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Spatiotemporal Characteristics of Zooplankton Community Structure and
Diversity in the Strong Temperature Increment Seawaters near Guohua Power

Plant in Xiangshan Bay

ZHU Yi-feng'*, HUANG Jian-yi', LIN Xia'?, YANG Ying', XING Chao', YAN Xiao-jun'"
(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China; 2. Key Laboratory of Applied Marine Biotechnology, the
Ministry of Education, Ningbo University, Ningbo 315211, China)

Abstract: To explore the spatiotemporal characteristics of the zooplankton community structure and diversity in the strong temperature
increment seawaters near a power plant, zooplankton samples were seasonally collected in duplicate by the type Il net with mesh size of
160 pwm at 10 stations near Guohua power plant in Xiangshan Bay in 2011. The results showed that a total of 62 species (including
larvae) were identified in the samples, and the average abundance was 9 531. 1 ind-m ™. In the seawaters, zooplankton communities
were mainly composed of copepods and pelagic larvae, and pelagic larvae were the dominant with an average percentage of abundance
reached up to 66. 6% . Analysis of similarities demonstrated that significant differences existed in zooplankton community structures
among different months (P <0.01). In these zooplankton communities, there were 18 dominant species controlling these community
structures, among which the most important discriminating species were Centropages tenuiremis, Oithona similis, Oithona fallax,
Acartia clausi, Clausocalanus furcatus, Paracalanus aculeatus and Paracalanus parvus. GLM analysis indicated that diversity indices
were also significantly different among different months ( P <0.01). According to the calculation results, the inflection point, where
the diversity index began to decrease with increasing water temperature, fell within 20.31-22.31°C. In sections, the average water
temperature in the 0.2 km section (D02), away from the outfall, was 2. 16°C higher than that in the 2 km section. Driven by
temperature, the main dominant species such as C. tenuiremis and O. similis tended to move into the 0. 2 km section, while A. clause
and especially large zooplankton tended to stay away from the outfall, and then gathered in the 1. 2 km section. As a result, the number
of species (33 species) and abundance (5522.8 ind-m™) were minimum in the section D02, while the number of species (53
species) and abundance (16491.0 ind-m ™) reached the highest in the 1.2 km section. Meanwhile, diversity indices in the 0.2 km

section were also obviously lower than those in other sections. Linear regression analysis showed that the diversity indices significantly

i B4, 2012-07-30; f&iTHHA . 2012-10-10

EETE : A AT LR % 31 (201105009-3) 5 B KR S # 1 RI5 H (2011BADI3B08) 5 #i VL4 H AR B4 W1 H ( Y5100369,
Y5080274 ) 5 VA 2IR 9¢ T N7 AU IR AR 5 0 FH R G0 SR T A S % B 4 T 0T H ( MATHAB200902 ) 5 T 17 H AR Bk 4 35
H (2011A610015)

EE® N REWE(1964 ~) B BIZER , FEHIFE T 1 R IFEAE Y3 IR 5 258, E-mail : zhuyifeng@ nbu. edu. cn



4 4] REUEET . Gl [ e e )i 0 e VS PP 0 Sl A A A 2 R R 2 R G P s R 1499

decreased with increasing water temperature ( P <0.01). The zooplankton richness decreased by 12.3% when the water temperature

increased by 1°C.

Key words : Xiangshan Bay; power plant; temperature increment; zooplankton; diversity; adaptation; mesh size
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Table 1 Mean temperature of sampling month and section ( Mean +SD)/C
Wi i
Ay S ]
i SIS D02 D07 DI2 D20

2 12.08 +1.93¢ 15.01 £3.45% 12.78 +1. 81%Y 11.83 £1.01%Y 10. 66 +1.01Y
5 21.45 +1.13° 23.30 + 1. 48% 21.57 +1.06XY 20.95 +0.97" 21.23 0. 77%Y
8 29.61 +0. 58° 30. 08 0. 85 29.72 0. 55 29.69 +0. 66 29.24 +0. 31
11 18.51 =0.61° 19.63 =1.32% 18.58 =0. 42%Y 18.34 +0.31Y 18.24 +0.40Y
A1 20. 41 +6. 45 22.00 +6.09 20. 66 +6. 33 20.20 +6. 58 19. 84 +6. 83

D) FIFIAR FARFEE(a, b, o, ) IURAMRZESBE; FATAFR EAR(X, Y)fCRBmH 25 83, D02, D07, D12 F1 D20 435 &5HEK H
0.2,0.7, 1.2 #12.0 km Wrifi

Table 2 Spatiotemporal abundance of marine zooplankton/ind +m ~*

x2 FHBHMHREEED /indom?

3

- Ay ] T
2 5 8 11 D02 DO7 D12 D20
BE/J Copepoda 3921.21 1806.56 6670.98 296.17 1938.08 1904.06 5405.02 2623.99 3173.71
(33.83) (83.42) (28.22) (40.59) (35.09) (29.25) (32.78) (37.87) (33.30)
1. SERYikKF Acartia clausi — 199.59 1417.69 13.24  93.67 109.63 742.36 475.55  407.63
2. ARGk Acartia erythraea — 0.52 — — — — 0.16 0.27 0.13
3. KFEHYiHKE Acartia pacifica — 29.20  207.41 8.47  31.30  38.77 132.06  22.97  61.27
4. W EYiEE/KE Acartia spinicauda — 0. 64 — — — — — 0.53 0.16
5. e K& Calanus sinicus — 10. 58 — — 0.27 0. 40 1.50 6. 83 2. 64
6. & MK 2% Centropages dorsispinatus — 0.21 — — — — — 0.18 0.05
7. BRI KF Centropages memurrichi 418. 56 1.52 — — 145.56  94.92  127.97 78.67  105.02
8. JHREMIHI/KF Centropages tenuiremis 2657.36 0.17 — 0.29 686.36 570.20 680.17 735.69  664.45
9. ZEI{HEYT K F Sinocalanus laevidactylus 401. 46 — — — 352.43  68.54 126.20  22.34  100.37
10. HI54EFT K Sinocalanus tenellus 82. 63 — — 0.29 — 35.30 33.56 0.24 20.73
11. KSEEH/K & Euchaeta concinna — 0.43 — 0.29 — — 0.18 0.42 0.18
12. MFPEERIKE Euchaeta marina — 0.91 1.81 — — 0.05 1.51 0.71 0. 68
13. BpiFREET /K% Acrocalanus gibber — 1.03 0.12 — 1.28 0.44 — 0.10 0.29
14. 53T K Paracalanus aculeatus 13.16  183.08 462.11  77.59  50.95 126.70 336.84 132.74  183.98
15. MY /K Paracalanus crassirostris 31. 15 98.27 1341.49 53.93 81.43 128. 35 888. 41 226. 80 381.21
16. /MUFTIKF Paracalanus parvus 10.09  155.56 2417.41 40.79 89.29  246.71 1537.88  372.19 655. 96
17. %K EIKF Calanopia thompsoni — 0.03  32.82 6.12 9.57  13.13 9.50 6. 65 9.74
18. JEF/KE Labidocera sp. — — 12.54 — 6.61 1. 80 5.71 0.74 3.13
19. SUJE 17K % Labidocera bipinnata — 0.21 — — — — — 0.18 0.05
20. EHE /K% Labidocera euchaeta — 6.76 3.73 0.26 0.92 0.05 5.11 3.49 2. 69
21. KEFEKHTKF Clausocalanus furcatus — 188.56  413.53  54.51  28.90 125.89 258.85 152.79  164.15
22. KVPHEESEKE Eurytemora pacifica 7.67 — — — 9.68 — 3.17 — 1.92
23. ¥RIRIEIK T Tortanus derjuginii 1.70 0.33 18.36 0. 05 3.64 10. 54 1.51 3.77 5.11
24. HPRTEKEF Tortanus forcipatus — — 48. 42 0.31 3. 64 9.73 21.83 7.83 12. 18
25. HETEKZK Tortanus spinicaudatus 11.01 — — — — — 9.18 — 2.75
26. HHTE/KFE Tortanus vermiculus — 0.99 — — — 0. 06 0.76 — 0.25
27. HAMIRGIKFE Corycaeus japonicus 41.84 — — 0.73 0. 66 14. 55 10. 74 9.96 10. 64
28. AR EI/KE Oithona brevicornis 176.95  131.49  246.88 10.87  77.08 107.82 202.09 136.22  141.55
29. ThMEEIKE Oithona fallax — 211.73 — 15.23  36.83  46.66  75.43  54.77  56.74
30. RFEKIEEIKE Oithona similis 34.67 584.65  40.24 12.63  204.90 143.48 185.25 163.13  168.05
31. WERI/K & Oncaea dentipes — — 6.42 0.57 — — 0. 47 5.35 1.75
32. PR/ NEBIE K Microsetella norvegica 3.87 0.10 — — 9. 68 — 0.08 — 0.99
33. £1/NEJE/KE Microsetella rosea 29.09 — — — 13.43 10. 34 6.54 2.88 7.27
B Chactognatha (<2): i(l)) (106.'0077) (8: ?g) - (g: 83) (g: g;) (<3): (2)2) (g: (7);)
1. TR Sagitta bedoti — 1.24  16.07 0. 89 — 4.68 7.66 2.83 4.55
2. EREH Sagitta nagae — 0.87 — — — 0. 05 0.21 0. 46 0.22
s . 0. 06 0.05 0.01
Wi %2 Tunicata 0) — — — (0) — (0)
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1. SR{ESE L Oikopleura dioica — 0. 06 — — — 0.05 — — 0.01
, 0.38 0. 06 0.25 0.10
K HEKEEZE Hydromedusae — (0.02) — — — (0) (0) — (0)
1. BoRagk B Euphysa aurata — 0. 30 — — — — 0.25 — 0.08
2. E[EE USRI RS Octophialucium indicum — 0.08 — — — 0. 06 — — 0.02
HIACREZE Cienophora - ((1): (1)2) (g: 8?) 0(.02)7 O('ol)7 (g: (5)?) O('o3 )1
1. JR/KHEFE Beroe cucumis — 0.51 — — — 0.10 0. 06 0.26 0.13
2. BRAEMKE K £ Pleurobrachia globosa — 0. 68 — 0.05 — 0.17 0.11 0.33 0.18
. ) 0. 10 0. 10 0.05 0.12 0.18 0.04 0.09 0. 09
IS Amphipoda 0 0 0 e o O (0
1. ZFFH Caprella sp. — 0.05 — — — 0.04 — — 0.01
2. $4UF Monoculodes sp. 0. 10 0.05 0. 05 0.12 — 0. 14 0.04 0.09 0. 08
, 0. 15 0.08 0.05 0. 04
+ £ Decapoda — — 0) — — (0) — (0) (0)
1. HASEUF Acetes Japonicus — — 0.15 — — 0.08 — 0.05 0.04
. . 0.32 0.59 0.25 0.36 0. 48 0.13 0.29
WAIF Euphausiacea (0.01)  (0)  (0.03) (0.01)  (0) (0) 0)
1. e maR Pseudeuphausia sinica — 0.32 0.59 0.25 — 0. 36 0.48 0.13 0.29
. , 1.19 0.17 0.07 0. 04 0.28 0. 86 0.36
BRAF Mysidacea (0.05)  (0)  (0.01) - (0) (0)  (0.01)  (0)
1. JEEARIBELR Acanthomysis brevirostris — 0. 85 0.17 0.07 — 0.04 0.11 0.75 0.27
2. JLESHERERR Gastrosaccus kojimaensis — 0.34 — — — — 0.17 0.11 0.09
. , , 7668.33 353.62 16951.67 432.06 3584.66 4598.97 11076.87 4300.7 6351.42
PG R Pelagic larva (66.17) (16.33) (71.71) (59.22) (64.91) (70.66) (67.17) (62.06) (66.64)
1. B Eggs — 32.83 8808.23 127.65 1086.21 1704.35 4500.43 907.07 224218
2. ff4 Fish larva — 52.26 0. 63 0.03 1.01 2,23 40.05 1.48 13.23
3. BELIIK Copepods larva 5020.86  102.14 5332.5  242.18 1663.90 1808.48 4318.37 2233.25 2674.42
4. BERITTTLIA Copepods nauplius larva 2 643. 96 10. 16 5.06 1.19  642.48 481.84 568.52  952.47  665.09
5. & EFLH Cinipedite larva — 1.17 1.41 5.04 2.01 2.59 1.95 1. 14 1.90
6. KL H Isopoda larva — 0.16 — — — 0.13 — — 0.04
7. BIFII LR Squillidae alima larva — 0.04 0. 06 — — — 0. 08 — 0.02
8. M4 h Lamellibranchia larva — — 232295  32.64 164.24 491.38 1286.38 130.49  588.90
9. M )5 % H Gastropoda post larva — 34.37  397.24 5.24 10.57  68.34  267.55 24.63 109. 21
10. K4 H Macrura larva 0.29  28.70 1.37 0. 63 0.92 2.86  13.64 9.03 7.75
11. JEREZE4) A Brachyura larva — 3.45 46.51 — — 7.55 24.6 9.48 12. 49
12. 2824 Polychaeta larva 3.22 0.20 0.12  17.46 8.91 6.70 4.88 2.95 5.25
13. W2 ZEPIi4h L Bipinnaria larva — 85. 19 — — 441  22.47 22.85 24.2 21.30
14. WBEIFR4N1A Euphausiacea larva — 2.10 — — — — 0.25 1.51 0.53
15. pEEAK B4 5 Ophiopluteus larva — — 35.59 — — — 27.07 2.59 8.90
16. f& W 4R 5T 40 B Tubularia actinula — 0. 85 — — — 0.05 0.25 0.41 0.21
RV 20 50 33 32 33 48 53 52 62
RS ES s 11589.6 2165.5 23640.0  729.6 5522.8 6508.8 16491.0 6929.7 9531. 1

1) “—"FORFIERIGE I ; 155 PRUEACRIERE LR T IR L Wi FURs L3 1

TF 53 1 38 0 Ui 2 ) 1) 4F 7 2 3 B 51369 531, 1
indem ™, & HMFEENEEMIKT IS A >2 A >
SH>11H. fE& W L, HEK FEEE F B 5K,
1.2 km Wi fe g, HFFE EE 0.2 km W7 I /57 1 24 2
5, b 2 km 7T R 1. 38 £,

P 45 W 1 40 L oW, i U LT 4 h e
JERANTRUF RIS LI, TS AE A 4y b3 S A Wi 1

b2 RS 99.75% LA b, 1 3@ T R R R
S BB (B PR KB
BRI BRI IRS ) AN UFEF B B
A ZWE AT i LA 5 0. 2 km Wi 2 K,
TR0 5 A B A AN, e H A 2 /0 5 #)
59.22% L) b MRSt £ EH, A 2 MR
wlge, —AN &2 A FERBE LR RIRE R TS
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PR B— 2 8 A Bk AR RSN, BRI
Sk RIEHREN, X 5% 8 R s T k%
IKAB I EE SR Az —.

PRV A BTG, DIV IR S SRR L 1R
g 1T O , T 2 5k B P 1 2B bk o T SR K B
G2 AT TS R v vV A vh i R TR, L5 1 A0
I ASBFSE 5 1 45 S L, R
B AEREO B T T AR (53 A HE
BTG AR TR A 25 5 (53 F) 7 R
b SRR AE B SRR 33 ~ 5145172 T
TR TR 2 25 4% SRR I, EERE
Wegh VRSt 2 F510) . RMESMIT, 25 AL AIG A 22 25
TR, EER R 1 RIS B, A 24 f JH A
UE RS B T B ) 49% A3 HT . HfE WA S BT AR ).
SR ET R, S50 BT, nE 7 F
B (F2),BRESRE . Mk, AU,
A PR IO e — By 2 L s B T L
o i e A A A 3o (i 2
2.3 fiFHm

£ AR 18 R SR (S Ak, £ 3) ,2

J1 32 A S F 2 AR R 4 R R i o K &
Centropages tenuiremis FIBE LT HAK; 5 H &
R EHENE €1 /K 5 Oithona similis . tHE I8 €1 /K &
Oithona fallax . 7 R2iE/K 5 Acartia clausi | &%
W K % Clausocalanus Jurcatus &R H) $0L T K %
Paracalanus aculeatus; 8 J £ 5200, £ 2 41K FI
INUFT K T Paracalanus parvus; 11 HAE B
RN HHLAPT K 2.

NG TR o VR Y e N R p A RN
FEZRTCAT B4 WA LR | HAE 500 A
A1, 98 2 i 3 7K 2 R [ IR 82 7K S #a 15] T 0. 2 km
Wi, v g Fl K S ) T B K 1 e K&
Jefare) T 1.2 km Wit TGN | AREEEE 4 d ) 320y
AT 0.7 km F1 1.2 km Wi

5T RIRIEE A L R A Ay RO
IR T, AR SR S fr e 2 5052 A T 1
W4 AN RR T EKESE | NRIPIKEE,
FELAR  25 4y B R BE A5 /NI E S P (R
3),moRMHE ZKR/NUFRH Y E T 2153 5

ﬁE[ll~l3’3l‘32].

®3 FHEIVHRBMERBE"

Table 3 Dominant species and their dominance in zooplankton

UES 2 5 8 11 D02 DO7 D12 D20
SR ERK & A clausi — 0. 092 0.06 — — — 0. 032 0.051
AR HIKZ C. memurrichi 0.036 — — — — — — —
SRR MR K & C. tenuiremis 0.229 — — — 0. 062 0. 026 — 0. 027
IR K E S. laevidactylus 0.024 — — — — — — —
AT KE P, aculeatus — 0. 085 0.02 0. 106 — — — —
SRERA T K Z P, crassirostris — 0. 045 0. 057 0.074 — — 0. 045 0.03
INUFEIKE P, parvus — 0.072 0. 102 0. 056 — 0.028 0.078 0.043
KERIEIKE C. furcatus — 0. 087 — 0.075 — — — —
HARKIESIKE 0. brevicornis — 0. 061 — — — — — —
PR SIK % 0. fallax — 0. 098 — — — — — —
KEKIEEIKE 0. similis — 0.27 — — 0.023 — — —
i — — 0.373 0.175 0.098 0.185 0.182 0. 087
frfa — 0. 024 — — — — — —
ke gh ik 0.433 0. 047 0.226 0.332 0. 301 0.278 0. 262 0.322
LY PR TEAILEN 0.228 — — — 0. 058 0. 052 0.02 0. 057
TREEE L) — — 0. 098 0. 045 — 0.038 0.039 —
ZEHRh R — — — 0. 024 — — — —
RIS PSR — 0.039 — — — — — —

1) “—"FR A G A B ECAEOL 3R 5 Wi QA 2k 1

2.4 RETEI 2 R S AR B

B MDS BRI RI[ 1 2 (a) ], A7 B AR JIME
(Stress < 0. 1) 48 7/~ 1% HE 7 A 2 — g HERE
Horp 2 Afis 5 HE A0 bR RT , 50 %
A BETE AR, 2225 R 2 T 03 i A0 5 15 5

BAGARHIRE (F3). 8 M 11 J&REEW 5
RAE P EDUAIWTX 2 A A Ve 2B AR i S
A8 B 8 AR 11 IRy, BEEAS R HA
Witk BREEFE L BRIE 2(b)], #&H
58. 5% AFRYE h T e 2 k) ot SR8 T 4 S H A
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Fig. 2 MDS ordination and cluster of zooplankton community
Weve. TES RS R B RXES BT, T2 ARERES 2 0 AR b3 R M ) ok 2 . 5 IR M O K &

e M8 AR 11 A MBS, 45 A 4 A [ T ik
FEMARTTRER T —L. P Bb, i T MR
6 Jr 2V BT ) (LT I8 (R 7 4 SR AN g 43 BE.

A H AW RV )RR UM 23 BT ( ANOSIM) il
AEAYE B 43 b ( SIMPER ) 43 A1 45 5 i — 25 IF 50 (36
4) AR A D HEIEAS A e 3 25 5% (P <0.01)
Hodr 2 AATS A1, 11 A2 ]9 3R AR
PER T 70% , D R A6 Jm 25 57 10 2 2000 1) b 4 S

Centropages memurrichi FIFS R ZETC T ghik. HE H
1y TV AEARARLAE U N T 509% |, 322 340 51 o2 e g 25 4
O Dy R S K SR v R 2 K 2, X 4 B
PSR e 5 A, e 4 rh 8 I RhZefidi.
B 4 70 A, AW ) 22 57 A B3 (P > 0. 05) , 4B
TRV 8 T2 B I R 2y 58 A [R], 222 8 H A BN
2 H AR IRl (A58 R 28 T8 &l 1A 9 e g ) ok
) RE.

R4 EWEWEEKBH ANOSIM 1 SIMPER 44 R
Table 4 ANOSIM and SIMPER results for spatiotemporal differences in the patterns of zooplankton communities
u ANOSIM SIMPER

R P SFIAEAR U % FIBIFHL  FTE/ % F 500 2 TR/ % F 500 3 TR/ %
Ay 0.968  0.001
2.5 1.0 0.001 74. 56 JERMRIKE  8.77 BRI LA 6. 83 A& LK % 6.29
5.8 0.955  0.001 48.20 IR L) H 9.59 & 9.04  thKESIKH 6.90
8. 11 0.910  0.001 42.77 RS H 7.53 H@ 6.84  FLIRZjHR/K & 6. 61
11,2 1.0 0.001 76. 81 JEREMMIKE 1019 BRI LA 9.64  ERECJfIK 7.77
L] -0.025  0.86
D02, DO7 -0.004  0.41 52.02 g 6.24 AR AK 5.68  EEMIK R 5.41
D07, D12 -0.035  0.99 51.37 73 5.79 BRI AR 5.24 MK R 4.91
D12, D20 -0.016  0.48 51.61 om 5.59 BRI ITLIE 5.42 MK E 4.99
D20, D02 0.002  0.42 52.32 o 6.12 BEEETI 4K 5.64 R MRIKE 5.52
1) WA I35 1

2.5 ZREMER A ERIE

Pae 5 vl 25 H 0y (B Z AR R B AT
WEER(P<0.01), K5 AFHFEE(S) B
EFETS AMIL H,2 A/ (P<0.05). 5 A A
11 AMFEEE (d) F1 Shannon F550(H') W& & T 8
A8 HBE®m T2 H. ¥R (J) M Simpson 484
(DHWLLS A 11 Afm, HEE&S T2 AfS8
A . ARE Wik a], {50 B Fil Simpson 155025 5 1 3%
(P<0.05),0.2 km Wi i FEFHEeWm. 54K

[Fi] A T A 2 5O (AN ) (36 2) |, 4% W7 T ) 1 S8
KPR =8N, AR IE S % | Shannon AH
1oL, FLAHEZK 1 BRI R AR, 55 B v () SR A 1 dd 2 2
F(P>0.05).
2.6 ZHMEEECSKECER

2 AWK (T) 5 ZFE 5 (y ) FAAEm i 3
FILIZE R SE 2 (P <0.01) , VLI 3. A& 1 [T 0
T ARRE I B, 35 78. 4% , I K IR =E &
FERFENE. BREEERMESAE, N 53.4%,
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Fe AT HAB R T2 51 Ak SR & 21,96 F121. 38°C I, SE 5 BF . ¥4 | Shannon Z4E
HEZRIAEAE 9 5, YV K B IRy 22,31, 20.31,  PEFE%ORT Simpson 8507353k ) fe KA.
x5 FHEIYESHEMEEHFREERD (FYE = %)
Table 5  Spatiotemporal differences in zooplankton diversity index ( Mean +SD)
Ay Wi
2 5 8 11 D02 D07 DI2 D20
S 9.15+1.76° 20.15 £4.51* 16.15£4.07" 16.10+2.17" 14.00+3.34 15.17 +4.57 16.38+5.38  15.08 £6. 04
0.91 £0.17°  2.59£0.41°  1.71 £0.32">  2.43+0.25°  1.84 £0.65 1.92 +0.78 1.93 +0. 69 1.9£0.79

H' 1.38£0.13°  2.14£0.33*  1.74+0.24> 2.07+0.09*  1.59 £0.39 1.86 +0.33 1.86 +0. 36 1.86 0. 41

J' 0.63 +£0.06"  0.72£0.10* 0.63£0.07" 0.75+0.04*  0.61+0.13Y  0.70 £0.07%  0.68 +0.08% 0.70 =0. 08*

D’ 0.68 £0.04>  0.81£0.11* 0.74+0.09> 0.82+0.02*°  0.67 +0.15Y 0.77 £0.07%  0.77 £0.09% 0.78 +0. 08

D TR EFfa, b, e, d (REABEFTERZE 2R RITAR EAR(X, Y) AR 22 5 52 Wi s ik 1

45 1.0
40 | T=2231 T=20.31
. A = 3.00 Ymax = 0.71
35 L N ‘I Ymax = 3. 08 - :.
=30 L & Fee 5 a A‘M"\‘
g 25 ;A A A g 06 I f‘é‘ A ‘f:
o XS / : } g 0a | :
= 1.5 | i ' s U I
g N I £ |
= 1.0 | Ay A ' 02 - Lo
05 L . ¥=-0017 1T+ 0.762 95T~ 5.51503 ’ y=-0.001377°+ 0.055 66T+ 0.14613
0 ! R*=0.784, P<0.01,n=40 o R*=0.534, P¥0.01,n =40
0 10 20 30 40 0 10 20 30 40
3.0 1.0
T=21.96 T"i'ﬁ;
. 25T Ymax=2.19 _osh L O
i~ C A Q a1 ! “ag
= 20 - . ] Y, B A : a
# » ! ‘@ = 0.6 . i
£ 15 s Y g :
», A ! =9 I
g A ! = 04 |- |
s 1T : 2 :
=
= = 24
£ 05| y=-0007367%+ 0.3}3 197~ 136272 02 | y=-000153T*+10.065 41T+ 0.13197
R=0711, P<(01, n =40 R =0.547, b<0.01,n= 40
D 1 I 1 1 1 0 l | 1 l
0 10 20 30 40 0 10 20 30 40
il JIE/°C ik Jig/°C

3 ZHMENSRENAXR

Fig. 3 Regressional relationship between diversity index and temperature

UG (AT) 5 250 (y) WAFTEN 56 PUIRIR IR (& 3 th 8 s 2l 24: 9 2 FE
BHEMEIERIH SRR (K 6) ,HMXRBER, BN, T RS (A O ) R DU R AR AR ) 2 R
WaUR 5 2 & BE . Shannon 2 FE 4 45 A1 Simpson (IR E S by Y O T N e 3 = D
5 B0 E] AR OGP b 45 T S A BE S A OC. hAE R RV IRATY S B I 2 e R AT 0 I S8R 9 U Sl
MM RS 2R S ARER Z2HM(P<0.01).

R6 EEMEES SEMRHNLERR

Table 6 Linear regression between seawaters temperature increment and diversity index

TREL i P n AT X [i] TR AL r
d y =2.66236 —0.327 58AT <0.01 40 [0, 5.395] -0.450
H y=2.05467 -0. 142 61AT <0.01 40 [0, 5.395] -0.451
J y=0.67857 =0.017 11AT <0.01 40 [0, 5.395] -0.263
D’ y =0. 806 76 —0. 028 78AT <0.01 40 [0, 5.395] -0. 401

3.1 [EIAER R N I IR 2 W A 4 A Y e
2 AR AR B3 AR A R

PEABTFEAE R, [ 4 e ) o L Vi S 1 s )
TEESSAE R E BT E R (R 4) 4 TR
TR (18] 2) |, 15 B 2 A A e B s 1T 3 T s
MRS D B R SR RL B AR AR
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ZAls 1980 ~ 1981 4F (9 T U 9 kA L7, 82
MR AEPTIK & Calanus sinicus | FERIUTT K& | 221K
Jagil K 2 . KEHEL HEK & Acartia pacifica , RKILTF
Wesh Yy ( n AL i B aE Pseudeuphausia sinica . &
) UG IR B T o A B A — B 4R |
A RIF 52 285 SRl S 7 | B Kt /N I i 3 0 33t D
LR i e A DL SR AS [ A1 rh R Y 7 3l 5l ) 2
TIPS G AW B AR L. (H ] B [ 12
K TR TN 22 A 0 12 A FEARHFH TS
FKE 1 Sy B R MK S (RP RS e AT
4 /K 25 Centropages abdominalis) O 1820 AR T
982 F ) B S B 25 TG i oK & A1, 2 R Ml ol
KR FEARHFN (R 3) iz oy e (R
P 7E A P SR B LA LR BRI dS
H A KR 22 5 5 ORI O 34 A0 25 B R TR
T HL TR A A R SR I IR (R 1) S IR AR
AFP o HEAT P Y SRR AT R A B
TEAERAZ G S M T 5 v [R) AR A5 2 50 3E , Ak Ay &
AT IK K Calanus finmarchicus FP A5 B I N
PrK K Pseudocalanus elongatus , 432 )2 /K IR T+ 5
-t 2 i B DA B A 2= o8 0, R BR AT CA AES
B FR

P2 4 WAL, 2= P U A A BEAS: HH AN (] DB I8
WA 22 57 B3 A R BRAFETE 2 AN I 1 23 ()
WERPERHIE. B, MR A IS, B4 KAy
Pyt T HEK (3R 2)  JEHOR B B g )5
(R B i 3h 1, T 328 3y BE 1% A9 B A2 Al R Rk 2
FETCT B A IR U AEAR S 7 Ay A e AL T
Pesifhr (32 3) , i B HEK 1 3222 s R K i
R K 2807 AR AP F/NEL G K 257 5
AR, ELB ) 5 30 55 3 0 X B FHE K T (ke
[ IS S K ) . A (] 4 ol B e S U 0 S RS B
[FIAE S B0 T A RS I, AN A R 2R v 4, 225 I 4B ) /s
TATEWE SIS 22 32 THIR S W, (H RIS 2 JE A
BRUFISARTE R AT R B = % KRB (i 4
AR A T i el A ) AR DX A A 7
] LS, S0 ol = B I T3 J P 2 1 ey o
MR R R A RERLR, FE R
B RAE 1.2 km WrIHT, 3878 RSP 00 A B—E 1Y
R E. 7EAZ, FEWELL L km s B
JEICIB B RETT IR F E R A AE 0.7 km H1 1.2 km
Wi (R 3), T EEHRAER, hEN, 455
B BETX 2 AWK IR AT (1) R
29 0. 77°C , X5 GBI X FEAE 0.5 ~ 1. 0°C i

THEB SIS & BAR, M TR T M
FRERAE SR Wi VA A T AR SRS, B
ISR o KR THES 4°CTF , Wi sh W e v = B 1Y
Bh s AR e R A e A AR L b AR R
7l g JE e R

ULAN 5 1R V3 PR T AR A RS B S R U
AT KL A RN e A AR A, LB ( mesocosm )
SR THE 4°C F A SR IR Sh W i A
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