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Abstract: Zooplankton community structure is a critical indicator of lake ecosystem health. Clarifying its
spatiotemporal dynamics and environmental drivers is important for ecological conservation and water
environment management. The Huayanghe lakes are typical sluice-controlled river-connected lake
groups in the middle and lower reaches of the Yangtze River, and they also serve as an important regional
drinking water source. Investigating the spatiotemporal variations and driving mechanisms of metazoan
zooplankton community structure in this lake group provides essential references for lake ecological
protection, water quality improvement, and drinking water source management. This study conducted
systematic field investigations on metazoan zooplankton community structure and aquatic
physicochemical parameters in the Huayanghe lakes across four seasons: April 2023 (spring), July 2023
(summer), October 2023 (autumn), and January 2024 (winter). Redundancy analysis (RDA) and variation
partitioning analysis (VPA) were used to identify the core factors shaping the zooplankton community
structure. In total, 67 metazoan zooplankton species from 50 genera were identified, including 37 Rotifer
species from 23 genera, 15 Cladoceran species from 14 genera, and 15 Copepod species from 13 genera.
Abundance and biomass of metazoan zooplankton ranged from 21 to 956 ind./L and from 2.83 to 17.09
mg/L, respectively. The zooplankton community showed clear seasonal changes. Abundance peaked in
autumn, while biomass was highest in spring; both were lowest in summer. The number of dominant
species, Shannon-Wiener diversity, and Pielou evenness were higher in autumn and winter than in spring
and summer, whereas Margalef richness was highest in summer. Spatially, abundance and biomass
followed the order: Lake Longgan > Lake Huangda > Lake Bo. In contrast, Margalef richness, Shannon-
Wiener diversity, and Pielou evenness showed the opposite pattern: Lake Bo > Lake Huangda > Lake
Longgan. Environmental correlation analysis revealed that the key factors affecting zooplankton
community structure differed markedly across seasons and lakes. Seasonally, zooplankton communities
correlated positively with suspended solids (SS) and ammonium nitrogen (NH4*-N) in spring, with
dissolved total phosphorus (DTP) and phosphate (PO4*—P) in summer, with PO,*~P and permanganate
index (CODMn) in autumn, and with total phosphorus (TP) and dissolved oxygen (DO) in winter. Spatially,
SS, PO,*-P, and water transparency (SD) were the main drivers for zooplankton structure in Lake
Longgan, Lake Huangda, and Lake Bo, respectively. VPA results showed that water environmental factors
and sluice-regulated hydrological factors together explained 54.7% of the total variation in zooplankton
community structure. Specifically, water environmental factors independently explained 28.1%,
hydrological factors independently explained 17.4%, and their joint effect explained 9.2%. These results
indicate that sluice-regulated water levels modulate water exchange, suspended sediment transport, and
nutrient distribution, thereby substantially shaping the zooplankton community. Seasonal assessment
showed that the Huayanghe lakes were oligotrophic-mesotrophic and oligosaprobic in summer, but
eutrophic and a-mesosaprobic in spring, autumn, and winter. Spatially, Lake Bo was oligotrophic—
mesotrophic and oligosaprobic, Lake Huangda was mesotrophic and a-mesosaprobic, and Lake Longgan
was eutrophic and B-mesosaprobic. Overall, the metazoan zooplankton community in the Huayanghe
lakes exhibited clear spatiotemporal heterogeneity, driven by multiple environmental variables including
nutrients, suspended solids, and dissolved oxygen. This study provides a scientific basis for ecological
protection, eutrophication control, and drinking water source management in the Huayanghe. lakes
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Fig. 1 Sampling points of the Huayanghe lakes
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Tab. 1 Water level characteristics upstream and downstream of the sluice during the four sampling periods in the Huayang lakes
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Tab. 2 Seasonal variations of physicochemical parameters in the Huayanghe Lakes

AL T HE HZ *®E = P
DO (mg/L) 9.54+0.18 10.29+0.42 8.3+0.28 14.66+0.15 <0.001
WT (°C) 24.57+0.22 30.06+0.24 20.13+0.18 3+0.09 <0.001
SD (m) 0.14+0.04 0.4620.10 0.32+0.07 0.540.12 0.032
SS (mg/L) 101.8318.44 25.445.61 19.0543.37 0.16+0.01 <0.001
NO;—N (mg/L) 0.1£0.03 0.0520.02 0.16+0.03 0.42+0.08 <0.001
NOy~N (mg/L) 0.004:£0.001 0.008+0.005 0.0140.003 0.0030.001 0.015
PO/ P (mgL) 0.001£0.0002 0.005+0.001 0.004+0.0004 0.008+0.001 <0.001
NH;*-N (mg/L) 0.017:£0.002 0.0070.001 0.006=0.001 0.0120.002 <0.001
DTN (mg/L) 0.50+0.04 0.470.05 0.56=0.07 0.760.11 022
DTP (mg/L) 0.0120.001 0.030.002 0.020.001 0.01£0.002 <0.001
TN (mg/L) 0.58+0.04 0.6120.06 0.64+0.07 1.21+0.18 0.041
TP (mg/L) 0.04+0.005 0.04=0.004 0.040.004 0.2240.055 0.19
Chla (mg/L) 9.731.75 24.3+4.22 9.63+2.04 4.4620.82 <0.001
cob, (mg/L) 3.6240.22 4.45+0.34 3.39+0.28 4.58+0.65 0.1
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HZEREE (P<0.05), MERIMAKTESEF>LXF>HTF, HPKFEEERFISIMFERLRK, 7 956
ind/L, BF®/mTHM=AZEY, BZEWRAEEHAEER 76.37%. BEEEFHRNFEREK, L
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HEREER (P<0.05). BEENAEYERS, N 17.09mg/L, HofEREYE S 84.02%; EE4AYE
BAK, N 283 mg/l; MESEFFEFHEIMENEEFAEE (P>0.05).
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Fig. 2 Spatial changes of main physical and chemical indicators in Huayanghe lakes
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Fig. 3 Seasonal variations of metazoan zooplankton abundance (a) and biomass (b) in the Huayanghe lakes
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30.64%F1 29.81%. W f i, N 43.61%, BEISAE AN 28.59%F 27.80%. %%
XRAE S P ETE, RROAYER S, N 17.19mg/L; AWK Z, N 9.12mg/L; HBIERIK, N 2.02
mg/Lo R A b, =N X5 AR BN A s 5 IO 2 S 3 iR R S P AR e 14.57 mg/L,
AR 84.80%; TEAIMBL ISR 8.02 mg/L, & 87.95%; HIF RIS YR N 1.76
mg/L, 15 86.91%. FifZRIE =X AR EYE S L3008 13.88%. 11.52%F1 12.36%; 5 HEYE S
BB, 49008 1.32%. 0.52%F1 0.73%.
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Fig. 4 Spatial variation of metazoan zooplankton abundance (a) and biomass (b) in the Huayanghe lakes
223 kYA L S JFAEFRSIVILAMAEREETER (GR3, ETEL, NHAMERRIA
R (R DO NETENKE, HEME ZERBFE AT, EZEURAINE, KR8 (Bosmina
longirostris) TEH . BN FM . KEMLEBNAMABMN 5, HABERUR IO E. K
FRAFOTEARE RBI W (Brachionus angularis). AP B (Keratella quadrata) ¥HiRZ e M
(Polyarthra trigla)~ VIRIEH (Pompholyx sulcata)~ K[HPEEFE R (Synchaeta oblonga) K KA H 5%
&, Hrp KRB SRR U E KL T RA A . AN DA RE R . Fn Pl &
1% % e MAZ TR A A . (Keratella cochlearis) S5 EZARF P, H AR o e dUE X TN IR 5
Flie WZEEGAKE, SWHARAFHBARMER G, LB AR o, BESAxiL, H
KAR S B8 AE =W 1 R AT A 35l o 05 4340 b 28 I e W) 5 P e S P AR 3 R AIE - TR G 188 (Moina micrura)
FVE IR VG AXFE T TR B AR 35 i s s AR B8R (Alona guttata) FI W A 52 JE 817K & (Limnoithona sinensis)
AR KT LB H s (51838 (Daphnia cucullata) FVEEFFRRE (Diaphanosoma brachyurum) {XAEA
T R b
R 3 EHITHIREA R 5 A P

Tab. 4Dominant species of metazoan zooplankton in different seasons in the Huayanghe lakes

i T HE FKE A7
EHEZ Mgt Ay (Polyarthra trigla) 0.02 0.06
KRFEEFE B (Synchaeta oblonga) 0.05

KHGEIE (Bosmina longirostris) 0.29 0.21 0.03 0.04
TG % (Moina micrura) 0.02

FEWRTER AL (Euchlanis pellucida) 0.02

IR EE R (Keratella cochlearis) 0.02
FALE® (Conochilus spp) 0.02

MR EH (Keratella quadrata) 0.03 0.04
FARMLRE (Ceriodaphnia cornuta) 0.03

9 R M (Branchionus angularis) 0.03 0.04
SIKEZLIE (Cyclopoid Copepodid) 0.02 0.02 0.04
VAR . (Pompholyx sulcata) 0.14
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Tab. 4 Dominant species of metazoan zooplankton in different regions in the Huayanghe Lakes

i Y3 EONT ]
BHRSIKE (Thermocyclops hyalinus) 0.03 0.03 0.04
A UKD H8I7K#F (Mesocyclops leuckarti) 0.02 0.03 0.02
YK Fhik (Calanoida Copepodid) 0.03 0.02 0.03
ARG SK & (Limnoithona sinensis) 0.02

HRMLE (Ceriodaphnia cornuta) 0.04

TIRRIG . (Moina micrura) 0.03

KH# 5 5% (Bosmina longirostris) 0.69 0.26 0.37
5 RF5 4 (Diaphanosoma brachyurum) 0.02
W% (Daphnia cucullata) 0.03
FRENE (Alona guttata) 0.02

ARG RE W (Branchionus angularis) 0.08 0.05

BEALE RS (Branchionus calyciflorus) 0.02 0.02

FEIEEE R (Euchlanis pellucida) 0.02

W4 . (Keratella cochlearis) 0.04 0.08 0.05
VAR R (Keratella quadrata) 0.09 0.05 0.02
R L F AR B (Keratella valga) 0.04 0.03
EMEZ A B (Polyarthra trigla) 0.09 0.11 0.22
KPR I (Synchaeta oblonga) 0.08 0.03

VRIS . (Pompholyx sulcata) 0.15

RAtseJ@ (Conochilus spp) 0.03 0.03 0.06
JUEE BE N (Chromogaster testudo) 0.02
TR (Trichocerca spp.) 0.03 0.05
K=JEEe A (Filinia longiseta) 0.02 0.02
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Fig. 5 Seasonal variation of metazoan zooplankton diversity index in the Huayanghe lakes
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Fig. 6 Spatial variation of metazoan zooplankton diversity index in the Huayanghe lakes
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Pearson FHIG/MHTAN VIF &5, HHEE] TP EHINIE FIRERMEP W EIAEREE S, FFNE Rt
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Fig. 7 Correlation analysis of physicochemical parameters
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#S RDA2 Bt a3 Ao HER TR KRR, SS. SD. NH4'—N. DTP fll POs—P M BMNHK, #
I 8 (K] 7 5 5 A VR I sh A B VR HE A8 o AR e M AR X 45 o NS RE S0 A R, DUZSRE s e HE 7 B P
FIE—ERREES, UHARZEN G EFRESNREE-IFREE0 8. Hod, BERF S X5 T RDAL
B 6 n) X35, 5 SS A NHa'-N J7 [0 B o# s H KRR S 2 40 THF Bl H 0 & RDAL iE ) XI5,
5 DTP Ml POL—P J7 BRI AZEFE M X204 T RDAL Al RDA2 HiEMX 4K, 5 SD 1 DO J7
MO EL ., KARERE. FRARR I, MRERR I MRS R AR R Sy i 2205
RDA1 #iJ5FIEIF, RIS 5 RDAL FrARRMIAEEEE R RENED].
® SHBERTHEWIKE T (VIP) %4

Tab. 5 Variance Inflation Factor (VIF) results of physicochemical parameters

W7 VIF IR T VIF
CODw 521 DTP 4.14
NO;-N 41.01 DTN 40.29
NO,-N 3.35 TP 11.83
NH;—N 4.55 N 25.11

SsS 2.69 Chla 3.57
WT 6.53 DO 473
SD 2.859 PO-P 3.095

k5 3 AT VA5 S AR X 5 AR TR S IR I A R, T 7 RSP RIKALZERIRT 15 RKALZAE 4k
YERIRAL ISR T (VIF=4.84), FTRAREERTE KA 22 5 XL Betb i shid 72, I 57k H KR
BER AL RN BT 243 i@ o3BT (VPAD o S5 RIEIR, /KALiEshH 7 5K IR EE N 7 LA 5 R V3 i sh )
IR M SR 0] 54.72% GG R2=0.547). HH, KIFEEEFRIMALFERRN 28.07%, KAL#ES)H
F ST IR R 17.43%, & ILEREEN 9.22%, KRG H 45.28%. 999 K B ki 4 S 5N,
Y % P AH DR RS KR 33K B 5 3 KSF (P =10.001)

(a) (b)

SS

0.0

28.07% 9.22% | 17.43%

RDA2 (9. 67%)

-0. 5

NO;-N KA 2H R T

-0.5 0.0
RDA1 (43.17%)

B 8 HEPHTTIRE 5 AL PR B sl IR S ML T RDA HE(a) & VPA Z73#7(b)

Fig. 8 RDA ordination (a) and VPA analysis (b) of metazoan zooplankton communities and environmental factors in the Huayanghe lakes
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Fig. 9 RDA analysis ranking plot of spatial zooplankton and environmental factors in the Huayanghe lakes
(a: Lake Longgan ; b: Lake Huangda; c: Lake Po)
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