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Comparative Feeding Ecology of Sympatric Greenling
Hexagrammos otakii and Schlegel's Black Rockfish
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The comparative feeding ecology of greenling Hexagrammos otakii and Schlegel's black rockfish Sebastes
schlegeli populations was investigated in the Jangbong tidal flat near Incheon, Korea. Monthly samples
were taken using a modified otter trawl from November 1999 to January 2001. The stomach contents
of 124 greenling and 115 Schlegel's black rockfish were analyzed. The diet of H. otakii was dominated
by the amphipods Gammaropsis japonicus, Caprella scaura, Isaeopsis sp. and Monocorophium acherusicum,
the shrimps Latreutes mucronatus and Alpheus japonicus, the mysid Neomysis orientalis and the bivalve
Mytilus edulis. In contrast, S. schlegeli mainly fed on the mysids N. orientalis, N. japonica, and N. awatschensis,
the shrimps Exopalaemon carinicauda, A. japonicus and L. mucronatus, and the fish Pholis fangi and
unidentified gobiids. A comparison of the frequency and abundance of food items showed that crustaceans
(e.g., amphipods, mysids and shrimps) were important foods for both species. Their main dietary components,
however, differed which is probably due to differences in the spatial distribution of the two species and
their prey items. In conclusion, greenling and Schiegel's black rockfish, despite being sympatric on a tidal
flat, have distinct food habits and low dietary overlap (Schoener's index: 0.1). These results indicate, to
some extent, resource partitioning for the maximum utilization of available foods in the tidal flat.
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A =2 E AT o] &H FH =) Hexagrammos otakii® Z3)E

BITe) TR AUFAL AL T A PZe) A2 Sebastes schlegeli F=sh S Akl 27t W
o)z}, =AM o B 4838 olB o] Ada Lo Ao  © YL FE EXIvE FFHOl AT (Chyung,
2 o|Fo|A& AAiojh (Reise, 1985). LVt X F71A] 78 1977). olF Fedinle frol7lole AEE T3 <Aty
o] AYE We A oo Bl AEstd 2 24, WA MAsta, 3 HE] BT} 21 p4oR oF

ARWE A Nt Y24 7+ A4 So) B ohe FTAHE BT (Kim and Kang, 1997). ¥hd 23] &2
A7e AdH o2 B2 9 (Kikuchi and Yamashita, 1992, = AEANMEE Fo]-4o)715 dif-F A% BuiH, 5
Hwang et al., 2003; Seo and Hong, 2006). 3| %A e} A ol A AAFH R TaF AUNH AAE e A F
Ag 7 e AT Y Holge mdats gauy S 2P AT Kim and Kang, 1999). H2AE -3
A= ATRAN 0] A= AL QY et B4 ox o EAY FHojFeE A4S T UG ¥ ol
Hoz sobAata, HolAY Bt L2 olsfaizr] Qo]  MEFEHFE A B ojFo2 B I Bl
¢ Fa @ AEE AT} (Carter et al, 1991; Silva, 1999; L Ut} (KORDI, 1997).

Linke et al, 2001). B4 44 54 sbg 7|2z 3k AFAA FHeehulel B A7 F71% Al oA
Holal B Wolgte] FE2e B4 W dUx] 82 BAls S adM ARSI B3 (Lee and Lee, 1996)°1 B A7t
ey 95H02 a7EE Hofol7|E &t} (Greenstreet et wL, AHIEE E40] I dT= L7 gle Eolnt

al,, 1997). (Kanamoto, 1979; Kim and Kang, 1997). ¥ Z3|&E2te 27)
A &2} (Hyun and Rho, 1996), A213=7] (Back et al., 2000)
*Corresponding author: jshong@inha.ac.kr 2 A A3 (Park et al., 2001; Im and Hwang, 2002) &
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Fig. 1. Size-frequency distribution of Hexagrammos otakii
in the tidal flat around Jangbong Island, Incheon, Korea.

3t R R} JlEE RS 42 8.0 gWWiH 5.1 gWWt
< e AT (Appendix 1).
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Fig. 2. Variation in the diet composition of Hexagrammos
otakii caught in the tidal flat around Jangbong Island, Incheon,
Korea (NO: No Occurrence).
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HHs Ak (Fig. 2).
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Fig. 3. Food web of the Hexagrammos otakii in the tidal flat around Jangbong Island, Incheon, Korea (Note that the width

of arrows is based on the IRI value).
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o} o202 TREFEIF 12F, 387049k 64 gWWLS, AAIEE
F Ve s B2 4%, 270, 0.1 gWwt ©]3hs} 3%, 7,
42 gWWto g Yopth 3HH, F2hR FolA dF= 150
em FI9ke] IRH FARIA 1453 218704171 &8st AE
AT A7 =k 3, A-Fe 8F, 107702 AET
FET NA T FHH R Ho, A F 152 gWWt
o2 71 =4tk ol& AV AL HollA wE HolA
E 7Fd @4R7Y M. acherusicum, G. japonicus, Isaeopsis
sp., E. pugnax, Eusiropsis sp., 572 S5 AL mo)-¢-9k
G EE A, o] 79| L5 o}F (Gobiidae unid.), ©]v] 772
T8 27 Amphicteis gunneri?t 23 Yol ES T
AT ARt (Fig. 3). ©] FAAE 259 A7 (dHH A
wup--9f Z1ukekE 99 @72l G. japonicus= 232}
29.1%, 22.8% 17.7%9] &L Jdl FaxE JepAT 4
, A=vlE AR g 9dRet TR 5 4¥
2ROl -7 59 5-d¥ AR5 TEsIA o7t
EF T 2o o HelAES Hagte AoE sotd

AT} o) Fel et ho] Peojz FRE A7]|Fe] HolAy
of et x’testE AAIZ A}, Zbzbhe] Z7)Fo] A%
OJMEL BAALE Fog 2to|7t AT (p<0.001). &
g, "ol A9 2ol & fitshs 27T 15.0 cm©] ] Y

A o] At} (Table 1).
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(electivity index)E Ttk A}, of (1) ol WA LEH
Al (Diogenes edwardsii), GZ5%) E. pugnax, G. japonica$}
M. acherusicum 501U L, 2(-)8] o= TFEF9] Anaitides

W)

g

! Al

B g 4 QL

chinensis, @2t 72] Jassa falcata®} TIPS (Palaemon
gravieri) S°)Qth A=Y= F2 4 71AT AY SR
Az Qe Zato Adghs WEAXTES A8
Aoz gporsr = YA (Table 2). 3, FTAH G AR
g o2 AFEFY Ho] FEX (diet overlapyS o3k A3
Aoz A sl MAsAY e dAHeE AES
o]-§3t= thE FALEH HolWES FHHA 4t
Tu=8

ZAF 71 % F 187RAI7E ARAHEA L, ZAF NAES A
2 47248 cm® B o)t} o] 742 H 12.0-21.0 cm Z71¢]
A7 & 8102 AA 9] 68.6%S 2FA)EtATh AdE &3

Table 1. Hexagrammos otakii. Contingency table analysis
of the size class variation of 10 different categories of food
items found in the stomachs. Values are total number of
prey observed in each size, with expected values given in
parentheses

2

Prey types Small Large Ni X
Gammaridean 3,022

amphipods (2,869) 218(371) 3,240 71.04
Brachyuran

decapods 24(41) 22(5) 46 60.10
Macruran

decapods 118(199)  107(26) 225 289.60
Mysids 176(179) 26(23) 202 0.41
Other

crustaceans 122(116) 9(15) 333 2.70
Molluscs 84(112) 42(14) 126 59.59
Polychaetes 69(95) 38(12) 107 61.19
Others 15(20) 7(3) 22 9.01
N; 3,630 469 4,301
22 63.35 490.30 553.65***

x? are highly significant (***p<0.001).
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Table 2. Hexagrammos otakii. Degree of electivity by the
Ivlev index.

Abundance in - giomach contents Degree of

Prey items Nu:)‘se'r‘ab‘tf): Nomber o electivity
LCensis 4o 2 0103
Yocherdstum 4T 03 am 227 o7
s oo 1008
Erithonius 2 <01 46 34 04
(%%rggg‘aereﬂa 4 <0.1 28 2.0 0.8
Yoiata e A
P R R A Y
Ostracoda sp. 1 <0.1 1 0.1 0.0
Ccafmcaugs 1 01201 03
P;rlgsi/gﬁn 2 <0.1 1 0.1 -0.3
oou}% B, 20009 2¥8 (IS ZTFH ALl siFs)

< 1954 3%77}7% AR A sk, 44 FE Al &2
3}7] AlZtsted gl 2670 A 2 74t Bttt o] welw 7€
210278 122 Aololl 101749 WS YER) Ui H
o2 WSt} (Fig. 4).
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7o A7 22t 30.0 gWwisk 110 gWWt_‘li =t} &9,
28 NAF7E 71 BUE ZAOIFE 8.1 gWWie, dAF
E579 el B2 44 2.0 gWwWiet 0.1 gWWt )32
uf-% w9kt (Appendix 1).
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& 4 AATk (Fig. 5).
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Fig. 4. Size-frequency distribution of Sebastes schlegeli in
the tidal flat around Jangbong Island, Incheon, Korea.
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Fig. 6. Food web of the Sebastes schlegeli in the tidal flat around Jangbong Island, Incheon, Korea (Note that the width

of arrows is based on the IRI value).
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Table 3. Sebastes schlegeli. Contingency table analysis of
the size class variation of 10 different categories of food
items found in the stomachs. Values are total number of prey
observed in each -size, with expected values given in
parentheses

Prey types Small Large Ni x2
Gammaridean amphipods  7(2) 4(9) 1" 21.96
Brachyuran decapods 2(3) 20(19) 22 0.48
Macruran decapods 11(11)  69(69) 80 0.02
Mysids 275(287) (735, 2018 063
Other crustaceans 10(2) 7(15) 17 27.65°
Molluscs 3(1) 4(6) 7 469
Fish 3(4) 25(24) 28 0.29
N; 311 1,872 2,183

22 4778  7.94 55.72%**

x’are highly significant (***p<0.001).

(KOSEF, 1987), 44t U= W31 (Kwak, 1997)3 A X
4% (Kim and Kang, 1997, 1999) S Ao A o]&ojF T} &
A7A FAxdgue ALE] 2000 1€5H 3€7HA=
EdsEA L33, o] FEdhe 495 1297HA] FE3]
AREHAJE o] B 2AL ARz A FRd0) M=
FAxdvle AT 45S 98l F2o] e AZde AWS
wu B} 218 4o g oFeta, 2 A5t A AdHE
E3ehe Aote s olFate IHFEoE FEY F STt 2
Hup 0] Fuldew & Fectid s dF &3
o}Fo 2 B A} 2po)7) T (Kim and Kang, 1997; Kwak,
1997). 3+, ZHEZT 2000 299 1AA7} 287 AL
A QstA, 2 ALFA 13897 = 33 A &) 49
°]% 6.0-12.0 cm W2l o) A} A EHA D, A-NA G
% wu= AESE Hu) Z7]= 270 emoll sigstgeh whet
A B A Yl 49 o]Fol] EH3 A= Adxo)] AEEANA
24 olFo] Al J1Yg3 Aom FHE 5 ot 53,
A5 Ak T agtelA A E 194 e Ege] A7)7)
e 16.0cm WL M-S AW A B A7 Anolx F
A X3k T (Im and Hwang, 2002). ©]Fol| A Zu]E2 4]
AE-AHstE o g $20] Fe ALde Hn s} Y3}
A 25 Y3l F4o] A& G Haeh, AjHor
ALE Ag2ol Bilvhe AESE B4 wEo] A FHR
NM= A¥ AV} MAE sheido] B& Ao FHHAL
A3 olg F T A 2 AETA BXo] fAIS To=
vhobgh 4=

H, AREE BAoA delE FEdE AT AsA
9l AY)E 13t 1MEH 24T (FzEn) e 24T
(¥ EEHo 2 TRYE 2718 AA3A T} (KORDIL, 1987).
AREE &4 29, FAxdvle 5AFoR 9hFE Held
o2 o] §3AL, 2 FAMNE Gammaropsis japonicus,

Caprella scaura, Isaeopsis sp., Monocorophium acherucicum,
Ericthonius pugnax, Podocerus sp. 5°] EZ¢] Ho] Y& o]
A}, B3], o]50] AA|sHe Hre A HolHE Ao
68.7%°] AFsATE THH, FAE FRAME IN+F
gammaridsE 7} A F 5= A2 YEa, o) sholx wlth
) F caprellids, A, 274F 52 A4FE AAG v} -
Ak EF, AWEEAAN dRFU A7 £8 VEEs
Egko), 1 YA HollMe BA &8kt (Kim and Kang,
1997). o1¢} 22 Ade Fgite] Zaie AT S it
3t AP ATE SAY T (Kwak, 1997). 2%, =)ol
= gut szt MAShE AR st A B
4o B o, AR 3 itk ® 5 22Xl 8
© v& AAFE ol FH3M HFHo=E o] &3S &

Uk

x5 gete S vesl 1 9t drides was
of Yl 3 Tl FUE A7 UP U (Kwak,
1997), 22 o] B2 (S inarmis)oll 3 A7 vz ohse
9 A+7F = H A (Honda and Kan-no, 1997; Kim and Kang,
1999). ¥ Aol 2o ESY] Bo] 5L ZAo| RVt A
Aoz w& e AL AT 53], A TH"
FTHZAl, A olep R T o] F 3T W= F
Hol &2l 87.0%F st wif- E=Shrh vhH, AR oA
= AN, DA 55} Metapenaeus joyneri, V1574 2
WEolF, W =8}R), 740 Chelon haematocheila, ¥4
5 Chaeturichtys stigmatias, "8 *| Engraulis japonica, V157
|5 5 9F°l 78.0 gWwwio g HA] YA ko] 80.1%E A5}
ek 2y FFPadXe F2 AR gammaridsE 57
oz Aolataa, vtk ba F, AF, A$-F 5 24
E23te] B Ak o)k YA Kwak, 1997). 4, 292
e} SR FoIN BADE AARE AAFT} A3
3270 eht SRR o] 28 e 21 Ao
243 2 5 Ak A, 2AIFE Forg FREA 21
A H o2 thEke] AV Fd3tE AT BAT) (Suh et
al, 1998). Wt o Ze] A AAGTL BL Al7]el) BlaEA
oz 2AIFE Holgow AL Al Bt EA,
ZAHOIFY AR FL el AFel Pl BT} ozbel =
oA BFATE L 2AIM FES E7 Aol ok,
YEo|F AT 5o Hol ExJrhe= Avz 348
= o (Suh et al,, 1995), B ESTHOE oI7t YPF& F 7 3=
23 BolAl 47 o|So] HolHAUS 75l Ak

AF7A Be ATNN FEHOE olFE AN
2ol P43k Yol 2] F7he NSRS Age]
ez 2P0 QYo HolEoz ABHE 5PE 1w
(Shin, 1986; Kim and Kang, 1997, 1999). Fx=2ju]e] A,
2] A4 AAZE L8 6.0-150 cm 7Tl A G2
o 2Ael R, TE)3 olshF Sl Holulgo] e 3
Ak 2 FAME 12.0-15.0 cm@] =7) AA 7} 7+ S5

f

o g r

1

X
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AHET S AL, A4 HolBE Uxo) 128 443359
o). WA, 15.0 emolAte] =72l e b9 vlgo] A}
Zoz g W, AiEe s I7)7) & Hol ' A%
T T TA)FY drUt FolxE ARE Bt
ZIEHE 6.0cm o] A M EE LAo)F2 Jol7)
A3E A, L FAHAE 120 emol A 21.0 emAtel &) =71FE

%
ArME F 2,03770A 9] A |F7L EAH O] 88.6%] M-
S Bk e A skl e 18.0-21.0 cm®] A7) ol A
A HolBE] A o] 86.3 gWwie = 7HE Eotch
o] AL o]E A7]Fo] Aalg HolAE 7k oF, AS-F
of AR ol FE Holdog o8N Q3L AAtETh
ANRAHOZ Agrle] T T AESH A" BRI A2A
ol A BE4E Holxqh o]Eo] 44)she Blo] A=
Zto) 7} QA3 (Appendix 1), Ho] SEX (diet overlap)® 0.12%]
FAZ @A el At} (Seo, 2003). £, 7P 23
HolBFo| TzFo T FE FE3A FEHL U
ok F Fo] Aoleta e FUT AT AHE
o] &3FHAME Ho| Y B (resource partitioning) FE S

AN 9ee T & Uk

At At
Astrigtu el Yol 2lsle] ARE YL,

o] =

A
flo
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Appendix 1. Variation of size in the diet of Hexagrammos otakii and Sebastes schlegeli in the tidal flat around Jangbong
Island, Incheon, Korea (%F, frequency of occurrence; %N, percentage abundance; %W, percentage of biomass; %IRI, index
of relative importance)

Hexagrammos otakii Sebastes schlegeli
Prey organisms
<15¢cm >15¢m <12cm >12 cm
Taxa / Prey item %F %N %W %IRI %F %N %W %IRI %F %N %W %IRl %F %N %W %IRI
Crustacea
Amphipoda
Caprella scaura™ 577 152 7.3 240 125 17 + 04 - - - - - - - -

Corophium acherusicum™* 227 100 1.8 49 167 45 01 15 - - - - - - - -

Gammaropsis japonicus™* 505 317 6.7 359 500 171 1.0 177 - - - - 14 01 + +
Isaeopsis sp.™* 33.0 104 09 69 250 92 01 45 - - - - - - - -
Erictonius pugnax™* 278 23 05 14 250 55 041 27 - - - - - - - -
Eusiropsis sp. 237 18 04 10 250 41 01 20 30 03 + + - - - -
Podocerus sp. 299 30 09 21 42 0.2 + + 61 13 08 02 14 01 + +
Other amphipods 67 88 22 29 23 43 01 06 61 06 0.1 + 29 041 + +
Copepoda

Labidocera sp. 121 22 01 04 14 01 + +
Cyclopoid unid. 155 19 03 0.6 - - - - - - - - - - - -
Other copoepods - - - - - - - - 30 03 + + 14 04 + +
Cumacea

Gynodiastylis rotundicaudatus 6.2 0.2 + + 42 02 + + - - - - - - - -

Decapoda anomura

Diogenes edwardsii*** 124 07 33 09 125 09 05 03 - - - - 29 04 + +
Pisidia serratifrons 21 01 46 02 - - - - 30 03 1.0 0.1 - - - -
Other anomurans 31 01 1.0 + - - - - - - - - - - - -

Decapoda brachyura

Charybdis japonica 1.0 + 05 + 83 04 02 01 - - - - 58 02 30 04
Crab unid. 52 01 12 01 167 09 21 10 30 03 08 01 87 03 54 12
Other brachyurans 72 05 34 01 125 34 55 07 30 03 12 01 101 05 33 02

Decapoda macrura

Alpheus japonicus* 62 02 101 12 500 41 256 291 30 03 22 01 101 04 61 1.6
Latreutes mucronatus™* 258 17 92 51 500 156 77 228 152 16 71 20 232 14 06 1.1
Exopalaemon carinicauda™* - - - - 83 04 62 11 30 06 286 14 72 09 145 26

Othermacrurans 371 14 154 14 458 28 120 29 91 10 18 02 217 10 93 1.0
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Appendix 1. continued

Prey organisms

Hexagrammos otakii

Sebastes schlegeli

<15¢cm

>15¢cm

<12cm

>12¢cm

Taxa / Prey item

%F

%N

%W

%IRI

%F

%N

%W

%IRI

%F

%N

%W

%IRI

%F

%N

%W

%IRI

Isopoda
Isopod spp.
Mysid
Neomysis awatschensis™*
Neomysis japonica™*
Neomysis orientalis™*
Other mysids '
Ostracoda
Ostracoda unid.
Pycnogonida
Nymphon sp.
Stomatopoda
Oratosquilla oratoria
Echinodermata
Ophiuroida
Ophiuroidea unid.
Pisces
Gobiidae unid.***
Pholis fangi™*
Other pisces
Mollusca
Bivalve
Mytilus edulis™
Other bivalves
Gastropoda
Gastropoda spp.
Cephalopoda
Cephalopoda spp.
Annelida
Polychaeta
Amphicteis gunneri***
Other polychaetes
Others
Anthozoa
Ceriantipatharia sp.
Platyhelminthes

Platyhelminthes unid.

7.2

41

278

9.3

1.0

3.1

1.0

1.0

4.1
2.1

29.9

3.1

41

701

0.2

0.4
4.0
0.4

0.1

0.2
0.2

2.1

0.1

0.1

1.9

0.5

0.8
10.5
0.4

0.4

1.2
3.7

0.3
1.2

1.8

94

0.1

0.1

75
0.0

0.3

1.4
0.1

0.1

1.6

12.5

4.2
8.3

4.2

12.5

12.5

8.3

8.3

4.2

12.5
66.7

4.2

0.6

45
1.1

0.2

0.6

83

04

0.2

4.5
3.6

0.2

0.3

23
0.3

16.9
47

0.1

0.6
0.1

3.0.

0.8

1.4

5.2
1.2

6.1

0.6

0.3

0.1

576 79.2 23.8 904
18.7 3.7

9.1

3.0

3.0

6.1

3.0

6.1

3.0

3.0

8.0

0.3

0.3

0.6

0.3

0.6

0.3

0.3

0.5

9.3

1.5

0.3

1.8

0.9

0.1

0.1

0.1

1.4

58
13.0
62.3

29

14

14

5.8
5.8
15.9

2.9

2.9

1.4

1.4

0.1

247
194

48.6
0.3

0.1

0.1

0.2
0.5
0.6

0.1

0.1

0.1

0.1

1.7
24
3.1

13.5
10.1
249

0.5

1.6

36
6.8
76.6

1.9
1.5
1.3

0.1

Note: intertidal species™; subtidal (or pelagic) species™™; co-occurring species

Hokok,

+, less than 0.1.



