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Winter Food Resource Partitioning between Sympatric Gadus macrocephalus and G. chalcogrammus
in the Northern Coast of East Sea, South Korea Inferred from Stomach Contents and Stable Isotopes
Analyses by Joo Myun Park®, Hae Kun Jung', Chung Il Lee’ and Hyun Je Park* (Dokdo Research Center, Korea
Institute of Ocean Science and Technology, Uljin 36315, Republic of Korea; 'Fisheries Resources and Environment Research
Division, East Sea Fisheries Research Institute, National Institute of Fisheries Science, Gangneung 25435, Republic of Korea;
*Department of Marine Ecology and Environment, Gangneung-Wonju National University, Gangneung 25457, Republic of
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ABSTRACT This study investigated dietary habits and intra- and inter-specific food resource
partitioning of co-occurring walleye pollock (Gadus chalcogrammus) and Pacific cod (G. macro-
cephalus) from the waters off the north-eastern coast of South Korea using stomach contents and stable
isotopes (6'°C and 8'°N) analyses. Both species are mesopelagic carnivores that consumed mainly
benthopelagic crustaceans, but teleosts were also abundant in the diet of Pacific cod. Non-metric
multidimensional scaling (hMDS) ordination and permutational multivariate analysis of variance (PERMA-
NOVA) of dietary data revealed significant intra- and inter-specific dietary differences, i.e., food resource
partitioning. Nitrogen stable isotope values (§'°N) were similar between walleye pollock and Pacific
cod, but carbon stable isotope values (6'C) were significant different, suggesting different trophic
positioning. Canonical analysis of principal coordinate (CAP) ordination plot further demonstrated that
differences in the type and range of prey ingested by the two species contributed such an inter-specific
difference in the diet compositions. Ontogenetic changes in diet compositions were evident. As walleye
pollock, they preyed more upon carid shrimps and cephalopods, but no such trend was observed
in the diets of Pacific cod. While stable isotope values indicated that large-sized specimens of both
species were significantly enriched in "°N relative to smaller conspecifics thus supporting these data.
Consequently, in this study, both methodologies, i.e., stomach contents and stable isotope analyses,
provided evidence of inter- and/or intra-specific dietary segregations and trophic niche partitioning
between co-occurring walleye pollock and Pacific cod off eastern Korean waters.
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2001; O’Shea et al., 2013). |FFeA A Z2HF2E 2H3d}
£ 82 F Yol Ed A9 EEe 24 AHE ©l
ek 71221 3olo), £ HAROIH §AF] FEE 7
oM st= 2<lo|th(Ross, 1986; Platell and Potter, 1999). T}
pol £ AN B AQRAAL DAz of
o thste] & E¥ES RojFth(Elmqvist et al., 2003). w2}
X BEIE ofF 7t Tolxle] ol g3} LTL AYAY 2ol
9] 718232l H#AZo]1L (Gerking, 1994; Duarte and Garcfa,
1999), o]2fgt A= AEiA 9 BEN A&7Hs4dS S
2] A A= f-831A o] &%tk (Micheli and Halpern,
2005; Greenstreet and Rogers, 2006).

7} o7 (Gadiformes: Gadidae)x= HFHQI s A%
02 #2 0] A Ei 1% Helo] HEalu, U
ZF8 i 19 & | Yof| E3E3}(Froese and Pauly, 2022).
St g7t ol fF= F 4F0] 8= AR ¢EA
QITH(MABIK, 2021). ©] % W) (Gadus chalcogrammus)$}; Hj
F(G. macrocephalus)7} 717 o] @3t 25F £ Q3 A
d olFL=2 ogHrh(Kim er al., 2004). FEjot = HEf
ok et YA Ex3t= AAA o] Fo|th(Froese and Pauly,
2002). EEjE oA Heje} di= fARE B2, EE2eA,
A E 7HK 2 AT (Froese and Pauly, 2022), -2 ureto]
A = F2 B0 AU Aol £k, di+= F A A
Qb el 9 AaiztA] o W BEEHLE ERItH(Kim er al.,
2005).

oot ] A BE 47 A AAHeR e
B1Etk(e.g., Albers et al., 1985; Yamamura et al., 2002;
Adams et al., 2007; Urban, 2012; Park et al., 2021). =ujol| A
= &3l d¢tell 2Rt HHo A= FEX FHf T &
Aste ti-o A4 E ol Bt A47F B Tk (Yoon et al.,
2012; Ko et al., 2020). ==2]o]|A Urban et al. (2012) &2
7GR gol 2dst= BEie Y HAAEE A6
1, 5 ojFo] & FF79 Holg A4t Y5 Hustqit.
3L, Knickle and Rose (2014)= IUEE 241 A5
& #4083t 7yt F5 Newfoundland Aol Al
Z£83l= UGt} o]F T £ (Atlantic cod, Gadus morhua and
Greenland cod, Gadus ogac)®] A ENA ¢ £ Jd1E 514
7,5 Fo] A2 T2 1A AT HolEe AT A
2 nushgt. 2 Agod BASHS BRsHH SAEEL A
42 AT HAol4e FRIAL Laste] ol SUTH (e
Kwak et al., 2005; Huh et al., 2016; Park et al., 2017). 53f <
QoA HeEje} tit7t FF AARAE TRk Al E@5HA
T AF7HA] WA F Fol o]BA HolY Ex= A
£ 2&sk=Ao tidt A= gl

AF7HA S FAEA HoldollA] oF 7+ AdAlBA | o

@
32 ABHSE B EL YIS B2 o] g3

Hefot chol BoleE 103

of YA, 742 AE S o&sto] At B9t o
FEo|th A3 hfEE BA2 A2 7|7 A4S HolBES &
Asl= Zo 2 Yol Ao whE 43I (soft vs. hard prey)
o Y= Bol Btk (Cortés, 1997). WEH W] F 2o o]
HI Qe EE s BAS o 73 24719 Hol e
o] A5 ukge 4= Qlth(Bearhop er al., 2004). A7}
ol AAE o Hol¥EL T (0"C, PC/C) ® AN,
PN/MN) B9 94 vl EAR Aol FEE o] B ol E
27K FAE HAAEE 993t (Buchheister and Latour,
2010). WEbA S HEeE ZARY AR Biks 318}
< o ARAQ FFE AE Hol¥Ss AT 4 L AN E
© £33 7Y ¥4 BEE sk ol &3tk (Fry, 2006). 1
2y A E48 A3lEE AT o] Hold
7ot FEE AlFstA E3h dE S0 FHYAE ol &
ARRE BHE 5] HolAES AASEE BE HEEHEa
240 o8l HolFRE FEHY 4= ok wEbA s EA 9
S} HolF AFE ol 23BN EE EAT HE
& 249 23ks F9 A7 SISk e FAIoIth(e.g. Lin
et al.,2007; Cresson et al., 2014; Knickle and Rose, 2014; Park
er al., 2017). Tt FHA T R SPR] JPYhS
sAE AT A9 gl Aol

£ A7 ALE Sy Sl 550l S35k dE o
7o YWEE BAT A EHE 24 Foko, 1) HEe
o] =8 HolAES Fofstal, 2) Ao wE fUeE
2749 atolE metsiH, 3) T Ee St Yol At AER|
AollA of® Zpol7k Q=R ARSI & A Aibs FF ¢
et Sl At A8 EA 715S wtefsta =AY ofF
3o TS A517] AT S8 A=7F 2 Aol

& e

TN

R

1. A7XI9 | A=

B Ao A AREH e (Walleye pollock, Gadus chalcogram-
mus)@}t T (Pacific cod, G. macrocephalus) A &+ 20184 1
o et S BR (4 otoRrl) FHs| o] 4 80~250
m Atoof| A AFAPEE o]-8-8to] st (Fig. 1). *gEfet o
T AEe ZARY Wl 2X38& AR5t ASAY (bottom
gill net, Z0] X &0] X &: 75m X 2 m X 13%, 45 90 mm)< 24
AlZE Fe AR F ofFtoll R E oFE A AR
AEE @AolA Y Histo] A2 2ukeh | AP A4
Z}F 7HA1 9] A% (total length, TL)T A5 2+ mmet g ©917t
A ZAstan. £89 A= ¢ FES B F AUEE &

A A7 70% oAg-Eoll Bastint.
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Fig. 1. Location of study area in the north-eastern coast of South Korea. Samples were collected within boxed area.

2. ?UE= 2H

Z AAle ¢ FEE A offollAl siFreiet BAl
= o3t gt ), HolWES FREE FESI A
H HolWEL 7He?r F(species) FE7HA] 733 en, 23t
7F A& o] 77t ol2E ¢ TH(family) E= & (order) $F
o2 Uyetlch AUEEoA EHE ZE HoHES THRER
MAet A FFe S5 AUEE 24 2= 7 o
oE HE 2NN (%P T8 (W)Y Bt HEEE
ERTh (Hyslop, 1980). gEfet ti+ HlUi8-=ollA AHE dF
HoBEZ B o] UAU 237t A= o] A=t A4 A
o] AE%7] Wzl AAAGE] (%N)= Hol|BE Fg3tollAl A
Qstqict B2 ofF AAE AoA A AUEE =4
9] W3t AsAdE 712 v 0Al (immature) & 242
A, 450A (mature) & F AL 2 FEII ZF AL
(size class)ol|A] Ho|] BRI 242 EA31%tH(e.g. Alcaraz
and Garcia-Berthou, 2007; Park et al., 2017; Park and Huh,
2018). S3olA E&sh= FH Y H5AEE 35.3~390em TL,
7L 563 cm TLOE g3 A 913 (Cha ef al., 2007; Lee et
al., 2019), t7t= tiF-2 vl/dol7t =] ds=o ot
o] W3S BA3517| o fict webd 2 dAte AA A€ A
Ao} APEHA (16.1~53.6 cm TL) WollA F3F A%E<¢] 35.0 cm
TLE 71522 22 A&+ (small size class)Z} 2 A| & (large
size class) Q.2 LR3I Ho| Bad A ¥HIE 2459
(see also Fig. 2).
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Fig. 2. Size distributions of walleye pollock (Gadus chalcogrammus)
and Pacific cod (G. macrocephalus) in 5 cm length intervals.

osmosis) watero]] A|AgH § AZR7|\A 50°CE 72A17F B¢+ &
A AZSIATE o] F o] WAl =28 (white dorsal muscle tissue)
< Y] g Mo FFE A= AE gl ¥
7] WZel 47 WHeR BN A8E £85It (Pinnegar
and Polunin, 1999). AZXH &5 A2+ WA} (pestle)2t AP
(mortary & o]-g3te] ulHaHA] Bafat 5 1~2mee Bolyfe] tin
capsuleol] ZASIGTH FH|E BANRE EEHEL AFE
A7) (CF-IRMS; IsoPrime 100, Cheadle, UK)ol 9Z2% CHN
elemental analyzer (vario MICRO cube, Hanau, Germany)&
olg3te] BASHT. B4 Aike Tt Lol 42 B (Pec
Dee Belemnite)?} A4 (atmospheric N») €4 & E7|HO
= yehit.

R
8X(%o0) = [(w) - 1] x 103

Rstandard
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£ Pee Dee Belemnite@} o7] (N2l A ¥C/12C B PN/MNQ
Hlgolc}.

4. X2 24

B QoA BT olRe] AL Weleh Tl A4

£ AWs7] 3 SES 22UA BHEs] Yste] BolnA=
A& B3] £35S th(Ferry and Cailliet, 1996). 242 $3)
ol Eo| HHH NAEY <AE 108 T3 7 242+
FARIEE Aol 2 Hol & :-L°ﬂ gt =4 Ho] £&
2 %ol totel B ol B2 48 EASE HolrH T
so] §24ol SLAAE 0, FASE LS A A £
S AR Mol FATA BTl 2 3 oA 10

e grol & Hol Ef ol tiste] £0.59 W 4 HES

2 7¥F3}9th(Huveneers et al., 2007).

FEl i AUHEE 2A4Y T E AFLE Aole
non-metric multidimensional scaling (nMDS), permutational
multivariate analysis of variance (PERMANOVA), Canonical
analysis of principal coordinate (CAP)& ©]-83}o] 4314t
(Anderson et al., 2008; Clarke and Gorley, 2015). HolR& Z
FH] (W)= ZAR7E O 27] (e Y HollES A
Asigte o 7 wo] ERzel A a4 e 4 9
£ 29 Wio|ng HolPE FFH|E o|85to] thAFREA
(multivariate analysis)< <33} th (Hyslop, 1980). At &
AZ st A THE Z2 ALl ke MAES 72
AZ 3~5HAR Beste AdFoz FES H, ZF A5
A wo] BREo) B $ WS Al ol2ie £3t
IS 235014 ool B0l BEU AL U A A
|E 244 09 HE&E U= Yol &R/ 55 HaAl
2 % glof chaside] B&4E F7H12 4 At (White er
al., 2004; Marshall et al., 2008). T3 YULE = 97 Hol
BB BPHE BaAF)] Aote] BF T AaL AR
<3k (square root transformation)& A A5} Bray-Curtis

SAE WEY2E TE3HAHPlatel]

similarityE ©]-83}4
and Potter, 2001).
A T 9 AFLE AWEE 249 Aol= nMDS &
Ag Foto] AlZslstit o] % e} di4t A8 24l
Al & (species, two levels), A&t (size class, two levels) 1
2]3 2929 (species X size class)Q] AT Ao WE {242
two-way PERMANOVAE 53}o] £4)31%tt. PERMANOVA
= BE 7+ AYE o] 83t B4 (non-parametric) SAHEA]
o2 7S AE3H7] $18HY permutation BHS ARE-SHT
PERMANOVA©|| A component of variation (COV)+= ZF 821
ol g A2 YJehl= ko2 COVF 242 EX 9 &
= A5 a7to] g3ko] Irt= AL ou|gttt PERMANOVAZS)

HEWot tiel Hol2E 105
da oA Fo3 A7k Uehts - A4 (posteriori
pairwise PERMANOVA comparisons)= &3} FU A&
< Aol S ABZY B el ol skt w2,
PERMANOVA £40]|4 2]t Zol= C .,t_; 919 E3}0] of
| o] ERo] o]t Atolof] &2 4T AAS (correlation
coefficients) & YEFIE=A] X314t} Z ‘:—"} | 5o A
A 7|6 AEATASF 04 oS U= Yo ERiS
CAP &35 134 20 Yehilch

S % Wb PRI GO B2 AT T ol
two-way analysis of variance (ANOVA)E o|-&3}o E43}%
o} E3 A 22202 TAH (fixed effects) 2 L5+

=

AHEE 249 chaFE 42 PRIMER v7 multivariate stati-
stics package (www.primer-e.com)2} PERMANOVA + add-on
ARE5te] B X519 (Anderson et al., 2008; Clarke
and Gorley, 2015), $H8-5 4] 3He] z}Fol= SYSTAT soft-
ware (Systat version 18. SPSS Inc., USA)E o]&3}o] 4314
=

module&

1. U= =4
=
[

ZA717E S Z 8370419 Hejet 57AAA Y] Aot AR =
itk Fejo] AAH YL 16.1 cmolA 53.6cmPL, 7= 18.5
cmO A 41.1 cm @tk (Fig. 2). tl7-= 30.0 cmO|A 39.9 cm A&
9] A7 HRES AR, FEe A ATl 7
A&7t AF = e B} thto) =3 Hol A EAH A
T HollA FZAo =gstgion, 24 2 A7)+ FE 7} 51
WA, dHt7E 5570412 AU & Aol F 24 8
ot dit= 7 9 AXAHE A9strlol & AAFE
A5kt

Befet o AUEEANA 22 A 9ot T RS
(taxa)ol| &3t= Hol|PEo] ERAE| T (Table 1). HEY Hqiﬂ
EAE EARE(%F) 48.4%, FFH] (%W) 35.0%S XA
3t oA o] (Euphausiacea)?t 2 @YE 32.3%, 2]
23.9%E A& EZ-5F (Amphipoda) 7} -3 Ho| &0 ATt
I o2 A|$-F (Caridea), F55 (Cephalopoda), LA 0|F
(Mysidacea)7} o] A==t 22 27.4%, 19.4% 12.9%
o] ZENE, 17.8%, 8.8% 7.9%2] FFH|S e} v o]
F(Teleostei)= ZARE 4.8%, FFH| 29%=2 Feio] F23%
Hol|gEo] opgint. th4= gaﬂ;‘ﬂz 87.5%, 5%H] 85.7%%S
Uetd oFE dFE A8k, 1 bgo g FER7F &4
HIE 7.1%S 28] 53%, F2-57F 28U E 10.7%2F 1)

fr &



106 9701 Foh2 - 05 - ot

rd

H

Table 1. Percentage frequency of occurrence (%F) and weight (%W)
prey in the diets of walleye pollock (Gadus chalcogrammus) and Pacif-
ic cod (G. macrocephalus) inhabiting waters off the north-eastern coast
of South Korea. Prey taxa and total dietary values of each prey taxon
are indicated in bold letters

Walleye

Pacific cod
Taxa Prey items pollock
%F %W  %F %W
Nematoda Total 48 05 125 041
Polychaeta Total 18 18
Cephalopoda  Total 194 88 71 53
Berryteuthis magister 1.8 1.8
Sepiolidae sp. 1.8 03
Todarodes pacificus 1.8 1.8
Watasenia scintillans 16 04
Unidentified 177 84 18 14
Copepoda Total 32 19
Calanus cinicus 1.6 03
Unidentified 16 16
Mysidacea Total 129 79 18 18
Neomysis spp. 32 038
Unidentified 97 72 18 18
Euphausiacea Total 484 350
Euphausia pacifica 145 130
Unidentified 339 220
Amphipoda Total 323 239 107 39
Anonyx sp. 8.1 43 1.8 1.8
Paraphronima gracilis 00 00 36 03
Themisto spp. 274 196 18 00
Unidentified 00 00 36 18
Caridea Total 274 178 18 1.5
Crangonidae spp. 8.1 49
Hippolytidae sp. 1.6 00
Neocrangon communis 32 31 1.8 15
Pandalidae sp. 16 02
Unidentified 145 96
Paguroidea Total 16 12
Teleostei Total 48 29 875 857
Agonidae sp. 1.8 18
Arctoscopus japonicus 268 264
Clupeidae sp. 1.8 18
Glyptocephalus stelleri 1.8 02
Pleuronectidae sp. 1.8 02
Unidentified 48 29 571 554

3.9%E AASH. el ok ditol S AdAE HoldE F
ek A0l 57, 7 (Paguroidea), 8247 (Copepoda)=

o] S -EAT WA AT, AR Fo)F (Polychaeta)= T
o $ug-Bol Aut 2= gt

Pollock Cod
100 —

[ Amphipoda
1D Caridea

EZ Teleostei
Cephalopoda
Euphausiacea
E= Mysidacea
Em Others

50 —

W (%)

0 T T | T
Small Large Small Large

Size class

Fig. 3. Size-related changes in dietary compositions of walleye pollock
(Gadus chalcogrammus) and Pacific cod (G. macrocephalus).

Fefet it A o2 fWE
AL L]-E]-L“E]-(Flg 3). TFH (%W) 7|22 A2 A%
= dEIh 2017 (49.7%)E 718 ol AAlsHA, 1
= 217 (26.9%) 2 A5 (11.8%)E ol AA st
2 A2 %"ﬂM AUEEANA DAY o7 (10.2%)9 &
77 (18.9 0)94 H|&o] ZHadt v Aje-Fet FE579] vl
Z718t 242} 27.8%2) 23.3%5 AAFHALE dlF= 2L A
At 2 AN BFE olRE diFE AAskded, 242
73.7%2F 90.1%9] FFHE UEto] 2 AFollAl Hl&o] &
o &It o F Qo Z2 AFFAE BaF, TR, F
E57F wol AAENL, & AolAMe FE5F7F wol A4

= At
3. B A B2t Ho|2E A

Two-way PERMANOVA 23} e} tje] $juEE =4
2 7 YR Zolzt Ao, AP 7 ol Atol= Y
T}(Table 2). 2891 7F AF% & T (species X size classes) =S4 %]
oS et COV 32 Foll ot aar} 71 31eH, 2
Q910 A% a3 T3 =& ZHe UEi Tt PERMANOVA 1\]'—?—
24 A1} 22 AL 2 AT T v 2
| Aol R, B e A 2 919 ol
eR O, BT A 7 -S43t Zol7h ASich (Table 3).

nMDS ordination % et EH——,LA AAEE JULE =4
Zpo|7} F7HF o2 EFo] FEHS HF T (Fig. 4). nMDS
ordination®| 4] & TE2 %@ o fJotE BEESIHRAL, i
REL QER 7120 BEEsc ATEE Helle 2R Al

o



Table 2. Mean squares (MS), pseudo-F ratios, components of varia-
tion (COV) and significance levels (P) for a series of PERMANOVA
tests, employing Bray-Curtis similarity matrix derived from the mean
percentage weight contributions of the various prey taxa to the stomach
contents of walleye pollock (Gadus chalcogrammus) and Pacific cod (G.
macrocephalus)

Source df MS Pseudo-F COov P
Species 1 358050 45.827 52772 0.001
Size class 1 2044.8 2617 10.023  0.098
Species X Size class 1 4172.8 5.341 23224  0.001
Residual 23 781.3 27.952

Table 3. Results of pairwise PERMANOVA tests for species - size
class interaction within each species and size class. Asterisk indicates
statistical significance at P <0.05

Size class Small size class Large size class
Between species 4.620* 5.637*
Species Walleye pollock Pacific cod
Between size classes 2.206%* 1.123
2D Stress: 0.1
A A
A
A 4 y
A
A 1 w
v
A, N v
A A
A Species
A AN Walleye pollock
Y\ Packfic cod

Fig. 4. Non-metric multidimensional scaling ordination of the dietary
composition constructed from Bray-Curtis similarity matrix that em-
ployed the weight contributions on the diets of walleye pollock (Gadus
chalcogrammus) and Pacific cod (G. macrocephalus) inhabiting waters
off the eastern coast of Korea. Blank symbols =small size class; gray
symbols = large size class.

Z Eo] 492 TEHL A2 RoFA, o
T EEL AP Hol %Z}Ziii solo] A g

RMI PR
A3 fARH B2 BEE HE
T4 28 thet gy SWeE
2 Beck TG BT 9

o % 9I9tek(Fig. ). nMD
3 18wk 3ol B,
2o Azl net FREL 7

HEfet cfel HolEg 107

5 Group
/\ Pollock (S)
W Pollock (L)
| [ Cod (S)
e @ Cod (L)
a
< 04
O
Teleostei
-0.2
_04 - T T T T 1
-0.4 -0.2 0 0.2 0.4

CAP1

Fig. 5. Canonical analysis of principal coordinate (CAP) ordination plot
of stomach contents of walleye pollock (Gadus chalcogrammus) and
Pacific cod (G. macrocephalus) to assess differences between species,
and between size classes. Correlations of prey taxa with each canoni-
cal axis are represented as vectors for the taxa with correlations >0.4.
Vectors represent Pearson correlations, and the circle indicates a cor-
relation of ‘1’. Pollock = G. chalcogrammus; Cod = G. macrocephalus;
S =small size class; L =large size class.

WeE B2 AT B2 Fo| TR Yith. CAP
HoH Gkl e WH A AYE R PRI o
7ot Bhm, AR Be 2 APE B PR o
71of%7k £ 9tehFig. 5). T o\t BT SRR HEE
EEDE A L

4. EtA(8"°C) L HA(6"N) ™S HAH|

e o] g PFFH AN (8°C) G —22.47%0 N A
—19.66%02] < (mean+SD = —20.35+0.87%0)S R AL,
e —20.55%04 — 18.74%0 (— 19.19+0.60%0)2] WS
Bk A T ALAEH (OPN) gH2 HEi7F 12.43%00141
15.81%0 (13.99+ 1.23%0) 2] W<, 77} 12.42%001 4] 14.84%0
(13.71£0.86%0) tg}%é 593\1:} oBC e g e/l o
ol (e = = 3 JAZo] Z-e Ao H]F|
AjEog e zro L}E}”‘E}(Flg 6). 0PN 32 22 AT

= Bl o) FZF o7t 2R YA, AFTEHE F A
o] 2 AR vl &2 32 YENTH(Fig. 6). Two-way
ANOVA Z3} 8"C k2 3 Aol et felgt zkolg
ERJCH(Table 4). ¥ 8N FH2 3 198 &po|7} giglon,
Aol et & F 25 & Aol 242 Aol HlE =2
22 YERRltH(Table 4). 18] 1 3t A3Fe] A5 aah= §°Cat
S NefA mE Fofgt 2ol 7} ¢lolTt.
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Fig. 6. Biplot of carbon (8'°C) and nitrogen (8'°N) stable isotope ratios
(mean + SD) for walleye pollock (Gadus chalcogrammus) and Pacific
cod (G. macrocephalus). Pollock = G. chalcogrammus; Cod = G. macro-
cephalus; S = small size class; L =large size class.

Table 4. Results of a two-way ANOVA testing the effects of species
and size class on carbon (8'°C) and nitrogen (8'°N) stable isotopes of
walleye pollock (Gadus chalcogrammus) and Pacific cod (G. macro-
cephalus)

Source df MS F P

dbc
Species 1 6.450 14.085 0.002
Size class 1 2.291 5.001 0.039
Species X Size class 1 0.013 0.028 0.870
Error 17 0.458
ON
Species 1 0.166 0414 0.528
Size 1 13.548 33.751 <0.001
Species X Size class 1 0.096 0.239 0.631
Error 17 0.401

o o

B Ao ook thre] SINEE 4 A Hee vt
SOl R, AR ASRE F2 AT, g7 RS
F2 YAssic A gelsh i HAgE aTelNE £ @
ok f AR ATE Uehiic. Fo BAweh Z% AgolA A
M g A AN FPu) 1E0R FeY F Ho|
B WA RAR, T HLOE FER, ofF, ASF
7HEe vge Hel B A0k fARE 2342 RYTHKo eral.,
2020). ¥ 1 FEZ Aol AAH h7e A Ao

A o, FE7 SR 20 o PRo|AAW, B A7AY
77 = FHBHAI= UTH(Yoon et al., 2012). =2]ofl A 43
" AF 5 g7t GRS oA E@s= Wl e
olF, A+, olFE T2 AL, d++= AR, AR, o
FE F2 A48k (Urban, 2012). 223 d& H3j= At
o] Edsk= WHle dHlthEA o7} ol FE T2 A4S
(Yamamura et al., 2002). ©|} Zro] |9} 7] HolPEL
AFAE L A|7]of me} o E g BEAT ek e g
He 5549 4% 4R EolR®, 20 HHE A
35k = Hlnd 2 3719 /Y5 EOlF, FEF 9T
BAAF AR A-HE AEske Ao wad

Y EH AL B4 At 6N gh2 Hele} tit AlelellA] &
oJgt zfo]7h gll o, §°C 2 2%t Rol& UET. FljF
AEiA A §7C FHE thekst R718 71U (HARR, 2T, 4
EEHIE, §EH2Y YL 5)F T3k ZAR Aol =
2= Ho| Y-S vkt (Fry and Sherr, 1984; Fry, 2006). &, A
HHOR 2 §°C 2 MM 2 $A7IY Hol U w3t
o, B2 2 FRAE E QA Holed Wttt wEkA 1
g HolJES AjHor R4 Holdo] LAEt i |
OB EL A Holo] SAsh= Aoz HE AUEE
4 23 Yejo HolWES Aoz Hiidola gl
ot Ao 7ol Ao 7Y vlgo] AL, e HolWE
2 o7 & ARl =28 (Arctoscopus japonicus) L 7}AH]
T} (Pleuronectidae) ©1F9] Hl&o] Fot M FHY4a 24 A
£ sk Z27E EoFth(see Table 1). iyttt 5% At
of £dst= th7tat o} F F F(G. ogac and G. morhua)®] 434
e Aol A= HU-8-E 24 Aol vehd Mol (pelagic
vs. suprabenthic vs. benthic)2] Z}o|7} §°C gholl Bk =] o] Le}

= AaE Bk (Knickle and Rose, 2014).

et dite] 22 ARES vl B W 6N 2 &
7k Zpol7h YA, FHolA At folgt Zkel7k AT
O N 22 A JIHAE Yt AAAR A7t
E2 HolES Wol JATrE Z4A9] §VN g2 F7ist
T} (Hesslein et al., 1991; Fry, 2006; Park et al., 2017). 18|11
o2 ofFE AR A4 ofRel B AYEO R Lo 9o
SAE YERATH(Stergiou and Karpouzi, 2002; Cresson et al.,
2014). Y-8 &4 23 ti7= Aoz AT =2

FE o Wol HAs7] el 6N ghe] #& AR o
E QA &2 Aol s FHlY AR S Bt ol R F
o] A717koll A% Ho|WEY S vhget AutE wrhEh
AUEE 24T YL LS o A =S 7}
A7] Wzoll, FF o ATE =S3Uh AUEE B4 v
2 Z o] A% HolE BH935A|k(i.e., on the order of hours;

Hyslop, 1980), P& H¥4e 242 2 FolA 2 & F¢ +



Z MAlE HolS HHdstth (Buchheister and Latour, 2010).
2 AFolA F o] %t Aute] EUA= 1) F Fol HA E
9 B FARRE Holg HAEIAIRE H2 AHAlE HolE
SEAU, 2) ZARIG A F Fo] AR HolAE2] 8N gt
o] fAsl7] fEo 2 Wk h 3HA 35 ef=ujyo} gt
E¥ste A (Triglidae) o7 F 52 |2 ATolX=
Lepidotrigla vanessaZt 217E © @o] A5, ARE
@o| AAgt L. mulhalli®t FAHr 8N Zh& LFEFATH(Park et
al.,2017). 23 & Aol A gejel tht7h 213 AR Hol
AEY HHFHYAE B4 F7] el Bet s
o2t wabA ol gt IS wedt 7} A7 a4t |h

Ao WE Hol¥E W3t dEE ofFolA e ¢
Al o s FAshEA A4 ovAl Fdigtel wd gle
™ (Gerking, 1994), Z-2 A 2129 &&= 5F 1+ 2710 =
£ T AHAQ Ho|BA a9 anrt glok(Langton, 1982;
Chizinski ef al., 2007; Barnes et al., 2011). Q¥F8 02 o]F 9
Ao mE HolAEE & 2719 AATE 2 2719 Ho| B
R W 910 HolBES AT 4 e 8 S B A
ok & AFolA Ele 2R Aol S2Ret dulthE Aol
FE T2 AASHHAT, 2 AdelAe vy & 2719 F
5ot A7 A4 vl F71eteh vHd diate At
ZF HolBEL & AolE HolA| AN, & AT A&
EollA TR} Aol Fo| HlEo| ZFastal o F Hl&o| F
7¥ote AgFS HAch Sl ejolA AtE gEjel B A4
B dAtoAe & Aol FARE Aol e Ho|Hst S
Bt} (Yoon et al., 2012; Urban, 2012; Ko et al., 2020). ¢t
A B4 A9 B3 F F 2R AR 1 AolE YT,
2 Aol Z2 ATl vlE) 2 8PN h& B it gt
A 25 2 Aol AR ez JFDATE & Yol BE
< F2 JAs7] Wil 6PN gho] EA yethd Aoz o
et d28os F F2 37 7kl wEt Azt Yol
£ol ¥gta B2 YA w2 FSAAZ AHA Y w3t
EZE Aoz B,

S FYeA N HolA e Ea2 27 HA= TEol |
o] AL astsly] fJste] thE HAHTS HY uf ATt
th(Krajewski et al., 2006). & AFoA Hele} 2= o2 F
7ol Hol5 AdAlste] oo gt ¥ FABAE Vet
Wt g4 A HEL B ARoNE F T2 vE 9
29| ol (benthic vs. pelagic)= A&t 0|23 Hol
9] zpol= FXF U B FE Aolof wE Hol ATk o]
7t ¥FE RS A2 A4EY &, WHle R4 Hold
<= AAlsk7] ARt g R 71 ol ES 7L, diH e fE
o] EEH 0] qlo] AXA HoldS HAlsl] Adet=s W
o] AATH(Qiao er al., 2020). EZF Ho o] B2 FH A4

Hefot chol ol2E 109

A2k, AA8E 59 Zolol wet Ueh7]= gk (Ross, 1986;
Platell and Potter, 2001; Smith et al., 2011). TA HH HLoj| A
T 22 A9 E¥ste thF o7 Alo|ojlA] HolEge] &
3t A= B o} (e.g. Urban er al., 2012; Kinckle and Rose,
2014).

2 d7= AZE YU F8 57 Al &8s5t=
BioF o] AdAlTA et AR 9] &S A5 U
B4 23 £ F2 OE TFY HolE AAsAL, s
A 24 A3H(E3], PO M= F Fo Hold zjo|E B
Hot. o3t HolAY B2 F F Alolof] Hol] FEL
o] AAYo] FZZ oulgitt. YU-EE £4] A} Y= AA
(benthic) ¥ 53 (benthopelagic) #Z-7% FE7S o B
o] AAISHAIL, = AARE © Wol A4S + 2 A%
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olct.
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B A7E SUEE 24T PYELL1C and 51N)
He Fojo] Selite} Ea) B2 Aoke] ZAsk= Wl (Gadus

chalcogrammus)} 7 (G. macrocephalus)®] S 2D F7+ 4
e B 2L F B F3H 844 olFoz o
B ANA 0 $24 A4RE F2 Q49D g o
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multidimensional scaling (nMDS) ordination¥} permutational
multivariate analysis of variance PERMANOVA)2 & £9] &
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