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Fig. 1 Zooplankton sampling stations in the Zhoushan waters during the summer of 2019-2020
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HRR R 2K 43 T (41.7%) . FRIES) AL 16 i (15.5%) . 7K
BEIKBEZE 11 A0 (10.7%) . BHE 37 (2.9%). ZEH
3F(2.9%). JEAZY) 1 Fh(1.0%), T2 1 FP(1.0%).
HAb B 25 T (24.3%); 2020 4ERAE S BF e 5h W) 82 Fh,
Forpg 2 27 B (32.9%) . I iF4 B 16 F(19.5%) .
TRBEKEEZSS 12 F(14.6%), BFHE S F1(6.1%), ZEH
20 (2.5%), H ALY 20 Fl (24.4%) . 2019 4F 37 iF 3
WPV 3 866.6 ind./m?, Z5 3 (10 205.8 ind./m?),
Z11 S Fe AR (1 164.4 ind./m?), 3111 3L 5 165 385 °F- 35 =F B2
4 45211 ind./m’, £+ G2 E B R 2 950.4 ind./m’;
2020 4 3 U sh W) 7 ¥ F O 2 269.2 ind/m?, Ho
Z11 ¥l fe i (8 452.2 ind./m?*), Z9 % £ (573.8 ind./m*)
FH LT 0 8O- Y 4 B R 2 397.4 ind/m?, £ 1L T
¥R 2 089.6 ind./m’,

R I 3405 38 B0 (¥>0.02), FF 1LHAF SR 3 77 U5 3h
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{A& (copepoda nauplius) . 5% #ii £L. % 7K # ( Parvocalanus
crassirostris); 2020 4 10 FF, 43 5l 52 H B 25 5 K &
(Acartia spinicauda) . BB i M ( Flaccisagitta enflata)
WK €1 7K 3% (Oithona simills) . 5% 45 FL4E /K % . B2 2
Kbe 4k . BRI K TCT A L RDIR % EF ( Lucifer
penicillifer) . W% K& ¥ 7K & (Acrocalanus gracilis) . %t
F LT oK % A1 h AR T K 3 (Calanus sinicus). P AF 3
[R5 T (28) 4 B, 43 500 A B RIADLPT 7K o8 | B 2 e
SEGIA | B R TT T 4l MR RN o L K (R 1),
2019 4 2020 4 L3P B 2N 66.67%.
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2019-2020 4F 5 Z= £ 111 g 3077 Ui 5 ) O 55 R
A A5 T T LA 0.45~2.34, MR 4l Ak A5 78 FEE (Y
KK FL R 43 Sk 3 BE, AR 1 BRI sh A B R B=
1.60, 2 ) AE AL 5 2 BOIR E S ) L R 0.8<
B<1.60, JJy Az 35 A B s 55 3 B i 3h W 0 R
B<0.8, AL

2019 4F B Z= 5 Ll g 30 it 50 W P AR i A 2 A0
Vi S LN 1.47~2.27, Horpgt ) B0 97 3 (1.60)., 58 A
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Table 1 Dominant zooplankton species in the Zhoushan waters in summer 2019 and 2020
20194F 20204
75 Yk
WBUIR% R EE(Y  FHFE(nd-m”) B EREY) PR (indm™)

1 ETHIIAT K % Paracalanus aculeatus 83.33 0.160 890.9 50 0.051 464.9

2 Be R ZHE L 414 copepoda copepodite 100 0.132 511.6 100 0.280 634.9

3 B Noctiluca scintillans 58.33 0.107 1214.7

4 ALK % Parvocalanus crassirostris 58.33 0.042 4745 91.67 0.106 286.2

5 BELIETC T4 copepoda nauplius 100 0.024 91.0 91.67 0.025 67.6

6 £V B %% Euconchoecia aculeata 91.67 0.022 109.0

7 H YR/ Acartia spinicauda 100 0.103 2334

8 MBEREST K & Acrocalanus gracilis 66.67 0.036 181.6

9 P EIK % Oithona simills 91.67 0.034 91.6

10 JORESS B Flaccisagitta enflata 75 0.032 127.5

11 FpAEAT K F Calanus sinicus 83.33 0.031 100.2

12 WRER AR Lucifer penicillifer 66.67 0.025 128.3

fLAEK & (1.75), B8R FTLTT 41K (2.23) Fiks 22 be
FEANR(2.27) ) A A AL, BT RN K 2 (1.47) F
BOLHL(1.55) o o A 250 B, T2 AR S0 Fh (55 2).
JTHEZS AR AR AL 0] AR LS Y 66.67%
#1 33.33%.

F2 2009 FEFHLBEHFHENMAEMESMEEE
(B;) MESLEBIEH (0,)
Table 2 Niche breadth index (B;) and niche overlap index (O;)
of dominant zooplankton species in the Zhoushan waters in sum-
mer 2019

T Y B

1 BRERBRELIE 227 1

2 BERETILTUME 223 079 1

3 MEFLEKE 175 060 063 1
4 HPREIFE 160 058
5 BOLH 1,55 053 039 030 031 1

6 EHHHIFIKE 147 059 0.8

052 0.29 1

072 0.17 0.11 1

2020 47 X Z= R L B 3 30 W) 1 SR i A S A
FEBEJE R N 0.45~2.34, Hh e pE YT K & (1.61), 51
ALAE K 2 (1.73) NEHERT 2L (1.74) BEEZETCTT4)
A (1.82), HAEH K % (1.92) Fks 2 2% 2 4 ik
(2.34) T AL TR, ) 2 95 K < (1.25) FHLK

SR (1.41) Ry i A A, 1 LT 7K 3 (0.45) Fl
il R 7 HF (0.76) Ry 28 FE AL AN (3R 3)0 T AR
S R S VAR I o N (VA 5 o Il o e )
60.00%. 20.00% F1 20.00%.,

LR P B A e, R R K & Ak, oAt 3 AL
P A AL AR AN K, TS R T A SR, A
SRAPLT 7K 3 A A 7 B BE (B K MR B2 NI, FR 2019 4R 1Y
AR 2S5 E il (1.47) 75 2R 2020 4F il 28 A= 2500 A (0.45)
33 ABMNEE

20192020 45 5 2= R L 1 S 30 3 0 00 3 b i) A=
B0 B AR HGE Bl 0~0.98, 2019 4E 2 S W)
P 25400 SR HGEE N 0.11~0.79, Hod A 2507
FEHE(0,=0.6)H 5T, o5 33.33%, 40l AR 22K
B2 g AR RIS 2 T 411K (0.79), B8 2 b3 2 4 14
IR A LA 7K 35 (0.60). e 28 TE 1T YA R 45 L 42
K (0.63) . B T &y 4R R & R A8l K
(0.68). & I K 2| AR ALK %K (0.72), AR
MEZEHE L (03<0,<0.6) B4 6 Fh X, i 46.67%,
Horh ke i 2R G R TN il FL 77 48 (0.58). be R e
PR R BT K 2 (0.59) 22 ) B 8 K i
0.60 A 3 AP A 0L E I8 H/NT 03,
20%(% 2),

2020 47 V7 Ui 30 4 A 34 Az 250 F & 48 BGTE
0~0.98, BN B F EE(0,206)H 11 FXF, &
24.45%. FLr i e RE T K 28 FIRIDIR 3 0F (0.87) . UK
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®3 2020 FEFHALEEFRNMABHESMEEE (B) WESKEBEY (0,)

Table 3 Niche breadth index (B;) and niche overlap index (O;) of dominant zooplankton species in the Zhoushan waters in summer

2020
Oy
=2 Y B;
1 2 3 4 5 6 7 8 9 10
1 YN VRIS 2.34 1
2 PRk R 1.92 0.56 1
3 FeRRAETC T4k 1.82 0.65 0.46 1
4 TR R 1.74 0.55 0.77 0.73 1
5 SRl K 1.73 0.58 0.18 0.38 0.22 1
6 TR K 3 1.61 0.48 0.34 0.62 0.45 0.22 1
7 MR SR & 1.41 0.79 0.33 0.43 0.22 0.26 0.11 1
8 il K 125 0.76 0.23 0.31 0.10 0.27 0.11 0.96 1
9 FAR AL AR 0.76 027 0.18 0.26 0.17 0.10 0.87 0.02 0.09 1
10 BT K & 0.45 0.69 0.16 0.26 0.06 0.23 0 0.97 0.98 0 1

i 8 7K 2 A 45 R 7K 3 (0.96) . LK IR Gl K & AnEf
FELT 7K & (0.97) . il 2 275 e 7K = FER i 40097 K
(0.98) Z [H W ESNM EEIEEGEE T 085 L . E
BMNEBAREN(03<0,<0.6)F 11 Fixt, di 24.45%,
b b e 2 e &)y A R iR A L 42 /K 8 (0.58) Z ]
BAEHEIT 0.6 Ay 23 ANt (1 A2 45 07 B & 48 5034
/NT 0.3, 15 51.10%, H A S BT K = R AT 8L K
5 (0) il bR 7 R A 8L K 2 (0) AR A T & 4
o 0(F3).

34 EBMHWK

340 FHLTEEIAEEH T

2019-2020 4 5 2= ff 11 g8 5 23R8 [ T 774 I
S (R 4), Hodh 2019 4F 3R . pH M1 Chl a ¥ i i
F T 2020 4 (p<0.05), 1fi 2020 4F- SS Fl Si0;-Si #¢ Ji
M 22575 T 2019 4E (p<0.05), AR HEE N T2 548
5 (p>0.05).

3.4.2 SIS

I L T ) 3 49 0 552 R s 20 R 0 %o 4% B 5 ] 1
7 0 1 (p<0.05), AR 4 i 356 25 2R (3 5), 2019 4F i i
i SiOs-Si V¢ B . COD., i & Fl Chl a ¥k BE#E 1T HE)F 7
Hr, 2020 4§ 4 H Si0,-Si ¥ B Fl DO ¥ & 9t 47 HE 7
1A (1 2)

2019 4 1k th 4 DR 5 6 MR liE s WL
AN HEAT RDA 4307, 43 BT 45 S W1 F . RDAL FRAEAA K
0.587 5, fift B ¥ F 78 1k 58.75%, RDA2 45 1iF {H K
0.232 6, fift B Fp A% BN 23.26%, 2 A~ HEFF il 4 436

F4 2019 F. 2020 FESHFUEEFERT

Table 4 Environmental factors of Zhoushan waters in summer

2019 and 2020

W T 20194F: 20204 p
TREE/C 26.64+1.89 23.90+2.93 0.024
ENa 27.46+5.16 25.42+6.38 0.317
KE/m 32.92+16.80 33.25+16.96 0.730
pH 8.20+0.13 8.02+0.13 0.001
DO /(mg-L™") 7.59+1.25 7.08+1.92 0.406
Chl a¥ftf/(pg-L™") 10.81+10.23 2.2543.19 0.028
SSH¢JE/(mg-L™) 49.10+36.81 94.25+50.24 0.010
COD/(mg-L™") 1.2640.61 1.08+0.55 0.474
PO,-PHE/(mg-L™") 0.02+0.01 0.010.01 0.142
TIN#E/(mg L") 0.41£0.20 0.45+0.22 0.360

Si0;-Si¥fkJiE/(mg L") 0.48+0.31 1.19+0.30

0
: DO. % fi#4; Chla. M43 a3 SS. B IF4); COD. fb2ET: % ;PO 4-P.
T PEBERRER; TIN. BICHLA SiO 5-Si. W PERERRER .

BN B E R AP AR 10 82.01%. 2019 4F i 1iiF
WA A4k B2 Si0,-Si W JE . COD., i E
Chl a ¥R FE R RZ M .

2020 4F ik 2 DIEER 5 10 ASTRIESI L
P IEFT RDA 20 M7, 23 B &4 S 40 F . RDAT R AEAE N
0.739 2, fif B Y Fl A8 & Sk 73.92%, RDA2 FE1E {H
0.147 4, f# B W) Fh A8 14 14.74%, 2 A~ HEF 4l 2 436
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Table 5 Results of the selection on environmental factors
20194F 20204F
B 7
F P F P

SiO;-Siife i 6.2 0.008 3.6 0.022

COD 3.3 0.046

1 4 0.018

Chl a¥ i 5.2 0.014
DOk i 3.4 0.044

55T B R A A B R 88.66%. 2020 AF- I iF
s 2k A4 Ak 3 3 32 Si0,-Si ¥ BE I DO ¥R 1Y

1.0
20194
sp3 COD
‘\\ Chl aif i
\
\.\' . . 2
\\\ sp4 SIO‘_SEW&
b= E
\ mE
2 \\ i 2_2__,_-#'—'5'135 sz
a
[~ sp6
hspl
-1.0
-1.0 1.0
RDAI

RDA2

S
3.43 RDA HEFHE

Hi JE1 2 0] 8T, 2019 AF B I 00 3 BT K
;BRI R AR A I TE Y A R R A L R UK
#1534 £ AZ COD, i J& . Chl a ¥ B I SiO,-Si ¥
IR A T N A E S ) & N Ny Y LI N
FEZETC T YR SR AL 48 K& A 5 COD. iR EE
Chl a ¥ £ F1 Si0,-Si Vi B 52 1EAH G, B3 B0 P2 52 53 A
55 COD, i £ . Chl a ¥ BE I SiO,-Si ¥k &£ 5 7 AH ¢,
RO/ 5 COD HI Chl a #¢ 8 5 IE AR, 5 Si0,-Si
Ve 2 R DG, 5 I EE A DG PRI

10 20204F
DO
=y sp8
spS
sp(l2
sp spll

-

. sp2 10

/Sp6 P
SiO;-Siyk fE
-1.0
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RDA1

2 2019-2020 47 5 2= 11 e B U7 3l 0 00 3 b TC A% 20 41 7 1
Fig. 2 RDA ordination graphs of the dominant zooplankton species in the Zhoushan waters in summer 2019-2020
spl. BRI BT 3 sp2. BT /K 35 sp3. BROGHL; sp4. B R KB R A4 sps. B E I TE 1 44 spo. SRAFLAE /K & ; sp7. il B 47 4K 55 sp8. NE
i B sp9. B G 7K %5 spl0. WPR S R spl 1. B REHT K 385 spl2. fPHAEHT K &

spl. Euconchoecia aculeata; sp2. Paracalanus aculeatus; sp3. Noctiluca scintillans; sp4. copepoda copepodite; sp5. copepoda nauplius; sp6. Parvocalanus

crassirostris; sp7. Acartia spinicauda; sp8. Flaccisagitta enflata; sp9. Oithona simills; sp10. Lucifer penicillifer; sp11. Acrocalanus gracilis; sp12. Calanus sinicus

2020 4, EF I K 2L B FbE R AR AR AL
KT A, SR FLAE K & | B kR K & . N0 Rk
NN 1V 831~ il ) < 11 BN T NN 1 4 ) - o S
PEIK T 0943 A 3 E 52 Si0,-Si e & FI DO ¥ i 1 5%,
e R 2TC Gk . IR RS B TR AR K S o AR
5 DO ¥ i BLIEH G, BROBAFLAE K 9504 5 SiO,-Si
We B 52 OE A G Ah, AR P SRR 4 A 3 5 Si0.-Si
e 2 A G

4 it

FESY B AR A BF SN
AT, i s RS R R R R R 2,
FERMUR g 1 Ui 4 BORK BEK BEZS, Sk RV 254 5

4.1

o PR FITRE IRUTE R 5% B 450 A R SR 45 AL, 2020
AEVRIE SRR P BN T 2019 4R, %45 R
5 A A5 O B S L VA 38 VR U A 0 2K 4 AT
>R BRAE BT B IT 45 RN gE A — 8, HURIN
ATRE S 2019 RO 7 KA O, HoP ¥ F i T
HoA L34, 75 2019 4F 72 sh i =F B & 1 2020 4F
PRAF A LU T8 VR U 2 07 24 = BE AR T A Ll 2 g
IXRRBIF T 45 S 5 Wi/ PR AR B 98 25 SR AH — B
2019 AF F 1L 38007 it 3l A B b Ak 6 i, 43002
BRI E TR BT K L ROG L, B R S
. BRIk, mBILEKE, FHRBIEL
k1 0.08, 2020 4F 77 31 2l W AL R 2k 10 Ffr, 43 ) 2 ol
gtk & . NERERT B IR SK 2 . s AL 48 K

/1>
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8RR BRI LA BT AR IR B EE
T e K % | AT SBT3 A AR K &%, SRR
PPN 0.07, T A MRFGE 2, 17 i sh 9 O 3 ik
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Table 6 Statistics of zooplankton in summer of different years

in the Zhoushan waters

Ay FEC ERE/(indom”)  EYE/(mgmT) Sk
2011 70 552.0 487.7 R[]
2014 67 143.97 176.34 SCHR[13]
2016 96 577.9 11247 SCHR[14]
2019 87 3866.6 - EN TN
2020 66 2269.2 - ARBFE
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Ecological niches and ecological differentiation of dominant zooplankton
species in the Zhoushan waters in summer 2019-2020

Song Chen', Meng Zhou', Wang Xiaobo>*, Han Qingxi'

(1. School of Marine Sciences, Ningbo University, Ningbo 315832, China; 2. Marine Environmental Monitoring Centre of Ningbo, State
Oceanic Administration, Ningbo 315012, China; 3. Yuzhi Environmental Technology (Zhejiang) Co., Ltd., Ningbo 315199, China)

Abstract: In order to understand the relationship between zooplankton species in the Zhoushan waters and the im-
pact of environmental factor changes on the niche differentiation of dominant species, according to the survey data
of zooplankton in the Zhoushan waters in the summer of 2019 and 2020, the dominance index was used to judge the
dominant species of zooplankton in this sea area. The Shannon formula and the Pianka formula were used to ana-
lyze the niche breadth and niche overlap index of the dominant zooplankton species, and the redundancy analysis
(RDA) method was used to explore the main environmental factors affecting the niche differentiation of the domin-
ant zooplankton species in the Zhoushan waters for two years. The results showed that the replacement rate of dom-
inant zooplankton species in the Zhoushan waters was 66.67% in 2019 and 2020. According to the niche width
value of the dominant species of zooplankton in the offshore Zhoushan waters, they could be divided into broad
niche species, medium niche species, and narrow niche species. They accounted for 66.67% and 60.00% of the dom-
inant species of zooplankton in 2019 and 2020, indicating that the broad niche species were the main components of

the dominant species of zooplankton in the coastal waters of Zhoushan. The niche overlap index of the dominant zo-
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oplankton species ranged from 0.11 to 0.79 in 2019, and the range of the niche overlap index in 2020 was from 0 to
0.98. RDA analysis showed that the niche differentiation of zooplankton dominant species in 2019 was mainly af-
fected by SiO;-Si concentration, COD, temperature and Chl a concentration, and the niche differentiation of zo-
oplankton dominant species in 2020 was mainly affected by SiO;-Si concentration and DO concentration. This
study is expected to further understand the interspecific relationships of zooplankton communities in the Zhoushan
waters, and provide a data basis and scientific basis for studies such as elaborating the adaptation mechanism of zo-
oplankton to environmental changes.

Key words: Zhoushan waters; zooplankton; dominant species; ecological niche; redundancy analysis
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