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Fig. 1 Distribution of survey stations
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Tab.1 Environmental factors in four seasons
Bl 13
i X% SSC/(mg/L) BST/°C BSS depth/m
season area
#  spring A 5.940.7 14.4+0.2 25.340.4 23.3+4.7
B 3.9+2.7 13.6+£0.4 26.5+5.1 50.0+7.1
¥ summer A 1.0+0.4 24.5+0.8 28.8+1.0 20.3+4.2
B 6.6£3.7 19.8+0.9 31.9+1.3 48.7+6.5
& autumn A 1.2+1.0 20.9+1.8 23.946.7 18.0£2.2
B 2.0+£0.9 22.6+£0.2 20.1x1.6 49.0+6.2
4 winter A 0.8+0.04 12.6+0.2 24.9+0.6 21.0+4.5
B 0.6:0.02 16.3+0.2 29.3+0.5 51.7+4.8

TE: SSCARJZM 43 alkFE, BSTR)ZLE, BSSIR)ZHE, Depth ki, TIH. ABEHEEEFX, B EEIIIHIEX.,

Notes: SSC. surface chlorophyll @ concentration, BST. bottom sea temperature, BSS. bottom sea salinity, Depth. water depth, the same below. A. dense

sea area of islands and reefs, B. the sea area outside the island and reef.
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Fig.2 Box plot of seasonal changes in environmental factors

A. spring, B. summer, C. autumn, D. winter, the same below.
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h £ UF (Acetes
chinensis). =YW T (Portunustri tuberculatus) .
H A 48 (Charybdis japonica) F1 X Bt 3 (C.
bimaculata), 11 FpfaZs | 10 FpH 522, Bk
G SN LRGBS R T B, SN
SPEFE S P M ES AR E (RE,

(Parapenaeopsis tenella).

P>0.05), PEHAFEIE K Am . KUBF . Aifa . /)
o K A B LA S TR . = e 1 A
HAE (R 2). Jeskfa yUFIAEHF, H
FEIRT AR R R o Th 34 15 A DX RR 20T 1 3
FMANEMERZ, FREIOMAEF .

xk2 BEEEMREFERR

Tab.2 Dominant species composition in the research area

= k7 SIS /(R /km?) GRS L 5 L% AH X EE R
season species average abundance N IRI
#Z=  spring Jeskfa H. nehereus 1152 12.1 4 480.2
REF  C. mystus 1848 19.4 2435.6
4Rl O. oratoria 756 7.9 17352
HZ  summer Joskt  H. nehereus 2292 11.5 25883
W T lepturus 756 3.8 19339
/N L. polyactis 3948 19.8 3691.3
HAEE  C japonica 1 740 8.7 1183.0
HZE  autumn Joskta  H. nehereus 9732 28.9 3399.0
RGO, oratoria 3504 10.4 1164.6
ZPER T P wberculatus 3708 11.0 21128
X2 winter Jskfa  H. nehereus 7380 22.4 6061.1
KM E M C. lucidus 1188 3.6 10723
WF C. mystus 4032 12.3 1515.7
QiR O. oratoria 3240 9.8 2040.9

SIMPER 7T &5 R E B, 1722 R U7 ifi,
HF. HEMHFERE, N 68.1%; F. kFAHMH
SR 66.3%; F. ATMFHEN 56.83%; H .
KM FIER 67.8%; B . ZFMFMER 64.9%;
Bk, AZHFER, N 524%, NEMREE
B4 (1&ll), BE kA (D& fl B & H
(M&IV) [y 3L TrmkFl, KA T oimkfr . X
W2E S, KBNS (IX&X) AH 5 M i
. N 56.6%; FZERHENSN (V&) AH 7P
H52.6%; K Z= 5N AN (&I A 5 P A
53.2%; 4 Z= BN A (XI&XID) AH 5 1 & A1,
H44.5% (% 3). REBHEHR . LR=LHENINESR
AR TTERFR . 25 [, A 22 A 25 R
PR TF XS 2 0] 22 S5, BTk BT kR ks 458
. AWEZET L X2z E) ) 22 Sk, a2
TR R T S TR

23 HKENYINESNER

PERMANOVA 5#t Wik sh e % 15
R B 5 YA R RN 2T R X 25 R

PERMANOVA 745 R, M 5H5EH A
BEdE . A ZSHET RN SE 2 221 22 S A
F (P<0.01), XIR2ERYIAREE (P>0.05), A4
KR Z N5 KA T 28 5 5 i %
(P<0.01) (3% 4),

3 F BB T ANOVA HLIH Z A
a5 RRW, 025 W SESOT SRR % B R
2R (P<0.05) (K 3); —HIEDHEN . Sb
R IX d 22 S5 i 2 (P>0.05),

PR A= A B 1018 692 FE/km?,
125 580 944 & /km®, H 7¢ 2% 437 748 |2 /km’,
I3 BB 57% A1 43%., DUZs il AR M TR
Hip 4t 9 895.2 kg/h, 1257 516.0 kg/h, H g2k
2 815.2 kg/h, 43l 5 BLEE E 1) 72.8% 1 27.2%.

DY 2= £ 28 1 - 2 B R BE 0 S R (6 024.0+
3372.1), (12522.046945.9), (18984.0£7512.4) I
(17 215.0+11 151.6) B /km®, FkZ= 4035 P ¥
W, AR PUZEH ST BT R
WM (3 515.043 080.8) . (7 479.0£7 063.3) .,
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*3 FERBAIEBEFIHESRMENTEKE CTEE>4.5%)
Tab.3 Contribution rate of the main contributing species to the average difference between groups

(contribution rate>4.5%)

ok TR /% TR S E% bk
species contribution rate average dissimilarity comparison group

/WN¥Ef L polyactis 6.3 68.1 [&11

Wit T lepturus 4.8

SRR T P. trituberculatus 45 66.3 [ &I
T Coilia nasua 4.7 56.8 I &IV
HICIR  Metapenaeopsis dalei 4.6

/NeEf L polyactis 4.6 67.8 I &I
/N L. polyactis 5.0 64.9 &IV

— — 524 &IV
R Coilia mystus 8.5 52.6 V&VI
LR AMRFE . Odontamblyopus rubicundus 5.5

LZIKREAYR  Exopalaemon annandalei 6.0

R T P. trituberculatus 4.8 53.2 V&V
MR Jaydia lineata 45 56.6 X&X
HARIH  Acropoma japonicum 4.7

LREKIT® Benthosema pterotum 4.6

R C. mystus 5.1 44.4 X[&XI
T C. nasua 4.7

HIRKEI P gravieri 5.0

I [~IVaRREES. B, KEMLE, VXIDHAREFZEN . FEHWIN. FEGHEN. FFRWHN. KEDHEN . KFHHE
S RFEEEANMZ TGS RN Z B RITE TR (TR 3 >4.5%)

Notes: [ -IV represent spring, summer, autumn and winter, respectively; V -XI distributions represent within and outside the island in spring, within and

outside the island in summer, within and outside the island in autumn, within and outside the island in winter; "—" indicates that there are no contributing

species between the comparison groups (contribution rate>4.5%).

#& 4 PERMANOVA S #i4ER
Tab.4 PERMANOVA analysis results

DhResst AR SRR I+ HITER BN HI5eR
functional trait source of variation fish+crustaceans fish crustaceans

SPYJRIREE  average resource density ZHT season 0.001" 0.001" 0.001"
X1 area 0.109 0.186 0.105

ZEix[X 4K seasonxarea 0.001" 0.001" 0.001"

SEME K/ average individual size Z=i  season 0.001° 0.001" 0.001"
X4 area 0.134 0.219 0.087

FHx[XHk  seasonxarea 0.001" 0.001" 0.006

W RN ZE R (P<0.01).

Notes: "*" indicates extremely significant differences (P<0.01).

(14 697.0+8 214.7) il (15 687.0£28 173.3) FE/km’,
LM R B e, AR (K 4),
MR E YRR . B A F AL
RTBMEN, 1EEFMENRT S, M2
PR IR FE L R (>24 000 Fé/km?) i i BLAE
B OBOA R, BRAT BN, ST

WS ST A5 BB T S AN S7.
S8 FI ST 3ifvr 5 42 43 Sl A 5% e P9 VA 3 )
S3 Ul v A S HEAMAF IR A S8 S10 34, FHFEE
I RIRE AR . B KES RSN KT
DREN, EARRENKTEES, Fedr
I IR B (324 000 FE/h) st I ZET 5
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Fig. 3 Box plot of seasonal differences in average abundance of fishes and crustaceans

(a) fish, (b) crustaceans, the same as Fig.5.

k8, EEM TN, FEirimies
() S6 i 5 B T B HESMEE IR S11 3543 ;
KBTS HEN S1 iy, HAFWIREE K
T 100 000 B/h, faZSHIH FE A2 08 IR % B 5=
TASCHUEAR T, HIAERFER R RME. A
5 W ST IV 4 08 U5 5% B sl o7 Hh B 2Ry
FUEEAHGT , A5 A DX SR IR AR

F AR K A ANOVA H.[H Z
AR, M5 AR

SR (P<0.01) (B 5), & kN ARED
X2 F AR B2 (P>0.05),

DU 2R A0 2 B AR RN 30 R (8.0+6.5)
(18.3+7.5). (11.6£6.0) Fil (18.6£10.4) g/f&, &%
MAEI RN K, FER/N. TWEHE
FPEEAEI NG (3.3+1.1), (16.1£19.2).,
(6.2£2.9) fl (9.2+3.1) g/FE, HFH R4
HWHRNRR, HEED (K 6), AITF-BAEKR
INER (330 g/ ) wlhi il R R AE L A2, W
W T B EINGEE, BT SO uhifi, 4%
WA T S9. S11F1 S12 wfifii . HFE AR
KNSR (330 g/8) wli o th BAE 2% STl fi,
SRR FE 5 . 2 5 H TR AR R /N
F. B XFBYNEEINRT N, kS
WA S R N KT S AN, Uil 5 e
s S AN AR RN DX I 0 A LA

24 CEMRERFRERESRHEZRHXR
2 5 e By BT IR 5 R I T

RDAGTA R /R : RDA S—HlRHIEEH 0.3592,
RDA %5 “ 5 AE{E M 0.243 4, RDA 45—l Al
RDA 2 Al 5 HEEH TFHHOCHE R B0 5120 0.9807
F10.9727, RIPAREPF-AEACHE, RDA
54l FN RDA 25 LBt TR Bt 22 |
53 b 60.26% F A - 5E I+ Rt 2 H v b
) 79.60%. I FH 552 5 1= ¥ B 48 36 7 1 0 A5
R FHEA T FU 35, PP X 4 - 24 0 D 2% P A 5
HA &0 (P<0.05), RDA 25—l 5 SSC Al
BSS RARIEM G, 5 FP REMRGAME, Ef
PRI T F 25, RDASH Hli5 BST I
Depth E 455 A C, IERPHIRE T X2
So BRTAE =R TR H A S, KA
Y S5HE R FP RIEMSC, ekt =R
¥ 5 BST il Depth S21IEAHG, HEFES S BST
RIEAHSC, 5 Depth A, = KILHFY
5 BSS Fl SSC AN (Bl 7). =525 5,
bR T HE =P TR R H AL RE A
RETHK., &F, E=R FENHAbERE
£TH. BE, XEZERm, JE 0 FGEaHE
IR 55 Al e Sk £ 0 A £ 28 SR AR T 5 il 5 4
WX, MR ISk R T SNSRI,
AR DX 353 A7 25 SRR IEAS B i

BN ER KN A BRI T 1) RDA 4341 45
R EIR: RDA S —HRE1E(E R 03511, RDA
o5 AR AEAE 02327, RDA 45—l il RDA
55 Al 5 PR R TR M R B Ak 0.8225 N
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Fig. 4 Spatial distribution of fish and crustaceans abundance in four seasons
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Tab.5 Correlation coefficient between environmental factors and the first and second ranking axes of CCA

PR IR EE  average abundance FEIAMAEKR/N  average individual size
) RDAZ RDAZ i RDAF RDAZ: i
driving factor RDA Axisl RDA Axis2 RDA Axisl RDA Axis2
(35.92%) (24.34%) (35.11%) (23.27%)
ssc 0.7838" ~0.2263 02357 -0.5728"
BST -0.1662 -0.6507" 0.0356 -0.2142
BSS 0.6752' -0.1566 0.7328" 0.1135
Depth 0.2105 04287 04913 -0.3538
FP ~0.8873" ~0.0647 ~0.4939° 0.3463

e FIRMRRERIZ0.4; $55 A 5 ERIR & ARR R MR A8 S (R
Notes: "*" represents correlation coefficient |R|=0.4; the percentage in parentheses represents the explanation rate of species variation for each

coordinate axis.
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Seasonal changes of community structure of fish and crustaceans in
the adjacent waters of Shengsi Ma’an Islands

ZHANG Zishuo ', XU Yongjiu', ZHANG Xiumei', CHEN Feng’, ZHOU Yongdong ’,
XU Kaida®>, ZHANG Yazhou’, ZHANG Hongliang’, LI Qingying', LIU Wanjin', YU Jia'
1. School of Fisheries, Zhejiang Ocean University, Zhoushan 316022, China;
2. Marine Fisheries Research Institute of Zhejiang Province, Zhoushan 316021, China

Abstract: The sea area near the Ma'an Islands in Shengsi has complex natural conditions and is a spawning ground, feeding
ground, and migration channel for many fishes and crustaceans. In order to study the effects of environmental factors, seasonal
fishing suspension and other factors on the seasonal dynamic succession of fish and crustacean community structure, based on
the survey data of fish and crustacean swimmers in the adjacent waters of Shengsi Ma'an Islands in Zhejiang Province in four
quarters of 2021, this study employed One-Way analysis of variance (ANOVA), similarity percentage analysis (SIMPER) and
non-parametric multivariate analysis of variance (PERMANOVA) to study the seasonal changes of the average resource dens-
ity and average individual size of the two groups. RDA analysis was used to study the relationship between seasonal fishing
bans and environmental changes and the two taxa and their dominant species. The results showed that a total of 103 species
were caught, including 53 species of fish, 50 species of crustaceans, 5 species of dominant species (Harpadon nehereus, Coilia
mystus, Trichiurus lepturus, Larimichthys polyactis and Collichthys lucidus), and 3 species of crustaceans (Oratosquilla ora-
toria, Portunustri tuberculatus, and Charybdis japonica). There were significant seasonal differences in the community struc-
ture composition of fish and crustaceans (average resource density and individual size), but there were no significant regional
differences. The average density of fish and crustaceans increased from spring to autumn and then slowly decreased in winter,
whereas the average individual size was the smallest in spring and larger in other seasons, especially in summer. The results of
the RDA analysis showed that fishing pressure was the main factor that significantly affected the seasonal variation of average
resource density and average individual size of fish and crustaceans (RDA1), and the seasonal variation in the functional char-
acteristics of fish and crustaceans was closely related to fishing pressure and environmental factors caused by fishing bans. This
study shows that fishing bans and environmental factors have a significant impact on the functional characteristics (number and
individual size) of fishery ecosystems, and further research on long-term changes in functional characteristics needs to be con-
ducted. The results of this study can provide scientific basis and reference for the evaluation of marine protected areas and the

sustainable utilization of fishery resources.
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