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The Dynamics of Zooplankton Community in Dianshan Lake (Shanghai, 2019-2024):
Response to Submerged Macrophyte Restoration*

Yan Jun, Zhang Yuping™& Zhang Dan
(Shanghai Fisheries Research Institute, Shanghai Fisheries Technology Extension Station, Shanghai 200433, P.R.China)

Abstract: To clarify the long-term succession of the zooplankton community in Lake Dianshan and its responses to submerged
macrophyte restoration, we conducted four-season field surveys from 2019 to 2024 and systematically analyzed community
characteristics and environmental variables. We used UpSet plots, non-metric multidimensional scaling (NMDS), and canonical
correspondence analysis (CCA) to quantify species composition stability, patterns of dominant species, and community
succession features. We also assessed water quality comprehensively based on indicator organisms and diversity indices. A total
of 58 zooplankton species were identified. The proportion of annual shared species ranged from 46.34% to 55.88%, indicating
relatively stable species composition. Mean zooplankton abundance and biomass were 99.33 ind./L and 4.87 mg/L, respectively.
Interannual fluctuations were small, but seasonal differences were significant, with summer peaks, and spatial homogeneity was

high. Twelve dominant species were selected. Bosmina longirostris remained a dominant taxon across all six study years. NMDS
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outputs showed high community structural homogeneity in 2019-2021, and the intra-group aggregation reached the maximum in
2020. In contrast, intra-group aggregation declined markedly in 2022—2024, and this change was closely related to the outbreak
and recession of cyanobacterial blooms. For seasonal succession, the winter zooplankton community showed regular succession
along the primary axis, whereas community structures were similar among other seasons. CCA outputs showed that water
temperature, salinity, total nitrogen, pH, and dissolved oxygen were key environmental variables driving shifts in zooplankton
community structure. Small-bodied zooplankton groups and B. longirostris maintained long-term dominance, and the community
structure was highly sensitive to bloom events. Large-scale re-establishment and persistence of submerged macrophyte
communities were first recorded in the southern zone of Lake Dianshan starting in 2024. Assessments using indicator organisms
and diversity indices indicated that water quality stayed at the o—f mesotrophic level, but showed obvious improvement in 2024.
Field observations supported spatiotemporal coupling between water quality improvement and macrophyte recovery. We infer
that vegetation restoration improves habitat heterogeneity and food-web structure and thus indirectly enhances community
stability. Nevertheless, its driving influences on water quality need long-term validation. The “physicochemical-biological-habitat™
response mechanism chain built in this study supplies practical monitoring indicators and decision-making references for
eutrophication mitigation and efficiency evaluation of ecological restoration.
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Fig. 1 Location of the sampling sites in Lake Dianshan
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Tab. 1 Species diversity index and evaluation criteria of water quality in Lake Dianshan

B PN AR
EZEdiEi=v N — — — ———
Hi5Y a-H1y5 B-rhi5 FiEEIEE
FEEERE (dw) 0~1 >1~2 >2~3 >3
ZRVERE (H) 0~1 >1~2 >2-3 >3
VIZIESREL () 0~0.3 >0.3~0.5 >0.5~0.8 >0.8

BT R vA5.1 BfF, FIR“UpsetR™ Ol sh W& B, Al “Vegan (XM AN W) BE & AL V18
AT R L 4R ST (NMDS) , K] Bray-Curtis 5 2550 M A% Z 4541 (Range Standardization) %
—ENFEATIAL, DL R T LR I S AR 4 R T AT

i H SPSS 27.0 B il sV IRAT B M Z A MEFRBOAT PR 3 07 22407 (One-way ANOVA) , DA
Duncan % & LLEGEK AL 1A 22 52 B E1E, ¥ P < 0.05 NZERZE K. {8 Canoco 5.0 Hlh 7 Mgt
RAFEE S IR E I, ERMEEE &SR 1%L LB YRR S A ISR R T AR AT
ZHaABI BT (DCA) , RABHEF KA HALE M. BE—HFHKE > 3, REHFEEIER
i JEE S BRI R, U FH LR REZMHT (CCA)Y 5 IR TUAR M (RDA)

{8 I Surfer 21 #4223 LM SRR AR 25 &, Excel 2024 5e R ILAEEM L REMEIE SO BRI, 2
Mr B AE LR il o BR R YR TT 73 N TR R R S AP EAETEAS, S T R AR AE 73 55001,
ELVE LTGS2 D 4y LU A, AR AL BRI R SR AR TE AR RS 5 A B VA T TR R IR AT B IR B



2 BER55

2.1 R EA R

7E2019—20244 3¢ LA & A, L% 5 iR 2h P36 )@ 58F (AEIRTAFH4iR) , it di1a)g
28%h, LSRN E148.28%, K AIK1LELTRY (29.31%) MIKSEK11E 13 (22.41%) . WM ES K ER,
TR ILE YR 195, Forhfe EOM, KA ISARE B 5 N5FI . 202047 L AT sh W I P P 5 et
%, NALRP, FeEYIF2F; 20194 F2024 ) Fh 35 9400, H 2024 KA Fh3Fh, 2019 KA il
Fli; 20204E37F, FREMLR; 20224F36F, FEE MM 2023FE P ER D, F3AF, TFEM. LEY
T o AR R A 48] D9 46.34%~55.88%, VRIS AN AN —E, UL EAVE LT R BT AR BR AR A A T

Intersection size

1111111111111 1 11111111

—IRB R

||||||||||

R D R P RO S 2D

Set size

12 2019202443 LTSI Sh P Fh 46 & &
Fig. 2 Upset plot of zooplankton species in Lake Dianshan during 2019-2024
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Fig. 3 The spatiotemporal variation of zooplankton abundance and biomass in Lake Dianshan during 2019-
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Tab. 2 Dominant species and dominance of zooplankton in Lake Dianshan during 2019-2024
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*
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*
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*
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0.044
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Fig. 4 Non-metric multidimensional scaling (NMDS) ordination of zooplankton abundance in Lake
Dianshan during 2019-2024
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Fig. 5 Canonical Correspondence Analysis (CCA) of zooplankton community abundance
and environmental factors in Lake Dianshan during 2019-2024
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Fig. 6 Spatiotemporal variation in zooplankton species diversity indices in Lake Dianshan during 019-2024(a, b,
¢ indicate significant differences, P<0.05). The indices include the Margalef richness index, Shannon—Wiener
diversity index, and Pielou evenness index
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