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Ecological Control of Invasive Alien Species, American Bullfrog (Rana catesbeiana)

Using Native Predatory Species'™

Sun-Ho No’, Jin-Seok Jungz, Young-Han You™
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S v AdAHNF Fa N 2l(Rana catesbeiana)®] e 2] AlojE FA o2 A9l

659 EF LAY o7 659 £FE ol&sto] FasiteY oot oM JAE HFe
2 EAEL AT, & Ao A3 R F FA N (Pseudobagrus fulvidraco), ™7\ (Silurus asotus), 7}& 4]
(Channa argus) 3%-& 2717219 £3olo ol AS BE EANGL, 1 % A4S ¢ Aastech. delu 1e)
(Opsariichthys uncirostris), =% 3] 2](Monopterus albus), W7 o|(Anguilla japonica) 352 7729 &3Jo|9
OMAAE A3 AAlsHA] &kt 28 IY(Cygnus columbianus), 231U (Cygnus cygnus), 4 22 (4dnas crecca),
XM (Aix galericulata), M) 2 2|(Anas penelope), 7} 2 2|(Anas formosa) 5 A @ AL&3t 659 =& E3F 34
Mg o] SHolet ot dAE A A ghokrh AnHow, S SAAHA NN EF Ei7]E ol&3t AAYHF
FaTe e AorbsdS Feld & Atk

F20f: ZME, 0o|Ff, =&, 20|, o4

ABSTRACT

We investigate predation rates of larvae and juveniles of Rana catesbeiana by using six native predatory
fishes and six birds to select effective species to ecological control and management of R. catesbeiana that is
invasive alien species and affects seriously wetland in Korea. Among freshwater fishes, Pseudobagrus
fulvidraco, Silurus asotus and Channa argus ate larvae and juveniles of R. catesbeiana, and prefer the former,
however Opsariichthys uncirostris, Monopterus albus and Anguilla japonica didn't eat at all. Six experimental
water birds, Cygnus columbianus, Cygnus cygnus, Anas crecca, Aix galericulata, Anas penelope and Anas
formosa nerver ate them. We were able to confirm control of R. catesbeiana probability using the native

predatory fishes in Korea wetland.
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AR ZAAE o] AAAHNF T2l (Rana catesbeiana)®] e 2] Alojofl #H A+ 55

g FEm AR A A 59 ZAF A
3}5] 1 9JtH(Do et al, 2015). 9]
AP A o F n|xE o] mjulgtAY, B= AAAHOR
e o) dlgo] 0|5 EA7t 412t kA A s
4> Qlth(Williamson and Fitter, 1996). 184 4 =
ExZo AW e MELR LR HIlel Zo] Zo]Z
£ L Alzket Oﬂﬁki 714 4= QJth(Clavero and Garcia-
Berthou, 2006). & ol AA 2] Bzl ofzzl7)
Lake Victoria®] Nile Perch (Lates niloticus)7} = & %<
0 AgoIEe] BEF 80%7t waSGT HuEn
(Barel et al.,, 1985).

TAAAEAAYAUCN)S & AFH o2 A AY A
of H7ke oFA RS wlAE Fo= A A4 1009 oby A
JAES 2 Aste] THe]5tT 9 th(Lee and Kil, 2013). 1
2 3Ql AV FEl= Fu]E(Order Salientia) 7] -2] 2}
(Family Ranidae)2, v]= South Carolina7} ¥Ato]#(Kang
et al, 2011), S-ejupetE x3tsto] S=, &, diwt 5 o
Fat ofAJo} 7ol EQlE o] A AE HZetA et
A71aL S A=Y AT Aol A durEof it
(Garner et al, 2006). 0|9} &L o|G& ALY = A Y
AL3le| REAAQ &S m At RHilEQ th(Kats and
Ferrer, 2003). $-2ygt= A4S BEH 02 1970t &
2OZRE @’/\7}1?““47} =4 E%+=H(Oh and Hong,
2007), B40] Uet e Ao Faab) WAske] A
A 02 BAUZITHYum and Ha, 2014). 71 o] %, -1}
gt Fasitelo] ot T 7& s A Iil“
ofojarom Qo) AeARIYER X Feto] hel¥ T
t}(Oh and Hong, 2007). 1&} 7%, 37, LA, 73‘1@,
F7H e 5 B9 acloR FasTelo] o7 3
2 55 WsHe o] 2o] o] gtk Wemer, 1992). u}ehq T
Mtefel 2 AdgAEY Fdol di-sstol g 59
AEE S olofotn dagolo, el Ao Her
velo] Bastch AASAFL Aojah] A= chopat
% slou, B o= a8 ofld
A aeEojopgtth. MYLdF=

2 e A Aolgol 9tk of

>r10—l
m

L mqE geFol AYFOl HAL A9, WY Fo 4B
A A4S, A 5 A B4 ol gkl YA F2
Aolat olt. o]t Ee& Aok, HaHd Ao] o

AEA FE S22 FH

2 Q3 op/8 4 St B0
gou, %o JYENRE FErhYu

o
Aoz 9ddo] don,
et al., 2011).

AR E FadlAelo] w3t =29 d+2s
o] ZsK(Howard, 1978), H4]7] 35 (Ryan, 1980), E4]
Aol gt SAole] WET 4% Aole] TA(Relyea and
Werner, 1999), &30]9] o5 x| Wh-g-o| A ZA#o] &
2o Ak 3719 438K(Smith and Awan, 2009), X o]& %
A (Hirai, 2004), ¥ ¥4+ Batrachochytrium dendrobatidis®)
Hab 27 (Garner et al, 2006) 5 A Fofol| A thgFet A+
7t SaEsie. e, Fe) A9 Fareel Ay 7]
ALA §%F =4(0Oh et al, 2002), AU Polychlorinated
biphenyls®] &2 =9} E3x EAJ(Moon ef al, 2004), | &
ZETof NDIARNA F44 Ag v s 53 44 ook
A(Lee et al., 2005), 24 Y AAEL4049] gt3 E
A (Yum and Ha, 2014) 5°] =345 o1, ﬂ/\7H—TLEL]
A S W Aoliyo] BaAE A7 427 o w
o stl.

Aol A ol S QeIAE Fol 712 Ae B
g}, o|& ZAStE ZAAL AHAE & AAYZE 39
7o asteh tebd T Al 47
7N A= AW E FaMF2 Y aed Aos
AR E ZAAES FEskar, A A Alofo] 7H
afel o WA S =E5te] A 4§ 9 e

o 5P A% EARE ol §3uA B,
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1. A7 X|H

o 20139 6904 2016 129717 28590
°1v9} FAFY YA FHEE Fold, AL A9 &
A A oA ¥ %‘?{(dlameter 350mm % length 600mm)S ©|-&
St AR E MEL TEhetal ofe] AFAR &4 273
A= ’2@’3}%3}- g, 7= AHAA7IE=

0] KeR
= =1 0 ol
22 QZEAALNSENT : 307-82-07915)0]| 4 K53}
A Qe MMAIES AR A4t W ARl Adskgich
2, A=

o= AN, W7l, 7HEA|, me], =5, WA 65
AAst e H(Table 1; fishes), o5 o1& FA 4ol AU &t
Aoz HAo] 20em o4 Ak, Fasitelet Zol 5
A, AFA, = $2 5ol AAsk= o]Fo]thKim and Park,
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Table 1. Fishes, birds and amphibians used for this predatory experiment

Classification Scientific name Korean name Tota(lm;le)tngth Mass (g) in dig((i)ﬁa(g (n)
Pseudobagrus fulvidraco =20 192.7+6.8 76.7+£5.9 3
Silurus asotus ] 7] 310.0+£9.2 283.0+£22.1 3
Fishes Channa argus 7HEA] 397.3£21.2 829.7+30.8 3
Opsariichthys uncirostris g 246.7+£18.9 263.0+9.8 3
Monopterus albus =49y 392.3+18.6 296.6+£20.2 3
Anguilla japonica i 2} o] 458.3+12.6 405.7+53.0 3
Cygnus columbianus Yy 1,232.0 9,410.0 1
Cygnus cygnus SEIAs 1,445.0 15,230.0 1
. Anas crecca ENReR=)! 382.0 421.0 1
Birds . .
Aix galericulata Yot 451.0 515.0 1
Anas penelope Tug] e 492.0 592.0 1
Anas formosa 749 2] 405.0 455.0 1
o Rana catesbeiana (Larvae) — FA7|F2(30)) 11.3£1.8 16.846.8 810
Amphibians . . . N
Rana catesbeiana (Juveniles) A7 (o} A]) 10.1+£3.5 17.1£7.2 270

Z5He 1Y, 21y, e, 4, sH e, e
2] 652 A4 s om(Table 1; birds), °]5 ZF+ FA4
o2, S B 2 AZFME A4, =stes Foltt
(Lee et al., 2000).

Aloft gl Farlteles Sole opdA = WA
AE FE3}o] A3} th(Table 1; amphibians). 23 o] =
skl ke 7k Ae WA SHA] SEAY, SickelRh 97
WS, 2ASHA meAenE 2431 Sl AHEA
Staging System for Anurans (Gosner, 1960)2] 26-41¢H7]
of sigEch 18l oM A= Atk ef drhe|vh 2Rl
S FHE W7 A FolAY, B 2t HEHE nRG0Y
o|U)) ujA< JfA = A] Staging System for Anurans (Gosner,
1960)°] 42-465tAof| STttt 7t BEE2 7 (total length)
I FA(mass)E SAskAoH, A SA A o Fef
Afe FEololAfe Ry =g E= Wi S
. FAFRIA, 25 FeldARE e7tx o) dols
2t7y £ 43¢l th(Table 1).

M, & A5 S 299 YT Faee ol
oA Faste] HF anEHGon, ojfe Aol TrH

9 QA Aol B B SHGiTE 2|1 2R AATE
= 27 A3 EddFacdA Eaae|Ea Qlrh

o N,

-

oo gt FaAe EALAL F 1279 #
(length 89.5cm x width 61.5cm x height 33.0cm)o] &
15en 74 931, FAATE Y o] o2 B
AA 7152 2 4 e WAL TWNajas graminea), 173

e rlo wle BN

(Hydrilla verticillata), &2 (Potamogeton crispus), 7| 72|
H(Spirodela polyrhiza) &) T4 &S ol ofF
o Aol W ZAEY Zo|E Fotr7] 94 671
F2e AN, w71, 7HEA, e, EFE Y, W] 659
FE 44 UIAA Qo ol I4A A5 W=k
a2 YA 67l pRe 2479 o {E 27A 4 dof of
F 204 AAE wEddth 1Pal RE RA olRE
2-3U7F AEAR 3 g SHolE 1070414 5-wdt
ot e skl 134 647 FYUF AIZHAM 09:00)
of #&sto] gob Yle MATE 7158 eH, & 33 WhE
shieh. 28 BadlTelel SATA} ofge] A
A olALA B ol FAT o P4
gaolsl b4 AS FA0) SAHY ¥
247 oh3ich. olnf Fasle oA A
3 2E|Z2& HIE(length 15cm x width 15¢m)
Yolzert. w3 2 A TolA olRe Hanel AE
93] 7 A 2 ZH(Tenebrionidae)] WY (Tenebrio molitor)
A&H oz FaHACt
2ol g BasTe EANUL F 679 ASY
(length 5.0m x width 3.0m x height 3.0m)o] 114}, &1,
Aed, 4, Fuged, Hed 659 275 44 4
At 181 EgkAE 4=Z(length 40cm x width 30cm
height 30cm)S 7H7F A3l B2 15em 7FF a1, 34
Aele] ol flolx Haghel SAA 75 T 4 o
YR AT (Najas graminea), 73RS (Hydrilla verticillata),
W2 (Potamogeton crispus), 7725 (Spirodela polyrhiza)
59 2AABS YoiFAt. 1 %, 240|044 |
of sl 13]4 6317k S8 AITHAM 09:00)0] B3l
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AN T2 (Rana catesbeiana)®l e A A ojo st o1

ot Uk AASE 7189 0m, F 33 WEAY sk
Rkl

2 eAFele) WHRAZ 25 249

aolst RS TR 92 B 5% 4R4H A9t
ojufj grafte] op Ao AAAE HPX“W]H“H LR
£ HIZ(length 15cm x width 15em)E ¥ Rk £ Z+
2RENAE 71800 Holz AR &4 -‘:#JH ArR(Z

U 1%, 24 3%)E ME Hol B o4 Zlé@ﬂ
2 3Fse
4. EHEN

st on, 2%

EAEAL SPSS 180 T2 1HS
golg e FtEx o5 gelst]
smirnov test& A A5 HA AL 7+ golg 7t HFE
ZE WX PO Hg(P<0.05), HEFFAH S AHE-5H3
o 1 F FAN, W7, HEA 3T 2 AR 23O
A A4 zlo] = Kruskal-Wallis testS AF2-5F9 O, A}
Of WA =(ARA], 278A) 2t A2 o] BT A (A o],
oA & 24T 7 Y+ A4l Zpoli= Mann-Whitney
U testE AR-&3F4it).

°|&
$#ste] Kolmogorov-

g I

1. OlF ZA4

oo

21t

-&Pseudobagrus fulvidraco -+ Silurus asotus -« Channa argus
g 10
. t
s P
L 6 — s
i T
] 4 [
a 2 =
o I T
S 0 T T T
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Time (day)
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g 8 o
ot
K P
n 6 — - N
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Figure 1. Cumulative predation rate of larvae of bullfrog
by one fish (A) or two fishes (B) (n=3)

ol ALY Ax AN, w7l, 7HeA| 3% o] it
2] SIS Ao 18], =352, W] 352 Fa
MAte] EAolE A ZASHA| it oiF Al A=
AZkol BFo wet AstA Falte] SHolE A
ok 2Ly 270A] A2l telld AR doll 2AZEo] HSH
ol YElRth(Figure 1).

o179 % 3 A% A7 QuE FarhTE L4l

EZApE off UNAl AtollA SA 1.3£0.970 A (min.
0 - max. 3), 7F=A] 1.240.87} A (min. 0 - max. 3), #7] 1.0+0.8
MA(min. 0 - max. 3) 0.2 Yebgton, off 2704 A&+

oA o] 17]A & ZAl4= 7HEX] 0.8+1.27] A (min. O -
max. 3), A7 0.5£0.77} A (min. 0 - max. 3), #7] 0.5£1.0
WAl(min. 0 - max. 3) =22 UEpyth 2, SARA4S
AN Aab, ZARE WA e E2W(P. fulvidraco, U=103.5,
7=-1.936, p>0.05; S. asotus, U=111.0, Z=-1.753, p>0.05;
C. argus, U=130.5, Z=-1.051, p>0.05) ¥ %7K one predator,
x=0.508, df=2, p>0.05; two predator, x>=1.407, df=2,
p>0.05)°] EA 4= {23 Zol7h §lgltk(Figure 2).

B One predator O Two predators
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Pseudobagrus Silurus asotus Channa argus
fulvidraco

Species

Figure 2. Predated number of larvae of bullfrog per
day by one fish or two fishes of three species;
Pseudobagrus fulvidraco, Silurus asotus and
Channa argus (n=18)

Gl dEeA o] wE ofF 1/HAH dBt 4
22 A, S/ 230 0.8+0.27] A (min. 0 - max.
3), o}4A 0.4+027A(min. 0 - max. 1), #7]= & o]
0.3+0.17) A (min. 0 - max. 1), ot A] 0.2+0.17§ & (min. O -
max. 1), 7FE2]= £30] 0.5+0.17) A|(min. 0 - max. 2), o}
Al 0.1£0. 17 H|(min. 0 - max. 1)E ZA|s}3ct SAEHS
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Figure 3. Predated number of larvae or juvenile of bullfrog per day by three species; P. fulvidraco (A), S.
asotus (B) and C. argus (C). Large alphabet means significant differences between larvae and juvenile

by Mann-Whitney U test (n=18)

AT A}, 7HER(U=107.0, Z=2.231, p<0.05) 1&1to] &
o3t jo)7} Ly o], EX7)(U=132.0, Z=-1.059, p>0.05)
o} 0] 7])(U=144.0, Z=0.791, p>0.05) 2% o7} ¢loich 1
2Lt 359 o F B 24T Aol 2 oA Hihe A0S
o @ol EAshs FPdS EAth(Figure 3).

2. 27 ZAMY Ay

25 EAAME 49, 1Y, 23y, 2o, 49, 3H
og, 7IAed 62 HE: AT Y S-o] B olAA
S A3 AAsHA ke

o

FaATFe o A Aofe] o §7bsAol G A
Z4AS A7) 93 4N 2, 2o, Hoel,
F, E0E 0, Ao 630 279 1, =Y, Y
Joi 352 olfi AT G0l B obgAE A

O

N

8 EA3A horeh. weba] o 5L FaATFelY Aol
BAYT A0 BT} B AT o] F 1y, Tay,

Ao, 44, Frged, 7Hed 5 22 2RES A
29 37, 271, 4, 29 5 484 vol2 F= 445
U (Lee and Hong, 2008; Choi et al., 2015), 3 o],
Z, o1& & Ao EEA "ok i AAlst= AAA

[¢)

o7 BUYH £E50|tH(Smith ef al., 1989; Lee et al, 2000).
a8 off § e, =958, WAole SAA oFEA,
S/ W pAEEF Bk ofyet Jojik(Family Cyprinidae)
o] 423 o]FZ= 443}lH(Son and Byeon, 2001; Kim and
Park, 2002), 7 It oA dF ASAHESHAE 7HAE H4]
Sl SAIA o] f 2 42 A lth(Son and Byeon, 2001).

aeu AT, o5 2 H olRe F
= oMAE A ZASA kol
OIL Fafte| 9 whol7] 2t JﬂL%O] As 4 Aok A
Ao w=d, FAF ZHole 2 7HA 2 Wl
74& 7HA 1 QQ=y|, ‘up® UP(unpalatablhty)’ ‘glskd 7+
A (chemically mediated)’, ‘3] 5 &4 (dermal toxins)’,
Al(coloration)’. ‘ZH5A 7P£:(10w activity)' 5& 53l £4
A& 3] 93tk (Kruse and Francis, 1977; Hurlbert, 1970;
Kats et al, 1988; Eklov and Werner, 2000). o]= 23 o]7}
S5 20, 42EE ¥ 4 = 707 27
24 A EchKats ef al, 1988). 1 % FA7472] 9] &3
S FAet L gto 2 2ARE 315k (Kruse
and Francis, 1977; Kats et al, 1988), T3t 9 &o] &=
EZAZL oA BEAde HaATle AR B
(Hurlbert, 1970; Werner, 2000). $t#, SA70, H 7], 7F&A
352 Farlrele] Aolsh ol AS B A o
2|k Wrof 7 &tof it AAE AAY, e ol FHe
ol gh5dt Ao w wohEh ojof e Ho] HE *1/—‘4

Z] 9] 22445 3ol Q1S 2= ity A3 o to wp=

Fafte = i B30l AeA, 2 5 X“ﬂH =,
StA o Afole 59 250 HlaA autgt F-shFo] A
A3} (Lee and KO, 2001), A Ao} A2 o] Q1A 4]
o= Aol Hiwgith(Lee ef al, 2009). THH, & A
W & 5 A v7l= AeAl, 4, 5P soll A4t
o, 59 55| =i, gotn, upe|e} rie] o Ut
=2 S A% 3} (Britton et al., 2007; Lim et al., 2012),
7HaAle Aoy 53 o] FAH AL g, £27F &
ANTsl= Ao=R EF_E]O*E}(GO and Park,

a7fe| o] &l

>

Ak 44A el 48 £EL ol Aol 1ET A2



AAE ZAAE o] 87 AUARS

u!

AN F 2] (Rana catesheiana)®) e A Aolo] st A 99

S e 5o Ut 22 ol9f ol KAl

ofN

Hol 4L T AYANZF Aoje] o418 4 ek A
o opok. Ao HEW, EF AL HY9H
gl diotel Aol 4351 A £ T Jobd

9 AEA WSS Fo o 4Ee 244 2 S8 oL
et al. 2011; Heo et al. 2014).

2 AFolA A, w71, 7HEAl 3% Aol wE
FaATe Sqo] TAEL FT Hol7} glov], 239
270A] Aol B oAl ARde Hi=d, o= o
5 24 A FoIH AE 2z0) 27] @ BAR] HE
MEE 1T 0 F A0l Y A0 wuEy
(Yoo et al, 2007), A3 to] =2 Agte F7toAl A
Hame F7h olR9 HAL A%, Aae] AFHA 3
kS uj& 4= ki k¢ th(Rowland ef al, 2006). wEtA]
ozl o AeA Alofof qlo] A o7E =Yt
oA SA AL LAY AAYE B3 JIFE £
+ ek,

WA o wE OHA EAYL THEA
ol7} Slgl.onl, 471720} oA &
2 ZAsgh g, st

Qglouk, oA Heh £3o|S
23 d ZAGE 290 990, PARE Yoz
=30 SAA A =u]E 7FA L Qlo] E&A &
AL 2tk ey oejd 7l we Avelz weshuA
Ak Hateal o] gAS e v E 2A Erh(Lee and
Moon, 2009). £ HZLof| A= 3%9] o]F i ga|te <
oA T S5 o wWol £AEH, ole Fa

[‘P‘JL F?ll'l" —r‘
flo 2
B3
n.tlo

Il‘

lr

2o oA Lol H3) 2 o FAS 2o, By
2o] o Hojuy] dite] AAoR 5AE S| B

Ao 8 HehET.
A3 A L (Govindarajulu, 2006)0] w2 A7) F2 =
53} 2 A E B5olA o] dAR Hdldh 1 o
ol =gl E30lY 68%7F HeEjstil UmA= &4
A 238 AL Bt 283 HE & 2do] Aok
H 24 A4 Aad GAT T RuEgI ol sy &
Af 5 w7 2 egse Ao, dffae
AT Hold A sfjol At 7R HqEH;P: Adte 4
e 5ot oo} Zo] AgAte] g RE 77t S50
A Hule Farie o A Sl UJrEP(GOVlndaraJulu
20006), t/d AL LA F AlolE HO]W" E&oj 77t 7}
A e 4 Qlva godEe, 2 £ &3 A, H
71, 7k 3% ZAANS ST —’F— ‘i’iq ol 01 9]
EQlo] AT A4 2 I
o‘11}(1(1121pp et al, 2007)= A2t}
Q7L Askd =79 4

S5 R AT T
Al PSR ANE & 9 Aol
@ Tyt T WAL B 3
S0 Aol A o1 A e £

& 02 A Sl B 49 PA 244 o
3 OAREY B5urg, ol 1A, A, 44, Ho] A4
5 AAgEAA doje 4 91% Baxo 3 §712 4
B et el Dasit.
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