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Fig. 1 Layout of stations in the sea area

of the Nanji Islands sea area
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£, 2 500 mL A /N R SRR AR, g
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metric Multidimensional Scaling, NMDS) 43 7 55 JEE 5] &
T B 5 UL R N 5 X Sl 2 R A 85 PR 1Y) 22 S PRI 05 3
ok F A 7 2 ] T 5 D SRR DG M 3 B ) R 1A
F, PEAT#E TN} WV 43 M7 (Detrended Correspondence Ana-
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JU4% 43 M1 (Redundancy Analysis, RDA), 5 H ¥ 35 [H
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Kl 5 17 e sh ) = BE AR OC R B, 3 A R 1 e R 471 &
T3 P e S V)R TR A A 5 R E TR A G

3 45

3.1 HEETF

A B VI 3 AU A% 6 S AT K AR pHL 28 4k
JEER 8.12~8.51, F-H{H Ky 8.33, /KA 52 55 Bk s £h B
A G 28.95~32.10, -1 30.33; ThE A5 4L 1
H 16.3~29.0°C, “FH{H N 21.90°C ; 1 i 4 T 1 e E 1Y
AARTE R R 7.27~10.39 mg/L, FXI{E Jy 8.44 mg/L; 1%
TR RARALTEE N 0.44~0.95 mg/L, SFH{EH 0.69 mg/L;
AT v AR AR R N 0.005~0.083 mg/L, ¥ H{H
9 0.026 mg/L; filf B2 £ it 52t ¥k B 28 4k 3 Bl O 0.078~
0.851 mg/L, “F-34{E K 0.157 mg/L; B &0 = vk AR b
6 N 0.124~0.278 mg/L, “F44 {8 4 0.174 mg/L; ¥ 7K
FRYRIAA Y AR LTS A 2.1 x 10°~4.9 x 107 ind./m’,
FIAE R 1.7 < 10° ind./m?s HAR 25 T UK AR 3 AL 35 bR
W 1,
32 BFHEBDYMEARRESTHET

3 AL AL 5 5 BV UE S W 93 B, SR JE T 18 4
JERE, o LIRR R IR ISR 32, 4350 30 FhRN
20 Fb, 7 BUFRZE B 32.26% 1 21.51%; H vk Sk sk dE K
B8 A A w2 S 7R, A3 i bR R 2 B 8.60% Al
7.53%; MER S | B AR RRL F I Oh 4 B, 5 RLRR 2R

*1 EEILESREETF

Table 1 Environmental factors in the Nanji Islands sea area

W RF 2022. 17K 2023.05fiK 2023.09f X
JKIB/(°C) 19.85~20.53 16.3~16.65 28.75~29

b 31.15~32.1 30.05~30.3 28.95~29.75
TR (pH) 8.12~821 8.37~851 83884

EMETERE/ (mg L) 727~7.59 9.96~1039 7.39~7.67

MEERaREWE/ (g L) 0.33~09  1.39~526  0.63~2.6
TR ER/(10%nd. m™)  27~245 21~260  103~49 357
fe2g R / (mg L) 0.44~0.89 0.47~0.71 0.76~0.95

AR/ (mg L) 0.011~0.034 0.011~0.047 0.005~0.083

=

e/ (pg L) 1.11~2.65 032~222 0.15~1.09

TR YRS/ (mg L) 0.083~0.223 0.078~0.17 0.082~0.851

R R BRI/ (mg L) 0.002~0.008 0.01~0.018 0.007~0.037

TALA T A/ (mg L") 0.1~025  0.1~0.17  0.09~0.86

M=
o
THPER AL B e /(mg- L") 0.02~0.03  0.006~0.012 0.003~0.007

MR T/ (mg L™ 0.007~0.027 0.013~0.07 0.005~0.031

AR/ (mg L) 0.12~0.28 0.16~0.19 0.12~0.19
SR FRIREE/ (mg L) 0.06~0.11  0.03~0.06 0.02~0.04

Wk MU R R/ (mg L) 0.05~0.13 0.06~039  0.05~0.1

B 4.30%; ML 3B, B RAIE3.23%; TR E
WA BRI KRR I R 2 B, AR
PR B 2.15%; MK BEZS . R 2R NI
PROK BEFIPEBE Ty 1, 7 SRS 4R 1.08% (K] 2),

25 [ w2022 11803k
50 | *2023.054iK
2023.09801%
§ 15 F
§ 10}
5 -
0
% S B F R S FF e kS
ST

R
2 TS B R sh Y R

Fig.2 Zooplankton species in the Nanji Islands sea area
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2023.09 AL Y I A, M E PR E S 63 B, Horp
T FE 2 20 Bl (5 31.7%); i /225 5 Bl (5 7.9%); KIS
IKEES Bl (o 7.9%) Lh R AL R E 3 15 K2E (K 3),
33 EMESFEFESHER

T JER 91 12 YE 5 U 30 ) A ) R A B AL D L
& 4, FEES) 50 BE 202211 T I U 3 ) A ) 1
FEI7E 35.01~141.41 mg/m’, -3 ¥4 60.82 mg/m’
2023.05 Mt X 7 Ui 2h W AR ) = 8 AT B AE 107.34~
1597.83 mg/m® Z [d], V-3 4= ¥y & 2 867.67 mg/m®, I
e (E HBEAE Z08 5 3 7, Fe AIAE Hh BLAE Z06 5 3 7 o
2023.09 it W ¥ Uie 3h ) AR ) 1 7 Ak AR 29.82~
2 877.08 mg/m* Z [A], V- ¥4 Py iy 833.69 mg/m’, Hx
R BAE Z09 S, S AIRAE H BLAE Z07 53k 7 .

BB I T3 3, 202211 fiL YR I Ui 3 0 = B Y L A
8.92~107.58 ind./m’, -3 F i K 56.53 ind./m’, H
- g A R XA 216 5 3 6 e e, T Sh B
X1 Z14 5 S Ik, B 5 i v b 1) 75 B K 7 s
. 2023.05 it YCIF i B W) BE TG B AE 142.94~
1191.29 ind/m’, ‘F-H £ JE K 7 678.77 ind/m’. i {E
HBLAE Z1S 53 7, S AR AA H IAE Z06 5 s i, S ik
Sy A A ¥ AT . 2023.09 A Uk TR Ui B ) T R LA
9.12~1621.33 ind./m’, F-¥F K 772.01 ind/m’. H%
A BLAE 205 5 3 4, Fe IE H BLTE Z07 5 a5 4,
SR PR R R AR K AR
34 RBMEEBE

3ALR LT 19 B AR FP, SRR F 7 KIHE, H
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Fig. 3 Distribution of zooplankton species in the Nanji Islands sea area
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Fig. 4 Distribution of biomass and abundance of zooplankton in the Nanji Islands sea area
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AR OFN . TRUFAIIR 3 Fh . RS 2 Bl Bk
27 ARUEOKEE 1A A KRR 1R RIBRERE 1 b 34
LA 5l 55 L B B AR B Lk 2.

*2 HREILBEHZFRIVEZAEMHRABE
Table 2 The main dominant species and dominance of

zooplankton in the Nanji Islands sea area

iR/ eSSl s LT %44 w5
202211 Bk HFHETIR Sagitta bedoti 0.041
JIE Ji 49 Flaccisagitta enflata  0.087 9
RS REBOEK Euchaeta concinna 0418 8
KGR & Acartia pacifica 0.032 6
TWORITIK & Canthocalanus pauper 0.027 1
HRAEYTK % Calanus sinicus 0.031
AR JNRUE AR Euphausia nana 0.072 6
TR BT G ik Nauplius larva 0.0218
KR Macrura larvae 0.027 7
2023.05 HREZE  HAEPTKE Calanus sinicus ~ 0.726 7
G KIRK Corycaeus affinis ~ 0.045 1
IINUFT K Pavacalanus parvus ~ 0.026 3
TKIE K WEILFFEOKEE  Sugiura chengshanense  0.091
BELIES T R Sagitta bedoti 0.0292
2023.09  EAKEE KL Muggiaea atlantica  0.256 2
YIS RERE=f1% Evadne tergestina ~ 0.138 2
WIR=RiE Evadne nordmanni  0.032 2
FEHHHE JIEJie 2 5 Flaccisagitta enflata ~ 0.111 7
Bl WIREATKFE  Eucalanus subcrassus  0.080 9
HETE ik & Temora turbinata ~ 0.0350
BRKBMKE  Macrosetella gracilis  0.021 9
WA K Canthocalanus pauper 0.020 6

TR KERBMRKE  Macrura zoealarva  0.059 4

T B B A 2022.11 LR A& BRI Y B E

e N i RN U 3 QN T N
JERTC A . KFPEY R K 2 L ORI K & L /N
AR TP AP K AR B AR . ol 30 K
HIE R — PR R, 5 VI WA RSB 41.88%.
2023.05 fit Y A 1 77 I 3 ) 2 B LRI T AT K
H LT GKIRAKE . AMUFT K L LD T [OKBERTE
B i HL . Ho B AR K SRR — DL, 577
WS BB 72.67%. 2023.09 i U A 1Y 27 UiF
S EZAL AR TAAKEE IR = A% R = A
L MERERRET B, SR BT K &L T Sk L R
BAE KL WORF K A B Ak, B K
B A — PR BN, o5 1R I S A TR B A0 27.95%, A
JHE = AR Z i HIk 16.59%
35 £YSHM

L A 25 L R, e A I T R U Bl ) 2 A
PEFEEL(H')2022.11 IR Fe 5, 2023.05 At X S A% ; 17 1
B ¥ 5] BE S B0 (J7) 202211 IR B 5 . 2023.05 it Ik
AR I s Y £ E (D) 2022.11 fif Y e i, 2023.05
WK A . R JER B B 1 3 R i sh ) 2 REVE AR B 3 A
AL YR A8 A 3 Bl R 0.52~2.32, “F- (8 K 1.64 + 0.25,
2022.11 fRik s 2 HEERR BOT 1E S 1.95 +0.09,
Ab T Bz e 7K T 5 2023.05 AT U i B0 ) 22 R 4R H0OT
BIE N 1.18 + 0.21, &b F AR AKF-; 2023.09 fiit ¥ i iF
YL REPEFE RO 1.85 £ 0.1, TRiFshiis)
JI 45 B AL T B 0.21~0.83, SE2{H K 0.55 £ 0.03,
2022.11 fiit YK 77 Wi sh ) 34 50 JE 48 BT B E o 0.67 +
0.01, 4 3 /ML YR 1] 5% 15 5 2023.05 fiL YT 1 3 1y 45 4
JE 48 BT ¥ {H 7 0.41 + 0.02, R 3 A4 ML IR TH) e I
2023.09 ML X B i 3 W 1 A) FE AR RO B 0.59 +
0.01. FiFsh W)+ & AL E y 1.10~4.56, 7
fHR 2.57 £0.71, 2022.11 i k707 sh ) £ & FE 34
{H R 2.45 +0.56, Ay 3 L K ] 5 (3 5 2023.05 AL I TT-
W sh ¥ 4 @ (N 1.50 £ 0.16, K 3 LK ] B
fiK 5 2023.09 fiil U< 77 UiF s ) 3 & BT B {E Ol 2.06 +
0.12, &b TR AKF . HARTE LA 5.
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0.8
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Fig. 5 Distribution of biodiversity parameters of zooplankton in the Nanji Islands sea area
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3.6 FiEHMEREERFHIEXESHT

18 3 0T P R A7) I T R 3 AU A AR B R R
Hh R 2 2R 58 DR 5 O S, 5 17 Ui sh W 2R )
L R Eh Y S N T ORGlL EREE L pHL R
AT AR R o PR | ML R R W
S5 ) WEAT Spearman A YESIHT . SR BN, SRS
Py HE Wk S A B AR DG (p < 0.01) M AL & R 2 L R B
JE . MERER o IHLRRWE | SRR | WA
PR A Jo Bk JEE | 3 PRl R A S5 Ak R AR B o
WRE; 5 IF W sh i £ A B A (p < 0.0D) By AL
FEERTE L PR | AR o FURVR EE BB BT R

JEE | T R AR £ T ok M S R R (3R 3

=3 BEISESHZEFIVMEREEFH
Spearman 18 3% 1% 53 #7

Table 3 Spearman correlation analysis of zooplankton and

environmental factors in the Nanji Islands sea area

EEH T PRI A TR R
KR —0.114 (0.523) 0.126 (0.479)
HhRE —0.588 (0.000%%)  —0.553 (0.001**)
R (pH) 0.625 (0.000%*) 0.515 (0.002%*)
AR AAUTT LR 0.306 (0.078) 0.358 (0.038%)
M4t %a 0.533 (0.001%*) 0.713 (0.000%*)
TR iR —0.469 (0.005**)  —0.387 (0.024%)
TR 0.113 (0.526) 0.21 (0.233)
S S Ve —0.493 (0.003**) —0.5 (0.003**)
WAERREL (NO, ) Tt e J&F 0.622 (0.000%*) 0.322 (0.063)
AR 0.255 (0.146) 0.027 (0.878)
T PR R T i vk 2 —0.549 (0.001%*)  —0.638 (0.000%*)
AT R —0.414 (0.015%) —0.339 (0.050%)
TORA HLAY) o 0.032 (0.856) -0.076 (0.671)
Ak 2 0.242 (0.168) 0.414 (0.015%)
il (Cu™) e —0.455 (0.007**)  —0.47 (0.005%*)
RA RS -0.075 (0.672) 0.083 (0.640)

figHRER (NO; ™) Bt ik B

—0.444 (0.009**)

~0.309 (0.076)

sk AR FINT0.01 RN T0.05 1 b K

¥ m R B1) S5 1A 3 P 5 TR ORI R o R AN TR O Ao
R R 2E 1T NMDS (943 #r an 1 6 A 7 fifs,
SR BT R R A ARk . 4 BT 45 R R R A
S S8R AR | AN P R HE S 45 A S, £
BT 5 — il 558 0 1F SO R A, B A

I3 AT B B AT 3 KA IK M A B I FHEIF KA H &
T AR, 2022.11 fiit Ik 32 2400 A T4 — . ol 6 of
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Fig. 6 NMDS ordination results for different azimuth in the

Nanyji Islands sea area
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Nanyji Islands sea area
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Fig. 8 CCA of dominant zooplankton SPecies and environ-
mental factors in the Nanji Islands sea area
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Study on the spatiotemporal variation characteristics of zooplankton
community and its key driving factors in Nanji Islands sea area

Qiu Wenzhi"??3, Qin Song“, Tang Wei>3, Ye Shen®?, Fan Qingsongz’3 , Tang Jiv>3, Al Longwei]’“,
Wu Qiang"?*?, LinKeze"*?, Zheng Chunfang', Liu Weicheng®?

(1. College of Life and Environmental Sciences, Wenzhou University, Wenzhou 325035, China; 2. Zhejiang Key Laboratory of Coastal Bio-
logical Germplasm Resources Conservation and Utilization, Zhejiang Mariculture Research Institute, Wenzhou 325000, China; 3. Wenzhou
key Laboratory of Marine Biological Genetics and Breeding, Zhejiang Mariculture Research Institute, Wenzhou 325000, China)

Abstract: To understand the spatio-temporal variation characteristics of zooplankton communities in the Nanji Is-
lands sea area, three voyage surveys of aquatic organisms and hydrological factors were conducted in November
2022, May 2023, and September 2023, respectively. Laboratory experimental results showed that a total of 93 spe-
cies of zooplankton were identified, including 20 species of plankton larvae. The 2023.09 voyage recorded the
highest species richness (63 species), while the 2022.11 voyage had the lowest (45 species). Among these, 19 dom-
inant species (Y = 0.02) included Sagitta bedoti, Flaccisagitta enflata, Calanus sinicus, Acartia pacifica, and oth-
ers. The average abundance of zooplankton was 512.84 ind./m3, and the average biomass was 614.82 mg/m?, with
significant differences among the voyages. The 2023.09 voyage had the highest abundance and biomass, while the
2022.11 voyage had the lowest. The average values of the Shannon-Wiener diversity index (H'), species evenness
index (J'), and richness index (D) for zooplankton were 1.64, 0.55, and 2.57, respectively. Results from Spearman
correlation analysis, non-metric Multidimensional Scaling Analysis and Canonical Correspondence Analysis indic-
ated that salinity, temperature, total nitrogen content, nitrate concentration, and phytoplankton abundance were im-
portant environmental factors influencing the biomass of dominant zooplankton species in the Nanji Islands sea

area.

Key words: Nanji Islands; zooplankton; community structure; environmental factors; correlation analysis
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