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Niche characteristics and interspecific association of dominant phytoplankton

species in Lake Changhu
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Abstract: To understand the stability of phytoplankton community and the interspecific association of the dominant species
in lakes, surveys of phytoplankton were conducted seasonally in Lake Changhu from October 2020 to July 2021. The
relationships among dominant phytoplankton species were comprehensively analyzed by niche breadth index modified by
Levins, niche overlap index of Pianka, variance ratio method, Chi-square test, Pearson correlation test, and Spearman
correlation test. The results showed that 8 phyla, 67 genera, and 78 species of phytoplankton were identified in four
seasons. There were 19 dominant species. The main phytoplankton in Lake Changhu are green algae, cyanobacteria and
diatoms. Cyclotella meneghiniana and Scenedesmus quadricauda were the dominant species in all seasons, which had an
obvious indication of the eutrophication state of water environment. The results showed that the water of Lake Changhu was
in a state of moderate eutrophication. According to dominance index and niche width index, the 19 dominant species could

be divided into four groups. The niche overlap value varied from 0.02 to 0.96, and the seasonal difference was obvious, with
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autumn>winter > spring >summer. The results of variance ratio showed that there was a significantly positive association
between the dominant species of phytoplankton in autumn and winter, and the community was stable. There was no
significantly negative association among the dominant species in spring and summer, and the community fluctuated. The
results of Chi-square test, Pearson correlation test, and Spearman correlation test showed that the significant rate of
association between dominant species was low, which indicated that the association between species was not tight. In winter
and spring, the number of negative association species was more, indicating that the community was in the initial stage of
succession. There were more positively associated species in summer and autumn, indicating that the community was in the
middle stage of succession. The results of comprehensive analysis showed that the phytoplankton community in the Lake
Changhu was in a stable state on the whole, but there was still a risk of cyanobacteria bloom in summer. The ecosystem is

fragile, and the comprehensive ecological protection measures need to be further implemented.
Key Words: Lake Changhu; phytoplankton; ecological niche; interspecific association
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Fig.1 Distribution of phytoplankton sampling sites in Lake Changhu
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Fig.2 Spatio-temporal variation of phytoplankton abundance at sampling sites in Lake Changhu
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Table 1 Dominant species and dominance of phytoplankton in Lake Changhu

I He3AFh P Degree of dominance

Phylum Dominant species K Autumn 4 Winter % Spring X Summer

fi#: 1] Bacillariophyta WAL ELBEWE Melosira granulata 0.084 — 0.028 —
g Je /N Cyclotella meneghiniana 0.095 0.318* 0.321" 0.041
FPREFT 3 Synedra ulna 0.036 0.055 0.022 —
GAEFHE W Navicula radiosa 0.021 — 0.024 —

£E#1] Chlorophyta T 7% Crucigenia apiculata 0.028 0.021 0.066
WRILT HE B Ankistrodesmus falcatus 0.041 0.052 — —
R Chlamydomonas globosa 0.023 0.028 — —
DU RIS Scenedesmus quadricauda 0.105* 0.019 0.241" 0.06
INEIAEREE Chroococcus minor 0.02 — 0.02 0.142"
WEE 5 I Schroederia spiralis — 0.023 — 0.026
VU8 Crucigenia quadrata — — — 0.024

W #1] Cyanophyta Yl /NF-243 Merismopedia minima 0.021 — — 0.155*
E B Oscillatoria princeps — — — 0.023
TKAETHAENE Microcystis flos—aquqe — — — 0.026
JNEEE Phormidium. tenue — — — 0.021
WA BN FEIE Oocystis lacustris — — — 0.039
R0 JIE 3 Anabaebna spirooides — — — 0.02

[&% 1] Cryptophyta Wi FE%E Cryptomonas erosa 0.357" 0.296* 0.178"

#L#1] Euglenophyta REBMME Euglena oxyuris 0.021 0.0201

ST ORGP AEAR TR " IR R AR TN XS

213 RHFESNES

K& IR AP E S EEEWNE 4 FR  BEEIH RRF R 55 X%, SRR SN B &
£ 0.02—0.96 Z[i], Wathne 25\ N BB BT 0.6, FnFAESMESREED . Hd 0,506 1
FIXIA 44 XF, b7 L 80.00% , # BHAKZ: K ZH0F 00 (8] 1 B B (H N .35 50, >0.8 (IR A 17 X, 5 H30.91%,
k2 0,>0.9 F 4 XF, 235 0 UKL LRS- )2 /N R B RPIR AT FT - SR B 2T A 35 21/ 1N 7 2435 - S P 27 A 3
VU M- A e, AR LSRR 28 X, Hr 0,>0.6 IIFA 16 XF, i1 57.14%, 0,>0.8 1F
XX 2 X, (5 HE 7.14% , 53500 0 FREIR BT AT 8E- Wk ok B R Bk A -l B 27 Ak i, F AT (RSB FP X 36 X, o
0,>0.6 FIFIXTAT 19 X, 5 L 52.78% ;0,,>0.8 BIFPXTAT 4 X, 4375k /N U €2 K - 0 R o /N 76 €0 R B 2
P TOURE 7 - DU AR DY A - AR . B AT SRR R 66 XF, M 0,>0.6 MBI 22 X,
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di b 33.33% , FIHAR A0 HE 22 57480 K5 0,>0.8 BRI SEA 6 X, (5 9.09% , Horh B 2145 p 3 i) A= p
ey S /N R/ TOUAE i 2 e SR B A 0,8 KT 0.8, ZE L, SN ESHENKES>EXT>HES>
Bz
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Table 2 Niche width of dominant phytoplankton species in four seasons of Lake Changhu

e Fh AL FEE niche width

Dominant species FKZE Autumn £ Z% Winter HZ= Spring B Z Summer
Wik L BE W Melosira granulata 10.99 — 7.34 —
MiJe/NIR#E Cyclotella meneghiniana 12.22 7.01 8.23 8.87
FPAREFT 3 Synedra ulna 9.65 10.57 5.60 —
L FHE B Navicula radiosa 7.47 — 5.43 —
T4+ ¥ Crucigenia apiculata 8.42 8.69 7.83
PRAILFHEBE Ankistrodesmus falcatus 10.05 7.35 — —
ERAKBE Chlamydomonas globosa 8.59 7.83 — —
PU A EE Scenedesmus quadricauda 11.35 7.77 7.96 8.41
INELAEREE Chroococcus minor 7.32 — 5.18 7.39
Ve 5 JE ¥ Schroederia spiralis — 8.89 — 9.68
PUff 8 Crucigenia quadrata — 7.83 — 6.11
/N33 Merismopedia minima 9.61 — 7.50
F B Oscillatoria princeps — — 6.19
IKAETHHEHE Microcystis flos—aquge — — 1.46
JINFE 3 Phormidium tenue — — 3.48
1A BREEEE Oocystis lacustris — — 8.75
W TE 2 2 3 Anabaebna spirooides — — 6.49
Wi E 8 Cryptomonas erosa 9.77 12.31 5.71 —
RIBMREBE Euglena oxyuris — 7.15 6.02 —

2.2 TR IR b ] RS
221 KIFHAED PE R SARBES PR 4

KAWL PSR SARIBRESTE S MUk 3 s, Bk FIA Z BT 22 HEAR VRS 1, W I AE XG o5 (df) FN
Xoos(df) B FRIIRKZE AN PP B A ) DU AT ] SR B2 0 3 TR IR S . R R 2R SR 7 22 U VR< 1L, W K
TEZIA] XG o5 (df) F X o5 (df) , ZRWIHHTo0 ] A L B f0 35 BRI

®3 KWFFEVRBMAERE

Table 3 Variance ratio of dominant phytoplankton species in Lake Changhu

&t 2R oL e A Y of X2l FHE K gk
Seasons Variance ratio test ( VR) Statistic (W) [X2os(df), X2os(df)] Results
#Z Autumu 1.564 21.897 9 [3.33,16.92] AR
&2 Winter 1.070 14.979 6 [1.64,12.59] ITEAN PSS
#2% Spring 0.424 4,667 7 [2.17,14.07] NTE SV P
K2 Summer 0.739 10.348 10 [3.94,18.31] NTE SV P

2.2.2 KITFWEAED) PSR0G04

VU XKL A RANIE 5 N3 4 PR, Hob BRI L3RRI 55 AR, Bt ] RIS & 98 e
FI75 22 ek (VR) AR SR A5 R — 50, Hirp B3 IEIRES A 4 X, 70 51 it Je /NN B -G A6 PP IE BE RPARET AT
BRI AT L AL FHIE /N (0 R RN R A 2 - R A . A ZRVR A A O 3Rk 28 AFfoxt, Fii ] 52
PR R, o B A 1 X, S BRI A A e, i SR AR A A X Al Sy (1 2s [F A R, B
AT 36 ANk, FREI] SIS, G R UL, FLEAOCIBAME S RO — B, b 35 IEIRAS 1T, S PR AT -
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Fig.4 Niche overlap of dominant phytoplankton species in the four seasons of Lake Changhu
M. g AL HAEBE Melosira granulate ; C.m : AFJE/NIRE Cyclotella meneghiniana;S.u: JSPAREI AT Synedra ulna;N.v; G AESHE 3 Navicula radiosa;
C.a: T4E+ 55 Crucigenia apiculate;A.f:%ﬁ!é*?ﬁﬁ Ankistrodesmus falcatus ; C.g: BRAK A Chlamydomonas globose;S.q: VU M3 Scenedesmus
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Oocystis lacustris; A.s : BAJEA I Anabaebna spirooides ; C.e : Wiih ¥ Cryptomonas erosa; E.o: JXFEARME Euglena oxyuris
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Fig.5 Semi-matrix of X? test among dominant phytoplankton species in each season of Lake Changhu
R4 X*HI§ Pearson HHX#IGFN Spearman AKX IE L RELE
Table 4 Comparison of X? test, Pearson correlation test and Spearman correlation test
TEARE FUARK ﬁ
= Kol Positive correlations Negative correlations IEBLE
ZEg ] DL OaR: — . - = The ratio of
Season Test method 2 BE A B2 = A positive to
Extremely L Not Extremely o Not .
P Significant R .. Significant Lo negative
significant significant significant significant
B Autumn X2 0 4 25 0 0 26 1.12
Pearson H &K 56 2 6 30 0 1 16 2.24
Spearman A A 56 2 6 28 1 2 16 1.89
275 Winter X256 0 1 13 0 0 14 1
Pearson FHICK %5 1 1 11 0 0 15 0.87
Spearman FHICH 55 0 1 11 0 2 14 0.75
#ZE Spring XK e 0 1 15 0 0 20 0.8
Pearson HJCHL 1 2 33 0 3 16 0.89
Spearman AHIC Y 55 0 4 13 0 3 16 0.89
H 7 Summer XK 1 3 37 0 0 25 1.65
Pearson FHEHK 1 3 5 25 0 1 32 1
Spearman AHICH 55 0 5 40 0 2 19 2.14

P<0.05 4 B E I P<0.01 W E A
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Fig.6  Pearson correlation test of dominant phytoplankton species in four seasons of Lake Changhu
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Spearman AHICPEFEEAY 3 2 AR 5 T Pearson AHICPETE £ 35 % Fh[E] Spearman AHICHEA I 35 1 Ff

http ; //www.ecologica.cn



44 A S AW SRR A A A A R AL E5 4 3 1559
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Fig.7 Spearman correlation test of dominant phytoplankton species in the four seasons of Lake Changhu
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