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Abstract: Phosphorus is a key nutrient in lake ecosystems and a primary limiting factor for primary productivity, with its speciation

and concentration significantly influencing phytoplankton community structure. To investigate the characteristics of phosphorus
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fractions and their effects on phytoplankton assemblages in Lake Changhu, a typical shallow lake in the middle and lower reaches
of the Yangtze River, and to provide a scientific basis for its ecological restoration and precision management, we conducted
seasonal sampling in March, May, September, and December 2024 at 10 sites, analyzing phosphorus forms, environmental
variables, and phytoplankton community composition. Results showed that the annual average total phosphorus (TP) concentration
was 0.117 mg/L, with levels ordered as September > March > May > December and a decreasing gradient from west to east.
Dissolved total phosphorus (DTP; mean 0.060 mg/L) contributed slightly more to TP than particulate phosphorus (PP; mean 0.056
mg/L). Seasonal variation in phosphorus forms was observed: PP dominated in March; PP slightly exceeded DTP in May; DTP
prevailed in September and December, with dissolved organic phosphorus (DOP) predominant in September and dissolved
inorganic phosphorus (DIP) in December. DOP in September was significantly higher than in other months. Phytoplankton were
dominated by Cyanophyta, Chlorophyta, Bacillariophyta, and Cryptophyta. Non-metric multidimensional scaling (NMDS) and
permutational multivariate analysis of variance (PERMANOVA) revealed significant temporal variation in community structure,
showing a clear seasonal succession: from Bacillariophyta + Cryptophyta + Chlorophyta in March to Cyanophyta + Chlorophyta
in May, then Cyanophyta in September, and finally Cryptophyta + Bacillariophyta + Cyanophyta + Chlorophyta in December.
Dominant species included Cyclotella sp. (Bacillariophyta) in March, Merismopedia minima (Cyanophyta) in May, Komma
caudata (Cryptophyta) in December, and Microcystis spp. (Cyanophyta)—a bloom-forming genus—in September, which was also
dominant in May. Redundancy analysis (RDA) and partial least squares path modeling (PLS-PM) identified DOP, water
temperature, DTP, and suspended solids as the most influential factors on phytoplankton community structure, with phosphorus
fractions exerting significant direct effects. DOP showed the strongest effect, particularly promoting Microcystis spp. abundance.
These results demonstrate that phosphorus speciation significantly shapes phytoplankton community structure in Lake Changhu
and highlight the importance of quantitative assessment of different phosphorus forms—especially DOP—for evaluating ecological
risks in eutrophic shallow lakes.
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Fig.1 Distribution of sampling sites in Lake Changhu
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Fig.2 Temporal variations of phosphorus fractions in water body of Lake Changhu: total phosphorus (a), particulate phosphorus (b),

dissolved inorganic phosphorus (c), and dissolved organic phosphorus (d)

(Different letters above bars indicate statistically significant differences (P<0.05) across different periods, and the presence of the same

letter indicates no significant difference (P>0.05))
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Figure3 Phosphorus speciation composition across different periods in water body of Lake Changhu
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Fig.4 Spatiotemporal variations of total phosphorus concentrations and phosphorus speciation composition across sampling sites in water

body of Lake Changhu
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Tab.1 Characteristics of other environmental factors in water body of Lake Changhu

YiNGiEEr 3 5H 91 12H
WD (m) 1.540.5 1.840.5 31+05° 24408
SD (cm) 111424 38541332 30.9+7.72 38.2+10.6
WT (C) 16.240.5" 25.340.4% 29.440.13° 12.240.3%
DO (mg/L) 10.284-0.69* 11.2542.022 6.77+0.41° 12.2840.94?
CoD (mg/L) 14.104+8.13 13.6045.23 20.60+12.03 20.40+521
pH 8.320.15% 8.43+0.072 8.1340.13% 8.1240.14%
Cond (uS/cm) 441.40+33,62 408.60+25.83 354.20423.71° 458.90+69.10°
SS (mg/L) 91.0429.72 9.3+6.2¢ 64.0+19.6% 40.7413.1%*
TN (mg/L) 1.34240.157 1.183+0.531 1.066+0.375 1.48740.885
NH4*-N (mg/L) 0.02240.015 0.022+0.010 0.031+0.023 0.034+0.011
NO;-N (mg/L) 0.003+0.002 0.011+0.010 0.009+0.012 0.011+0.011
NO3-N (mg/L) 0.300+0.163° 0.820+0.397" 0.460+0.3922 0.690+0.3452
DIN/DIP 15.54+7.60° 44.10426.12¢ 26.48+15.19% 22.7145.85%

3% P [E] — AR (AN [ 7 BER R A R 1 ) 22 R BISEHH 2 B K (P<0.05) , GHIFETRERZRAEE (P>0.05) ; LF
BRAAFERHZERARE (P>0.05)
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Fig.5 Phytoplankton species composition across different periods in Lake Changhu
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Tab.2 Dominant phytoplankton species and their dominance degrees across different periods in Lake Changhu

BN PLF A 3H 5H1 9H 12 A
W FaBkisE Aphanocapsa sp. — 0.15 — —
41/ V343 Merismopedia minima — 0.60 — 0.05
T B Microcystis spp. — 0.04 0.77 —
B 1 I3 Pseudoanabaena sp. — — 0.04 —
K 1@ Dolichospermum sp. — — — 0.09
L] 11 B 3 Kirchneriella contorta 0.03 — — —
ERA 4 Chlamydomonas globosa 0.04 — — 0.06
JAERTS Hir i Westella botryoides — 0.02 — —
Tk /NI Cyclotella sp. 0.61 0.03 — 0.15
R H 84 Komma caudata 0.14 — — 0.23

* “—7 FRRFE ¥<0.02,

232 FHaMHFRE TR KMFHEY FEHME (n=40) Jy 72.18x10° cells/L , 7 535 B A
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Fig.6 Phytoplankton abundance across different periods in Lake Changhu
(Different letters above bars indicate statistically significant differences (P<0.05) across different periods, and the presence of the

same letter indicates no significant difference (P>0.05)
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Fig.8 Non-metric multidimensional scaling plot of phytoplankton community structure in Lake Changhu
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Fig.9 Redundancy analysis (a) and explained variation (b) of phytoplankton communities and phosphorus fractions and other
environmental factors in Lake Changhu
(spl: Komma caudata, sp2: Chlamydomonas globosa, sp3: Cyclotella sp., sp4: Kirchneriella contorta, sp5: Westella botryoides, spé:
Aphanocapsa sp., sp7: Merismopedia minima, sp8: Dolichospermum sp., sp9: Pseudoanabaena sp., sp10: Microcystis spp., DOP:
dissolved organic phosphorus, DTP: dissolved total phosphorus, WD: water depth, SD: transparency, WT: water temperature, DO:
dissolved oxygen, SS: suspended solids, NO3™-N: nitrate. Solid arrows in panel a represent environmental factors, dashed arrows represent
dominant phytoplankton species, and points indicate sampling sites from different periods. The length of an arrow indicates the extent to
which the variable explains the distribution of the phytoplankton community; the longer the arrow, the stronger the correlation. The angle
between arrows reflects the correlation between variables: a smaller angle indicates a stronger correlation, with acute angles representing
positive correlations, obtuse angles indicating negative correlations, and right angles suggesting no significant correlation.)
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Fig.10 The effects of phosphorus fractions, nitrogen level, water physical state and physicochemical level on phytoplankton community
structure by partial least squares path modeling
(DOP: dissolved organic phosphorus, DTP: dissolved total phosphorus, WD: water depth, SD: transparency, SS: suspended solids, WT:
water temperature, DO: dissolved oxygen, NOz-N: nitrate. GOF indicates the goodness of fit of the entire model. The direction of the
arrows between latent variables represents the direction of regression paths, with red arrows indicating positive effects and blue arrows
indicating negative effects. Numbers on the arrows denote path coefficients, with asterisks indicating their significance levels (* for P<0.05,
** for P<0.01, and *** for P<0.001). R=alues inside the latent variable boxes represent the proportion of variance explained. The outer
boxes show the observed variables and their loadings, where loadings reflect the strength of the relationships between latent and observed

variables — the higher the loading, the stronger the correlation)
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