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FEfh, STASERHE YIRS RT 45 AN LRAWF S (0 28RE L], SRATRR . U IR BB AR I T B i R e Rl 6 6 LU A
Xof B B A TR RIS 1 BTR LU AT TS, SRR M L IR AR R A A B B SR AR R
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HARRE YRR A TS R, B Bk
HAROL, RS RGP T A E . W
TR AA BRI H A 2SR A 1 TH AL —— & a
B2 Er kA 2 0 T A B,
e, KA E &P s ARE LSS B A B T AL Y
PURA= i 5k sl R B 5, ok S B A
TR, MELAPA AR e R
PG, AR R 858~ PR BIE S8, HLFSE 4 R
2 A R M DL A L SR A S A

Bk SRR RE [R5 3R I A H AR AT LUAT 8% v e 18 5
Yror Hrik A A2, AE B A I ] poy 48 B0 1 O,
FEB S 2 07 A= DRI R RO AR B G R BB A 7S
ARG RER ), RS E R0 R LR T
T AR E IR R, RASE [R5 FU(E R Ik
TS A B IR Vr L B AR E W)
(R BORXT B FE A ) P BB SR R AF AT T
GOl RS B A A BT Rl UR E [
FERBAR T T BN R BRI B 0k, 5 T E
TR RV W (735 I8 sk R, BT TR Ik
WS AL . 15 F 5 R R A A ) 2 SR
I, — 20 WA AR i i A S R GE R W R P Y
A S, o R A i T A AR T I, T A
S RA A EEAR L, WOy S B
TR 5 5 B B AR 22 i dl

1 #MEEFE

1.1 HRXESLE

FESR IR T 2017 4F 9—11 AAEMEEIHITHY 3
N1 R S S N 9 I B S |
H LB BT R SRS RARAT T (0] S
AT AN S T AE 2= I, B IO AL TE R
E [RE 2R A RE o TR IR ) FH K LRSI, 7 i
S EOK TR, H KO 3K 3R 3 B R AE,
WSO T Uit A 0 T P B R 28 TR 58 (450°C TR K e
6 h) [ B B £ 4k JE I (GF/F), LA ZBRA HL2 R
M KR TRUEAE Y 43 A 20~100 pm A1>100 pm 2
AKiAR; FRIESIYI43 8 100~300 pm ., 300~500 pm
F1500~1000 pm 3 A%, B EURBEAE T 120 B2,
NEKAEH N 78~198 mm, UL 10 mm Fyia] b, HH4R
B854 10 MAK2H (<80 mm . 80~89 mm . 90~99 mm .

100~109 mm. 110~119 mm. 120~129 mm. 130~
139 mm. 140~149 mm 150~159 mm HI>160 mm),
[ oRAE TARBE P RESE T A RIFPZE, Jt 51 M
di; DASOF R FLARI A AR 0 SRR AT 45 AV RRSD

FT A RE S SR sk T e, A2 AL
R, BRRIUE AL, k2 ZIBURA LA o # 5
BYRAVELLT BT 60°C LA h AL 48 h B H L, il
FHIR A BUBR B8 A (Retsch MM440) 78 43 AT 1 i by
KRIMABEE W (B S f5=1 : 2)F85r [ 12 h,
TEELOHLLL 5000 r/min A5 ES . 10 min, 8] %
VW, FEE T 3 RAEEUNE, DUEYT S0°CHE
TR REE, B R LSRR R R T
1.2 BEYMAMMEERMESHT

FILHBUE ) et B U 120 RRARER H &9
HEAT AT, IR T RE S E B AR 2B ot . R ]
(0 1L pred ol W% By N2y WA 1 VA ) TR e
AT o BB JS R AR U RE J5 3% A Tso Prime 100
Fa e Rl 5r 2 L A5 43 B T35 4% (Iso Prime Corpora-
tion, Cheadle, UK)ll &k . F A R £ HlE .
2 R LR R E R & H(E (8 C) MR R TRl 3 &
FAE (B NYE R FR:

8 X(%0) =[(Rsample/Rstandara)—11%1000
ZT‘«EEF',X:,FE 13C g‘z ISN,R %ZT_\‘ 13C/12C g‘z ISN/14N E"J
U o S PRIE S 06 45 SR G 13 R i B, [
10 NFESL, B 3 AMFRiE S, SR E BRAR E &
USGS 24(—16.5%0 v PDB)FI USGS 26(53.7%0 v N)
SRS ERE . FRAERMAIE, §°C M 8N S b
JE 551K 0.102%0F1 0.097%0.

K SPSS20 X #dlE it A7 g itrHr, IR
Pearson AH /M A I AR EE 81°C Al 6N (5 LK
RGP,

56 Shapiro-Wilk . Leven ¥ 36 RE A $icdi 14 3
MR, SRIGAREREA () IE SR 2551, R
FHEA D & 7 2231 (one-way  ANOVA )G 6 41 5 4%
PRIRRZE 51°C F1 8N (B S A7 e Ff i) 22 5, -k
— 5 H Tukey-HSD 43 #1 %f i [] 22 S PR E AT T £ 8
FeE o #r . Al 3 F Bayesian 1A A Y ) £ 42 [
1 2 5 BT (STAR) T AN [R) R A W 7E AR BR AR B v
f ok b 2 [l SR F PRIMERS.O 8 4E 64T T
BARDHT, W5 T 4 A 450 68 10 TR 5T kR
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SRR EE MDS AR 7 Mo T 4R B8 F 45 Fh
206 8°C F 8N {1 f AL
1.3 EBMUEEMNEFRRSH

Wit RiE S (4% SIBER L) §C F1 8'°N {H
3R PARAR, 2 AN TR SR 2 R B A Ak
RS R 2R LU AE O 1B, I8 A5 4E Fr FRl A
M B AL TA (total area), DAFEHR TA K43H7
AN TR A 4 AR B 1) 75 35 A A B8 AN AR A
§[20-21]O

WEREFRR(TL AT R AT

TL=( 8" Neonsumer — 8 Npaseline ) / A8 N + 2
1, 8" Neonsumer 278 G AR B8 U RE [R) 107 2
0" Niaseline 76/8FEMEA W) 1) R REE R R (H, 1R
ASHIF 5 I R PO ST 27 T Sl 0 b v A W AS TN Sy
BRPAGHR SR — D EFRRE AR E %
{8, ABFFTHL 3.4%0,

o A B2 26 &
2 HR55
2.1 SREEBEWHNSIRER ML E L EHHE

YA B8 £ N 2 P A A R A JRRRR %) A IR A
R FLEE, A Z AR E TR S, M
FOBR A RPN ARG T 120 FRARER
FIEiE M fLiE, KMALEHEREPEEREDN
figh Fr, R 22 1 0 8 TN AR T 2 28 I SO B
B/ BRI, TOIEHE TR RS

i ARG E ML R At (GR DR B4R ER Y
81C (BT N—19.50%0~—14.85%o, P-4 H3(~17.18+
0.84)%0, Jix K 2ZEMH K 4.65%0; 8N {H i [l Wy
11.55%0~14.77%o, ~F-¥418 4 (13.30+0.60)%0, fx K
22{H M 3.22%0., Pearson AHF/Hral SR 01, FREE
() 8°C (5 XK ATELE 35 AR X1 (7=—0.03,
P=0.71); 8"N {H5 XK AFAEN B AR E, (AAH
ORI 2 55 A 2K (,=0.26, P<0.01)(F&] 1)

F1 REBMER. ERERMRIEE
Tab.1 §"C and "N values of Pampus argenteus
XK /mm ST 3'*N/%o0 3"C/%o
size class number YLl range SEIE AR EZE ¥ +SD YLl range SEHE AR EZE ¥ £ SD
<80 3 12.27~13.40 12.87+0.57 -16.60~-15.84 -16.18+0.39
80-89 12 12.99~13.82 13.24+0.64 -18.20~-16.38 -16.78+0.75
90-99 24 11.55~14.06 13.22+0.72 -19.39~-16.10 -17.03+£0.87
100-109 25 12.29~14.21 13.19+0.64 -18.91~-16.22 —17.4+0.68
110-119 16 12.48~13.97 13.23+0.48 -19.5~-16.46 -17.3+0.72
120-129 12 13.12~13.92 13.18+0.48 —18.51~-15.82 —17.79+0.83
130-139 10 13.01~14.77 13.63+0.28 -17.65~-15.94 -17.59+0.91
140-149 6 12.85~14.02 13.62+0.65 -17.45~-16.28 -16.92+0.66
150-159 5 13.23~14.37 13.49+0.52 —17.58~-14.85 -16.82+0.46
>160 7 13.00~14.37 13.75+0.50 -18.20~-14.85 -16.58+1.07
15¢ . —147
-151 :
14} RIS
=16 o .o : . . °,
e 3 . o
E\Q § 0 . - :: ° e o o0
z P R B Vst
g 2=} 18t o..ﬂ ‘o® :'..:.1 . ‘ .
12} : y=0.0059x-+12.646 1ol . y=—0.0013x-17.026
R>=0.0571 . R*=0.0014
11 - - - - - - 20 ' - - - - -
70 90 110 130 150 170 190 70 90 110 130 150 170 190
X &/mm fork size M 4 /mm fork size
Bl 1 HRERRK . AAEFNAR LS LR MER

Fig. 1

Relationship between 5'°N and 8'°C value and fork length of Pampus argenteus
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2.2 SREBEIERIF A TEAER

BLER T RETEDRHE Y 8C (T8 Bl H—22.04%0~
~16.51%0, T KZEMH N 5.53%; 6N {476 F N
6.52%0~12.47%0, ExKZEAHH 5.95%0 HH I iFs)
VI 8°C (AR, HETEAF(Acetes chinensis)i
SUC {lfems; PRI SN HERMK, HARS
W (Loligo japonica)iy 8N {H (3 2), HHE
J5 22 T AR R 81N Al 8 C (EAFAE
e B 35 25 - (F=25.47; F=18.02, df=11, P<0.01), i
— ARG Tukey-HSD Ki 5 /A4 SRR, 6 MR
WEHRZAS | AN RDRE AR 2 i sl ) AN [RDRLAR V7 it A )
fRI2H N 22 3R 18 35 (P>0.05) . H4fE SIAR i34 1H

FETTRR R A AT IR, T EA R 8 C
HF 8N [l 2 5 .35 (P<0.05), KL, B2 uF
FKMTEEAED) . RS B REIE N B
SRR, LA T A o BT IR B A TR AR 2 1 Bk
. M4 SIAR A SR AT (B 2), HRERR) E %
BTYRIRMERZE, HBTEE R 11.52%~57.49%,
S TIRRR A 35.03%; HE i EBEF, HBTHk
RN 13.52%~42.82%, F-IITTHkE N 27.87%., H
bR BT R 25 N = BRI Ol B A S0 77
Ui A ) RUE U B W, T R R [ 4y i R
6.41%~42.57% . 0~21.33%F1 0~16.21%; V-1 5Tk
RIPHN 23.29% . 8.08%F1 5.77%.

w2 REEEAEMOK,. RREFMELE

Tab.2 &"°C and 5"°N values for potential preys of Pampus argenteus

HEFE prey item FE A E number STN/% §7C/ e
FHMEPRIHERE X +SD FHMEPRHERE X +SD
I EFHEF Acetes chinensis 3 7.61+0.53 —16.63+0.43
¥F2& decapoda 25 10.96+0.48 —16.94+0.75
HIRKEIF Palaemon gravieri 5 11.43+0.39 —~16.79+0.40
HHEWUF Crangon affinis 5 11.19+0.27 ~17.410.42
i SR Alpheus distinguendus 5 10.97+0.38 —-16.51+0.70
& TREXT R Trachypenaeus curvirostris 5 10.88+0.38 -17.01£1.00
H ARG Alpheus japonicus 5 10.23+0.17 —17.15+0.81
ENF Leptochela gracilis 4 11.11£0.26 —-16.75£1.06
HARM S, Loligo japonica 5 12.47+1.03 —17.85£1.46
IFEAEY) phytoplankton 3 6.52+0.40 -20.00£1.53
TFUFHIY 20 um 2 6.33+0.34 —20.53+1.72
IR 100 pm 1 6.88 -18.92
3% zooplankton 6 8.70+0.63 —22.04+0.66
100-300 um ¥Fi7sh4) 2 8.27+0.31 —-22.37+0.51
300-500 um VF SN 2 8.41+0.68 —22.47+1.25
5001000 pum 77 i 5h4) 2 9.43+0.86 ~21.28+0.19

Xof 2% S 21 AR B PE R DT RR A T IR 2R BT 3R
BH, Bt SO 14 AR B8 00 £ W 20 AR AE — i 2R Ak
(#l 3). MRPEALIE RECTIGAR RN 10 K4l
438 3 A, 3 AR EABPE R RO 93.33%. 4%
1 204045 80~89 mm 1 90~99 mm W K4, #H
LIERECH 99.31%, TEEBIFMTTERER K, K
31.90%~32.07%; VF i AE 9 F 7T Ui 3h 4 /Y T kR
/N, AR 7.22%~7.47%F1 4.66%~5.13%. 45 2

ZH4UF5<80 mm. 100~109 mm. 110~119 mm F
120~129 mm 4 XK 41, R RECN 96.03%.
SR EPEEIFMTERE TR, H 20.54%~
26.56%; TF-UFAE YRR S W 0 ST ER RIS N, 4y
1R 10.35%~15.55%F11 9.16%~14.62%, H.A/NF
<80 mm ZH Y 17 A A 00 R i s 1 TR A
%3 G 130~139 mm. 140~149 mm. 150~
159 mm F1>160 mm 4 K4, MEERECHN
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Fig. 2 Contribution of each prey group to Pampus argenteus
The different gray level boxes represent the 50%, 75%, 95%
credible intervals, respectively.
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Fig. 3  Cluster analysis of the contribution of each prey
group to Pampus argenteus for each size class

95.29%, JIK)/ZIF M TTER R R K, A 31.03%~
33.56%; HAM LM TTERRIG £, h 27.03%~
30.36%, B T HA AL, 77 R 0 RN i B
PISTIkR R R, 20508 7.19%~9.91%F1 7.20%~
12.22%.
23 REMNESHERESERS

R T FEARFEAS B X 25 R R, 90~99 mm
F1100~109 mm P> AL A5 BEVLEE T 15 4
i HEAT B IR SN o X E SR AESNL TR A
X E R, TA)MT(E 3)FR I, FRERA K 41H
FEAEBN TR E TR, 78~198 mm XK yE 4R
B8 1) 5 3% A 250 Bl SR ) 78 A7 T S 3 R D/
MIHRFIE, 90~99 mm ALY AE B SE IR R R K,
i I 128 T U N o X SR A A A A B (8] 4) R A,
BRBR A R EFAESAARL, EBMAERZE
[ E

#3 ARIXKEARBWERESHITER
Tab.3 Trophic niche width estimated for Pampus ar-
genteus with different size classes

A R 8N/%e  ZEIE 8°C/% KA R
class size  8'"°N range 8"3C range total area number
<80 1.13 0.76 0.34 3
80-89 2.22 2.46 2.14 12
90-99 2.58 291 3.65 15
100-109 2.49 2.93 3.60 15
110-119 1.92 2.70 2.45 16
120-129 1.49 3.04 2.72 12
130-139 0.80 2.69 1.39 10
140-149 1.76 1.72 1.00 6
150-159 1.17 1.16 0.64 5
>160 1.37 3.35 1.52 7
15¢
& :
“° = © 80—89
14 +
5\3 © 90-99
o ©100-109
;é 13} ©110-119
& 120-129
= © 130139
H 12 + 140-149
B 150159
® ol >160

20 19 18 -17 16 15 14
A% R LB/ %0 8°C
Fl 4 ANRXEKHABREREFESNES

Fig. 4 Trophic niches of Pampus argenteus in different size classes

HRIEE IR T AT H it AR R 1 8 7
FKIu RN 2.84~3.79, K E IR K 3.3540.18; 4%
NKHEFR AR 3.23~3.48, X K{EH

<80 mm MR ERE F P AR, HEWEFERN
3.23+0.17; XK R>160 mm A4 685 5 9 5 a,

HORYE SR N 3.4840.15, Pearson FHK/HTR
HH el v R BE Y IR S K & OE A O (r=0.26,
P<0.01, n=120)( 5).

| n=120; %+SD

0 1 1 I
S @ Q,qq \@’ \0 \f\?’ Pl \@ \‘3 &
°°°°’Q°®'»°/%°v6°7
N N NN

X &/mm fork size

K5 25 SURKARERAYE IR

Fig. 5 Trophic level of Pampus argenteus with different size classes
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24 WiBARETER. BRRERMRILENEER

K FH PRIMER %14, VA Bray-Curtis AL 5
BURREZ: 6 MDS [, s ) Z % (stress) A 0.05,
Uil MDS EIF] FE S 88 5 25 A e Al e 2
R AU . B 6 Won, HREE S R Bk fig
(Thryssa kammalensis)H) 8"C {1 8" "N {E AR L1
e 5 PEEE (Konosirus punctatus)'5 i JZ 1R 22 1Y
§UC HA SUN (MMM R, PRI R M
(Chaeturichthys stigmatias) . 7~ %2 i & UF j§ fi1
(Amblychaeturichthys hexamena) Fl T § Vb T 1
(Sardinella zunasi)i) 8°C {E A 8N (EAIIEE R

INLLELRIT 8 f1 Amblychaeturichthys hexanema Stress: 0.05
i

.
FH> T 4 Harengula zunasi 2 Engraul.is Jjaponicus

LIS decz;poda

.
T RAF R Chaeturichthys stigmatias
" S I Konosirus punctatus

H 2 515 Loligz; Jjaponica

Kb Saurida elongata

B3B8 Pampus argenteus
FREBRIR Thryssa kammalensis

L]
1E85 Lateolabrax japonicus

Fe R %fifa Johnius grypotus

K6 TR S7C 18N {HAY MDS &
Fig. 6 MDS diagram of various kinds of
based on 8"°C and §'°N value

3 itig

R R AR A B I R 5
PRI AHAE B B — PR, 5 A B RIESSW . &
BHEYIHE MR IBSNSIE SR L RE RS, M
5 R 0t T2 R, /DN, R RGN, £ A2
PR R B P O 2RRE, M ZRE AR E | TR AR
G 2 HES A 3 A G, AL/, SR
59, HEAIREL, IR &R B A nFE
ks REZEE B aE7E I i Ab B 2 F 4R R
WY ——M T H R WA R G i i AR
MIAE T, TR RE 73 Wb 5 M B LA 35 43 [R) A 1) 43 i
Y. WERZAAH 600 THI]HH, H 5l
(Sphyraena pinguis) . fif(Scomber japonicus) . 173

ft(Trachurus japonicus). Wi|f#%(Decapterus ma-

ruadsi) 55— R H BB, MRS . BRI

BRI A . IR L, ARHE M AR B
(R AN 25 RN Th 22 G0 25 40 IR A L H B~

B AE AT — RERR A0 4 ) —— i ) 42
Bkl B R RO, WL BEAR IR, #ENA %
A ERIR A OB LIS, AR JOIR R 18T A T IR /)N
P B3 T i 1 10 00 9 740 B i
BEAR SANWFFES0HT T 120 NREB (0 B S Wk, 2
WLER E B B IR, Toik i T 50 5 T
7 E MO E SR, B AN EEIR,
fife i) T AT UL IR S AR A, R T AT L
/b i 5 s S B VR WAL A 5 T R T DAL R R /)N
Be, R AT BRI AN, Pati® TN
PR EE 1805 NMEEMIEAT T B &W b, k£
BEDBEHAC IR, FRYEYEE I Fh . Abdurahiman
i AT BT 417 AR B T 5 W0 40 BT 4 SR B 2
THAELSCRY & T B WA AR R 47.6%.
A LRI L, FEAZ SR04 B 0 53 B vk 0T 5 R 6 1) 5%
AR E R, ML T, e ik A& R % 5
BT A AN BE S B 25 5 3 A6 I S0 U DA %5 5 i 2k,
i e S R R R A B B Y DTk . O R AE—
ERRE LR TG E S A 2, & —Fh
AR AR BR R ST MR ik . RIS HA
RUBE A > M 2 i R TR AT HL B9
Ui 1 30 SIE BT 5 205 SR A B 12

AR B8 ) B SRR TR 26 LA R AE 434, i
¥ 78~198 mm HERMY §°C (HTEFE }—-19.50%0~
—14.85%0, it KZE(H N 4.65%; 3N {H 3 A
11.55%0~14.77%0, T KZE(HN 3.22%0, #3121 H
2200 2 (9 7R 18 80~150 mm 418 5 A ZRUR& A2 [
P2 HUAE (8" C (B TG S —19.64%0~—17.46%0, Tt K
Z(E N 2.18%0; 8N (LA 7.30%0~9.66%0, it
FIEMEN 2.36%0) 178 MR BT K 31X 3 BH i AR i ]
REEE RO T, BRIGTE R 2% B R A
A, HAESREEYMNEFRY R Tk
U5 V7 AR 0 AN A MR TS LAA, 34 R TR 3 ok ]
DL A R Bl R T, 3 R A Kl R 2
W EYEE R L E E, ATRETE b R BN AR
R B R AR TR 2 H A

ANTRIBIF 5 3 % R 45 1 >0 M (W IF o 25 SR A7 1
BRES ., RH5EE N ET Bayesian RS HRIAY
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%26 &

Fase M Z oA B, W IAE AR 0 O 2y i £ 2
FEFEEIRMIFSE, PEBEF, HAW S, 77
TR AT IS, B DTkR AN 35.03% .
27.87%. 23.29%. 8.08%F1 5.77%, -+ HizE12]
M o 3 T 5 ST TE B R ) e WA R A AT R,
ARUER O E TR AT . KBRS KRR Sk
R ATHEA AR, B vTEk R 4 Bk
57.0%.11.8%. 8.4%.7.1%. 5.0%7F1 10.7%., Dadzie
SR 8 & W 20 v 3o BB K B R R
HRBE(135~315 mm)HeE RS T TS5, &K
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Trophic levels and feeding habits of silver pomfret Pampus argenteus
in the Bohai Sea
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Abstract: Based on 216 samples (120 silver pomfret Pampus argenteus samples, 51 prey organism samples, and
45 fish samples) obtained from three bottom trawl surveys in the Bohai Sea from September to November 2017,
the stable isotope ratios of samples were determined by carbon and nitrogen stable isotope techniques. The con-
tribution ratios of the various types of diet were calculated, and the characteristics of feeding habit, trophic level,
niche breadth, and niche overlap with fork length were evaluated. The accuracy of the study in terms of the feed-
ing ecology of silver pomfret based on the stable isotope method was confirmed by a comparative study. The re-
sults showed that: (1) the 8'"°C value of silver pomfret was —19.50%o to —14.85%o, and the average value was —17.18%o,
which was not significantly correlated with fork length (#=—0.03, P=0.71). The 8"°N value of silver pomfret was
11.55%0—14.77%o, with an average of 13.30%o. The correlation with the fork length was highly significant, whereas
the correlation intensity was weak (r=0.26, P<0.01). (2) Stable isotope analysis (Stable Isotope Analysis in R)
based on Bayesian mixing models was applied to calculate the contribution rate of each prey item; the results in-
dicated that the silver pomfret is an omnivore, and its main prey is benthic shrimps, with a contribution rate of
11.52%-57.49% and the average contribution rate was 35.03%. This was followed by Acetes chinensis, with a
contribution rate of 13.52%—42.82% and an average contribution rate of 27.87%. The contribution of other prey
items was from squid Loligo japonica, phytoplankton, and zooplankton, and their rates were 6.41%—42.57%,
0-21.33%, and 0-16.21%, respectively. The average contribution rate was 23.29%, 8.08%, and 5.77%. (3) There
was some change in the food composition of silver pomfret as the length of the fork increased. The nutrient niche
breadth of sliver pomfret tended to increase and then decrease with the change in fork length, and the niche
breadth of the 90-109 mm fork length group was maximal. However, the nutrient niches of each fork group were
similar, and there were more overlaps in the niche. (4) The trophic level of Bohai silver pomfret was 2.84-3.79;
the average trophic level was 3.35, and the trophic level increased with increasing fork length. (5) The MDS plot
showed that the similarity of the 8"°C and 815N value of silver pomfret and red nose anchovy Thryssa kammalen-
sis were the highest; the 5"°C value and 3'°N value of gizzard-shad Konosirus punctatus and benthic shrimp were
similar; the 3'°C value and 8'°N value of scaled sardine Sardinella zunasi and gobiid fishes were similar. In this
study, comprehensive information on the trophic level and feeding habits of silver pomfret was obtained from sta-
ble isotope analysis, which was significant for building an end-to-end food web and for the study of its dynamics in the
Bohai sea.

Key words: Pampus argenteus; stable carbon and nitrogen isotopes; feeding habits; trophic level; niche breadth;
the Bohai Sea
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