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Fig.1 Sampling stations of survey along coast of
Jiangsu Province

1.2 MRFE
12,1 AW

W R AR 1) 4 B R AR A S 0 B i R S EA T
S A= A o R RUORT L 1R 43 0 A 1R
B B (Mantle length ) A4 i 15 ( Body mass ) #E17
IR IR KORS B E 1 mm, K SR BORS R &
1 g, LA 10 mm AR ] B RE A SEA T 20 4. X
AYREAPERIIG | XA A A B 2 i 4 1 S gt
T2 . BT HUIRARFT AR LA 2 2 emX2 em 25
FRFEH BT 5 mL B0 PR VRO (=20 °C) .
1.2.2 FRERIBLER

i A 21 7K 38 R UL PR 2 8 RV R T A
HL (Christ Alpha 1-4) H1 F-55 ‘CTf§ £ /0> 24 h.,
T8 I i 2 SV B 4% (Scientz-48 ) K L
PARE i BIF B K R o BRI 1~1.5 mg 3 A T 5

E R e SN < W=l i I VAR s o TR 4
(ISOPRIME 100) F1 J€ % 43 #1 {¥ (Elementar
Analysensysteme GmbH, Hanau, Germany) H' #f 17
Fasg R Z M E . 5 45 5 DL 6" C AT N 1T X
FOR, H A AL

8X =[(R o/ Roia) = 11% 1000 (1)
Forp: X 9 BC BN R, F9 R Al PC/2C (B PN/
N BYAEL 5 R s M B8 THE W) BT °C/C (B NN 1Y
B . 8“CAH K JH PDB (3 [H K % g0 M 11 2 &R
Pee Dee 2 )2 W 2N HUET A ) MARUEY) i, 8N
{H R RSB AR AED) BT 5 A PR e AR E [R5 28 43
T I A S S A 88 el A S B 5 SRR 2, B
20 A1 0 AL PR A 5t DU AR A 3 A4 o ) T (8 C=
~26.98%0,8'"N=5.96%0) LA ¥ HE Bk . A Fa <& [F) o7 &
(O HTAE BN 0.06%0) o Fa i IRl 2 2 75 L 1
TV R 2 Ut B R P RS T R 3 E R A
A E IR ST 2 N T .
1.3 HiEE

(1) ) FH o A6 58 X AS ] 1 531 4 5 0, 6°C L8N
(E AT 2 AT 5 R AE S B =38 AL
[\ 5 # & S 3 15 (Locally weighted regression
scatterplot smoother, LOESS) fMl& 4= & W LA Fo
[F) 457 22 {55 MR [ 19 6 3/, FLrp P9 R %0 (Span)
BWHE 0.8,

(2) FIH R SIBER #0441 b i DL -3 4
YAV 520 22 AN [ 1 ) 4 2 W o A A 6 IR, 3
E RS T8 (SEAC) A EH & K, R
LANGTON"™#& i i 5 & F A5, 0~0.29 R/ &
BRI, 0.30~0.60 F /N H &R A KT 0.60 N
FRESHEE,

(3) 3L 6"C H1 "N X A [] i K 4 5 itk
TP W Il B 3R AR A TS R
4 BWCE IR AE ST (SEAC) FIE S, Jir
BT BT TE SPSS 27.0 F A4 R 5 A

2 ZERE55Hr

2.1 ABRERMEE

AR IR 142 B4 BFEAS , Horp bk
77 WEPE 65 B8 o HETE 4 5 WU K [ 83~
201 mm (131.84 mm=+24.53 mm) , §"°C {H 7 Fl N
~19.17%0~~16.96%0( —18.00%0+0.51%o0) ;8N {H 35
FEI24 9.81%0~12.11%0(10.95%0+0.57%0) . MEtE4s 1%
ARG FE R 75~196 mm(136.92 mm+24.31 mm) ,
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8C {H 5 Bl K -19.03%0~ —16.88%0 ( —18.12%0
+0.50%o0) , 8"°N {H 71 [F 4 9.80%0~13.05%0 ( 10.83%0

+0.59%0) . M A 6] 6°°C 8N {H Y AN FE1E B &
P22 5 (P=0.17>0.05; P=0.31>0.05) , W% 1.

®1 EEMAAEAER

Tab.1 Muscle sampling information of S. esculenta

i

PR ¥HE Mantle length/mm 87 Cltke 8 N/
Sex Number/F& 372y (i bt 2% T IR T PR E R EZE FenE |
Mean+SD Range Mean+SD Range Mean+SD Range
M Male 77 131.84+24.53 83~201 -18.00+0.51 -19.17~-16.96 10.95+0.57 9.81~12.11
Mt Female 65 136.92+24.31 75~196 -18.12+0.50 -19.03~-16.88 10.83+0.59 9.80~13.05

2.2 RERMEESHEKXE

TERRUE R Z A5 I AR L R e 8P C A
54 B IR AL W ARG (P>0.05) ,6"N{H
5 Z [ A7 d 35 AH 561 (P<0.05) . LOESS i
B B, B2 R R 3G K 87 CHE I — 2 1Y
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E2

Wl , 76 MK 75~124 mm J5 A G B & 7224k, 1
125~164 mm 8 B NZEEHE/N 15> 164 mm 2 F T
6N AR Pl A A1 K i 2+, 7 75~124 mm
90 FEl NI A, 7E 125~164 mm 3 BBl AR AL i 3
P2z AR > 164mm B RSE T (K 2) 6
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Fig. 2 Relationship between 6"°C and 6"°N values with each mantle length group and
smooth fitting with mantle length of S. esculenta

2.3 BERESMNEEER

BT 4 LUK 8°C 8N (E 2 i /4 DL 37
FRAERG B 57 (18] 3) , BEPE 46 S5 W0 57 A A
Ji (SEAc=0.57%0") 5 W PE (SEAc=0.63%0") I W i
Z5  HWEEFRESMNHEES0.71),
2.4 ARERKEAEFRESAMTLE

FT8°C S NAEXS AN [FIIFHS 4 S A TR IS5y
Bro S5REW, RS SMAEAILS R 34 A ]
JAl K 2H . 75~114 mm, 115~184 mm A1 185~204 mm
(K 4), BFREBMEERES), 185~204 mm fii
218 7 A A5 00 B BE B K (SEACe=1.77%¢") , HiK
J2:115~184 mm i 4H (SEAc=0.54%¢*) , 75~114 mm
Rl 20 75 3 A 5 A 58 B /DN (SEAe=0.39%0°) (=
2);75~114 mm F1 115~184 mm i 41 8] 8 5 4= 25
{7 8 & %N 0.34, )& T EEE S ; 115~184 mm FlI
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Fig. 3 Trophic niche eclipse area of
male and female of S. esculenta
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Fig.4 Results of S. esculenta isotope
clustering analysis of different mantle length
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Fig.5 Trophic niche of S. esculenta in
different mantle length groups

F2 &LE5MAEMIKEEFESMUER
Tab.2 Metrics of S. esculenta in
different mantle length groups

k5 2151 Group
Metrics 75~114mm  115~184mm  185~204 mm
TA/%0* 1.51 2.20 1.58
SEA/%d? 0.38 0.53 1.33
SEAc/%0* 0.39 0.54 1.77

%3 AABRKAEEWEFRESM
B (SEAC, % ) NEBE
Tab.3 Trophic SEAc(%¢*) and overlap of

S. esculenta in different mantle length groups

415 Group 75~114mm  115~184 mm  185~204 mm
75~114 mm 0.39%¢" - -
115~184 mm 0.34 0.54%c* -
185~204 mm 0 0.09 1.77%¢*
T P = Ab IR AR A I
Notes: The "-" in the table indicates that the data here are omitted.

3 it

3.1 RERMEESREKXER

RS R G T, AR IR B AR R
I FRAA 2552 G I M R 037 3 SR M AN E & T ME Y
M PCTEEYM T E RN (<1%0) , HH
TR B YN AR & R A T RIS 3R
Yy Jin sl , 6" C (B i & 25 R B i B I 2 T B
N P 1 I O A8 b < B S (=P N S a3 )
5 5 b AR B KA = SN AR VE
R SE AR ) (3%0~4%0) , R 1T F TR R A= )
M8 FRAOLE Y T E IR 2 B A L
BRI SNAE™ . it X 4 LI A5
RAE A R A5 BAEAT40 0T, BERE T M 4 5 A~
AR 3 s AT S RS A AR AL HL A

TE 4 5 WS R 22 H 5 I AR A O &R 1Y
7T, LOESS 2 #T /i , Bl A A3 Kk 8 C
B EEAR , 7E 75~124 mm 0 [ N TG B E AR
Y WANG 2529 H NATSUKARI 252 By §F 5%, 4
B R 11~70 mm B AFHE ], 71~120 mm
B A B B a1, I K > 120 mm B Oy ik £
o B AR 4 S R4S 75~124 mm 75 [F
N S CABARAEAN T, R WIAFAE £ RTS8 AR
TE77 50375 B 3 15 3, BA ARG ARE ) B )R IR AT
iR IR . M4 I 3E K % 125~164 mm B
SUCH NS T P, 3X 1T RE 32 25 5 Al £ 0] 4> 2 I 1Y
W > PEAH DG o 2% 35 UK 2SR 4 5 W A T BB 4y
J AN B R A N A K R T
(12—3 ) L4 p 78 2 37 1) 7= B 4 P o e 440 (4—
57 BURLENT R I S RE (5—T 7)) R F
AR B 7= 519 3 1) 88 4 3 1 i B (8—11 1) &
A FE T R REAS (1) 2R AR B 0] Ry 9—11 A L {H i
TR [R] A 40 1 R 2 531 i Ak e HA
WE S FMRGSEE T EIUSLZH8A W
1] 74 RE 76 A9 L PR 2 2 e S e i 2007 PRI e AR
WEFEIN R K KN K 125~164 mm FIREZAR 8 61°C
(B AT BE S B 1 g A A R TE 8 4 0T il Ab A L
(e R 28 R AR . WANG 25120 5 Hofth 7k 35
L SR R I TR R AR . B
HENERAERKKE , & S0 R 2 5w
SR, R4S S )V R 7 B 0, O AE U R R
Az A v I K S AR R B . R Y R K >
164 mm Ff, 8°C {H B IR 1S K 2 9218 T - #a #,
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3 AR AR AL A £ 2SR At Sk 2 285 B
TR,

AN, LOESS fh £ 5 27 PN H B & 4 5
A 3 A e 2 8, ELAE 75~124 mm S [R1Y
TN, 22 B 2R A A Bt PR R BB 16 K
e, M R TN A, 5
e AR R G B A b BT o A A L BB B
hn, Lo 2 A B A KR E MU A RE R oK .
WANG S5 o0 B 7 5 3 1 4 5 RS TRl 60 3R
P[] A R 8N (E IE 6 45 % T AT 18 385 o iy 34
I, 4 5 Y SR KT REE SR R B AT
TEMAK KN 125~164 mm I, 85N {8 1928 kT
V2%, AT e B T e ) B A BRI B e
J1 . RESE RS B AR AR A 1 W, A AR RS E B %
M. MK >164 mm B, 8N i B 4 1%
B AT R T, 2 A ot Ao A AR A R g it £ L
A IR A FUK BE ) A R ) BRSSO
FIZG YT, EE R E X RIS Y AN
R FEs m fa2S HPlh B HRERE AR,

3.2 M EBERERESNER

HEAE A= MK 1 6°C 6N 1B BT 22 1 i 38 37 A=
AL RS S A= 4 R 1 9 5 S S b R AR
(R RE TR 55 , A= A S R WA [R] b sl AN [
FEOARIA] 1) B FRARLBE M e KR o AT SR e
T4 BRSNS E T B XS H s E
B, 7% B AL P AR A X £ 4 AT B b R 1Y
I v AR ARL, LA [R) 0 e A =X, A7 7 ol
Woe . ot SBESE R B, 2532 e A IR ]
SUECAHTC i 22 5 6N ME 2 /N T 1AV
G, X FWIME HEAS UG S TR [R)  BR B B
SERAERL . AT M 4 S R AR A TE
i (SEAc=0.63%0") B K T I Pk (SEAc=0.57%0") ,
AIHE A T E A AR P e SRR
DI A2 AR BT oK o AL B AE HoAth Sk 2
(BT I 3] 3
3.3 AEXEMEEFRESMKTK

38 o AR E [ 67 Z B AL TEAS AR W 1 3 57
A AL, AN AT FRAEAS [R] 445 (8] 79 AR BAE FH G
Z, I HLAE EDUL R MRS 7] & B B Be B ok R
FVE FEAOT- AR S AR Ao AR
TR R R AE X A ) < 4 S itk A 7 SR 2
30T, IR RN 3 AR 4 (75~114 mm .
115~184 mm 1 185~204 mm) . HLIE B 45 F iy
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2 E RSN BN, 4 S E IR RSN
Vi I B B AR & BN B K . ROSAS-LUIS
SEUTIRIE Y e B BT AR AE Vi 2 A RN LI B R AR
W RS M E MR KR ET EA
[vi] [ B 1T 48 & 18 . WANG 2520 % BT 250
PIBFFEZE 5 o 4 5 WA AfE - I i 30 R TR A
JIN VUK RV £ BB T 3055, ARV R 7 B0 3 B S
A, B LU s BN R S 2O £, R I
75~114 mm & F2 A AL 0E LR/ o 1 B 2 AR 7
FIAR S AN AR e, DIV ol £ 30 1o 96 25 i £ 3
1) 4 2 R ELAT B 5 1 i UK BB ) FNA B RE T, Bk
MR AR AR T I i 1) B A 7 T I £ ok
PG R R, KIS 75~114 mm K ZHAH e,
115~184 mm {9 & FAE SO ALK, H = #1F
EPFES, X —IREHLM L R T
WA LRI 185~204 mm A K 2H 114 4x 12 W A
BT A 2 A Wi A B AT TR Y 3R A A B
B, HEFRAESMNESRRN ., RIRBE LKW
A A BB A% T 52 I bR A S M AT =

JZ R EAE LB AR LU R Ak, 75~
114 mm K 2H 5 185~204 mm 22 [8) O 5542 547
B, R WATHE 5 (R A 55 K 1) Wl fa e i Tk e
AE I EEA R EER —HEHLAARRINE
PELE . FANG ZEPSHF 58 A, AR AT AR g
BB AE RS E R R AE AE SR AR A7 1Y
1 22 50T RE BB T A Bl o v D B R S A O
& 5 2B AR T R IR — b [ R . R
AN N & BWA R & B IS RSN
M RAME R T AR ) PG AR I A A7 SR I 1
PRI RIVE FHZE R

4 ZpHEY

(1) 4 L5 8" C {RLAY A8 1 2 A2 [R) o 3R AR 2k
(LR < % I 9 A R ) o T 6N A PR A2 A =
TR AR R

(2) S ARV P < 5 WP 6 97 A A o7 g P
B, WEPEREMAE I A A T8 BE IS R T MM . Sk
A TR B % IR A 22 [ 1 B DR AT
7 FH B s BE AL, HEAE AR A AT B A B A
REHRER R

(3) AR A & B BEAY 6 5 AR 5 IR AR S
HAH W28 5 o AFHE 1 - S0 R #8300 114 4 4 {2
BN Wik Al 2 e s, B IR A AL T R
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(4) HoA Sk SR SERIARSCHIFTE R T, LA B B Ak

HUFT 5 8°C SN R A 22 5% IR 2 R
EVERFTE RIS RGO ROR G R R, 4
JE o3 AT 4 S5 UL PR B SRR RE RIS 3R I I i e o
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Feeding ecology of Sepia esculenta in Jiangsu coastal waters based on stable
isotopes analysis

ZHOU Minhua', ZHANG Hu?, LIU Bilin'*+*3

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Jiangsu Marine Fisheries Research
Institute, Nantong 226007, Jiangsu, Chinas; 3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,
Ministry of Education, Shanghai Ocean University, Shanghai 201306, China; 4. National Engineering Research Center for
Oceanic Fisheries, Shanghai Ocean University , Shanghai 201306, China; 5. Key Laboratory of Oceanic Fisheries Exploration
Ministry of Agriculture and Rural Affairs , Shanghai 201306, China)

Abstract: In order to further understand the characteristics of the life history of the Sepia esculenta population
in the coastal waters of Jiangsu, the feeding ecology and nutritional niche of the Sepia esculenta were studied
by using the carbon and nitrogen stable isotope analysis method based on the samples collected in the coastal
ports of Jiangsu. The results showed that there was no significant difference in §”°C and 8N values between
male and female populations of Sepia esculenta; There was a significant correlation between them; the
nutritional niche width of male Sepia esculenta (SEAc=0.57%¢") was not significantly different from that of
females (SEAc=0. 63%c°) , and females were slightly larger than males, and both are highly overlapping
(0. 62). Isotopic cluster analysis showed that Sepia esculenta individuals could be divided into three mantle
length groups of 75-114 mm, 115-184 mm and 185-204 mm; The niche width of the 114 mm mantle length
group was the smallest (SEAc=0. 39%¢”) ; only the niche overlap rate between the 75-114 mm and 115-184
mm mantle length groups was moderate (0.34), and the niche overlap rate among the other mantle length
groups was low. According to the analysis, the change of 6”C value of Sepia esculenta was mainly affected by
the isotope baseline value and the migration pattern of Sepia esculenta, while the change of 8N value was
mainly affected by the feeding effect of Sepia esculenta; the height of food resources and habitat utilization
between female and male golden squid groups were highly similar; Sepia esculenta at different developmental
stages had obvious differences in nutritional niche.

Key words: Sepia esculenta; coastal waters of Jiangsu; stable isotope; nutritional niche
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