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Fig. 1 The surwey stations of fishery resources
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Table 1 The composition and dominant species of fish in spring and autumn in the outer waters of the Zhoushan Islands

= e
GBS
N/% W/% F/% IRI N/% W/% F/% IRI
SEEET 8 Conger myriaster - - - - - 0.02 14.29 0.27
I EF 88 Alloconger anagoides - - - - 0.03 0.25 28.57 5.8
S V) 8 Phynchoconger brevirostris 0.02 0.04 7.14 0.32 - - - -
W48 Phynchoconger ectenurus 0.06 0.12 7.14 0.92 0.58 0.06 14.29 6.55
88 Muraenesox cinereus 0.13 2.18 28.57 47.21 0.06 1.02 64.29 49.52
WL Gymnothorax reticularis - - - - 0.61 - 7.14 3.1
WY b8 Saurenchelys fierasfer 0.22 0.25 21.43 7.14 - - - -
22} 5% Chlopsis fierasfer - - - - - - 7.14 0.02
HiIT88 Dysomma anguillaris 0.61 1.4 14.29 20.48 0.01 0.03 7.14 0.17
RIBIEEE Ophichthus apicalis - - - - - - 7.14 0.01
g S U518 Pisoodonophis cancrivorus 0.26 0.23 14.29 5.02 1.91 2.92 78.57 271.26
tit Engraulis japonicus - - - - 0.01 0.02 14.29 0.32
H il Setipnna taty 0.17 0.11 14.29 2.9 0.01 0.08 35.71 2.34
VB Thrissa kammakensis 0.43 0.09 28.57 10.74 - - - -
JR8F Coilia mystus 1.65 0.53 21.43 33.25 - - - -
Rt Saurida undosquamis - - - - 0.17 0.03 21.43 3.03
KWt Saurida elongate 0.19 0.71 21.43 13.91 0.01 0.36 7.14 1.89
J¥3kfi Harpodon nehereus 7.97 5.68 64.29 626.89 2.95 421 57.14 29232
L RNELT i Benthosema pterotum 1.10 0.03 35.71 28.85 0.22 0.02 57.14 9.91
iR Sirembo imberbis - - - - 0.01 0.04 7.14 0.26
Bl Neobythites sivicola 0.02 - 7.14 0.12 0.23 - 7.14 1.18
H 7 4% Bregmaceros japonicas 0.24 0.01 21.43 3.86 - - - -
7 [CR % Bregmaceros macclellandii - - - - 0.7 0.12 50 29.3
ZWRIEWIE Coelorinchus multispinulosus - - - - - 0.02 7.14 0.1
Hh[a] W85 Coelorinchus intermedius 0.02 - 7.14 0.13 - - - -
HHR Lophius litulon 1.3 25.05 71.43 1344.4 - - - -
IR Lophiomus setigerus 251 1.79 71.43 219.53 - - - -
AU A Antennarius striatus - - - - 0.07 0.16 35.71 5.76
HlEEHF ¢ Corythoichthys crenulatus 0.26 0.01 35.71 6.99 - - 7.14 0.01
Hili#F 5 Hippocampus histrix - - - - 0.01 0.01 14.29 0.11
) ErfitiSebastiscus marmoratus 0.11 0.01 7.14 0.61 0.02 0.03 21.43 0.69
H AL Lepidotrigla japonica 17.42 1.32 78.57 1 051.64 0.06 0.25 14.29 3.18
J B LT IR0 Lepidotrigla microptera - - - - - 0.02 7.14 0.12

£k#E Lt Chelidonichthys kumu - - - - 0.03 0.39 21.43 6.41
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a4k 1
e
GBS
N/% W/% F/% IRI N/% W/% F/% IRI
K72kt Hexagrammos otakii - - - - 0.3 0.03 7.14 1.65
Wit Erisphex pottii 2.77 0.3 92.86  204.14 - - 7.14 0.01
Mt i Minous monodactylus 0.3 0.24 35.71 13.96 0.23 0.4 78.57 35.54
JINFEAL f Cottiusculus gonez - - - - 0.02 - 14.29 0.29
7516 Btk Polynemus sextarius - - - - - 0.01 7.14 0.07
/INE 2248 Bk Polydactylus microstoma - - - - - 0.02 7.14 0.11
IN A BT Epinephelus sexfasciatus - - - - 0.06 - 7.14 0.33
H A% St Acropom japonicum 0.06 0.01 14.29 0.77 13.1 11.2 64.29 1115.76
g K] Apogon carinatus - - - - 0.4 0.08 21.43 7.39
2R Apogon lineatus 16.96 42 71.43 1079.7 61.15 29.41 9286  6007.1
PUZk KA Apogon quadrifasciatus - - - - 0.04 0.01 7.14 0.23
Mg Sillago japonica 0.43 0.53 35.71 24.54 - - - -
ZWESillago sihama - - - - 0.1 0.19 57.14 11.9
Wi 4% Decapterus maruadsi 0.02 0.03 7.14 0.25 0.57 1.28 64.29 85.1
Y34t Trachurus japonicus 0.02 - 7.14 0.11 1.06 0.67 14.29 17.6
5,68 Formio niger - - - - 0.01 0.16 7.14 0.87
ILBBE A W Chrysochir aureus 0.06 0.34 14.29 4.16 0.2 2.05 50 80.27
BRSKARGRE £0 Collichthys lucidus 1 0.86 21.43 28.41 0.13 0.4 28.57 10.82
Sz B i £ Johnius belengerii 7.54 13.79 64.29 979.5 - - - -
E N Ui €8 Johnius distincta 0.04 0.12 7.14 0.86 - - - -
M4t Johnius grypotus 10.46 222 21.43 499.95 0.9 2.53 85.71 210.02
Fi ikt Argyrosomus argentatus - - - - 4.57 7.33 85.71 728.48
ittt Miichthys miiuy 0.04 127 14.29 13.44 0.33 13.8 92.86  937.34
i lili i Nibea albiflora 0.15 0.36 14.29 5.25 - - - -
IR B 1 2 Nibea miichthioides - - - - 0.42 0.23 21.43 9.93
H A ¥ I # Nibea japonica 0.02 0.02 7.14 0.24 - - - -
K¥ th Larimichthys crocea - - - - - 0.02 7.14 0.13
/NH{ i Larimichthys polyactis 425 5.2 85.71 578.26 0.34 1.75 85.71 128.44
T RKIAL SR Evynnis cardinalis - - - - - 0.01 14.29 0.14
K B2 i Hapalogenys mucronatus - - - - 0.04 0.09 35.71 3.09
H A4k Upeneus japonicus - - - - 0.02 0.05 28.57 1.46
R T f.Siganus oramin 0.04 0.02 14.29 0.61 - - - -
Wt Trichivrus haumela 1.99 1.09 57.14 125.72 1.37 0.58 71.43 99.43
fify Pneumatophorus japonicus - - - - 0.02 0.57 14.29 5.97
W5 5 D ff Scomberomorus niphonius 23 0.88 7.14 16.22 - - - -
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= B
(B
N/% W/% F/% IRI N/% W/% F/% IRI
8 Pampus argenteus 0.06 0.15 21.43 3.29 0.08 2.03 21.43 32.21
IR Pampus cinereus 0.3 0.85 50 4127 0.61 - 7.14 3.13
Jl#8E Psenopsis anomala - - - - 0.46 6.34 35.71 173.27
I A E S Amblyeleotris ogasawarensis - - - - - - 7.14 0.01
&R § 4 Glossogobius giuris - - - - 0.02 0.01 35.71 0.67
KLU et Cryptocentrus filifer 0.71 0.05 28.57 15.52 0.07 0.04 28.57 2.34
INLLE AR R B Amblychaeturichthys hexanema 10.14 0.85 92.86 729.12 1.33 0.63 100 139.76
LT WF jE 48 Taenioides rubicundus 0.26 0.05 28.57 6.29 0.96 0.61 7.14 8.02
FLUR A Trypauchen vagina - - - - 0.07 0.04 35.71 2.74
INWAUSS Parapercis sexfasciata - - - - 0.13 0.06 28.57 3.76
itk Zalescopus tosae - - - - 0.1 0.19 57.14 11.9
21k 1 Champsodon capensis 0.78 0.05 71.43 42.58 - - - -
S #2511 Champsodon snyderi - - - - 0.69 0.24 42.86 28.59
Jit #iCallionymus planus 0.04 0.01 7.14 0.25 - - 7.14 0.03
TLHRBEST-Pseudorhombus pentophthalmus 0.02 0.01 7.14 0.18 - - - -
T g BEST Pseudorhombus cinnamomeus 0.04 0.2 7.14 1.24 0.08 1.93 42.86 61.41
LT Arnoglossus tenuis 0.22 0.03 21.43 3.73 0.06 0.09 35.71 3.69
AL 76 Laeops kitaharae 0.11 0.12 21.43 3.47 - - - -
R0t Pleuronichthys cornutus 0.93 1.77 50 96.64 0.03 0.2 28.57 4.67
MO\ Liopsetta obscurus - - - - - 0.01 7.14 0.07
Uk fE 28 Zebrias quagga 0.04 0.12 14.29 1.65 0.02 0.14 21.43 2.4
U S0 Zebrias crossolepis 0.06 0.09 7.14 0.8 - 0.01 7.14 0.09
Fit i Aseraggodes kobensis - - - - 0.01 0.02 7.14 0.14
/M 85 Cynoglossus oligolepis 0.09 0.33 14.29 427 - - - -
AR T W Cynoglossus gracilis 0.78 0.55 64.29 61.1 0.15 0.07 28.57 458
M T BiCynoglossus semilaevis 0.41 0.29 35.71 17.9 - - - -
$E G B Cynoglossus joyneri - - - - 0.45 1.17 78.57 90.89
5 W) = L5 B3 Cynoglossus abbreviatus 0.32 0.32 28.57 13.21 1.52 1.94 85.71 211.37
%EDZ}?IF‘@aEs'jCynoglossusjoyneri 0.09 0.02 7.14 0.55 - - - -
IKr2% 5 B3 Cynoglossus interruptus 0.19 0.09 21.43 443 0.03 0.05 14.29 0.77
K5 85 Cynoglossus macrolepidotus 0.42 1.66 35.71 52.78 0.04 0.87 42.86 27.77
WL T B3 Cynoglossus bilineatus 0.15 0.13 7.14 1.43 - - - -
FeARTE B Cynoglossus robustus 0.61 1.1 57.14 69.57 0.07 0.41 28.57 9.84
b3tk i Lagocephalus spadiceus 0.02 0.09 7.14 0.59 0.04 0.1 64.29 6.51
RIEG kBl Lagocephalus wheeleri - - - - - - 7.14 0.02
88 Sk i Lagocephalus gloveri - - - - 0.01 0.02 7.14 0.16
WS SR il Takifugu fasciatus - - - - - - 7.14 0.03
TE: WYL 5 L) N AT & LBl Foly s R0,
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ﬂﬁ@?%’*ﬁ@réﬁﬂ%ﬁtﬂﬂﬁi%g AR T 0.01%. i
PRRT 7.14% Wtk 33 Fp . F5Z Ay it i o 1L
1 5% 2 ) b 288 2 B i 80 ( Lophius litulon)(25.05%), H:
WK 2= WY 4l 15 ( Johnius grypotus)(22.20%)., & B (H i fa
(Johnius belengerii)( 13.79%) 1 ¥ 3k 1 ( Harpodon ne-
hereus)(5.68%), 4y F 35 £ Wy it B 5 L 35 /N T
5% BKZEA WA T o L 9] SR e 1) P 28 2 A 2% K A B
( Apogon lineatus) ( 29.41%), H: K J& % 1 ( Miichthys
miiuy) (13.80%) . H 4 & 8 ( Acropom japonicum)
(11.20%). H ﬂﬁ@(/lrgyrosomus argentatus)(7.33%) Fl
HI 8 ( Psenopsis anomala)(6.34%), HASFhZE BT 5 F 4]
PR T 5% ddad DL BB ol LR T L Bk g
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85.71%. HASLLIR 1 78.57% &5, Pk Z 44 FhS il H B0 R
5HZM 220K, 7S 2240 0 52 A0 B S a5
H100%, Rk R i fn | 2 5 K AR IR A 2
92.86%, % % & M Wi fh . ki %: 2k T 85 ( Cynoglossus
abbreviatus ). Wkt IR E K 85.71%,
32 BENG
321 R

12 V8 A5 U 358 A 2R Rk 2 0 25 T & 53 5 h
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Fig.2 The distribution CCA sort of fish stance and environmental factors in the outer waters of the Zhoushan Islands
in spring (a) and autumn (b)
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Fig. 3 Distribution of fish by weight density in the outer waters of the Zhoushan Islands in spring and autumn
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Fig. 4 Distribution of fish by individual density in the outer waters of the Zhoushan Islands in spring and autumn
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Fig. 7 The distribution of fish species in the outer waters of the Zhoushan Islands in spring and autumn
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The relationship between distribution of fish abundance and environmental
factors in the outer waters of the Zhoushan Islands

Yu Nanjing', Yu Cungen', Xu Yongjiu', Chen Lihong®, Xu Hengtao®, Wang Huijun', Zhang Peiyi', LiuKun'

(1. School of Fishery, Zhejiang Ocean University, Zhoushan 316022, China; 2. Second Institute of Oceanography, Ministry of Natural Re-
sources, Hangzhou 310012, China)

Abstract: Based on the fishery resources survey data in the outer waters of the Zhoushan Islands in April (spring)
and October (autumn) 2018, the composition, quantity distribution and dominant species of fishes were analyzed,
and the relationship between them and hydrological environment was analyzed by the CCA method. The results
showed that there were 106 species of fish in the waters outside Zhoushan Islands, belonging to 12 orders, 47 famil-
ies and 80 genera. The fish mass densities in spring and autumn are 210.50 kg/km* and 829.06 kg/km? respectively,
and the abundance densities are 8.08x10° ind/km* and 165.94x10° ind/km’ respectively. The density of fish re-
sources in spring is higher in the northwest sea area and lower in the east sea area of the investigated sea area, while
the density of fish resources in autumn is higher in the east sea area and lower in the northwest sea area. The domin-
ant species of fish change substantially between the two seasons. The dominant species in spring and autumn were
Lophius litulon. Lepidotrig lajaponica. Apogon lineatus and Apogon lineatus. Acropom japonicum. The number of
fish species showed significant seasonal and spatial changes, and the number of fish species is higher in the west
and northwest near the coastal islands, with most fishes inhabiting in waters with water depth of 50-80 m. The res-
ults showed that the spatial and temporal separations of fish communities were obtained from CCA analysis. Sur-
face temperature, bottom temperature and surface salinity were the key environmental factors that affected the com-
position and quantity distribution of fish species in the sea area under investigation. The strong correlation between

fish community and environmental factors reflected the climate change effect on the separation of fish species.

Key words: species composition; environmental factors; resource density; CCA
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