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Abstra.ct, Cl ea}r.xemcﬁl variations in phytoplankton community structure are u_s.uaHY observed in deep-water lakes and reservoirs, which is one of the key components of water

o

quality and écosystem functioning. However, the vertical patterns and ecological drivers of phytoplankton communities in deep-water lakes and reservoirs are still understudied.
In this study, we took Qiandao Lake, a deep-water reservoir, as an example to reveal the vertical distribution characteristics of phytoplankton communities and its influencing
factors by investigating phytoplankton community structure and the associated water quality index at 12 sites across the whole lake in two seasons (spring and autumn). The
results showed that the phytoplankton abundance and chlorophyll @ were highest in the surface layer in autumn and then decreased toward deep water, whereas in spring, the
maximum value occurred in the subsurface layer (2-5 m), and the dominant phytoplankton species showed obvious vertical stratification characteristics. Specifically, in
spring, Cryptomonas and Pseudanabaena dominated the surface and subsurface layers, Cryptomonas dominated in the middle layer, and the abundance of Cyclotella at the
bottom layer was significantly higher than that of the other algae genera. The dominant genera in autumn were Pseudanabaena and Aphanizomenon. In the subsurface and
middle layers, Leptolyngbya and Pseudanabaena occupied the dominant position, and Leptolyngbya became the only dominant genus. In the bottom layer, Lepiolyngbya was the
only dominant genus. The key environmental indicators of the water also had obvious vertical changes. The contents of N and P nutrients had a negative correlation with the
water depth in spring, whereas the reverse trend was observed in autumn. The correlation analysis showed that the vertical variation in phytoplankton abundance in spring was
significantly positively correlated with phosphate concentration, whereas the vertical distribution of phytoplankton abundance in autumn was significantly positively correlated
with intensity of light, and the water temperature, NH," -N, and total nitrogen were the main factors driving the vertical changes in the dominant genera of phytoplankton
community in the two seasons. To summarize, environmental conditions such as water temperature, light, and nutrients had strong effects on the vertical distribution of
phytoplankton. In the ecological investigation and quality assessment of deep-water lakes and reservoirs, the vertical distribution characteristics of the phytoplankton community
structure and the influence of environmental conditions should be fully considered.

Key words: Qiandao Lake; deep-lake; phytoplankton; nutrients; vertical distribution
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Table 1

Vertical distribution of environmental factors in spring and autumn

ABICE-H) 2z ki BRI AR JEEY BA

AERA

AR e B IR BB Wik

19.28 +0.74
18.32+1.06
16.50 +2.83
12.42£0.20

2021-04

2.62+2.35
2.52+1.32
1.60+1.53
0.72+£0.24

2.11+2.22
1.75£1.20
0.81£0.82
0.29£0.18

0.50+0.23
0.76 +0.49
0.79+1.13
0.43 +0.36

1.12+0.48
1.06 +0. 40
1.00 +0.31
0.74 £0.06

0.91+0.30
0.87 +0.31
0.77 +0.31
0.79 £0.09

0.80 +0.27
0.78 +0.29
0.70 +0.27
0.71 0. 04

0.043 £0.03
0.049 +0.03
0.046 +0. 02
0.034 £0.03

0.025 £0. 027
0.022£0.017
0.015+0.012
0.008 +0. 003

0.011 +0. 008
0. 008 +0. 006
0. 006 +0. 004
0.007 +0. 002

0.0023 0. 002
0.001 6 +0.001
0.0015 =0.001
0.0020 0. 002

21.53+0.43
21.83+0.25
19.60 +2. 10
14.76 +1.86

2020-10

O O WO O W =

1.33+0.30
1.34+0.30
1.50 £0. 60
2.06 £0.80

0.86£0.15
0.88+0. 14
0.67 £0. 14
0.61£0.10

0.47+0.23
0.46 +0.20
0.83 £0.65
1.45+0.77

0.84 £0.12
0.86+0.16
0.88+0.18
0.94£0.12

0.61+0.13
0.60 +0. 14
0.58 +£0.27
0.57£0.18

0.31+0.10
0.30+0. 11
0.32+0.25
0.30£0. 14

0.037 £0.02
0.042 £0.02
0.051 £0.04
0.087 +0.09

0.017 £0.01
0.018 +0.01
0.021 £0.01
0.024 £0.02

0. 004 0. 001
0. 005 0. 005
0. 008 0. 006
0.007 +0. 005

0.0019 0. 0004
0.0022 +0.001
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0.006 2 +0. 004

1) B IE + bRz ; AR SEAC AR R mg- 17!

2.2 & BKHEFRIAED I SR A2 L
WK 3 i, /2, A, B, CH D 2RI HEY

A BESE M 20 N 3.76 x 10°, 4.83 x 10°

1.46 x 10° F119. 88 x 10’ cells-L.™"; p( Chla) “F-#J{&

MW R 16.37, 12.96. 5.71 Fl 1.61 ug-L™';
Shannon-Wiener 2 £ M 48 B0 2 H 0 5 A 1,75,
1.77. 1. 48 F12. 23, Shannon-Wiener Z £ $8 50
SRR E R TR R A, FEURZ
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FEAE . Wilcoxon FEAIKG IR 45 5L 0L 3 2, /2 A FI
BIETEFIMHY MK S B ZH EZR AR E (P >
0.05) 05 C EfEFIMY FE L2 EEER
(P<0.05); B 25 C F1 D JZ7E F F M Shannon-
Wiener ZAEPETR BRI 225 5% (P <0.05).
BkZE, A, B, CHI D 2 VR Y 40 M B3

53518 5.91 x 10°, 5.17 x 10°, 1.70 x 10° #I
6.04 x 10° cells-L™"; p(Chla) FIH{EMK K Ky 3. 86,
3.79.1.40 F10.53 pg-L™"; Shannon-Wiener £ ¥
PEFE BB 1,71, 1,66, 1,41 F1 1. 33. Fk
Z AR5 BIZRIFHY R SR ERARE (P >
0.05),H5 C M D JZEMEBEEZER (P <0.05).
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Fié. 3 Vertical distribution characteristics of phytoplankton abundance, chlorophyll a, and Shannon-Wiener index in spring and autumn
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Table 2 Rank sum test between vertical stratification of phytoplankton community parameters in spring and autumn
ACHE-H) T B8 : HIETG FH AT :
Avs. B Avs. C Avs. D Bvs. C Bvs. D Cvs. D
TR AN 0.019 0.007 0.019 0.007
2021-04 Chla 0.021 0.028
Shannon-Wiener 75 %% 0.028 0.049 0.028
TR A 0.011 0.003 0.008 0.001
2020-10 Chla 0.005 0.004 <0.001 <0.001 0.029
Shannon-Wiener 5 4{ 0.036 0.008

2.3 & BKPIFR IR R Y VR S80S T B IR 1 [R]
ARG

THMFPHAYFESZRSHERN T
Pearson FHOCH M 45 R ANE 4 R, F KRS
Chla S B E AL (P <0.05), BEFY ., AHlE
TR SR ISR AR BB L
57U AR Y F B Chla 2 2 3% IEAH2&; Shannon-
Wiener Z 4 $5 5 5 PR 58 I+ 22 8] I JC 1 3 40 ¢
PE. KR S IR Y B G S50 B & TEADE (P
<0.05); AR ALY Shannon-Wiener £ £ 5 %L

R RFERRK(P <0.05) ; BEREL 5IF U RET
SRR E AL (P <0.01) ; AHLETFYS
TR YIRS B R 2 EAOC (P <0.01),
THLETEY) S T i R 42 BE A Chla 52 B 25 A
*(P<0.01).

FZ, WFUE A Y F . Chla Ll & Shannon-
Wiener ZHEPEFR A S MR 7 2 [0 ¢ R LK 3.
T k252 W] 7 0 A 40 7 88 e o) 722 A 10 32 B B 85 A
TS FEREIEMG; REEYMTILEREY S
Chlaf & & I 3 1F #H 5% ; Shannon - Wiener 22 #£ P4 38
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Fig. 4 Correlation between phytoplankton abundance,

10. 0SS,
x%% P

chlorophyll a, and Shannon-Wiener index and environmental

factors in Qiandao Lake in spring and autumn
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Table 3 Relationship between phytoplankton abundance, chlorophyll a, Shannon-Wiener indéx and environmental delOI‘S"“‘;‘ &

H(4E-1) BHESH Modd AIC ~ SR AL wm@
L R 0.27 -7.47 POJT-PI"0.52 u;
2021-04 Chla 7,0.94 -88.88 | LSSl ks . 19+
~.Shannon-Wiener *‘é‘ﬁ( 4 — — L ’ — o . f
= R UL AN F : -8.53[ g _jss™ Vi $$™ 1.95)
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Fig. 5 Schematic diagram of vertical structure of phytoplankton community and dominant genera abundance in Qiandao Lake in spring and autumn
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Fig. 6 PCoA analysis of phytoplankton community, plot stratification and RDA ordination diagram of environmental factors,
and proportion of phytoplankton community construction process in Qiandao Lake in spring and autumn
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