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HE A REAL 2011~2014 F A E B LR B REN 36 Mg & XHATH ., ERER
gl e, AR AT EAMAEEOC)H R BT LBp) ko T & ki, AAART
B & WO NI EREE HRR(TL). SR ET, X 36 o kWERICEEN 275434, FHHE
H3AT, Ko, AR EN e, SANEBEN RN, TLREENREN 12/, BE
BHA 12 M, #(TL=3.5~4), IK(TL<3.5)E FRK MK & K £ H(91.67%), T E 5 K(TL>4) M %
BY, A3, HABYREGEME. ERANFARERSE 1986, 1992 1 2004 4F 4y #F 5 3 L I,
NI FER AT HE . wE B D E (Scomberomorus niphonius)E F F 0 A B A2 Bt T Fe 5 T 3 4
(Setipinna taty) A FREIFEE W EF. £HEFRERE 2004, 2009 fr 2011 4 B9 #F 5 5 b A3,
HUEFE MR ETRALN, a4 & drgyrosomus argentatus); A X &HLFEA T,
/N # (Larimichthys polyactis).
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FH 3 — P £ S A8 PN A T Ak i PR W i R 2l
0 B i LR A I e A RN M (e
2011) AR R0 2 A8 Sz i Ak 9y 1Ak — B it (] N X &
YIRS S, B AN R R AN AZ RN
2% 1] BRI 2545 5 (B 22, 2015), 245 25200518 1
X RIS RGE TR, 5T R E L5
TR RAE, A ERE RN Z HEGPN), DLIEE
W (Mytilus edulis){FRFEUEAY), SE5H—AE N T
B RIBARNERIOGTA AKX L0111
FHRRAR 2 R R LB (0" C) TR 2 A RL 5T ik L ok
ERARNENE, BHS R 3 KIE: B at:. K
Wi shi et iR A et

FEE 22 LA B, R 52 35 o BT A AR il ol B
TR 1) 8 25 FVRIE 58 DA [) By (T 0 45, 2004 2= 58 A%,
2009). AWFFEFEXRT 2011 4F J5 48 4K 19 15 0 AN AR I L
36 Ffg e b AT h . SRR [l o7 2 A A 1
ST B R M, S DR AT e, U
AP LU [a) 8. 1) B AR AL B 2R A B SRR
TE 2011 “FJE WA RS 2) i A AR L E 2L
MR EEER L LA,

1 #REFE
11 BaEHERBXEMLIE

SN 2011~2014 4F[8) o [ K P2 BR2EBFST
A S R 05 ) e | A B c |47 R o3 B0 Rl
FZRHFALET(30°~39°N, 120.5°~126°E)RAE K 36 Fii
A, REEARAT BN 2011 AERKZEMIR(10~11 A)F
2013, 2014 4EE Z=MiR(7~8 H)o K tays s nl 5256
e, P 0 2B a5 K fn i 5 BUE A5 LA,
BT 60°CHEES X T AT HET 48 h, ZJEMHi L
HEWFACRE UL TR 4 SO I J 4 R 4% FH o

12 RERGREREN

S UGB i )RR IR 3R A AT E RO B A B
AV P58 5 A] RREL & e bt o B AR b PR B R (W) R
LU A AT, 8 Tsoprime-100 £ i [7l 37 2 B 3 (1
[ Elementar 28 &) FEATINE , A ol 0 A R [l 6t
{H LAE BRI R o kR, Hoe R

0(%0)=[(R wa—R #8)/R 1x]*1000

KA, RAFTIE AR M, KB/ ek
PN/UN, B AR 3R A D BraE A o4 PDB A
KABENINEAIRUEE . BFFN B3N A AE 3
AP E o 25 rh R SRR S I LS BRAE S, B 10
fn HR B ML IR LR S A T2~ 3R E B A, 9V CIEIY

S HTHE BEN+0.1%0, 6" N{E YA BE +0.2%o.
13 BEEFLITE

HRIEZETE LR 55 (2005) I BF T 45 58, ¥ 0N A it
B RIGORMERY, KA.
TL = ("N w5 — 0" N sn)/ AN + 1
X, 3N e TN RE B A AR 36 L
R A N 2 B AEIHAS N=2.5 S 6N = 6.05%0
YR 2R 45 (2005) A 45 51, HAF 58 v i) Sk e A= )
MR UL, ARG A AT AN R A

14 BEREMHNE

S Q013 MMFST, At TR 2 R

TR I A e e, AR
JEEJZ R BT HL(Bp)=(0"C—0"Cp)/(6"°Cp—0"Cyp)

A, 6°Ce. 6VCp Ml 6°°Cp 4rRRIE 28
TFU A ) DAL PG J2 26 W TR By Al [ 57 2 - 3904, 1%
INFUBRBEE SRR Z A E R Z BN 0 (Vander
Zander et al, 2002),

F i iS22 1B ST ER He (Bp) Al K A AR W R
HEARRIIR A 3 K2, Bp<0.25, NIRRT,
Bp=0.25~0.75, ARG EM; Bp>0.75, NIKHiEY)
B, 1A, X Bp<o B, M5 aeE X LRy
B Bp>1, W58 4 5 S IR A= ) & P (Vander
Zander et al, 2002; Sherwood et al, 2005; 2=/ L4,
2009; ZeHikE, 2011),

T 3 A ] AR TS 45 R, i B AR T LR
T U A ) DR RIS 2 A Wy R R DL A S HL e ] A5
P I PR E R E SORRAERT 1000 pm
FITEIESY, I IE A IERLE SR A $F R (Solenocera
koelbeli) . W [RAJiXTHR(Parapenaeopsis hardwickii) . J& )X
W (Trachypenaeu scurvirostris) fil H 7% 48 (Charybdis
Jjaponica)SE IR ICEHESN Y 5 17 Ui 25 Wy ARk () Al [ 457
RO YIEH-22.09%0, JICJZ A YRR Bk [F] 47 2 735
HEH-17.19%0 (22, 2005; 2= X, 2006).

1.5 HiEAiE

AW IE X ISREAR B . B e g R R T4
it, AR E RS E LR, 5L TP
Fe 2R 15 AL TR A0 S Y 8 I ORI M o b 4 SR gk A % L
B AL AT A Excel 2013,
2 #R
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FRl —15.40%0~—24.18%0, HB5FE N 8.78%0, “FII(EH N
(~18.60£2.24)%0; 6"°N [TE A 10.42%0~14.39%0, &
BN 3.97%0, F-HIME N (12.23£0.92)%0. Fa i [Al{if
R e L5 R 1R,

16
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Fig. 1 6"C and 6"°N values of 36 species of

marine fishes (Mean£SD)
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MR8 S B0 72 1Y 61N A S B A 5T Y 36 Fif
WIS A E IR, ERNGE 1 i, HB R SuR
K 2.75~434, BMEERER 159, FHE R 347, Hrp,

i (Miichthys miiuy) 1) 5 35 W Fe K, % 4 4 (Nibea
albiflora) W E S K= o

23 BEEREMTEHILFSEMNESR

THEARAS 1Y IS 2 TR STHR e (Bp) H, H [
—0.43~1.37, MEEE N 1.80, Hrh, B (Konosirus
punctatus)i) Bp {Hf/N, B4k (4trobucca nibe)RY Bp
(B R o AR RS2 VERL TR U (B PT 0 , A9 3 A
1 36 FhiFEfed, A 4 Foh e 2Ry BT,
8 FmRtiE EHAE S EE X L), REEMHR
12 %, e WA BN 12 B (R 2) ARFFER L
Hih gt mk,

24 EFRZHAMBEFITER

SRS (2015) ST K AW 5E ) 36 Fiifs
FARRITE SRS R 3 4L, 5 IRE FR A
(TL<3.50) . M7 38 90 4H (TL=3.5~4) il &5 & F Jh 41
(TL>4), FHXPAR RN B R BT ge i (E 2) % 8L,
W RS SRR S E K2R, mE TR AL
FEPr B0 (8.33%), HABRIRA M. HEFR
9 2H S R 1 1 f R 50 T B A B A Ak, S A
— O TE AR B . RS IR BT LR
(52.78%), LURGEMEMZERICHEM N,

x1 BEEBRFBILAMMEFEXERFFIERILL

Tab. 1 Trophic levels of 36 marine fishes in Yellow Sea and northern East China Sea
p— A ZE ¥ Analysis of 6°N B %Y 53 ¥ Analysis of stomach content
Fish spocics A SRS ORRmS BRS B
This study (2005) (1986) (1992) (2004)

i Miichthys miiuy 2.75 3.58 3.40 3.40 4.34

B8 Konosirus punctatus 2.81 - - 2.00 3.22

iREE  Pampus argenteus 2.82 2.48 - 2.20 3.12

ghigth  Chelidonichthys kumu 2.86 2.35 - 2.80 4.10
JBuhfs  Atrobucca nibe 3.11 - - - -
Efifh.  Ammodytes personatus 3.14 2.55 - 2.30 -
HAES  Scomber japonicus 3.15 - - - -
) Ilisha elongata 3.21 - - - -
WA EE  Paralichthys olivaceus 3.23 - - - -

W) Setipinna taty 3.28 2.99 2.40 2.20 3.22
/N Larimichthys polyactis 3.30 2.70 3.10 2.70 3.7

WS HMF#E D Collichthys lucidus 3.31 1.91 2.70 2.50 3.7
K4t Zoarces elongatus 3.34 2.82 2.40 2.40 -

Hulifh  Argyrosomus argentatus 3.38 3.38 3.20 2.90 3.81
REREWINE  Gnathophis nystromi 3.42 - - - -

FI#8  Psenopsis anomala 3.44 - - - 4.03
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gR1
o R ZUAINL 1 Analysis of 6"°N B & W7 M1 Analysis of stomach content
Fish species ARG RERE  AERE RS e
This study (2005) (1986) (1992) (2004)
WA DE  Scomberomorus niphonius 3.45 3.62 3.90 3.80 3.89
kA Harpadon nehereus 347 2.60 - - 3.55
Kughll  Saurida elongate 3.49 3.49 3.80 3.80 -
LVt Saurida tumbil 3.50 - 3.45 - -
Vi34 Trachurus trachurus 3.50 3.02 - — 3.80
IR Cleisthenes herzensteini 3.53 3.30 3.30 - 4.20
I i B4t Ablennes anastomella 3.53 — - 3.80 -
J Rt Johnius belengerii 3.53 3.38 3.30 - -
Fa AT 85 Cynoglossus robustus 3.65 2.46 - - -
WA Trichiurus coxii 3.65 2.82 - 3.40 3.81
. Pagrosomus major 3.66 — — 2.90 4.40
RNkt Hexagrammos otakii 3.69 - 3.00 - -
K-##E  Clupea pallasi 3.70 - - - -
YRRl Sebastes schlegelii 3.80 — - - -
Z e Sillago sihama 3.82 - - 2.40 -
TBEF e Tylosurus leiurus 3.83 - - - -
fifi  Platycephalus indicus 3.93 - - 3.00 -
FREMEM  Synechogobius hasta 4.02 3.24 3.00 3.00 -
F3k#E Gadus macrocephalus 4.22 2.53 - 3.50 4.50
it Nibea albiflora 4.34 - - 3.00 3.93
e =7 FORARBAACESE, TR
Note: “~”: Data unavailable. The same as below
*2 HEBNMRBILMI6MBFELNEBENESRRRITLL
Tab.2 Feeding characters of 36 marine fishes in Yellow Sea and northern East China Sea
fH R Bp ff ’I’S%ﬁ%ﬁ! Feeding character‘s
Fish species Bp value A oK LI A
This study (2004) (2009) (2011)
sz Konosirus punctatus -0.43 TR EYIETE MYk - -
Efifa Ammodytes personatus ~ —0.41 EETFIREYIEE - - -
KV-PEslE - Clupea pallasi -0.30 TEETHIFEY - - -
Wik tgtn Collichthys lucidus -0.08 TR EWEE et - -
K435 Zoarces elongatus 0.36 BEEM - - -
R Cleisthenes 0.41 REEE JEAT | WEDk sh etk - -
herzensteini
Wi g Scomberomorus 0.41 REETE TR AR - -
niphonius b
H A Scomber japonicus 0.41 BEEN - - -
FREMEM Synechogobius hasta 0.47 BEEM - BEEM -
Jili/<tt Hexagrammos otakii 054 RA it - YR b -
H{Ifift Nibea albiflora 0.56 Reatk - SE 4z JERTAEY)
EE7/h=is i
/Neift Larimichthys polyactis — 0.59 Reatk TRIE . RIERIRK TRA BN Raatk
YT
F3LAE  Gadus macrocephalus 0.68 BRAEEM - - -
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k2
— Bp fi - @cf%ﬁ%’@i‘i Feeding chajrilcter\sm ——
Fish species Bp value VNI R S 3 Ve eI S
This study (2004) (2009) (2011)
Hidifa Argyrosomus 0.70 RA B NEA . SRkt iRt WY
argentatus ﬁ\ﬁ
grgta Chelidonichthys kumu 0.72 RE ek AR Sh ) B - REEMN
HRE  Pampus argenteus 0.72 REEHE TRV EtE AN REEHE
FilkE s Cynoglossus robustus 0.78 JRWE A Btk - - -
Wl Setipinna taty 0.80 JEMEA Y Bk Hirsh et REEM TRA BRI
EYrEtE
Kt Saurida elongate 0.85 T A=Y B - TRIEY e -
IV T SEr £ Ablennes anastomella 0.88 JEWIA YT - - n
W Miichihys miiuy 0.91 AR ) itk - méfﬁ%*ﬁi% -
=X
VEIG Al Sebastes schlegelii 0.92 JRAAE S B - - -
WA WE  Paralichthys olivaceus 0.92 AL i - - -
TCRERI AT £ Tylosurus leiurus 0.94 JRAAE S B - - -
WAt Trichiurus coxii 1.03 SERMA Yt - - -
LV Saurida tumbil 1.03 SEL AR B - - -
B  Pagrosomus major 1.05 SERJEMIEYIETE TRk shr et - -
2z Sillago sihama 1.05 SELTEWIAE - - -
fif  Platycephalus indicus 1.10 S E P - - -
RERWEE  Gnathophis nystromi 1.11 SEARMIA et - - -
‘ 1.14 SERICHAEEYE Rk E Tk - JRARAEY)
HIE  Psenopsis anomala
X3
1.19 SERCHIAEY B TRIE. ISWERIEIK IR -
Jeth X
Pr3étt Trachurus trachurus Sy e sy b
) Ilisha elongata 1.21 eI BT - - -
P y Ry Pt J N=pa J 2
o3t Harpadon nehereus 1.22 SERIRMAEENE ks EtE REEME g{;ﬁ;ét%
WGkt Johnius belengerii 125 RN EY B - - ggﬁi%
Mhth Atrobucca nibe 1.37 SEA A Y E - - -
L Wik Rl ST I A AR ] SRR 45 5 5 2 A1
3 itk b, 03C 1Y B BE AR 22558 /N(8.78%o0 vs 7.04%b), Tl 6'°N
M l‘_Tll\ 23558 L . 000 . o00 o 0N /\/\
31 B, mEEEEEES ) B FE AR 2235 K (3.97%0 vs 7.17%0)0 IR MR

MR P B | SR [R) o 28 7% ik 32 AR
SR ZTT N, (RIS [ £ DR HC AR 7% o2 A
BRAFAF AR, WaTie e 6°C 6PN &
AR A 1o AT 36 FhifFiEfap, f
19 Fh 5 ZE48 12 55 (2005) 7 2 ¥ AR ¥ R AT A9 T8 2 A

SERF RS Z A8, 2 DRI TE RAE I A BE LR UIE [H]
T £ A AE A [F] B9 AR K B (an gh s sl ity PR, HE
Fag R 2 M 25 AL ST .

WAk, WFERM, ER—AEERS T, R 24
Wy IE) B B R E TR 25 RN T 0.60%0 38 K T
1.50%0, fETIARIX 2 NMIFIEIAFEHERR. KA
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FIVR T4 ZE Tk . RS E R0 KBTS0 B S 7R Tl 2 2R A i TR R Rk 15

et FET B L, BT RRAL TRl —ANE SRR L
X FIa —Fh, X 2 MR Z I EDEAEE | AE SR
RCEEZE, 2015), B, ABFFE T 36 FhifE s,
O1C MIEEIEJy 8.78%0, MAFIEZ N EFIZIR,

XiF T[] — b p e Rl 2 H A, HL sl R 1A [H)
AR, PRV S AN 2 & BRI = A 25 5 5k
TSR (2019 58 1 K LIRS B A T X A 12 40 )
S5, 3T 2012 AR HERAY £ sk X, HAFFOSE il 0C
(—17.19%0) 5 A WF 5 (—17.58%0) 1 22 45 /N, {H 6N
(14.30%0) 5 AR HF5T(13.04%0)FH 2230 K o X B iF & K
N T AR DX HCARIF 5 H A F e 6 3ol PR B 2

AWFFEH, ANE Rk . e R R ILT T
FHOCHE(E 1), X2 R T SR 05 B K 2 3.
6T T[] — £ A A2 E [ 28 4387, Pethybridge 55
QOISR A, KEE 4 M (Thunnus alalunga) LA
HAUP R . BARE A 2 B A R AE e . B
SEQOIT)FI AR E M RERZGE & B & W otk oe
165 8 68 S AG A (Thunnus  albacores)B &I PE . b
TR FE AL 4 I R R AR R TR 67 3R 43 B v R A
R E s, LRV ARt T LK

32 BFELXNERFMRMEEI

X T AR 25 3R G A W 3R ORI B 1 1 4
FE R E S T . RO R W R AR
PR, (EXTEE A TR B, 75 B 5T 2 I
HIER NG T, HAES A MRRZECEYNE
PERERIENS LIRSS I B ) . AR, Ao R 3R
SN RN, SR WERR(E E, 2015),

AHF AT B AR PR A B, LS X SRR A5 (1986)
XD S B ST, 5 RS (1992) % B 0 2R A ifF 5%
DIk 1 45 (2004) % 2R i MBI (SR W IFY o Sl A X
FL R, ANFEAEAR . RRNG R R a2, HOE IR
g 25 RAFAE—RE MM 22 o TR, 3K I% 25 (2004)ffF 5%
K, WIS 2 8 SRR AR A TR
B, LR B), A5 HE SR 95 5K I 55 (2004) Fl
BX A B 45 (2005) (U BF 8 A LE 43 B R % T 1.59 F
0.83 1B K . X ] AE-5 AHI 5T AR AR I A A K
AR BA G, AL, ABFSESE R 5 Pauly5§(1998)
P2 H B 7 BB ARV 2 B R R IS A
ROAE = B I B2 ) T, 1A B R G s SR
o A Gl R AR AR R . ST I EE S
PR S RFLp /b, IS B0 3K 4 1 L A 2 i g A
AN . B FRPRAR . LT U (B B IK Y Fh 28 5 AR
(DK, 2011; T EH, 2015),

s R R R AR 2, Hoh R A P 2

RURFZENER, MR R —E B [k
FIE A (2200 LA, 2009), ABF50E i 5 DU
Xof BT AR L f S R I RIS X e R B, DR
A 10 4, HatJLFERAZN, /e,
RERSE(R 2)o HABMSE A B VEBEAEAUFIEE R A [
MImAT i 22, A e fa ek 5, R [E i
TEARTE A K B B B P & R A e (kI 48, 2016),
71T 75 ] £ BBORE I AN T BE A (4 I A R A 3 R 38 44
L INITES = G e LA

BRI AN EMNGIT A R (B 2)F LIAER ISR
(KIS, 2004; 25 CEE, 20004 1, BTG RIZR L
PR 32 AT ) AR TR AR R, W,
IR R 2R AR A B A 58 2RI o 32
SRk 2 AR BALY 29.41%F0 41.18%, X Fh g
O, —J5 T R RE S Fh T 455 e 0 (v rh PR AR 0 Y
P FIEC /b, 30 f B B i R 2R U T R
Fl, B —a R ReEE; —hm, b &
BEFRRAFRF TR Z UL MR i oy 2 B H oA
%, LS PR R AR AR T, AR R M 5
M, 40, Henderson 5§ (2014)%) K P4 ¥ 7 &
(Paralichthys dentatus)WF UL T 3X — A,

W SERTFIAEY A Complete plankton-feeding

o RA ' Mixed
m JEEWELE Y1 Benthos-feeding

3 B 5ERJRAAE YR HE Complete benthos-feeding
§ 6
&5
G
s 4
3T
ol
0 11

<3.50 3.50~4.00 >4.00
BF%44H Groups of different trophic levels

Bl 2 AWETE P ANEE SR I ISR PSR
Fig.2 Fish species of feeding character in different
trophic levels in this study
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B TR, DR TR B PR R 1 B R
P =AM AN AR IVE SRR IRE N ERN A
AR [EIE, ASHESE A LA B BF TS X H R B, ER4
AR E TR R T RS B T 3 KW B
A, B O B R R S O R U B
1) — KA Z R IEAE, 2004),
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Trophic Levels and Feeding Characters of Marine Fishesin the Yellow Sea and
Northern East China Sea Based on Stable | sotope Analysis
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Abstract This study analyzed the carbon and nitrogen stable isotopes from 36 species of marine
fishes in the Yellow Sea and northern East China Sea in 2011~2014. The feeding characters were
determined by calculating the benthos proportion (Bp) with the 6°C data, and the trophic levels (TLs)
were calculated using the 6'°N data. The results showed that the trophic levels of the fishes ranged from
2.75 to 4.34 (mean 3.47). Four of the 36 species were completely plankton-feeding, and eight of them
were benthos-feeding. The number of mixed feeding and complete benthos-feeding species was 12. Most
of the fish species (91.67%) belonged to the middle (TL=3.5~4) and low (TL<3.5) trophic levels.
However, the number of high trophic level (TL>4) species was only 3, and all were mixed feeding. In
contrast to the TL research results of 1986, 1992, and 2004, the authors of this paper found that the trophic
levels of some species had changed slightly in recent years. For example, the TL of Scomberomorus
niphonius had decreased to varying degrees, while that of Setipinna taty had increased to a certain extent.
The feeding character results were compared to those of 2004, 2009, and 2011. It showed that the feeding
character of some fishes, such as Argyrosomus argentatus, had changed significantly. That of others, such
as Larimichthys polyactis, had not changed significantly.
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