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Fig.1 The survey stations of fishery resources
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iy N WA A B3R BRSO A i i
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YR, B AR BT AR KT 1000 & M1k
A, FEAE 100~1000 Z 0] 58 A H WP O 42 BH 4,
2015),

122 ASEHEX S L (PEEREAZE) RN
25 2015), #HIKFL(2008, 2011)EE NS %, fHifisE
TP B E ER PR S L i3 fa 2R A R S
1.2.3 B R hArtaiik K Taccard FHIME £
AN, 2013) TR F B M IS HE R Y Fh 4 1
R, THEARIT .
C, = AB/(A+B—-AB)x100%

Krf, ARBFERENFIZE, B ARKEMRIEL,
AB WHEFMEIHEMIE M C R 0~25%0F, K
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AT (BT M) 30T LA s WA HAE /T 3.0, U RDA
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HFEMKEILY e HAA 81 f, RIET 12 H
39®b 63 JE, Hr, HEA 58, TkFEA 53F, 4
WG BB 71.60%F1 65.43%,, 210 2855 iR K
IR, R A A0 Sy O RV I K LT T I
Bl YRR B . WEREBRIRAN . W B
IR AR TR KRR 7 R AR AR, RS EAN
PR AE £ 22 R B LT i B 43 b nR 1 Jr
N o, DLigBE K M2, k25 Fp, 5 aERh
Y 30.86%, . FKZESTGIN 18 A1 15 B, 430l
31.03%F1 28.30%; V] FIHE /KRS, 1 2 Ff,
PR 2.47%, F . KA HIA 2 FOR 1 Fl
2 3.45%401 1.89%(F 1),

F . OKEILAHERZ 30 Fh, AL ECH
37.04%, Won 2 DZET YRR A B AR, Bk
T 2 SRR,

22 MABMHIFLEN

HRAE A TN L5 R AT, AR A HF =LA Fh
RN 2240 R F B £ (Amblychaeturichthys hexanema),
HEE EEFAROHETEN 42.16%, RBES SR
1 63.36%, PLFABERLE THAWMIE, 5 ARG Bk
H§ # 4 (Collichthys lucidus) . # & fill (Sebastiscus
mar mor atus) fl % 5 #%(Decapterus maruadsi); k2L
g J 3k ff (Harpodon nehereus), 5% 2025 M
LY 43.56%, 7SR 80.52%, FTA uh A A AR
FNZFP IS ATHE IR D E B R EFRAN T 3.4~4.2
(Z2J6 %5, 2011; http://www.fishbase.se/search.php.), &
RFIATHR(E 2).

23 BREELEN

X ZE FIRK ZE M0 2R I E IR S5 i 10 AT SR R 254y
Hr(CLUSTER)F1 NMDS 434 (& 2 FlE 3), 2 7
NMDS HEF Byt 2008 0.14 A1 0.11, H7E
0.1~0.2 Z[a], NMDS HEF B 4 SR E 25 5 2T L

F1 BESEBMEKRFASESLL
Tab.1 Number and percentage of each ecological type
HE kZ SRS e
H S Spring Autumn Total species and percentage
Ecological types %L [ER 0 B Ao B [ER 20

Species number Percentage(%) Species number Percentage(%) Species number Percentage(%)

Offshore warm

3T I B 7K b . 18 31.03 15 28.30 25 30.86
water Species
e s e Offshore warm
v SN S|
3T Y R R water species 11 18.97 14 26.42 20 24.69
P Coastal warm
L
Wi Rk A water species 15 25.86 12 22.64 18 22.22
= Coastal warm
JL L 7 o
T 5 1B TR water species 5 8.62 5 9.43 7 8.64
W CpE R A Dstuarine warm 4 6.90 5 9.43 5 6.17
water Species
e . Offshore cold
N A=
S TR water species 3 5.17 1 1.89 4 4.94
W g kR EStuarine warm 2 3.45 1 1.89 2 2.47
water Species
K2 ALUAFERFEALETNEERERR
Tab.2 The niche width and trophic level of major fish in the survey area
Ay GES YRR R REOT s MM EENE B
Season Species Bl F(%) W(%) N(%) FEECIRT  Trophic level
%7 Spring  /NZFURIF A A hexanema 98.75 42.16 63.36 1302.6 3.4
Sk A FE A1 C. lucidus 70.00 6.87 14.39 186.0 3.5
& il S marmoratus 75.00 6.77 9.26 150.4 -
#% [Fl5 D. maruadsi 71.25 4.90 7.42 109.8 3.4
#Z Autumn 3% ff H. nehereus 100 43.56 80.52 1551.0 4.2
Y BARKREINMNERR

Note: “~” refers to the nutrition level not found
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Fig.3 NMDS analysis of fish community structure
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-3, HRRESA AL R L. T, 1
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LTI A2 7

M3k 3 P, HERE 1 S F ok i 5765 |
S A B A RN Sk 5 B T v A B A Ay o S A
i, 5 E il T 1E/NA 1 (Solephorus chinensis);
v T g B 7R e Sy i [58] 6% RS 22 i R MR 5 VR IV

H ) SR Fofo Ay RS A B 0 RN S 228 R AR, NSRS
Fos, BEERER T i sy ek BER I
Y B R B O e Sk L AR /N YD T £ (Sardinella
nymphaea) . f&(Engraulis japonicus) . YL /N2
(Stolephoras commer sonii) Fil & AL JiE %] £ (Benthosema
pterotum),
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G BEE T MWAISER 97.04%, FEMEFCY  NLERIFR A 88 Ah e/ NS FEE .
WS | pek M E A RSk BEE T . VIS IVAEYHI SR 80.88%, =5 B3 b Sy i Sk A 35 471 |

PEN 90.58%, FEFEACH RS | kiGN I\ Ll R R R B A . W 6 IR, Bk, B
VAR.ACEL I NNk | D) 3 | BN || WEOR R G %1, TASFEN 81.75%, EZ /RN gk fa
86.71%, EZ4TBFC-NEE RIS | Pk M | N 224l il (Setipnna taty). ZI68 #F ;2 i1 (Odontamblyopus
AR A 4 il rhAR/ NSt RN f S BEVR DT . rubicundus) . B £R | SN 2240 R MR R £ RN TR AR /N
IVAGAR SR 82.62%, = 435 Fili oy i S)s A 2 101 | WA, BEE D . MAMRMR 93.46%, £%45n

®3 FFHEFERANBEMREITME%)

Tab.3 Typifying species within station groups and their contributions percentage for fish community structure in spring (%)

Fk 7% Community I Y% Community Il 7% Community [ll 7% Community IV
70

Species Av.Sim=49.99% Av.Sim=45.94% Av.Sim=52.18% Av.Sim=49.29%

Av.Sim Con Av.Sim Con Av.Sim Con Av.Sim Con

W R 6% D. maruadsi 26.78 53.57 6.37 12.21
WSk Mg 0 C. lucidus 17.13 34.27 8.00 17.42 3.14 6.37
&340 H. nehereus 5.56 11.12
16 B fill S. marmoratus 31.94 69.52
rh4E/N/\Mi S, chinensis 3.18 6.92
N
/A\;ei@fﬁaﬁ@ 42.54 81.52 42.18 85.57
M3t Total 98.96 93.86 93.73 91.94

W Av.Sim FRFIHLIME; Con F/R Ik, T

Note: Av.Sim: Average similarity; Con: Rate of contribution. The same as below

R4 BFEEBEABSEMRTEHE%)
Tab.4 Discriminating species between spatial groups and their contributions percentage
for fish community structure in spring (%)

FEY% Community #£7% Community F£7% Community #£7% Community #£7% Community #£7% Community
I, 0 I, I I, NV I, I o, v m, Iv
Av.Diss=91.60% Av.Diss=97.04% Av.Diss=90.58% Av.Diss=86.71% Av.Diss=82.62% Av.Diss=80.88%

Av.Diss Con Av.Diss Con Av.Diss Con Av.Diss Con Av.Diss Con Av.Diss Con

fhZ& Species

W5 D. maruadsi 40.36  44.06 42.43  43.73 32.83  36.25 3.85 4.44

ﬁ%*.ﬁiﬁ 35.06 38.28 38.85 40.04 29.09 32.11 16.06 18.52 8.56 10.36 9.18 11.35
C. lucidus

#3kfh H. nehereus  8.35 9.12 8.86 9.13 6.83 7.54

NELBUFEAT R 17.00 18.77 16.07 18.53 5398 6534 56.87 70.32
A. hexanema

e 4 fi 30.8 35.52 9.95 12.05 7.94 9.81
S. marmoratus

= VAN

R 10.16 1171 335 405

S. chinensis

s £

Eupleurogrammus 2.70 3.12

muticus

3T Total 91.46 92.9 94.67 91.84 91.80 91.48

. AvDiss FRFH2EEM, FH

Note: Av.Diss: Average dissimilarity. The same as below
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Tab.5 Typical species and their contribution rate among fish community in autumn(%)

FEY% Community [

BEYE Community I FEYE Community [II

Sztfiis Av.Sim=48.30% Av.Sim=50.32% Av.Sim=35.17%

Av.Sim Con Av.Sim Con Av.Sim Con
3k H. nehereus 47.13 97.56 49.23 97.82 14.81 42.09
H4E/NB T 8 S nymphaea 9.25 26.30
fit E. japonicus 3.51 9.98
TLH /N £ S, commer sonii 3.36 9.54
-+ BJEAT 1 B. pterotum 3.29 9.34
BT Total 97.56 97.82 97.25

®o MFTEEFEABESEMBETEHE(%)

Tab.6 Different species and their contribution rate among fish community in autumn (%)

FEPE Community T, 11

BEVE Community [, 11 BEVE Community I, 11

Species Av.Diss=81.75% Av.Diss=93.46% Av.Diss=74.55%

Av.Diss Con Av.Diss Con Av.Diss Con

T3k H. nehereus 62.00 75.83 67.15 71.85 41.05 55.06

S, taty 4.22 5.16 4.26 4.55

2168 R pE 4 O. rubicundus 4.00 4.90 4.23 4.53

Wk MEEE £ C. lucidus 1.49 1.82 1.56 1.67

N YRR A A, hexanema 1.42 1.74 1.49 1.59

spAE/NB T {0 S nymphaea 1.33 1.63 4.63 13.80 18.52

£ 2JE T 1 B. pterotum 1.47 1.57 7.33 9.84

fi E. japonicus 4.90 6.57

YL F /N4 S, commer sonii 2.81 3.76

Hit Total 91.08 90.39 93.75

B R R e skt | B T ABURpE L | Sk N
2 R AT B A0 - B R AT £0 55 BEVE T AREYE T A9 AR
VN 74.55%, EESFEF LM hAE NS T
fo ., BRI A, 6 VO,

24 BREYSHM

FE, MBEZHEMEREH) R 1.75£0.64, LI 13
SuifiiEs, HAEN 3.13, UL 75 SubfimAt, HE
0135 BkFE, MAEZFEVERE AL HE N 0.93+0.74,
PL 4 Sl s, HAE N 2.94, UL 72 Sufifim (%, H
54 0.01 (F 4),

25 BEBESHERTFHXER

X . #kZE species-sample G 1T DCA 43¥7,
25 B R, Lengths of gradient 55 1 HEFF 4l K/
/NT 3.0, I, PIFEEIR AT RDA 704 75 55 .28
TV AR I 6 2R

XA . KSR g R A v 7 RDA HEF

. EAEETE SASH T RDA HE/7 5 NMDS
HEF SR —3, Hrp, BEE L HFPMSS% 2 #07
SRR 254 0.2730 A1 0.0260, A2 Z H043
9 0.7990 F1 0.5240, ik T PFhAE R 1) 28.60%FFH
BAR R 86.15%. FKZESE 1 HEFH 5256 2 Hr i
FRAEME 0918 0.1320 i1 0.0240, #HKEZRECH 0.6330
F10.5290, iR T YRR SR 14.40% MRS S5 1
81.55%. BLHIE . BCRHEF R AHOCHEERR 1N, HEF
ZERATEEGR 7)),

B, 1 HET RS A IE AR O R B
HRZEHEEINBERAFAC ., RILTTH, EH7E
i, ALFFEE R (COD)N AR AT B Wi T, 2K
LRZEKIR . RIZEREE | RZE Mg R a B
FEA. M43 a 555 2 Hr i IEARSC R Bk, &
JEER B 55 2 HER R R R R OC ., Bt A A, gk
£ a i N2 LB, 32255 MR Z KR Z 8
(A 5),



55 4 SRMZEAE: Sl I 5 7 B3 0 S T S5 A REE S B

N *E N BE
31.0° [INEELALY Autumn 31.0° [N Spring
Shanghai ’ Shanghai \
30.8° 30.8°
30.6°F . : % ' 30.6°
3040 _ be:i( DN 304° d
30.2° 30.2°
{2 ‘\_
30.0° 30.0° u <
29.8° 29.8° Ningbo ’ v <9
29.6° 29.6° @
"y -
29.4° 29.4° -
L W My L L

121.4° ] 121.8° 122.2° 122.6° E 121.4° 21_8° 122.2‘° 122,6.c E

Kl 4 R RS oA

Fig.4 The spacial distribution of diversity

®7 AUERBGE. REHFFBFEEUAREMTETENEXRY
Tab.7 The eigenvalues of axes and their correlation coefficients with environment variables
in Zhoushan coastal fishing ground during two seasons

Z7 AR Hh 1 h 2 N ARt L 2
Season Variable Axis 1 Axis 2 Aeason Variable Axis 1 Axis 2
FHF{H Bigen value  0.2730 0.0260 FHIE{E Eigen value 0.1320 0.0240
7K ¥R Depth 0.0081 0.0666 KR Depth —-0.1270 0.0904
=1 N=| = N=|
RJZK R 03174  —0.0035 K2R ~0.4402 0.3277
Surface temperature Surface temperature
=4 NE| =4 N =]
E’f’“‘;ﬂ t ~0.0332 0.1532 f%*ﬁzﬂ t ~0.2286 0.0117
%é Spring [0) Oilﬁjmpel'a ure @(é Autumn o O;ilﬁjmpera ure
R o —-0.7265 -0.0393 R . —-0.4567 -0.2198
Surface salinity Surface salinity
=&\ =&\
L . ~0.2438 0.2585 RS2 2 o ~0.4475 —0.1381
Bottom salinity Bottom salinity
fb2-#E % &= COD 0.4070 0.0841 {7 FE4 it COD 0.1722 0.2279
442 aChla ~0.2186 0.4592 442 aChla 0.5454 ~0.0316
1.0 1 1.0

%% Spring  Chla® 2 Autumn o5

04 L | | | I L 1 -0.6 ) L L
-1.0 0.6 -1.0 1.0

Bl s il 0 8ol 0 535N T (19 RDA HEP

Fig.5 The seasonal distribution RDA sort of fish stations and environmental factors in survey sea



8 W R

2 R ERAES

FkF, RIZHESE 1 HF R R R R G, i
2R a 55 VPR RORIEASG . i ml i, fEHE
Felm, RIZEE . KR RZKE . RIZK AT
JRERE NI B WEAR, HaR a5 COD By
Ko FZKMAEE 2 HEFP RN o R IEASE, K=
FhEEFN 2 HERP R B B R A SG . i T L, %
JZoKih i T 2 BN, FRIZERE | RER R
2R a BTN 5).

3 iTig
3.1 fRFMEREBIER DT

AR, FEAT 58 Fiuds, BkEAT 53 fhfnk,
WA P AR 45 R 5 2006~2007 4E AT LA 25(2010) 1) 5 45
ZERA TR, 2006~2007 AEIZIFEEZEA 75 Fh
2k, & 79 Mk, 2 WA SRR,
HIFEPRARA S T [ L R I bk A v PR R 5 A O
WA PA W E i T T Rl PR IR A e
Horr, o BEA TR A SR I SR R AR Y 3R
B, Bl S SHEE SR 0 &R, NS RGO IR =
B, Hr A /ML IER RS, s
22l R AR IR SRR A, 2011).

FHUBES A FALE AT R 2, 52 R W RGN,
R B A LT AN S0, K SCABE R F Ry
(2R 4, 2013), XAz BBV R VL DL R 1% F€
TR, K B R As A, I, &9
FEAS TR) 56 B2 B B H AN [R) 0 A 25 28 0 (6 00 32 5%,
2012), MRS HRE, ARELDTEMRZ,
WO R /D, BBKRRZ, BiRMERD ., nTRERER A
PEIAE VIR A7 A VT AR T | VLWV 2 I R 5 T8 10 Tk %) 52 i)
(KRS, 2004), SEOZIEBEE R FEE, HEA
YIFER, KA Ap e s =R AR A AP AR
S AFE VA A RS , 2T SRSz VLV R A A R )
=, KIRBAL, EER AL, FEABE L
VLI RR AR e 22, I L LAy A g 3 v 38 % i 0 VA el
PR 2, R AL R 52 B 5 TS R
HIsZI , VKRR R, A B KRR AL Tl B AR A
7S =R Sy NE 2O R WA AN RS SE S 2% NI I (2 B 2
% KA B AP IS I A AR [R], AT DL ik bkt 2R R 2 2 2L )
W E S T RS 2 R AR R F Rk
PP e Sk fa 34 g TR BRI AR S, X 2 Fhfa
FEH A S A ) B R 42.16% 1 43.56%, IR
IR AT BE S AN A T S PR IR B 5 2%, NSV I
TS0 S (AT AEAR 4, 2016), 7K I B8 ik B
K, (HFE KRS AR BRI LE 90% L

b, BFEIR AR LR IR ] 100%, A UL 2 ff
XS PRSI AE N R . HERAME R, 2 N
FIFPEFRIME IR A, B AR R T H 2R
Ze A0 2 ] B 15 B, DA B 0 2 L R B A 33
P, 2 AFITIRA PR R

32 GBESHENHT

AR A Y 2R BT AR R, ER AN £
FEVEFR RO TRk Z:, BB H TR R R ZHm I
AT, R RN E T Ry, B
KIS 22 il A 4 B4 T B 7 B0 3 5 S M (AT AT AR
45,2016), L, WiRinn Y 2R mE T
B, MiE G EBRRB G, SEOXMEEKE T
B, Bl — 2 2 n) INRFROK X AT, A2
FEPEREAR, X 5ATAAAR S5 (2010)BF 52 1Y 1 1L 37 B 4
AT VA a0 28 LI P o Sk T M R 2 R R 458
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Analysis of the Fish Community Structure in the Spring and
Autumn of the Zhoushan Coastal Fishing Grounds

GUO Pengjun'?, JIANG Xingin®, YU Cungen®"”, DENG Xiaoyan®, ZHANG Ping?, XU Y ongjiu’
(1. Zhoushan Marine and Fisheries Bureau, Zhoushan 316000; 2. Zhejiang Ocean University, Zhoushan 316022)

Abstract Species composition, ecological role, diversity, and clustering characteristics of fish species
were analyzed by means of the species similarity, diversity index, and redundancy analysis (RDA) fishery
resource surveys data collected in November 2015 (autumn) and May 2016 (spring) in the Zhoushan
coastal fishing ground. The results showed that a total of 81 fish species were identified, which belonged
to 63 genera in 39 families of 12 orders, with the bulk belonging to offshore, warm-water species. The
Jaccard similarity index is 37.04% at the middle dissimilarity level. Analysis showed that the dominant
species in the spring was Amblychaeturichthys hexanema, which accounted for 42.16% of the total
catches. The dominant species in the autumn was Harpodon nehereus, which accounted for 43.56% of the
total catches. The diversity index value of spring was higher than in autumn. However, the two seasonal
diversity indices had similar planar distribution. Diversity was observed to be the lowest in the southern
region of the survey area increasing toward the north, and a similar trend was seen from east to west in the
survey region. The analysis of similarities (ANOSIM) test showed that the differences between the
communities were highly significant. The similarity percentage (SIMPER) showed that seven species of
fish, including Decapterus maruadsi, Collichthys lucidus, and H. nehereus, were typical species belonging
to different groups in the spring. Fish community structure differed in autumn compared to spring
primarily in that there were nine species of fish, including Sardinella nymphaea, Engraulis japonicus, and
Benthosema pterotum. The results of the RDA indicated that the main environmental factors influencing
the structure of fish community in the Zhoushan coastal fishing grounds were salinity and temperature.
Key words Fish; Species composition; Diversity; Community structure; Zhoushan coastal fishing
grounds
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