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A Study on the Diet Items of American Bullfrog (Lithobates catesbeianus) in Ga-hang Wetland,
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ABSTRACT

This study was conducted to clarify diet items and predatory behavior of American bullfrog (Lithobates
catesbeianus) according to the sex, maturity and season from April to September 2014 at Gahang wetland of
Changnyeong-gun, Gyeongsangnamdo province, Korea. We examined the stomach contents of L. catesbeianus
using a gastrectomy technique and identified the contents to a genus or species. The examination showed that
large and heavy individual of L. catesbeianus fed on larger amounts of food. However, there were no statistically
significant differences in predation amount according to the sex and maturity of L. catesbeianus. The main diet
item of during the study period was mostly Insecta (average population rate of 65.5%), followed by Crustacea
(13.5%) and Gastropoda (7.9%). The most preferred diet item of L. catesbeianus was Muljarus japonicus.
Surprisingly, L. catesbeianus also foraged Parus major, Apodemus agrarius, and Crocidura lasiura. Ths
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findings showed that L. catesbeianus directly disturbed the wetland ecosystem. We expect the results will be

the important reference data for checking the impact of L. catesbeianus, which is designated as invasive species

by the Ministry of Environment, on wetland ecosystem.
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Fig 1. Study area(Bl; Ga-hang wetland)
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Table 1. Physical characteristics of the American bullfrogs used in this study

n TL(mm) SVL(mm) FOL(mm) HIL(mm) HEL(mm) HEW(mm) BOW(g)
Male 47 313.7+4.6 126.1£1.7 70.7+1.0 187.6£3.0 40.31£0.8 48.4+0.7 223.1£11.6
(range) (254.4-392.6)  (104.3-148.6) (56.5-82.3) (146.5-244.0)  (20.0-48.7)  (40.2-57.6) (115.6-377.7)
Female 4 308.0+6.4 125.6+£2.6 71.2+1.6 182.4+4.0 39.5+0.8 46.3£1.0 227.4+15.3
(range) (231.2-404.3)  (92.2-160.0) (53.0-82.3) (139.0-244.2)  (30.8-53.8) (35.9-62.1) (86.5-519.9)
Subadult 49 217.84£5.4 88.3+2.2 49.3£1.3 129.5+£3.2 29.14£0.6 33.1+0.7 79.4+5.2
(range) (118.2-280.0)  (49.5-113.9) (26.4-69.2) (68.8-166.2)  (17.5-53.8) (18.5-43.1) (12.9-170.7)

Table 2. List of diet items of the American bullfrogs investigated in this study

o ‘ o + Index'(%)
ylum  Class Order Family Genus Scientific name Korean name N Type NP VP
Arthropoda Insecta ~ Heteroptera Belostomatidae  Muljarus Muljarus japonicus Ex 131 A
Nepidae Laccotrephes  Laccotrephes japonensis — A-olH] 9 A
Ranatra Ranatra chinensis Aot 13 A
Gerridae Aquarius Aquarius paludum agAo] 36 A
Coreidae Riptortus Riptortus clavatus EoEmlEEeEy 2 A
Pentatomidae ~ Scotinophara  Scotinophara horvathi A=A 20 A 655543
Dalpada Dalpada cinctipes g EEEtg 1 A
Cicadidae Cryptotymapana Cryptotymapana atrata rofjn] 3 N
Coleoptera Hydrophilidae ~Hydrophilus  Hydrophilus accuminatus —=%"0] 2 A
Hydrochara  Hydrochara affinis g ol 2 A
Dytiscidae Hydaticus Hydaticus grammicus TSN 4 A
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Table 2. List of diet items of the American bullfrogs investigated in this study
oh . enti +Index'(%)
ylum  Class Order Family Genus Scientific name Korean name N e NP VP
Coccinellidae ~ Henosepilachna Henosepilachna vigintioctopunctata®)27ddo| iy 6 A
Propylea Propylea japonica mupdgolREdy 2 A
Harpalidae Amara Amara sp. oA AL . 4 A
Onycholabis  Onycholabis sp. AFAEAE L s 6 A
Harpalus Harpalus sp. o2 HA | sp. 10 A
Tenebrionidae  Blindus Blindus sp. AFAAEE sp. 3 A
Staphylinidae ~ Philonthus Philonthus sp. FHr7 sp. 2 A
Elateridae Melanotus Melanotus restrictus AR yladdopE 1 A
Cerambycidae ~ Apriona Apriona germari BUEss4 2 A
Scarabaeidae  Anomala Anomala chamaeleon 7hadg 2EF 9ol 2 A
Onthophagus ~ Onthophagus fodiens R I A
Blattodae Mantidae Tenodera Tenodera sinensis SAfk) 1 A
Statilia Statilia maculata FAhat 2 A
Odonada Agerionidae  Cercion Cercion melanotum AEsE A 25 AN
Aeshnidae Anax Anax parthenope julius S =] 8 A, N
Libellulidae ~ Orthetrum Orthetrum albistylum speciosum DZA}E] 3 A
Orthoptera Gryllotalpidae ~ Gryllotalpa Gryllotalpa orientalis FolA] 78 A
Tettigidac Criotettix Criotettix japonicus THA 7] 2 A
Gryllidae Teleogryllus Teleogryllus emma i Le=tl | 14 A, N
Tettigonidae ~ Eobiana Eobiana engelhardti ofjod 2] 1 A
Gampsocleis ~ Gampsocleis ussuriensis Vg7 4 A
Acrididae Acrida Acrida cinerea Hol7fr| I A
Apidae Apis Apis mellifera Fead 1 A
Hymenoptera Vespidae Polistes Polistes snelleni HARAR 1 A
Vespa Vespa mandarinis e 2 A
Vespa Vespa velutina ST I A
Eumenidae Eumenes Eumenes nigrior Aol 3 A
Diptera Stratiomyidae ~ Stratiomys Stratiomys japonica E5 o5l 3 N
Tabanidae Tabanus Tabanus sp. SOl sp. 10 N
Lepidoptera Arctiidae Aglaomorpha  Aglaomorpha histrio R gET 1 A
Crustacea  Isopoda Corixidae Asellus Asellus hilgendorfii =4 5 A s
Oniscidae Armadillidium  Armadillidium vulgare ek 32 A T
Arachnida  Araneae Lycosidae Arctosa Arctosa sp. =t An]L: sp. 15 A
Anahita Anahita sp. Y2 Au]4 sp. 2 A 42 10
Thomisidae Xysticus Xysticus sp. AAATL: sp. 2 A7 ’
Pisauridae Dolomedes Dolomedes sulfureus H5A | 8 A
Chilopoda  Scolopendromorpha Scolopendridae  Scolopendra  Scolopendra sp. A4 sp. 1 A 01 05
Annelida Oligochaeta Lumbriculida Lumbricidae ~ Amynthas Amynthas sp. YR Fo|<: sp. 2 A 03 09
Mollusca Gastropoda Basommatophora Planorbidae Hippeutis Hippeutis cantori TAEoLEEFE o] 19 A
Eupulmonata Physidae Physa Physa acuta AEolEEo] 4 A 79 26
Limacidae Oxyloma Oxyloma hirasei WEAEQ-Ho] 24 A 77
Stylommatophora Bradybaenidae  Acusta Acusta despecta gagsol 3 A
Architaenioglossa Viviparidae Cipangopaludina Cipangopaludina chinensis malleata:=3-%4°] 1 A
Chordata Osteichthyes Cypriniformes ~ Cyprinidae Pseudorasbora  Pseudorasbora sp. Aol sp. 2 A
. . 0.8 12.5
Carassius Carassius auratus 5ol I A
Cobitidae Misgurnus Misgurnus mizolepis o] g2t 2 A
Amphibia  Anura Ranidae Pelophylax Pelophylax nigromaculatus Z7)7-2] 2 A
Lithobates Lithobates catesbeianus SraaitE] 1 J 73 134
Bufonidae Bufo Bufo gargarizans S| 4 ]
Aves Passeriformes ~ Paridae Parus Parus major Bl 1 J 01 56
Mammalia Rodentia Muridae Apodenus Apodemus agrarius =T 1 A 03 8.1
Crocidura Crocidura lasiura b 1 A
Total 646 100 100

TType: A; adult, N; nymph, J; juvenile.
{Index: N; number of individuals, NP; numeric proportion, VP; volumetric proportion.
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Fig 2. Numeric(a) and volumetric(b) proportion of American bullfrog’s diet items.

Table 3. Monthly variation in the diet items of the American bullfrogs investigated in this study

Prey taxon(Class) Apr May Jun Jul Aug Sep Mean + SE
Insecta 62.8 532 72.9 40.0 81.3 71.5 63.6 + 6.1
Crustacea 43 343 0 22.9 10.2 0 11.9 £ 5.7
Arachnida 32 1.9 4.7 8.5 6.7 0 42 + 1.3
Chilopoda 0 0.6 0 0 0 0 0.1 £0.1
NP'(%) Oligochaeta 0 0 2.4 0 0 0 04 +£04
Gastropoda 53 8.2 17.6 28.6 1.2 7.1 114 £ 4.1
Osteichthyes 0.5 0.6 24 1 0 7.1 1.8 £ 1.1
Amphibia 23.9 0 0 0 0 14.3 64 + 42
Aves 0 0.6 0 0 0 0 0.1 £0.1
Mammalia 0 0.6 0 0.6 0 0.2 £ 0.1
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Table 3. Monthly variation in the diet items of the American bullfrogs investigated in this study
Prey taxon(Class) Apr May Jun Jul Aug Sep Mean + SE
Insecta 68.0 422 77.4 59.2 71.6 10.7 54.8 + 10.1
Crustacea 0.3 0.9 0 1.7 3.1 0 1.0 £ 0.5
Arachnida 0.1 0 0.2 0.1 4.9 0 09 + 0.8
Chilopoda 0 2.4 0 0 0 0 0.4 + 04
VP'(%) Oligochaeta 0 0 11.8 0 0 0 2.0 £20
Gastropoda 1.4 3.7 7.4 4.0 0.5 0.9 30 £ 1.1
Osteichthyes 1.8 1.8 3.2 35.0 0 383 133 + 74
Amphibia 28.4 0 0 0 0 50.1 13.1 + 8.7
Aves 0 27.5 0 0 0 0 46 + 4.6
Mammalia 0 21.5 0 0 19.9 0 69 + 4.4

tIndex: NP; numeric proportion, VP; volumetric proportion.

(216.0mr)5o] A= A o= 2|97} L2 FAFQl
FAY(Bufo gargarizans) -8 4471)(23,139.7mr), F7)+
2](Pelophylax nigromaculatus) 3| 271 7(40,354.9mr’) 2}
FE A= W FolEY it s SAAYE

A Holakzoll AAfloll = HAIRE Bl (Parus major) =
17141(40,536.9m), 5-=F|(Apodemus agrarius) A 171A)

(31,574.1mr’), WF(Crocidura lasiura) 43| 17§4)(27,881.6
)2} B 25, BRI EASE AR Uy
(Figure 3). 9] hg2o0] Sl 11871 7120 55324
(cannibalism)o] SRR1E Algl= Favlite] S3olE LA
AR SFEZAES 0.8%E WA Uehyith
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Fig 3. Representative diet items from the American bullfrogs investigated. (a) Vespa mandarinis, (b) Pelophylax
nigromaculatus, Misgurnus mizolepis, (c) Parus major, (d) Apodemus agrarius.
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0] FAF(HTE 60.8%, T 89.6%) A
FAET 23 WA 2AE Aol HlEHyt 22 =04
Aol W AF F59] Aol $7lo] YAE 2
Aoz deA UcK(Shine, 1979). FAF A7 FH ol
55 WAEE ) SV ol HAEEES =0l
7] 9 A w0l & YAS ATHA E K Trivers,
1972). T3F 4712 ol vl APdEo] Eal tiiE 4A
Hep 22 Aoz defA It Organ, 1961). Fal+-e] 9]
H1A Akl qlo] yol7h WAl 277k 2 3 ofeja
F2 27000 Hlal] F2 AREAE ARste] WA EEO]
=1L o|= QI3 AL A7t 2 S AEsks dles
B v} QltHoward, 1978). 3}A|9t SAasl4t8] =73}
A9 A7) Aol A 7F A, A AE 2 HAYEE
= & = AARE Agter A o2 A A9 A7)
Aol 5 st Aol e 1 FFY A7t B2
Ao =2 A FITH(Shine, 1979). Fa7itefo] gk o]d A
FAHE I 4] 271 Folrt G A0 Liekt
S H(Kim, 1975; Wu et al. 2006; Silva et al. 2009), $-2] 9]
QTN Felet AaE selste] Fav)e) Aol o
2 A 2] Aol AolaTle) B e Aow
Az el T2 2712 Alsleka BATIA 2 ok
A Gaofpele] ojEae) Ao g o)tk AF, &
Sn, A4 3 Sol olk Mo AT 2 B
Felo] ;oke et 28] ooz 23 B ofgfe] B
2017} QLo WAllol viete] B s A
4] Zo] wrersh v, e Tote] Ay} 3t )
T 28F0U} 44 52 g o] S4o|cNational
Research Council, 1974).

asielo) o) 543 EA Afojol A
5 2 A7) vizle] 2|2 Aol 671 54} Al
2 m ool Ak ehth. ol1e] SavlTele)
wlo]9l AN E SVLI AJ5 Ajololiz §ojulgt ool
Al ehilol 27171 2 AR B ol wo]
£ X5k A o2 YERFGTHWu et al. 2006; Wang et al.
2008). T2 Fu]oFA &<l Black-spotted pond frog(Rana
nigromaculata), Darma pond frog(R. porosa brevipoda) 9
Al ZiA1] SVLI} ZAES oFo] JHAIE Hol= AL
R 1% H} QJtiHirai and Matsui, 2001; Hirai, 2002). &}#]
Tk gasiae] F4A|, A, dRl whE 37HA] 3 Alel
of AREE Zpol7} QiSlom, AT} A Alolof| AT
of o7l §lgo] thE AFSolME WEXl v Qitk
(Beard, 2007; Silva et al. 2009). ZA74t2] 9] 3o wlet
EAFFO] Apol7} gl olf-=me Sl o] ARt A4

o

whel Ao ST, FAATEE b PR
TR B B S 9o FAlka Qe Fulo] Hol

£ WAF FA0) Bl FeSe] T /15795
Q EARAG 7P Uk RO} Fio] gXolk v
£ Apgo] 719 Wt Molr|t e ZANOR 15}
of ZAA, 47, 9 Aolel] A= 2 Hol7h QW
Ao Azpeth

A717E &4 o W= 3 el 4 554
'1]—__,:%_701—’ %7-1]—70]—’ ?_1370]—3 7‘11:[]701-9 OO‘:/\ 1 701—’ 78‘%0170}-9 2%70]—’
e EAT F 4R 107 o2& vl Hold=
At on, ol ke 234l M &2 HleR
L gl o] 1 woldo] Z3l &3 54

A ZRIT 4= SISt TUCNe 9fsff “A AlA 100Th 244
WA Yeigr o= AAQE Favliate] ol et A
P oln] e A5l A Ak Be 7Sl 3
27)7e19) F2 Hlolgle oRE B37ul Aujde]
259 Ao E A FHH(Wu et al. 2006; Wang et al. 2008;
Hothem et al. 2009; Jancowski and Orchard, 2013). T3t

£ dAolMe 257 olQloll I, FAAel &3 F
o] oo 323 Holdl ALE gt AFEE
Q1A th(Hirai, 2004; Silva et al. 2009). 2-2jutzlof| A Al5}
= Favfie] Holdo] #Wet AFES AT EYH Kim
(197)= Fa7iFe = 71, B-of, rlatekA], 2%, Agol,
o], A, A%, A, =7] 5 SAols AP FE>
HE xAskchy 51991, Kim and Ko(1998), Ministry
of Environment(1999)2] tof| A= SA7)FE] 9 9ol
oA 225771 HA| Holo] 60% Hl&Z AHA|Th= Ao
2 HsG} o3t Al 2|9 A AE Sl
Fafatels AR WollA e BE AYsEES
IEASH= Zlo] 7hsst, o]t AAIGAS Bl
A7 S-elubet iAol A A8 = A" Fa3h
a9l 7k sl Aow weEch

Fu| A ] Holo] Het AFE2 W2 AlElEo] 9l
t}. 7l++2]7Ranidae) o] 43t Japanese frog(Rana porosa
brevipoda), Black-spotted pond frog(R. nigromaculata),
Marsh frog(R. ridibunda)®] 735, 2ol 60-90%= L=
7ol ApR|g o, o] 7k w|F7] 1 Acrididae), T |
TH(Carabidae), =2} 1HPentatomidae)?] TE0] 2 Ho|
ol Ao g ®W1E v} QJtiHirai and Matsui, 2001; Hirai,
2002; Cicek and Mermer, 2007). 74 4| 2{Bufonidae)o]|
225} Great plains toad(Bufo cognatus), Common toad(B.
bufo)2] Z-g-ol|l = Holof 90% olfo] L57tell &3t 9y
a1}, el o]7(Scarabaeidae), Hl1]ZH Curculionidae)
59 Z£E0]9 o1 (Anderson et al. 1999; Mollov and
Stojanova, 2010), #7]-2]¥HHylidae)o] <3t Japanese

E
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treefrog(Hyla japonica), Gray treefrog(H. versicolor)®] 9
o ofA e 57t QIA|={Lepidoptera), U}AE{Hymenoptera)
9] F=0°] 70-90%E HlE&= Aotz A o2 de|F ch(Hirai
and Matsui, 2000; Mahan and Johnson, 2007). $J2] A&
Al EelE A thFEe FrjekAFe T Hold
LSF7E tF-Eoln, AejA HolAkgolA Fdgt $13]9
U T2 AT B 9 dAY R/ 27 25+
AL T AR A gl A& o 4 ok SERINE it
2] Hollo tfgk tha=o] tollA Favliatel= oAz
A 22 Aol Qe EEs, AR A2 PARE HIRS
of olfF, WFF, 27, EZFF E2 49 Sl e
e/ FEA A o2 A Fc(Wang et al.
2008; Hothem et al. 2009; Silva et al. 2009; Jancowski
and Orchard, 2013). 2] AFoAE Sarf+e= 733t
Alerdog AAIA] Yol A MAlehs tiFRe] TS HIE
okl AR, 27 EHF T Zo] AeFew A7t
2e FEe RSt A9 FE7MA FEA ZAs=
AE ERIg 4= itk ol#feh Savlte]e] GAdeh 241
< =/ AT AaAlls AeR SRl B 9lom
(Ra et al. 2010), E%vH(Lethocerus deyrollei), T EFALE]
(Libellula angelina), 7}X| 1L7)|(Pungitius sinensis), 3 %0]
(Culter brevicauda) ‘378 ©|(Mauremys reevesii) 51} 70|
FAlo AASHAL Sl thE BEL7] oPIAES] HAT
Has Flshs 8oz A8e Jo= oifdch
SEAL W FAFOIA BEE= AYCR AT

A, HefA7]o] =2 =S, WA 28 ol FF
nAs Ao® A rhMarta, 1986). £-2]2] -0l 4]
S0 FEEAES 0.8%E eI Bapdof A
Sl T o] A, TEEAES 1.3%, 2.7%= 7t
F UEl o H(Silva et al. 2009; Boelter et al. 2012), 7{jLt
t}o] ALo= 0.4%= E2lE] thJancowski and Orchard,
2013). L5FH7F =8 Holo]al HolAkge] AF9lof =
LR, 25, ofF7HA 2A S St e] Ho 9
e s HokE o, Favlte] AAY RE FEE
AlE2 AAAR ThAITE 2o v|R]= Rk nElE Ao
2 aetEch

S-euetel] AABkL Qe SFAvhtE] o] Holds F
(Speices) =71 aff a2 9
B2} A wgkE 2 o, olF Fdi
SR A A gt A=
A Al vA]= P FRl, Briek=t Sa% 7124
28 &8o] 7t Zle
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