832 4 A B} 81 9] X|

Korean Journal of Fisheries and Aquatic Sciences

Original Article

Kor J Fish Aquat Sci 46(2),168-175,2013

KFAS

3t 2] 46(2), 168-175, 2013

e 55 Aot Ssisk=
LH2&2IcH(Gymnocanthus herzensteini)2l A1

=. =41% = =
UMY - FLE™ - HyYS? - BEHM? - 2FL2 - OIS
SolrMoiTs STAMATME, FYSDE KRR (S AT XheEE

Feeding Habits of the Black-edged Sculpin Gymnocanthus herzensteini
in the Coastal Waters off Mukho, Gangwondo of Korea

Jae Hyeong Yang, Sang Chul Yoon'*, Jeong-Ho Park’, Byoung Sun Yoon®,

Young Min Choi” and Jae Bong Lee
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The feeding habits of the black-edged sculpin Gymnocanthus herzensteini were studied using 944 specimens
collected from February 2011 to January 2012 in the coastal waters off Mukho, Gangwondo, Korea. The G.
herzensteini ranged from 11.8 to 36.3 cm in total length (TL). The percentage of empty stomachs in G. herzensteini
was 40.2%, and the main prey items were Pisces, Euphausiasea, and Macrura. The smallest size group (11.8-15.0
cm TL) consumed mainly Polychaeta and Amphipoda. The quantity of prey increased in proportion to sculpin size.
The composition of prey items and feeding habits of G. herzensteini exhibited seasonal fluctuations, that is, the
main prey items during spring were Euphausiasea, whereas those during other seasons were Pisces.
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L3 O)(Gymnocanthus herzensteiniy= 459 0] =(Scorpae-
niformes) 55 7R (Cottidae)ol| &3l= o] o2 A 2Lt
ol T ol EalYo A YEEFE Y 25 =T oA £
akal, meafet bt 2| oo =41 50-100 moflA] A]41gHH(Kim
et al.,, 2005). th-SIch o] AFRAIZ|= 1204 o538l 2€9]
3, FASHAL 153 ecmE & A th(Park et al., 2007).
gAJotof AAlshe titlt o] o] 24 S Flo] 42
cm, =A0] 32 emol] iz, el o] FFlo] 174, =710] 134
2 115 thNovikov et al., 2002). T3t 7HA| B1TH(G.
intermedius)2} FEVH 0.2 §AFS}o] 1= 9lo] ko] $29} 7
SA=n Y] S5 Yu| 2 s, B8l gjae] 9

T 7KEA =] o] &5y Hu]7} Yl th(Choi et al., 2002).
tSichell et A= QoA Aol et At
(Kenichiro, 1970), 2]A|o}e] REE thA|qte] AQEE A
1} A%H(Panchenko and Antonenko, 2004; Panchenko, 2009)
Y A7 ek =W AFE HH f-2ukel Eel et oSl
o] Agdu} A @ AJ<=w) Aek(Park, 2005; Park et al., 2007)
of TS Fo AR Ak slofo] HglS B AeS
ol g A7 FEsich B3 -2utet AMYEA L) 7]
Al WS olsfistr] gt Aol et AE HH gt &
ajyro] AAJsH Btole] Aol BEHAT(Huh and Kwak,
1998a), 7}9 &= £ || o] Z &= <] 4]4d(Baeck etal.,
2007), ‘Fafioll AAlek= 4], 5o, & A1/ A+ (Huh et
al., 2006; Yoon et al., 2008; Huh et al., 2011) 5 tfj =2 5l

Article history;
Received 15 February 2013; Revised 12 March 2013; Accepted 12 April 2013
*Corresponding author: Tel: +82. 51. 720. 2334 Fax: +82. 51. 720. 2337

E-mail address: scyoon75@gmail.com

168

Kor J Fish Aquat Sci 46(2) 168-175, April 2013
http://dx.doi.org/10.5657/KFAS.2013.0168

pISSN:0374-8111, eISSN:2287-8815

(© The Korean Society of Fishereis and Aquatic Science. All rights reserved



Ea EC AP 169

o
j84

Phe FAHOR W A7 FRE AL, A2 AsfolF 7t
A EekR], FeEl7], AR 9] 4] al(Choi et al,
2009), =t Falloll A AR =252 A4 (Lee et al., 2007),
= 24 sl ool @ sh= th-9f 4]/d(Yoon etal., 2012)
A2 Foff Ae] Atk ] W A 754 SHE
olsisl] fI7t 7| = A7t F-Hsltt.

urebA 2 Aot Selete] SE gt sk Hi S
A= 242 F8l o5l F HoldE, ARl wE Hol=

gl Rk Ao mhE Ho] 2/ 2 jeh 52 uhefslala) et

Mz H HH

2 Ao 4 A4 Tl e] Al 20114 292 E 2012

197bA] w4 7= SoiA] £k AKE- 12 63, 69)
4 100 m HefollM Saf7-71 A Ao e = o2
212 AW AelcFig ). AYE ARt AP 24t
Fof 2 7HA1 2] 27H0.1 em)3} A|0.1 g)& ST A
% 9|(stomach) -2 He], {017k} 50| 22 o &
st flll8=2 AL, HulE= 5 T Holdee
NFRDI (2001), Kim et al. (2005), Min et al. (2004), Hong et
al. (2006) 52| =45 o83t FA 5

AH8E2 7t T7HA FA sk AMAlE Alst o,
o1 F AAAHLE o] g3l HFFS 0.01 g9 2519
o AulE= E4ETE 2 HoldEe SdRIE(%F), Al
H|(%N) 12| 3 FZFR(%W)Z e Lo, th 4|(1)-
(32 A1 Fto] Lahict.

i 1o

i

O

N; W,
%100 |%W = —— x 100

total total
A1) A2 4 3)

A71M, A= SIHE= 5 slid Hol=o] HE -3l
O] Zh Aol aL, N o] & A At tf4t3lt o] & 7HAl4, N,
(W)= sl ol =2 7HAGET %), Ny W o A H
ol MA(53F ) le

E3E HolAES] A58/ A]4x(index of relative impor-
tance, IRI)+= Pinkas et al. (1971)2] YO & 2](4)E o] &3]
o] 513t

FhsA T AGOE AREste] AT/ A

(%IRDZ el .
IRI
IRT = (%N + %W) x %F | %IRI = 57g; X 100

2 (4) 2 (5)

i -Sieh o] Aol whE 8= 2t 2 AE R 1
o (11.8-15.0 cm), T (15.1-20.0 cm), T (20.1-25.0 cm),
IV (25.1-30.0 cm), V< (30.1-36.3 cm)9] 57 A& o 2
LR, Aol whE U= 24Wsle 7 dE &4
(4-6%), sHAI(7-99), F74(10-129), FA(1-3¥)= Lol &

A
%F:N'XIOO %N=N
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Fig. 1. Map showing the sampling area.

Astleh. ok A, Al ul-8-= 24 Wkl thek AL
== PRIMER 6.038 72 0]-85}0] Bray-curtis SAHE. 7
“*(Bray and Curtis, 1957)8 #4340, -4 (Cluster
analysis)2 A A810] dendrogram ©. = LR T,

AR Ao w2 HolAEAS Telsly] S AR
ot Aol w2 Al Helel st 7hA<(mean number of
preys per stomach, mW/ST)&} 7HA B o] 9] 3 F-F(mean
weight of preys per stomach, mW/ST)S -5} T}

3l 9] Ad<of w2 Hol A S/ 9] TAIE 2AH | 9
stol Al mA 48 (61 ol §3tel Fteich

GSI = aw x 100
" BW

46
SARAE A} AH) v Hol4le] 2fo|E HAlal]
$J5lo] SPSS (statistical package for the social science 12.0 for
window)Z 2155 0] 85k {oE 5% oA ik
4] (one-way ANOVA test) 22 -3-2]4S 745k E=3 &
AR AT} GeI3t Aol 2 Hol AR} ARG Bl
Q134 Tukey's test® AR S A A5

2 I
s Qo] AbgE i PSIThE F 04l A, A 18-

363 cm W9 & HFAZo] 25.1 em Yrh(Fig. 2).chL3T) o]
&=l FAU 8] A3t A o] WA= 37970AH = &
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Table 1. Composition of the stomach contents of Gymmnocanthus herzensteini by frequency of occurrence (%F), number (%N) and wet
weight (%W), and index of relative importance (IRI) and its proportion (%IRI)

Prey items %F %N %W IRI %IRI
Pisces 54.7 10.5 50.1 3,313.1 65.0
Ammodytes personatus 1.2 0.3 4.1
Anisarchus macrops 0.7 0.1 1.2
Arctoscopus japonicus 1.6 0.3 2.8
Bothrocara hollandi 0.5 0.1 0.4
Clupea pallasii 1.2 0.2 1.9
Cottidae sp. 1.9 04 1.8
Dasycottus setiger 0.4 0.1 0.3
Engraulis japonicus 0.2 + 0.1
Eumicrotremus birulai 0.2 + 0.7
Glyptocephalus stelleri 2.1 04 2.1
Icelus cataphractus 2.8 0.5 1.8
Pleuronectidae sp. 0.7 0.1 0.5
Stichaeidae sp. 2.1 04 3.7
Zoarcidae sp. 0.2 + 0.2
Unidentified Pisces 38.8 7.5 28.4
Euphausiacea 8.8 75.4 6.4 723.8 14.2
Macrura 25.0 5.8 21.2 673.5 13.2
Argis lar 0.5 0.1 1.1
Neocrangon communis 3.2 0.9 5.8
Pandalus eous 25 0.6 34
Pandalopsis japonica 0.5 0.1 0.3
Spirontocaris arcuata 0.2 + 0.1
Unidentified Macrura 18.1 4.0 10.5
Cephalopoda 18.1 3.6 14.9 334.5 6.6
Enoploteuthidae sp. 3.0 0.5 1.9
Sepiolidae sp. 2.7 0.5 6.9
Todarodes pacificus 0.2 + 0.1
Unidentified Cephalopoda 12.2 2.5 6.0
Amphipoda 74 1.6 0.4 14.6 0.3
Polychaeta 5.7 1.3 1.0 13.2 0.3
Brachyura 3.2 0.6 3.5 13.3 0.3
Chionoecetes opilio 1.8 0.3 24
Unidentified Brachyura 14 0.3 1.1
Anomura 3.5 0.6 1.8 8.8 0.2
Asteroidea 0.4 0.1 0.2 0.1 +
Bivalvia 0.5 0.1 + 0.1 +
Gastropoda 1.2 0.2 0.2 0.6 +
Isopoda 0.2 + + + +
Seaweed 0.2 + + + +
Unidentified egg 0.5 0.1 0.1 0.1 +
Total 100.0 100.0 5,095.8 100.0
+ : less than 0.1%.
H 80 40.2%= eIt cephalus stelleri), 7P 2l(Ammodytes personatus), =35
AE-Eo] WAH 56570A] 2] YU-&-E-& EA5F AN Table (Arctoscopus japonicus) 50| Z@3lgch olf o g &
D, 3l 71 528 WOl BB R Pisce) O, & A HOYERE FHNE 88%, A T54%, G5

AR 54.7%, HAI4=8] 10.5%, 555H] 50.1%, d587d
A4 65.0%= YEFGTE o]F So| A= A7 o]l Stichaeidae
spp.), =7MA 8 (Icelus cataphractus), 717FA0|(Glypto-

H) 6.4%, FHEs29A4 142%E Yepd detrAol &
(Euphausiacea)?} &R 24.9%, 7HA|5H] 5.8%, 55|
21.2%, iS58 A4AF 13.2%2 YERT Al--F(Macrura) %,
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N=944
X=25.1 cm

Frequency (%)
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Fig. 2. Length-frequency distribution of Gymnocanthus herzen-

steini sampled in the coastal waters off Mukho, Gangwondo of
Korea.

ok A $-Fol A= 7 FAIRSEA9( Neocrangon communis), 2
H7IA| F-2A$(Pandalopsis japonica), 5253 A|$-( Panda-
lus eous) 50| AT 71 &]of] F+=-5(Cephalopoda), T2}
F(Amphipoda), 702 & o] F(Polychaeta), 7| F(Brachyura) 5
o] I8 Foll WA= ot A7Fo 2 vehgtt
o3l o] Aol w2 8= 2/ 9] WHSkE A ] 9
sto] L3It AR E ZH AFEE [ Hn=4), [v(n=73), II
F(0=206), V-n=222), V(n=60)2 574°] Agoz 1}
+UcHFig. 3). tit3lt 9] Aol wE S55ER(%W)E
AR, 7P 22 Al T ol A= 81.5%F AFASh=
71eE AR o, B R 52 2 Aok Ao R UE
W Toll A= 61.8%= o177t @A 3] A Uebdal, 15
Z7MA31, A oA(Clupeapallasii) 5-& 2 /A4)sh= Ao2
LERgTE Mol A& 58.6%2 o] 72 v]&-o] 2 Yozl ut
H, Af-72] Hl=0] 21.8% % 5716k A Hlow T2
Ho|YERE= 7157, BEEETAS & T8 HAlske=
AL 2 Yehlth VolA= ol 7o) Hl&o] 44.3%= At &

80 |
60 |
40|
20}
I I s v
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W Pisces WmMacrura @ Euphausiacea @ Cephalopoda O Others

Fig. 3. Ontogenetic changes in composition of stomach contents
by %W of Gymnocanthus herzensteini sampled in the coastal
waters off Mukho, Gangwondo of Korea.
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Fig. 4. Clusters for five size classes of Gymnocanthus herzensteini
sampled in the coastal waters off Mukho, Gangwondo of Korea.

O AL, ettt A o), -5, TR STI6] Al
on FQ HOERE EFE, drlrtaA o], FrAIASAY
o= sk Ao R vehgth 7R 2 ARl Vel A
L o]F9] H]go] 44.6%E 7F =qkal, Wkt o| 7ol Af
SF7F STk S8 HolERE ERE, dhittA
o|, F7IAFAS- -2 Ak A 0= UERith
TR o] gsto] At Ho| 2o et FALEE H
wal =2 A3} 75%9] FAKE FEollA 4712 IFoR [ A%
o, TARE, WA, V- VAR 0]l A% 25.1cm ©]
o] Bl FARE Bo] Eg-g dhi= A 02 eI THFig. 4).
At oSl e] WA Bt Hol =] ZHA(mN/
ST)= G-9oJ3t 20|29l 0 m(ANOVA, F=5.319, P<0.05),
Tukey's testZ2} 1, I, M2 323t 2fo]5 Ho|A] kot
O} Vol Vit ohE AT fol3h ZolE Hol= Ae
2 YepgthFig. 5). T3t B MAG Bt HolBES $F
(MW/ST)O A= G235t 2ol S & §=H|(ANOVA, F=9.582,

—&— mN/ST

-
mW/ST

mN/ST
o = N W A OO N ® ©

Size classes (cm)

Fig. 5. Variations in the mean weight of prey per stomach (mW/
ST) and mean number of prey items per stomach (mN/ST) of
Gymnocanthus herzensteini sampled in the coastal waters off
Mukho, Gangwondo of Korea.
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P<0.05), Tukey's testd3} 1, 1, M2 723 20| & O]
A grgkout Wet V-2 thE AT §-of3t Afo| & Hol=
Aoz Uebdth(Fig. 5). th+3lth= Aol W& 7iAS B+t
o WA (mN/ST) 2} B+t 2 0] SFHmW/ST)ofl Al B Z7}
St 832 UER 2EH(P<0.05).

-3 of A of w2 YH-8-= 24 9] HskE 24| 9
sto] tfsSieh AlRE 24 AFERE A (0=38), 5HAI(n=144),
2Am=121), $A(0=262)2] 47 TEC2 WeSit(Fig. 6)
ti=H3leh o] Aol whE SRIA (% W)E A EH, EA4 9
© dHtREA 0] 9] BlE0] 47.0%= A AFA|SFAAL, SHAOl
= o1 F9] HlE0] 58.9%= U822 dulto] = A5kl e
B A-577F 28.0% 2 tha & HlE= UERg T A0l of
7] HlEol 624%= 8= S AAISHAAL, SA
o= 01579] &) 43.8% = Fi-8-=2f Arto]l = AHAIsH
o A77129.3% = thar 2 vl = UE T

RS o] 8sko] A Bo|x Aol tigt A= W]
3 2 A3 60%°] A= 2ol EA, sHAleE A, A=

80

60

40 +

20 +

Percent of total weight (%)

Spring Summer Autumn

Season

Winter

WPisces EWMacrura @ Euphausiacea @ Cephalopoda O Others

Fig. 6. Seasonal changes in composition of stomach contents by
%W of Gymnocanthus herzensteini sampled in the coastal waters
off Mukho, Gangwondo of Korea.
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Fig. 7. Clusters for seansonal changes of Gymnocanthus
herzensteini sampled in the coastal waters off Gangwon-do,

Gangwondo of Korea.
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Fig. 8. Seasonal variations in the mean weight of prey per
stomach (mW/ST) and mean number of prey items per stomach
(mN/ST) of Gymnocanthus herzensteini sampled in the coastal
waters off Mukho, Gangwondo of Korea.

370e] TF 08 R = Ao e AL, A= ohE A E )
W2 2ol 7} Q= A o & YERIthFig. 7).

A i -3ive] HAG Bt ol AE2] ZA|=(mN/ST)
£ Aldo| wheh {93t 2ol & B 3 2 1(ANOVA, F=70.395,
P<0.05), Tukey's testZ7} 514, =42} FAAOloll= -4t
Z}o) 5 Ho| A FFA|NE Z A= ohE Aol val w2 JiAlS
7} Yebstth(Fig. 8). w3 /HAIG Bt H ol =9 SEHmW/
ST)o|HE §oJ8t zpo]& Y Om(ANOVA, F=11.194,
P<0.05), Tukey's testZ2 2} A H 3}of| what L35 A7 o=
FofRE Abol7F IRAL(P>0.05), EANA FAI= A5 o]
A=0| FeFol FrAshe B B lrh(Fig. 8).

Sl o] 4k =78 floto] A as R 4=0] o M3}

AT E 208 RE F23] FobA7] AlERste] 1240 7}
A =2 G HEMIRLAL, 1ol SotA]7] Al#tsk3lek(Fig. 9).

ERE o3l o] S E-a0] A WSk 49 w2 S HEhd
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L ]
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Fig. 9. Monthly changes of gonadosomatic indiex (GSI) and
propotion of empty stomach (%) of Gymnocanthus herzensteini
sampled in the coastal waters off Mukho, Gangwondo of Korea.
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g A, BALHEA ST} ol E FEEE ol
= 3EE deh olckFig. 9).
LA,

Sl = Syt sl el A sal-t7 ] A A 19, A,
% 50] 012} 7] ojyl0.2 o] o] B3 9lon, 1 Ao Al
S0 100 mufole) U AkelA] Fal7r] A RIge 2 o
25 7S o g RS 2Asteth thra)
O] A= A7 11.8-36.3 cm 2 H A4 0] 25.1 cm & 1}
E}gaL, Panchenko (2009)2] =31 th o] A =3} A7 ol A
= A 1419 Fat Aol 9.2 em, =3 14]2] HatAldo] 8.9
cm® X 15130 th Park (2005)2] o1 tol| A= oFA 14]9] Bt
AAe] 9.2 em, 7 1419 HHAA0] 9.3 cm&E H sk
2 Ao A 3l o] A2 11.8-36.3 cm® 10 cmo]
sko] FHA7E Q= A] ot 14| o]she] Apx|of o] Al Tt
o AL, B A 25.1 cm = T E-E 6-7419] A= o]l S
St ZNA7F ool ek, whehA] S5 1AW ko] TSy
AAoje] A A7} B At Ao Akt

2 Azold e o T A2 5 SugEel A8
A B e AL 3R 402%9] BEES R
St Fuslelol ] ZAE oo FHES B FF
| (Leiognathus nuchalis)®] 5582 4.6%(Huh and Kwak,
1997), 7HA"85( Pseudoblennius cottoides)?] 35252 1%0]
WHHuh and Kwak, 1998b), &Zd-5(P. percoides)®] 558
2 3.1% (Huh et al., 2008), Z2u}2A(Lepidotrigla guentherr)
o] FEQ 2 329 (Baecket al,, 2011)2 7HZHRE 22 A4
Sh= AAFAA o= 10% of5He] B2 s-&5-a2 Halth vt
H, A2 (Scomberomorus niphonius)®] 5582 45.4% (Huh
et al., 2006), ‘d x| (Paralichthys olivaceus)®] 5582 39.7%
(Huh et al,, 2010)2 0] 22 22 4451 o] &4 o] 2= 30%

oY) e BHES BT SelLtolN 2A1E ofFo) 4
Aol T2 R ofFE 7 ol =] whah 27 717t
FA1A o F(crustacean feeder)2} 1414 o5& (fish feeder)=
T-E-Erk(Baecket al., 2007). TSI 2] ) 8-5& A% E
S} o152 2 AAISHE Aol 30040l 9) s B2

20 BRI Aoz Fekch Seeio] SHsh- o4
015 Folz S olF0] 27 Q)& off} chorat ol
S HAeH= o] R EE L 4= YIti(Huh et al,, 2011). H3}jot2]
7Ei](Tncb1ums lepturus) AF], 3-5-0)(Scomber japonicus)
= & Aole oA Aol RE delA M—ﬂ(HU—h;
1999; Huh et al., 2006; Yoon et al., 2008), &-ot(Lophius Ii-
tulon), 5-7%+o|(Conger myriaster) 5= 7 o]&0] ohd t}eF
gk o]F2 W= ojA Aol & UEtH(Cha et al., 1997; Huh
and Kwak, 1998a; Huh et al., 2008; Choi et al., 2008). -+
St o] fJ-g-EolA olFE “J%Eﬂi 7|87, m2e 2
PN 52 AR 202 ek, ol tlr 3l =

X4°1 of thgt Hol] MBE=F HolA| ghal thesl o]FS |
Aol ot Eo ojatiel 22 aelol] A
u o}gq a7 AR Qo) aslo] Bl w2 oL Gadus
macrocephalus), A (Bothrocara hollandi), 5% -&4]
71(Malacocottus  gibber) 52| HUEES AHEH 27
A1 7 2 YEREII(Lee et al., 2007; Park and Gwak, 2009;
Choi et al., 2009), 7FA|H|=2FA](Lumpenella longirostris)=
AAEES F= A48k A= YERK(Choi et al., 2009) T
F8lthel Bl 3 Afol7} gl A 07 Btk Eit ol 5 of
Fo| R slol AT 7t ofFuiet R AAlsle
Salo] o] Ho] AjAlAlo] T2 Ho| AW ek Ak
Hi Al 4= glek
P o] Aol Tk 98-8 e 2717} Z Kol )
2 sloldlo] wishos A0 Hshitor AR VA
o] EHA| Blol o] FARSA = B RS Bk & Aol A
= 2% ATl 7”ZIE4°lv4*d ko] e S0 U}
wh, Aol 27kl whet of 7, A9, Wi gol R g
HAISHE A02 vebte. $2iute] Sasks o4 ol
o] A Abo]| k2 wo| Aslokake g zka Lthzka LA 2 o]
2, 275 LI Eo| R AL SR ol 5, 7R A9
ol 5 37)e] §3.0% o] Uct B nglH) Lo (Huh
tal, 2011), cf731ch2] 792k Aol Lehygict. olefat
AAE vt Atoll AAsh= o] Holr]a ol A
RN v} o], 7k s izbol] olgg 2ol 7t EA7e] S
85 2jo]of Bt Elth(Park and Gwak, 2009). - 1512 tht
= Fols Y] A=Al A AHE HAEZA FAT A
A1 Slo] B V) gl 45t o AL e
7o) A7} Haleke 402 AW ANES areR 4
4 A7 AT W E ATk sfelzke] Bo|giy djols} x4
7o) SjU-59| 2folo] HHeEl H0 2 T}, 121 of 7
50 _g_ﬂe ul 11—0 3_7]94 71-7_11—%_3 _7_; /\4/\131_1;].7}‘ /\6];5:1’8]'
WA 2 27]9] oz A BHE Hol log B
%1 ¢) 0 UK(Huh and Kwak, 1997), S5 1to] 74A =3}
salnpzo] so| e folAl7lo] HlmA 2 2719 o2
g ol= Aee R, 5354 (Genus Pseudoblennius)
of 3t ol 5L the of$ 5 ulmstol WHT FEUA
37 wes ol W A4S 248 Astekn Bag v et
(Huh and Kwak, 1998b; Huh et al., 2008). wh2tA] tf131t)] =
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