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WOE AHFHEEY T (FL42 505 um) T (160 pm) (77 wm) & # K B e 10 A3k,
AANFENEERE, LG E RN B AR R T B e T HEA B 2T
W 50 4y Sheldon B A7 4% 3% AR v AL R 42 3 By B 28 7 AL AR, DA AR U 0 3R 8 R A 9 Ui B 4 R
FAER . R R BN E H 0.00012~127.0 mm® - ind ™", T X 4 4 21/\xf
Bokr R4, 3B B —13.06~6.99.4F Sheldon B b 4238 45 B My ik 7 B A K42 1 £ 38 14 1
FTEMEAEREGE ERBAAEZ FEEKE & T T 2F kA 05 A

INEE K S B AMEB N4 RE SIREE RN AEMR EFTREEBERKEF,
Ry o ffms| KEXERRFZHEY N MARFHED Y, wEEHE &Rk KA
MBAE FEEXEMMAFLEARHE TIEHERE AREVREFEES BT ME, B E
MEE B A ZEE11 2558 A 8L U2 AN,5 A58 AfERHANERA, XN
2ANB R MERER S ARG, TP AREFHESIHUS AFf8 ARG . AL R @
AL DUIE B HEA T 0.2 km W7 S K, FL B I T PE B w9 Aw, 3K A 9B B HEAK BBk
s /AN B 2L B AT LR R B AR T 3 AL BE A 4.68, 4HE H-0.655.
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Effects of temperature increase on zooplankton size spectra in thermal discharge seawaters
near a power plant, China. YU Jing', ZHU Yi-feng'**", DAI Mei-xia', LIN Xia'’, MAO
Shuo-gian® (' School of Marine Sciences, Ningbo University, Ningbo 315211, Zhejiang, China;
*Ningbo Institute of Oceanography, Ningbo 315832, Zhejiang, China; >Ministry of Education Key
Laboratory of Applied Marine Biotechnology, Ningbo University, Ningbo 315211, Zhejiang, China).

Abstract; Utilizing the plankton I (505 pm), I (160 wm), Il (77 wm) nets to seasonally
collect zooplankton samples at 10 stations and the corresponding abundance data was obtained.
Based on individual zooplankton biovolume, size groups were classified to test the changes in spatio-
temporal characteristics of both Sheldon and normalized biovolume size spectra in thermal discharge
seawaters near the Guohua Power Plant, so as to explore the effects of temperature increase on zoo-
plankton size spectra in the seawaters. The results showed that the individual biovolume of zooplank-
ton ranged from 0.00012 to 127.0 mm’ - ind™', which could be divided into 21 size groups, and
corresponding logarithmic ranges were from —13.06 to 6.99. According to Sheldon size spectra, the
predominant species to form main peaks of the size spectrum in different months were Copepodite
larvae, Centropages mcemurricht, Calanus sinicus, fish larvae, Sagitia bedoti, Sagitta nagae and
Pleurobrachia globosa, and minor peaks mostly consisted of individuals with smaller larvae, Cyclops
and Paracalanus aculeatus. In different warming sections, Copepodite larvae, fish eggs and Cyclops
were mostly unaffected by the temperature increase, while the macrozooplankton such as S. bedoti ,
S. nagae, P. globosa, C. sinicus and Beroe cucumis had an obvious tendency to avoid the outfall of
the power plant. Based on the results of normalized size spectra, the intercepts from low to high
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occurred in November, February, May and August, respectively. At the same time, the minimum

slope was found in February, and similarly bigger slopes were observed in May and August. These

results indicated that the proportion of small zooplankton was highest in February, while the propor-

tions of the meso- and macro-zooplankton were relatively high in May and August. Among different

sections , the slope in the 0.2 km section was minimum, which increased with the increase of section

distance to the outfall. The result obviously demonstrated that the closer the distance was from outfall

of the power plant, the smaller the zooplankton became. On the whole, the average intercept of nor-

malized size spectrum in Xiangshan Bay was 4.68, and the slope was —0.655.

Key words: Xiangshan Bay; power plant; thermal discharge; zooplankton; size spectra.

Sheldon 45" 78 1972 4R 1 YHGE T ¥ A= Wk
FEilk | e PR ) s e A R oA R BOM [R] i — S5
AWEAFRN T T2 RS St A e i R R
SERATETE R S TR AE Y B AR BRI
REEZMARIY (BT RY RS TE T Rl R K AR AR
SRGEN R TR A B A 25 2 50800 1) ) 5 il
REHLIOC R, R R M S R G S5 F ) g 2
0, o3 Bk A R R oA AA W 2, e —Fhod
Ml R S R a2 AR Y700 2805 ki
ARk RARTE AR AN AT T 5 Al TR i s )
AR SETAE SRR W] TR SRR e AT
eSO RERIESILY/ A TR

Platt %5 7 Sheldon Kiffiag BLal FkdT 17k
#E IFRR] TARMERLAR TS X 5 TG GEE SR
WA A R S UL Bl U 2 R AR 1 DA /NS A 3 AR
ML AR, U PRUEACRLAR IS W] R AT H 2k
B FZERC b AT HIRPR R R 2 8 A, &
RIS R G PR B IR K A S AL ROR
WKW AR RS RGN AN
RO FEHIE b R RS A R bR AL kAR
TR — RPN -1 I B (LU s hn) B, Y
R >=1 I Feom/NIE i A W A= Wy R AR A b 5 )
Rl WWRRK Z. TR 2 R A B
), FEAE A AR 25 R G bn i AR 1% i B A IR
W, FRHE S EAE AN ] DX A AR A

ZHs e — 2R B P PSS, R b2k
K2y 60 km,J& Z R A Y B REAIEF MG
R, JUHAEHS IR X, 2 T R O i e i B 2
VIR AR, BE A R I X L AR e T A R, T R
HEK S EAHEK DR i W sh W 7 =5 1) bR AR AT RS
12 I RE R A KL TR s ) A A kR HE K B0
AR TR 5 [ 5 0 583 1 ek DX = HEK i
X2 A 5 30 U S R AR i R s 1) & AR ARk
T2 e T 3 D s ) A 7 oA AE RN, A G
PRI AR W R AR IS © A AR D RGE , Gn g XK 2R

P EEE T WA GG L s IR S P AL
PRI 23 AR A 82 L HE K A 38 0 RE A 1 R
Wi 1 AR DL AR .

PR , A S s ik — 25 o A RS A s, SR
Gl [E AR e ) HEAK I BRI T2 307 s A 1 A e s
AL, F bR AR [ A R TR K F 5 48 I DX U5 50
PR TR BB ZH BRI 23 AR AR AL L B 39 3t Xof A
PRTEBIRAN | LA 2 1L A 0 U LA B it
GEIR AT R LA AR PR A KR

1 #REFZE

1.1 A7 5 R e

SV 5 R ABELE ST X IR AR A 1 R 4
P gE i B AT PRGN AR A A A 2011 4 2
5.8 11 H ik i =22 A i | R HE K R
Wi B 244 2 km TR R, 3 4 A4S R T I
(K1) BIS5HEK FT RS 735024 0.2 km(S,) 0.7 km
(8,.8,.85) .1.2 km(S,.S,.S,) .2 km(S,.S,.S,),
L 10 ANl for AEAS SO A FVRBEAEY T I X
(LAY 514 505 160 .77 pm) MWK R Z E£ 2 R0
T R AU U S, O R AR TR
5% A IR Sy Mg K S i .

Voo.s 1.0km
N —_—
30050' .
+ 5,
Sll)
300} +
+S9 S,
+
+S S + +S
29°50' + g
s, 5
Hko
Outfall
29 s

o L1 \ \ \ \
29°50' 30° 30°50' 31° 31°50' 32° E

1 RAESE L
Fig.1 Sampling sites.



54 ZS

A s HL IR HRAK I IR R U S MRLAR B (5 R 1689

1.2 FhRM¥E BN 5 MR

Z N A 2 7BE ( Olympus BX41) BAK P
(Olympus SZX9) X 17 s WA 7 1150 TR, X 5
FEEVRIE S, 46 H Folsom 43 # 2% ( Hydro-Bios , £
) R 2 ArRE R, R & 200 MRS S T
BT B (ind - m™) MO AR S 5E S ) SOk
[12-14].

AT S B B34S S0l KB I sl ) (i o
BUF) B BRI & A, — AR O R R
40~ 10045 &5, vy A 4R 22 /0 5 30 4, # s
Py b A . o B AR AR R  AHE

V—4>< XlXPLxlelexPD
BN 2 2

K. PL ORRTIRK ; PW R TR SE ; PD R Wi 5 B
IR WS AR 2 R A RS
o4y R AR R AR 0 A4 STk [ 15 ] A 2R 4% i A
JUFTE AR & R AR,

1.3 RifRiEZ

KA DR B Al AR AR RE . LA log, $5 4
(IR S A RR B (o, B0 A mm® -+ ind ™) A4
AR (X)) XA, I A ARR R R/ ME R A
B B BB R 1A log,v BT, L HE 99 257 44 1
(m®) _EXSREEE @ 225 B i Ui sh W 1) SRR (B,
BN mm® - m7) AN BR, 22 ] Sheldon A4 4
IRBURIAR T | AT W45 R0 9 1) 1 U6 A8 Ab SRR AIE K2 AR
IO U (18 o 2 .

HY TR0 AR % A A L 2 ) B 1 A TR (1 A
log,v B ) AF ARG 7 2 S B A= AR FR A 3 i (Aw)
AN WRs B TR AR T B A A 22 Tl b v AR AR
TER, BEARBRY) Sheldon I A: P AR BUR A2 3 A ], {0
A Tog, b, AR (Y, B R m™) L b, AR, B
Hi AT (m?®) 55 0 R GAY 4% TR I s ) Bk
FU(B) BRVAES i R X ARG i (Av, ) BE T X 8k
THE AR R A2 3 A LR Y = a+bX. 20
a HRIAETERE b SRR
1.4 Fdiaba

P A B PR T BT HE R3.2 B R AT A
TEA AR T U0 SR FH vk 11 U1, 006 ik 30 B oz 2 2
IR BUR O MBI (28 BLgedl) DR 2 AR 1
FEHCR H Shannon 48 FIOR5 5] BE 48 85, AS [R] B 45 4y
IR R S AN R I 22508, e £ &
HEHCRH] Tukey F556 (a=0.05) . Fr A EIEHIAE T R
24, ggplot2'®.

2 ERE5SH

2.1 FiEsh# Sheldon I Y IRBURIAZ 1 4544
2.1 1VFESE R AR A 2R M e TR B 95
B AMAST- B AR 0.00012 ~127.0 mm” « ind ™, A
2 SRR3R 21 DREORERAE (R 1) , W EUAE
[l -13.06~6.99, Ho i, X ECRIZ A ~0.1~0.9 %S
R ARG PR S B L TR U sh W) A X A2 )
AR 1342.9 mm® - m™ AESFH B 32862.5
ind « m™ , MEPEEFY 0.041 mm® - ind™ . FE 1
AR AR BRI A SRR VR (1301 ~
=5.1), HAEW IR B R 2 B R I /N 7 i o)
Yy, $i MRS KL Ay SR AR IR B /N3 531 Ay 1 )
WA IK & ( Paracalanus aculeatus) /NUEF /K ( Pa-
racalanus parvus) . 3615 BEVT /K 8 (Acrocalanus gib-
ber) AR TC 4R H A IR &1 7K & ( Corycaeus
Japonicus ) S ,Ejf'ﬂjlﬂﬁéﬁéﬂ( -5.1~-1.1) D
Mot/ NBLTE I Sl W, ke e 4l A | B A TG
H7K % ( Centropages memurrichi) AT 2 HL ( Oiko-
pleura dioica) J% )& % H| 7K 2% ( Oikopleura dioica) &
A RORLAH (- 1.1 ~7.9) By AR R ALIE Ui
Y, INE R H7 R (Sagitta nagae) AT HAEFTIK
2% ( Calanus sinicus ) . Bk %YM i 7K £F: ( Pleurobrachia
globosa) \FPAEARBEYT ( Pseudeuphausia sinica) 5.
MIRAERARTE LA (K 2) A 5 AR
AP ATRIE (P~ Py) A IR TR R B /NG T 1l
3 MBS B Py PRI P, i P AT =501 ~
4 DRRA (3R 1), EEFNE NS L 4 A FI TR 5 P
WU AE 3.9~ 4.9 LG, F RN R SR U
BRIV K B 5 P, A 1.9~2.9 R4, E BRI
R AT E FE L ( Sagitta bedoti ) . FEAB 2 16 55

400 P,

)
w
(=3
(=]

[\
[=3
(=]

AR
Biovolume (mm’ * m™

—_

(=3

<<
T

914-—12 -10 -8 —.6 —.4 —.2 0 é 4.1- é .8
log, #&7H log, volume (mm’ « ind™)

2 QR S E IR BRI 454

Fig.2 Zooplankton biovolume size spectra in Xiangshan Bay.

P, ~Ps WUEARHS , L3R 1 The peak codes from P, to Py saw Table 1.
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Table 1 Main species of different size-class zooplankton in Xiangshan Bay

%S XPBCRLAL WA AFEF-E) A Month
No. Log size Peak Annual
group code mean 2 5 8 11

1 -13.1~-12.1 bre iy - - Bbse sk -
Difflugia sp. Difflugia sp.

2 -12.1~-111 A A2 - JRRAR A FAE4 thy A FAE4 thy
Tintinnopsis butschlii Leprotintinnus sp. Tintinnopsis butschlii Tintinnopsis butschlit
JHRA Hy A7 AL 1y RS ot
Leprotintinnus sp. Tintinnopsis butschlii ~ Leprotintinnus sp.

3 ~11.1~-10.1 sl €iss - (LR BRIk & 5l §::¢
Cyclopina sp. Tubularia actinula Cyclopina sp. Cyclopina sp.
(LSRRI BESIK %

Tubularia actinula Cyclopina sp.

4 -10.1~-9.1 Py RRRETAAIE sy RS BERTT L sy ]S iy ]S
Copepod ‘nauplius larva  Copepod nauplius larva Copepod nauplius larva Copepod ‘nauplius larva Copepod nauplius larva
EENTE LUNCEE
Favella campanula Favella campanula

5 -9.1~-8.1 P KGR FMKIESIK & PRSI & MRS & FMKIEEIK &
Oithona fallax Oithona brevicornis Oithona fallax Oithona brevicornis Oithona brevicornis
FMKIEEIK & KIS & FMKIESIK & KIS & PRSI &
Oithona brevicornis Oithona fallax Oithona brevicornis Oithona fallax Oithona fallax

6 -8.1~-7.1 KREfE#m REESK KREfE#R MIRERERG M KEEHES
Oikopleura longicau-  Euterpe acutifrons Otkopleura longicau-  Mullers larva Oikopleura longicau-
da da fakE& da
REEE S I iRAL WIEREIRAE  Pontellidae spp. PRSIk &
Mullers larva Mullers larva Oncaea dentipes

7 -7.1~-6.1 Py, HRIIEKE FFRIT A & FHRIAT K & FHRIET K& FHRIIE K 2
Paracalanus  aculea-  Paracalanus aculea-  Paracalanus aculea-  Paracalanus aculea-  Paracalanus  aculea-
tus tus tus tus tus
PSS & iRk & T Al e ey e ST
Lamellibranchia larva  Acartia clausi Lamellibranchia larva  Lamellibranchia larva  Lamellibranchia larva

8 -6.1~-5.1 /MUK & URISIYIS: ZERRYm UR/ISIYIS: KEFEI K&
Paracalanus parvus Paracalanus parvus Polychaeta larva Paracalanus parvus Clausocalanus furcatus
SRR KR SRR KR Lias 131y €y Lias 131y, €y ZRHKYM
Acrocalanus gibber Acrocalanus gibber Acrocalanus gibber Acrocalanus gibber Polychaeta larva

9 -5.1~-4.1 P, BRI B2 BRI FRESK AN S
Copepods larva Copepods larva Copepods larva Copepods larva Copepods larva
a0 Ak SREA K& =L i 24T
Fish egg Centropages sinensis Eucalanus crassus Fish egg Gastropods larva

10 413 Skl ARMRKE SRR KRGS SR
Oikopleura diovica Centropages  tenuire-  Oikopleura dioica Acartia pacifica Oikopleura dioica
RN K 2 mis KGR & FEREKE RFHYy K 3
Centropages tenuire-  JMUG/KEE Acartia pacifica Tortanus derjuginii Acartia pacifica
mis Hydractinia sp.

11 -3.1~-2.1 P, BREMREKE =R [ RIK % =R UMK AR K& WK K&
Centropages memurri-  Centropages memurri- — Centropages memurri- — Calanopia thompsoni — Calanopia thompsoni
chi chi chi JEfkE B fKE
WK R KE R KE IR R KE Labidocera sp. Labidocera sp.
Calanopia thompsoni  Tortanus spinicaudatus — Calanopia thompsoni

12 -2.1~-1.1 Py WSREIIKE AE SR ETK 2SN SR EHTK RS fk %
Eucalanus subcrassus  Eucalanus subcrassus ~ Brachyura larva Eucalanus subcrassus — Labidocera euchaeta
UeE SN NS AN KEX4h Ja A K%Y H
Brachyura larva Brachyura larva Macrura larva Brachyura larva Macrura larva

13 -1.1~-0.1 P,  hEVIKE ATk E H ATk & ATk & LRSSV €: 3
Calanus sinicus Calanus sinicus Calanus sinicus Calanus sinicus Calanus sinicus
HoRGEK iR HoRGEK B TR FURIK 2 (I ERS:
Euphysa aurata Monoculodes sp. Euphysa aurata Euchaeta marina Euchaeta concinna

14 -0.1~0.9 - - - - -

15 0.9~1.9 JLAURARAT JLARIARAT JLARIARAT FLAURIAEAR KLAURIEAR
Acanthomysis brevi- Acanthomysis brevi- Acanthomysis brevi- Acanthomysis brevi- Acanthomysis ~ brevi-
TOStris rostris rostris rostris rostris

16 1.9~2.9 P, frh - Hf ff TP
Fish larva Fish larva Fish larva Sagitta bedoti
T P ik T P i T P R i
Sagiita bedoti Sagitta bedoti Sagitta bedoti Fish larva
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Table 1 Continued
No. Log size Peak Annual
group code mean 2 5 8 11
17 29~3.9 BT AR RBEIT AR IR FE T R AR IR
Pseudeuphausia sinica  Pseudeuphausia sinica  Pseudeuphausia sinica  Sagitta pulchra Pseudeuphausia sinica
S AR BT
Sagitta pulchra Pseudeuphausia sinica
18 3.9~49 Py = RHEIR - SRR ZRATR FRAn
Sagitta nagae Sagitta nagae Sagitta nagae Sagitta nagae
BRA KB BRAUIGE K B BRAVIGE A BE
Pleurobrachia globosa Pleurobrachia globosa Pleurobrachia globosa
19 49~59 Wl 3540 - BB/ oK B OZIBEEYL: -
Alima larva Octophialucium indicum Alima larva
B[V /BB K B B 32 4l
Octophialucium indicum Alima larva
20 5.9~6.9 Py JIUKE - JROKEE: - -
Beroe cucumis Beroe cucumis
21 6.9~7.9 H AR HAEHF HAEHF HAEAF HAEAF
Acetes japonicus Acetes japonicus Acetes japonicus Acetes japonicus Acetes japonicus
ST AR 1342.9 839.1 1914.3 2208.7 409.5
Annual mean biovolume
(mm?® - m™3)
R 32862.5 27153.2 37370.7 57364.8 9561.4
Annual mean abundance
(ind - m™3)
MEFEAR 0.041 0.031 0.051 0.039 0.043

Individual mean volume
(mm?® - ind™")

[R167 G ) ol i BR A AR BB PR HES IS T 2 137 In the same size group, species were listed in descending order according to biovolume, and only
top 2 species were listed; —: TR A A H A No species were found in the size group. FIA] The same below.

/NPT =11~ -0.1 Figdl , FEFAR PR
& HARGEK B, ( Euphysa aurata) 5100 P L F-9.1~
-8. LRI, FERIEA P NE S /K % (Oithona fal-
lax ) TS A K ME 87K 2 ( Oithona brevicornis) . i 9% ,
G T Ui s P R T R 2 A o 2 D e/ NSS4
T AR R B BRI K B AT R B
i HUSE R PR S ) A
2.1.2 Arssty @K 3 AT LLE W R s A
WRURLARTE 2 HA 2 A Fi50E, 735 P24
) 1P, (R IR R % ) F il EAh, 2 A /i
BRI H N Py (R AR K ) B P (BRI
i) .5 AREVEA 3 A ik, v A R
JILHY P W SR HORTER BN 8 K B 2H RGP
DLK S 4RI P ZH I, b IR PR Rl 3 A1 iRy
ZEARZH NSV o5& Py (KK Beroe cucumis) |
P (REMKEEAAE) Fl P, (TR SIK &
FARKIESIKE) .8 WA 4 4> FikwF 1 /g
W | B kg P (AR K ) AN RSN HoAdIE (P, |
Py P, PR EEFANS 5 HMLLE 11 H ]
A2 FIEE P,(BREAR) FI Py (ERETAR) , [
AT 1 AR/ P U CEF R K 25

HI [l 3 AT LAE i, AR A i 22 s B i

I, PLETE BT A R R T2t 06 RS 2 S A
B LSRR T B S S s HOR, B PRS2 A
KA 32 i AR G K &% (P, ) Fasihil, 11 A Uy &2
R HURER AL KB (Py) 45, e 5 H A8 A
Fifdigeh bk 8 A B & R AP K& (Py) S, H
by = G AR AR, BEE EEL E R T AL (Py) AT
o E T (P, L R & H /N R £ A
BN IS AL R, g RIS (P, Py P ,) (8
IKFEH(P)) EHRIFTIKE (P,y) .36 1 BIR, & HF
KPR S FE L 8 H e, 11 A &k 4
PSEEHAFLL 5 A ok, 2 A/
2.1.3 5[5 H B 4 fFE 2 TR, A D, W
A, WA P, FiGE(BEYIE) DI 3 /Mg,
R0 P (PR BIK R A KR SR ) P,
CEF AT K S AR L A A P, (AT f0RT B P i
AU 7E D, Wi B P, AP W D, WriEiAR{RLAN P, AR
%I B D, Wi, B P, P, AP, D W A
Ab P (R HRTER AL i K B ) S 32 3 0 5 i 3
D, Wi, B D, Wi AR RIS B 38 i T = i
P, ( FAEP K F 5 ERIK R Euchaeta marina) 1
I Py (JRKEE).

Zia R 4 T 2 HL S —, Bk P, AU
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Fig.3 Monthly structures of zooplankton biovolume size spectra.

P, ~P o HUEICHS, W3 1 The peak codes from P to P, saw Table 1. A; 2 J February; B: 5 4 May; C: 8 A August; D: 11 H November. T [f] The

same below.
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Fig.4 Section structures of zooplankton biovolume size spectra.

D, .D, \Dlzﬂl Dzo’ﬂ‘ﬁ%ﬁﬂuﬂéﬂ?ﬂﬁﬁﬁbk I710.2.0.7.1.2 F1 2 km D,, D;, Dy, and D, stood for at a distance of 0.2, 0.7, 1.2 and 2 km away from the

outfall of the power plant, respectively. T [fi] The same below.
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Table 2 Main species of different size-class zooplankton in each section

P pipieeel VAR Wi Section
No. Log size group Peak
code D, D, Dy, Dy
1 -13.1~-12.1 WrEh UL (LY IFLH
Difflugia sp. Difflugia sp. Difflugia sp. Difflugia sp.
2 -12.1~-11.1 A FRALL S 3 JRRA A FRAUL % oy A FRALL S 3
Tintinnopsis butschlii Leprotintinnus sp. Tintinnopsis butschlii Tintinnopsis butschlii
JRRAR 7 P44 AR I JRRAR
Leprotintinnus sp. Tintinnopsis butschlii Leprotintinnus sp. Leprotintinnus sp.
3 -11.1~-10.1 - jzeiliSi K& TR AT 4l iy
Cyclopina sp. Cyclopina sp. Tubularia actinula
[GLEEEETEULN [GLEEEE IR
Tubularia actinula Tubularia actinula
4 -101--9.1 R e R Be L4 B 4 B A
Copepod nauplius larva Copepod nauplius larva Copepod nauplius larva Copepod nauplius larva
RN
Favella campanula
5 -9.1~-8.1 P, Ik PRSI & S il € TR IEEIK &
Oithona fallax Oithona fallax Oithona fallax Oithona brevicornis
FRKIESIK & FMKIEEIK & RIFKNEIK & PRSI &
Oithona brevicornis Oithona brevicornis Oithona similis Oithona fallax
6 -8.1~-7.1 KRefEdm KRR KRfE#R KRefEdm
Oikopleura longicauda Oikopleura longicauda Oikopleura longicauda Oikopleura longicauda
SRELK FkE IR [EHIE R i BRALN
Isopoda larva Pontellidae sp. Ophiopluteus larva Mullers larva
7 -7.1~-6.1 P HHTKE FHRII K & ML) FHRIAT A &
Paracalanus aculeatus Paracalanus aculeatus Lamellibranchia larva Paracalanus aculeatus
TSN e ST FIRMLT K 2 TEIRY K &
Lamellibranchia larva Lamellibranchia larva Paracalanus aculeatus Acartia clausi
8 -6.1~-5.1 E RS SRRk MUK BewREV k5
Polychaeta larva Acrocalanus gibber Paracalanus parvus Acrocalanus gibber
KREFES K& MUK & KEFEET K& URIISYIS:
Clausocalanus furcatus Paracalanus parvus Clausocalanus furcatus Paracalanus parvus
9 -5.0~-4.1 P, BRI TR LS AL DAL
Copepods larva Copepods larva Copepods larva Copepods larva
a5 £t a0 a0
Fish egg Fish egg Fish egg Fish egg
10 -4.1~-3.1 ST SikfERE R P RN 2 PRIk 2%
Oikopleura dioica Oikopleura dioica Centropages tenuiremis Centropages tenuiremis
P31 Fe ) K 2% P Nk 2 SR SRR
Centropages tenuiremis Centropages tenuiremis Oikopleura divica Oikopleura dioica
1 -3.1~-2.1 P, [k & 2R [k & B[Rk % & [k &
Centropages memurrich Centropages memurricht Centropages memurrichi Centropages memurrich
WK K& VIR K E WK K& WK K&
Calanopia thompsoni Calanopia thompsoni Calanopia thompsoni Calanopia thompsoni
12 -2.1~-1.1 Py AR MK E DAEER Y€ JRAEAIE MR EA K
Labidocera euchaeta Eucalanus subcrassus Brachyura larva Eucalanus subcrassus
TR EA K JHRESK KEZ4H JE RS A
Eucalanus subcrassus Brachyura larva Macrura larva Brachyura larva
13 -1.1~-0.1 P, AP K & AP K R AR & APk &
Calanus sinicus Calanus sinicus Calanus sinicus Calanus sinicus
TR & HoRGeK TR EORIK 2
Euchaeta marina Euphysa aurata Euchaeta marina
14 -0.1~0.9 - - - -
15 0.9~1.9 AT JEBRRRAT JEAURRRAT SRR
Acanthomysis brevirostris Acanthomysis brevirostris Acanthomysis brevirostris Acanthomysis brevirostris
16 1.9~2.9 P, . ffa. ff o
Fish larva Fish larva Fish larva Fish larva
P R R T B iR T P
Sagitta bedoti Sagitta bedoti Sagitta bedoti Sagitta bedoti
17 2.9~3.9 S P AR {RAT LR AT AR AT
Pseudeuphausia sinica Pseudeuphausia sinica Pseudeuphausia sinica Pseudeuphausia sinica
S SRR
Sagitta pulchra Sagitta pulchra
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Table 2 Continued
i XHOR R WA W Section
No. Log size group Peak
code D, D, Dy, Dy
18 3.9~49 P BRAI K BE Nl ERER R
Pleurobrachia globosa Sagitta nagae Sagitta nagae Sagitta nagae
BRAVUIGE K B BRANgE A BE BRAVNGE A BE
Pleurobrachia globosa Pleurobrachia globosa Pleurobrachia globosa
19 49~59 - EDEAC /L VRH: P35 4) 1 -
Octophialucium indicum Alima larva
(S HERE2I B ERBE/\ IR K B
Alima larva Octophialucium indicum
20 5.9~6.9 P, JEAKBE JEOKEE JIKEE JEAKBE
Beroe cucumis Beroe cucumis Beroe cucumis Beroe cucumis
21 6.9~7.9 HAEHF HAEAF HABIF HAEIF
Acetes japonicus Acetes japonicus Acetes japonicus Acetes japonicus
ST 911.1 963.1 1590.0 1619.6
Annual mean biovolume (mm?® + m™%)
R 38167.7 27646.6 36537.5 32635.1
Annual mean abundance (ind + m™%)
IMETE R 0.024 0.035 0.044 0.050

Individual mean volume (mm® + ind™")

D, Dy Dy, Fl Doy foH5 43 5 /R B B HE/K 1 0.2.,0.7 1.2 F1 2 km D, , D5, Dy, and D, stood for at a distance of 0.2, 0.7, 1.2 and 2 km away from the

outfall of the power plant, respectively. T [fi] The same below.

R 3 AE RGN F SRR % R

Table 3 Size-class diversity of zooplankton in different months and sections

T4 H Month Wi T Section

Index 2 5 8 11 D, D, Dy, Dy
LA KL 10.00+1.49b 15.10+2.13a 14.40+2.17a 13.00+1.89a 12.50+£1.29a 13.25+2.30a 13.83+3.19a 12.50+3.03a
Number of size group

Shannon %% 1.42+0.11a  1.63+0.50a  1.53+0.39a 1.41+0.18a 1.27+0.16a  1.56+0.32a 1.57+0.44a 1.43+0.24a
Shannon index

Si) iy 0.62+0.04a  0.60+0.17a  0.57+0.14a  0.55+0.05a 0.51+£0.09a 0.61x0.12a  0.60+0.14a  0.57+0.08a
Evenness

ANTa) A A5y 5% W 14 [R) 47 A ) FhE R B35 22 5% (P<0.05) Different letters in the same row meant significant difference among months or sections at

0.05 level.

2.2 fRfEfERIAR S
2.2.1 A2tk K S T LA H R AR E] 5
S 11.2.5 F1 8 . OARERAECEE 2 H BRI
/N5 5 8 ARPREARMIHEK 11 HRIRLE 4 4~
A b TP 2K Ui 2 H /NEL R i sh ) 1E BV
T o Bl R, 11 0 Rz T AR i 3 A )
L5 A8 A s NI R A& (| 5) , br
TEACRI AR IS AR R 4.68 , 4815 4-0.655.
2.2.2 Wi ARtk FHIE 6 AT, D, W R EE B A, Ry
3.078, HLIE & W e 5 25 34 I im 34 i, 2 D, 15 3
KB RKN 5.462 WRPRARLE D, #ER /NN
-0.968, D, Al D,, Wi i &R AL, 4351 F - 0.660 F
—0.668 , MK D, 4 % e K R —0.545 , 1 B R 25 HE
JK B G PR Sh /N AL I
2.3 WESRHR A

ANEAGEN(F3), LL2 A KR g4 5k, 5
A 575 ;Shannon 185X 2 A f01 11 A &BK,5 AF18
A WAL 2 ARS ARe. &0 200, A~

A 3 0y R AR B AE 2 22 5, Hob 2 AR
B KT HoA A 75 ; Shannon $5 5 A4 4 B 45 %1
TEASIR] A 453 18] T 3 25 5.

TEZS 8] b, D, Wi A1 D, Wi i i8R 2% 2 B0,
HAKT D, A1 D, Wi ; Shannon $5 BRI 5] B 45 5B
LD, Wi A%, D, A D, Wi AE LA, D, B
T8 50 (E T 45 2K 50, A [R) 67 9% 4 %X, Shannon 45
B 35 FEAE AN ) B ) 25 S R 3

3 i

3.1 ) IRHEAK SRR IR SR R ) 5 0

HL IR HE K G I 2 7 AR AN R R A TR, RS
s | MR HEK N I R 2 RS 29 1.63 km®, FH S
HEAK T2 2 km 90 HEAK T 0.2 km ARAESE 37K 36
FE 2 km A 2.16 °C 1O ARG R it T 16 S
hn, RS bR AR AR TSR R R (E 6) |, 75 HE
K T TRE S ARG I By, R 780 Ui s 0 A0 1) T o 25 HE
K ELAEHEZK 1702 km Wi (& 4) |, S AE DR B4
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Fig.5 Normalized biovolume size spectra of zooplankton in each
month.

* P<0.05; * * P<0.01. “FIA] The same below.

PR B /INEUAS 2 A IR FN G K o | R I I i 3
Wy = IR 1.2 5% 2 km BT, 33X 5 500.2 km WY
TR R ZHE T %, Shannon 22 FE 438 BN 3 &) FE (4

IR 3) JUAEEXT R T 3R W oR il 1 X Fh R
S, WAMEEUIN G2 e 1 AR B R DA, B R 2R
Te g, K SRR AN K X LE A [A]
HAUR X AT A B34 5] T2 Bl RE 7 38 ) K B3 s 4
L SRE T HEAK T N BR AR R IF SR 45 R F e K
Fili AT, /N PR Sl ) AN 2 VS TR S e (H R AR
B FE B AR 28 I 5 A= 3T ') BV A o B I 3
B 1 °C,F 53] 90% DL 1Y 4 FERIFF )
[IRE 2 A XTS5 350 20 A 2 R B 24 °F %
100 5.

ABFFERW], BT RIS 2h ) HEZK F ) 4b
TEBE  HEK B BHRFRLE 2 km AR29/)8 14,
RIS A NI H B (3R 2) AR A, RIS
SR ARSI ,0.2 km Wi A0 PR E sh ) = AL
WA TR, ROMAE A Wi e (3R 2) , X B R
HEIY/INERL R sh ) R B SR A T K 1. & da A &
P, EFE T 1000 ind - m 7 Y BRI L S 1A
il &g WU S Y e S PR R LN A WAL B S U ' o
P IR LR AN A S B AR S ( Favella
campanula) , Hrh G 7K & EZ K IE GIK % 5
KIESIK & KIFEHKNE G /K % ( Oithona similis) . B
TN R, TR R BOR RN iE s W ST 2l Tt
TV B W S RV AR W AR, AR TS kb e
Z /NRY R sh ), B IR T S0 U 3h ok g
ANOV AR R TR R s 1 — A TR N TS TR S
AT/ AT 10 2 ) A R B,
EHEK B S BN RIS B 25 70 (K 25 #E K % (Acartia
clausi) ZEBERMEIEIN Y e oh A 38 Bow , T
T 2 PR W AR ) /N A R N 1 A R
00 IRk, T I Sh 0 1 /N AR AR T 8 R X T Ui A
W/ INTRAK ) I i 7 R T T S T i Bl ) Y 2
RS S X PR BT AR AR M [ S I A B R R
T o e 2 B A S N, 23 AN T 5 RS T A B A R Y B
W R >, B A AR X Sk R DR, 147 X
LR IR B A
3.2 HLJIRHEAK IR PR S A T R R

TERREALRLAR IS IS h  RER S BEE R 2 6
SR RERER T AT RAPEA 3R 5k 4 4
Ab BTN 5 FRAL 1 A0 B OC R AN B A 7
FP AERPRE A PR K R IR — B, B L
T 3 R VL A 1 Rl S ENS R LR ik Sk
RISV RBUO B A, TR e S B RER
H-10 R, RS i AR S S AR -1 A L
BERT 8 7R % 8 WO & A ), A W AR AR
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Fig.6 Normalized biovolume size spectra of zooplankton in each section.
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