SVL) -
and minimum(O) and maximum(@) volumes H_arpahdae 0.13 ns
of prey in a stomach Diptera sp. 0.52 <0.01
Drosophilidae 0.12 ns
Formicidae 0.15 ns

AR TP AL
L golz} A1

Prey volume(mma)

Prey volume(mmz)

Holo A& WEo|e] 7|7 S48 AHFst
Q)& 2102 tpekkrkTable 2, Figure 2).
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Figure 3. Relationship between frog snout-vent length(SVL) and the volume of the major prey taxa
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o5, UHIS, AR ST 24 o2 vh AR,
e, A FolAs W xRS Btk AAd
dRel AL Hulzk 2 AHER o5 F2 SVLY 2
7k & AAEO] Helt Hu gt Ao ehit
(Figure 4).

Araneida H:I
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Homoptera Iﬂ
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Figure 4. Volume distributions of the prey taxa consumed
by Kaloula borealis

A= (ETN > 20%) 7 =2 T2 47]9] Hol(H
A7, 227, VR, 2R FuE el A
Fol zule|Re= AR 27|17 A Bul st FA vel
uar glom, e A7]9] iEolSolA 2AGsE AoR
2AFE|QIT). Tfe)Re} mAME| R Sof wet o] 277
chpspl Uehba glom, SVLe] 2 Wgolt ge) #3)
7 2o wolglint R} 2 vlold5e EAlsle Aow
ZALE itk (Appendix 1, Figure 5).

E

Formicidae 4 {*
Drosophilidae | k
Diptera sp. - q ——————# . .
Harpalidae .4 F——rs »
6 56 160 1&0 260 Zéﬂ 360
Volume(mm®)

Figure 5. Volume distributions of the major prey taxa
consumed by Kaloula borealis
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AT WAL kel 7H4 71io] B Wil ©]
S 9al7] Slate] olRoHon], AT S6AA F 52
of $lof Aolo] Sof glgick 2Atel woli= mE A
Zolu], 2 £5& ol o] galu Qi Ao Ut
Eltt}.  Teixeira et al (2006)2 Sterecyclops incrassatus 2]
Aol A Folut AT f17F Hlo] e HlES oA
w0l =& B77 2 5 AL, 2 AfAIEe] ol Bzt
=01 Sl Hl&o] oW HAIES 1 Holz oyA| +3
= frAsk=T FeshAl AgRitkar sheitk Whdol ©7) 7t
of Wol& gol HAY ofH dA7|ZF HolF WA g=
F5= WSt 52 2171 Hlof Sle Bl&o] EorA|1L
ANUAE A7) flsto] &9 Aoy xAlof ofE3tt)
AL sHgleh E3E flof Sl Hol¥Y SV 712UAREY
7t #Rlo] Qlar, 72 A ZFol BAgh oy A
T2 71531 A Skck(Scott, 1995; Hirai, 2002; Grayson ef
al., 2005). o]fof] 2AFE WFol= S671A| 5 527)A o A
fIgtell A Hol7} WEE Ao Hol dAtE A&
HolE A EATHL Qs FOoE M HY, ol Tk
Ab7|o] A &2 Q1 Holghg2 ro M ThA Aolu o
AZHEol At o|A| &2 o] gstil e Aor Helth

Ao A FAFY A= EHE R Flo] A
Ht} 3v(Shine, 1979), o ZAfo| A= AHo] FA et
LRaL QISIH o] pef Rujol A efprto] A& FAFSHA
U ar glom, Ho oAt AT} A 0] A= FEo]
3 gtk T3l o] FRE AR FJAAL Qlet olddt
olfi= W7t AlE ZE AAR| oA ZASHAL Q1] wiEe
2 oreA glon], ok Eat A AololA £o] A9}
YO A7I7 & FHo] HuR T Ho|L4dE Zet}
(Measey, 1998; Hirai and Matsui, 2000b; Cross and
Gerstenberger, 2002; Parker and Goldstein, 2004; Cicek,
2007; Silva et al., 2009).

SRR & ol Holme weRrt 7HE We
H, teoEe WAL, Jus o2 YEETh
Microhylidaeo] &3t= 722 F52 F& 7fuE Ho|
2 3l Qlem(Van Sluys et al., 2006; Teixeira et al.,
2006), o 2|7te] Aol AAlshs FEolAAE
7P Z2Q3F 229 sluekal s TtH(Solé et al., 2002).
8145 Microhylidaco] 51 F50] 7|58 F2 v
Ao T wo| FRET o FH3] o] Ashs A
A, obyd mle kb= AR ohE 25E Bt ¢4
Ao g HulE Agst=Aof thafr= A2 Aol AthA
ol Hol9] o]§ 7hgAol thigt AH glol= AEAs &

o]

i

Al

N
offt 2 fo



338 TAM - A

QA4 - 0.5 sl A5 7] 26(3) 2012

glth(Van Sluys et al., 2006). 3+ Qukd 07 HE2Q]
Fulel AS Jfu]ef o] Aal, A oA or FHshaL
F7h WS o] o] FofX|aL, "o gtoba] 7|the|= FulRF
O] sARH-e v 57| o] shto] wo| A7]7} A4l Wol4
7} 1_41—9- IIH o] 2o X tH(Toft, 1980; 1981). ool ZA}E
A& AAAR 130 F Al "2 F2HEE Auistr] flst
o %% Eﬁﬂi Zobda Qleh o] Y& AL A=
ZAu|Ql 9= olEet oA W2 Aol AASH
olfil, WA = ETHAA e BAE FLont A4
o] 7R3tk webA o] oAt Ajulg Ho|z o5t
77} e BEE Yol ol et A HIE o g Ao
2 welt}, Wgole] LA E e ok 23el Ty
wa|5e) 2 AAAA gholl BEele WFolol Bols}
E7jof) Helh FElm, o] ZAIAE & W
EAE et w3k B 7S o) v 23l el
Fof 2utg|E 7P Wol o] 851 gl Aol FelE )
weha] BEols Pgol =1 BAR Eohrh A 54
S8 A= ARt gtobA 7ozt HIgd 2150]
A 9] Qo] Eo] $H& f ZAFt= A o® Ktk K
taprobanica?] %% 3Any & o8| FE EA(Http://
amphibiaweb.org)dl= A OS2 H1E glow, &gt}
o AAIst= FN2l(Rana plancyi chosenica)?l 739-%
e e o] usiA L9 Ho|E EZASI= ﬁRE(Yoon
et al., 1998) Hof wigo|e} Zhe Wi o] LAY S ol
Aoz gehEch
o[t A-toll A A S 2717 2 WEelQl He+= A
gy Fdo] T2 Fuj7p & Hol& L glom, A
E 7|7} 22 gol’l A= 2utEu e
Hol& o W2 W2 AF ek U 7
& Holg AFste A2 AvA| a& T% %%017] ﬂ}%O]
o} Jut Zafejdo] Huj7) 2R Hol= g fE A

ok 517 uhgel FHat wol w7 SJsaE ol W)
EABSNE Sholof T Aolth. ueba] Yol B oo
B3 B o A7k AmEA Hek shAe 2 ol 43

Sz A9E W we] ZAREOR Bask XS A
G+ oonz Rah 2 WA SelRE A Aol
oIA 58 wolA o felelA) Fck, X 2717 2
AFSo] 3t 2 sols s A 4spine] Aoz
ool B2 wo]Z B ol gl A0 wols|, o
Hirai(2002)2] Z7)-L2](R. nigromaculata)®] Ao AT
2 ANE Holal lor aa#l wA| miEol2hal A4
Skl itk

ot ZAAA HFo7} Bo2 ANESle 2ute|L 70|
e =l Furh A Bt opyzl Fofl wet Fof Fu] ¢
ool AL ez RE 7)o WFo|7h v

ml

M Glgich shel R B RelAE Bl Rajrt
248 e B2} 2 So] oyl REHel glof, e
AR Bl 5L wE A7]0) WHolEeA 5| YAut
Bj7h 2 ARES 2717 2 WEelSel AN ZAH T

Itk FAFolA Hole] FRe} E4) Heke Mald A
I POl AoF 5 theFRt 2AA QL Q40 ofsf 2HE
choFst zgte] AxtE & 4~ ¢Jth(Duellman and Trueb,
1994).

o¥l A7E B3} Qlojzl Bole] wolela Hol LA

G3 @ ARE G248 FaEolle BRole] i
Al HEZER T ol 714 Hieke vheiskie] -8
& ARE 249 o2 sEh
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