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HEAT T 213 7 P9 JU 46 T 80 e 10 il 7 4 D)
Lh, i A3.0 kno X4 19 3E Y HE 1T Fp 28 48
FE L TPECRIBRE, AR B M 4R B RD K 1
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A, 0" Nognsumer A BIF 7 £ B 11 50 R 407 28 LG AE
0" Noasetine M I AE W A IRIML R AR, T T
5T W AR BTSSRI AT O, A S R A
WHCH IR e A Ry, AFEME L
HH6.14% s RILL AV AMIHTE, VR
25 ASUNR— A EFRREAFNL RN & EE, @
B AE3%0~5%0 , AW S MPost!" Ay Ik, HL
3.4%00 AW I 4B IR PR INKE A0 25 R IR 57
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HE R AI(TL>S),

TR B FRR(TL A
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K, TLERRFIRIME TR, YRR
ARE R, YRRmAFIZE M SR T

K H . E 7 2901 (One-Way ANOVA)KS 56
Fofr [ 00 T 4 (] Btk RS W) R L E A5 0 25 575
SR FH 26 M 0113 43 A7 8 3R RS R K B I A oG
Mo SRAISPSS 16.0 B A HEATHE T 00, B AR
4 P<0.05,,

2 FHRE0Mr

21 BAFENRBEM

61 FI8 I JLUETE th 26 R FI3SHR 12 . IRITHE
SEIRRW, 61 U7 1LV 0 R TR n AL H b Dy
W) 415 85 (Cynoglossus joyneri). Bz ECnY &
N 227 B RR M
AR AL R R £
21 2F 2 £
(Odontamblyopus rubicundus)fl H I it
(Argyrosomus argentatus), i6H KR & 1)
86.42%, INJRJZMAE; 8H B H MR /K
fti (Lanmichthys polyactis). ¥t #(Clupanodon
punctatus) . ZREEth (Chelidonichthys kumu). % W)
2 Wiy . 7N 2207 R R R R B B (Thrissa

if%) ¥

(Johnius belengerii) .
(Amblychaeturichthys hexanema) .

(Ctenotrypauchen chinensis) .
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kammalensis), 58 B3 H1184.90%, H 12
i1 2 R 2 028 23 1) o S i 3R 19 25.77 % Al
59.13%. 5 7R85 111 24 F A0 4 fa Tl 24 ol 25 30
K, Bray-Curtis#LIPEFE B A 14.88%( 1),

R B R LB A HF1E

61 L1 T 30144 i i B A e Rl 67 & Ll
H(F22), ORI R Yo"  CH L F H—20.66%0~
—17.53%0, KA 3.13%0, 45 Fh2a] ik E
[F] o7 3 LU (B A7 7 i 35 25 5% (F=8.203, P<0.01),
Duncan# & M8 A B A S5t Rl iy 6 CHE 73
3, MR M LR o 5% £ (—19.49%0+0.69%0)<
FEWNLLE i R G it | 7S 2208 R R R
Ui £1.(—18.97%00.48 %0) < AR A FL BB FE F1.(—17.77 %0

2.2

0.16%0) . OFP LI Ah Ff 1 6" NAE Vi Bl 247 10.86 %0~
15.47%0, KM #4.61%0, 5 Fh2M0E E FaE [H
1 2 U AE A 7R i 3% 22 57 (F=37.077, P<0.01),
8 LT T 3334 M B AR e R &R L
{EL(F3), OFP {3t Fl i) 6" CEYE B S —21.06%0~
—17.33%0, B ARAZE3.73%0, 5 Fh2Ia]5FE & [F]
0 & FU(E A7 7E 1 3% 22 5% (F=38.723, P<0.01),
Duncan [ £ 5 5 il AL B i 6 CIE 4 M
AL, MR R 7S 24207 R B £8.(—19.76%0£0.37%0) <
JINTE A0 TR SR (—19.11%020.47 %0 ) <& 8 111 11
S T 75 185 (— 1 8.36%0+0.35%0 ) <BE 85 (—17.82 %0+
0.25%0) o 6B P F A 1) 6 NAE 5 9.4 0 %0~
13.10%0, I KHAIZ3.70%0, 45 FhS 6] &5 E [
L FR HHARAFTE 1 35 25 5 (F=21.209, P<0.01),
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Tab.1 Dominant species of fish community in Laoshan Bay during summer
K 6H June 8H August
species W% N/% F/% IRI W% N/% Fi% IRI
LWL E G C. joyneri 38.03 30.23 89.47 6107 4.07 5.12 66.67 613
Bz IRk f11 J. belengerii 28.36 26.36 78.95 4320
INLLT R A shexanema 5.09 14.35 73.68 1432 0.81 1.92 55.56 152
HHAERIFLERE . C. chinensis 1.89 13.69 78.95 1230
AR O. rubicundus 8.22 7.24 31.58 488
AUk A argentatus 4.83 0.68 26.32 145
/N L. polyactis 35.72 45.95 66.67 5445
PL#E C. punctatus 25.09 18.84 55.56 2441
g C. kumu 18.53 6.27 50.00 1240
FREBEEE T kammalensis 0.68 3.62 44.44 191
*2 BUEA B aMMRAEEERMELE
Tab. 2 Stable carbon and nitrogen isotope ratio of dominant fish species in Laoshan Bay in June
" . 13~ /0, 15\7 /0, TL .
Tk fAK:/mm body length 6"C/%o 6" N/%o B
species JuH range “F¥J{H mean  JEH| range “T1Y{H mean JEH range “F1I{H mean VEH range “F#I{H mean number
T 1Y 5
? Qﬁﬁ,zz 77~197 143.64+£24.12 —-20.00~-18.06 —18.99+0.46  10.86~12.45 11.88+0.40 3.39~3.86 3.69+0.12 50
. joyneri
y
LR |il;*jﬁ1 80~109 95.03+6.49 —19.75~-18.46 —18.99+0.33  12.51~13.71 13.31+0.31 3.87~4.23 4.11+0.09 100
J. belengerii
LT R
RELT FHR 54~115 72.19+11.61  —19.51~17.76 —18.86+0.47 11.20~13.71 12.28+0.55 3.49~4.23 3.80+0.16 100
A. shexanema
/f He m1 =
rhdéﬁ}t':&ﬁéﬁ 54~87 70.72+9.44 -17.96~-17.53 -17.77+0.16  13.11~13.5513.31+0.17 4.05~4.18 4.11+0.05 18
C. chinensis
ST IR
LR R 130~200 156.11£20.89 —20.25~-17.87 -19.49+0.69 12.28~14.38 13.06+0.57 3.81~4.42 4.04+0.17 9
O. rubicundus
FI4i 128~194  152.67421.98 -20.66~-17.96 —19.01+£0.60  12.30~15.47 13.50+0.66 3.81~4.74 4.16+0.19 24

A. argentatus
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Tab.3 Stable carbon and nitrogen isotope ratio of dominant fish species in Laoshan Bay in August
B B /mm o o
N ’ TL ey
Fh standard body length 9 Clko o N%o /R
species . . e . . e , number
Ji range “F¥J{H mean Vil range  “FI{H mean Vil range P mean JE[l range  “F¥J{H mean

D . 67~172 95.77+19.06  -21.06~18.39 —19.08+0.46  9.82~11.95 10.62£0.58  3.08~3.71 3.32+0.17 142
L. polyactis

S i
H 89~124 107.30+8.42 —18.33~-17.45-17.82+0.25 9.91~13.10  11.55+1.02 3.11~4.05 3.59+0.30 60
C. punctatus
Cr 94~153 119.54+14.86  —19.05~-17.96-18.40£0.29  9.40~11.07  9.95+0.40 2.96~3.45 3.12+0.12 35

. kumu

T s
? 'Z'ZEE"M 102~177 134.21+18.59 -18.80~-17.33-18.31+0.43 11.23~12.22 11.77+0.31 3.50~3.79 3.65+0.09 34

. joyneri
il

. 45~75 54.02+5.88 —20.29~ -18.71-19.24+0.51 10.39~10.81 10.58+£0.16  3.25~3.37 3.31+0.05 49

T. kammalensis
TN T R R
INAT JRBR 32~88 49.31+18.96 —20.13~-19.33-19.76+0.37 9.97~11.71 10.98+0.79 3.13~3.64 3.42+0.23 13
A. hexanema

ki 61~171 94.36+32.83  —19.64~-18.03-18.62+0.45 11.16~13.85 12.21+£1.13  3.48~4.27 3.78+0.33 28

A. argentatus

6 J1 F18 7 11 ~F- 24y ik £ i IR v 2 LbAEL 43 501l oy
—18.95%0+0.57%0 F1—18.78%0+0.66%0 , FAP 7
43T R WIAEAE 22 5 (F=4.340, P=0.038); T3
R AR E [ 1 F HAH 3 9 12,77 %0+0. 82 %0 Fll
10.77%0+0.80%o0 , 118 Jy 22 43 Mt R B AF7F . 3%
725 (F=345.405, P<0.01), %W)Lr & M2 %
JR2 5 e 2 0B 1109 B 2 A LA (0 A S
T3AN, ASHIEZE A R B I E T 8 ) 280 1 £ 1) i
RAE R IE(R3). SREY], 24 Hs
W R AR e EREFER EER
(F=20.335, P<0.01), i &5 [0 2 AT
1E 25 5 (F=0.886, P=0.353); 2> H [l 2% )2 i
JE Ak R E [ R LB I A7 B 3 25 5 (67°C:
F=19.226, P<0.01; 6"N: F=22.085, P<0.01);
240 J (8] 0 e R WAL &R O AE AN A AR 25 57
(F=3.818, P=0.059), Ifi%&fE [F {7 & HE A 7E
%% 5 (F=18.221, P<0.01),

23 ARIBMREEFRHITL

5 IS 6 H fa S HEVE R A A 45 T rh B 5%
Pt M SR (GR2), Hoh W) L0
IS 2207 R T 0 JE i R s, FIEFRR
H3.75+0.15; K GGl fa . i AeMifLERpE . 21
AR R 0 R 1 I SR s, PSR
Y oN4.1240.15, 5115 8 H 1 3 e IR M L H 4y
FEALE FR R R E R RAIEERS), Hp/h
Wit SREEM | IR B BRI S 2207 R iU fa g A%
BRI, FIE IR N3.28+0.18; B #E A1
WL E R E SRR, FHERRR
3.62+0.22,
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W5 1LV 6 10 28 B I 1 B R R 3,90,
T8 H MR T E R 93.37, fE ALl
R B A G LS, Va4
KA W#2% R(F=3.700, P=0.058), &%
AR EES; 6 ANy RE kK
(F=37.848, P<O.0)FIEFHXFHIBERKTIH; H
It 6 A BRI (F=54.647, P<0.01)FIEFE9Hy
BERTEH .

ERREHKHXR

AMERIA ST R, 05 1L R 10Fh L
Bl K Y5 BB A 80~109 mm Y iz [ Y 4 o
(R*<0.001, F=0.008, P=0.930). 77~197 mmf¥ %
W) 21 75 5 (R*>=0.008, F=0.284, P=0.597). 94~153
mm ) 4% 8 11 (R*=0.003, F=0.055, P=0.817)H1X
£V Bl 89~124 mm Ay B #2(R*=0.099, F=1.430,
P=0.253) B R G RK LA ; HAR3F
PR 2 (N 2207 R BRUR £ . T AR FL B RE £ RN
IR BB ), 2P A A IS (A I R /N )
FUIR G 2 1) 8 5 03 5 MR 5 I 3 Y IE A G
(FR4), MFEARMTEMEKEEAN, EMNESR
G AR P 1 o g+

24

3 iR

g5 111 ¥ BT 2 fa S VR I AL S f R A 105,
A5 3R BLE 1 e N 27 R BRE . R AR R LR
FE Al FIVZL AR OF 0P8 £ ), 3 A o A0 2 (7 ER Y 4
i HA AR ), DLR2RNRE 2 (G
1 T W) £ ) AN 2 2 S (B 8% R R
thit), S5HERB IS @IEFEML, hHRMA
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x4 BLEESERBEMERRS ALK ERYT
Tab.4 Linear regression between trophic level (TL) and body length (BL) of

dominant fish species in Laoshan Bay during summer

LIS KV B/ mm A AEIVE I

species length range linear regression equation
INELT R A hexanema 32~115 TL=2.927 + 0.011BL (R*=0.557, F=35.240, P<0.01)
HHAEFSLERE L C. chinensis 54~87 TL=3.779 + 0.005 BL (R?=0.963, F=77.481, P=0.003)
LR O. rubicundus 130~200 TL=3.199 + 0.005 BL (R°=0.452, F=5.781, P=0.047)
AUt A. argentatus 61~194 TL=3.133+ 0.06 BL (R*=0.515, F=34.983, P<0.01)
/N L. polyactis 67~172 TL=2.862 + 0.004 BL (R°=0.361, F=32.740, P<0.01)
TR T kammalensis 45~75 TL=3.101 + 0.004 BL (R*=0.413, F=5.625, P=0.045)

IRAS AR, B A O B AR L
24 1 0 R VR 1Y 26 5 R LM A 3 £ 4L B2 S
BER, MR B 14.88%, W15 ML
PRI E R, M R R A
RUBBER s WAEINIHT, 8H BN 227
Fe B e A0 il £ I /N T 6 H L
R LGSR Z . WERER T, 61 M
HREEBONIRE S, 8 ISREE AR T b 1
J2 AR 2 26 o AR RE 1Y B AL IR) i 3R 1
{5, &5 B S o b4 T DLk — 25 7 g5 1L
T E SR R A

31 JClESERIM

5 11 ¥ BT 2 2 TR 1) 45 P B fa B (] 0 CfE
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B 2 47 (—19.49%0+0.69%0)<8 J /N8 101 Fll o B4 4
B (—19.11%0+0.47%0)<6 F B W21 7% 5 . Fz [ ny
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MG, BAEY R 6 CE i b b2 1) i 2 14
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G AR L & W 93 B 5 1 0k 33k 26 0 3 £ o 4
2 PRI FE 4 RS T R DL W AT Y
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A CEM 2 R HE K, SH Ny BE AL
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ANBE BB WL AR R S, BB R K Y 3
e, e TR Y . R Zh 0 L 5 5 i

b T B B RS L )3 A 8 £ 20 AR 50T
CUAR A R A0 I 6P CIE B/ Ml 5 AR 8 — & L il
e RS AR OGS, i rh AR AL SR 0 Y 6 C P i
K, SHEZEEHIFE . HERERAELEDY
JEC TG B P TR ™, @3FP A i a2 i 0 CIELIY
Rk, /&MY Iy ek,
1T LG 4 0 R G2 MR M, P i A o R/
PR B T WG, OB E — i LBIK)Z IR
FIA0 I (9 IS )2 A0 208 (A Bz [C g il 10 2l
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s, M8 H MR ML AP 45 TIRE TR
FAa g R I 6 H Ny R fag
B RS, TS H MBS R, X2
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T N gl R S RN S £ R IR
TR BE WA W) 21 B )E s FR a2
Bz LG gt R AR L S R 2R OF B £ A
I B R g s 10 R fa Ao B b
HERGFLIR B 0 20 S Ak, ¥ SR E &Y
ST R B E R B A, BMIEE g
K (TL=3~3.5) 3 S5 1 17 Ui A= 1 A/ B A 3
Y P IR YA (TL=3.5~4) F EHE /N FEA
YRR RIS s RN (TL>4), +
TR B IR AL E R R a2, R-HE&
Vo3 AT 5 T B T ARG LB R 2T AR O R £
(35 5 BAR T AW 50 25 50 32 2 = AR 4
E o BT A AT B R GO S B S| Y R
BRI R T H PR E R, I,
HE— 2L BT AL ) 1 B TR RO AR R L

5 111 75 6 7 10 IS Bk 7% 1Y - 3578 32 9 R 3.90,
FEIRIEW S B ms; 8H MARREE I FY
BB N337, WIEIFHESh Y EH AR S Y &
PRI EMERAL, DURMis Stk . K
Tl 1L VS VR 1P 2 B R 352, BB
F& TR sh W Bk . St RN RS G 3h i B P 3
A, DURHI i et a0, i,
W5 LS O R B R R B
%5t

P T ) 407 28 5 o A ] AR mT DA G 3 R Y 2R
HEFROIEAL, Wi, RERNZREERE
Az 3 1R LT R FH I AT 8 TR A 2R 5 o AR 0 1 IE
WE >, SR, B A R R RAFSE
FELR A W e B B HLOUNIHER A B R 25 5%, Kl
A 3K10.64%0, /INIIH 4.32%%7, FEIT2ANE TR
K2R, AEH AR T 7045 B0 i .
PR, 250 A S R g S e AR W IR A5
Nz e AR R LR . 5346, PinnegardE PR HI R
S R 2R BIF 9% A B0 i v O T U R ) 1 B 3R
YAE264E ] R T 0.15, PRILAE % 8 &80
D5 AR50 B AR S R G R T Y B SRR
K IIAR AP R, R R RS IR 28 3 I e ot
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[ fA & ] —Fh a7 AR S R G b A T RE AL TR
[ 8 SR B 2 o 087 1LV B 2 fa 8 E K O 3 fa b
) 3R R 10 28 (N 2207 R R A . AL
B A0 RN LT AR S S g Ay, 28 A7 1 f0 2 (4 £ FD
INEE )RR B b B B SR SR K 2 B E
EMG. Z56 8 SWamdREIRN LT BilE
| /INEE RN G a0 B IR RO X A AR L B
B WK AR R DA G, BAS0E
E— R KB B R,
P W CE B B YA SRR A 03 I kA AR
b, WS 2208 et g £ VR A I 4 B {E ROk
Ui, BT E A AR R, AR SRR
R PERLRE T, AR SR R >, Ik A B
MEFRRBIEZ T & . A5 XK H45~75 mm
[F-2(54.02+5.88) mm] i) A 5 1 2 55 77 % il K
(8 35 i A o, XK A 63~118 mm[ -1y
(97.45+14.38) mm] ¥ 75 S 4 i 5 5% Gl S Y AR
A T X R W5 Bk B 4y 0 By B i S R
K, AR B, $E I PR

U5 1LV 5 2 £ IS B T A S £ o e 7 B EGY g
i, BEMR V) L1 0 A 4 0 AR AR IR AT A A K
WEI AR K IE R R GRS, R
B 2 S O g T 4 £ > R B A I AR AR F
5%, 80~109 mm{A K 7 il (9 Je [ 4 (e B A &
YRR K, HERFOEAEL. T
HH FH AR P AR E R 2 40 BT vk A 9 25 SR 3R 1]
83~160 mm X 1 70 [l (1) BiE #5275 37 2 ot S 389 i
RRAR, AR At (T4 5% K 7E 83~124 mm {2
Fil 9 B0 0T AT o0 A R B, I SRV T 1Y
BFRRE XK I T W E AL (F=0.008, P=0.930),
X 5 AHE T 45 SRR — 30 .

gi bk, R EERNR T, Kt
EHEWAN T, RRRERMEL, KK
e — A EESFEOHEE., B, BRZ
HERE, RERERME LRt e s
PR . ZAEMER, BT R EEAN
TR 25, T M b s B R Y R T R
FH, mEE W —r, RHRER MR
BT R AT, DA A 3 2 0 0 . — o
EER



4 1

e, A NRTRRSE AL R BRSO 11 B 2 A R T A S A A 591

SE

[1]

[2]

Gu B, Schelske C L, Hoyer M V. Stable isotopes of
carbon and nitrogen as indicators of diet and trophic
structure of the fish community in a shallow
hypereutrophic lake[J]. Journal of Fish Biology, 1996,
49(6): 1233-1243.

Vander Zanden M J, Hulshof M, Ridgway M S, et al.
Application of stable isotope techniques to trophic
studies of age-0 small mouth bass[J]. Transactions of the
American Fisheries Society, 1998, 127(5): 729-739.
Overman N C, Parrish D L. Stable isotope composition
of walleye: "N accumulation with age and area-specific
differences in 5"°C[J]. Canadian Journal of Fisheries and
Aquatic Sciences, 2001, 58(6): 1253—-1260.

Renones O, Polunin N V C, Goni R. Size related dietary
shifts of Epinephelus marginatus in a western
Mediterranean littoral ecosystem: an isotope and
stomach content analysis[J]. Journal of Fish Biology,
2002, 61(1): 122-137.

Vizzini S, Mazzola A. Stable isotopes and trophic
positions of littoral fishes from a mediterranean marine
protected area[J]. Environmental Biology of Fishes,
2009, 84(1): 13-25.

BB, BNAE, BG . PC/PCIUETETE AR R R
B IR K BT T )R] —— A A M ) [ i 2R 2
B KL R TR 2 B 908 3R (D). g P 5 A, 1999,
30(3): 306-314.

Cai D L, Mao X H, Han Y B. Application of *C/"*C
ratios to studies of trophic relation in a marine
ecosystem—preliminary inquiry into isotopic
compositions of marine plant and their influence
factors[J]. Oceanologia et Limnologia Sinica, 1999,
30(3): 306314 (in Chinese).

Fith, BIE e, 225rex, 5. T A 2 BURIRR [F) A2 3R 7
AT D IF I Er ) ) 2 LR R 1R 5 R AR D], B R,
2005, 50(7): 708-712.

Wan Y, HuJ Y, An L H, et al. Determination of trophic
relationships within a Bohai Bay food web using stable
8N and 8"°C analysis[J]. Chinese Science Bulletin,
2005, 50(7): 708=712 (in Chinese).

2 VR, MOTHE, S KILO KR K IR T
APk B AR SRR E R AT T[], 7K 224, 2009,
33(5): 784-789.

[10]

(1]

[12]

[13]

[14]

[15]

LiZY, Zuo T, Dai F Q, et al. Study on feeding habits of
organisms from Changjiang Estuary and adjacent
Southern Yellow Sea in spring with stable isotope
technology[J]. Journal of Fisheries of China, 2009,
33(5): 784789 (in Chinese).

IV, XIME B, 28k, 45, N B R [ AL 3 AR T
FUIL AR MR T 2 A e TR R (). =K R}
2£,2013,20(1): 189-197.

SunM, Liu X Z, Li Y P, et al. Trophic level analysis of
key species in Liaodong Bay using stable nitrogen
isotopes[J]. Journal of Fishery Sciences of China, 2013,
20(1): 189-197 (in Chinese).

B, AR, BIohR, 5. SIS S HEVE 7] Dy he Fh
B =280 0], AR AR, 2014, 34(7): 1736-1745.
Li F, Xu B Q,Ma Y Q, et al. Seasonal changes of
functional guilds of fish community in Laizhou Bay,
East China[J]. Acta Ecologica Sinica, 2014, 34(7):
1736-1745 (in Chinese).

Tk, wfh, ER. WIS R mRHIE MR E AT K
FEEFED]. FEUKRE, 2015, 22(4): 820-827.
Zhang B, Yuan W, Wang J. Feeding ecology of the
dominant fish species in spring in Laoshan Bay[J].
Journal of Fishery Sciences of China, 2015, 22(4):
820-827 (in Chinese).

JEIR T AN S e E IR R S SR B 1 LR
W& (7). K= 5T, 1999, 20(2): 1-6.

Tang Q S. Strategies of research on marine food web and
trophodynamics between high trophic levels[J]. Marine
Fisheries Research, 1999, 20(2): 1-6 (in Chinese).
FHHE, BRE, 2N, 5. T RERE R AR
VS AT B B ) £ S SR AL[T]. AP KR,
2013, 20(5): 1076-1085.

Wang T T, Li Z B, Li F, ef al. Determination of the
trophic levels of four fish species in Engraulidae and
Clupeidae in Laizhou Bay based on stable carbon and
nitrogen isotopes[J]. Journal of Fishery Sciences of
China, 2013, 20(5): 1076-1085 (in Chinese).

Post D M. Using stable isotopes to estimate trophic
position: models, methods, and assumptions[J]. Ecology,
2002, 83(3): 703-718.

MWK, FRFFAR, ST, S5, SNV S BT K g 2K
B ST, AT, 2014, 34(2):
367-376.

http://www.scxuebao.cn



592

Ko R

40 %

[16]

[17]

[18]

[19]

[20]

(21]

[22]

Sun P F, Shan X J, Wu Q, et al. Seasonal variations in
fish community structure in the Laizhou Bay and the
Yellow River Estuary[J]. Acta Ecologica Sinica, 2014,
34(2): 367-376 (in Chinese).

Davenport S R, Bax N J. A trophic study of a marine
ecosystem off southeastern Australia using stable
isotopes of carbon and nitrogen[J]. Canadian Journal of
Fisheries and Aquatic Sciences, 2002, 59(3): 514-530.
FRARAE, B, AW, S5 JRN S S L2l R U R Y
BEETRM]. MAASHM, 2013, 24(5):
1146-1452.

Han D Y, Xue Y, Ji Y P, ef al. Feeding ecology of
Amblychaeturichthys hexanema in Jiaozhou Bay,
China[J]. Chinese Journal of Applied Ecology, 2013,
24(5): 11461452 (in Chinese).

ARG, B, ORI, S TR ST bR 1 S E IR
s o A S A[T). B E KR, 2013, 20(1):
148-156.

HanD Y, Xue Y, Ji Y P, et al. Trophic and spatial niche
of five gobiid fishes in Jiaozhou Bay[J]. Journal of
Fishery Sciences of China, 2013, 20(1): 148-156 (in
Chinese).

TR, 2R S, AL i SRR D e R S L
FhZE[I]. K= 24, 2012, 36(1): 64-72.

Zhang B, Li Z Y, Jin X S. Functional groups of fish
assemblages and their major species in the Bohai Sea[J].
Journal of Fisheries of China, 2012, 36(1): 64-72 (in
Chinese).

Tk, ZLR. B AR TV, B 5WE,
1992, 23(2): 182-192.

Wei S, Jiang W M. Study on food web of fhishes in the
Yellow Sea[J]. Oceanologia et Limnologia Sinica, 1992,
23(2): 182—-192 (in Chinese).

XS, 2 PR, B, 5. )il 3 ZAY M IE KR
KAYMRE T[], o EKFEREE, 1997, 4(4): 1-7.
Deng J Y, Jiang W M, Yang J M, et al. Species
interaction and food web of major predatory species in
the Bohai Sea[J]. Journal of Fishery Sciences of China,
1997, 4(4): 1-7 (in Chinese).

S, FHRTE. B 3L RilEEE SRR IR E AT
TRRR B E R[] R R, 2004, 22(4):
393-404.

Zhang B, Tang Q S. Study on trophic level of important

http://www.scxuebao.cn

[23]

[24]

(23]

[26]

[27]

[28]

[29]

[30]

resources species at high trophic levels in the Bohai Sea,
Yellow Sea and East China Sea[J]. Advances in Marine
Science, 2004, 22(4): 393—404 (in Chinese).

Saage A, Altin D, Vadstein O, et al. Trophic position of
Calanus finmarchicus (Copepoda, Calanoida) in the
Trondheim Fjord[J]. Journal of Sea Research, 2008,
59(3): 162-172.

Pinkerton M H, Forman J, Bury S J, et al. Diet and
trophic niche of Antarctic silverfish Pleuragramma
antarcticum in the Ross Sea, Antarctica[J]. Journal of
Fish Biology, 2013, 82(1): 141-164.

TR, BRI T BT R o 3 AL HE 10 7T A R XS
EFRFAT R[] AL, 2010, 22(1): 8-20.

Xu J, Zhang M, Xie P. Variability of stable nitrogen
isotopic baselines and its consequence for trophic
modeling[J]. Journal of Lake Sciences, 2010, 22(1):
8-20 (in Chinese).

BIE XK, FhE R, EFFIR, 55, TR E R R 77
BB A 1 28 R R IR TE[D]. R KR R, 2012,
19(1): 105-115.

Yang G H, Sun X L, Hou X Q, et al. Measurement of the
trophic level of fish in a coral reef ecosystem using
stable isotopes[J]. Journal of Fishery Sciences of China,
2012, 19(1): 105-115 (in Chinese).

FREMG, 2200 S, G AL, SO RARER E R R+
AR B R M R T[] WA AR, 2007,
29(2): 98-104.

Guo X P,LiZ Y, Jin X S, et al. Feeding habit study of
anchovy (Engraulis japonicus) in the central and
southern part of the Huanghai Sea with stable isotope
techniques[J]. Acta Oceanologica Sinica, 2007, 29(2):
98-104 (in Chinese).

Pinnegar J K, Polunin N V C, Badalamenti F. Long-term
changes in the trophic level of western mediterranean
fishery and aquaculture landings[J]. Canadian Journal of
Fisheries and Aquatic Sciences, 2003, 60(2): 222-235.
Zhang B, Tang Q, Jin X. Decadal-scale variations of
trophic levels at high trophic levels in the Yellow Sea
and the Bohai Sea ecosystem[J]. Journal of Marine
Systems, 2007, 67(3—4): 304-311.

Hik, S, 4 AL, 1959-201 LA SIS b W IR A
AR IR A[T]. T EK =R, 2015, 22(2):
278-287.



4 1

e, A NRTRRSE AL R BRSO 11 B 2 A R T A S A A 593

[31]

[32]

Zhang B, Wu Q, Jin X S. Interannual variation in the
food web of commercially harvested species in Laizhou
Bay from 1959 to 2011[J]. Journal of Fishery Sciences
of China, 2015, 22(2): 278-287 (in Chinese).

Xue Y, Jin X, Zhang B, et al. Seasonal, diel and
ontogenetic variation in feeding patterns of small yellow
croaker in the central Yellow Sea[J]. Journal of Fish
Biology, 2005, 67(1): 33-50.

TRk, 4 WAL, WO KL O PR E A A 2R
1 S HE[I]. B3R, 2008, 54(2): 209-217.

Zhang B, Jin X S, Dai F Q. Feeding habits of the two
sciaenid fishes near the Changjiang estuary[J]. Acta

Zoologica Sinica, 2008, 54(2): 209-217 (in Chinese).

[33]

[34]

SRR, G, AL TR MV AN T B 4 R T R
HBER K AR [T]. R EK = R2, 2010, 17(2):
289-297.

Guo B, Zhang B, Jin X S. Diet composition and
ontogenetic variation in feeding habits of juvenile small
yellow croaker Pseudosciaena polyactis Bleeker in the
Yellow Sea[J]. Journal of Fishery Sciences of China,
2010, 17(2): 289-297 (in Chinese).

B, SR, SRk, A5 MBS AE AR AT
[3]. /K754, 2005, 29(2): 178-187.

Xue Y, Jin X S, Zhang B, et al. Feeding habits of three
sciaenid fishes in the southern Yellow Sea[J]. Journal of

Fisheries of China, 2005, 29(2): 178—187 (in Chinese).

http://www.scxuebao.cn



594 KO ¥ 4R 40 &

Study on feeding ecology of fish community in Laoshan Bay during
summer using stable carbon and nitrogen isotopes

ZHANG Bo"*", YUAN Wei"?, DAI Fangqun"’

(1. Key Laboratory for Sustainable Utilization of Marine Fishery Resources, Ministry of Agriculture,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China,
2. Key Laboratory for Fishery Resources and Eco-environment, Shandong Province, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: Laoshan Bay is one of numerous gulfs of the Yellow Sea and an important fish enhancement and release
area. It is vital for the Yellow Sea fishery resources that carry out proliferation and implement effective fisheries
conservation and management in Laoshan Bay ecosystem. Based on bottom trawl survey conducted in Laoshan
Bay in June and August 2014, the dominant fish species of fish community during summer were analyzed and their
feeding ecology was studied by stable carbon and nitrogen isotopes method. The stable carbon isotope ratio (5"°C)
is often used to assess basal sources in food web with a slight enrichment, while the stable nitrogen isotope ratio
(8"N) is indicator of trophic level, as a major increase with each trophic level. In terms of the index of relative
importance (/R]), there were 10 dominant species of fish community in Laoshan Bay during summer, including
Amblychaeturichthys hexanema, Ctenotrypauchen chinensis, Odontamblyopus rubicundus, Johnius belengerii,
Argyrosomus argentatus, Lanmichthys polyactis, Chelidonichthys kumu, Cynoglossus joyneri, Clupanodon
punctatus and Thrissa kammalensis. There were significant differences in dominant fish species composition of
fish community between two months in summer. The range of §"°C of dominant fish species ranged from —20.66%o
to —17.53%o in June and from —21.06%o to —17.33%o in August. There were significant differences in §"°C between
dominant fish species. According to 5" °C of this research, combining with results of stomach contents analysis, the
results show that the main food source of fish community was benthic prey in June, but the food source of fish
community was more extensive in August. The range of "°N of dominant fish species was 10.86%o~15.47%o in
June and 9.40%0—13.10%o in August. There were significant differences in §"°N between dominant fish species and
the biggest difference were 4.61%o and 3.70%o, respectively. The dominant species of fish community in Laoshan
Bay in June included fish with middle trophic level and high trophic level, the mean trophic level of fish
community was 3.90, and was mainly benthivores. The dominant species of fish community in Laoshan Bay in
August included fish with middle trophic level and low trophic level, the mean trophic level of fish community
was 3.37, including zooplankivores and benthivores, mainly benthivores. Linear regression analysis showed that in
addition to J. belengerii, C. punctatus, C. joyneri and C. kumu, whose trophic level showed not linear correlation
with the length, and the trophic level of rest of the dominant species was significantly positive correlation with the
body length. This was mainly because with the increase of body length, they increase feeding on prey with high
trophic level, but reduce feeding on prey with low trophic level, and their trophic level also increases.
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