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SUMMARY

Chapter 1. Title

Latitudinal changes in trophic niche of marine predators and food web structure in

East Sea coastal marine ecosystem

Chapter 1I. Research background and objectives

Section 1. Research background

Studies on feeding habits of marine organisms are important components
understanding trophic niches and functional roles of each species in marine
ecosystems.

Food web structure in marine ecosystem is main subject for detecting ross of
marine biodiversity and ecological responses against anthropogenic (e.g. fisheries)
and environmental (e.g. climate change) influences

Historically, food web interaction have been described via each of dietary
contents and stable isotope analyses, but reasonable interpretations have been
problematic due to the difficulties associated with lack of combination between
various methods.

East Sea has more been influenced climate change impacts compare with
adjacent southern sea or Yellow Sea. Evaluating climate change influences on
marine ecosystems and its responses is important tasks in terms of management
of marine environments, conservation of marine biodiversity and sustainable use

of fisheries resources

Section 2. Research objectives



- This study aims to suggest new integrating method analyzing marine food web
structure using both dietary contents and stable isotope analyses, and evaluate
its variation against marine environmental changes. The specific objectives of

this study were as follows;

1) Estimating trophic niches of the members in East Sea marine ecosystem by
analyzing carbon (6 *C) and nitrogen (& N) stable isotope

2) Determining predator-prey relationships using quantitative dietary analyses of
predators

3) Describing food web structures using combination of both stable isotope and
dietary contents analyses, and interpreting differences of food web structure

among different latitudinal areas.

Chapter IlI. Research contents and scopes

Section 1. Research period
- 1 June ~ 31 December 2019
Section 2. Methods

Subsection 1. Sampling and Oceanographic observation

- Predator (fish) samples were collected at depth between 50 m and 80 m from
three different latitudinal stations using bottom gill nets in summer of 2019

- Vertical distributions of water temperature and salinity were also monitored using

CTD in each sampling occasion

Subsection 2. Dietary contents analyses of predators
- All fish specimens were dissected, and stomachs were separated from each
individuals. Each stomach was cut open and the contents were identified to the

lowest possible taxonomic level with the aid of dissecting microscope

_VI_



- Each prey item was measured its biomass, and dietary data were quantified by

weight percentage

Subsection 3. Carbon and nitrogen stable isotope analyses

- White dorsal muscle tissue (or body part) from each predator and prey item,
rinsed with RO (reverse osmosis) water, dried at 60°C for 24-48 h, and then
ground to a powder using a mortar and pestle

- Ground samples were weighed (1~2 mg) into tin capsules and analysed carbon

and nitrogen isotope values using a Isotope Ratio Mass Spectrometer

Subsection 4. Food web structure analyses

- Trophic niches of both predators and prey organisms were plotted using their
carbon (x-axis) and nitrogen (y-axis) isotope values

- Predator-prey relationships were determined using dietary content data

- Latitudinal differences of food web structure according to oceanographic changes

were also analyzed

Chapter IV. Results

Section 1. Fish species composition and vertical water column structure in each site

- Dominant fish species were Gymnocanthus herzensteini, Glyptocephalus stelleri
and Hemilepidotus gilberti at northern site, G. stelleri,  Cleisthenes pinetorum
and G herzensteini at middle site, and Sebastes schlegelii at southern site

- In summer 2019, the water temperature at depth of 50~80 m was the lowest at
northern site, intermediate at middle site and the highest at southern site, while

there were no such differences for salinity
Section 2. Stable isotope values of predators and prey organisms

- Carbon isotope values of G. stelleri and C. pinetorum were significantly different

among latitudinal sites, while nitrogen isotope values showed significant
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differences for G. stelleri and H. gilberti among sites
- Latitudinal differences in stable isotope values of prey items were representative
their relative trophic level and trophic sources which were assimilated into

predator’ s diets
Section 3. Dietary contents of predators

- Dietary content analyses revealed that main prey items of common fish species
were polychaetes, benthic crustaceans and small fishes
- Each fish species was ingested different range of prey items among sites, and

they were divided into 7 feeding groups based on dietary similarities
Section 4. Variations in food web structures

- Food web structures were determined using both predator’ s diets and stable
isotope analyses in each sites

- Overall trophic levels of predatory communities were higher at northern than
middle or southern site, and benthic trophic sources were predominat in the food

web of middle site

Chapter V. Applications of the results

Section 1. Efficacy expectations

- Technological aspect: Providing analytics technique of marine ecosystem structure
and its variation

- Economical aspect: Managing ross of fisheries resources and marine biodiversity

- Social and public aspect: Analyzing ecosystem responses against global climate

change

Section 2. Applications of the results
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- Investigation of relationships between climate change (or climate regime shift)

and marine ecosystem variation
- Technical exploitation for forecasting marine ecosystem and fisheries resource

variations
- Supporting further studies of anthropogenic influences (e.g. fisheries, marine

plastic waste) on marine ecosystem
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2013). webA Bo dEjdolan A3k JFEAt Hold 72 FALS St F 7HA
e B dYste 2ol AtEAsHARE ojgd viw AdE AAR dATFARE A A
AXoZ F3] Lo EHstL, F HHES SHT T fAERe] A dHA
JA et
A ol Fx(food web structure)?] A& A3t FF()Y

(7] Fs 2ol 27 Aevtdd &4 5 A vee vEkd ¢ e dEF]d o
T &oF T sholnh. G EA Helw Tz FEd S fls A4 YA 7Y
o]  AJEfA 9(trophic niche)s} EAAFe} I ARHHO|AE B EA-1 2 HA
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(predator-prey relationships)ell &gt A<l AR7F dQsich AEA WY B
2(FA E ') BEHS F3to 74 AEFT U9 X (trophic leveDe} H o] 7] W(food
source)2 FAst] AEA NS i 4 da, EA A (predator)e] Ho]EX(4FHA )&
AN ZAA} A A Ao A 2A-ABAE MY = ATk wEA B TF

=
=
AUa BAT B Bl YRS HPYEA ol T2 HHS AT A= B

1. Food chain
‘ &
S —— “oy
/ "‘"\'\LJ Zan »%‘9@' j;}, $‘}9‘
% Seth
+ = OClna
12 15 2 i
2. Stable isotope {(&°C, 8N} §' i
e # Soais ": /
Ponguins o Foh ¥ *|Cephalopods! . .
r\# 5 b R, ¥
s i i [Echinoderm],
Sk / Decapods [Polychaste|
gt o “Mysids | “Amphipods Bvalve]
FOM Euphausia
23
Food source
o] o o =] o St
2 1 S EHEA U HolE S ST HolY & WA (o)

°}ﬂ

3 siFyENA S} IR HF

HT FaldAe 71T EE 7IEAA-ESHE A FIE FUFIE drpdFet
535 A7l WEH olEo] A wet T AEY 2 A Fx9 858
W3y 3FE 3 okJung et al., 2017; Park et al., 2017a). SalolA dF e} 79



Fe2tg, 71§t 59 FFor Fi Adsige fxo wt gE ¢
HAKH 2> 53] T3y 3T ds S st Fd=EE=
AEel & s e, ol#d dntdRe AEs HHEG 10d F7]
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FEEANA Holt 25 HEAZE F A= 82U A D g3 2) sfd2A
HtE & 4 vk ASH g2 A9 ¥ EA(trophic leveDo] EAa TS AN
132, A= AdtEQ] A FFaAE = F JdtkPauly et al, 1998; Ward
and Myer, 2005). Pauly et al. (1998)2 FAO (Food and Agriculture Organization)ollA] A
A3 A AA FL& oJYdFd(large Fishing Areas, LFAs)ollA] 1950 @ o|& & B
0.05-0.19] FAIAT} ZFad Aoz wAsYE L, )83 A4S 'Fishing down the food
web’olgkal A3kt ol gt AFS ALKHQ 9 AR G mE Hol
zo] Wzt Ay wEo|gla, et
© 2 Yl 9JthRahman and Lee, 2012; Alleway et al., 2014).

HEHENA Hol Fx= 7]FWst 2 sded W3l wet W = vk %
ANA 71&(Ee 7] EAADARS} e FIHE SFE st FEFE s T4, @

=

g dael wa, 9 2

N

A AAAoZ o]zd Ao =LA
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=
bl
o
)

L
A
i
2
18
=2
>

71 AEA T2 2 FakARd Y] ®sr 32EHI Y. HS T Ad=E
3 S A () TS wet Bel(Gadus chalcogrammus) A21A W HolA x4 A
dEFo] WHekla, wEkA W AEA LY Wiyt #ZEHJUKIE 4. v= NOAA
(National Oceanic and Atmospheric Administration) fisheriesol 4= 7]3 ) A ¥ $}(climate
regime shift)ol] w2} Wejo] =7] Hol¥ = FR{7F WAL, o] | wet WAt

Yol HEgS #E3A tHwww.fisheries.noaa.gov).
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20 1 6 Pacific cod 20 1 7 Pacific cod
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- 12 4 . _ 121 Watasenia, .Pancralus borealis
°
o ; =]
‘E,: / Pandalus borealls  \atasenia = ve pollock
10 Mysids 101 e .
‘I.EZ Catanufs ] Hemilepidotus gilberti mz Mysids 0 Hemiepidotus gibert
=
[Ze} [Ze]
8 4 . Themisto sp. 8 .
Paraeuchaeta
x ' ’ .
6 - Paraeuchaeta Eupausiids 64 ThomistorR: SE aisses
4 T T T 4 T T T
-24 -22 -20 -18 -16 -24 -22 -20 -18 -16
13 13
o C (®oo) d C (%loo)

ol
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[ Oceanographic change ]
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2. Stable isotope (5'3C, 3'°N)
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A2 Z = AT7ER

Alld AZFALEE HFYHA ST AT

T ALAL Hold EARS Fry (1988)d sl ml= FHad =Y Y

Z(trophic structure)oll &g Aol A AJZEIATH FFFALdAE EAHLE 7E 43T
S5 B4 odS BAsr] Y8l =S WHeE Azt g2 AT g A
|5 Yok gl s A AR A4 AW A I FALL F

= 2 A
St TR AT JAFHAAN, HFAEZAACTAF L diFZ ol FrAAEAY
A3 A= mHgE AAo|th HZ Park et al. (2019)& <A F A
AFTHY FYETFEE AdTFsIF T

AejAloll AAske 7hed Be AESS o2 A d4L 4 ZAAE o] &3t

B4 g S+ F Hol 7 EAHS A3t tieg Davenport and Bax, 2002;

Hobson et al., 2002).

a8 A7 tiEE BA AR ATELS HATALLE EAHA o]Es A
5o

=31t 24-0 40 AHPHA AL BFHE AHstA ekaL, ol s EA
™
b}

o

FHEAANA o7 Holwd g A 5 siHs 9
HEER A 7|HS o] &3t gtd. 53 Murdoch University 78-S o F
o] HolEA 3} = Plymouth Marine Laboratoryoll A 7§$+ PRIMER ThH &E-4] FA 3

Actafl g ol JFR el Holdde] w3 ATE FHASA FHEAL,

o

ZEstE IS AKHoE AASAT. 83 AL vwH 57 AFAE
ol F HolE&AE Fote E2AAe} I AR JAAA 3
prey guild)$& FE3t ok Tz AL 93 71%S vlHslgtHe.g. Bulman et al,

filo
ofy
o>
o
frtl

1 -3 Az T5(predator vs.

Wa,



2001; Boyle et al, 2006). ¥EAAM= Ad X AAANA A28 AFT HAIF
(feeding guild)oll &3+ A7} &3] A=A a(e.g. Inoue et al., 2005), TS A2 A
o & TR AES e E olgd A& Fhsl urta vk

TWAAE gl T5F Zad AaRe Fo FF dF A Fo 3 ATt A
A BAS AFsA A wHe.g. Park et al., 2017b, 2018), =2 AF&Fo] HlstA wj-$ nlnH]
g oy, HT 2E AT =9 AHEHE HRoE U FEA AN H
ol A& AT AAE FH WL AU

Al 3 A BA7IRE 71 3(Ee 71 FAA)ES e oj o] HFAEHA A
Y 2 A % AT

]
iAol Wsrt b F e A9 F dhdbolw, Ehzmiyel  dish(University of
Tasmania)®] A&l A7t 7| FWSto] o7 s FY &L E2 Wl A3 AT E
T3ttt Pauly et al. (1998)= A AA siFYefAANA 71FHS}E g ool oJa] AYE)
A FETze YeNA HFHddA(meal trophic leveDd] A2 ZHAE A3
T ol A= Rebstock and Kang (2003)2 7] EA| A3t} AHAH -2viet s A EA

~

Hge AL, Kim et al. 2007)) o3 7]$W-5o] ejvet skl HEAdl v
A= FeFe AFsarTt. A Park et al. (2017a)7 Jung et al. 2017)& E3ollA 7%
Hzto] o3k T3 fgeE 2 VA HE 5L DA

A 4d THe AR A7 &

UM FFH87|<d(GIST) d7EL2 et sids A&, gall, s, AF=
2 sty Bz iFAEAY 72 2 Vles A sk e, 715 gl s ke
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A7) sistel Th P EA FREAE AASHD YA, F71HA BHAA e
g AurHow welsta W] @ Aol Rl

= 2]o = m= NOAA Fisheries-Alaska regional officeol| A &-Ef35<F
H 5}

H3alol ks v FHew Aok 28] ~Y 9 Stockholm University2] Stockholm
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A3 dNErd Us R 2

AlAd A8

L ARAd 2 AR 24

e A Q) 9} Holw Fx7F ofH WEE Yehfa, 1 Y1S FoldA metstr] 9stke
FstAT wEbA Fa Aot iU A RS nHEle =Y 37 HAY(FYE 1A of
ofxl, AE &3 Zx A AF 7)) A 201939 8¥ol YT AZRA L AEE AYH
ALY 6.
North
: -“\ ~Seoul Gmsneuns East Sea

South

AFs| el Y FIFX oS EA3r] ¢ste], CTD (Sea-Bird Electronics,
SBE19 plus V2)& o]& 3l F4AEE F23 &S F=sAan. =3 2A7|7 B9t

O



Sl A<t AT A%5F 7 9 £ TEEA L dofstr] st s atae
A skt g Al El(Korea Oceanographic Data Center, KODO) A Al &3t AXNAZAEES

ojg3te] Aer] 3 545 433 thhttp://www.nifs.go.kr/kodc/index.kodc).

2 AR AolF(ZAAD AE A Astd A A d(trammel net, Z o] x ¥l X
Z: 90 mx2.8 mx10 Z, &7 %E: 600 mm, W == 85 mm)¥} A Z=A"Hbottom gill
net, 2o] Xx=o| x%: 75 mx2 mx13 =&, WE: 90 mm)E ©]L3FT oF AR AL
A3 HRe FH AHAAE F4 F 80 m, ¥ AHNME A oF 50 mel| o FE
AAjste] 2442 Flo ofFE FASAL, o7l AHH EE 0T EASAH

AHE ANE= @A ice boxel| Hystel ARAR Rt &, APAoMN FeE7
A AR FEE AL BAZF0] & AU ALY A oF| FIHe

FishBase ] A}o] E(www.fishbase.org)oll A &215}93 tiFroese and Pauly, 2019).
2. ZAZO]F)Y A3 BNELE A}

I AU EE A4S A8 FE, AGEEIRE gt AR A A
MAE FRUAZE dEstAnt. 2+ /MAl= A& (total length, TL< 43ty AAAES
ol g3te] FH@S AT o F AAER 45| e BT A 0% o
S(ethanol)o] TASIY A A7LA -20C WS o] BB

T T8 oFY LsAe BN S ol &t LA E=(HHolA
) 7ted T A FEEAT olF AsHoA dHE HolAES Hol®

_?r
(taxa) 8= AAA &S o] &3t TFH0.1 mg<s FAs A £33 WEEA TAH

{

7 2 3Hek Wbyl o] = 2(Hyslop, 1980), Mol ¥ E XA

Zu)(%W) #e AT

A
of
o)
i
1%
flo
Ho
ol
ok
&
N
1
e
o=
i

(]

3. 2t B AA AFFYYL =4

AHY RE ZAACITG HYROIF 8 FHIFE 5 IFFAUL BH S



8 2+ MAe] ZS(white musseD)S ZA oA oF 1x1x0.5 cm (&3 WAL} HolyE
o BF = AA e &S "ojdo] 4 A7A ¥F BAsT olF Z5x3] A

SHTE AH F HEZY4d Fi dx7](dry oven)oll Al 60C 2 24-48A17F A=
ANAG Ax" x22& wxHpestle)et APZ(mortar)S o] &3t B T JIEE TE H
tin capsuleol] ¢F 1-2 mgS dojujo] WH-39

29 ANgE A5 d4s FHFEA7)(DELTA V Advantage Isotope Ratio Mass
Spectrometer, Thermo Fisher, USA)E o] &3l SHA U4 HAUA HE B35},
BA Ade oS3 o] 247 &4 (Pee Dee Belemnite)9} 2 Z(atmospheric N2) &<
20 o F7IHe R Yeith

5 RS(LTTL e
§BC or 65N = (—22 1) %1000
Rstandard

(Reample: TR A BCHC == PNUN W€, Rymdare: Pee Dee Belemnites} o 7] ol A
BCRC mE PNING Hlg)

4 Yol 7= BA

B ATl A SFAEA Hold T NS sl UL EAPET £5H )
$E BAMS B olgadh $4 AND Fa oFW SE Fo HoyEe
%9 AeiA9l(trophic niches BAGE, Told) B Wa(yF, JYAND FYEAAL

e ol&ste] 2ad Aol YEHH. olF Fo AR &3t W&E #4ZFAE 9]
g3t T8 oF HolAE Alol9 x A -3]4 #A (predator-prey relationships)€ A2

3, olul 7 Holzel ArjH Aawe mA-mARA QAN AesATh o
N AR HolEe] B AL ANE ol & ANAY TA-ABAE o] &



7 ol we o

5. AR EH

$H(logolx+1],

ﬁd
2
e
1
e
=2
_>,i
r&‘i

7} AW FE A (uni-variate analyses)
2249} b F A ke s

- “|"_9_ fas =l
(one-way ANOVA)S- o] &3lo] E2]3}th
¢, Tukey’ s testE

4 A3 2ozt Fo3% B¢

zpolof #3

3L

ot ARFEAE AAsk

1=
R

IH3F Aol ® BT,
3¢ AZsAo

. b FEA (multi-variate analyses)

w42 F2F A4 B D Hol A

o] £9] HA=+= Bray-Curtis fA=
star R EA(cluster analysis) ¥ SIMPROF #2-& A}

g o3l FAEE A

&3t 153} skt
7+ B A& ANOSIM (analysis of similarities)&

o AEEA Z239
- PRIMER v7 + add-on module (Www.primer-e.com)

- SYSTAT software (Systat version 18, SPSS Inc., Chicago, IL, USA)
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A 2d AF+ZEH
L g ol RERe F24 2 4972

7t F8 ol®9 F=A

H AT Fal At fERI =R 20199 8L F 29F
S8 HFolA & 13F, 230704, 36,220.2g9] ol 77F AMFAHUJL, FHAME F 11F,
34070 A, 38,660.6g, EHF-ANA= F 13F, 5670A, 14,325.8g2] o /7F AMFHJKE .
MAG "ol $HFLS SIEE ZolE Ut Fidl EFoA= diT3d
(Gymnocanthus herzenstein)7} % 57T0A 2 71 @o] AFAHY L, 1 o2 7|E71A
v|(Glyptocephalus stellern), 523t (Hemilepidotus gilbert) <=0t FHA A= 71E7}
27} 12070 A, 8-7VAw|(Cleisthenes pinetorum)7}y 10570 A, thF+3 )7} 75704 o =2
AAH[JTE. GRME Aukxow AP AAFrE HAJdEd, x3EZH(Sebastes
schlegelip°] 227WAl= 748 ol AHEHANLL, 1 2 ofF=2 10704 ofst7t A = A+
AAE HollA 7Hd $3aFS AMEY, i 57 SHRAAAE T3, EiddAs
zaEgo|qnt. 7zt Y VA ol 28T LTS AHEY, T HRAA = THA
SN (Gymnocanthus intermedius), =22t (Sebastes steindachneri), =v2|(Pleuronichthys
cornutus), 23, A7 (Hemitripterus villosus), 73 o1(Clupea pallasi)3al, FH-oA+
Ev7|(Liparis  tessellatus), QAo (Pleurogrammus — azonus), — Z7VAv|(Pleuronectes
herzenstein) Ry,  EF X(Thamnaconus modestus), 8¢ (Ditrema  temmincki), 73 dh
(Chelidonichthys spinosus), %W o|(Sebastiscus marmoratus), Z23&2, o}A(Lophius

litulon)= G- AT Zd3ATh
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120199 8Y Ef BE(LA ofopxl), FR(SA $I), FR(AF ZIA MYY ol FDA
o] &2
oFokzl Fz Tz
= o
N \ N W N \4

7FA Sl Gymnocanthus intermedius 2 113.9
A Z X Scombrops boops 1 213.5
7187VA  Glyptocephalus stelleri 53 3,224.3 120  7,572.0 6 914.3
=gEe Sebastes steindachneri 13 805.4
o)+ Gadus macrocephalus 28 9,628.0 12 7,534.5
o3 Gymnocanthus herzensteini 57 10,105.3 75 10,516.5
=0 Pleuronichthys cornutus 2 441.6
23 Hemilepidotus gilberti 42 5,791.9
T A Thamnaconus modestus 2 539.9
o Ditrema temminckii 3 692.6
E 7} A Eopsetta grigorjewi 1 167.3
Em| 7] Liparis tessellatus 5 655.5
k21 3] o Alcichthys elongatus 6 828.7 3 181.2
AA| 7] Hemitripterus villosus 2 235.1
AR Scomberomorus niphonius 1 29.4
A Chelidonichthys spinosus 5 1,143.6
2 o] Sebastiscus marmoratus 2 230.6
FE) Platycephalus indicus 1 259.0
L7} A} 1] Cleisthenes pinetorum 13 1,026.4 105 7,587.8 4 333.5
Ao Pleurogrammus azonus 6 1,861.7
Zolv| =2} x| Lumpenus sagitta 1 40.5
778 o] Trachurus japonicus 1 132.2
Za B2 Sebastes schlegelii 22 5,953.3
E7MAN 3 Y Icelus cataphractus 1 18.5
Z7} A1) Clidoderma asperrimum 1 1,023.2
A w| Hexagrammos otakii 2 208.5 1 645.6
27} Ak Pleuronectes herzensteini 11 1,520.4
o] Clupea pallasii 9 3,792.6
golA Lophius litulon 4 3,238.3

A 230  36,220.2 340  38,660.6 53 14,325.8

T 13 11 13
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EoaTold ey sue) e 0 @Re adTas 204 4F S0l Fus
ATKIE . FF AP E EFHEH F4 oF 40 m
Feol A&Hon aaT, ¥ AT AR A FACHS melAE et A

o] & ol Fold FASATH W, FE AL EFolA o 26CE RAL FA

FEY A¢ BF ARAAME 250 oF 33.5%A4 T4 100 mell 34.0%7HA 48
FEAeI7E AT TF AAHAAE B oF 32.0% = UERANE, F4lo] Zo

w2t 4 40 moll A 34.0%7HA] A|EH o2 FUtsiort ol #ET AEE el
9

ok S AR AA o7 APFAdAE el Aozt Al i
2 A7A gF A= CIDAs §59 AUz s3725 2484 X8k

A, ARk o® ofjAY FAo F2L Hor AFF YolAe FAEFES vEHa, ¢

£ 9= Aol A2 gk
Ayajin Hupo Gampo

Temperature Termperature Temperature
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0, 0| 0} 0| o 0|
132 §8°\128 E 129°E __130°E 131°E 132 §°N

128°E 129°E

2. IS} Hol B9 AT ALdE EXHEH

7). 8l A EA FELY B4 F A AIAFALAE Y X
20199 89 T3l Al AFE F8 AFQIH)Y HF @070 R A&(oPN)
FATALLE S TH, FTNHOE AolE BHATKE 2> BF FHolA &4 A FH
A& 32 AAIZI7E -16.8E 7HE E=9a, ="EEHo] -19.602 M @t A4 QHF
LA e AU 1628 M E3kaL, Z1E7HAIE 18358 U skt 5
AHANME Z7FAv(Clidoderma  asperrimum) @t -2y 3 W) (Alcichthys  elongatus)7y 2t
-16.17% 1442 78 & 94 9 A4 B FALLE e B, e S7kA]

b7 g e e BT wWE, GRAHAA BA AFFAAL e Amdy]

e

N

(Hexagrammos otaki)7t 7V =2k31(-15.9), A7y ol(Trachurus japonicus)7} 7} w3k o
(-19.4), A4 MEEALLE #FL Axdvrt 7 #3413 D EHEAVE 7P 2o
(11.3).

.
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% 2. 5ol A% SlE AP olFe] e % e PSR4 ol BAH(:SD)
o= North Middle South

o 13C > 15N > 13C > 15N 5 13C > 15N
7HA ST -16.8+0.2 13.9+0.3
A2 A -17.1 13.0
7157 A -18.7£0.4 135+0.7 -17.7+19 14.4+19 -174+08 12.3£0.6
et -19.6+0.2 13.7£0.3
o - -17.2+0.6 13.7+0.4 -17.8+19 13.3+1.9
o -3 o -185+0.4 155+0.4 -18.1+1.7 14.2+1.7
=g -17.1+0.1 14.8+0.1

iy
et
=)

-17.9+04 16.2£04
-17.8+£0.2 11.3=0.1
-16.1+£0.2 11.8%0.0

o>
)

-16.3 12.2

-16.7+0.1 14.3£0.1
-17.6+0.1 14.2+0.2 -166%=0.2 14.4+0.2
-16.8+0.2 14.7£0.1

HE
Mo N
2 =)

-17.6 10.6
-17.1+0.8 11.7+0.7
-16.3+0.1 12.0+0.3
-16.0+0.0 12.6%+0.7
7] -17.4+0.5 139+0.2 -178%x1.2 128+12 -17.9+£04 11.9=%0.7
-18.8+0.3 14.1£0.3

Ruigys- )
(o3

2

™ o oo o2 my ox dx o> 1B mo Mr oF af of
>
==
N

-194+17 11.5+0.8

o e

w o

ZyEg -17.8+0.3 125+0.4
<741 3l -17.5 13.8
=744 -16.1 14.2
g w -17.6+0.0 151%0.4 -15.9+0.2 13.1+0.2
7 A} -165+1.2 14.1+12
3}o}l ) -17.9+05 12.6+£0.4
3 HBH9 FH AH-AA 28T oFe F8 HoANES UFeE w4 9 Ha
A FTAEAE w4 FHH EAS BYHSATKE . FR 23S oFe dubygo =z

9] B A=A UAE ke e uwrERRA A (Elassocirus cavimanus)7b -18.30.2 7} =9k

a1, Themisto spp.7t -22.82 714 *uth A AATALE &2 IFANS(Argis lan7}



162 7Hd =3ka, v

e
pN

}5=A19-F(Crangonidea)7} 3.92 718 Wdth w3l 5
Me BolF9 g4 IAHFTAEE el -16.72 M =3, IEEAAAH ol
(Aphroditidae)7} -19.72 7}4 @itk A4 AT AL 7HE HL ZHe Fo]FolA]
12.98 vebtar, dA(Chionoecetes opilioN A 3.5% 7 A vt

N

_ North Middle
Taxa g3 5 13C 55N s 13C 15
Amphipoda Anonyx sp. -20.5 7.8
Themisto spp. -22.8 6.7
Unidentified -18.1 6.3
Brachyura Chionoecetes opilio -19.8 6.5 -19.4 3.5
Caridea Argis lar -21.0 11.6
Crangonidae -21.4 3.9 -18.8 4.5
Eualus middendorfti -18.5 7.7
Pandalus borealis -21.2 11.4
Paracrangon echinata -19.7 10.5
Cephalopoda Octopus sp. -16.7 12.9
Watasenia scintillans -19.7 11.5
Unidentified -18.5 11.2
Copepoda Unidentified -22.1 5.5
Euphausiacea Euphausia pacifica -19.5 6.5
Mysidacea Unidentified -22.4 6.1 -18.8 8.0
Paguroidea Elassocirus cavimanus -18.3 5.2 -18.3 7.1
Unidentified -214 6.8
Polychaeta Aphroditidae -19.7 6.7
Unidentified -17.9 11.2
Teleostei Agonidae -20.0 10.4
Unidentified -20.1 9.2 -17.0 10.8

o F8 olF % HoHE AFBALL %Y A=Y WSEA
i A AREAA) F 20 ol AN FASHAL, 2 Aol
SRE ) AFCIET A, OF, AT, SIS

2 W AREAAE G FHH AFAL 2ASAKIY 10, N1F
Ao wha B Ak ARBAUL G BF ol weh §o% AolE nylty
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(ANOVA, p<0.05),

2ol 7b gl th(Tukey’ s HSD test). 7] E7}Atu]e] &
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HolEo] M4 Holde] £

Holgo] $AFS Ushith B AToA B BE, FE, GE ofF e A
AT AL e AVEY, Ao BRTIAL e FUHAOE /T 3
THANOVA, p<0.05), 4 A FTALLEE 1Y

(p0.05). A& HFEALL Fe HFoIM 78 w1 dEHOE A4S fGadhe

17+ species H
<North> A JIS0R0| 17+ <Middle> species
=] A VEIEBE
164 PEEEEs \ Ak
- 4 marmg 16+ W Oz
X 2ROl PSS
A BINETS] 2001
v o Larmet - 2tsi o
+ v =l A X 8IX0l
oszan ™ et
& N owin | Z e
= ozmazn| B v &
T 13 A#=0 | T q3] v
X
12 12 -——
114 114
107\ T T T T 1 107
-20 -19 -18 -17 -16 -15 -20 -19 -18 -17 -16 -15
d13C d13C
17 4 species
A JIE0110|
<South> X SIH0|
164 v ZILRi0|
o Hax
O 2H
15 O 2&of
A &3
- AL
= 14 v B
0 HEN
= ® X0l
T 134 o + zn=e
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12 T A 20+
] % -
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<
114
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107\ T T T T 1
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d13C
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3. THA A3 AUE=

7 EARe] A5BU SR

B ATE o) BE, B GRA 2T 22 0)F UFC] 2SR 24
eI, F 2970e] B9l bed Mol ERT(axo]l BANACKE 4~6, 19 13>

B3 BRIAE F2 oF F /1840, wFue 0T AT, S0, w1

A, &7k, Axr e L3AlEES E4AIKE O 7E7HAP s &8 aY &

=z
AN EE 0] 23.9%9 22.8%5 AAs( . HZFEZHS 2 ZFF(Copepoda)S 71 wo)
AAstAEd, 84Fe AsdNE&E T 60.7%5 AASAT. dTE F
(Cephalopoda)¢} o F(TeleosteDE 71 ol AdAstde=d, 47 A3l &E &0
34.6%%F 23.7%E AA ST A3t} WSt st Fad o +
T SRR, AR 7 FY LFHHEEANA Az 38.9%9 28.3%° THRIE
AR T G oo 2 43 d= A F(Paguroidea)E 12.3% 4341819 3L, w33l
e Af-F(Caridea)E 12.3% AAstA. &7 = 24 o] F(Mysidacea)¢t o
ol AAstRa, 474 AR EE T8 51.23%9F 28.2% 5 AHAI ST
v AU EEANAE GLF7F 46.3%, AAF7F 10.8%E A AT
Sl THAME F& AF T 7IE7HAR, g, diT S, w3, 87k, 2ot
Zul o] ASHAYEES BASATKE 5. o] F 7|57 AA Dol Fe olvjilF
(Bivalvia)g 7H¢ ®eol A, 424 238u8= S0 39.5%% 22.2%E A3t
Aok T AstAUEEAAE ZA R/, oF, FFFVE I P Bol EdEAL,
22y AN EE TEHY 34.3%, 22.7%, 18.5%% AR UF3de FEFF
(20.1%), ©15(19.3%), M--7(18.1%), AA B o] 7(10.9%) o= @Wol A48, Wkl
ARG &2 A4 s &
7hAE 9] A8 AY EE ol A= dhlg A o] F(Euphausiacea), Aol f/, AF7F 4 T4
st HolAEo| =, 242t TN 25.4%, 24.5%, 35.5%5 =xFA|slod, HA| ] 85.3%E U
etk 283 FrkAbvls A 271Ae] {F(Ophiuroidea), AX#HolF, ©4F 5 HAA
Hol7b T3 HolBEoIUAL, 747 AStANEE TR 54.9%, 22.4%, 20.0%E =}A]
st

L
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B

Aot A

59 o159 AU8E £

Prey item Prey type |7I157F4m =%F&% di7 A7 FE3AY 23R3AY 874 FAxdd
Amphipoda benthic 23.9 13.4 0.5 38.9 28.3 0.7 46.3
a)rgggi%c))da semi-pelagic 5.2 0.5

Arrow worm pelagic 5.1

Ascidiacea benthic

Bivalvia benthic 4.5 <0.1 1.9 1.3 7.3 <0.1
Brachyura epi-benthic 6.4 24 6.3

Caridea epi-benthic 10.9 29.2 49 12.3 12.5 14.5
Cephalopoda  semi-pelagic 34.6 0.2 6.8 8.9
Copepoda pelagic 60.7

Crinoidea benthic

Cumacea benthic 0.7 <0.1

Echinoidea benthic 1.7

Euphausia semi-pelagic 1.6 5.6 <0.1

Galatheidae epi-benthic 5.3

Gastropoda benthic 0.1 0.1 3.5 1.0 6.3 0.2
Hydrozoa benthic

Isopoda benthic 2.6

Mysidacea semi-pelagic 26 14.3 6.8 0.7 7.3 51.3 6.3
Nematoda paracite

Nemertinea benthic

Ophiuroidea benthic 0.1

Paguroidea epi-benthic 0.9 28.1 12.3 10.4

Polychaeta benthic 39.9 4.8 0.4 9.9 7.5 0.2
Porcellanidae  epi-benthic 0.4

seaweed benthic 1.0 0.4 1.9
Sponge benthic 3.5

Stomatopoda  epi-benthic

Tanaidacea benthic 0.1

Teleostei semi-pelagic 23.7 21.5 6.6 6.3 28.2 10.8
Thoracica benthic 0.2

onid. eans  benthic 3.6 12.5

Unid, o ates  benthic 22.8 0.4 10.0 10.8
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55 5 5%

AN AYH F2 o1F AEE £

Prey item Prey type |7157FK4m ol di73d =233AW &R FTEA]
Amphipoda benthic 2.0 0.2 0.1 20.0
a)rgggi%c))da semi-pelagic

Arrow worm pelagic

Ascidiacea benthic 1.4

Bivalvia benthic 222 27
Brachyura epi-benthic 3.8 0.8 9.2

Caridea epi-benthic 2.7 9.5 18.1 24.7 2.6
Cephalopoda  semi-pelagic 18.5 201 0.3

Copepoda pelagic

Crinoidea benthic

Cumacea benthic 4.7

Debris others 11.8 4.8

Echinoidea benthic 0.8 3.5

Euphausia semi-pelagic 254
Galatheidae epi-benthic

Gastropoda benthic

Hydrozoa benthic 1.7

Isopoda benthic 1.5

Mysidacea semi-pelagic 34.3 1.5 25.0 24.5

Nematoda paracite 1.3
Nemertinea benthic 1.1

Ophiuroidea benthic 0.1 1.3 59 54.9
Paguroidea epi-benthic 1.9 3.0

Polychaeta benthic 39.5 8.6 10.9 22.4
Porcellanidae  epi-benthic

seaweed benthic 34

Sponge benthic

Stomatopoda  epi-benthic

Tanaidacea benthic 2.2

Teleostei semi-pelagic 22.7 19.3 25.0 35.5

Thoracica benthic

Inid. ans  benthic 48 25.0

Unid. o ates  benthic 14.63 9.9

invericoraigs  Pelagic
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¥ 6. 3of

gR dgold ARE Fa o139 AUsE x4

Prey item Prey type 71571 2H A Ad 871w Aol z3EH FHxFYw ol
Amphipoda benthic 31.3 32.9

a)rgggi%c))da semi-pelagic

Arrow worm pelagic

Ascidiacea benthic 313

Bivalvia benthic 4.5

Brachyura epi-benthic 42.5 2.2 28.6 100.0

Caridea epi-benthic 24.5 0.5 14.9 3.2 9.7
Cephalopoda  semi-pelagic 11.4
Copepoda pelagic

Crinoidea benthic 28.6

Cumacea benthic

Echinoidea benthic

Euphausia semi-pelagic

Galatheidae epi-benthic

Gastropoda benthic

Hydrozoa benthic

Isopoda benthic

Mysidacea semi-pelagic

Nematoda paracite

Nemertinea benthic

Ophiuroidea benthic

Paguroidea epi-benthic

Polychaeta benthic 55.5 10.5

Porcellanidae  epi-benthic

seaweed benthic 37.5

Sponge benthic

Stomatopoda  epi-benthic 0.3 30.8

Tanaidacea benthic

Teleostei semi-pelagic 52.2 85.1 20.5 42.9 78.9
Thoracica benthic

cL:JrrL:Igt'aceans benthic

i%ggr-tebrates benthic 200

Und, 59129 peiagic
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.

Polychaetes

Amphipods-benthic

Shrimps Hermit crabs Snow crab

Small fish
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100%

80%

60%

%W

40%

20%

T

0%

North Middle South| North Middle South

7| 7R o+ CHH 3L CH &71At8|
Species & Site
B Amphipoda B Ascidiacea B Bivalvia O Brachyura
B Caridea HCephalopoda B Copepoda B8 Crinoidea
B Euphausia B Gastropoda BAMysidacea B Ophiuroidea
MO Paguroidea Gl Polychaeta OSeaweeds B Teleostei
B Other pelagic invert @ Other benthic crust OOther benthic item

2 14, 28 ofF 2hIUE=9] B (HEE) Aol

Ol

R 7. 5Q oF 2517220 sl (9 =E) Afolo] Tjgt ANOSIM £4 23

Species global-R P Pairwise tests
7187} 2] 0.072 0.034 N=S, M=S, N=M
o+ 0.086 0.034 n/a

o -3 o 0.150 0.002 n/a

i 7ESl o 0.147 0.104 n/a

|72 -0.003 0.500 N=M=S

N=north, M=middle, S=south
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Z3 . HolPE FLE &4
1st 2nd 3rd
1E71AHA] North Polychaeta Amphipoda Unid. Benthic items
Middle  Polychaeta Bivalvia Unid. Benthic items
South Polychaeta Caridea Unid. Benthic items
Sy3Eg North Copepoda Mysidacea Unid. Pelagic items
ol North Cephalopoda Teleostei Amphipoda
Middle = Mysidacea Teleostei Cephalopoda
o -3 North Caridea Paguroidea Teleostei
Middle Cephalopoda Teleostei Caridea
&3 North Amphipoda Paguroidea Polychaeta
4 A South Seaweed Amphipoda Ascidiacea
w71 3] oj North Amphipoda Caridea Paguroidea
Middle  Teleostei Mysidacea Caridea
AFX] South Brachyura
Ao South Teleostei Brachyura Bivalvia
L7} A} m] North Mysidacea Teleostei Caridea
Middle  Teleostei Euphausiacea Mysidacea
South Teleostei Caridea
Z3 &8 South Teleostei Brachyura Crinoidea
A North Amphipoda Caridea Teleostei
South Brachyura
Z 7} A | Middle  Ophiuroidea Polychaeta Amphipoda
golA South Teleostei Cephalopoda Caridea
B3 At Y ofFE B9, g B

Mo 42 15(feeding group)oi TEL & I

Atk T WA 1E@roup B

o] F(piscivore) 2 H-Fol| A AkAl 7],

G Sd3d =9
25e F2 A% 80tk A WAl 1E(group 0)&

ol A Foll, g7k,

J%(group D& A gl FdS JEIAEIS} F
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Feeding group
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