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Fig.2 Group average clustering and NMDS ordination near the Qinshan Nuclear Power Plant of Hangzhou Bay
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Tab.1 Fish species composition in different seasons near the Qinshan Nuclear Power Plant
i 2 spring HZ  summer %Z%  winter e A2
species TG 1 HEE T K 1 &I | KL ecological group
group [ group Il group | group 11 group | group 11
WE4AUR Rt Tridentiger obscurus 0.11 o
WEBUAR Tl Takifugu fasciatus 0.04 u]
FWEEE  Cynoglossus semilaevis 0.04 n
JI%%  Coilia nasus 0.61 0.07 0.18 6.32 1.29 ]
V)& Cynoglossus abbreviatus 0.03 0.22 0.27 n
Z kUSRS, Eleutheronema rhadinum 0.11 0.02 [
Akt Callionymus beniteguri 0.04 o
R Coilia mystus 2.80 1.29 2.34 3.56 n
Wikt Nibea albiflora 0.49 0.02 n
WSkMEE 1 Collichthys lucida 0.52 0.57 12.97 8.07 0.86 1.91 o
FERE®  Cynoglossus joyneri 0.05 =i
I MR R 6 Lophiogobius ocellicauda 0.52 0.34 4.69 7.64 4.44 3.73 o
fLURFRE . Trypauchen vagina 0.08 0.04 n
SEIRESS  Cynoglossus lighti 0.91 0.70 0.26 0.35 o
INLLEERARFE L Amblychaeturichthys hexanema 0.09 1.56 0.04 5]
Wkt Harpodon nehereus 1.36 0.69 ]
I RURFEf  Chaeturichthys stigmatias 0.10 u]
i Miichthys miiuy 0.45 0.27 0.06 =i
B IR & f Johnius belengerii 1.00 1.10 u
IS8 Osteomugil ophuyseni 0.04 ]
BRI Scartelaos hisophorus 0.03 ]
LU FE L Tridentiger trigonocephalus 0.09 =i
INSKFIFLERFEf Ctenotrypauchen microcephalus 0.04 -
R ESE  Cynoglessus gracilis 0.07 0.09 o
{e8f  Lateolabrax maculatus 0.17 =
HPARGERG  Arius sinensis 0.02 0.02 ]
FeLmii R Tridentiger barbatus 0.02 0.02 ]
fi§  Mugil cephalus 0.02 n

e w BRKR o BRI

Notes: m. warm-water species; 0. warm-temperature species

B2, H'MHEHEAZESUL KT
SUT . SUT LLdb&B45 b |, FLH - Y4 (8 i
K, SUI VU a 95w B, FH Y18 5 4
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Tab. 2 Fish species number in different seasons near the

Qinshan Nuclear Power Plant

HZ spring HZFE summer XZFE  winter

ccological group v I BREIL R 1T BRAEID BRE T RBREN
group [ group Il group I group Il group I group Il
MR 5 7 3 4 8 4
warm-temperature
species

AR K Fif 1 7 6 7 7 3
warm-water species

N7 6 14 9 11 15 7
subtotal

Bt 14 13 17

total

K BRI B35 3067, R 6.594 /km®;  HE R 2 A
I BIE LS Ui AL, 35 W Rz, BN
70.87 kg/km*F134.74 kg/km®, SP 11 &% 7125 J¥ f%
e 34 1 IAE R A K SR R R 1 105w, 4330y
12.32x10°4~/km*F1104.04 kg/km’,

K2, SUT BERIE EHEHETSUT (%4,
SU IT R i J2 fie e 11 LA ] A 7K S8l 7R e 8 5 4
1053, R37.12x10°4/km?; fif 5 1 % & 7
55U, N223.88 kg/km®, SU I B fiI =
R B i 1 B A A K S S Y 3 S A
I35 42.60x10°4~ /km*F165.77 kg/km®,

X%, SEEFMK, WI BEME R
FER T WL (F4), WIT 250 5 5 9% 5 &
B 10 IAE T A K AL R 4455 057, 430 423,94
10°4/km?H197.79 kg/km?; WI T & 0% 1 5t v
AL S 7, H16.01x103/km?®; &% ¥ i
FEIBAE TS0, H139.93 kg/km®,

3 iR

3.1 mHPKMEEE REEER

AL BRIA T8 1L A L v it HE K ek 1 26
RERATEZE S . AR IR, SP
A BORA Z 45wl 6 g3 A 78 TR HE K H K R O
Hpsk, SPILFF . B A& Z= 4% ufi 3 70 A 76 L HE K
AN (2, E3).

fETE 1A TR I s HK DT, &
0 2 53 531 L 1B AP XU B 1 L P B Sk A £
i DEE A LA AP 1) 0 65 RN A 1
RIS P AR L3 RV I T A AT 3
% B DAMR R 1 7S 22 i 2 A B 0 R K 1
SRS G, B A T DL I Rk A £
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R3 BEEBITRAETELZHLER
Tab. 3 Fish diversity in different seasons near the

Qinshan Nuclear Power Plant

2 spring HZE summer %AZE  winter

MR
diversity index e 1 e 1 Bevk 1 BEEN BEE 1 BEEN
‘)%?i%’r#‘fi(Hn_’) 176 230 175 176 1.61 124
individual diversity
ERZFEEHY)

weight diversity 1.56 193 1.65 1.92 1.86 1.13

R4 BERETRAEDELEE
Tab. 4 Fish density in different seasons near

the Qinshan Nuclear Power Plant

. #Z: spring HZE summer %7 winter
I

density TEVE T BEE LD BEVE T BRI BEK T BRR L
group [ group I group I group Il group I groupll

RECE R/ 0.88 195 198 257 109 084
(x10*4/km?)

individual density

TR/ 6.14 226 367 906 864 472
(kg/km®)

weight density

3.2 RHPKMEEE & KA K S H

Z 10 A% FL 3t T HE K B ST VA R £ S R 2 B gy
A — 7 WRRE . A 2RRh B RIERE TS 1 4
g%, MEAMEARYERETIRL ., £
FMEMER SR, EEMHRHAL 6
HiRHEK A X

R4 Dy s pept R W], RAEE IR
S O R I, A< ZRIR M R R A B AT AR AR
GUNNIARR R i, =
(8B )>% — 2% i (7850 =55 VU Z& i (75 )>5 — 2
EGOM), ARMATMELFMENEZL
(17#f), HFZEQ4RFE T=3FHF 2ZEA K (F2);
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Spatial differences of fish community distribution in the adjacent sea areas of
thermal discharge from Qinshan Nuclear Power Plant

JIANG Chaopeng '*, XU Zhaoli ", CHEN lJiajie '

(1. Key and Open Laboratory of Marine and Estuary Fisheries, Ministry of Agriculture,
East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;
2. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Based on the mathematical simulation results of thermal discharge diffusion and the data taken from
fishery resources surveying of the adjacent sea areas of Qinshan Nuclear Power Plant during spring (May,2010),
summer (Sept.,2010) and winter (Dec.,2009) , we divided the fish community distribution through cluster analysis
method, explored and analyzed the effects of thermal discharge from Qinshan Nuclear Power Plant on fish com-
munity distribution of the adjacent sea areas,from the aspects of spatial distribution and species composition, spe-
cies number and diversity of different communities, etc. The result showed that the adjacent sea areas of thermal
discharge of Qinshan Nuclear Power Plant were divided into two communities in spring, summer and winter,
namely: the sea areas affected by thermal discharge (i.e. community I, hereinafter referred to as the inside; located
near the outlet of Qinshan Nuclear Power Plant, thermal discharged into the water made water temperature rise, the
water temperature decreased outward diffusion) and the sea areas outside of the thermal discharge (i.e. community
Il , hereinafter referred to as the outside). Differences of fish community structure showed differences of the char-
acteristics of fish species quantity and diversity index were consistent in spring and summer, the outside was high-
er than inside, quantity density had a large difference, and the differences were significant in summer and winter,
showing distinct characteristics. The quantity of fish species outside (14 kinds) > inside (6 kinds) in spring, the av-
erage value of individuals and weight diversity index (H,,’) was similar, outside (2.30 and 1.93) > inside (1.76 and
1.56), quantity density had large difference, individual density outside (1.95x10° ind/km) > inside (0.88x10°
ind/km), and weight density inside (6.14 kg/km®) > outside(2.26 kg/km®), mainly related to thermal discharge in
spring affected fish spawning, fish assembled inside and had higher weight; similar to spring, in summer, the
quantity of fish species, individuals and weight diversity index, individuals and weight density were all outside(11
kinds, 1.76, 1.92, 2.57x10" ind/km and 9.06 kg/km?) > inside(9 kinds, 1.75, 1.65, 1.98x10’ ind/km and 3.67
kg/km®), mainly because the temperature of the sea water in summer was higher, thermal discharge into the sea wa-
ter changed the characteristics of fish community inside, showed inside was lower than outside; and the winter was
opposite to summer, all indicators were inside(15 kinds, 1.61, 1.86, 1.09%x10’ ind/km and 8.64 kg/km®) > outside(7
kinds, 1.24, 1.13, 0.84x10’ ind/km and 4.72 kg/km®), mainly because the temperature of the sea water in winter
was lower, probably related to thermal discharge making the proximal sea regions warmer than the surrounding sea
waters, which could benefit the fish assemblies in winter because of a warm pool effect. Thermal discharge has dif-
ferent effects on fishes with different adaptabilities to temperature; some warm temperature fishes can be adapted
to relatively low temperature, so the quantity of warm temperate fish species and fish species (8 kinds and 15
kinds) in the adjacent sea areas of thermal discharge were all the highest in winter among the three seasons, which
was related to species distributed densely in the hot thermal discharge plume areas, thus formed the phenomenon

that fish species in the adjacent sea areas of thermal discharge had more kinds than other communities.
Key words: fish; community; thermal discharge; Qinshan Nuclear Power Plant
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