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Diet of the Korean Wrinkled Frog (Rana rugosa)

Sang Ho Han', Chan Jin Park’, Dae Han Kim, Mi-Sook Min' and Myung Chan Gye™*

Department of Life Science, College of Natural Sciences, Hanyang University, Seoul 133-791, Korea
'Conservation Genome Research Bank for Korean Wildlife, College of Veterinary Medicine,
Seoul National University, Seoul 151-742, Korea

Abstract - In an effort to restore the amphibians in urban freshwater system the characteristics of
feeding activity of Rana rugosa living in Gyeonggi-provinces (Yangpyeong-gun and Namyangju-si)
was analyzed from 2013 to 2014. The stomach contents of R. rugosa was analyzed non-invasively
and compared to organisms captured by sweeping and trapping in their habitat. As a result,
Hymenoptera and Cleoptera were primarily preyed by R. rugosa. Particularly, the proportion
of Formicidae was more than 98% among the preyed Hymenoptera. Trapped insects in the
habitat of R. rugosa’s in Namyangju were Hymenoptera (58 %, Formicidae 99%), Collembola
(17%), Orthoptera (10%) and Diptera (9%) in order in order. In Yangpyeong, trapped insects
were Collembola (49 %), Orthoptera (14 %), Arachnida (9%), Diptera (9%), Cleoptera (7%) and
Hymenoptera (3%). Even though Hemiptera and Diptera species are abundant in the streamside
zones, R. rugosa could easily hunt Formicidae or Coleoptera on rocks or grassland at streamside.
R. rugosa consume small sized ground-insects that are easily found rather than searching for the
specific prey. Prey resource of urban stream may be not a limiting factor of R. rugosa inhabitation.
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A7 G T Utk AR SR shH
A AAs] fgizol & F ol 3 2Rt FHlEHo =
H3FEol vl mzsHA & whgste] A7}
91t} (Stebbins and Cohen 1995). 217Fe] thoFst
shHe de

N = Q9] B3 opr|stn Yt B3 B ouAtE YA =
e AY FATE SAA7RE R B A xF
A2 £A9 WY Sgos FARSY AAH 5 o H7] yRo| -‘Q?étﬂ_ﬂ ol Rz} wHSR) &) 1)

et al. 2001). ¥
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o} (Semlitsch 2003). =3t A7He] X423 NEE A=
T27F Hap ol AV|HA FAF R A E Fol B
T ot (Kim er al. 2013). FAF= HAT FHES 3]
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A A o5& WIWsHA sk A&, 2o 535
oF3}t} (Parker and Brown 1980). o]23t o] o=
o chape 5ol 9 AR das AR el
=9 o] FasiFl AlFACZE QFgFA & ?J’il
g3 BYEY 7|edo] 275 Utk A F= Tl
2t A48, WA 9 FH EAo] Aot 159 &
SeIME AAxeh wolxede] B4S detat ol e
FRo} & 4 otk 2el ob A FfolN A7
Blo]2 ol thal A7} o] 9 vt giek. Hol4d 2
AW 54 AL FART A1) AP
et A== 288 o A Ha - gt FAF A4
A B7F 2dg R 4= A "ot
Sefuetol SEe FAATE (Rana catesbeiana)E
Z3ksto] F 18%0] A4lskal gtk (Kim 2009). ©] & &7
T2 (Rana rugosay= A=2] TASIH da] Bty 1d
W shd FHolu E3F ol A4 ste AEAE Holr,
SHd, AT 271 HEE AY, b FH W0, o
E Wof|A AFHS 3tk (Shim 2001; Yang et al. 2001; Jang et
al.2010). WA AA7|= 79 Z40]t} (Lee et al. 2005). =
Eo] it g g ARl Bls) Aoz A
Ao g 88 F o v (Kim ef al. 2013), o] Ho|&5 1} H2)
g5, 59 fd shdE Yoy o]l 52 sHA ¥ Aol F
8 Uer Ardt e FARSG g9 TtdE 5
AR WHo] AEFE AR AYJETE 24, ol Az
Al & 59 g A=7F SHoloA AA =2 WHsh= A
& A719E ZAA ol BH o2 s, AFA dEE
E5t $717219] HolAH sl BE7HA HEAZ|E oj2fat
FE FAT = Atk Jung er al. 2015). TS, F2 A A3}
o S 0 mBE 250m WAL THE Aol H]%)
Holt}(Song et al. 2009). webA] St vl 7k
U A2 o] Fo] ARElolE T Fof ulste] ]
AL ° Wi Fo2 dEn, we nEo £2 9
Aekol Yol e Fo) v3) 2UT Aoz A
2 A7E mA o] AT AR BUa] 9
‘_rL—J dgtow I AolEAS &AMt 71
al, =
7

rﬂ:ﬁuﬂiax;sszxr.rlro&
r&rﬂrsﬁﬁirlo
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H1

7t B4 23 dg ABESF YA TS,
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£ Azsie g B0z St
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EXE
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EH
=

L 2AAY
201349 59, L= FA] AT MAshe ST

MAES HFL2 dAst] ZASHATH ZAA] FA1Z<
FEARA 7L AR 2G4 (600 m)T 253 (531 m) At
o] Ao B2E Mot A1FHL viE T2 ojofxirt.
A2 S0em FEoln, fr&o] W] a1 QlTof Hi$X]
ATS st =AA7F BEHT 20149 5YFH 9o 2
AX 7= B U, 2 FEFA T2 A
sh= S/ AATE %6}1 ZAHE s F9dl
Ao 2AAE 7= BT S 2@ ARt B
= 3 9AF 3ot %‘* golglon, ol % Fole FH
9] spdo] vebdth AR ZA | 2P 7]Fol oA 5

Aol 40em AEE WA gom f&o] LA 2T
HALAG FEAT ES SN 15m 7h Bod 3
o BAA7} W] WEe] AR A2 HeE 4 9
o 2R 2AAE AVNE GEFA g 3o 9%
Ak FEAL Imo] FHe AE Aol AAH Uk $
dol7h Yelor A4 wax ghon Fuo FAXE &

E3HA] =t (Fig. 1).

287072 ¢ W8 E A2 L B4

ALY FA SATE HAANA APkl 1 &
9 2L sugch g7 Aol Bl el &
7tekglg SHEEA 4 AAE 2IYsig Z2F 0l
ZHjs) 7 Bekag 249 Aol 2ol 22t Hy 5 v )

Fig. 1. Study sites. (a) Gungchon stream, Namyangju-si, Gyeonggi
provinces. (b) Jungwon stream, Yangpyeong-gun, Gyeong-
gi provinces. (c) Sinheung stream, Donghea-si, Gangwon
provinces. Gungchon stream, Namyangju-si, Gyeonggi
provinces. Spotted circles indicate study areas. Image was
captured from Google Earth.
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Fig. 2. Stomach contents of Rana rugosa. (a) Carabidae. (b) Elateridae. (c) Carabidae. (d) Harpalidae. (e) Formicidae. (f) Hemiptera. (g) For-

micidae. (h) Larvae of Lepidoptera. (i) Apidae.

WEES sty 9 H8E A5 A ANE A4
T Qe B 9] FepaE AZOES AYUste] 9 Y

&1 ds
Be 23 AAY (gut flushing) ZAS o] &3] H&3 WY
o § HEE 7o) ' MAE oAl AARE FolEg

o} oju] g 28 ZIfAE A AxgEHe AS W
A8t7] $3 2 S St BE AYste] AR =
E MAZEE § WEES J&5T T Bl AAX=E ¥
o ok H&e ¢ WEES SA 70% e 1435t
o 2371 A== AL AR ¢ W= siFdnF
o2 FHEste] ARARE @71 RS AASHAT (Fig.
2). §l W&EY 43 Ao wet F71A F40] 7Hsdt F
ST IAAT T2 A ofu] &3t WPE|o] & (Order)
olut I} (Family) 222 FAsch 70+ ¢ H&=,
£ 7] (sweeping) = EF (trap) AF HMES HZEY
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FUL olga Loltyl, EANUNL o) gt uol
24 Al=9F vlwstz] ¢ MVSP (Kovach Computing

Services, Anglesey, Wales, UK)Z 2 1S o] &3} Z|A
HEdE sdsan. 4 AR F 24 fAME UPGMA
(Unweighted Pair Group Method with Arithmetic Mean) %
Mo #A5tglow, Euclidean HES 3 4 AIRE M|

W3

2 o

1L&717d ¢ WeE 24 23

20139 0] ZUE ZFA] AZHA A 13} ZAFY
A3t 42 (48%), ALY E (19%), =AY E (9%) &9 &
F=°] & 1370419 9] W&EolA A= Aok (Table 1).
20149 A7 FH] FUA, GFF FEHAA 27 =
AZF A E A, gEHA AFE 1A= =bA
B (32%), & (25%), W27} (14%) <22 9] JREo|A
QI E] Q)11 (Table 2), FLHAA QMDA 197/4A 52 AL
lE—%X“”ﬂﬂﬂ(32%), HE (22%), HRE (17%) <AE 23

0] Y HEEANA BEE AT (Table 3). A of met 27
4 TR Nl tEAY 21 E, dE, gAd 5
=0l 272 o HE&EoA 713 A3 A E T

2. 38 AXA 234 24 23

FEH ERRY A W5
2 17%, |E=72 10%, I35 9%
HEo] ot

58% (0]} 99%), EE7]
202 23N} o] 3
2 99%7t /M) F Tk (Table 4). FH 2] 4

Table 1. Stomach contents of Rana rugosa (Sinheung stream, Dong-
hae-si, Gangwon-provinces, 13 individuals).

EEVE 49%, WFE7E 14%, A0]E 9%, vt & 9%,
S 7%, 95 3% <22 Z@Fth(Table 5). EHY A
JollA 71 —;%3 HJEE 239 EE7|EL 5Z°] 2mm
ojstth. FUHAA LoV WY R HY¥dH LFL T

Table 2. Stomach contents of Rana rugosa (Gungchon stream, Nam-
yangju-si, Gyeonggi-provinces, 11 individuals).

Order (Class) Numeric proportion Ratio (%)
Hemiptera 18 32%
Hymenoptera 14 25%
Diplopoda 8 14%
Orthoptera 5 9%
Coleoptera 4 7%
Diptera 2 4%
Caterpillar 2 4%
Araneae 2 4%
Clitellata 1 2%
Dermaptera 1 2%
Total 57 100%

Table 3. Stomach contents of Rana rugosa (Jungwon stream,
Yangpyeong-gun, Gyeonggi-provinces, 19 individuals).

Order (Class) Numeric proportion Ratio (%)
Coleoptera 13 32%
Hymenoptera 9 22%
Hemiptera 7 17%
Diptera 5 12%
Lepidoptera 2 5%
Caterpillar 2 5%
Gastropoda 1 2%
Diplopoda 1 2%
Araneae 1 2%
Total 41 100%

Table 4. Relative abundances of prey taxa in trapping sample
(Gungchon stream, Namyangju-si, Gyeonggi-provinces).

Order (Class) Numeric proportion Ratio (%) Order (Class) Numeric proportion Ratio (%)
Hymenoptera 33 48% Hymenoptera 508 58%
Coleoptera 13 19% Entomobryomorpha 148 17%
Hemiptera 6 9% Orthoptera 87 10%
Isopoda 3 4% Diptera 79 9%
Orthoptera 3 4% Coleoptera 30 3%
Ephemeroptera 2 3% Araneae 7 1%
Trichoptera 2 3% Caterpillar 4 0%
Caterpillar 2 3% Hemiptera 2 0%
Amphipoda 1 1% Diplopoda 2 0%
Araneae 1 1% Dermaptera 2 0%
Lepidoptera 1 1% Chilopoda 2 0%
Odonata 1 1% Trichoptera 1 0%
Gastropoda 1 1% Anura 1 0%

Total 69 100% Total 873 100%
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Table 5. Relative abundances of prey taxa in trapping sample
(Jungwon stream, Yangpyeong-gun, Gyeonggi-provinces).

Order (Class) Numeric proportion Ratio (%)
Entomobryomorpha 121 49%
Orthoptera 34 14%
Araneae 23 9%
Diptera 21 9%
Coleoptera 18 7%
Hymenoptera 8 3%
Diplopoda 7 3%
Chilopoda 7 3%
Anura 5 2%
Hemiptera 1 0%

Total 245 100%

Table 6. Relative abundances of prey taxa in sweeping sample
(Jungwon stream, Yangpyeong-gun, Gyeonggi-provinces).

Order (Class) Numeric proportion Ratio (%)
Diptera 369 40%
Hemiptera 368 40%
Hymenoptera 87 9%
Coleoptera 49 5%
Araneae 18 2%
Lepidoptera 12 1%
Trichoptera 6 1%
Orthoptera 5 1%
Ephemeroptera 5 1%
Entomobryomorpha 2 0%

Total 921 100%

25 40%, =AW 40%, B& 9%, YL 5 5% «o=
BHEGEY HEo 43 5L =Y A Aol @
2] Aul R} obd TR B MR 2Helw 9Tk (Table 6).

3.87078 AlolBa} AR 234 W

S 24e T 4 AR F 24& vt 2,
THHY FEAANA FEF ST o WEE =40l
7P AR A2 FE e, AN ShEg 9
429 Al B ol ZHM 2RHE A& sk
o 53], o7 e 299 AEFE T 5. 9H
g, A4S, SE7]S, 575 5o sigsiAl &
A9 EdEE 45%2 US| 30% v|wo] 7]E F
2 2RHe 272 A W= 2 AolE EAH (Fig.
3). TR FEHANA EfS o83 T A wu|IF
9 F 242 A HEEY F 24T 29 292H
2 ERHNAR SEHA Eo7|E T =t A=
=9 F 2AEGE S A WEEY T 24T fAF

817 Lrebitth (Fig. 4).
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Fig. 3. Frequency of diet items of R. rugosa and captured items
using trap and sweeping methods. Sw-Jun, sweeping sample-
Jungwon stream; Tr-Jun, trapping sampe-Jungwon stream;
Tr-Gun, trapping sampe-Gungchon stream; St-Jun, stomach
contents-Jungwon stream; St-Gun, stomach contents-Gung-
chon stream; St-Sin, stomach contents-Sinheung stream.
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Fig. 4. Cluster analysis of diet items of R. rugosa and captured
items using trap and sweeping methods (Clustered by UP-
GMA method). Sw-Jun, sweeping sample-Jungwon stream;
Tr-Jun, trapping sampe-Jungwon stream; Tr-Gun, trapping
sampe-Gungchon stream; St-Jun, stomach contents-Jung-
won stream; St-Gun, stomach contents-Gungchon stream;
St-Sin, stomach contents-Sinheung stream.
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FEAUL ANu)Fe AR Gokh s A 2 ="

ZH%°“ &3 25T L7 A ‘)ﬂ 1"5 =MtE] 9 We
EolA EAE Ho| gl winlZ, He| 77t =2 Ay e
A1 9 WEEA TAHNA iazﬁo}ioﬂ &3t= 23
2 =3 E &3 259 o 3% IH. ol 2
oA AT ST o HE=olA Wol "
Y £F7E oA ("R E, HE, =HAE )%
YA HolA|Rt T} (family) E o2 7T ¢ U
o] wrotth wekA o7 AFHHE FAFY ol
ZAb] qlojA HAstA] gk W o R AR HT o] ¢} "_‘—I‘_'q
FUHY FEHANA EFE T AHE 2532 HdF

o] BEZ3t i3] £Fo] diFEEoIqtt 53], &+ H
WEENA A5 BRENE GAd R, =17, )&
% ol EFAA HHE SaiA gol Aol =Hold. S2a
H £4& B4 g0e 23 94 Lo RS S5l
SHE AR F Ao ST ¢ HEEY F 24T
doleh A& BT = AUTh S &H E40A A &H3
dAEe FE 2H ERY AR F 2L SolR7 W
Hog SRt AlgET= Uit ¢ WEET A
Ak Hr o] SFYAEZE EREE AL Zelstsidth. o] =gt
A= AwIE BESE F ST 22817 o8&

TE0| o ZFE o] Q7] g2 AeE AlrHT. ST
g 9] WEEoA TdE HEY 3 F 95% ol4do] H|F

o] gl w3 232 AMulFch £3, & HEE
A BEENE HREY Y 2 1A 2FEE OE 59 &
=0l Hl3f H@FEo] oW oA wj3]do] 73t
zolth. &7lte] AAA e 254t vl wstglS of
5, WS, g R T g9Ado] AstAY HdgsE ol
LS55 EfAOIY )"\01@7] APolA= b4 &
Hou ¢ WEENAMEe 2dRIETF Rt 59,
o] 2mm ©|3}9] EEV| & 5 —%ﬂ oh 28 Q1A
g7 Hol2 QAAIE] of thAdel Ao wdt
Hr}. o] At AR | RojHGES o An|E, WET]E, J}
g5, BEE7|8 52 ST Ahgstr] de Holad
2 Atadth B3 EARAA 7P ol AAEHRA %E
71 &7t Yol = 47l wie &3 (1 ~3mm)o]E
2 AT AAAlE o2 A=A XF AR AR
.

oA = ST AolE A4 AFlA 9] W&
£ 7T HE R IR 2% P =2 VxR &
AT (56%), 5 (15%), =DAE (4%), FEHH =
B%) 2.2 £33}t (Hirai and Matsui 2000). ©] <519
A Efo] 7HY & Weg x3E Au|R7F S7HE 9
A HEENAE 2 W2 HFEHGoH, A7 A
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O F 3
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FHNA FWE Ranad FAFY AolE 4 Rz
/\1,5%—‘?—’51 697HA ZAE &2 (Rana nigromaculata)
9] "ol 70%7} L&o|Y 1F9] 55%7F HAHY =
of &3FAet F/0GtE] (Rana chosenica)?] Ho|Y &4 Ay}
| E £50] 50%5 At FARE F ko] 8 1

ol o] Aolgt Aol By Ht Utk (Yoon er al. 1998). 114
o AFzoA 2AHE EXAEFE (Rana dybowsku)A 9
WEE dAFo) 2w HlmT}t 24%, Yu|E §% 13%, AN
5 1%, =45 11% <9 9o] Ado] 9] YE&ENA &
Akt (Ko er al. 2013). o] 2|3t A2 ol A4lsh=
G2 Ranado) FARE AUE 28 tolndon Bgd
A Fes HolEoh o3t FARF Toll IE Holdd =
29 Apoli= AAA] ZpoloflA] 711 4= IAITE AR E
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o2 A7 Hr}.
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AE] Y HEES FE5HY 70% oletEo 1Ae & 3%
dAuF oz B 9 FYFeAL, SMFE MR A 2
TE 0|87 &% (sweeping), EH (trap) A& A5
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of 23 HEES 54T 2AE 9 HEE B4 At v
watgh A2 A, 772 = 5 (Hymenoptera), T3
HY E (Cleoptera)?] LEFS F2 A45l= A=z 39y
Ak 53] ¢ WEEAA A" HEQ 98% o] 7]
¥} (Formicidae) 2 Q‘W‘”E}. S AAA] FH w3
A MAEFT2 FFFY A HE 58% (N0l 99%), BE
715 17%, WE715 10%, e & 9% o2 SdJh &3
o BS BEIF 49%, WIF71F 14%, AvE 9%, 2=
9%, GAHA T 7%, 85 3% « 22 EAJ. o|zjet ZA3t
shARo A5, utejFo] go| FEsA T iﬂHLF%
SHAWH vRY 2R ofA HAEE Ay T H
A QA At AE 9n|gi. £7H?Lﬁl—t~ 5
Asat7| Bk oA HA BAEE 49
< AAske Ao AlrdHth. =4 Holz}
AteE] AAle Agtagle] HA] ¢& Ao AtRET
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fo ox 12 flo
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2 de 3T AAT ool keH o] d
A (201549) Al o2 +HEUE
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