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Tab. 1 Fish species captured by bottom trawl

H Order FlFamily FSpecies #Z=Spring & Z=Summer
ft % H Lamniformes %2 % FlSphyrnidae 36 S X B2 % Sphyrna zygaena *
% H Rajiformes #% FIRajidae fLEERaja porpsa *
i J& H Myliobatiformes #TAl Dasyatidae YHTDasyatis laevigatus *
it H Clupeiformes fiftF} Clupeidae Bk NPT i Sardinella zunasi *

fit &l Engraulidae

L Konosirus punctatus
it 1lisha elongata
Hr /NNt Stolephorus chinensis

IR B Thrissa kammakensis * *
WK 8 Thryssa hamiltonii *

PRI 2 Thrrissa mystax * *
5 | Setipnna taty *

R Coilia mystus * *

J15% Coilia nasus * *

tit Engraulis japonicus * *

¥T %% i H Scopeliformes 1T %% fa B Myctophidae LB JEAT #.Benthosema pterotum * *

fi5i 7% H Siluriformes 165} Ariidae rR B, Arius sinensis * *

figifi H Anguilliformes 2 il F} Anguillidae H A&t Anguilla japonica *

5 8l Congridae 12 2 88 Conger myriaster * *

WEH g Alloconger anagoides * *

. Z W8 Rhynchoconger ectenurus * *

5 W88 Rhynchoconger brevirostris * *

1§48 Fl Muraenesocidae 42 Muraenesox cinereus s s

A ATES £l Dysommidae A ALEE Dysomma anguillaris * *

I i FtOphichthyidae 51U #8 Pisoodonophis cancrivorus * *

B #5588 Pisoodonophis cancrivorus *

RW & Ophichthys apicalis * *

15/ £} Moringuidae Kk sl 88 Moringua macrocephalus *

%% H Gadiformes JR %%l Bregmacerotidae % KR % Bregmaceros macclellandii * *

K Z % El Macrouridae Z BE WS Coelorhynchus multispinulosus * *

RIS R Moridae H A/ NM&EE Physiculus japonicus *

3. H Syngnathiformes JH%& £ Bl Fistulariade EINE O Fistularia villosa *
v Bl Syngnathidae & [ ESyngnathus schlegeli *

RGIESyngnathus acus * *

H A 5 Hippocampus japonicus *

45 H Zeiformes 5 Bl Zeidae H A4 Zeus japonicus * *
fif 7% H Mugiliformes fifi B Mugilidae i 4 Mugil cephalus *
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H Order FlFamily FSpecies #Z=Spring & Z=Summer
i H Perciformes KR F} Priacanthidae i R KR Priacanthus macracanthus * s
R I6HREAcropomidae R IEHH Acropoma japonicum * *
KRR Apogonidae N5 R Lt Apogon lineatus * *
P& K 2 Apogon carinatus * *
2k KM Apogon quadrifasciatus *
fiEF! Sillaginidae Z = Sillago sihama * *
bk tESillago japonica *
773k f4 £} Branchiostegidae H A J5 3k 4 Branchiostegus japonicus *
fiZF} Carangidae =4 2 Caranx equula * *
J kW2 Caranx djeddaba *
W A2 Decapterus maruadsi * *
17 I £ Trachurus japonicus * *
£ Bl Sciaenidae Rz Uik 1. Johnius belengerii * *
H A3 4 #1 Nibea japonica * *
i 4 rgyrosomus argentatus * *
Ui 1 Argyrosomus nibe *
i 8 Miichthys niiuy * *
R IEEE A B Chrysochir aureus * *
K3 Larimichthys crocea * *
/IN#& £ Larimichthys polyactis * *
RSk ME 3 0 Collichthys lucidus * *
fif B} Leiognathidae REPEEE Leiognathus equulus *
fif)F} Sparidae B Pagrosomus major *
— K Paerargyrops edita * *
Y i HH Acanthopagrus latus *
FffiFIPomadasyidae T8 B Hapaloyenys mucronatus *
£ R Mullidae 2% R 488 Upeneus bensasi * *
i F}Oplegnathidae %118 Oplegnathus fasciatus *
0t F} Parapercidae 7N S Parapercis sexfasciata *
7 J) i F}Cepolidae e, IR AR J) fi. Acanthocepola krusensterni * *
& F}Uranoscopidae H A& Uranoscopus japonicus * *
T Wk Gnathagnus elongatus * *
% 1 1} Champsodontidae #5115 f1 Champsodon capensis * *
##5F}Callionymidae 22 &RV Repomucenus virgis * *
R Repomucenus olidus * *
LKA Callionymus valenciennei *
%57 # Fl Siganidae K AE W T #.Siganus canaliculatus *
ity £ &l Trichiuridae 5 8 Trichiurus japonicus * *
/Nty 4 Eupleurogrammus punctamamanus * *
fi Al Scombridae H A fi&Scomber japonicus * *
fig FlStromateidae #1418 Pampus argenteus * *
K8 Pampus cinereus *
o [E 68 Pampus chinensis *
bl @EPsenopsis anomala * *
UR B2 f1 Bl Gobiidae BN 52 f Tridentiger barbatus *

220§ 4 Cryptocentrus filifer
7 MR JE £ Parachaeturichyhys polynema
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H Order

FlFamily

FSpecies

B Z=Summer

7 H Pleuronectiformes

fili 2 H Tetraodontiformes

1 6% H Lophiiformes

{il % f4. H Aulopiformes

il H Ophidiiformes

%t £4 H Beloniformes
fifi /% H Scorpaeniformes

IR R Moronidae
I, fil #tPolynemidae

fi¥A} Sphyraenidae

7 F} Bothidae

filt B} Pleuronectidae
5%} Soleidae
& iiHFICynoglossidae

it £} Diodontidae
P it Rl Monacanthidae

fifi 2} Tetrodontidae

165 Lophiidae

§& 8} Antennariidae
My A Synodidae

Hli#3 B Ophidiidae

A%l 1 F} Belonidae

fifif} Scorpaenidae
2% J i} Aploactinidae

i 5 Bl Triglidae

fifi F} Platycephalidae
Jifi-¥-f6 Bl Liparidae

OF WP R 1. Chaeturichthys stigmatias

INELF RAF R 4 Chaeturichthys hexanema

7 R R 4 Synechogobius hasta

Z10R AU R f1. Odontamblyopus rubicundus

FLER 52 . Trypauchen vagina

Fh A FLIR 58 £ Ctenotrypauchen chinensis

168y Lateolabrax japonicus
VU455 fif Eleutheronema tetradactylum
7518 B8k Polynemus sextarius
M &TSphyraena pinguis

BT Pseudorhombus arsius

TR BE B Pseudorhombus pentophthalmus

422 E 8 Arnoglossus tenuis
AR Pleuronichthys cornutus
WSSk Zebrias zebra
Wi 28 5 85 Cynoglossus interruptus
i AR E 85 Cynoglossus robustus
35 EH 8 Cynoglossus semilaevis
&R Cynoglossus gracilis
KW =28 E 15 Cynoglossus abbreviatus
KWL & 8 Cynoglossus lighti

KL i Cynoglossus purpureomaculatus

H A Paraplagusia japonica
ANBERfE Diodon holocanthus
B Wil A luterus monoceros
2295 Mgkt Stephanolepis cirrhifer
S8 I fili Thamnaconus modestus
HEUIR T i Takifugu vermicularis
TSR Ty il Takifugu oblongus
Y 2R 5t Takifugu alboplumbeus
ERBE G kil Lagocephalus spadiceus
W% 1 Sk fili Lagocephalus wheeleri
W% &0 2R 77 i Takifugu obscurus
PR Lophius litulon
% @FﬁLophiom us setigerus
PESK R th Antennarius striatus
T3k 8 Harpodon nehereus
K gl Saurida elongata
Z il i Saurida tumbil
X A EE . Synodus macrops
TR Neobythites sivicola
R Hoplobrotula armata
W B A0 . Tylosurus melanotus
5 B il Sebastiscus marmoratus
HL¥8 R filiMinous monodactylus
2ot R i Minous pusillus
- fih Erisphex potti
ZRHE 1 Chelidonichthys kumu
WA IR 1 Lepidotrigla alata
tifi Platycephalus indicus
MBW-F 4 Liparis tanakae

*

*
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(Coilia mystus), " ¥ F1EG 0 B4R 25 0 #5 N  Sk
(H. nehereus)F1 FEHFJE f.(C. stigmatias), =X 15,
LG L A TN e Sk F(H. nehereus) I R FE .
(C. stigmatias). RGN AF N /NE M (Lari-
michthys polyactis) Wk f.(H. nehereus). 7 FBHF
R (C. stigmatias) M2k gt (Chelidonichthys
kumu), ¥ F B AL A AR v /N (L. polya-
ctis)~ Je3kH(H. nehereus)F [ Ui . (Argyrosomus
argentatus), = XIZILFLFHF AN (L. polya-
ctis) 3kt (H. nehereus). & H.INZE T EZMZ E
BRI N =y S D NAN E B A TR RS T
ek A, (022 A T (P>0.05), Fr R IR R M AL
FAh T IX IR, {2 22 3 AN 2 25 (P>0.05); =Y
JbH AN EE /N 5 22 R O 2 (P<0.01), HoAd X 45
[F) 22 e AN B 25 I HLHAd A [R] XCIg[R]) — Fh 2 1] 22 5
A2 (P>0.05)(F 2).
23 HEFETHL

B A TR R BoR, AR E T,
S X AR KA 2144.66 kg/km®, B /ME N
4.40 kg/km’, 4943440 kg/km’ . AR X 582K
&, P E R, LR, M.
R ESNERBRAF X B AEY) EZE 7 EE
(P=0.017<0.05), % & ML gh REIR, L ARG
ARV & 22 5 O 35 (P=0.005), FLAth [X 4[] 22 53 A
W (P>0.05). {ERRECEH T, 42X R HUH L i
KAt H435.85T F/km’, Fe/ME N 1.24 T /km’, F
¥1N58.42T R/km’s MAFXIRE, MALE] R R %
HEREZ BT BEERITESER TR,

ANE) X 3 R U i 22 AN R (P>0.05) (K 24 ] 3).

B2 1 I R U R A o, TR AR R T,
A [X A d KB 13 692.92 kg/km®, B /ME N
40.20 kg/km’, “F¥I M1 532.73 kg/km®. B =LY
BEKTHEZEP=0.000<0.01). MAFXIKE,
S IR AR R e, MBI, dEE k. BRI
T7 22 50 W 45 IR R OR AN R X I AR ) & 25 7 ¢ L
(P=0.001), % HE LM S5 R BoR, bS5 Ay
B2 RN EEP=0.000), 55 a2 72 FH(P=
0.017), {H72 5 g A W3 M2 7(P=0.310).
AU FE T, 2= X R FE R KB N1 397.33 T2/
km’, F/MEH5.31 T R/km’, F¥15205.50 T &/
km®, H 2R HH YR E KT HZ(P=0.000<0.01).
AR X I, 5 3 b s g, AL k. Al
BT ERER, LSRR SEHER R
F(P=0.034), (H 2 oA X Sk m] 22 AN R (K 2. ] 3),
24 ZHEHMMR

AR ZHEME FEHENEEHE
N0.17P<2.49, “F344E 1.52; DAEZALTE N
0.80—3.74, "It }2.18. BRI KT Z s B 5
7N, ALE AN RS D2 53 35 35 (P=0.048), HoAth [X 5k ]
HFDZ RIA T (P>0.05).

HZHHIZNIEE 80.23—2.59, FIE A
1.34; DIEA AL TG H0.82—3.22, *FH){E N1.81. H
IR 25 77 22 AT R AN R X 380 22 57 4% 5. 3 (P=0.0011),
AN TR N Ve A R R ARy T
(P=0.000), H & F1 3 2 0] 22 57 B2 0T b B 3

®2 TERGMBHNIRBEHRRESE

Tab. 2 The index of relative importance (/R/) and weight of dominant species in different regions

[X 3 Region T2 Species ﬁ”%sl?r‘lng EéSUQ@ =
IRI HiE(g/R) IRI Hil(g/R)
JE#fNorthern region /N HLP. polyactis — — 3627.55 7.12
ekt H. nehereus 3446.62 15.23 1150.35 24.12
T RAREHLC. stigmatias 1201.51 0.44 4090.42 1.53
FRAERIFLER FE FLC. chinensis 1180.47 6.01 —
RUFC. mystus 1081.99 3.76 — —
SHEC. kumu — — 1003.25 22.03
rh #Middle region /NEEAP. polyactis — — 7280.37 10.55
WAt H. nehereus 3354.27 18.90 1648.85 32.10
7 RAFEH.C. stigmatias 4145.61 0.73 — —
AUk A. argentatus — — 1342.98 1.37
i #lSorthern region /NFEAP. polyactis — — 1244.41 11.79
Josk i H. nehereus 3577.35 24.22 1511.13 25.44
T RARFE.C. stigmatias 8596.96 0.41 —
F i fh 4. argentatus — — 5830.28 3.75
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Fig. 2 Spatial distributions of the resource abundance of fishes
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Fig. 4 Variations of diversity index in different regions
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Fig. 3 Variations of the biomass and abundance density of fishes
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Tab.3 Comparing the main parameters of juvenile fishes belonging to different regions in spring and summer

ZYiSeason X Region ‘4 Biomass (kg/km’) HifiRatio (%) JEXU# ¥ Density (T&/km’) i fRatio (%) & Weight (g/E)

HSpring L 0.79 0.17
R 3.15 0.61
B 18.41 7.19
B ZZSummer I _ _
R 0.6 0.03

BB 281.17 19.8

2.19 4.99 0.38
4.81 8.18 0.63
53.28 69.18 0.35
0.71 0.32 0.84
187.05 74.93 1.50
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Tab. 4 Comparing the fish diversity indices in different regions

w H#F HEF W

. . : YA pE 1 7AS
[X #Region 25 ¥ Latitude % J& Longitude FArYear Index  Spring Summer Reference
NN . H' 0.39 1.20
T % 4L #North of Liaodong Bay 40°10'—41°00"  121°00—122°15" 2006—2007 0.40 17 [15]
W 1 K H AT /K3 Huanghe estuary and . oo . o ', — 1.36
its adjacent area 37°30'—38°00"  119°09'—119°30 2010 A - 197 [16]
3L S I3 [ Laizhou Bay and the o] . . H'y, 1.85 1.59
Yellow River Estuary 38°30'LAFE 118°30'—120°30" 2011—2012 D, 193 137 [17]
s e . H, 0.42 1.11
JB M 75 3T [ Coastal waters of Jiaozhou Bay — 36°06'—36°20"  120°15'—120°30’ 2009 [18]
D, 0.93 0.33
U . H' 1.71 —
7 3L 2 7K 3k Coastal waters off Qingdao  35°25'—36°25"  119°55'—121°15’ 2004 D 517 [19]
3 M¥% Haizhou B 34°20'—35°40"  119°20'—121°10 2011 i 1> 182 20
M ¥EHaizhou Ba (s} I__2804() () __ 10y
- Y D 156 1ss 120
U _ H,, 1.10 —
15 g FMiddle part of the Huanghai Sea 35000’ 120°50'—124°00’ 2007 D Loa [21]
w . -
NN _ H, 1.79 —
T 9 7 Southern part of the Huanghai Sea  32°00'—33°50"  120°50'—124°00’ 2007 D 292 [21]
: : HO IR 2k H 1.62 1.50
Y. e 3 7S o )
5 79 ¥ Southern part of the Huanghai Sea 34°00" 122°—125 2000 D 230 1.88 [22]
ZRiEdL ¥ Northern part of the East China  30°00" % # i3 45 1 R o H, 1.58 1.45
Sea I3 123°—127 2000 D 2.78 2.29 221
U . H' 1.60 1.53
ZR ¥ #Middle part of the East China Sea  27°00'—30°00  122°—126°30 2000 [22]
D 245 2.39
U , H,, 1.27 1.09
ZRiFHF #fMiddle part of the East China Sea  27°00'—30°00  122°30'—127°00’ 2001 D .54 138 [23]
U . H, — 0.87
ZRifgH#iMiddle part of the East China Sea  27°00—31°00  121°30—126°30' 2008 D 0.88 [1]
w — )
WIVLIR A 77 B3 Coastal spawning ground of orer o ', 1.52 1.34 .
Zhejiang 27°00'—31°00  120°45'—123°30 2015 D, 518 181 AL
WYL e &3 g Coastal waters of southern orer Ao e o1 H 1.30 —
area of Zhejiang 27°15'—28°30"  120°45'—122°15 2011 IS 508 - [4]
. H,, 1.83 1.99
75K % Western Daya Bay Waters 22°31'—22°39"  114°30'—114°39’ 2005 [24]

D, 1.76 2.51

T H\( DGR B 545 0 2 R

Note: H',, and D,, value were calculated according to the weight

o IRZHFURY, KR oM R 2N
A ) F IR 2 —, H2 5 ERVE A 2
IKIRA &, T2 5 KR RIS RIIKB) ).
FEHE L IR UL S BRI L R . i
7E E BV (iR eunion 5, Pinault® ™ 5 B K R 2 i
BYEELR W R A . AR ES
Chl.a2WMEFEMIEMKK R, HEIATEHN
1=46.18x+103.77(R’=0.7318, P=0.000<0.01), i LA
JE AT BE B 22 12 8 1 Chl. aRszma fi 2R 2 FEPE AR
o ISR 3R R A VR B0 V0 R BSCEE J a3 A, T D

SRR E B R, R AR S A e
M £ K ) 7 B S A3, X SR RO e 45 e A
TR R R A R R, AR AR
XTI AN 52 58 JIAS R, AHIE U 2 FEE K E J S
S5 AR I, WLV R 2 B3 K R I AR 4 H5.99 mg/L
I 2 £ 28 0 A ) It i, — B R E R TR
5°5.99 mg/L I /KA, T 25— 50 43 0 200 ) T 2/
F5.99 mg/LI K&
BRI 2 PN R E R R KR B
AR TR o AR T VLI R K Ui
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Fig. 5 Classification and regression tree of diversity and richness indexes in spring and summer
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A. Diversity index in April; B. Richness index in April; C. Diversity index in July; D. Richness index in July
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STUDY ON FISH RESOURCES AND COMMUNITY DIVERSITY DURING
SPRING AND SUMMER IN THE COASTAL SPAWNING GROUND OF
ZHEJIANG PROVINCE, CHINA

HU Cui-Lin"?, ZHANG Ya-Zhou', LI De-Wei', ZHU Wen-Bin', JIANG Ri-Jin', LI Peng-Fei', Wang Yang', ZHOU
Yong-Dong1 and ZHANG Hong-Liang1
(1. Marine Fisheries Research Institute of Zhejiang Province, Scientific Observing and Experimental Station of Fishery Resources

for Key Fishing Grounds, MOA, Key Laboratory of Sustainable Utilization of Technology Research for Fisheries Resources of
Zhejiang Province, Zhoushan 316021, China; 2. Fishery School of Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: The fish resources and community diversity, and their relationships with the biotic and abiotic environmen-
tal factors in spawning ground of Zhejiang province (China) were studied. In this research, data were collected from
bottom trawl surveys in spring and summer of 2015 by the least square deviation (LSD) and classification and regres-
sion tree. In spring, a total of 92 fish species were sampled in the survey, belonging to 77 genera, 54 families, and 17
orders. In summer, a total of 115 fish species were captured, belonging to 92 genera, 62 families, and 16 orders. In
spring, the average value of biomass was 434.40 kg/km2 in the whole spawning ground, and the difference of biomass
between middle and southern region was statistically significant (P=0.032). The average value of abundance density
was 58.42 kg/km2 in the whole region, and the difference between northern and southern region was statistically signi-
ficant (P=0.040). In summer, the average value of biomass was 1532.73 kg/km2 in the whole spawning ground, and a
significant difference was found between northern and middle region (P=0.010), between northern and southern region
was significant (P=0.026). The average value of abundance density was 205.50 kg/km2 in the whole region, and the dif-
ferences between northern and middle region, as well as northern and southern region were both significant (P=0.041,
P=0.011). The average values of A" and D were 1.52 and 2.18 in Spring, correspondingly, the average values of H' and
D were 1.34 and 1.81 in summer, respectively. The classification and regression tree indicated that the main factors af-
fecting the diversity and richness index were depth and turbidity in spring, while the main factors affecting the com-
munity diversity level were depth, copepods, temperature, and turbidity in summer. On space, no simple linear relation-
ship was found between latitude and H’, however, H' value in low latitude waters was significantly higher than that in
the high latitude waters when the latitude span was very large. Once, the diversity level was remarkably improved com-
pared with 2008, however, that was closed to the corresponding level in 2011, which indicated that the ecological and
environmental factors on the coastal spawning ground of Zhejiang province was relatively stable in recent years.

Key words: Spawning ground; Fish resources; Community diversity; Classification and regression tree



