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Fig. 1 Sampling stations of spring 2018 (a) and spring 2019 (b)
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The black triangle represents the water mass in the Hangzhou Bay(Area 1), the green square represents upwelling water mass of the Zhoushan Islands

(Area IT), and the red circle represents the offshore water mass of the Zhoushan (Area I11)
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Table 1 Composition of zooplankton in the Zhoushan nearshore waters
20184F4 H 201944 H
B
Yyfh Wb
Bes HRAEPTIK % (Calanus sinicus ), /MUY K F& (Paracalanus parvus), FEEEURIKZ  FPAEFT K& (Calanus sinicus ), K EHIK &
Copepoda (Euchaeta concinna), /W K% (Nannocalanus minor), HAEHEFT K % (Euchaeta concinna), EJIJ&fi/K &
(Sinocalanus sinensis), B & 17K % (Labidocera euchaeta), /K % H (Labidocera euchaeta), HE[RTE K # (Tortanus
(Harpacticoida), W3R K ELHT 7K % (Subeucalanus subcrassus ), -3 BHIK & derjugini), 517 17K 2% (Pontellopsis regalis ),
(Euchaeta plana), K5V-F: 45K % (Acartia pacifica), SR F7K % (Labidocera  HAEMIHI/K F (Centropages sinensis), IE4B51
bipinnata), SN EI 7K % (Oithona similis ), KHRE1/K % )& (Corycaeus) Ik (Cyclops vicinus), 8 J& {7 fi/K %
(Pontellopsis tenuicauda), 1AK%
(Candacia bradyi), KIRGI/KF & (Corycaeus)
P/ QEZ S HiE3h % (Cnidaria): #1417 %5 /KB (Lensia subtiloides ), HA /KT (Muggiaea H e 3h% (Cnidaria): 7. /KEE(Muggiaea
Medusae atlantica), V11155 KoK B (Sugiura chengshanense), ‘< 8K £:(Physophora atlantica), W4z K E:(Diphyes chamissonis), 5t
hydrostatica), WU 7Kk (Diphyes chamissonis ), Wi /K1 (Solmundella XA IKEE(Diphyes dispar); FitRshi)
bitentaculata), 5 2 7Kt (Eirene ceylonensis), B4 /K (Euphysora (Ctenophora): ERFEMIGE 7K £ (Pleurobranchia
bigelowi), Z T /KEF} (Abylidae), L7k} (Bassia bassensis ), /\FEVS K EE globosa)
(Rathkea octopunctata), WM /INE K E]: (Liriope tetraphylla), FE K (4egina
citrea), JN% /K +3:(Chelophyes appendiculata); Fitiisli#) (Ctenophora): BRI ML
IK+E:(Pleurobranchia globosa), JINIK+E:(Beroé cucumis)
EXES it (Sagitta nagae) KA H (Sagitta nagae)
Chaetognatha
IR JL#REIR (Gastrosaccus kogimaensis) LI (Gastrosaccus kogimaensis), K4
Mysida KR (Acanthomysis longirostris)
(7S KU (Euphausia pacifica), THERBEEF ( Pseudeuphausia sinica) KB IN (Euphausia pacifica)
Euphausiacea
TRk ZIFE (Lucifer) IERVERUR (Lucifer typus ), W EEUF (Acetes
Decapoda chinensis), H ATEHF (Acetes japonicus)
ERTZULEN B8R ITCH 11A (Copepoda Nauplius larva), 1 2R ZAK (Macrura zoea), 8 £ T4l (Copepoda Nauplius larva),

Pelagic larvae

(Megalopa), T #5:4)) i GIEES ) (Veliger)

HAb K A4 H (Oikopleura longicauda), EJ: = {& (Euadne tergestina), ¥ 5%

FE2R MR 414 (Brachyura zoea larva), $H5E4) Ht (trochophora), % FEZE KR 444

KRR LA (Macrura zoea), 5 ISR
%A (Brachyura zoea larva)

554 & (Cypridina), 43Pl (Gammaridae ), 2

Others (Amphipoda), Z T2 (Polychaeta), IR (Atlanta peroni), /- FJ:(Ostracoda), i EIS(Polychaeta), H3E} (Hyperaiidae ), 22
152 (Thaliacea), WM ( Desmopterus papilio), JRZEWRIZ (Creseis acicula), &K, B 12 (Creseis virgula), #1525 (Thaliacea)

2 (Cumacea)
Bt

Noctiluca scintillans

B (Noctiluca scintillans)

UL AL, AR SCHE Y KT 0.02 IR L, 3R
PRl 25 8] o3 A ] U 30 W0 2 1 = 2 40 A 8] 5 1 i
FH 08 P 4K 14 ( Ocean Date View) 2 il
22 HitaH

R 998 53~ 38 437 119 2 )22 L JE (Sea Surface Temperat-
ure, SST) A1 )2 5 & (Sea Surface Salinity, SSS), F| H
SPSS19.0 H A H i) Ward 3% #EAT 25 [A] 5 (v 3R 2K, 45 i,
AT KB 53 o MR AF LU I K SCER A, Wiz 5
R 43 R e T K AT (LX) . FF I A 5 T K H
(I X)), FF 35 i 7K A (10 IX); #1) F Primer5.0 3544 vp
YRR AL T 43 EE 43 (SIMPER ) 43 #7 A [] 7 i sl 4 2%
. YR AERE VR S5 M i TRk S . SR I B R AR AL
43 BT CANOSIM) X A [ 7K A1 8] 14 10 V& 45 #4) 1Y) 22 5%
WEVE TR o 0 ] X 1 43 BT ( Canonical Cor-
respondence Analysis, CCA) R 5% ZE 240 hl I 5 31 85
R i CCA =2 & K, WHoe W M2 i . uh

(7 SR BE N 2 0] B 5 2R o S 35 PR G 56 AR 4l Monte
Carlo 690 1 o 72 fk (1) 5 M phy 728 d b 7 Al 22 7] £
HHOE R B R P52, M|R|1=0.4 B, % AR B R B &
BRI,

3 4%

3.1 KX FHERAKRAK S
2018-2019 4F % Z= SST. SSS. # JZ M 4t &

(Chlorophyll a, Chl a) ¥ B #B 52 Bl 3w v 5, 3 R IR
R, 2018 4 2= SST #E K4 2019 411K, 2018 4F #+
L1 3 96 7K A1 SST Ny 14~ 16°C, | T i /K A SST Ky
12~13.5°C; 2019 A= AR K A SST 4 15.3~18.3C,
TR K A SST Sh 13.4~13.8°C; 20182019 4E % &
FF LT ¥ 7K A SSS #5526~ 35), BrM i /K A1 SSS %
(<15); 20182019 4 7 2= S I T ¥fF Chl a ¥ & 22 5 5%
B &, 2018 4 Chl a ¥k FE 3 ik (1.5~ 2.5 mg/m®), 1M
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2019 4F B Chl a ¥ 5 (B (2.5~ 5 mg/m*) (5] 2),
HLHE X SST. SSS By A 73 Hrahi AL, vl LUK &
XI55k 3 AN K L BTHS N K L fHILAR S B TR
KA S v K A P 3) 0 AN s A A R ik 3R K
FHLAR LT K H O AGIR K, FE L v K F ok s iR
K
32 RUEEE R EELEN
2018 4 1 2019 4 43 5] % %€ i ¥ 3 ¥ 50 F A
310 (3 1), 2018 4F 48 Wy Fh n b AR T K & . HL A K
B, R A KO PEBE IR L B R AR,
15 E TR R 28 L KBRS . B BRUR S . TRl
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ik, KEEZEN 2018 4FF ZE A da X AR A HE, s
FE 16 B, 5 U i S W) B R R 32%, e RIS A
2 RARIERE, ILL s 13 B, Fh AL L) 26%. 55
AhHAlZE 10 i (20%), 77 liF 4l 1A 6 Bl (12%), @ R
2 F(4%), BEIZE . MRIFZE . T R4S 1A (2%),
52018 4FAH Ll 2019 4F i 4 2 H (%) b 45 W] I8 ik
D, R ISy A X AR AR, SRS 10 Fh, R
Ho A 32.26% K EEZAA 4 B, FELLE B 12.90%;
T3 Ah 6 RIS Fgl el 2 81/ ks A2 6 Fif
(19.35%), ¥7 Ui 4l (A R+ 2 28 4% 3 Ff (9.68%), #E IR
FE 2P0 (6.45%), B I FBEIR A 11 (3.23%). &K
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Fig. 2 Surface temperature, salinity, Chl a concentration distribution in the Zhoushan nearshore waters in spring 2018 and spring 2019

a.2018 4 SST, b. 2018 4 SSS, ¢. 2018 4 Chl a ¥ J¥, d. 2019 4F- SST, e. 2019 - SSS, f. 2019 4F- Chl a ¥ &

a. Sea surface temperature in 2018, b. sea surface salinity in 2018, c. sea surface Chl a concentration in 2018, d. sea surface temperature in 2019, e. sea surface

salinity in 2019, f. sea surface Chl a concentration in 2019
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Fig. 3 Water mass group clustering of sampling stations in spring 2018 (a) and spring 2019 (b)

6 HUTE 2019 4F A i HOK, 7R T B4 A Tz
(3.23%).

K VAT 3 2 I e ) 0 T 45 ) 25 ] 43 A A e B
A B0 (Anosim K5, p<0.05), 2018 4EFZE, 1 IX-
0K T X=X 24 S5 4 23 31 o4 48.67%. 63.83%,
2018 475 2= i A ) Fl B9 SIMPER 43 #7  B, 5158 3 4>
K AT IX 2 S 1 32 B BT R AR (DTR3>10%) Ry AR T 7K
Fo 2019 4EFZE, [ IX-11 X, 11X -1 X 249 40 544
g1 5 R 44.76%. 6491%, I E T X 5T X, TKX 5
Il X 22 5 19 32 28 52 ik A oy vh AR 7 K 2 (5T ik % 4 31
H 52.98%. 63.10%). 1 X 51 X 25 5 1% 3 L 57 ik Fp
N HE G FE K F& ( Tortanus derjugini) ( 51 ik 2R 38.85%)
(3R 2)o 7K VAN I e 2l 0 BV 25 W 4F B 25 R OR LA
I 52 (Anosim K56, p<0.05), T X, T X, MM X4F
B S 245 A0 S 0 51 R - 52.21%. 50.72%. 75.58%. 5
AL 2018 AEFI 2019 4F 1 X, T X, T IX LA K & A 8 A
XA PR 22 5 09 2 oTEkRh ol AR P OK 3 L RO R
FIHECTE K 5 (BTHREE 51510 33.63%. 19.15%. 12.75%)
(#£3),

33 AUEESREMEETEHSHIER

2018 A BB HBA AP KE . ERE A /D
PR T K IE SR F (F 1), H, hEPKE
FE 3 A 7K AT X H B0 23 14 458 e (1] da), 7 3T 1 13
PR, 71 T B 5k 124.93 ind/m?; &R 20 A
FESF 1L g VIR (5] 4b), P34 4 B 13.25 ind./m’; /ML
1K & ALK G 17K 38 43 A X SSAE AL, B8 22 14 50 A7 1
VTR B (] Ac, 18] 4d), 3243 518 6.58 ind./m*,
6.12 ind./m’. 5 2018 4F A X, 2019 4F & F= /K i 19 T
1, KT AR B K, I 2 VA S 34 & A B, 43 i)
AR K & FEIRTEK & . FAKEE RO, R
HEPT K AR L TH I K R 6 7K B S B0 3 A
(&l 4e), F-¥ = 12.28 ind./m’; HRHE [CTEK H FEBL
M A A v (18] 40), F- 34 4 B 8.17 ind./m*; i fA
K BEAE b TE 9 K P R K (L 4g), F 3 F
2.46 ind./m’,

2018 45 G A LI 23 oA Rk D v (I X)) g, T
FECT XA X)) K (& 41), i 2019 4F 43 A R AiE 4 3T
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F2 2018FEM2019 FESFTEZKABERMNITETHRMITHZE

Table 2 Main contribution species and contribution rate of differences among water masses in spring 2018

and spring 2019, respectively

I IX-TIX X -TIX I X-MTIX

A

2018 URSS UV S 27.11 AP k&R 55.99 GRS UV S S 56.23
SNk &y 23.80
(GEZ Ry &y 10.75

2019 rhAEPTK 52.98 LSS UYI &3 63.10 FEICTEK K 38.85
PR E 22.80 RO 12.23 RO 19.93
F KL 11.20 FAAKERS 11.43 LRSS UV 3 14.87

3 2018 FEM 2019 FEZAEKBAMZERNYHEEHWANERTHANX RIEF/HF MM

Table 3 The influence of different water masses on the interannual variation and floristic pattern of zooplankton community

in spring 2018 and spring 2019

20184F [ X 20184F 1T X 20184E MM X, AR H
e BT TR/ % TTHFR TR/ % DR TR/ % TR TR/ %
20194F T IX. £ IECHEY/ & 3 56.91 GRS UV S 33.63
HEfMKE 1234 LR 19.15
20194F 11 X, LRSS UV 72.64 FEICTE KK 12.75
FAAKEE 13.35
20194F M X, LIS UV 3 41.93

BOGH 22.94

=4 2018FEM2019 EEZSMBMMMEE

Table 4 Dominant species and their dominance in spring 2018

and spring 2019
AE HF RN w5 FEE L B/%
2018 rhAEPTK 0.632 64.62
ERETHR 0.054 6.86
NPT 0.023 3.40
SN Kol i 0.020 3.16
2019 AR R 0.359 37.79
FERTEKH 0.098 25.13
HAAKEE 0.059 0.10
RO 0.054 18.07

W CI O, S CT KT X) & (] 4§). HZ I
) S AR ] 2% 57 18 25 (Anosim K3 55, p<0.05), PI4AF:
PRI SIS AL A 7 152.78 ind./m, 1007.43 ind./m’,

34 FLEEZHIVESTREMPBEERTRS

KA RBEERFHK R

2018 4E 542 5 2019 445 Z 40 BFh = R 3R 855
AR i ) CCA 43 AT 45 R R (] 5), 1 4 %5 2548 &
2 8] B4 HH 56 vE B ( F=10.7, p<0.01), %5 1 CCA %
(CCAL, F#F{A: 0.44) FIZ 2 CCA il (CCA2, FEAEAH:
0.37) 3= I 1R = /9 4 Fh 28 55 A0 ¢ 1, CCAL I
CCA2 it e T Wl B35 22 1 43 LL 1Y 46.14% Fy -
W 2105 22 8 H 4 L) 97.82%, Chl a ¥ & | Wi
JZ U (SBT). SST. 1 Jit 22 #h J&£ (SBS) I SSS R 4
16 CCAl it fl, 5 CCAl £ AHE ., CCAl FER
W1 30T VK P RS N K A A 25 5. CCA2 IE il
5 PR T 2018 A 3l 43 AT 2019 4F 3 437 1Y) 4 Bk 22
5o HEICTE K 3| R A FEHTMIE K F (CCAL 1Y IE
%), 5 SSS. SBS. SST M SBT & B W & iy £ #H e 4k,
Ui B SSS. SST 2 5% Wil Ho o3 A K Bl iy FE 2K R . [A
i, G TE /K 7 2019 4F S A, Ui B ik Ak #45
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Fig. 4 Distribution of dominant zooplankton species in spring 2018 and spring 2019
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Dominant species in spring 2018: a. Calanus sinicus, b. Sagitta nagae, c. Paracalanus parvus, d. Oithona similis; dominant species in spring 2019: e. Calanus

sinicus, f. Tortanus derjugini, g. Muggiaea atlantica, h. Noctiluca scintillans; i. total species abundance in spring 2018; j. total species abundance in spring 2019
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Fig. 5 Correspondence analysis between dominant
zooplankton species and environmental factors
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Black stands for data in 2018 and yellow stands for data in 2019.

The triangle represents the water mass in the Hangzhou Bay, the square
represents the upwelling water mass of the Zhoushan Island, and the circle
represents the offshore water mass of the Zhoushan. The environmental
factors in the figure are shown as follows: surface temperature (SST),
surface salinity (SSS), surface chlorophyll a (Chl a), bottom temperature
(SBT), bottom salinity (SBS)
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Spring interannual changes of zooplankton community structure
and the influencing factors of water masses in the
Zhoushan nearshore waters during 2018—2019

Wang Huijun', Xu Yongjiu', YuCungen', Zhang Han', Zhang Hongliang?, Jiang Rijin?, Liang Jun?,
Guo Ai?, Zhu Wenbin?, XuKaida®, Liu Lianwei’, Wang Haoxue>

(1. School of Fishery, Zhejiang Ocean University, Zhoushan 316022, China; 2. Marine Fisheries Research Institute of Zhejiang, Zhoushan
316021, China)

Abstract: According to two years (2018-2019) spring plankton surveys in the Zhoushan coastal waters, the zo-
oplankton community structure (species composition, abundance of dominant species) were investigated, the canon-
ical correspondence analysis (CCA) was used to study spring interanuual difference of zooplankton community and
causes of their dynamics, the mechanism of community dynamics were discussed according to our results.The res-
ults show that the study region is divided into three groups according to cluster analysis of sea surface temperature
(SST) and sea surface salinity (SSS): Hangzhou Bay water masses (Area I), upwelling water masses in Zhoushan Is-
land (Area IT), and water masses in Zhoushan offshore area (Area IIT). Water mass groups have significant influ-
ence on the composition of zooplankton community. The main species contributing to the difference between the
three water masses in spring 2018 and spring 2019 (contribution rate >10%) are Calanus sinicus. The contribution
speciesofthesamewatermassintwoyearswere: Tortanusderjugini(56.91%)andLabidoceraeuchaeta(12.34%)inAreal,
Calanus sinicus (72.64%) and Muggiaea atlantica (13.35%) in Area 11, Calanus sinicus (41.93%) and Noctiluca
scintillans (22.94%) in Area III. CCA shows that the first CCA axis (CCAl) and the second CCA axis (CCA2) ex-
plained 46.14% of the accumulated variance of the dominant species of zooplankton and 97.82% of the species-en-
vironment accumulated variance in spring 2018 and spring 2019. CCA1 mainly reflects the spatial difference
between the offshore water mass and the Hangzhou Bay water mass. CCA2 mainly reflects the interannual differ-
ence between the stations in 2018 and 2019. Salinity is the main factor influencing the spatial difference of zo-
oplankton community structure in spring, while temperature and chlorophyll a concentration are the main factors

controlling the interannual difference of zooplankton community structure in spring.

Key words: Zhoushan offshore; zooplankton community structure; water mass; interannual variation; spatial differences



