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Fig.2 Changes in various environmental parameters of Jinghai Bay during the spring and summer seasons of 2021-2022
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Tab.1 Seasonal hydrological characteristics of the sea water in Jinghai Bay
WE 6 bR Fi ] 2021 FHFE 2021 4E 7 2022 4EHZE 2022 EH 7
Environmental parameters Time Spring 2021 Summer 2021 Spring 2022 Summer 2022
TEL R Jli Fl Range 22.10~23.70 26.90~27.00 17.50~17.80 24.70~25.10
Temperature/'C SEH{E Mean 23.00£0.61 26.92+0.04 17.68+0.10 24.91%0.13
Hhr 7 [l Range 34.18~34.68 21.94~25.02 30.07~30.81 9.30~17.90
Salinity 1418 Mean 34.37+0.21 23.18+1.40 30.41+0.27 12.06+3.18
R4, L[l Range 5.11~5.26 5.59~6.99 5.45~6.61 4.64~6.85
DO/(mg/L) A Mean 5.16+0.05 6.52+0.38 5.76+0.37 4.73+0.08
- Jli Fl Range 7.81~7.89 7.80~7.90 7.73~7.79 7.74~7.83
-2 {H Mean 7.84+0.03 7.82+0.03 7.76+0.02 7.79+0.03

M2 A L Range 1.38~1.79 0.42~0.99 1.40~1.90 4.28~5.10
COD/(mg/L) 4418 Mean 1.58+0.12 0.72+0.20 1.66+0.16 4.72+0.28
M4 g 7l Range 21.36~23.09 23.33~24.42 22.82~23.30 1.83~5.26
Chlorophyll a/(pg/L) (A Mean 22.010.54 23.77+0.40 23.08+0.18 3.66+0.97
THLA Jli Fl Range 152.75~173.87  168.57~204.15 562.18~762.46 783.13~1 007.12
Inorganic nitrogen/(ng/L) “F3#J{H Mean  162.93+7.28 185.08<11.79 673.10£72.40 909.25+84.94
Bl Eh 5 [# Range 69.59~85.49 93.51~135.63 70.23~93.26 140.31~271.80
Phosphate/(ug/L) YA Mean 76.8245.16 117.05+13.61 80.62+7.66 224.72+43.15
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PR 2SH 7 LU ZRRAIG , T Ui 4Ty R b 2 Lo i T s
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FIH PCoA PIAl w5 1 V5 Vi 3 7 e sh W eV 6 W

e RS ME B (E Sa). Tl 2 4~ PCs fit ke T 17
i s RtV AR IR AY 57.87%. PERMANOVA £5 4L i
AN, T3 AU o il s TR I SR TS SEAC AL (B
FHEERIE, 2022 FZ IR YRR 580 3 M
WA & X, 2022 42 207 i sh W ie vk vl sE & A=
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Tab.2 Composition of zooplankton population in Jinghai Bay
2021 AR 2021 4EH 2 2022 4R ZE 2022 “FH 2
e Spring 2021 Summer 2021 Spring 2022 Summer 2022
Species %L hi e %L hi bt e di bt B Lid
Species  Proportion  Species Proportion Species Proportion  Species  Proportion
Number 1% Number 1% Number /% Number /%
B¢ /& Copepods 7 41.18 7 30.43 10 40.00 6 27.27
T4 H Pelagic larvae 7 41.18 11 47.83 8 32.00 9 40.91
FIMfLZIY Cnidarian 2 11.76 3 13.04 5 20.00 - -
i /& H Amphipoda 1 5.88 - - 1 4.00 2 9.09
¥ ffiZ% Cladocerans - - - - - - 9.09
EH 5N Chaetognaths - - 1 435 1 4.00 - -
/& H Decapods - - - - - - 1 4.55
W H Cumacea - - - - - - 1 4.55
BN Tunicates - - - - - - 1 4.55
Fi7K£:3%) Ctenophore - - 1 4.35 - - - -
YFh B AL Total species 17 23 25 22
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Fig.5 PCoA analysis for the zooplankton communities among different voyages in the Jinghai Bay (a),
and the relative abundance of dominant species of zooplankton in the Jinghai Bay (b)
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Tab.3 Dominant plankton species in Jinghai Bay (x: average abundance, ind./m’; ¥: dominant index)
2021 4EHZ 2021 4EH Z= 2022 4EHZ 2022 4EEZ
P F Dominant species Spring 2021 Summer 2021 Spring 2022 Summer 2022
X Y X Y X Y b Y
KLk K & Acartia pacifica 78.13 0.38 83.39 0.36 61.94 0.23 5.65 0.09
5 R IIRSIK Zoea larva (Brachyura) 63.75 0.31 79.01 0.34 98.06 0.36 14.17 0.26
{f-f4 Fish larva 21.88 0.08 1.09 <0.02 6.39 0.02 - -
MEiEZE 44K Lamellibranchiata larva 14.38 0.04 - - - - - -
K E 5K F Eurytemora pacifica 6.56 0.03 - - 11.11 0.04 - -
FERTE/KF Tortanus derjugini 1.56 <0.02 55.31 0.24 13.89 0.04 0.93 <0.02
J\BEW RIKEE Rathkea octopunctata - - - - 53.06 0.19 - -
KB4 & Macrura larva 1.56 <0.02 5.89 0.03 0.28 <0.02 3.33 0.04
05933k Penilia avirostris - - - - - - 8.43 0.12
FJHF Gammaridae 0.94 <0.02 - - 0.83 <0.02 7.13 0.12
KRBBVFIK & Schmackeria poplesia — — 0.63  <0.02 - — 4.44 0.07
MK F Harpacticoida - - - - 0.56 <0.02 1.76 0.02
Ve SRR FR R SR 4 U R IR s RHARCT R R A T AR FUR B " o

AR K

Note: the bold number indicates that the corresponding zooplankton species are the dominant species in all four voyages;

the italic number indicates that the species exists but does not reach the dominant position;

been found.
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[ SRR % Diversity index (H')
3.0 HEE 35 BEFR% Evenness index (J)
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Fig.6 Zooplankton Shannon-Wiener diversity index (H')

and Zooplankton Pielou’s evenness index (J)
in Jinghai Bay from 2021 to 2022

[T3RL)

indicates that the species has not

HEEFMIBEDZ MK, RWEEFRMLKT1
& TH AT B K 2 F K <RI PR 2 TR 4 AR AR
JEE AN g (SR (] 7)o i 7E 2022 47 B 2587 H B
AP I S Gk 3 . BIR ALK R VK &S ELL
BEFRELFI COD RIEAIR, S#HERTARL, KUK
A TR R LR B AR, VR R AR T
e, BT — X E SR ALl N R A . 1t
S, AT B R B SR SR e 2 AR R F 1L
By 5 2 IEAMR(E Ta, ¢,
x4 BHBEFHIVEFNSHEEERH )
HEEREHO)NEL
Tab.4 Changes in Shannon-Wiener diversity index (H")

and Pielou’s evenness index (J) of zooplankton
community in Jinghai Bay

P i) " !
Time PR SME PR A
Mean Max Min Mean Max Min

2021 4EF/ZE 2.08 254 1.09 0.69 0.85 0.54
Spring 2021
2021 AEEHZ 1.84  2.00 1.64 0.62 0.72 0.55
Summer 2021
2022 4R/ ZE 249 3.05 224 071 082 0.63
Spring 2022
2022 4FE 7 2779 318 246 087 097 0.73
Summer 2022
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Fig.7 Redundancy Analysis (RDA) of dominant species of zooplankton and environmental variables in Jinghai Bay
1: KVPHYHRK T Acartia pacifica; 2: RRISFRRYIE Zoea larva (Brachyura); 3: {1 Fish larva;
4. MEEZELK Lamellibranchiata larva; 5: KFIEE 58K & Eurytemora pacifica; 6: FEIRTE/K T Tortanus derjugini;
7: J\NBEW RIKEE Rathkea octopunctata; 8: KEBH4N{A Macrura larva; 9: &8423ki& Penilia avirostris;
10: #4%F Gammaridae; 11: KERVF/K & Schmackeria poplesia; 12: &/K3& Harpacticoida
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Fig.8 Pearson correlation analysis between the abundance, biomass, and diversity index of zooplankton and environmental
variables in Jinghai Bay
a: 2021 FHZE; b: 2021 4F - Z; ¢ 2022 4FFZ; d: 2022 4FHZE, **4 P<0.01; *H P<0.05,
a: Spring 2021; b: Summer 2021; c: Spring 2022; d: Summer 2022. ** is P<0.01; * is P<0.05.
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FIFH Pearson AHICA T PFAL T 5% AL 1 577 i 8
YR YRR (E 8), AHME
EFALFEEED 5 FEEAE 4 MR R FAAE, T
2021 4EHRZEM 2021 HFHFZE, 405 E ARG
(P<0.01)(I&] 8a)Fil f. 2 171 #H 5&(P<0.05) (&1 8c), 2021
EHEZE, FEYS COD KWL 5 B F Uk
(P<0.05). £ 2022 4E-FZ, £EM COD Mk &
K (P<0.01), FBHE B FRAAE bR X 5 0 V5 V7 s oh )
FREER MK o & E IR AN AE AR AN A = (R A Sk
IHARE, SHAL 3 WHAEAREHE, &8I
TE2022 S B 54 Y R IE AR BR T 2022 52,
AL 3 WA, 5 SRS bR A 2 R A DG AR L
Yif WM. 18 2021 4R BT, &8 R B(ED
TR ER 5 15 50 BE 48 B0(J) B 35 1IEAHOC(P<0.01)
TE 2021 R R F, BEFIBEED R SRR EH)
S U DG (P<0.01), 7E 2022 4EE 2=, EI, COD
ML AE Y5 2 5048 50(H) 2 W B 2 E A X
(P<0.01), BEMRELS Z M T8 B (1) & W 35 1E A ¢
(P<0.05), EI. TCHLAMBEREEE 5¥5) EHREWE
2 IE AR (P<0.05), & E SR ALTE bn Fl 2 R A DG4S
B B A SR (P<0.05), 2% B IRV 17 e sh 0 K
SERINTE B R U BeAh, R — I
EEMAG AL R, S, HESFEEMEYREE
FHK(E 8a. c), JLHE 2022 K2, BMESFER
W 3 B IEA DG (P<0.01), MI7ERE 22, $hEES R
AR RGO 8b, d). FHEFS R AT
FHEPER 215254k, AT REAZ B sk K A RZ IR . 7E 2022
FREE, ESZHEERH@E) R R E M X
(P<0.05), S¥5) B+ 50(J) 2 M ik 35 17 FH 5(P<0.01).0
TR FE XTI S Y BETE S5 A 5 — E IR IR
il EANAE 2021 475 20 =5 A B I 35 52 R (P<0.01),
e SR h, A SRR S EOT A W ARG
P EMAFEENE, 2 NMEERI KR . pH
KL a Z [0 B EMHEER, XERIKIE.
pH K53 a 025 AR QAR T- b 1 5 7 i o ) 1%
Bt AR X REH, §EFRITREEY
M 3585 Y V25 ¥ 35 0 Vi S W RV S A I B TR 2R TR
PR R s W 2 AR B A

3 it
3.1 EEFLHIEmMm

PRI S A A e sz B R L B SRR
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FEPE R, G TE Y TE NI H AR 5 R K
% (Drira et al, 2014), TEAHEH, FERAKES AR
A b T BETE I U s ) 45 44 1 TR ) Hh kS 32 X4 FH (Hays
et al, 2005). SR, FE55 VSRR IR R0 7 9635,
FEAT 1 b BRARAE 1T B & 5 80 B IR 05 I o g
ARG BN, S E SR &, LR
1 2022 (18 2a), B EFAC BN NI 78R
HEYASR S Z —, SEEE S AK 2Z 8 5
RS2 (FE RS, 2013), TEAR ZIRIGIHESEL, WEFfF
AR IR 5 ] PR S R AR ALY SR K 49120, Sun
FQol6)HETZ LGN RM, BERMFMEY
M) 4 Y75 145 V7 Ui o O AR 7 2 () G540 ) R B I 2R L TR VR
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GERIRAEAL . TEARBIIEH 4 M, KBRS K
HOF RIS RR A IR R (] Sb), RDA AHE
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TR Z 845, 2012), A% 2 JSAE W g Vi 307 Ui 30
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et al, 2005). & A0 AT BEE i IF A Y B PR L
Z BB & A U Y B R R R
W52 e B VR TR 3 (Jones et al, 2005),
Buttino(1994) ¥4 £ 418 /KA E =Y T ETHRT, B2
8 WA 17 A BB s bl 2 A I O R K B
TR ARG, AR T R AR 5 K f g
B R 7K PR HE S A B AT 35 i R0 B A N 3 T T
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SO SRR i B P R R EOR R BE (R, Li D 5§
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Abstract

Coastal ecosystems are critical to biodiversity owing to the strong interactions between

terrestrial and marine environments. Zooplankton are important secondary producers and major drivers of

biological pumps in marine ecosystems and changes in their communities may affect coastal ecosystems.

Therefore, it is important to comprehensively evaluate the effects of various environmental factors on the

changes in zooplankton communities in coastal ecosystems. Previous research has been limited to a single

study on the environmental quality or biological communities in Jinghai Bay, and there have been no

relevant reports on the analysis and evaluation of the relationship between changes in zooplankton
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communities and environmental factors in Jinghai Bay. To study the relationship between zooplankton
communities and environmental factors in Jinghai Bay, four survey voyages of environmental factors and
zooplankton were conducted in May (spring) and August (summer) from 2021 to 2022. Redundancy
analysis (RDA) and Pearson correlation analysis were used to explore the effects of environmental factors
on dominant zooplankton species and communities. The results showed that the degree of eutrophication
in Jinghai Bay increased significantly from 2021 to 2022, particularly during the summer of 2022
(average eutrophication index EI >200). The distribution of EI showed that the EI was higher in estuaries
in the surveyed sea area, and the source of nutrients may be river-diluted water. In addition, there were
significant seasonal changes in salinity, especially in the summer of 2022 (the average salinity dropped to
12.06). The average zooplankton abundance in 2021 was higher than that in 2022, and in the summer of

2022, when eutrophication was most severe, the average zooplankton abundance dropped to 54.07 ind./m’.

However, during the summer of 2022, which had the lowest abundance, the biomass did not show the
same proportion of decline, which requires further study. In addition, Principal Co-ordinates Analysis
(PCoA) revealed significant differences between the 2022 summer zooplankton communities and the
previous three voyages. A total of 47 species of 10 groups of zooplankton were identified during the four
voyages, among which copepods were the most dominant species in spring and pelagic larvae in summer.
Acartia pacifica and Zoea larva (Brachyura) were the dominant species on all four voyages. From 2021 to
2022, the dominance of Acartia pacifica showed a continuously decreasing trend. In the spring and
summer of 2022, Zoea larva (Brachyura) became the dominant species in the sea area, but the relative
abundance and dominance of Zoea larva (Brachyura) decreased in summer. The number of dominant
species, across both years, reached an apex (7 species) in the summer of 2022. The interannual and
seasonal variation trends of the zooplankton communities, as shown by the Shannon-Wiener diversity
index (H') and Pielou’s evenness index (J), in Jinghai Bay were similar. In terms of seasonal changes, H’
and J in spring 2021 were higher than those in summer. In 2022, the opposite trend was observed, with H’
and J higher in summer than in spring. From the perspective of inter-annual change, both the A" and J in
2022 were higher than those in 2021. Generally, from 2021 to 2022, the trend of change of zooplankton
biodiversity in the Jinghai Bay area gradually increased. RDA showed that the dominant species, Acartia
pacifica and Zoea larva (Brachyura), which appeared in all four surveys, were negatively correlated with
EI during spring and summer in both years. Eurytemora pacifica, which only appeared in spring, was
positively correlated with salinity during the spring of the two years, whereas in the summer of 2022, the
newly emerged dominant species Penilia avirostris, Gammaridae, and Schmackeria poplesia were
positively correlated with EI, dissolved inorganic phosphate (DIP), and chemical oxygen demand (COD),
and negatively correlated with salinity. Pearson correlation analysis showed that EI was negatively
correlated with the abundance of zooplankton in all four voyages, positively correlated with abundance
and biomass in spring, and negatively correlated with abundance and biomass in summer. In addition,
Pearson correlation analysis showed that salinity had an impact on the zooplankton diversity index. Based
on the correlation analysis of the RDA and Pearson correlation coefficient, eutrophication was found to be
the main environmental factor affecting the community structure and abundance of zooplankton in Jinghai
Bay, and salinity affected the seasonal variation in zooplankton. In addition, through PCoA analysis and
comparison of data from 2021 and 2022, it was found that occasional events, such as typhoons, may also
be an important reason for changes in the zooplankton community. The results of this study will be
conducive to a follow-up study of the ecosystem of Jinghai Bay and understanding the factors controlling
the dynamics of its zooplankton community, which in turn will contribute to the scientific management of
the ecological environment of Jinghai Bay and an in-depth understanding of the mechanisms of
zooplankton community change in the bay.
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