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Fish species diversity in Zhongjieshan Islands Marine Protected Area ( MPA)
LIANG Jun, XU Hanxiang, WANG Weiding

Key Research Station for Fisheries Resources of Main Fishing Ground, Ministry of Agriculture; Key Research Station of Sustainable Utilization for Marine

Fisheries Resources, Zhejiang Province; Marine Fisheries Research Institute of Zhejiang Province, Zhoushan 316100, China

Abstract: The Zhongjieshan Islands Marine Protected Area (MPA) is located in the central area of the Zhoushan fishing
ground. It lies to the east of Zhoushan Islands District in Zhejiang Province and is historically known as the “fish
warehouse” of the East China Sea. Fish community taxonomy and eco-group data from eight bottom trawl surveys in
Zhongjieshan Islands MPA, carried out from 2010 to 2012, were used to examine species composition in detail. Indices
such as Margalef’s species richness index, Shannon-Wiener’s species diversity index, Pielou’s species evenness index,
resource density index as well as Pinkas’s IRI were used to analyze the status of fish diversity in the protected area. A total
of 55 fish species belonging to 2 classes, 12 orders, 32 families and 44 genera were collected during the survey. 26 species
from the order Perciformes (accounting 47.3% of the total species) and 41 reef species (74.5% of the total species) were
captured. There were 30 warm temperate species, 24 warm water species and 1 cold temperate species, and nearly 70% of
total rare species were warm temperate species. There were 27 local species, 24 offshore migrating species and 24 seasonal
species. Forty percent of the fish caught were demersal, 36.4% were meso-demersal and 23.6% were pelagic. The dominant
species in each habitat layer was examined, Chaeturichthys stigmatias was the most abundant demersal fish, Harpodon

nehereus was the most dominant meso-demersal fish. Fish in the family Engraulidae dominated the surface waters. The mean
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biomass index of the study area was highest in summer (1043.7 kg/km”) and lowest in spring. The abundance density index
was highest in spring (122x10” ind/km”) , but lowest in winter. Both the biomass index and the abundance density index in
the highest season were significantly different from that in the lowest season ( P<0.05). The average Margalef’s species
richness index was highest in winter, but lowest in autumn, while the highest and lowest of both Shannon-Wiener's species
diversity index and Pielou’s species evenness index were in summer and autumn, respectively. Hierarchical clustering and
further non-metric multidimensional scaling ( NMDS) analysis indicated extremely significant seasonal changes in the fish
community structure ( P<0.01). The structure of fish resources in Zhongjieshan Islands MPA was significantly influenced by
offshore seasonal migrating species, and the seasonal dynamic of fish distributions showed alternate migratory rhythm.
Although the diversity of the protected area showed a downward trend, and the dominance of traditional economic species
gradually declined or marginalized, the unique reef habitat still played an important role in both maintaining the local
species and offering more bio-available habitat. With the development of marine ranching and implementation of a range of
resource protection and restoration measures, the family Sciaenidae became a dominant group, and a large number of small

forage fish appeared in the protected area.

Key Words: Zhongjieshan Islands; species composition; diversity; eco-group; dominant species
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Fig.1 Location of study area and distribution

http : //www.ecologica.cn



18 1] BEF. P EE R X A R 2 5907

1.2 SREEJT LRI AL 3

TEA A AW 4126 5 %S 19 m 95 3.3 m, FHLIIEZE 58.8 kW 3 I i) S A vk ( JCETFCRIG BT ) 3 d s 36 9 199 11 4z
B 25 m, FER I HRT 3.0 em, 2535 8050 32 1R, F33HEE 5.19 k/h, BRHERL 1 h, [T, R CTD X (SEB-37SM)
SRAETRLE SR BB, BT R 45 1 U, SRABE BRE S A0 M 35 4 I 2R IR A5 RIS ) (GB/T 12763.6—2007) ' #E 4T, IR I B 5
MEAE 4304 0.1 ¢ F1 1 mm,
1.3 HdEab B Ay vk
1.3.1 RSB 2

R TR SRR T RERERRAE T A 2EHE TR A S B IR A | BB K R R TR S A KR A MR 2R B R )2
(SURRIZ, TR A 20 M HA G R B8 A0 45 18] RUBE KIS, 040 o 5 Je e 0T T A (45 A [0 30T 947 -5 /A I 36
R AL T3 it £ FT A A ) RS 10 30134 456 20 96 45 YT 1 )R] 11 -5 38 K T30 3 4 B A b2t ) 01 i JE ) AT A 95 g st
Ve 25 B R LR BRI A 0 28300 43 R ARl i R R DL (s A R, IR
132 WHREEIEH

G 6 X 9% T4 B )ik R PR T B

i =%iC//D(1—E) VT, (1)

b p WA | AR BRI (kg/km? 5 10° 2 /km® ) sn R85 § ZE A RO (G 280 5 €055 0 Z10 j il 2 i i (kg)
SRER) D R EKE-Y 3K SERE (k) (78 AR ) A 1575 150 T 388 3 109 L 199 1 JUATAR DU FR AR 45 5.19 km/h B
ARIEL 1R 5.20x 107 k) 3V, 4955 i 215 j 3l 3 9P S0 (/b ) 5750555 i 2805 3 3 P W) () 5 Dl i 6 (R
0.5)"",
1.3.3 ARSMEE

FIF Pinkas HIXFEEMAREIRD ' B AR TP IO M . $ta 80 K2 IRGOHIR R IR IZAh F 230
FHAT T . AW IRI= 100, HAE =5 AU AR 19 02588 R R 3T
1.3.4 Margalef F 7 FEF8 %L . Shannon-Wiener Z2FEMEFE BN Pielou Y474 FE #5%k

K H Margalef &5 JEFE40( D) Shannon-Wiener ZFEPEFEEL (H') Fl Pielou Y21 EFEEL(J) KW A w5 B B A2Em £
BEpENTT,

Margalef 3= & FEF5 5L D = (S-1)/InN (2)
s

Shannon-Wiener 22 FE14: 45 %5 H =- z PIn P, 3)
i=1

Pielou #5748 %% J' = H'/InS (4)

K, S HFNEEL N B REL, PO B B R LAY L
1.3.5 (0 2B2 WA SR pT

K HAES B AR B A A 2 AR R, S A BIL 2 Bhox £ 28 4 A% SR 0 T 3, SR A A Bt R bR AR R S SR R B <
0. 1% H I BT R < 10% BRI IR0 A 9 8 EAT RO AR AR 48, LA ST 0 32 b R 408 DL R/ B R O VE Y L B TR IX R0
DX ) 0 205 8 0 o VR, 45 3l 1 % T 58 5% EE 8 ST AL, 40 T 2 v 403l A IR0 38 S 4% i 6 43 £ IS A s Ja 3 UK, TR I
B 1 BRI B 1A X3, 27 A A A B Y 313 8 ALK AT Bray-Curtis MBLPE RECATE BLHH B4
BERE LRI R R PSR (UPCMA ) FIFE B 2 4EbR 1 (NMDS ) V8 g 10 25 58 1Y 40 JE MHEF 07 ¥k, 45 & T 5 0 I AL vk
AL S H RS Ry . NMDS 43-H7 45 - 10 45 R P8 o 22 80 ( stress ) SRAFT &L, O<stress<0.01, 524 A] {5 ;0.01 <stress<0.05, A {5 ;0.05<
stress<0.1, AT (5 ;0. 1<stress<0.2, 378 S H M H, A —E B BT R A E ;0. 2<stress<0.3, JLFSBAL A, AT (5,
NEFHAR AL 238 ( ANOSIM ) 638 A [l 4 Jai ] 22 57 1) S 35k

BRI bR R 2R HT 7 PRIMER v6 3PP Sall, i 2 MRS 56 55 AH DG 4 BT 43 1R i SPSS 19.0 1Y J5 25 50 BT ik
(ANOVA) Fli 28 [71 059 23 H7 % (CURVE ESTIMATION) , Bl F8iit B3 KFEH 0.05, #% B.EKFEH 0.01,
2 ER55H
2.1 FPEAHR

HRAT LB S IR AR OR B B4 A (a2 34210 BB, B A ah 239109 ¢, S8 2 40 12 H 32 Bl 44 J& 3631 55 A (3 1, B %
[), HAPgmapRgEs] 3 F, i g mwIoRER] 10 B 52 Fh, B8 d o5 B 038331 26 Fh, &5 TA #3800 47. 3%,
BCA LN PE ST HR R BOY B AEEE B 3515 10.9% ; 2ol B b B T 4758 0 5 1998 3k 16, ( Harpodon nehereus ) 4EFFH K 14
Pt hh ARSI B — | BB D (R T ) .

http : //www.ecologica.cn



5908 JAE = 3%

F1 PHUIIBEFRIPXEBEKEAN
Table 1 Composition of number of fish in Zhongjieshan Islands MPA

H Order B Family J& Genus ' Species H Order B} Family J& Genus ' Species
i H Myliobatiformes 1 1 2 %% H Rajiformes 1 1 1
YT 48 H Myctophiformes 2 3 3 I H Pleuronectiformes 1 1 6
% H Clupeiformes 1 5 6 % H Syngnathiformes 1 1 1
i H Siluriformes 1 1 1 % H Perciformes 15 22 26
il H Scorpaeniformes 4 4 4 84 H Anguilliformes 2 2 2
fiiJ H Tetraodontiformes 1 1 1 fiizfift H Lophiiformes 2 2 2

MATRIE SRR (3R 2, M55 1), i L g 8 YA ORp DA A7 4l AR 2 i P #1028 30 il (/K M 24 Fh RV MR L £ 28 1 Fib
(A RHL( Dasyatis navarrae) ) , HerPge il b B4 PSR 54.5% 5 Be/K R AT W =5 A8 AR AIE , S5l [R] 25 , i 4 22 21 ok
AT T AP S Y 2 BN R LR

x2 RPEEMESEBELXYENETTEN

Table 2 Seasonal variations of fish species number for each eco-group in the protected area

AR BE CES (€S LS it
Eco-group Spring Summer Autumn Winter Total
B IEFl Warm temperate species 23 19 17 17 30
B /K Flt Warm water species 11 14 12 9 24
BEA Cold temperate species 1 0 0 1 1
JKJZF Demersal species 15 13 12 15 22
P JZFI Meso-demersal species 12 10 11 8 20
L2 Pelagic species 8 10 6 4 13
FEJEFF Local species 17 16 14 18 27
VLMW FR Offshore migrating species 16 15 13 6 24
AT AN Estuary species 2 2 2 3 4
HAEFH Common species 15 15 13 15 15
ZA7PEFl Seasonal species 19 13 9 8 24
fHILFD Rare species 1 5 7 4 16
HEHERN Reef species 26 24 22 22 41
SEFIAEL Total species 35 33 29 27 55
X FIR Average sea surface temperature/C 19.0 25.8 17.8 8.1

)T Average sea bottom temperature/ °C 18.2 20.3 19.7 8.7

TEMEKZE B ORE MR Z | AR 40.0% , HUGRITIRE 028, 1 36.4% ;K )2 2 1 =1 AL BN E | IR 4 4E
FELE 12—15 Bl RS2 A0 28 iy 1 30 16 00 35 7 2R SR RH AT SRR S8 00 th B, 8 B R S50 b i TRk L& 2 B D) U B8
(Coilia ectenes ) FIRET ( Coilia nasus) F AR M v | )2 #0355 0T R /K Sl iy Az B8 00130 10 % [ AU 1 O X 2= A 2 Oy 1 2
S48

X B AE A A 2s MRUEE |, 8 AR el Afone Ja itk 0.2 27 i (7 49.1% ) , S o iite 1 2w/ o TR e 2l 0
TFRIIAL 4 Fh (5 7.3%) @ BFILUEIREABMGOISN E (N 60.9%) , EZLETE B 8E B I8 B MRS METE H 1))
FEAORLRI S B 5T 0 B0 028 F | B8 TR R B A SRR (0 2t i 5 A 0 N R SR R 5 S e e 2 R T
2 AR IEAR AL BR AR Ah  HAR HOYTE 12 R LA b 3] 130 A Ao 256 v JRUSE Ay (0 DX o 4 Hh B R I, 085 S Y g 2545
PR, Z I MEFRTMA S, B IRE 8 ( Cynoglossus gracilis ) FE ( Arius thalassinus ) PR S5 1A 58 > 100 22 1E30] 1138035 51, J2:
TRAP DX IR

A B A A BB T RUEE B RAP X DA M 2 3 5 B SSEIT 43.6% ; (8 DLFR AR AR R g A > (1
RN R) SAE TR AR ALERSLE 15 Fh, LUE R @280 32, Ml WAD EAT B 0 2219 PR ARIE B T & AR R34 3K 3 AR AT
(Dasyatis akajei) 5 , FeARPNIIIRTE L ; WAM (B WANTERK IR 2 | AT 322 iy T — 2B 040 DX N AR R 20 T R R K PR RS B
W& K Fh 2 5 BT A 8 WAR A 70% , A0 BB 46 ( Chaunax fimbriatus ) FIBEEE T2 6] ( Apogon carinatus ) %5

PR a2l 41 Fh 5 74.5% , FEREPERP AR BR T 95% LA bR RE JE AL A A 4 475 2 P I U T

I

http : //www.ecologica.cn



18 1] BEF. P EE R X A R 2 5909

1Y 8 NFhS (UN¥EE ( Muraenesox cinereus) Fl1 3% 4 4 ( Nibea albiflora) %8) , UL M B A B0 A8 2R S B0 9 B8 /K Fh (8 80 2R Tt
( Takifugu oblongus) FRIRAE ff 22 685 ( Callionymus virgis) 1. 10 /N, £ ( Stolephorus commersonii) | /% Y6 ( Acropoma japonicum)
VAR RAZRIE ) | [F i, B iERE R W s TIRAKZ RS, i I ( Gnathagnus elongatus ) i-fifll ( Erisphex pottii ) 1 ¥ g fif
(Lophius litulon) %,
22 BIEEREE

FR AT LB S5 T B A 4 DX 34 A W B S B Z B (1043.7 kg/km® ) BKB R 2 5 2 e A%, A 8 38 B0 i KAl Dl e /MBI
4.70 £5(E 2) . REUCE SR ECE T im (122x10° R /km®) , BRI, & dX, RA0R B 3 8RR A D o/ ME Y 4.98 15, 14
AEER B, 2010 FFEFEZFATR A B ILH KT B M ( Chaeturichthys stigmatias) 11,228 & , b AT JE & B B AT 91.3% , 4
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Fig.2 Seasonal variations of the resource indices of fish in the protected area
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Table 3 Seasonal variations of dominant species in the protected area
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Season Demersal fishes Meso-demersal fishes Pelagic fishes
R F BAME R Chaeturichthys stigmatias (11355) Jo3k 8 Harpodon nehereus (1740) ) Setipinna taty (190)
Spring KW L1515 Cynoglossus lighti (1216) A E R Sciaenidae spp. (236) R Coilia nasus (138)
FRAERSFLES P B Ctenotrypauchen chinensis (555)  WSkMEEA Collichthys lucidus (216)
YR F R 8 Odontamblyopus rubicundus (418) LEHELG Chelidonichthys kumu (195)
T8 Muraenesox cinereus (365) fi% /8. Miichthys miiuy (108)
k= ¥ RRMRFE . Chaeturichthys stigmatias (319) JNEEE Larimichthys polyactis (7152) BB Pampus argenteus (1160)
Summer KW EL 545 Cynoglossus lighti (121) Jo3k 8 Harpodon nehereus (1397) % Engraulis japonicus (689)
WSk MR AN Collichthys lucidus (525) JIEE Psenopsis anomala (561)
1 AR Sciaenidae spp. (377) KU Coilia nasus (493)
Wt Trichiutus lepturus (283) FHY Setipinna taty (355)
H I8 Argyrosomus argentatus (114)
B KWL & 85 Cynoglossus lighti (270) T3k Harpodon nehereus ( 12066) ) Setipinna taty (730)
Autumn F AR Chaeturichthys stigmatias (222) BSKAMFFR AR Collichthys lucidus (2769) R Coilia nasus (249)
rhAERTFLER FR 1 Crenotrypauchen chinensis (160) fiff i Miichthys miiwy (280)
X7 KWYLLT 5 Cynoglossus lighti (614) WM /1 Collichthys lucidus (2930) JREF Coilia nasus (6855)
Winter IR T R £ Odontamblyopus rubicundus (489) J3kfh Harpodon nehereus (424) Y Setipinna taty (2176)

¥ RRHRFE . Chaeturichthys stigmatias (292)

fifi s Miichthys miiuwy (159)
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i )2 EERZ )R
Season Demersal fishes Meso-demersal fishes Pelagic fishes
IREL Dasyatis akajei (235) /NEAD Larimichthys polyactis (110)

FHASRSFLERE 8 Clenotrypauchen chinensis (201)
ZRRML Dasyatis navarrae (140)
fLE% Raja porosa (111)
2 AR F ARS8 Chaeturichthys stigmatias (3298) Je3k . Harpodon nehereus (2715) B Coilia nasus (850)
Two-year KWL 85 Cynoglossus lighti (340) /NEE £ (2022) W Setipinna taty (547)
FRAEMIFLAR FE 0. Crenotrypauchen chinensis (160) WS AFEEAN Collichthys lucidus (1010) B8 Pampus argenteus (180)
LI R P A8 Odontamblyopus rubicundus (105) 1114 R4 Sciaenidae spp. (231)

JREMRS A USR8 BLMEEE B (9K Wy 2075 85 ( Cynoglossus lighti) i3, 7% B #RE i R 440 < i 12
Puph 2 e HAEBRZ T G e oK M AR R I8 11355, KWy 21 75 85 0 A AR AL PR 4 ( Ctenotrypauchen chinensis) 43
SITE 4 DT HTE T — & M OLSAFEA, o SOR T RS M0y 2 Fh R Z LS, 208 F % 1 ( Odontamblyopus
rubicundus ) FEZVIELHEFD  FEREF A SER LI SR ZE 4 BRIIRL 43 RALFIFLEE (Raja porosa) RIAN AR B 1w 1Y) 48 X)L
I W R S S AR e

IERJR A b, Je Sk N o 448 < il DR ER, 7 i Rk 1Y /N B (Larimichthys polyactis ) R Sk Mg B 1 ( Collichthys
lucidus) 10 ( Miichthys miiwy ) AR K 4t 4J) €053 590 sl 2L [R] A DRy D% 284 G2 L4, DU G2 /)N B 00 LR S g 38 161 53
A ZE R4 ZEMB T e Sk A0 RN R 2T B At AR B, A A0 ( Trichiutus lepturus ) | PG 6 (Argyrosomus argentatus ) F4% 8 iy
( Chelidonichthys kumu) JEARA X TN PEORFF B T 450 oAl A SRR 0, JC IR J Rl ol A i R 3y i 1
£ FZR A 0 )2 B OB TR R U B 2 AN E B R AR TR LR A

W RS H AR LABTRME 2SR 32, KUY 5 8 ( Setipinna taty) BUREZE KB FE(UCH SR, mitfEEZEML o0
AL, BERLAYAR BB ( Pampus argenteus) B R 3B 25 “ W™ O 3R , ok & B SWRIER B AR A 8% ( Engraulis japonicus) , 1< B8R4 ]
8 ( Psenopsis anomala) B ZEW I RTEIRY X N IREE , IR DL R34 1 B2 20 1R 20

2.4 ZHMERHE .
P X A 2 Margalef & & i (D) ,Shannon-Wiener ZF£ op @xp' @y
PE(H') I Pielou 35515 (1) #7500 G55 & 3, I 3 T, 207 1
Toil, D AT RE B RIE, ANOVA BT REI, KES 5 | | Edss
K752 ) 25 i (P=0.018<0.05) , 15 51 % B A W 5 2 52 E =
(P=0.11650.05) ;T H' 55 J{EI W E R BRI Bk = 'O
SR BIA MR 1.98 5580 1.82 £ T
2.5 fORBEE R AT R R
(R4 DX A L UEEAT 2RI 45 5L 5875 (141 4)  NMDS 437 0
SESL IR R KON 0.04, 7210112 P8 Al B b S W TRE 4 il 4 A0
PERREE . 26100 U £ S BEVE NMDS 4357 1 55 28 43 17 25 L 3 K — H3 RPRERSHIEREHENFTEL

E ,T’ﬁ AT T[40 = SkE S , 4% 5] S VL N v Bk 2 (A) el Fig.3 Seasonal variations of mean values of the diversity indices
AR R IAG4 7678 (B) f AL R R ey g7 10 e Protected area
F(C) ML AR Ry, ANOSIM 5 56 F W , 2% 2= 15 V& 2H
R E XS (R=0.818,P<0.01) , Ht 45 B FIfg J) C 2 [H122 5 W] i (R=0.873,P<0.05) fEUZMHH 54K ) A B 5%
5+ (R=0.680 1 R=0.998,P>0.05) ,
3 g
3.1 ORI BURHIE

0 PRS2 VR R 22 IR 7 (0 RIUIS 0 Ceh KR R RUK R M I R ) S iR KRR T
AR JK ARG B2 R A 3 323 R K 3R 5 AN R K 3 3 I0IR G B AL B2, TR B T PR IX £ 28 2H i 4544
AR, IARSCIFFE S Ri] LU Y (R XN 3R 55 Rt 2 e DU Z= R B 2847 13 B A0 23.6% , [HA W& 5020 5
SEYIER B 70% 5 ik 21 MRS (i 38.2% ) RAE—F R L B E TR AL 4%  rbal & BROR AP X 1 28 Rl 28 4 Ak
PP LA R 2 S PR A o A7 AR B L9 TS £ S A W S AR T B RN R 174, A X A7 A 55 ) T ) 2 1) RO
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Fig.4 Multivariate analysis of fish community structures in each voyage based on fish biomass date ( Roman numeral represent year, Arabic

numeral represent month)

b ARG 2 P T I AN 2 LU BRIk 43.6%  IAET R RUBE B AR IR0 2 1Y f0 28 AR HRTE 15 Fh A Ay (H =TT Ff
W AEF 2 60% , HAZ=TT M2 B A W) i F8 O R AR TE IR BUR AL B, RS FN NMDS HEFr 45 SRAL iz il 2= 75 38 il £ 28 20 A
M TR 2 5, LR AR B DX 1) 0 IS BEUR S5 M) 52 00V Z 5 PRI A 28 B M e, A I N 1 #2880 A1 25 328 22 S B i ok
SRR, B IEE SR A AR

RIS | HAEE KA ( Apogonichthyoides nigripinnis) RAEFE( G iEM2EE) LRRE, 47 IR JE ( Syngnathus schlegeli) 1L
FECAR MG A0SR TR R 3 5 W 7E S LA 0 24 2 53 20 v R (1 2% ER ML K885 75 85 ( Cynoglossus macrolepidotus ) VT F1 /N iyl
il 55 BAIC BB AR AR BINRAS , AITEAWTFE P A A, o, iz fi o # 4F R, % IRA R v A, AR 2 S B K i, 3 ml RE 32
BIE B AN, E R RN R Iy Pty AR BE ARG DX, A8 WLRD s WU b il T A sk THR A U2 A R 52 ), — 283
TRV IR pl B R 5 A £ R S T Sy S RAHY R T 2 AR 7 DA T S0t il R 0 A A 2 1 % FR T
A A AR 1T EL IR T AT A 8 (R Bt SRR ) AR R 40 7R ) A VA T R A JR AL S RIRE G B T 18 3R 10 3k 247 40
WA ) | T AN FAAEA A MR BZ M B2 5 R iR,

ARG 45 5 o PR DX A A e Bl £ 28 AP 7 3K 74.5% , B0 TIE T 3% VA 3a oy LR ) S e X200 B B DX R A I R
T8 R A M T M I A SRS | T R B B /K M W5 0 24 (b 2 35 A ORI 4K 309 75 38 T 885 ( Polynemus
sextarius ) FIVH TSI A 14 BRI £11) FROK JE AN, 1 ] B3 il A 1 B A 2 5 5 A b S 1 (R B, SCHRIE T R (A7 B3 7, 1
BT B PR R AL RN TR R S TR A E R A A
3.2 ZREMERHIE

Il P &b 3 X A e R AR TS0 2 Rl 2 BEVERR B (HY) B X g R AR A DY SR IR W Tk S T
B T Wb ] 2 6] 3 A AR S MRS AR A A A B2 A SR D A AR BB A 58 2R W05 43 1) /N B A fi
R AR R AR, LA R i o T ROMA . ASCRI AT AE Wi AR 2 FhOT R 2 R, 28 ANOVA K8, 45231
RIS T BB 2S5 (P=0.513>0.05) , % J& 38 A o B v it 3R A 030 3 i /), S0k AR B0 34 Z R
g i

BEABIEIE ZFEPESE RN 2 [ R ()85 B 5 M B AT 7 L8R, L3R 4, WA IESJE FoRA D R IR RS, ®iE
LUK, e AR AR A, 5 AR T 4 ¢ L i 3 Ay T ) R A 00 A ¥ 87 110 S S AR W 4 01 B 2 ) B o 5 S A B T I 2R 11X
TR AL A AE 22 5, R0 A P 1o L, i L 8 B Y LR DX X0 55 4 RO KB AR R A B AR e A Y
THRALY D AEARIE ; S BEARE (J)) TEA R A B2 Z AR 22 AN R (AE T 0.52—0.77 Z i) , 3% 4) | B 5K [R] fa i) 22 B2 43 A (4 1 50 12
JEE A DX 1) A 3R DX 12 AR 5 T 2R RR A (1) SR 2 AR (1) SR B, 1 (8, P Ve ) 8 R T o
ARG H AR ISR T ARG PSR, BF T 4508 5 TR S WA 0 AN PG U £ VSl £ S 2 R P 5 T Py At 24 B i g ol
15 B v i A HE A 5T M D 5 (2) RBEZR BRK IX | H B K RGN0 38 K, AR FE 45 5 & B 1 (L /N 00 35 45 ik o
SESE (AR X B2 HL A X Rt B e s L) 203 /N TR VR R 2 A R Y 1 1A A A T 2.0—3.0) , BLAF 5T
L5 5k A Y R A O BRI A — B0, ANIFTRIESE Ok, 5 2000 4EAH L, E BB (D) B REME(H) R SIEE ()7)
VIR R EE T, I F= B RE R4 ( D) T R W, U FE AR WO R 8 A T T, A& CR 4P IXCHE PN 0% 2R 98 L e o T i
AR SRR — 20 1IN 5 K AR A [R) 2215 R AR PSS SR AT L B 2R 1S A s, RO 428 e A iR R 8 2
KA AR R ORI 27T, TRRIE R T R AR M 2 Fhok R B A B TRV E W R B AR, 4 i 1L ) B e O g
DXE P ] S Ay 3 B2 4 52 2 X, N2 HY S50 2 B DG A i Sy B R G 2 £ R B BRI £ 1 R
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WP AR GT 45 58 CRARSC H BT A SEEAL LA 2 R0 b, 462 1 e i 28 1.36, 28 2,43, Fk 2R 1.22,422 2. 00)
SRRV T IX 2 2R i A5 ie — 30T S 2 A BORE 2 K ITAR A R I/ IME, B I BT R TR R Y A TR,
{ER A 75 phy SR 30 5 S M o 0 (B IR ) LA B A T S T I O 2 I A i AR A K 4 S S Y BB KR 4 D T N AR
JEJZ 5 JE A AT AR B i A% 0 5 R XU /N R £ ( Sk f RIMIE PR f R 2 ) B DI/INRUIR (B 48 o0 B A0 G B R 28 (VN B
i HE I A AR R £ 45 ) O SRR [ AR X A B REA . IEAN , BRI B ) AT AR, 43 B 5 R AT BE S P R AR
FEta TN Sk £ 43 BIRCA X 2 AN (7 M i R A 56, 38 7T B S B8 W B8 U5 IR R oA e, LA S B
AR AT 2R NMDS HEFE T RS 1 4E B2 AVEE 11 4F BEAK 2 M AR i B R 2 —

x4 SHAhiGE= EMEE LS SR

Table 4 Comparison of the fish diversity indices among different regions on space and time

XI5 Bl AE Ei=R T HE B A7 T H SCHik
Region Data year Index Spring summer  Autumn  Winter  Mean value Reference
HFR R Southern Yellow Sea 2000 D 2.30 1. 88 1. 26 1. 56 1.75 [32]
H' 1. 62 1. 50 1. 20 1. 45 1.44
J 0. 56 0. 58 0. 50 0. 56 0.55
ZRUFALES (S AR IX) 2000 D 2.78 2.29 2. 47 3.10 2.66 [32]
Northern East China Sea H' 1. 58 1. 45 1. 83 1. 91 1.69
(including the protected area) J 0. 54 0. 51 0. 59 0. 61 0.56
FHE Central East China Sea 2000 D 2. 45 2.39 3.24 3.00 2.77 [32]
H' 1. 60 1. 53 1. 72 1. 88 1.68
J 0. 58 0.55 0.53 0. 62 0.57
ZRIEHHR Central East China Sea 2001 D 1.54 1.38 1.84 2.00 1.70 [33]
1.27 1.09 1.31 1.62 1.32
J 0.58 0.52 0.55 0.63 0.57
P KBEAE Continent 1964—1965 H 3.16 3.42 3.08 3.28 3.24 [37]
shelf of South China Sea J' 0.70 0.70 0.64 0.69 0.68
B VEES Nansha 2006 D 0.88 0.91 0.90 0.92 0.90 [40]
Islands of South China Sea H 3.34 3.57 3.52 3.84 3.57
J 0.79 0.75 0.73 0.80 0.77
Hi# 10515 Zhongjieshan 2010—2012 D 1.83 1.72 1.42 1.88 1.71 ES'a
Islands of East China Sea H' 0.94 1.68 0.85 1.39 1.22 This paper
J 0.39 0.69 0.38 0.60 0.52

3.3 PRIPIXBR RO 5 AT RS A H

A L8 B VR AR AP X R R Tr N /N £ i f0 AREB Y F277 X, D sl iR 2 8 [CTCE S ( Sepiella maindroni ) 1)
FE I — AAARA B TR A KR U amiiE gt o WA SCR AR 45 R R, (/N80 0 ] i — e D 0 Ak, 4R
SR O RIR A B WA AL (SR 1) BOMRZ SR R B A e Sk (0 R Sk A 28 40 55 /NI BT £ 28 ) e e T B AR
A7 DX 388 M R P 28 P T A [ SRR R 3 97 2 Ok A b AL b B U5 e R S R A S R G T AR LB B il B 4
it T E SRR XN R KR A T ARIR, T ER ERCIE ML RER, IhAh 765X 2 A IR /N R
Z& (In-& B JR )T 1 ( Benthosema pterotum) & YCHR 4025 K A2 H] ( Apogon lineatus) MI-flAE) | X ELFhZEXT 2k 22 1205 4 Fh 2 AL PE R
PR el PR AR AN T Z A0 AR VR T RSk Bk SO 25 T S g AR 25 4 TR e i 8, TEAS 4 T 470k
FEZARSP DX PRI IS0 9 13 R O R ARHE R AR I O34 i 2 B A PR A Vi SR T 8 L (0B P 7K B oA 43 L R 38 v i 4 A
PRSI g — RN TR BRI SE Ta 5 WL A 16 SRR, 2 FRTC T 1 W WA 5 K 2 2 A T 3 A B
8, BilEAa 3 20a )2 [CICET 2 AR W VLG 47 7= i UK 3] 1000+ /KT, BXFME R A v ik, Bk, & B
AR LU R X SRR PR BR85S TR X P g P O g 15020 AR, IR S i R ) B, kAT S i PR 42 1
KBS I RES XM i 48 B it , LS ] sk 3 Atk FUIVRR i Vi (R 205
BT - TR ST R R IR AR A3 B | B IR ] e A RN SE I AT T O AR, BT R R LA B B AR, Rt
it
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Appendix I  The species composition, seasonal variation of relative abundance, eco-group and total dominance in Zhongjieshan Islands MPA

K REART R
YIFh Species Relative abundance within each season( F&/ ) I AR Y Y
#H7 e e e Eco-group Total IRI
Spring Summer Autumn Winter
it IE H
Z%IRHL Dasyatis navarrae 0.17 0.25 CTH ® % 13.43
IRfL Dasyatis akajei 0.10 0.20 wWWH e 17.10
EEJEH
fLEE Raja porosa 0.25 0.30 0.10 0.63 WIHee 27.07
JI s HE
£ 2RJT . Benthosema pterotum 2.34 0.40 0.10 WW O © % 0.49
J.3 48 Harpodon nehereus 34.42 130.60 302.50 9.23 Wl A O @ 2715.03
N BEEE £ Synodus macrops 1.10 WWH e 0.40
#Y H
W TE Cynoglossus semilaevis 0.17 9.63 0.48 WIH®e 11.16
KWZL5 8 Cynoglossus lighti 32.42 11.43 8.70 10.75 VIl ee 339.56
HW) =4 H ) Cynoglossus abbreviatus 0.10 WTH @ % 0.16
K E# Cynoglossus macrolepidotus 2.84 WWH e 1.12
FEVRTE R Cynoglossus robustus 0.34 2.00 0.10 Wl @ % 13.05
FENRTE B Cynoglossus gracilis 0.40 WT H A S5 0.50
I H
WY Setipinna taty 4.75 15.15 16.20 46.38 WW O O & 546.56
JI18% Coilia ectenes 0.67 0.20 2.73 WT O A % 12.28
R Coilia nasus 8.33 91.75 7.90 176.43 WWO A & 850.37
fi Engraulis japonicus 19.34 102.70 WT O O % 86.91
I EAE L Thrissa kammlensis 0.09 1.50 WW O O % 1.24
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PETYRERT
) Relative abundance within each season( &/ %) He 2 A
YIFh Species hE HE *E KT Eco-group Total IRI
Spring Summer Autumn Winter
YL /A Stolephorus commersonii 0.30 WW O O 0.03
Ik H
EFICHF B Syngnathus schlegeli 3.42 1.35 WW A @ % 2.39
% H
WGt Arius thalassinus 1.10 wWW Il A 5.55
A
M Gnathagnus elongatus 0.50 WT l O ¥ 0.16
WKEE Pampus cinereus 0.13 WT O O 0.05
HREE Pampus argenteus 0.09 25.38 0.30 WW O O % 180.43
HB8 Psenopsis anomala 0.09 33.40 WT O O % 78.85
WA Trichiutus lepturus 0.58 11.18 0.90 WT A O % 79.04
FPAEMIFLERIE 10 Crenotrypauchen chinensis 44.5 5.28 7.20 7.08 WWHee 160.08
LU R 6 Odontamblyopus rubicundus 18.92 4.38 0.80 16.78 YTl e e 104.98
X BMEFE Chaeturichthys stigmatias 1198.00 55.38 10.10 7.80 Wl @ ¢ 3297.83
A% Decapterus maruadsi 10.10 WW O O * 9.43
P8 Argyrosomus argentatus 0.09 63.88 WT A O % 15.92
# A0 Nibea albiflora 0.09 WT A O % 0.20
/NEE A Larimichthys polyactis 0.75 421.03 0.80 1.08 WT A O & 2021.99
Sz M 448 Johnius belengerii 0.67 2.00 0.30 0.13 WTAO®® 13.38
WK 1 Collichthys lucidus 8.50 130.63 77.70 46.15 WT A ® @ 1009.84
66 Miichthys miiuy 0.42 0.60 0.40 WT A O % 66.19
£ R4 Sciaenidae spp. 28.58 189.63 0.70 WT A O % 231.38
NTE DR Polynemus sextarius 0.20 WW A @ ¥ 0.04
W 8208 Hapalogenys mucronatus 0.20 WT A @ % 0.31
RICH Acropoma japonicum 11.50 WT A @ % 5.13
Yl 2 KM Apogon lineatus 0.34 5.10 WW A @ % 0.99
BEBE R A Apogon carinatus 1.40 WW A @ ¥ 0.13
B F A Apogonichthyoides nigripinnis 0.13 WW A @ 5% 0.01
#5151 Champsodon capensis 0.30 WT A O ¥ 0.03
B4 S BT Scomberomorus niphonius 0.38 WW O O % 0.49
H A8 Scomber japonicus 0.38 WW O O % 0.20
22 5584l Callionymus virgis 0.50 wWW il @ % 0.04
e H
Bl Sebastiscus marmoratus 0.84 1.10 1.75 WI'H e ¢ 1.41
si-fil Erisphex pottii 0.42 3.88 3.80 0.75 WWHe e 7.41
LR gD Chelidonichthys kumu 23.09 WT A O % 13.58
fiffi Platycephalus indicus 0.09 0.40 WT H O % 1.07
1% i 5
368 Muraenesox cinereus 1.75 1.00 0.50 WWH O % 55.43
BTG Conger myriaster 0.17 0.10 0.10 0.25 Wl @ ¢ 8.16
iy H
RELCZR Tt Takifugu oblongus 0.20 WW A O ¥ 0.02
fige e H
HEHG M Lophius Litulon 0.59 0.13 WTIH ® % 3.73
AR B Chaunax fimbriatus 0.30 WW A @ ¥ 0.12

(1) A =FBE 18 4% 25 BE A — R B9 P- 2 AR A

(2) WT: BIRAR, WW.: BKFl, CT. ¥%ififh, W JRZ63E, A DIREME,

A WTEHREEI S, & FAER, ko THER, v IR
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