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Abstract; Based on two bottom trawl surveys conducted in autumn of 2000 and spring of 2001 in the Yellow Sea, functional
groups at high trophic levels in the Yellow Sea ecosystem and its three sub-ecoregions, i. e. the Yellow Sea cold water mass
region, the Yellow Sea coastal water region and the southern Yellow Sea region, were analyzed. Species picked out for
analysis covered more than 90% of the total catch in biomass, which were divided into six functional groups according to
their feeding habits, planktivors, benthivores, piscivores, shrimp predators, generalist predators and shrimp/fish predators
in order of biomass. The trophic levels of these functional groups were estimated as 3.22 —3.35, 3.30 —3.46, 4.04 —
4.50, 3.80—4.00, 3.38 —3.79 and 4.01, respectively. In the Yellow Sea ecosystem, there were two major functional
groups, planktivors and benthivores, which accounted for 79. 6% of total biomass, and 13 major species, small yellow
croaker ( Pseudosciaena polyactis ), anchovy ( Engraulis japonicus), Parapenaeopsis tenella, silver pomfret ( Pampus

argenteus) , Ovalipes punctatus, largehead hairtail ( Trichiurus haumela) , croaker ( Collichthys niveatus) , half-fin anchovy
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( Setipinna taty) , Bombay duck ( Harpodon nehereus) , Charybdis bimaculata, sea snail ( Liparis tanakae) , Portunus
trituberculatus and long-tailed anchovy ( Coilia mystus) , which accounted for 70.6% of total biomass. The average trophic
level of the populations at high trophic levels varied slightly between the three sub-ecoregions in spring, but greatly in
autumn, as a reflection of the feeding habits of the migratory spawning and foraging populations. Planktivors formed the
major functional group in the sub-ecoregion of the Yellow Sea Cold Water Mass. The average trophic level of the populations
at high trophic levels in this region was quite steady during a year, while that in both the sub-ecoregions of the Yellow Sea
coastal water and the southern Yellow Sea changed much seasonally, higher in autumn than in spring. It indicates that the
Yellow Sea cold water mass bring about a typical sub-ecoregion with more stable environment than others regions in the

Yellow Sea ecosystem.

Key Words: functional groups; major species; high trophic level; community; Yellow Sea ecosystem
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Table 1 The average length of major fish species in sub-ecoregions of theYellow Sea
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Sampling stations

FRfER B Standard body length (mm)

£ Fp Fish species

SYR1

SYR2

SYR3

AYRI1

AYR2

AYR3

i Engraulis japonicus

WM WiF 44 Liparis tanakae
/N# 8 Pseudosciaena polyactis
WA Lophius Litulon

4R48 Pampus argenteus

With Trichiurus haumela
SERMFEE Collichthys niveatus
W3k 8 Harpodon nehereus

WSk HFTE Collichthys lucidus

FEHY Setipinna taty

JXEF Coilia mystus

4% R4 48 Apogonichthys lineatus
LkisE . Chelidonichthys kumu
KWt Saurida elongate

14 A5 T8¢ Scomberomorus niphonius
L% Raja porosa

#1441 Scomber japonicus

Hil#E Psenopsis anomala

B Clupanodon punctatus
K3k#% Gadus macrocephalus
N, Trichiurus muticus

IR Cleisthenes herzensteini
PEBE Raja kenojei

K448 Protosalanx hyalocranius
F BBt Chaeturichthys stigmatias
JI18% Coilia ectenes

IREEBE Thryssa kammalensis
it-fi Erisphex pottii

fifi Miichthys miiuy

4E8% Raja chinensis

75.97 £10. 37

262.56 +25.32

109. 40 +11. 21

443.75 £91.23 286.11 £59.35 323.34 +55. 89
124.77 £17.45 128.16 +16.78 115.37 +13.73

111.70 £19.56  90.47 +13.97 144.24 £29.55

85.12 £9.44

67.32 +8.95

74.88 +13.94
135. 60 +38. 69

145.08 +21.51 107.28 +£23.40 122.82 +31.19

144.40 £9.05

185.15 £73.83
95.21 +13.67

149.29 +34.91

254.57 £25.59

185.00 £17. 52
76.48 +£3.96
89.22 +9.32
88.12 +£23.49

99.29 +11. 18

96.59 +14.22
46.08 +11.77
416. 80 +132. 59
197.50 +35.83

132.18 +22.76
135.31 +£26. 29
206. 90 +23. 28
57.80 +9. 46
144. 03 +27. 56
64.26 +7.61
122. 87 +24. 88
131. 80 +15. 36
39.50 £8.95
175.12 £12. 37
161.37 +78.35
401.96 +£22.53
165. 50 +28. 52

121.51 £17.71
126. 07 £22.33
192. 06 +41. 50
60.23 +9.35
112.30 +42.98
140.22 +15.76
131.78 +12. 34
36.82 +4.78

217.77 £19. 45
158. 82 +8.57
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MELEFERREZ IR R, SRV 21.63% , /N ABHKREBZ HIRIZITE, SRV 14.98% . 75—
B IR A AR AR R FNPEAS , B R AH UMK 79. 70% , EEIF QR Y FIb RIS (& 3a) o RS
FRK AR AR R PE T BERE , MR AR IEK T 61.97% (B 2) , 3R R KRJZEFR G R 86.21% (FFE Ny
72.49% ~99.93% ) (|&13b) o K KI5 FERRIRZURE, HRWE 99.93% , LIFEBIFA E ; M IREH R
JEJZ AT R LA IR AR AR AN IR 3, A SME R R —RE LB Bk R IERR M GER . SR gtk
RERF (& 2) SRR AL RAH T,

SYRIL“fRj{b BN B A Wi v 4 10 A, 2 FOCHHESIY) , 0B IF I AE B v IR R ) Bk AR
PERURA S Bk 5 ST RERE , S I RERFE IR B0 A0 3. 22.3.83 3. 72 4. 50 1 3. 30, RAE A Th AERE B0 A= 4
B, FF KSR ERZREYTE R ETRR N 3.35(K 2) . SYRL PRl AW R BEREAT
LB oK, D 81.32% (& 13) , % Zh RERE 9 = B AP 3 D /N 3 A6, A W) 8 LU i) 73] D 39. 88% il
13.33% . IRYESFSEYRAT , EFZEIGRK M FZ /Iy A 6 PR REE T H A4 2K,
SrIE TN R RS RERE RN BT RERE, 5 BAEYI R 70.08% (3£ 3) .

x2 HEREFRBREVBRERSEVHENERR
Table 2 The trophic level of each functional groups and each communities at high trophic level in the Yellow Sea

- I RETREE R The trophic level of each functional groups KA YRR B
Communfes it A/ fr HF et TSRt SRR ;frpk  The trophic level of
Piscivores Shrimp/fish predators Shrimp predators Benthivores Planktivors Generalist predators each communities

SYR1 4.50 - 3.83 3.30 3.22 3.72 3.35
AYRI1 - - 3.95 - 3.27 - 3.34
SYR2 - - 3.80 3.34 3.35 3.38 3.36
AYR2 4.32 4.01 3.88 3.46 3.35 3.79 3.65
SYR3 4.44 - 3.95 3.33 3.22 - 3.34
AYR3 4.04 - 4.00 3.37 3.35 3.57 3.56
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Table 3 The major species of each communities in the Yellow Sea

IR YIRS i (% ) Fr IR TIRERE YRR ER7LIES (%) FTRTIRERE
Communities Species Biomass Functional group  Communities Species Biomass Functional group
SYRl  /hifa 39.88 eyt AYRI i 79.51 TR Rt

fiig 13.33 L RYE AYR2 e 17.46 TR E Rk
B 6.54 PRI R i 16.48 fafk
e 5.48 PRI A R R 12.74 PRI A R
H A 20 4.85 ;o Tkt 5.06 TR A YR
SYR2 TG fiXFaF 35.40 RIS R =R TE 4.03 RIS R
XUBE bt 13.08 RIS R K 4.00 PRI A R
R 5.63 LR T 3.97 PRI A R
HIEAR AT 4.59 RIS R R\ 3.69 PRI A R
e 4.39 PRI R AR 3.22 TR Rk
HHECUT 4.36 RIS R AYR3 24 5 15 Bl A 15.81 RIS R
BT, 4.05 e R /N 11.65 SRt
SYR3  /hEifh 40.52 ERRlIE R/ ¥ Josk 11.63 gk
24 I Bl A 8.95 RIS R =R TE 8.11 RIS R
gt Rl 8.34 TR B ] 6.41 TR Rk
B 4.71 PRI A R gl 6.14 HF R
-l 4.05 PRI A R B 5.06 Ak
BT 3.59 HF R & JTUAR 4.10 RIS R
] 3.33 PRI A R

W4 Trichiurus haumela

_E i #) Setipinna taty
/N Trichiurus muticus la
i} Engraulis japonicus

/IN#§ £ Pseudosciaena polyactis
T YR8 Pampus arg
L BI#E Raja kenojei
I FalR#E Cleisthenes herzensteini
L K3k4# Gadus macrocephalus 2

1b

ifieflt Lophius litulon 3

L | | | |
0 20 40 60 80 100

FABLEIK - Similarity level

B2 HZEURKER(SYR) T HERE KR AT E
Fig.2 Dendrogram of different functional groups in spring fish assemblages of Yellow Sea Cold Water Mass region (SYR1) defined by cluster analysis

la-1b: JFIFA Y1 planktivores;2 : ¥R shrimp predators ;3 : £ X4 piscivores

2.1.2 FkZFE(AYR1) AR

RARHTRY AYRL (9 2 Fha s 2 P IHBERFALR, G TR AR Y R IE AR R D BERE , MRS A, &
TIRERFE TR | N 3.27 M 3.95(K2). MBEFWAY RN, MERZHBITE, SEVH
76.61% , Rl BB BB ZHPERE, i BYH 23.00% (& 4a) . QW7 HIRIFRIEDBERE, R 78. 64%
HRIZIRE, FERF BT WO T B R R B HAIE, TRERENT R (K 4b)

HRIEAS DD RERE I A M B, AR F B0 K BT IR B TR R IR A R R B R 3. 34 (3R 2)  HopiF
We A BE T RERE BT i B9 LU Bl e K, 35 89. 05% (&1 13) , i D) RERE ) 2 BE AP SO0 2, A= ) B LU il Ry 3k
79.51% o MRYEZFIREYBHAFT , SRULEK T HIFR K I E BRI (R 3) .

http ://www. ecologica. cn



1104 E oA ¥ W 29 %
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Fig.3 Diet composition of each functional groups in spring fish assemblages of Yellow Sea Cold Water Mass region (SYR1)

A TRUHEY) s B: B R 2 Co BRI DR B UF I B g B2 Fe M58 2 G AR IS He Sk B 28 1 #0285, . 226 A Phytoplankton; B:
Copepoda; C: Euphausiacea; D: Demersal shrimp; E: Ophiuroidea; F: Bivalvia; G: Gammarid amphipod; H: Cephalopoda; I: Fish; J: Others
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Fig.4 Diet composition of each functional groups in autumn fish assemblages of Yellow Sea Cold Water Mass region (AYR1)

A BERAGBBRIF; Co i 25 D R JZIFG E. 25 F. Hi 28 A Copepoda; B: Euphausiacea; C: Hyperiid amphipods; D: Demersal
shrimp; E; Fish; F; Others

2.2 EIEIE /KIS (YR2) AR ik v O D RE AR S HL 20K
2.2.1 £FZF(SYR2) HEARAL

RAI MR SYR2 19 9 Ffa iy 3 DI RERFLLR, BRI S Y Btk AR RPN i A2 ) R P2 RER (&
5) o ¥ REUR SRR YI R ED AR, EEB AT AFRME R RFRMSIY (B 6a) . FLEL/RIFR
PEZHRERE , 55 B RS2 MK LUE TUR AR R AR IF O o B 7 Ry i Y e vhShab R, L3 KM A R
BEAMEEE EREE DB NI REDRRUST , BRI A MR R ZE R EBOR, B AR AP AR, T 4 4
IR SRF A (B 5) o /NE B EANREY & [F)— [ R W B IR AR T, 3598 & 90% LA b AYBEAF IS, B A9+
UMK 1R 25 89. 68 % 5 AR f A TR A 2 T R F) [ B A BT IR A H LA R 200 2R W), SR AR DMK F
N T4.99% ; JIGFER B MTFIF SIS A TR AR AR 2R RIF IS BRIR S A AT B2 5 SR LA PR i Fbe 22
FAEERY (K 6b),

SYR2“ fejfb B0 ” B A Wik (4 O A, 8 FHOLHHESHY) , /bR IR sh 4 B vk I e v T Bk
FIAREE 4 S THRERE , & ZhRERFE IR0 3|0 3. 34 3.35.3.38 F13.80(K 2) . MRIBAINRERFHI Y B,
FERIFIEF KRR EFREREYHIEREFTR RN 3.36 (K 2) . SYR2 W EZIhaERE N R sh | 1EhBE
FEMFEUF A Y B E DD RERE , 705 L DU RERFAE WD B K 68. 15% A1 22.69% (18] 13) o JEATISh A R ML D) BERE AL 1% 6
FRUREEISAN | Fh a2, Horp BRI N 4025 07 X T AL , 4= W) 8 Le 5l 50 531 g 35. 40% Fi1 13. 08% 5 i £
YIThRERFALTE 7 Fh a2, ERFPAY FREEMF B ANGRER, A=Yy B L 05000 5. 63% 1 4.39% o MRIEAFIIEAY)
BHT , BRI R K0 T BRSO 405 Oy 3 oF eSS | R ARG B AR AR A AR S B AR , )R
TR R VRS RERE U Sh Y R IET RERE AR R PETh BERE , 5 BRI 71.50% (3£ 3) 6
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_| F R Chaeturichthys stigmatias 1
B8R Raja kenojei 2

— KR4 Protosalanx hyalocranius
I SUBMEEL Collichthys niveatus

ﬁﬁ Pampus arg 3b
J18% Coilia ectenes 3c

3a

/N#§ £ Pseudosciaena polyactis
—|: et Setipinna taty 3d
A& Coilia mystus
0 20 4I0 60 8I0 1(;0
FABLEIK - Similarity level

BlS BRI KR (SYR2) 2T RERF i R0 B &
Fig.5 Dendrogram of different functional groups in spring fish assemblages of Yellow Sea coastal water region (SYR2) defined by cluster analysis

1 JEWI3h ¥ &M benthivores;2 : ¥F 1 shrimp predators;3a —3d: FEJFAE ¥ &M planktivores

a JEMIZh 4 itk Benthivores

100
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A EE IR EOE 5
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PRI Prey groups

B 6 HRBUFULFKIR(SYR2) 24 DI RERE I R 4L

Fig.6 Diet composition of each functional groups in spring fish assemblages of Yellow Sea coastal water region (SYR2)
A TRWERY) ;B BR R 28 Co BRIF IS DBRIF IS E B 2 FLURJZ IR G S B2 Ho W 5e 2 LR T 498 A Phytoplankton; B:
Copepoda; C: Euphausiacea; D: Mysidae; E: Sagitta; F: Demersal shrimp; G: Isopoda; H: Bivalvia; I: Gammarid amphipods; J: Fish

2.2.2 BZFE(AYR2) HyHEAR

RARHTR AYR2 (¥ 14 Fhfafy 4 NIIRERFALAR , 3G At T/ ik AR SR Y STk
BE(ET) . AR A A K h 60.71% AR K Il /N ta A A s (& 7) BEn
B2 HEYH 80. 11% (FEFEH 71.53% ~91.46% ) (&l 8a) , H ik sl BEUR A MM HLBIR S, 5 WK
91.46% , LA FREREENANSR KLt Ry £, Kugtl /N A iR 8 A A ELBIZE 70 ~80% 2 JA], K it
BER A A 2 DA ARt B KB £, BN R RIK B IRk B2 /MR AR A AL
AR AN E, B IMA BRI TR Z IR W AR a2 R4 ok 3, A ANA R B BAF ISR
JRER, GEEEHIR/ AT RERE (B 7)  BENEYEIEARE JRZIFE O B IME (& 8b) . IFEHE
T RERF A5 FLER AN SO T, SR R AR UTE KT 68.44% (18 7) , BB MIRZUFE S W 87.38% (3
Bk 77.24% ~97.52% ) (B 8¢) » FLEREZELUEZIFE R, S EWH 97.52% , 3B HKZUFE R 248
£, AT P 5t SR A QAR AR O B AU F AR R WK IR DB BRI E, BENAaX 5awm
22.24% ARG R o IFIFEY B DI RE RO IR A AR L B e Sk M RUBT R AR EE Bk i 3 AR
B8 7 Fhfa, TR R R ERER, YA AKCERAL, /T4 6 AR R IEFE (B 7).
R\ R AR 2 R JE — R B R IR R B A UK N 82.47% , 398 B 90% L LB R 25, HARS
Fpa gy @ AR R B Y R IR AP T, 40 S R AZ IR R 76. 24% MBEIF2E, B3R & 20. 38% K4 fa; BB &
55.39% HIBEIRS IR IR B AR UF SRR Z IR ek B L BAF RN FEBY), S WM 95.48% ; ik
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HFERR R 56.42% KK R 28 31. 47% HBEFAEA 10. 99% HIJRIZ RS ; SRER I LUF I e R 28 £ R R

Yy (& 8d) o
Kbt Saurida elongate
E /N#Efa Pseudosciaena polyactis
— W54 Trichiurus haumela
W5 25 D8 Scomberomorus niphonius
44§ fa. Chelidonichthys kumu 2
— T8 Raja porosa 3
L WYY Liparis tanakae
) &R Apogonichthys lineatus  4a
I W) Setipinna taty 4b
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Fig.7 Dendrogram of different functional groups in autumn fish assemblages of Yellow Sea coastal water region (AYR2) defined by cluster analysis
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Fig.8 Diet composition of each functional groups in autumn fish assemblages of Yellow Sea coastal water region (AYR2)
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AYR2“TRIAL B " B AL M RE A0 14 B, S R ICEMESHY) , 70 R IR iF A B i Bt RIS &
P AFRE T RAERT R 6 DIIRERE, S I REREE IR B S5y 3.35.4.32.3.46,3.88.,3.79 4. 01 (K
2) o ARYESINRERE B0 AW B AR, K I R KR B SRR AR R E FRH N 3.65(FK 2) . AYR2 i
EEIBEH 0 A Y B RS RE R B R R D RERE , 705 o D RERRAE W) B 9 55.29% 1 23.87% (& 13) . IF
WA YRR REREA 7 Fh a2, Horp RBP4 R AN R 2, LE B G 17. 46% I 12.74% 5 fa Rk
YIRERE I R BRSO, AR BT & LB R 16.48% , IRYE& M EYRHT, KFEIBE R KN EE
PRI ERER A REEMGE JE Sk =R T BCK A | B R AN AR R A, R IR AR Y R T
RERE RS B PETh RERE AN R PR DD RERE , i BRI 70.65% (3£ 3) .

http ://www. ecologica. cn



3 K F REBESRAEREFRZREYRE IR L B MK 1107

2.3 EIGRERKI(YR3) Y HEVE D) REAE B H 2 fh 2k
2.3.1 HZE(SYR3) AR
FASrHrR SYR3 (1 11 Ffady 3 N ThEEHF AL, BIEIFEE AR MR ETRRH (B 9) .
R HEDIRERF R Sk fa SO FIAEER SRR AH IRy 64.94% . BR EERAIRZARELISE, i
BEBRZMARER(E 10a) [HEMBEENEERYMERERRER . BLARENIKEIFE D HEIR Y
F, AREFRE AL B AT WO F AR K BRI L S KK IR & SR H
AGLHF B REARUR LA BTG 5 AR5 , £ 25 USRI /INEE f Dy 32 5 AR BR4R B I J2 R 8 A 11 R g 0 i 48
hE BB RERRER ., Mach AR, IR Ak LUNE AN F (B 10b) . Ay RHD)
RERF A /Ny i B DR ARG EE R BAREE N A TARER T R, ok 2 MR R IERE . 4RER L
TR IR RS /Y, B — R W s IR A E s R 6 R g ) — R B YR R A, B A o)
PEAKE S 82. 88% , EEIEAREURAL, H WM 96.97% (G K 89.75% ~99.92% ) (& 10¢)
Je3L 44 Harpodon nehereus
_|: BT #a Liparis tanakae

#:4% Raja chinensis

fgafa. Miichthys miiuy 2

JN Trichiurus muticus

— Wi-fily Erisphex pottii

¥t Setipinna taty
Mg EE Collichthys niveatus 3
IR EEER Thryssa kammalensis
/N, Pseudosciaena polyactis
- 44} Pampus arg 3b

0 20 40 60 80 100
B K- Similarity level

B9 HEFHUFE K (SYR3) AT RERE KR I T B

Fig.9 Dendrogram of different functional groups in spring fish assemblages of the region encompassing the southern Yellow Sea and Changjiang
Estuary (SYR3) defined by cluster analysis
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Fig. 10 Diet composition of each functional groups in spring fish assemblages of the region encompassing the southern Yellow Sea and Changjiang

Estuary (SYR3)
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Fig. 11 Dendrogram of different functional groups in autumn fish assemblages of the region encompassing the southern Yellow Sea and Changjiang
Estuary (AYR3) defined by cluster analysis
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Fig. 12 Diet composition of each functional groups in autumn fish assemblages of the region encompassing the southern Yellow Sea and Changjiang

Estuary (AYR3)
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