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R PR S AAT — 8 B, R S A
TR SE y  E , ER TR JE R 1 X
TEZR AL T AR A Sl 2 A R 4 > 1 ) R e 2
o,

T, B8 [ AL 3R FoR 2 )7 32 i T 62
(Engraulidae)"'®" ¥ ¢ i (Saurida elongata)'"”" |
Zz (Ommastrephes bartrami)!™" . K H &
(Prionace glauca )" 35 )R E £ 21 M Bl % 4%
AIRESE . BIFFE T R B, Ao E W) AL 3R AR AR L T
H & W52 T VA RE RS T 58 R O B A RO ik
AR R . BFFEECE PR DLW 2R A AR K
TR R E DGR LR R I a3 8. HIN
HPF X AR B T R AR A KD R
AP R SRR AT T
W HC T REASHMR Z EgS N E &
Py g5 ) A (R 3R AR B > P Y
WFFEEL A0 HOG T AU A A F > P52 )
RO NUUE ST RSN A N A i3S it | N
SR IE AR AUV T LA REAS i o ik LR
Tt 2 () o2 28 5 AR FEA [ 1 J9l) AN ) A4 21
] i 4% B S PE RN B AR A 22 5 0 [, 25
PRI RS T AR VD T ki~ 4 |
IS X 7 JE R A e L, LA S E S R L
JE /NI AR A A [F) S BRR R AR 2 R G 4
A SR IS AR

1 MRS TE

1.1 #HEKIRE
111 FEAOKRTR

2021 4F R Hr JE ARy I AR AU UD T AR
LI IA] R 2021 4F 6—8 H |, SR A48 4 38759 N~
43°00'N,150°30' E~161°48"E, R4 11 41 3 45
(B, B0 85T R AR B RE AR 1 Dt R ) v B
BLEURE , I X6 R AR (AR AR HE AT 18 VR AL B AE 32 1]
SR E . FEADEI Y MEMEREAS S 8T B IR K R
105~250 mm, Mt FE A Sy 83 B, KKy 100~
241 mm. M 5% B AR K A 100~250 mm, 5 B 4H
¥E 2 30 mm, # B A 53 K 100~130 mm . 131~
160 mm ., 161~190 mm . 191~220 mm Al 221~
250 mm % 5 MR 4 .
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Fig. 1 Map of the sampling location of Sardinops
melanostictus in Northwest Pacific Ocean

1. 1.2 IREEEdik s

SST FIit£¢ 3R a Jit 2 W J& (Chlorophyll-a, Chl
a) BUHE K [ 35 [ [ S0 AR AUAE B A )
(http://apdrc.soest.hawaii.edu/las/v6/dataset ) , B[]
SRR, 2 5 B 0.5°%0.57
1.2 FHi&
1.2.1 AW

S0 MR A SRR B BT R S R T AR
0 RO I A AR R AR R T M
) P R R AR S L R AR
FE R A 1 mm, (A0 RPN RSB 2 1 g
A 3o P R A T BRSO % 45 ) o A A il s
Wl o FERCARIIYD T 085 5T U 59 B2 3 emx3 em
WU B, T IR EFAE N -20 “CI ZRIRAF-
1.2.2 FRUERIN T

WL TR 25 B A1 J2 3= Bz O 47K 3 vk L 7F
=55 CIR VR TEEDLIN T4 24 h, Z J5 IR G A
BREEASURIF S B K, R 1.0 mg R A TF A H] 12
mL = 58 F ot - FF BV R (PR AR LE Sl 20 1) g i 24
h, LA 4 000 r/min &> 3 min, BUF )28 K , 40 CHt
R TR 24 h, 85 2 mL 0488 IR JS Bk
ARIFE AT [F 7 & T 4L (ISOPRIME100) £
ICZE M A (vario ISOTOPE cube) W 1347 %2 %2 [A]
A7 M E , o3 ASGE 1 A CO, 1Y BC/PC P S N
A9 UN/“N, 3 5 E FR Fr UE Y (Pee dee belemnite,
PDB) X} 5 315 H B i B 82C {HL (8°C 14 4 Hr ki
i <+0.2%0) , 5 [E Prbr ) (2lig 2 P i N,)
XEE A 1 B R B S PN (H (8N AY 4 AT kG
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A
83X = [ (R, / Rypiua) = 111000 (1)
X X O PC 8 °N; R, 4 PC/PC (B PN/UN) 5
Ry HFRELEL
1.2.3 ] SCAT A g5 A

I SCE] N A A (Generalized additive model,
GAM) J& —FlAESH [ H AR, AT DLAb 2 ] A%
M AR g R AR LM R 2 T S R Y, R AR
BT e W R A R GGy T ) R Y 7R
DIER ST b, e 2 i I B2 . B T B R A
M2 3R a BT VR BE 4 B AR RS HOA T R R R
E [ AR 50 E B IR OC R N
T ARBIE ST I GAM BRI Sy T g AR AU v
TR AR (LA R 8C 8 N) Al A8 & (46 % |
K B RRIR RS TR TR AR a BT )
[] PR 2%

I=s (X, )+s (X s (Xog )+s (X e ) +s (X, )+e
(2)
Aorbs I I GE B B B RS E [A] AL R (87C 5
8UN) s X, NRAE AR I s Xy, I ZR AU T Y
AR 5 Xoor R RAE S0 T SR TR UL B 5 X A0 RATE A
(BRI 5 X g R RAE SR 3R a BT RE IR L s e
R 1R 2%

K7 Z K AT (Variance inflation factor,
VIF) X F500 A5 f55 54 7 L2 Ao 56, PEF VIF £ 56
I BB R 37, K VIF A6 5 4G S5 i A5 &
PAIATA] B4 Aok AT GAM 43T , 3T AR it 15 B
I ( Akaike information criterion, AIC ) 3 i & 55 75U

MR P IR AR f A A
1.3 HiEE

AR ST R ZAE R 7 22 B R FEA A, LA
B AR, T LK o K 56 0 A7 Ik 81°C L8N
{22 5, R H ANOV A A6 56 78 Jb A SF 7 37 45 40
W T g R R K A 25 5

F 77 22 Rk PR (VIF) X6 350 28 B 9 47 4
LR MER I, 0k HH A B Y TN AR T GAM () 4
7K LIAL 81C 8N 5538 B A T A Bl 3T 6
F,ET AICH BEBUR AL LAY - - 3l
TGS A S SR TG R

AT B KSR, KHE LAYMAN 4847
J7 5 R A E 1 15 1 A (Standard ellipse areas,
SEA) W5 A A5 19 5 B LA K A= 25 61 FEAS [
B AR 4L SR

2 45

2.1 HREBRERMCEEEINENES

3 2 X AR LD T LR Bl L AU E R AL
RIATGE AT Mr, &5 R BoR L 8°C s [l K
—22.41%0~—17.88%0 ( & 1 F1 & 2) , ¥ ¥ {H A
—20.05%0+0.79%c, "N /) & Fl K 6.43%0~
10.85%o0 , - Y4 {5 9 8.70%0+1.13%0 ; Wi 4> 14 8°C
-S4 4 K ~19.99%020.92%0 , 8N - 4118 K 8.75%o0
+1.18%0; I 1 A~ 1K 8°C SF 5 {H N —20.12%0
+0.72%o0 , 8N F-HI{H 1 8.65%0+1.09%0 . | FH t K
643 B M ) e L RURR E RD A, R Y 25 v L 46
SR, 87°C 1 SN TE 1 ) 8] 4 N A7 A 2 Pk
Z53(P>0.05) .

F1 ALKRFFERMUDT aE EINRRERMEEREST
Tab.1 Differential analysis of stable isotopes of muscle in female and male Sardinops melanostictus in Northwest
Pacific Ocean

3"C 3N
P51 Sex RME f/MA ¥i{E SN f/MAE ¥i{E
Maximum/%o Minimum/%o Mean+SD/%o Maximum/%o Minimum/%c¢  Mean+SD/%c
Mk Female -17.88 -22.41 -19.99+0.92 10.85 6.43 8.75+1.18
\ 0.276 0.575
e Male -18.26 -21.9 -20.12+0.72 10.37 6.68 8.65+1.09
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41 AR BB ARG R VG JE AT PR A A T i v 891
8850 pon 2.2 BRARERMEEERKADNER
o | l o314 5L iR L 8C 181N A 7 4 441
S 870} I I ST REE A (F 2.8 3) . 7E 100~
% 865 I 190 mm, B (K A1 K, 81°C FI 8N 2818 T [ ;
860 ¢ ifif 191~250 mm P4 ], 81°C 8N & Bl
8'5-520.4 203 -202 —20.1 -20.0 -19.9 —19.8 B (&K 3) ., ANOVA /3 #r AT, 100~130 mm
3BC/%0

5 161~190 1191~220 mm 1% 8"C F1 8N £E1E
B2 FRATHEZRMDTEE ENAC.ONE o mm mon (19 8°CHI S N £ 25
Y AR 2 23 1 2% 5 (P<0.05) , 131~160 mm 5 161~190

Fig. 2 Mean = standard deviation isotopic values of
muscle for male and female Sardinops melanostictus in
Northwest Pacific Ocean

mm F1 191~220 mm [ §°C L fE7F i 1 24 7 (P<
0.05) , 131~160 mm 5 191~220 mm F1 221~250
mm [ 8N [F A 7E i 3 Pk 22 57 (P<0.05) .

F2 ARXRFFEFRUDTELRREKEANGR. AIRERCERILE

Tab.2 &“C and 3"N values of Sardinops melanostictus in different body length groups in Northwest Pacific Ocean
il — 8" N/%o 8"C/%o

Body length group/ Sample size/ & JE I E bR 2 EeniE| S H bR 2

mm Range Mean+SD Range Mean+SD

100~130 36 8.17~10.37 9.35+0.64 -20.46~-18.32 -19.95+0.39
131~160 45 6.64~10.55 8.74+1.04 -21.25~-19.68 -20.30+0.43
161~190 59 6.43~10.85 7.84+0.98 -22.41~-18.23 -20.39+0.83
191~220 24 7.47~10.32 9.50+0.72 -20.88~-17.88 -19.25+0.78
221~250 6 8.95~10.47 9.84+0.56 -19.02~-18.26 -18.67+0.29
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Fig. 3 8"C and 8"N variation of Sardinops melanostictus in different body length groups in Northwest Pacific Ocean

2.3 GAM#&ER!

BE T TR AR i Y L ZR PR I 25 L AR 5 AT
W AS R VIF(E YN T 3, 3 2 VIF A58 19 11 5t
(B8 3M B 25, BT AR R B 4 5 A T30 A%
FE ST CHCHCHCHCI=31 Fh A ] 725 1 2H 4 10 4
R, B ALC(E S/ N BERLAE Ry fe A 0L A 155 8
8"C I Fre T I AR 2 21 A oM X+ Xy, (2 3) 55
(1) Dt 22 fif B 2% 50.0% (3R 4) 5 87N A e fF: Pt Iy A2
TGN Xy + X X st X o (38 3) B 1) i 2 i
RN 54.2% ; HAX BeAR HEXTIE R 000 T A LA
3"C 3 N A B WM (P<0.01,44) .

"C 1 &N L Fif T A% £t 1) AR e ol
F(E4) . 3°C AR A1 i £ B0 5E 0/ 5 1S R
R FEAR K N 170 mm BT 1M /ME
1 220~250 mm B SN BRI (5] 4a) ; 87C Bl
SRR B S NI R AN =R N ) <5 i
42° N FfF I Ry ZIME () 4b) 5 85N 78R K iy 100~
120 mm 1 180~250 mm I} 52 B IE AR 56 &, 7EIK
KR 120~180 mm B I AH K R (K 4e) ;8N
5 TR R RE 1 B S B SE HEN JE N R
1E30 CHIH LT — /MR KAE (B 4d) ;85N 55
BEES R a BRI R (E 4e F4AD) .

http://www.shhydxxb.com



892 SR C S N S SO 33 %

R3 ZFRMUDTENRBERMENT XINiEEE
(GAM) 9 AIC HiE#%
Tab.3 AIC values selection for the Generalized

Additive Model (GAM) of stable

isotopes of muscle in Sardinops melanostictus

AR BECERIMER  ARUERMER

Variables 8C/%o 8'5N/%o
X, 319.625 496.812
X, 328.479 435.033
Xegyr 331390 475.744
Xy 310.469 429.921
Xoa 360.921 483.358
X, X, 300.416 421.789
X, X 308.577 435.946
X, X 311.395 444.467
X, X, 310.961 450.877
Xy X oy 319.751 421.723
Xy X s 311.600 421.422
Xy X 317.214 423.564
Xt X s 308.087 455.018
Xt X, 305.618 436.660
Xt X pr 321.245 458331
Xy XX 301.473 414.036
Xy XX o0 300.711 412.669
Xy Xt X et X 301.735 409.901
D GRS GUS 311.806 411.580
Xt XX o 308.342 438.554
X, Xy Xy 301.853 415252
X, Xy X 308.087 455.018
X, Xy X 301.598 423.469
X, X Xt X 302.577 412.270
X, X, X+ X 300.913 414.344
X, X Xt X 302.719 413.208
X, Xy Xt X X 302.462 411.231
X, Xt X e 305.941 425.071
X, XX 304.385 424.699
X, Xt Xt X 305.895 426.261
X, Xt X 310.133 427.701

2.4 EFRESM

AN RV 2 9 A 257 D B AN [ it 4 A 4
& R T AR, HAEED 191~220 mm A
HHA KRR A TS (K S) ;M EAESMRES
RAEFR,AE 92.69% F) 100.00% 2 [6] . 154 257
T BE T T, 100~160 mm #fE | (7] A= 25057 58 & AH
BL, SR 17 161~220 mm B A A0 56 B B B K F
T P ) A 2 A B R R R Y A 2 A (I
6)
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3 i AT

A5 38 3 ik R R () 67 38 AR 6] PG RS
PRI ARV T i & I it i b 45
IRASTRMAK 41 22 [8) Ao B AR 81°C (8PN A7 1E
322 7 (P<0.05) , RIS AR G R0 T
(e IR PRI RNE YA . B IRAEDS
AN 5 JE T LA S s ) 4k B I 1) 43 A 3 LR &)
FRBE, B IR AR A S ] LA ey i el 2y 4
B AL PEFR FE ) 100~160 mm M | B 8] 4= 25
7 B RE R L 3% 2 100~160 mm B E S 14
Wi R ZEA LT H AR e — B, X S5
R M AT R, AERAER S
WATANABE 55 AL, PG A0 RT3 Ao M e 4R
PV T Gy f— ELAE AR LT S 2R, DT 5 3
W AR A TE B AR, SN E SR E . 161~
220 mm AR A7 58 FE B K T PR HL AR AL
R, BHEAK RIS T A L
PEBR B HE S G R T AR O SRR R B
TR EIF AL IR 5T W R 65 0 AR A R B,
SR S A 1 8N (I Sk 25 o T, 50 P 2 5 ok
P IO 1 IR L PR R W R B LR B K
PRI A5 PR 9 5 P B T MR B
SUNMH B 3 = THEME . LA 125 R WA e I 1A
TEXT W) TR PR A AN A R AE
AR BAER L BRI 2R E R
L TR AE SRS, 85N &R M E,
A FH T80 2 AR AR 1) 8 3R KT 8P C B AT e ik
A= ) BT Kb B85 R A A A (FRER TR AR ) 1Y
FoURE RIS B , 1T T LA /R oA o, &%
F RN, 87C 8N Rl A K 1 3G i 2 e U i 4
KK (& 4a,4c) ,8°C.8"N 1 140 mm Z5 45 14
Kb, X Al BEL 100~160 mm 4K 1 372 45 40070
T AR TN SE S, B A, I AR LD
TR RS B TG KR, SR TR A A e
B IRACTFEARS, Hiz R K N I R Bb T
MIRESREARLRE SR, LR ERIEAEY X
FHCT 8N S CEM FFES . 161~220 mm {& 1K
AL 8C SN HE TN, T BESRIZAR K R AR UV T
VK BE 138G 5% , I RS BRI R A 7 ) 7 R 1
W, KGR NNZE AR T HEEHRE A
AR, SEIREEERINEY , XFHT
3"C SN g TN .
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x4 ERUDTENAR BRERMLEN GAMERSGIHRHER
Tab.4 Statistical outputs of the generalized additive models for 3"*C and 5N stable isotopes of

muscle for Sardinops melanostictus

FERAER A i A F p i 2 e
Isotopes Variables Degree of freedom DE/%
Lat 2912 11.862 <0.01
$13C 50.00
BL 3.922 6.536 <0.01
BL 3.869 20.793 <0.01
SST 2.189 9.650 <0.01 54.20
3N
DSB 1 14.261 <0.01
Chl.a 1 7.032 <0.01
-19.5 -19.0 10.5
10.0
Mo £ 95 2 osh
@) o £
o =205+ o =200} = 9.0 F
8.5+
-21.0 L L L -20.5 L L L L 8.0 L L
100 150 200 250 300 39° 40° 41° 42° 43° 44°N 100 150 200 250
Xp/mm Xia Xp/mm
(a) (b) (c)
11.0 9.0 8.5
100 | 881 8.0
g 8 8.6 | g
mz 9.0 | 2 84 L mz 75T
“ g0} © 82 “ 70t
8.0 F
7-0 1 1 1 L 1 1 7.8 1 1 1 6-5 1 1 1 1
15 20 25 30 35 40 45 50 0 1000 2000 3000 4000 0.45 0.50 0.55 0.60 0.65 0.70
Xsst/C Xpsp/km Xono/(mg/m?)
(d) (e) ()

B4 BERERNGERN R A%

Fig. 4 Response curves for different explanatory variables of 8"°C and 8N values

12 12
B 4 /mm PR 4 /mm
1nee 1L *100~130
A
o)
O 10 |
$
VLZ 9F 9 L
w
8 r 8 |
7F 7k
o]
6 L L 6 L L L L
=22 =21 =20 -19 -18 -17 =22 =21 =20 -19 -18 -17

313C/%o
5 BERXFFZRLDTEHEREINAREFERKAEFESM
Fig. 5 Nutritional niches of different body length groups of the same sex of Sardinops melanostictus in Northwest
Pacific Ocean
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12 1 100~130 mm
o Itk
Ry
10 R
SN
gl -
7 L
6 L
£ 22 -2 20  -19  -18  -17
Z
% 127 161~190 mm
o Mtk
Ry .
10 s
A
9 L
T M
L4 v
7t &
6 L
23 2 2] 20 -19 -18

12 1 131~160 mm
o MM

P a e

10}
9 L
8 L
7 L
6 L

22 21 20 -19 ~18 ~17
121 191~220 mm

o Ififk
e -
10} > )
9
[ J

8 L
7 L
6 L

2 2] 20 19 18 -17

6]3C/[%)()

6 P RFEFERRIUID T &R B A< H R B E TR E S
Fig. 6 Nutritional niches of different body length groups of different sex of Sardinops melanostictus in Northwest
Pacific Ocean

B RIR VAR 255 e AR UV T
P k. PR EAE Gy T AR VD T 1 8°C
M =22.41%0~ —17.88%0, 8N N 6.43%0~10.85%0.
AE IE B AFAR T, AH G 5T 28 DU LB AR LA S AR
P T £ 8°C K —18.40%0~ —15.00%0, 8N N
9.4%0~12.70%0 >, 2 35k X% b & 3K, 7 Je 86 4F £y
TFREARV T MR §°C 8 N A K T 1E % A fe
S T AU K ZH Y 8°C SN {1 Al R 1Y Jit
PR JE I e A 25 T B0 U RS- VR T 7 1
B0 1 L B (SST) S8 3 5, (AR 0 A 7= T
FEAR, H YRR

IRBE R X AR D T 40 87C 3N (H A —
SE S, A WFIE K B, 8C 18 Bl 25 1 14 T 5 1
fi% . 7€ 42° N~43° N [0] 2 5 9% 2h ( & 4b)
YASUNANAKA Z5- B 58 & I 87C K /N5 ¥ i
TeHLEK (Dissolved inorganic carbon, DIC) ¥ J& &
PRI IEFR, PHIL AT 26 B2 TR Bl ) DIC MR 2
o TAREE g . e, 397N Sk 2R 4E M X, %
VIR N LR i SR, A LE R T, R
T S AR 1) 52 M R AIRST L 42° N~43° N Vg 3k (1) 1
WAEYZ T B IERM B i T AR T
0 3 CAE ML BN o FE % W LAt f Fh ot & 81 T

http://www.shhydxxb.com

RN 2t L, Bk T f0 1Y) 8 C B Bt 2 26 B T s 1
%, 3 AT RE S H T JR8 SO AN T 5 € i S [R] 52 i)
SRR, SR BN, 8N B R B 2 A
KL FR (K 4e) , B 17 BE BB, W) 204
Ty A AL Y R SRR S I R
U T TR G AR R B BRE 81N Ml
i B2 S S W) S N FE 2 Y 7 2 — , B R Y
Fhi ARV T 1 8N E A & . W R 23
A 0 I AR U AR N A B R R R R
L, AR S B R RIDREIR AL . B PR IR
BERY T, KBRS AL C I R Z g 5k, 230
HERERLEY, AT EERK,
HANDELAN 4575 1 BJORNSSON %5 fiff 58 K 5
W £ (Oncorhynchus keta) Fl K 78 ¥ % (Gadus
morhua) [FJFER W, I EE X HAR S0 B &5,
AE— 5 10 PRI PNl JRE R 5, £ 288 10 5% £ T R AP |
TR, S SN R . 45 /R, 30N
L4 R a BRI ER (81 40) , X 57 55
I BODE 4 Y BF S 45 2 — B0, AT B2 M4k K a
FEE M ER AR, R a ik
Ve JRE L Ry VA SRR, R A R 2
18, S BUHARL A PR , AT FEAR 8N B {E.



4 B S rg v R AL 3 Bl LR o N ST % R I 0K 9= e SR 895

BAT B9 E R WA RS E ) 3R BORTE VR 2
P45 £ ST/ E W S BT A AE — 5 1 S BR
151 40 FL )47 28 SE AR Bt . 7R 2 I T
ARG, R A0 3R B LR BT ) W ik
V5B IR P S AR AR E LA (i
R ) & 22 [7] f57. 2 43 1 (Compound-Specific Isotopic
Analysis of Amino Acids, CSIA-AA) N G852 4 Hb
fift e DL B ), T B4R, B A D s E S
CSIA-AA XFIE R fLVD T 0 B2 o0 B dE AT AR 5
B0, GIMENEZ %5 Ak 1 b v pa AL & 31> X,
WO R Z=55 BRI VD T £ (Sardina pilchardus ) LA
by EURR E WA R A DL R R e A B W (TR )
e [ 3R AH, BF 98 A B, LA v &R Rl 3R
{81 A2 Ak 32 22 3 W R 67 3R Y B 2k BT 3K Bl 1, )
FH 2 B R R [l 57 28 AT LA [ Bp Ak B3 e 2 i A2 4k
PLRCE SRR AR . DNA B 547 R (DNA
barcoding) /& 211 T 2 2% i (1) — 3 FR 5 o Hff) 45
Py g He RS, i T A8 2 AN T gl
TR G H & W o s ME DL S RS L
DNA J¥ 31 3§12k 7 LA b % HtE A 4b 52
I DNA ZRJE RS EAR C 12 i T B PR 4 45
I8 R

4 MEHRE

ARSCHE Tk RS R R H AR BRI BLE e
AEAR R PE AR A VD T A R AR
ZH[A] 87C 8N 2= 5%, M GAM BRI ST T 8"C 1l
"N LR AR MR B R R B M AR
a Z [ 2R IE T PR ARy Xt i 5 v T
G 2 M A I B 5 TR EAEY T AN [
AR A ) ME AR S B DG &R o SR B, A Rl 44
gl bR E] §1°C 8N £ 5 AN 3 R IA K 41
8] 37C (8N 34 12 IS ik /b J5 14 K ka3, A5 P
FHFZE AUV T 41 8°C SN S M5 R B 2%, AT
AR ) A= 507 S FE R TA) Bt A= A o R A
TR ME HEAE SO &R EK, 100~160 mm
O ) A 2SS 5 B AR RL L R 1T 161~220 mm MfE4:
2 SR VAL S T N 1 O VAP (= X D A e
TR 7 & AR AR, TS a2 AR 70 T iy
BEAES, HAR ALY T A s
SEEERZ. , 4 J5 WRIFIE T LA 45 1 I 1 53 A e
FEALA W (IR FE R = AT R oR i — 20
WIGE AR T e S,

SE 3k

(1]

[10]

TRk, A E L RS T A AR ) P A B AR F)
(3], BEHRKT™, 1986(1): 41-44.

WEI S, LI F G. Life habits and resource changes of
Sardinops melanosticta [J]. Foreign Aquatic Products,
1986(1): 41-44.

FURUICHI S, NIINO Y, KAMIMURA Y, et al. Time-
varying relationships between early growth rate and
recruitment in Japanese sardine [J]. Fisheries Research,
2020, 232: 105723.

DOPOLO M, VANDER LINGEN C, MOLONEY C. Stage-
dependent vertical distribution of pelagic fish eggs on the
western Agulhas Bank, South Africa (I

of Marine Science, 2005, 27(1): 249-256.

African Journal

NAKAI Z. Studies relevant to mechanisms underlying the
fluctuation in the catch of the Japanese sardine, Sardinops
melanostictal J]. Japanese Journal of Ichthyology, 1962, 9
(1/6): 1-115.

i, B E K, i, 4. LR IE A I AR MY
T il RS REL) . WL, 2024, 46(1) : 20-
31.

YANG C, ZHAO G Q, HAN H B, et al. Analysis of
biological characteristics of Sardinops sagax in the high
seas of the Northwest Pacific Ocean [J].
2024, 46(1): 20-31.

FERL. UL RPN A A B R R R
JEAAR - R R AR BT E [ D). B B
Keg, 2021

Marine Fishery,

WANG L. Study on the response of major small pelagic fish
resource in the Northwest Pacific to large scale climate-
marine environmental changes [D]. Shanghai: Shanghai
Ocean University, 2021.

Bttty , WREAT . RSN L AR B T A ) MY B
FELT]. WP, 1993(4): 151-154.

QIAN S Q, HU Y Z. A study on the feeding behaviour of
Japanese pilchard, Sardinops melanosticta, in the off coast
of the East China Sea[J]. Marine Fisheries, 1993 (4) :
151-154.

BARANGE M, COETZEE J, TAKASUKA A, et al
Habitat expansion and contraction in anchovy and sardine
populations [J]. Progress in Oceanography, 2009, 83 (1/
4): 251-260.

R, RICI, Wi, 5. PHHERCFRT R v T M
I 28 3 A B S IR R O R OPIE ()], i rElin
M, 2022, 44(5): 110-116.

CUI G C, ZHU W B, DAI Q, et al. Temporal and spatial
distribution of Sardinops sagax fishing ground in the
Northwest Pacific and its relationship with environmental
factors [J]. Transactions of Oceanology and Limnology,
2022, 44(5): 110-116.

BEAL C M, GERBER L N, THONGROD S, et al. Marine

http://www.shhydxxb.com



896

Lo

1E SN

33 %

¥k

microalgae commercial production improves sustainability
of global fisheries and aquaculture[J]. Scientific Reports,
2018, 8(1): 15064.

WRVEVE , BRBT4S . JE /R JE VAL e BRI X o 74 K- 1
R T PR A= FE R R (1], BRI A, 2017, 26
(1): 113-120.

CHEN Y Y, CHEN X J. Influence of El Nino /La Nina on
the abundance index of skipjack in the western and central
Pacific Ocean[J]. Journal of Shanghai Ocean University,
2017, 26(1): 113-120.

PETATAN-RAMIREZ D, OJEDA-RUIZ M A, SANCHEZ-
VELASCO L, et al. Potential changes in the distribution of
suitable habitat for Pacific sardine (Sardinops sagax)
under climate change scenarios [J]. Deep Sea Research
Part Il : Topical Studies in Oceanography, 2019, 169-
170: 104632.

HIYAMA Y, YODA M, OHSHIMO S. Stock size
fluctuations in chub mackerel (Scomber japonicus) in the
East China Sea and the Japan/East Sea [J]. Fisheries
Oceanography, 2002, 11(6): 347-353.

e, BRRTAS, T B, AL KR BRI REEEE
173 4 A9 FE M [ C 1772014 4F i K™ 5 22 RAF 2298 3C
L. KU EDR ™22, 2014 346.

XU J, CHEN X J, DING Q, et al. Effect of sea surface
temperature increase on potential habitat of Ommastrephes
bartramii in the Northwest Pacific Ocean [C]//2014
Academic Annual Meeting of China Fisheries Society.
Changsha: China Society of Fisheries, 2014: 346.

WEe, Wi, MR, 5. FETE SRR R E AR
5 WL R o A 98 [ 5 ) 4 AR AR [ ). N A
2, 2022, 33(11): 3097-3104.

XU W, YANG R, CHEN G, et al. Feeding ecology of
Decapterus maruadsi in the southern coastal area of
Zhejiang based on stomach contents and stable isotope
analysis [J]. Chinese Journal of Applied Ecology, 2022,
33(11): 3097-3104.

Ei, B HPE, WA, &L BT H S AL E
LR BARVT iR B AL AR ()], MEHIAE A2l , 2021,
32(6): 2035-2044.

WANG J, JIANG R J, HU C L, et al. Feeding ecology of
Engraulis japonicus based on stomach contents and stable
isotope[J]. Chinese Journal of Applied Ecology, 2021, 32
(6): 2035-2044.

FOCHT, BESRAE, ARLET, A5 R T A WRIARSE W) L
EV AU RERN (4 YiOE S = A WAL S LA e =5 8
2020, 31(12): 4277-4283.

GAO Y X, SUL HZ, REN X M, et al. Feeding habits of
Saurida elongata in Haizhou Bay, Shandong, China,
based on stomach contents and stable isotope [J].
Chinese Journal of Applied Ecology, 2020, 31 (12) :
4277-4283

http://www.shhydxxb.com

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

T BT SR E AL R (R B AL il 2K 52 B
T D], L. LRI, 2015,

GONG Y. The study on foraging strategies and migration
patterns of Jumbo squid ( Dosidicus gigas) off Peru based on
thestable isotopic information in gladius [D]. Shanghai:
Shanghai Ocean University, 2015.

T R TR R E IR A I S R AR A
HEFRYGWEID]. B AR R, 2014,
ZHANG Y M. Feeding habits and trophic level of
purpleback flyingsquid, Sthenoeuthis oualaniensis based on
carbon andnitrogen stable isotope analysis in the South
China Sea[D]. Zhanjiang: Guangdong Ocean University,
2014.

k. TR ME R E IR R L T R AR S
5[0 ], L. LRk, 2016.

WANG J. Feeding ecology of blue sharkbased on stable
isotope ratio ofvertebrae [D]. Shanghai: Shanghai Ocean
University, 2016

FEaE, AL, dkdl, S TR AR NI A A B AL R
AR PR T[], R E KRR, 2004, 11
(3):237-243.

XUE Y, JIN X S, ZHANG B, et al. Diet composition and
seasonal variation in feeding habits of small yellow croaker
Pseudosciaena polyactis Bleeker in the Central Yellow Sea
[J]. Journal of Fishery Sciences of China, 2004, 11(3) :
237-243.

CARDONA L, MARTINEZ-INIGOL, MATEO R, et al.
The role of sardine as prey for pelagic predators in the
western Mediterranean Sea assessed using stable isotopes
and fatty acids[J]. Marine Ecology Progress Series, 2015,
531: 1-14.

MASSKI H, DE STEPHANIS R, LABONNE M, et al.
Exploring fidelity of Sardines (Sardina pilchardus) to
feeding grounds in the Atlantic Moroccan waters using
stable isotope analyses (C, N) and otolith microchemistry
[J]. Frontiers in Marine Science, 2015, 2, doi: 10. 3389/
conf. FMARS. 2015. 03. 00164 .

XU, sk, M, . PALRCF R AR T
F A ffs o 30 ) A5 R AE B HE 5 BRI I 7 00 R AT ST
[J]. RIEMHFEREFAR, 2023, 38(2): 357-368.

LIU S Y, ZHANG H, YANG C, et al. Relationship
between stock dynamics and environmental variability for
Japanese sardine (Sardinops sagax) and chub mackerel
(Scomber japonicus) in the Northwest Pacific Ocean: a
review [J]. Journal of Dalian Ocean University, 2023, 38
(2): 357-368.

ZORICA B, KECVC, VIDJAK O, et al. Feeding habits
and helminth parasites of sardine (S. pilchardus) and
anchovy (E. in the Adriatic Sea [J].
Mediterranean Marine Science, 2015, 17(1): 216-229.
B, R T . AR BRIR I 5 ) o3 A ik e e LA £ M

encrasicolus)



434

B S rg v R AL 3 Bl LR o N ST % R I 0K 9= e SR 897

[29]

[30]

LR L] AR R 2021, 28(9) : 1238~
1250.

XUE M, ZHU G P. Stomach content analysis and feeding
habit of the Antarctic krill Euphausia superba: a review
[J]. Journal of Fishery Sciences of China, 2021, 28(9):
1238-1250.

[ S R o R TR | N SR A GRS N
(Scomber japonicus) B W) K ILER B AFHMFE[T]. h1E
Al R T4, 2020, 22(1): 138-148.

TANG F H, DAT S W, FAN W, et al. Study on stomach
composition and feeding level of chub mackerel in the
Northwest Pacific [J]. Journal of Agricultural Science and
Technology, 2020, 22(1): 138-148.

MR, TR, XU, AF L BL A I E s R S
PEASKEARCRT ], K541, 2003, 27(3) : 245-250.
SUN Y, YU M, LIU Y, et al. Determination of food
consumption and ecological conversion efficiency of
Pneumatophorus japonicus by stomach contents method [J].
Journal of Fisheries of China, 2003, 27(3): 245-250.
PV, XI55, BkI%, 5. Eggers B & WL 28 ok S b it
MR S AR SR AR ()] AR, 2003, 23(6)
1216-1221.

SUN Y, LIU Y, ZHANG B, et al. Food consumption ,
growth and ecological conversion efficiency of Thryssa
kammalensis , determined by eggers model in laboratory
[J]. Acta Ecologica Sinica, 2003, 23 (6) : 1216-
1221

Prsest, XLk, Zesdtte | BETRUE R REOR M AR
KPR MG 2R R A AR ST (], RIEI R
#i2, 2022, 37(1): 120-128.

CAO L L, LIUB L, LI J H. Analysis of feeding ecology of
jumbo squid Dosidicus gigas in the high seas of southeast
Pacific Ocean based on stable isotope technology [J].
Journal of Dalian Ocean University, 2022, 37(1) : 120-
128.

Wi, BRI, i, 45 BT eRERE R R ML
B[ RE V5 O T S BT AE LT ). R SR, 2022, 53
(5): 1250-1257.

CHEN J, LU H J, WANG R, et al. Feeding ecology of
Sthenoteuthis oualaniensis based on carbon and nitrogen
stable isotope analysis in the Northwest Indian Ocean []].
Oceanologia et Limnologia Sinica, 2022, 53 (5) : 1250-
1257.

SHERWOOD G D, ROSE G A. Stable isotope analysis of
some representative fish and invertebrates of the
Newfoundland and Labrador continental shelf food web/[ ] ].
Estuarine, Coastal and Shelf Science, 2005, 63(4): 537-
549.

GUISAN A, EDWARDS JR T C, HASTIE T. Generalized
linear and generalized additive models in studies of species

distributions:: setting the scene[J]. Ecological Modelling,

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

2002, 157(2/3): 89-100.
HASTIE T, TIBSHIRANI R. Exploring the nature of
covariate effects in the proportional hazards model []].
Biometrics, 1990, 46(4) : 1005-1016.
FANG Z, THOMPSON K, JIN Y, et al

analysis of beak stable isotopes (8"°C and 8"N) stock

Preliminary

variation of neon flying squid, Ommastrephes bartramii, in
the North Pacific Ocean [J]. Fisheries Research, 2016,
177: 153-163.

PETHYBRIDGE H R, YOUNG J W, KUHNERT P M, et
al. Using stable isotopes of albacore tuna and predictive
models to characterize bioregions and examine ecological
change in the SW Pacific Ocean [l
Oceanography, 2015, 134: 293-303.
MARTINEZ-RINCONR O, ACOSTA-PACHONT A,

Progress in

Effect of environmental factors, fish size, and baseline on
carbon and nitrogen stable isotope variability in Thunnus
alalunga, T. albacares, and T. obesus in the Pacific Ocean
[J]. Progress in Oceanography, 2022, 203: 102786.
FLEMING A H, CLARK C T, CALAMBOKIDIS J, et al.
Humpback whale diets respond to variance in ocean climate
and ecosystem conditions in the California Current [J].
Global Change Biology, 2016, 22(3): 1214-1224.
SAGARESE S R, FRISK M G, CERRATO R M, et al.
Application of generalized additive models to examine
ontogenetic and seasonal distributions of spiny dogfish
(Squalus acanthias) in the Northeast (US) shelf large
marine ecosystem [J]. Canadian Journal of Fisheries and
Aquatic Sciences, 2014, 71(6): 847-877.

PLANQUE B, BELLIER E, LAZURE P. Modelling
potential spawning habitat of sardine (Sardina pilchardus)
and anchovy (Engmu[is encrasicolus) in the Bay of Biscay
[J]. Fisheries Oceanography, 2007, 16(1): 16-30.
LAYMAN C A, ARRINGTON D A, MONTANA C G, et
al. Can stable isotope ratios provide for community - wide
measures of trophic structure? [J]. Ecology, 2007, 88
(1): 42-48.

HIJMANS R J, WILLIAMS E, VENNES C. Geosphere:
spherical trigonometry [J]. R package Version, 2019, 1
(10).

SR, FELAZS, AL ) ARBE T L ] XL AR
W e s A S AL [J/OL ). il KA (A SRR
ML), 2024: 1-9. (2024-01-08). https://doi. org/10.
13471/j. enki. acta. snus. 2023E047.

WU Y M, TANG Y J, HUANG G S, et al. Spatial-

temporal niche of mangrove tidal gully fish in the estuary

area of Haishan Town, Raoping County, Guangdong
Province  [J/OL]. Acta  Scientiarum  Naturalium
Universitatis Sunyatseni, 2024: 1-9. (2024-01-08).

https://doi. org/10. 13471/j. enki. acta. snus. 2023E047.
MURO-TORRESV M, AMEZCUA F, GREEN L, et al.

http://www.shhydxxb.com



898

Lo

1E SN

33 %

¥k

(48]

[49]

[50]

Ontogenetic  shifts in feeding habits of orangemouth

weakfish (Cynoscion xanthulus) : from estuarine benthic

feeder to marine nektivore top predator [J]. Marine
Ecology, 2023, 44(1): e12735.
WATANABE Y, KUROKI T. Asymptotic growth

trajectories of larval sardine (Sardinops melanostictus ) in
the coastal waters off western Japan [J]. Marine Biology,
1997, 127(3) : 369-378.

TAKAHASHI M, WATANABE Y, KINOSHITA T, et al.
Growth of larval and early juvenile Japanese anchovy,
Engraulis japonicus, in the Kuroshio - Oyashio transition
region [ J]. Fisheries Oceanography, 2001, 10(2) : 235-
247.

EIFAL, FBEHE, MAEE, 5. T RS R AR EOR
R AR B A5 B TR AR AL ()], RS, 2022,
41(4): 724-731.

WANG K L, GONG Y Y, CHEN Z Z, et al. Trophic niche
of Decapterus maruadsi in the northern South China Sea as
revealed by stable isotope techniques[J]. Chinese Journal
of Ecology, 2022, 41(4): 724-731.

YASUNAKAS, NOJIRT' Y, NAKAOKA SI, et al. Monthly
maps of sea surface dissolved inorganic carbon in the North
Pacific: basin-wide distribution and seasonal variation[J].
Journal of Geophysical Research: Oceans, 2013, 118(8):
3843-3850.

LORRAIN A, GRAHAM B S, POPPB N, et al. Nitrogen
isotopic baselines and implications for estimating foraging
habitat and trophic position of yellowfin tuna in the Indian
and Pacific oceans [J]. Deep SeaResearch Part I :
Topical Studies in Oceanography, 2015, 113: 188-198.
MORELLO E B, ARNERI E. Anchovy and sardine in the
Adriatic Sea—an ecological review [M]//GIBSON R N,
ATKINSON R J A, GORDON J D M. Oceanography and
Marine Biology. Boca Raton: CRC Press, 2009: 221-268.
MOUNIRA, ALAHYANE H, CHOUIKH N E, et al.
Habitats and characteristics of Sardina pilchardus, off the
Moroccan Atlantic coast [J]. Annals of Marine Science,
2022, 6(1): 7-20.

OHSHIMO S, HIRAOKA Y, SUYAMA S, et al
Geographical differences in stable isotope ratios and fatty
acid and lipid signatures of chub mackerel, Scomber
Jjaponicus, in waters around Japan[J]. Bulletin of Marine
Science, 2022, 98(3): 247-270.

LINDSAY D J, MINAGAWA M, MITANL I, et al. Trophic
shift in the Japanese anchovy Engraulis japonicus in its
early life history stages as detected by stable isotope ratios
in Sagami Bay, Central Japan [J]. Fisheries Science,
1998, 64(3): 403-410.

W, B —, R, %L BE NGRS H
PRAEARPRAS BT ). RS, 2020, 42(6) : 36-43.
WEN J, LU X Y, YU W, et al. Decadal variations in

http://www.shhydxxb.com

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

habitat suitability of Dosidicus gigas in the Southeast
Pacific Ocean off Peru [J]. Haiyang Xuebao, 2020, 42
(6): 36-43.

HANDELAND S O, IMSLAND A K, STEFANSSON S O.
The effect of temperature and fish size on growth, feed
intake, food conversion efficiency and stomach evacuation
rate of Atlantic salmon post-smolts [J]. Aquaculture,
2008, 283(1/4): 36-42.

H . PHACICFE B A i 37 T4T A A 3t 5 % L A
Fe0)]. Lifg: BRI, 2022,

XIAO G. Construction and comparison of fishing ground
forecast model of chub mackerel (Scomber japonicus) in
Pacific Northwest [D]. Shanghai: Shanghai
University, 2022.

DEMER D A, ZWOLINSKI J P, BYERS K A, et al.

Ocean

Prediction and confirmation of seasonal migration of Pacific
sardine (Sardinops sagax) in the California Current
Ecosystem[ﬂ. Fishery Bulletin, 2012, 110(1): 52-70.
NEWSOME S D, CLEMENTZ M T, KOCH P L. Using
stable isotope biogeochemistry to study marine mammal
ecology[J]. Marine Mammal Science, 2010, 26(3): 509-
572.

P, EEIRE, AL, S RN R A K
TG AR N 2 TG MRS R [T ], WK RIS,
2006, 27(6): 33-36.

GAO C R, WANG Y G, MA A J, et al. The effects of
temperature on growth, survival rate and proteasesactivities
of juvenileturbot (Scophthal musmaximus) [J]. Marine
Fisheries Research, 2006, 27(6) : 33-36.

BJORNSSON B, STEINARSSON A, ARNASON T.
Growth model for Atlantic cod (Gadus morhua) : effects of
temperature and body weight on growth rate [J].
Aquaculture,, 2007, 271(1/4) : 216-226.

Wi, sk, shia, 5. LR AR T it
B 3 A R e 38 PR [ ). eIl )27 0 i L 2023,
44(4): 99-110.

YANG C, ZHANG H, HAN H B, et al. Spatio-temporal
distribution of Sardinops sagax in the North Pacific:
optimal environmental characteristics [J].
Fishery Sciences, 2023, 44(4): 99-110.
BODE A, ALVAREZ-OSSORIOM T, VARELA M.

Progress in

Phytoplankt on and macrophyte contributions to littoral food
webs in the Galician upwelling estimated from stable
isotopes [ J]. Marine Ecology Progress Series, 2006, 318:
89-102.

B, TP, TEIRYE, L JET GAMABURY Y 2
ZREVE AT B N R (] AR AR A, 2013, 32
(12): 3226-3235.

ZHAO J, ZHANG S Y, WANG Z H, et al. Fish
community diversity distribution and its affecting factors

based on GAM model [J]. Chinese Journal of Ecology,



4 B S rg v R AL 3 Bl LR o N ST % R I 0K 9= e SR 899

2013, 32(12): 3226-3235. food web’ s isotopic baselinein typical reef ecosystem-
[64] POPPBN, GRAHAM B S, OLSON RJ, et al. Insight into seaweed bed [J]. Marine Fisheries, 2016, 38 (4) : 364-

the trophic ecology of yellowfin tuna, Thunnus albacares, 373.

from compound-specific nitrogen isotope analysis of [66] GIMENEZ J, ALBO-PUIGSERVER M, LAIZ-CARRION

proteinaceous amino acids[J]. Terrestrial Ecology, 2007, R, et al. Trophic position variability of European sardine by

1:173-190. compound-specific stable isotope analyses [J]. Canadian
[65]  BR¥%, THL, A, 5. BfE/KIS0E s & WALk Journal of Fisheries and Aquatic Sciences, 2023, 80(5) :

PP RR L] R, 2016, 38(4): 364-373. 761-770.

CHEN L, WANG K, ZHOU X J, et al. Investigation on

Feeding Ecology of Sardinops melanostictus in Northwest Pacific Ocean in
La Nifia Year
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Abstract: Sardinops melanostictus is mainly distributed in Northwest Pacific Ocean, which is significantly
affected by climate change. The carbon and nitrogen stable isotope ratios of the muscles of Japanese sardines
from the Northwest Pacific Ocean were measured based on samples taken by the ocean—going fishery
resources survey ship “Songhang” in the high seas of the Northwest Pacific Ocean between June and July
2021. The GAM model was then used to examine the effects of both biotic (body length) and abiotic
(Latitude, sea surface temperature, offshore distance, chlorophyll-a) factors on the stable nitrogen
isotopes; The differences in the trophic niche among sex and body length groups were also analyzed in
Japanese sardines in Northwest Pacific Ocean. The results showed that there was no significant difference in
muscle 8°C and 8“N between males and females during La Nifia years. However, both 8”C and 3"N
differed among body length groups. The GAM model’s results showed that as body length increases, both
8"C and 8"N exhibited a trend of first decreasing and then increasing; 8"C also exhibits this trend with
increasing latitude; 8N exhibits a negative correlation with both offshore distance and chlorophyll-a. The
overlap rate between female and male niche is generally high, with a similar niche width between females
and males ranging from 100 to 160 mm. The width of the ecological niche varied across the length groups,
and its position changed with growth. However, compared to males, females have substantially broader
niches, ranging from 161 to 220 mm. In contrast to usual years, the La Nifia year’s readings for 8"°C and
d"N are all low. The study demonstrates that the feeding ecology of Japanese sardines in Northwest Pacific
Ocean varies depending on sex and body length, and that changes in the marine environmental elements
under La Nifia events affected the feeding ecology of Japanese sardines.

Key words: Sardinops melanostictus ; feeding ecology; stable isotopes; La Nina
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