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Distribution of zooplankton in the Zhoushan Sea and its relationship with

environmental factors in summer and autumn
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Abstract: The Zhoushan Sea (121.82°—122.35°E, 29.80°—30.22°N) is located along the northeast coast of Zhejiang
Province, where the estuaries of the Yangze and Qiantang Rivers converge. The Zhoushan Sea is one of the deepest harbors
in China, and it provides the largest marine economic base for the country. However, an increase in oil pollution and
eutrophication in the area has been observed in recent years, which poses considerable threat to marine environments and
resources. Understanding how oil pollution and eutrophication influence the marine ecological environment in the Zhoushan
Sea is fundamental to protecting marine resources. Zooplankton plays a key role in marine food webs, and they are often
used as indicator species of both small—, and large—scale nutrient pollution in aquatic ecosystems. However, there is little
information available on how environmental factors influence the zooplankton community in the Zhoushan Sea.Our study

investigated how environmental factors affect the zooplankton community in different seasons. In 2014, we conducted a
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summer (July) and autumn ( October) survey in the Zhoushan Sea, to measure the abundance, biomass, and temporal and
spatial distribution of the zooplankton community. Multidimensional scaling ( MDS) and canonical correspondence analysis
(CCA) were used to study the zooplankton community. In summer, we documented 64 species in 13 groups, with 6
dominant species: Centropages dorsispinatus, Labidocera rotunda, Calanus sinicus, Euchaeta concinna, Zonosagitia bedoti,
and Labidocera euchaeta. In autumn, 45 species in 12 groups were identified, with 5 dominant species: Centropages
dorsispinatus , Zonosagitta bedoti, Diphyes chamissionis, Beroe cucumis, and Calanus sinicus. The abundance and biomass of
zooplankton were greater in summer (143.97 ind/m’ and 176.34 mg/m’ , respectively) than in autumn (21.38 ind/m’ and
86.28 mg/m’ , respectively). The Shannon—Wiener diversity index was higher in summer (3.03) than in autumn (2.82),
and Pielou’s evenness index was lower in summer (0.64) than in autumn (0.83). Furthermore, according to our MDS
analysis, zooplankton community composition was highly variable in summer, but not in autumn. The results of the CCA
showed that temperature, salinity, chlorophyll a, and nutrients were the main environmental factors that affected the
zooplankton community. Finally, we compared our results with historical data and found that zooplankton abundance and

biomass has declined in the Zhoushan Sea, but the dominant species have remained relatively stable.

Key Words: Zhoushan Sea; zooplankton; canonical correspondence analysis ( CCA ) ; multidimensional scaling analysis;

environmental factor
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Fig.1 Sample stations in Zhoushan Sea
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K Hr 0 3 AAEZSERE: (1) I RARERZERE 2 SR A U A ¥ Y 220 B b S SR, R84
B 8 3 7K & ( Centropages dorsispinatus ) | H i JE ff1 7K % ( Labidocera euchaeta) . T P 7 57 B ( Zonosagitta
bedoti) . "TEMBBEEF ( Pseudeuphausia sinica) T HIFUFF 7K 5% ( Paracalanus aculeatus) 55 5 (2) B /K PEAMNEEERE 1%
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Table 1 Environmental variables( Mean + SD) in different seasons

FEE P F Environmental variables H % Summer K Autumn Ty P

JKIE Depth/m 15.00£6.70 13.32£5.40 1.10 0.280
L Temp/C 25.38+1.08 20.17+0.45 21.34 0.000
b Sal 25.18+2.50 21.21+2.13 18.74 0.000
R4 DO/ (mg/L) 6.1320.52 7.71+0.28 -15.58 0.000
{25 A4 COD/ (mg/L) 0.83+0.28 1.77+1.04 -4.72 0.000
4% % a Chl-a/(pe/L) 0.72+0.32 0.24+0.10 7.73 0.000
e DS/ (mg/L) 1.236+0.263 1.743+0.252 -15.16 0.000
AR TCHLEE DIP/ (mg/L) 0.038+0.008 0.052+0.006 -10.90 0.000
M TCHLA DIN/ (mg/L) 0.634£0.168 1.075£0.167 -13.25 0.000

Temp : i temperature ; Sal ; £f & salinity ; DO ; ¥ fif 0 dissolved oxygen; COD; fk %% 75 %l COD chemical oxygen demand; Chl-a; 4¢3 a
Chlrophyll-a; DSi . & f# ik dissolved silicon; DIP . & JCHL dissolved inorganic phosphorus ; DIN ; i&fif JGHL%&( dissolved inorganic nitrogen
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Fig.2 Horizontal distribution of temperature and salinity in summer
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Fig.3 Horizotal distributions of abundance of Euchaeta concinna and Flaccisagitta enflata in suammer
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Table 2 The dominant species and dominance of zooplankton in Zhoushan Sea
55 K7 Summer FZE Autumn
Code fEFF Dominant species FHE Y EFHH Dominant species R Y
1 MR K F Centropages dorsispinatus 0.404 TEF MK T Centropages dorsispinatus 0.255
2 [ g fi /K = Labidocera rotunda 0.092 H A H . Zonosagitta bedoti 0.099
3 RAEFT K Calanus sinicus 0.079 WAz KEE: Diphyes chamissionis 0.097
4 FEECEH KT Euchaeta concinna 0.032 JKIKEE Beroe cucumis 0.071
5 i ity 57 U Zonosagitta bedoti 0.026 HhAEFT K Calanus sinicus 0.027
6 HAIEFMKE Labidocera euchaeta 0.022

23 FEHEYESM

BRI F R 147.8 ind/m’ , F B S 6 1 BUAE S5 36 (383.8 ind/m* ) , SR H BUAE &5 5
JEFRHEIRY S19 36 (50.8 ind/m’ ) , WAL (S2 .83 S5 3 ) FRIF SN W)+ B o T HA I, A 5 V6 4 0
53 22 1) B4 8 S AL Y 3 7 i sl ) B e M1 s A Sk T i s A i 172.8 mg/m”®, Hifs i)
ALF 75 11 8 LTS S5 50 (349.9 me/m’) | SARAEAL T 7 % 15 4 3 & Z [N Y S22 ¥ (58.2 mg/m?) ,
FHUL 5 ARV S0 Ui s 0 A A v PG AR I, P R LR 5 5 A YR I 22 R A B v A A A (A
4),

RIS Y P E 1 R 21.4 ind/m?®, fe i (B H IR AE 4 98 5 5 LR B Z (B S16 35 (76.2 ind/
m’ ) T AR BUAE S3 35 (4.9 ind/m?) |, FRUFBNIYIEBE LU I A B 6350 g 38 LA K 4 30 5% W IG5 TR da A 1, )%
LA S 7R 4 5 ZR B AR LA B 4 W S5 it 85 22 ) ) BRI VS B R . KR TR TE S T X AR i 86.3 mg/
m’ % S16 ¥ (452.9 mg/m’) Al S6 ¥} (333.3 mg/m’) LN, HoAth b 457 4= ¥ K F 120.0 mg/m’ | B fIRAE A F
S3 i AV 12.0 mg/m>( & 4) .
2.4 BSIEIREUR Z TR AL

PH A VI I U B Y ST AR RO IME N 0.64; ZREVEFE B IIME R 3.03, ZREVERS R B s 1 A
TR ERVGILES . BERTRIF S S EEFR BT 2 0.83, B 1 F5 LU VG 515 g duk H 304 5 1 LA A/, LAl v 35
B 5] BERE BT LA 5T s IR TR S 2 R 5O Y8 D 2.82, 22 WE P58 /8 1 3 57 2 A7 57 o 5% A 3l
(K 5) .
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Fig.4 Horizontal distribution of zooplankton abundance and biomass
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Fig.5 Horizontal distribution of zooplankton evenness and diversity in Zhoushan Sea
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Table 3 Axes-environment correlation coefficient of CCA in summer

WM ¥ fh— i - HEE h— fh—
Environmental factor SPEC AX1 SPEC AX2 Environmental factor SPEC AXI1 SPEC AX2
¥ Depth 0.2358 -0.5754 IR Temp 0.515 0.131
R Sal -0.5094 -0.1993 HiR4 DO 0.1607 0.329
b2 43 COD 0.1542 0.1631 H4%2 a Chl-a -0.6302 0.1027
i fitE DS 0.5954 -0.0272 R IO DIP 0.6859 -0.2336
R ICHLA DIN 0.2859 0.0953
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Zakaria S5 SE 2 LRI WK AR 22 X PR UG S RIS 25 A B B R, RKEE IR SR R
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Table 4 Community parameter of zooplankton at different year in Zhoushan Sea

DURFI (e 4 B AR )

1 Fisf ] FRE/(ind/m®)  AEYE/ (mg/m?) Domi i T EZ PN
. ) ominant specws( species with .
Season Time Abundance Biomass . Reference
high abundance)
K75 Summer 1959-06 — — (AR KA ;s TR AR R IEAR) [45]
= . )Tk %) . )
082,07 B B (PRI Fik 3 BF R 3 ) 5 B B0 o,

IR 5 AR )

MR oA f oM IR O = 1 3 ( Evadne
2006-08 27087 tergestina) s KB LUK 2 , N o [10]

2014-08 143.97 176.34 TEET MK 28 5 IR AR K 285 AR K 3 R AU

E K F This paper
(AT K SE 5 T AR R AR 5 R SRR K 35
Z= mn - _ J—
7 Autu 1958-11 SUEAEE) [45]

1982- 10 o o ;E;rﬂmfﬂ’ﬁm%;ﬁ-ﬂ%ﬁwk%;qj‘iﬂﬂi’@'% [46]
FRAEPT KB TR MK 25 T A

1990- 10 81.43 92.76 R f K [47]
W5 ¥ /K %& ( Eucalanus subcrassue ) ; 2% 1 )5

2007-11 138.00 — 7oK %& ( Scolecithrix nicobarica ) ; & Wi 7 [10]
i
JIEL A5 2 T s 5 B R K 5

2011-11 76.40 185.20 TRk [11]

2014-10 2138 $6.28 HEF M K 25 5 T PR R AR KB R ﬂiﬁ'\lﬁﬁ
IKEE This paper
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