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Fig.1 Sampling stations in the Yangtze River estuary
and its adjacent waters

1.2 SHAE

121 #®#HF DS H A X E M 4 4L (Index
of Relative Importance, IR 5 (Pinkas et al, 1971):

IRl =(N+W)xF

K, N O REFPE A RS SRR B E A
Fbs W R SERR S B i o SR I E A b F Ol
AT PR AT Bl A R A Sl B R A A T 0 B

o, IRIERT 500 SHHL#F, 500-100 A W,
Fl, 100-10 —Ah, 10-1 AL UWLAN, /NTF 1 AFAH
il (PR35 4246, 2000) .
1.2.2 EZAMMEF $ AR HK H Bray-Curtis
H AR 22 %k (Bray et al, 1957), 184 ALK (T
W) Fh R 2 R AR, AT T R AR
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FEVEFEBU(H) &% Pielou 4] BEF8¥ ()4 BT KT 0 %
AR AT U 3 b A W) BE TE £ KR (Margalef, 1958;
Shannon et al, 1949; Pielou, 1975),

Margalef = & B 4§ £t D=(S-1)/InW &% D=
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ANy ML WFSE T RGN A ST A B B AR o e B
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1.3 #IEZKt

iz F Primer 5.0 FRA4 X6 el 9% U5 28 B A4 AR {1 F
ZREMEFEAT /0T 5 38 SPSS 16.0 B4l B PR 4%
5 A E N F AR RITT T, i ke
Pearson FH ¢ Rk .
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&, 2 12 H 36 Bl 50 J& 58 Ffr, Hrh&HIE H A2
%, 14 %22 )& 26 i, OIS EFIEEY 45%, H
WREDEH, 28 6 J& 7 F0, RS HIWTES FILIT
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Tab.1 Taxonomic category of fishery species in the Yangtze
River estuary and its adjacent waters

H Order I Family J& Genus Ff Species
J\Jfi H Octopoda 2 2 2
% H Teuthoidea 3 3 3
L H Sepioidea 1 2 2
M & H Stomatopoda 1 1 1
+ /& H Decapoda 23 32 48

% 5 Lophiiformes
H41 H Gasterosteiformes
¥4 48 H Myctophiformes
7% H Pleuronectiformes
#4598 H Clupeiformes
#:% H Salmoniformes
#9E H Perciformes 14 22 26

R N NN PPN
P O N N NN
PN 0NN NN

#84 H Anguilliformes 5 5 5
53 5 Siluriformes 1 1 1
lijZ H Tetraodontiformes 1 1 1
#efi H Myliobatiformes 1 1 1
i} H Scorpaeniformes 4 5 5
BT Total 66 90 114

di B AR AR 70.6% ., 79.2% . 40.8%F1 29.6%,
ZfJ AR Ry 7N 22 4 B2 UF P 1 (Amblychaeturichthys
hexanema) . H[E E IR (Acetes chinensis) ., =it T4
(Portunus trituberculatus) . J¢ 3k ffi(Harpodon nehereus)
F#(Engraulis japonicus) . H:H1p Sk A 7S 2240 FE R
pEfa SR 1Y) 22.0%, o EBERA = PER TR
AR 5 B 20.4%, 65 B R Y 9.1%.
B SRR E K IR (Palaemon  gravieri) . £0H
W g f (Odontamblyopus rubicundus) ., XU BT i
(Charybdis bimaculata). /45 #i%F(Solenocera
crassicornis) . 4144} %} #F (Parapenaeopsis tenella) .

1 #F ik (Oratosquilla oratoria) Al g sk fh . Ho 7828
WA R 2R R R FE ) 38.5% 11 63.6%, JIE
A B AR Y 23.8%; FKRILEF N PR T
% Jp3.fh . H s (Charybdis japonica) Flj Sk Aff #
ffi(Collichthys lucidus). Hrh = Jite 81 H Az i
R G RR Y 43.6%, Bk M RUESK A
AR 26.4%; ZZRLHEFN & KR . KWL
T f85(Cynoglossus lighti) . MR R 3k £, Hid )
ZLTR B AR Sk o S AR B 1Y 24.6%, 5 FG A R
PR e R o 5 SR B 10.9%, FHIAT L, 4 4>
LA EZ R W BRI Z AR, R

PRhrh B B, B RORIA R B S gk
AL & TR )2 028, FEH IR H
s TR )2 a2, H | AR5 GBI 0 55—
PRh, AR B SR Y 6.6% 1 3.9%, ik
BN & 27.7%F1 11.2%; FKZE =9t 75 e —
Pl sk b BRI 23.3%, ik REALE B
IRBEUN 14.1%; HF N 24T REF R AR5 — 3,
WA R R Y 7.3%, AR R A 3 R
34.6%(% 2).

22 WERENSDH

RV 0 e AT T VA SRk 7 - 24 BT T Y i 3R St
W, BEmTESE, A5k, & 2. ML ZE
I FE SRR J2 £ 20T 2 AL I U e R 1 A v L 3 oA
7.20, 6.95, 7.60. 6.15, 15.8. 13.00, 4.15. 5.58 kg/h-net.
vt AR R o5 R AR Y T 4 AR Nl 40.1% R
38.8% . 50.2%7% 42.0%. 54.2%7F 44.4% . 40.8%7
57.4%, BR4ZR)Z 2R AR5 1 4y o THI 522651,
HoAbZE By B e it il | oy el s o 45 Sk 2
FeMh bR SOV B Y AR BRI, AR
)R AR T B4 BT IO R I AR R R AR T E A
439179 3.65 kg/h-net i1 20.1%(%] 2).

545 VR A BT T TP AR R AR AR, R
L B A T T v AR B A ORI B ARl B R
T AT AR AT DI B M X B R A
[ayA] AErfr, SPE8 A O PR AR B i 3 (29.2 kg/h-net) s
K el TR A w8, AN ol A e R 5 A L
1o, TR AL I YR AR B e A5 (10.15 kg/h-net) (] 3).

2.3 AR SR ERRE

DLRFC T A AR F8 £ b L s S, O
BT A ERR e, DU s T B A L+
B, HEMBKE . ML MU R S, MRS
0514 0.25 F1 0.28(3 3).

k. AR Z, WA 75 F, HEM
BERA, 1A 67 F 66 fii,

FB R FE EREO) RS2 SR EH) Y
% K, 4 5.55 F1 3.02, £5 ¥l i 435Il 7 0.38-2.11 F1 0.49-
2.39 Z 5 FKESEN, BIRECH 4.64 F1 2.37,
B VEOE 4 HIAE 0.32-5.48 il 0.42-2.21 Z [M]5 5. # .
MV E RO EAFR, 4510 1.64 F
1.63, HE VM EEm K, J 1.70, FkEFE/),
Hh 127, K. BMEZ BSR4
4 0.72.,0.70 A1 0.73, £ 3ifii 43 Hil7E 0.27-0.85, 0.11-
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1.00 #1 0.54-0.89 Z [H] % 31 , #k /)N, i F8 £0h 0.59, Sk 0.62 Fi1 0.60, ZFEPEFEEE . BEEHk ., &
HyNITE 0.21-0.89 Z[a)ish, H . & BV s) FE, KB 2RI R AR L R B AR B
FREQYBR, 9k 0.71 F1 0.73, . BAEEUN, A A —IGR 4).
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Tab.2 Seasonal variations of dominant fishery species in the Yangtze River estuary and its adjacent waters

Z=75 Seasons 4 Species W% N% IRI
%2 Spring INLER IR M A hexanema 7.3 34.6 2515
1 £ AR A. chinensis 4.8 29.5 1669
= YR T8 P. trituberculatus 15.6 0.8 935
Je3kfa H. nehereus 14.7 0.9 668
fiz E. japonicus 9.1 4.8 517
K 7% Summer BHIRKE IR P. gravieri 6.6 21.7 2729
ZIAR P AR R A O. rubicundus 16.3 11.5 1589
WLEFEE C. bimaculata 10.2 8.7 1391
rh AR HIYE S, crassicornis 6.5 12.7 1335
403547 % UF P. tenella 6.6 9.8 1041
¥R, O. oratoria 8.6 4.7 1036
J#3k 1 H. nehereus 7.5 4.1 634
2= Autumn “ PR F P. trituberculatus 23.3 14.1 1222
J&3k £ H. nehereus 8.9 10.0 657
H 748 C. japonica 20.3 8.4 585
WSk My # C. lucidus 17.6 8.2 579
425 Winter HIRKE IR P. gravieri 3.9 11.2 1135
KWL 5 C. lighti 14.6 5.2 991
[ ¥Rk O. oratoria 7.0 8.1 847
J#3k 1 H. nehereus 10.0 5.1 567
[ )2 42 Demersal fish O 582 Crustaceans 0 K23 Demersal fish O F5%3% Crustaceans
Ot |24 Pelagic fish M3k 22& Cephalopods O L E 2 Pelagic fish W3k 2 Cephalopods
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Fig.2 Seasonal variations of average catch per haul in different ecotypes
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Fig.3 Distribution of average catch per haul in the Yangtze River estuary and its adjacent waters
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Tab.3 The similarity index of fishery species composition in the Yangtze River estuary and its adjacent waters
Z=7 Season #Z Spring B Z Summer #Z= Autumn &2 Winter
# 7% Spring 0.31 0.40 0.19
K2 Summer 0.10 0.32 0.26
FkZ Autumn 0.09 0.25 0.20
478 Winter 0.04 0.13 0.28
Note: The data above the diagonal are on number basis, and below the diagonal are on weight basis
F 4 KIIOREMIEGEELFESHFEEHHTL
Tab.4 Variations of fishery species diversity indices in the Yangtze River estuary and its adjacent waters
Dy Hy Jw
17 Season Yl 1y ISEiE 4 Y Hl -2 ISR Tl - ISEiEid
Range Average Total index Range Average Total index Range Average Total index
2% Spring 0.38-2.11 1.63 5.55 0.49-2.39 1.52 3.02 0.27-0.85 0.62 0.72
X7 Summer  0.46-2.60 1.51 5.33 0.15-2.34 1.70 2.93 0.11-1.00 0.71 0.70
#Z Autumn  0.32-5.48 1.64 4.64 0.42-2.21 1.27 2.37 0.21-0.89 0.60 0.59
478 Winter 0.30-2.30 1.36 4.78 0.41-2.40 1.60 2.86 0.54-0.89 0.73 0.73
Dy Hi Ju

Note: Dy, Hy, and J}, denote the biodiversity indices calculated by weight
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25 BUREFEEHSEEHAFEERFHXER

2% 75715 A AR 2 HORT i B B 5 R 2 2k
TR 0 28 i R e SR e 3 IE ARG (P < 0.00) , Rk ZE
WA A 2 A 5 b2 0 28 i AR i 5 3 E A R
(P<0.05), HEMKEDHES P LE AR
R R IEME (P<0.05), H&MimikE Sk ek
AR BB E ARG (P <0.05) ; 4215 ZREMEHE 5L
(HYFI 5] BEFR AL (0 2 B IEAHE (P < 0.05) , FkZE
AR b ISR 32 TR R R B A A IR A %
(P <0.05) FIH i 2 IEAISE (P <0.01) , ¥azkAZEEL
SR N ZAE TR RU(HY) 5 R 2 IR IR TR
PI(# 5).

3 itig
3.1 FEAMRRBMHSHTL

AU A AR A A 2006 4 6. 8 Al
10 H KT O A f 3R iolb Fh 280 55.3%, s
LR R E 5 2006 A Y 35.4%
144.1%7F01 66.7% (4 \o.A1: 5%, 2009), iX 1 G 5 A % H
ZEFA R Hon RO 5 1 RS2, gk
o e SR Y 40.1%-54.2%F1 42.1%-59.2%,
Sk R RAELA TP E A L EAL, B R, 2
A 5.7%., MEAREE AR 45 (2004) 9 #F5E, 2000-2002 4F
KV ORI A 7 S LA SO e X 3, BT 5 it

FHE T4 HUAE 75.2%-95.0%2 1], FFE 23k L2
ZET b A o e E o1 0 11.2% 71 23.9%,

B KEHRRRRERL . AR RHEFH
7 i (Trichiurus lepturus) . /)y B ff (Larimichthys
polyactis) . =P S e Pr PP B G KA IF . =
PEMR T . DRI AE e 2R 648 | Jp sk fa | AT W)
21 fin S h N AL M 2l 5 — 5 (P AR A
1994; Z=/E4E, 2004, 4 WALSE, 2009), KL KX H
A3 Vi Skt B DR R S R I, 33X A H At 1 A
FEP A RS R R RS, 2001; 4 @ AH4F, 1998,
2001, 2003; {F—F4, 2005).

1o B AR 7 0 R B AR Ak A AR S R G AR MR VR K
EWRE JIRe b, R ARG Ra e 48 2% (Ryder et al,
1981), 4 fi . AU (Coilia mystus) . K % ff1 (Larimichthys
crocea) Fl /)N 8 01 S5 % G0 4 57 X 52 30T 4F R ¢ T AR ™
#, IR /NI W (M R 2, 1992; R4,
1997; {E—F4%, 2001; XIHL%, 2004), IR =
IR ] RE T Y ST B IR GBS I (SR 5 A, 2012), KT
M1 K HL ARSI g Jo 2252 & 4 JB A WL 5 4,
2000-2002 432 1 3l A 25 PR S A BT e Ah T J 7 ek
- (BPEEZEAE, 1999; 4 RAE, 2004), 15U REGXIG
Iy 95 R 3R (152 55 4%, 2006), 2005 4EJ5 KT &
A0 3 IAF 38k K AT M S T i L 48 R KT 1 K B 4
JEICR M EZ IR V7, 1 Al v 3R 2 DR I
LR, AR AR R T TR (A 3R 4, 2011,
JiVESE, 2012), PRERIE Y0P B E s,
FEIAE N —Fh A A A L B FRIE AL, B S
AR 2R, LR R B2 4 v fa e
X A] BB F AT R B A A R R A

32 BEEMZELTH
T B G408 VA 3Rk 2 2 B0 I U i A

e, BERHTESR, 255K, FWEENE, o7
A5 3R AT IR AR BUOR A G o 45 2= 10 iR LA
FRMIR)Z AR F, HED LR AT ALK
A R AR T o0 P, % U A DT b A v AR
HAy g, IR B LR I R A Y
BAL, B . KW AT, &R X
AlRE S R . /B R B N I (Argyrosomus
argentatus) % it 4 37 fa FERG TN A G, X stk TE
3-4 HHEAFHLa HHIT O #a3%, 5-6 A KT Al
B i Y SR AR, 6-8 1, RIERHAIL L
BRI, 10 H LS M EH YT H KL AR il
J& , —ER O A I SN A, — AR IALR S T
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Tab.5 Correlations among environmental factors and fishery resource structure in the Yangtze River estuary and its adjacent waters
[X-¥ Factors
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11
2 Spring F1 1
F2 0.674™ 1
F3 0.217 0568 1
F4  0.6097 0.786" 0.621" 1
F5 0.230 0.036 -0.031 0149 1
F6 0.605™ 0.711™ -0.034 0.180 -0.066 1
F7 0.962” 0.511° 0.091 0.336 0.216 0.500" 1
F8 0.738" 0.363 0.022 0.264 0277 0.351 07647 1
F9 0.215 -0.004 -0.176 -0.006 0.174 0.073 0.284 0.750" 1
F10 -0.015 -0.064 -0.125 -0.072 0.156 0.008 -0.048 0.137 0.366 1
F11 -0.244 -0.059 0.371 0.015 -0.019 -0.272 -0.273 -0.412" -0.279  0.258 1
EZ Summer F1 1
F2 0.656" 1
F3 0.056 0.062 1
F4 0.447" 08417 0152 1
F5 0.317 0.486° -0.056 0.119 1
F6 0.663™ 0.770" -0.056 0.388 0.342 1
F7 0.819™ 0.367 0.037 0222 0220 0.386 1
F8 0.754™ 0.264 0112 0109 0.135 0.366 0.696™ 1
F9 0.043 -0.227 0.056 -0.240 -0.035 -0.148 0.348 0583 1
F10 0.089 -0.022 0.030 -0.026 -0.276 0.156 0.099 0.171 0147 1
F11 -0.212 -0.183 -0.320 -0.272 0.085 -0.070 -0.174 -0.140 0.062  0.097 1
FZ Autumn  F1 1
F2 0.621™ 1
F3 0.550° 0.518" 1
F4 06217 09707 0421 1
F5 0.363 0.304 0.064 0384 1
F6 0.590™ 0.984™ 0.553" 0.912™ 0231 1
F7 0.193 0.112 0178 0113 0.043 0.103 1
F8 0.600™ 0.476° 0.562" 0.361 0.304 0.537" -0.047 1
F9 -0.343 -0.032 0.135 -0.150 -0.068 0.056 -0.126 0.470° 1
F10 -0.479° -0.218 -0.648" -0.181 0.122 -0.224 -0.066 0.502° -0.135 1
F11 -0.641" —0.475" -0.444" -0.489" -0.108 -0.442" 0.289 0.565~ -0.001 0594 1
22 Winter F1 1
F2 0.884™ 1
F3 0.266 -0.040 1
F4 0.751™ 0.901™ -0.017 1
F5 0 0 0 0 1
F6 0.739™ 0.780" -0.110  0.432" 0 1
F7 0.980" 0.789" 0.365 0.659" 0 0.6707 1
F8 0.789™ 0.487° 0.405° 0.418° 0 0.389 0.873" 1
0
0
0

Z=75 Season

F9 0.212 -0.061 0.244 -0.065 -0.045 0.357 0.6997 1
F10 -0.311 -0.313 0.166 -0.179 -0.399 -0.272 0288 -0.285 1
F11  0.408" 0.404" -0.129  0.239 0.500° 0.404" 0.257 0.149 -0.231 1

* (P<0.05) ** (P<0.01) F1. F2. F3. F4.

F5. F6. F7.D, F8 H F9.J F10. F11.

* denote significant correlation; ** denote highly significant correlation. F1. Fishery species number; F2. Catch; F3. Pelagic
fish catch; F4. Demersal fish catch; F5. Cephalopods catch; F6. Crustaceans catch; F7. D,; F8. H'; F9. J'; F10. Sea surface
temperature; F11. Depth
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Seasonal Variations in Structure of Fishery Resource in the Yangtze
River Estuary and Its Adjacent Waters

SUN Pengfei*®, DAI Fangqun®?, CHEN Yunlong"**, SHAN Xiujuan®2”, JIN Xianshi'?

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

3. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100;

4. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071)

Abstract In this study we analyzed the spatial distribution and the diversity of the fishery species in
the Yangtze River estuary and its adjacent waters, and explored how they are affected by the
environmental factors, based on the bottom trawl survey data collected from August 2012 to May 2013. A
total of 114 fishery species (17 orders, 66 families and 90 Genera) were collected, including 58 fish
species (12 orders, 36 families and 50 Genera), the richest species was found in Perciformes (26 species),
49 crustacean species (2 orders, 25 families and 33 Genera) and 7 cephalopod species (3 orders, 5 families
and 6 Genera). The dominant species were season-dependent, whereas Harpodon nehereus was the only
all-year-round dominant species. The average catch per haul was highest in autumn (29.20 kg/h-net),
followed by that in spring (17.95 kg/h-net), summer (14.60 kg/h-net), and the least in winter (10.15
kg/h-net). Generally the demersal fish and crustaceans constituted the majority in the catch in all seasons,
and the percentage of the pelagic fish was only slightly higher in spring (20.1%). The diversity indices of
fishery species in spring and summer were higher than those in autumn and winter. The migration index
and alternate index of fishery species were higher in spring (163) and summer (176), which meant the
higher stability in fisheries community in the Yangtze River estuary. The migration index was close to 0 in
summer (6) and winter (-5), suggesting that the immigration and emigration of the fishery species were in
a state of balance. The number of fishery species and total catches were significantly positively correlated
with the catches of the demersal fish and the crustaceans respectively in all seasons (P<0.01). The number
of fishery species in autumn was positively correlated with both the sea surface temperature (P<0.05) and
the water depth (P<0.01). These results showed a trend of increase in the low-valued species in the
Yangtze River estuary and the adjacent waters. Our study suggested that there were significant seasonal
variations in the structure of the fishery resource, and that the number of fishery species, the total catches
and the diversity indices were highly related to the sea surface temperature and water depth.

Key words Yangtze River estuary; Fishery resource; Community structure; Seasonal variations;
Environmental factor
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