J. Lake Sci.(#H715), 2026, 38(1):000-000
DOI 10.18307/2026.0133
©2026 by Journal of Lake Sciences

SMNEETKEYMFEZSBSRIFHESREE N
FEI2S, BAR, BT, WA, P, RWRL, BEM?, gL

CLBMITE KA AE A B E 250, 5iPfH 550025)

2 [ Bl B bR b 2 7 BT A5 Bk 2 [ 5% R s S0 =2, $EFH 550081)
(3: 75 R W T L A= 9 22 RE M R [ AR B s =s, 5 FH 550025)
(ALTK R 25 RGN B B AR BT 723k, 55FH 551499)

OB WHARIE R TR S K A R AL, AN ADR R AR B A TR R BTIR, e R TR
Bl mEAER . AUFTCLASNEE AR R, 456 B AMA AN = AR 7RI R T IR R 2 18] S R
b, FEEETUUKMEIRE RS RYEM T BERRAIE . e AR E UK PR AR T 43 W I PP AR, T4 T B0 AN [
X YUKERNTERRE R 1. BTRLGIREY, LTS R e 7 PR BE 0F, P33 2 3650 1159 Fi/m? (0-
15cm) , M5 KIENERGRE R B (Chara vulgaris L) SAE3 07 FE STk oK. TR T BB BRI “ R
G MRS, B AR ARG R X e 7 R T BT ARSI NGRSV, Ky IRk
X7 CEEREIXT A CGDIEX L SRR T R I SR ISR BT, R KOTSRS FEF
TRERIEE S BAESIRE R B RAeREX 7, REUHIRGEIE, 9Tk 5S4 E e melE R, (Lt AR IKE,
[ 4 & N A ESE T 2 Rk LA R gehe e i KT J IR “ B AU X 5T F VTS edz bl S K i A i i »
NFPTHRAGOUKE A K QS W RS AL, AN TAMA e B, (et DUKERE RS, Fh7 B GEURAE N B = B2 WUR
Pshm RHALR R BEIX 7w UK e R X, 5 B WA O X IR TE UK A E R, KGRI W] Il sUS
TR T PEXME SRR, B IR YUK IS . B FUSE TR 1AL T IR AL B KIA K A R A A W AR B A4 A
S

R YUKKEY; F7 7, ERISATRHE; W81, Wil

Spatial distribution characteristics and restoration potential of the submerged plant seed
bank of the Lake Caohai in China

Huang Xia'?2, Yang Haiquan?* ™, Chen Jingan®*", Hu Senhua?, Lu Jia?, Du Lifen?, Yang Tianyao?, Xu

Xiaorong®23**

(1: School of Life Sciences, Guizhou Normal University, Guiyang 550025, P.R.China)

(2: State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081,
PR.China)

(3: State Forestry and Land Administration Key Laboratory of Biodiversity Conservation in Southwest Karst Mountains, Guiyang
550025, PR.China)

(4: Guizhou Province Field Scientific Observation and Research Station of Hongfeng Reservoir Ecosystem, Guiyang 551499,
PR.China)

Abstract: The sediment seed bank of submerged macrophytes in lakes has been shown to reflect the historical species composition of
aquatic vegetation. This provides germplasm resources for population maintenance and dispersal, and it plays a crucial role in plant
community restoration and succession (Jones et al., 2019). The present study concentrated on Lake Caohai, employing a combination of
field surveys and laboratory germination experiments to elucidate the spatial distribution characteristics of submerged macrophyte seed
banks in sediments. A comprehensive restoration potential assessment model was developed by integrating submerged vegetation,
sediment seed banks, sediment properties, and water quality parameters. The present study investigates the status of the submerged
macrophyte seed bank in Lake Caohai sediments, which has been found to be relatively intact with a high storage density (average 3650
+ 1159 seeds/m? in the 0—15 cm layer). The dominant species in this seed bank is Chara vulgaris L., a species which has been found to be
pollution-tolerant and highly adaptable. The distribution of the seed bank was primarily in the surface sediment (0—15 cm), indicating an
obvious "surface aggregation" phenomenon and spatial heterogeneity, with significantly higher densities in the southern and northeastern
nearshore zones compared to the central lake area. Spatial aggregation analysis indicated that Chara vulgaris L., Vallisneria natans, and
Potomogeton perfoliatus L. exhibited aggregated distribution patterns. Following a thorough evaluation of the ecological restoration
potential, the lake was designated as falling within one of three categories: priority restoration zones, key restoration zones and transition
zones. It is imperative that, during the critical seed germination periods, low water level operations are implemented throughout the lake,
with differentiated strategies. For priority restoration zones that possess abundant seed resources and high restoration potential, wave
reduction measures should be adopted in order to create stable environments for seed germination and seedling establishment. This
approach will promote natural recovery while enhancing species diversity and ecosystem stability through artificial regulation. The key
restoration zones with the lowest restoration potential require internal pollution control and water quality purification measures to create
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recoverable habitats before artificial replanting of native, pollution-tolerant pioneer species. The northern shore (transition zone),
characterized by relatively scarce seed bank resources and the most severe wave disturbances, can be designated as the final restoration
area for submerged macrophytes across the lake. Following the completion of submerged vegetation reconstruction in the southern and
central lake areas, and with wave disturbances significantly reduced, measures such as seed bank supplementation and targeted planting
should be implemented to gradually restore the submerged macrophyte communities in this region. The present study provides a theoretical
foundation and practical guidance for the restoration of degraded aquatic plant ecosystems in shallow lakes.
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Fig. 1 Distribution of sampling points for the survey of submerged plants and sediment seed bank in Lake Caohai.
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Fig. 2 Heatmaps of sediment seed bank density for different species and total density distribution in the Lake Caohai (a: sediment seed
bank density of different species; b: total density distribution heatmap )
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Fig. 3 Seed bank densities at different sediment depths in the Lake Caohai
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Fig. 4 Horizontal distribution of seed bank densities of nine submerged plants in Lake Caohai
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Tab. 1 Population distribution patterns of different species in sediment seed banks
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Fig. 5 Vertical distribution of seed bank densities of nine submerged plants in different sediment depths
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Tab. 2 Submerged plant biomass in the Lake Caohai in April and July
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Fig. 6 Species diversity and Sorensen similarity coefficients of seed banks and surface submerged vegetation
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Fig. 7 Evaluation system for submerged macrophyte restoration potential in Lake Caohai
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Tab. 3 Analysis of indicator layer factors: principal component loading matrix, eigenvalues, and variance contribution

HF %

2% 2% a3 Ry 4
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Tab. 4 Comprehensive evaluation indicators and weights for ecological restoration potential
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Tab.5 Comprehensive score of the ecological restoration potential of sample sites

B UKIEY) JRYEF T FE JURPIREE K RHAIE it
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L4 6.40 434 797 7.53 26.24
L5 9.41 1.41 12.52 4.49 27.83
L6 5.71 1.66 11.57 4.68 23.62
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L8 18.62 22.32 0.00 6.24 47.18
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L15 6.52 4.38 7.31 5.81 24.02
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Tab. 6 Classification of ecological restoration potential index grades

Y A EIE P  RELR a1 AT
S
Ll. L4, L5, L6. L12, L14 . LIS <30.00 —% ()
L2, L10. LIl [30.00—40.00) — g R
L3, L7. L8. LI3 [40.00—60.00) =4 (R
L9 =60.00 Mg G

104

0.0

A4

PO (30.29%)
P 8 FFTUKYIRE /M X () H5ARRE X H SR T 0 D

Fig. 8 Submerged macrophyte restoration zones in Lake Caohai (left) and principal component analysis (PCA) of environmental factors

in different restoration zones (right)
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