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Tab.6  Diet composition of S. fuscescens, S. marmoratus and C. kumu (%)

, YFECEfl S fuscescens 48 & fill S. marmoratus Lrfgtn C. kumu
I FI K Prey species PP Ba ikl

w N F W N F W N F
e fEJE Copepoda (4% 7K % C. sinicus) — — — 0.04 1450 571 — — —
FHFZE Acetes (FP[E R UF A. chinensis) — — — 031 100 143 — — —

BEERZE Mysidacea

— — — 0.38 10.00 571 — — —
(KRB IF Acanthomysis longirostris)

284K Crustacea larva — — — 0.13 500 4.29 — — —
¥ 2 Amphipoda 042 1795 316 — — — — — —
£ %% Polychaeta 277 5344 737 003 200 143 — — —
JEJZIF2% Decapoda 2473 1712 4737 1300 1950 47.14 7.37 3333 37.50
HAGZITF A, japonicus 1219 271 1263 538 350 857 — — —
PETT Se &M Latreutes planirostris 470 772 1474 — — — — — —
BILKEIR P. gravieri 429 188 526 282 3.00 857 455 1111 1250
MAEUF Latreutes anoplonyx 183 292 737 011 100 143 — — —
EELHF L. gracilis 036 084 211 — — — 135 1111 1250
HRAEZIRIF E. sinensis — — — 053 150 429 147 1111 1250
825 Crab 340 230 947 253 3200 1714 — — —

M E3s Stomatopoda

1.01 0.42 211 0.44 2.00 4.29 — — —
(O IRk O. oratoria)

3k 2 Cephalopoda 19.88 209 1053 386 1.00 28 — — —
H A 55 Loligo japonica 1976 188 947 38 100 28 — — —
2% Pisces 4778 6.68 3053 79.29 1250 30.00 9263 66.67 75.00
INEF IR A hexanema 496 125 421 757 250 714 @ — — —
FREIFE S C. stigmatias 901 18 947 371 050 143 — — —
Sz G 4 £ Johnius belengerii 400 021 105 2365 200 143 — — —
/N P, polyactis 2716 271 1263 3735 500 1286 — — —
FIREH E. fangi — — — 261 100 28 — — —
R Cleisthenes herzensteini — — — — — — 4239 2222 25.00

R7T HEREMHEFRRIEREREE
Tab.7 Trophic level and dietary breadth of each fish in the Bohai Sea

a4 Fh Fish species TL H faFh Fish species TL H fafl Fish species TL H
B C. punctatus 2.85 1.58 | 4F#fii C. beniteguri 3.32 0.84 | K4ifif E. elongatus 3.58 1.36
=T FHEY T4 Szunasi  3.04 1.20 | w41 i C.joyneri 3.32 1.20 | ¢ RAF & 359 208
e C. stigmatias ' '
Low TL FIR=M E. fangi 3.19 170 | KWj£rF S C.lighti  3.40 1.62 |/]VHfa T. muticus 3.60 1.41
fish HeEbE0E T kammalensis 3.29 154 | ## S taty 349 L6L|ALFRMFES 40 1o
C. hexanema ' '
W T 3.94 1.23|#Efh S marmoratus 418 1.76 | 44424 H. villosus
s AR 4.38 0.30
HESR S. niphonius
éﬁ@% /NEE A P, polyactis 3.96 1.80 | #/FICF-fil S fuscescens 4.33 1.51 | (i%fifii A. argentatus 4.41 1.00
¥f?;:hm K/ gfi H.otakii  4.06 1.58 | 40ZMifiFfi L.tanakae 4.35 0.89 |&tEfh C. kumu 4.44 0.64
B ICnftifn J. belangerii  4.13 1.00 | #f P. indicus 435 1.43 |1tfF L. japonicus 4.45 0.80
[ Kighifi S elongate 4.50 0.22 | wifeg L. litulon 4.50 0.39 |} S pinguis
Kt 453 0.41
High TL fish
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BYKR S TEAE BRSSO REn AR
KRB, ARELE S B Y- B YN N £ E R R
YIS, WS RG YIRS
RS IR S5 A= s K LB 38 7 A s i (A T, 1999) .
TGRS RGP B | AL 2E L FE (R 00 L H RN &
YW E AR, EHBFEEYM Y EESESREN
SRR MEES A P I O . ST, E AT
(& B IRk TR T R A ) 5 S ARt (4
BRARNE | W RIS E B M M HE ST,
AN RG KA T BEWNAL, I HE R T LR
HEBREWNEY = B IIRE. ik, B ES RSN
YN R VAT R . R G0 W R 5T B 2 R
BRI 20 45k, MEERERHEESRG N
EWRRE IR B, SElR TR T E K [ SRRk Ik 4 F R
H“¥hifs A= 35 2508 11 5 4 W s IR RS2 R Y DL &
[ 52 5 R 90 kR (973 K1) “ 4R L wii RS
ARG S 5 SR T RS A | IR AS
RY W A s P M T R L R 2
JE 3T 3 AR A RG] RS 5 A R B R
SESLARET I E YRR Y WA A R T R i
WP E S REEAEMRNELRIAL, ELBEEY
DR AF 5% gk — 25 g€ H DL I G B AR A I B
FLR, 0 CREEEERE - AR K - T,
FEAEAS 8 IR 2 N2 LRI F 58 (B )5 FH45, 2005).

AR a2 B AR S R ST B A 5T
FySEAL, RO — PR Y B A R FR b, aniE
BEER AL DNEE S HBR | BB R
A FAL AR AR B A A R X L 43 H AR
H— W R PR (S i, 1996; #¥EE4E, 2003), A
R S8y o 07 N[ B = A 03 T 04 o DA 8 ) 2
(1983)AF 5t — K R i b 1 2T M, Ak LR
BRI N2 S BIR, R AN EE S EARE S
AHCE 4y e IE T E R A AR 25 R R K
R EVERFSY . SF45 (2010)7E 43 5 LAV R B B
Sy AECE S H L B 43 A R RN R X
PEE 73 He o AR 04T SR IS0 W SR A 9 /N B £ %)) 1 1
2] PERE K A A AL, K B N B0E 2 R HE
IR 43 LA AT SR S 40 BT R A BN Y B b A A
/INEE B 2 MR AR R A I Ay R
X E B A W S T IR £ | /N R
(LA P % T/ N B a4 2 R B T
2 A DR E B AR 2 AR, AR 58 25
AR Y B R A EE N EOE S FRT HE B ROk

TN A R A I M, AR T4 0 R 8 SR g
Shannon-Wiener 22 #£4: 45 % 58 F T 1R ) H B350
R o e X — 15 b5
BIRBONEERER, AR 27 Fifa
By 12 PMIRE IR tn 2 | 12 b B FR e f 3 Fp
AR A BMORE, BRGE, R ST
JEAR /N, 3FPRE R AR g, MRE
B oe BEEARMR, JB Tk thmk, oF IR R AN
iR ST RS R G T YN PR EER 2 Ak
P&, [] At 2 PR A 358 B S dpe K i) 2 Fhf, 3
WERITshY) . W E Y Ak shy 3 RISk, &
YW BB R T Y M5 TR R IR
MR . fesifish, Zhang % (2007)RUBFSE £, F
B R, MERR/NEE, DL EE YRR
AR REOR A S REE SRR N EEZ 5,
XD 5, SR FHAS TR AR 5Ty 2535 % B hifs i ik 4
()3 158 FE g 5L R e #a % (Zhang et al, 2007; 488
4, 2014; MREESE 2016), M FFPE SRR N, Bk
1992~1993 4FEH | R B TR AN IS R4 1982~1983 4F
AR BB SRS, 1997), MAHFFE R, X[
V25 A0 RN R AR 1992~1993 AEASfL AN, TT L, Fif

A AR B AT AR S R GUE SRR B &
B

At FP R B AT R B, iR 27 Fh sk
AarEtad RirshetEad KW E A
% IRESY a2 TEMRA
A VPN AR ERR . P EBAR . MUK
HAEP K & RN 2 B8 . IRERISFIIE 25
JEZURZEH TR, | HARSRIR . SRR B 1EE
WRFIZNEL AR N2 BEF R . o BEF R,
INEEFE L R G Ikt R B, 1982~1983 4F i a2
Y JLA EZAR R TRIE S . SR o R AR
Jefa . NeLop iR B GRS RRIR S Y, FL
RS RS | BRSO AR e 4, (A
FLGER AT, T LA a3 2 £ 20 1 5 B R 4 FH I AN K
(54, 1986), 1992~1993 4F #hiE £ 4 W 5 1982~
1983 AFEAHLL, /NEEA A R Y L ARG
s et £ ) SRR 1 % £ 5 AR BAREE 0y R
ISR T T A W AT S A 1% TR AR 11 MR et i
T ERRNRUER R, S T N eI
I i 22 TR A PR S R AR e S AL R A AT G I
g o5 DA A T T £ S B ) I A SRR
TR RTINS 5 Dy Kol IhET
fiffy , DA Ko/ IN v o R A Ao AR A B RO 2 it 5
W R, 5 1982~1983 4EAH I, FE P EMA
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Bk R B R Y E A 03X S TR
HOMPTE, iR E S0 EEX R E 1982~
1983 A [ Bl IR 24 FIHE 58 £ 2 A i A fii (XS 5% 8 45,
1997) . MiAHFFE o i a2 2 1) Sk I 8RR D
WNE A Rkt oo a4, 27 Fifad
IUNEEfr | SR . N SRR D p B, N
B0 Pt R g S £ %) MR R A 28 SR T g
W AR TR B 2 W B AR O ERES LIS, MR
W H /N,

20 et 80 ARARihifg IS vk E B AL AT
WO PEAAEAREEE | BE . fLBE . JNEEf fE6S . K4
. W LA A PG R R T A (X SR 4%, 1988).
X 5o 45 (1986) 1 il .25 43y 5 M 288 : (1)L
WEECOARE, EEEWIY . ZBISMB Y ;
VIR MR, EEEUIFMERI; (S)LImE
A E AR, EESERAR R @ (4) DU ER,
FEIRIFEY; G)LLA IR, M, HLE)
TRV M L aWE Y. A LRS- ir—
1287 /N R A S — AR B — R BN 2 B 40 257
PRSP R KRB PR, 20 4D 90 4F
AR St 5 VAR 2 RGN, A T R 2 R T
P (4 WAL5E, 1998), WhifE M b 2 a Y sk
AR TR — i — KA Pt s (S S0 4%,
1997). ihikE Y BB IR % BE AR 1992~1993 4F A Bl fe i
5 T R, 2010 AEHFRIHA R AR, &N
12 0.13 kg/h (£ A, 2014), YRHTEIHEEYM 7
Y-t KRR EMEMIE” A EY AR GRIE .
[ A 20 20 80 4-AR i ighif .25 5 Al & 2 E A 3R
PRt iR, YursiG Sy N EE WA N
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Feft ANEE A — KL PE 287 TR B Y BE 0 ) 55
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HE LB ) TN S o R I 1) £ 4 7 S R B F 5 A
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Feeding Ecology of Fishesin the Bohai Sea

ZHANG Bo*?"

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture; Shandong Provincial
Key Laboratory of Fishery Resources and Eco-Environment, Yellow Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao National Laboratory for Marine Science and Technology, Qingdao  266071)

Abstract Studies of the food web are an important inlet to carry out integrative research on
sustainable marine ecosystems. These investigations further highlight the main food chain in the study of
end-to-end food webs, and the research is conducted at each trophic level (TL). Under multiple pressures
of human activities and climatic change, coastal sea ecosystems have undergone significant changes.
Therefore, it is very important to clarify the food contact and its present variation in the Bohai Sea
ecosystem. In this study, we analyzed 27 different fish species with 10156 stomachs, collected from
bottom trawl surveys during 2010~2011 in the Bohai Sea. The percentage frequencies of occurrence,
number, and weight of different prey categories were calculated to describe the diet composition. The
Shannon-Wiener diversity index was used to eval uate the dietary breadth of each fish. The TL of each fish
was calculated, and then the fish were classified as low, medium, and high TL (<3.8, 3.9~4.4, and =4.5,
respectively). The results showed that the 27 fish species, including 12 low TL species (Clupanodon
punctatus, Sardinella zunasi, Enedrias fangi, Thrissa kammalensis, Callionymus beniteguri, Cynoglossus
joyneri, Cynoglossus lighti, Setipinna taty, Enchelyopus elongates, Chaeturichthys stigmatias, Trichiurus
muticus, and Chaeturichthys hexanema), 12 medium TL species (Scomberomorus niphonius,
Pseudosciaena polyactis, Hexagrammos otakii, Johnius belangerii, Sebastiscus marmoratus, Sebastodes
fuscescens, Liparis tanakae, Platycephalus indicus, Hemitripterus villosus, Argyrosomus argentatus,
Chelidonichthys kumu, and Lateolabrax japonicus) and three high TL species (Saurida elongate, Lophius
litulon, and Sphyraena pinguis), were classified into omnivores, zooplanktivores, benthivores, mixed
animal predators, and piscivores. Compared to that in the 1990s, the TL of each fish has not changed
much. Three kinds of high TL fish belonged to the piscivores fish category, and their dietary breadth was
very low, and so they were stenophagous fish. Finespot goby and small yellow croaker had the highest
dietary breadth and were the most important prey species in the food web of the Bohai Sea ecosystem;
therefore, their euryphage was beneficial to the material and energy flow of each trophic hierarchy in the
food web. Presently, the food chain “ zooplankton—anchovy— arge piscivores fish” was basically destroyed,
and so, the main food chains changed to “plants, organic detritus-Alpheidae— fishes” and “benthic
animals—-goby fish, small yellow croaker—arge commercial fishes’ in the food web of the Bohai Sea. The
weakening of the pelagic food chain is not conducive to the carbon sink of the marine ecosystem and the
material and energy flow of the food web. Therefore, studies of the end-to-end food web and the main
food chain of the Bohai Sea should change accordingly.

Key words Bohai Sea; Fish; Food composition; Trophic level; Food chain
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