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Tab. 1 Occurrence frequency and dominance index of dominant species phytoplankton in Changhu Lake
=l 2p ‘ . % Sprin ¥ Summer X Autumn 4 Winter
PEZAS 1 iphylum 2% Species Toprne
= No. S/ Y S Y S Y S Y
1 WET  WAGEREE Chlorella 86%  0.022  100%  0.035 93%  0.042 - -
Cyanophyta limneticus
2 K f0 I 35 Osicellariordes  — - 100% 0.074  86%  0.022
/N 2435 Merismopedia - - 100% 0.038  86%  0.037 - -
tenuissima
4 Wili Bl Oscillatoria - - 79%  0.109  79%  0.041
amphibia
5 GEEI] /NEREEChlorella vulgaris 93%  0.164  100%  0.401 86% 0235  86% 0222
Chlorophyta ey ot e sl Ankistrodesmus 93%  0.036 - - - - 86%  0.021
falcatus
7 fa] LK % Chlamydomonas ~ 86%  0.08 - - - - 86%  0.047
simplex
8 VU Z M Scenedesmus 93%  0.044  93%  0.022  93%  0.031 - -
quadricauda
9 Tk Hi#h N Cyelotella 71%  0.196 86%  0.102 86%  0.109 93%  0.117
Bacillariophyta comta
10 e ARET AT i Synedra ulna 79%  0.026 - - 93%  0.037  100%  0.051
11 WUk B 5% 5 Melosira 79%  0.048 - - - - - -
granulata
12 WE T 25T #ENitzschia cap - - - - 86%  0.032  93%  0.033
13 BT BRIV Euglena acus 86%  0.087  71%  0.027 100% 0.191 93%  0.143
Cryptophyta
14 ] R H 35 Gymnodinium - - - - - - 71%  0.073
Euglenophyta aeruginosum
A BN, YA RETR AL, < RIS AT AL AP, 2 A ARF %Rk I
Note: f means frequency of occurrence. ¥ means dominance index. “—” means the species appeared in a certain season but not

dominant, Blank means the species were not found
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Fig. 4 Niche position and niche breadth distribution on the first two axes of OM/ analysis in each season

1 H

11 0.44  0.29

13 070 0.68 0.60 [0:171 0.61 0.81
1 X

1

2

3

4

5

8

9

12 0.89 044 029

13 070 0.68 0.60 [0:177 0.61 0.81

1
0.5

1 B
1 2
2
3
4
5
8 9
9 0.77 0.57 13
13 068 0.57 0.60 039 0.70 0.59 0.55
%
5
5 6
6 | 0.90 7
7 035 0.64
9 0.77
10 | 0.20
12 0.71 0.66 13
13 051 0.63 0.47 0.33 0.60 14

14 037 0.58 0.82 TOM5T 0.84 032 057

1.0

5 VUSRI RO 30 B

Fig. 5 Seasonal niche overlaps among dominant species in each season



618 KA E W R 44 %

— M, AR AL AR AR A R, AR A
WAL, MM R 5 1 AL 2S00 8 5, U A 0 AR 15
A RRAIE N, XS K E R X A
K (B NER ) — 3L

V38030 5 4 HnT sl DX 35 A sk R R R R
[FI8E 71, 8L OMHME K /N AT PR Rl 43 il &4
FRE L R ARV A T OMHE B AR T
DA 2EIL 1280 (& 2), B BE0E RE B, w1
NAED G . I AR (P<0.05) I OMI )
MTR I, B AR VU M DL A AR T 45 8 o1,
HARIFOMUABAR IR FA TN I T #0A & 1 AR
AL . CLE Z ], OMIUE R/ )2 5 8 41 R
F£(0.25) WUNT2435(0.46) . PSR (0.33) AT/
BRIE(0.56), [FIFFIX JLRP 2 A2 2507 55 98 Fr 8 25, AT
AE 3 AT 3 WA A SR J5 RN K A2 R 0 3 4 T R A5 55
SR TS A AE T, P AR A K, th T BE ST AR R
R IR T AR 5adE S BE T o5 4 5 22 3R B 1

T} 52 5 00 26 T s Wy ok S5k B 5 1 38 o
HTOMH IR /INTT s e H i sisd IR 5838 82 56 0 1)
5501, EHEKE, M2 IR KR A A R
BOK, NTOME R R E 2 B5(3.25) K Ei 11 R v
(3.08) A1 H #(2.67), ‘AT A ALTE
2.

AL A B S SR T R R o SR Ek e A S R
VR %, WathneZs ™\ R L BB K T0.6
FoRMIAVE SN ESR R . KPR EIASA
A BT 0.90/ 3G 740 R, Hido.80 3L A
19ZHAR P o X V9L A R 18] A= 54 5 1
&, SO I S bt B R 0 7 SR, TR
EMEKZ . R R, LI, K. B
IS5 7 T A AL 75 5R o — S ek 958 L 35 98
ANERTER L BT R R U AN R (P A ) e S I e
T, 15 & S FRAK A — 4 DU AR B8 T AL A el
B, LRSS R, 2 S0 SEA LR
F ' IFR AR, IR T KB B AL AR
T RRUBOIR B 2 R R K 8, K e b 2. ke
TEIRZETT, /NIRRT X PR B IR ) 7 SR EL A
oL, % 5 A A A B B B S L, X 5 AT
FL gl i AR R IR BT AT SR FOAR T AR 88 DL S Ak =1
B /N PR T B S (0 5(0.93)— B BhAh,
Tof ) 5o B2 YR FH 1) 57 400 52 38 0 AL 7 ) S
BEUR AL N AT RN SE AR T TN

MAH FEBEARK R, SR EBAL S HR I
H 7RI — S . LAY e A RN Bk N
], AW Z, AR S EE2, B AR
MARR, SPEIAGFR BN T, R AL G R, i

&

)

.
el
=2

[ I R

T

X
3
L_

=

6 BV HRN SR T 2 18] 1T R ) A

Fig. 6 Canonical correspondence analysis between dominant species and environmental factors in different seasons



33 BB KM I R 8 RS T 619

ZRRAAB R, RIS IR R S N RE /1. B
LERENEREAEBNIEE . TG BN 2
TR E B BT — B .
33 MBMSFERTHXER

CCAHEFF AT LAAS BT AN [F] P ot 5 34 55 IR -1 1K)
T 22, I et A0 o 3R 58 1) 7 SR AR L. T
Xof PR35 1 ) FH 6 77t e L AR S A 98 B )
DR 22, PRI IR 1 1) e 3 5 B0 o oxod 9 905 1) R FH 4
A, WA 40 ) f 2B 25 A B R AR ™. A
U AR L A Pl 5 3R 58 KT [ CCA S M vl LR
H, B3 L E S IR KRR R R e A i . 7Y
FEMEERIAR T AR B S5 Fh 2 5 TNANTP B A #0581 1E
MG, T iR A 95 2R KT IE 2 & 7 A iin
1E 2 Zo KAk ) E B R R 2 —, RIFKI S KAt
KT H R i LR B SRR A (R g — B
FZ KR R T &, e /NER VAR S 5 R 3
7 4830 48 BB AR, it 52 36 B v, BRI T %t
A 5L 50 B 0 I, X 5 T U B g g R —
;o MBKEI B E A BRI, i aEsE 1iE
TEZ5 T 3R 0 B sm IR B & N R ), HSpHAERK
IR, A2 207 98 B AN 32 8 B e o e Ah,
pH. DO. N/PLL K SDAH & 5 MK 517 i AH A I 35
Bl A B B IR N 7, X 5K IR . Hh S
RRAE S oAt R Akl i . PR & Rk 0
JRFE o A A K
34 KOHZFFEYESMER

YA R 420124 TBUSR 38— on K
TWEARE LSO R 5T, il bR I, KW F
WA AR s ARl DL R T S W
A, PR R AT LA TR IE S8 T 1R 3, AR A
32 B T E IR KR WA, R /N BRI
i /NERTEAE P U A T ) o U Z S R . &
W R I 10° cells/L, 54T & & 3241k
Ao AUCHA R FEEB20124EH TH sy, Hoh
TR R G 2 AT AR, T
AR HIAE201 24 (AR 5 Fh b o AR AR 2547 78 FE
T R 20 B 7 A 25 A Ao 28 R0 g A 2 o M 2R BB
I, | RS AL R AT LL/INER R /N R A AR
&, XHEHN T A . SR E A v A R A
J, X P R E A E IR A K AR IR AR AR,
F KK IRAT) AT & B FRAUIRES, X 5FIHEY)
PR R R38R LA K 3= B Al ot 0 R VA 5 SR
— 3. KBFFHIN T F 30 s BN 52 45 By
T, Xt AR A AL T B RN A A5 L B B AT W Rl K 7 o A
(00 BE o0 A, 4B 7R — e PRI FE N R B A AL 4
A, FIE I B E] 5C RN TR AE P AR S AR

A, B L S R 1 oS BT AE R 5 PR3 PR AT
GO M I BE 77 o DA 2= AT A0 95 R0 3 it /N 24
By ANERBEABIE ARG, W RIS A
K, RARLGIFY, T 52 Fa B i, R X 5
R V3 N B 7, IX RIS ) A7 0 TV Y
B IR AR B LR K S 1R ST 8 AL A A R 1 ]
o X H AR A BRI R 1 5O AT A AR ) A
WE —HANNE G RKEWBERES RGN E
g, FEAFSEERTT . S KA I
TUKAEDD BRI R A SR R E B VR A s ) 1
FEINAE, bR A A B R A It T DL S b R 4 R 8] 5
AR FER 2L R A3 R G R T RE, S8
LM e B sl B A AR 5 (et Al
GeM AR S B, T R AR A
MRS,

ARV R — 2 B 3k K 0 IR K
AN Bl A0 2% AF S DN O RN N T J i AR S R A
IR R E R SR B R . A KA. R
PEM A INE T TE, 789375 RS & R A BE T 4
JK TR e 558 7K 25 R0 ) O 30 A 5 49 it L 42 )
IR AR R, BB AT,

SEHk:

[11 NiuCJ, Lou AR, Sun R Y, et al. Foundations in Eco-
logy (3rd edition) [M]. Beijing: Higher Education Press,
2015: 304-380. [4F 318, ZE2eqn, PMEIK, 2. BEAHAES
FEREM) (M. b st =SS HCE R, 2015: 304-
380.]

[2] Zhang J T. Quantitative Ecology (3rd edition) [M].
Beijing: Science Press, 2018: 78-94. [k & . Frm A&
2 =) M]. A B H AR, 2018: 78-94.]

[31 Zhu G P, Liu G Q, Bu W J, et al. Ecological niche model-
ing and its applications in biodiversity conservation [J].
Biodiversity Science, 2013, 21(1): 90-98. [ARHk~F, %I|[H
B, SRR, . ARSI AR IR R AR 2
FEVECRIP A RO R (D). B2 HETE, 2013, 21(1): 90-
98.]

[4] Nagy-Reis M B, Iwakami V H S, Estevo C A, ef al. Tem-
poral and dietary segregation in a neotropical small-felid
assemblage and its relation to prey activity [J]. Mamma-
lian Biology, 2019, (95): 1-8.

[5] Jakobs R, Miiller C. Volatile, stored and phloem exudate-
located compounds represent different appearance levels
affecting aphid niche choice [J]. Phytochemistry, 2019,
(159): 1-10.

[6] WanlJZ, Chen L X, Gao S, et al. Ecological niche shift
between diploid and tetraploid plants of Fragaria (Rosa-
ceae) in China [J]. South African Journal of Botany, 2019,
(121): 68-75.

[71 Zeller L, Pretzsch H. Effect of forest structure on stand


http://dx.doi.org/10.3724/SP.J.1003.2013.09106
http://dx.doi.org/10.3724/SP.J.1003.2013.09106

620

KR R

44 %

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

productivity in central European forests depends on de-
velopmental stage and tree species diversity [J]. Forest
Ecology and Management, 2019, (434): 193-204.

Li Y K, Gao X D, Wang L Y, et al. Trophic niche parti-
tioning of pelagic sharks in Central Eastern Pacific in-
ferred from stableisotope analysis [J]. Chinese Journal of
Applied Ecology, 2018, 29(1): 309-313. [ZE= L, /it
EHRE, & AR A B R e R e IR A S
o34k 1], BRI AEZS SR, 2018, 29(1): 309-313.]

Xu X Q, Zeng J N, Chen Q Z, et al. Spatial niches of
dominant zooplankton species in Sanmen Bay, Zhejiang
Province of East China [J]. Chinese Journal of Applied
Ecology, 2013, 24(3): 818-824. [{RIeHE, WL T, M4
2, AF. WL =1 1 sh A S p s ) AR 2547 (7], B2
FAZS2E4R, 2013, 24(3): 818-824.]

Vilmi A, Tolonenc K T, Karjalainen S M, et al. Niche po-
sition drives interspecific variation in occupancy and
abundance in a highly-connected lake system [J]. Ecolo-
gical Indicators, 2019, (99): 159-166.

Guo K, Yang D G, Peng T, et al. Ecological niche analy-
sis of dominant species of phytoplankton in Lake Chang-
hu, Hubei Province [J]. Journal of Lake Sciences, 2016,
28(4): 825-834. [FIf, My, 207, . WIALE KM
TAE AR AESOLHT [T]. BHARLE, 2016, 28(4):
825-834.]

Li X, LiJ R, Li C Y. Ecological niche analysis of domi-
nant phytoplankton species in Wuliangsuhai Lake, Inner
Mongolia [J]. Journal of Hydroecology, 2017, 38(6): 40-
A7, 0%, B, 2. 58 S R I E 0
BRSO N [I]. KAERZIE, 2017, 38(6): 40-
47.]

Zhang Q. The seasonal dynamics of phytoplankton ecolo-
gical groups and its influencing factors in Dianshan Lake,
China [D]. Shanghai: East China Normal Universit, 2016:
44-49. [FRIE. V2 LW IE ) A S T shas L H
s K. i AR ZRITYE R, 2016: 44-49.]

Doléd S, Chessel D, Clémentine G C. Niche separation in
community analysis: a new method [J]. Ecology, 2000,
81(10): 2914-2927.

Chai Y, Peng T, Guo K, ef al. Community characteristics
of phytoplankton in Lake Changhu and relationship with
environmental factors in the summer of 2012 [J]. Chinese
Journal of Plant Ecology, 2014, 38(8): 857-867. [£¢%%,
S, Fb, S5 20124 B BRI VR 4G H s
ER SN 7R R [J]. MR, 2014,
38(8): 857-867.]

Liu J F, Zhang X, Xie P, et al. Variation of water quality
and present water environment assessment of Changhu
Lake [J]. Water Resources Protection, 2014, 30(4): 18-22.
X, 5k, 1, &5 MK BT AR R AE A K A B I
ARTEDY [7]. KBRS, 2014, 30(4): 18-22.]

Chai Y, Peng T, Guo K, et al. Correlation analysis of
spring phytoplankton community and environmental
factors in Hazihu Lake [J]. Journal of Hydroecology,
2014, 35(2): 56-62. [S&%%, wile, b, 55 BT HIES

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

IR S0 SR T ARG 0 (0], KRS
ek, 2014, 35(2): 56-62.]

Guo K. Ecological characteristics of phytoplankton and
water quality assessment in Changhu Lake [D]. Jingzhou:
Yangtze University, 2017: 37-58. [#83. K817 it
FEASKFIE S Mt BOK IR [D]. JRH: KITKS, 2017:
37-58.]

Chai Y, Peng T, Li H C, et al. Community structures of
phytoplankton in the Haizihu Lake, Changhu Lake and
associated environmental factors [J]. Hubei Agricultural
Science, 2014, 53(19): 4568-4573. [SE5%, 805, 2=,
S RN ) 5B 2R I D R R VR 5 A R R e [
F [J]. el ERE, 2014, 53(19): 4568-4573.]

Cai Q H. The Survey Specification in Aquatic Ecosystem
[M]. Beijing: China Environmental Science Press, 2007:
7-9. [SRPAE. AKIRAES RGMMBTE [M]. ALt
B R R AL, 2007: 7-9.]

Zhao W. Hydrobiology (2rd edition)[M]. Beijing: China
Agricultural Press, 2016: 490-498. [#X 3. /KA AW (55
TRROM]. b AR ER L B RRHE, 2016: 490-498.]

Hu H J, Wei Y X. The Freshwater Algae of China Sys-
tematic, Taxonomy and Ecology [M]. Beijing: Science
Press, 2006: 21-157. [#A 4, ZLEDCo. o K BE2R- R
i, R AT M]. bR Bl R, 2006: 21-157.]
Liang X Q, Fang J Z, Yang H Q. Hydrobiology [M]. Bei-
ing: China Agricultural Press, 1996: 16-125. [JR %%k, 77
U3, MAEE. KA M), bR R E RO H R,
1996: 16-125.]

Xue Y, Chen L P. Statistical Modeling and R [M].
Beijing: Tsinghua University Press, 2007: 546-555. [#%
R, BROLBE. Girt iy R Bk M), db st idHoRAE
Jif Ak, 2007: 546-555.]

LiN, LiJ X, Li G W, et al. Eutrophication status and re-
gional difference analysis of typical lakes in China [J].
Acta Hydrobiologicica sinica, 2018, 42(4): 194-204. [Z=
o, BT, AR L, A op ERHIA E E SRR S
X3t 22 5 00 i [7]. AKAEEW 3R, 2018, 42(4): 194-
204.]

Elizabeth O M, Rojo C, Rodrigo M A. Controlling factors
of phytoplankton assemblages in wetlands: an experi-
mental approach [J]. Hydrobiologia, 2003, 502: 177-186.
Liu J K. Advanced Hydrobiology [M]. Beijing: Science
Press, 1999: 95-133. [XIg &, mB/KA LY M]. db
a0 BRE R, 1999: 95-133.]

Liu H, Guo P J, Chen Z J, et al. Niche and interspecific
association of major crustaceans in Zhoushan coastal wa-
ters [J]. Acta Oceanologica Sinica, 2019, 41(4): 83-93.
(AR, SRARZE, BRINA, 45, fF 1L 2 i i 3 P52 2R 1
PR AL RIS TR RS T (7], # PR AE AR, 2019, 41(4):
83-93.]

Jiao HF, Shi H X, You Z J, et al. Niche analysis of domi-
nant species of macrobenthic community at a tidal flat of
Yushan Island [J]. Acta Ecologica Sinica, 2011, 31(14):
3928-3936. [£EHFIE, HlSME, JUARAS, 5. Ul B TS
1) i KR S ) R AL AL (], ES TR,


http://dx.doi.org/10.18307/2016.0416
http://dx.doi.org/10.3724/SP.J.1258.2014.00080
http://dx.doi.org/10.3969/j.issn.1674-3075.2014.02.009
http://dx.doi.org/10.3969/j.issn.1674-3075.2014.02.009
http://dx.doi.org/10.18307/2016.0416
http://dx.doi.org/10.3724/SP.J.1258.2014.00080
http://dx.doi.org/10.3969/j.issn.1674-3075.2014.02.009
http://dx.doi.org/10.3969/j.issn.1674-3075.2014.02.009

33 BB KM I R 8 RS T 621

2011, 31(14): 3928-3936.] gica Sinica, 2007, 31(5): 675-681. [ EH, HrE, FE%F
[30] Peng SY, Li X Z, Wang H F, et al. Niche analysis of R, 5 R RN B MR K B RAR S W Vs A Fh
dominant species of macrozoobenthic community in the LRSI AT [J]. AKAEAED AR, 2007, 31(5): 675-681.]
southern Yellow Sea in spring [J]. Acta Ecologica Sinica, [34] WangJ, Qiu L P, Meng S L, et al. Effects of temperature
2015, 35(6): 1917-1928. [EFAME, 23T IE, Tk, &, on growth competition of Chlorella vulgaris and Ana-
P B R BRI A A SAL (1], TR, baena sp. strain PCC [J]. Acta Hydrobiologica Sinica,
2015, 35(6): 1917-1928.] 2014, 38(6): 1127-1134. [ L3, BN, LE, 2.
[31] Gong Z J, Xie P, Tang H J, et al. The influence of eutro- JEE SKoF 0 N B AT £ B v AR K 3R A K SE ) [T, 7J($$
phycation upon community structure and biodiversity of WAk, 2014, 38(6): 1127-1134.]
macrozoobenthos [J]. Acta Hydrobiologicica Sinica, [35] Cai Q H, Sun Z Y. Water environment and aquatic eco-
2001, 25(3): 210-216. [FEEZE, §i-F, BILHE, 5. K& system of Three Gorges Reservoir, China: progress and
& IR R R A ) fr@z'#{g PN EAER i af A prospects [J]. Journal of Lake Sciences, 2012, 24(2): 169-
[0]. AKAEAW24R, 2001, 25(3): 210-216.] 177. [BEERAE, #0E &, =Wk KR 5K SR
[32] Wathne J A, Haug T, Lydersen C. Prey preference and RS R (). WAFRE, 2012, 24(2): 169-177.]
niche overlap of ringed seals Phoca hispida and harp [36] LiuM H, Wen X Z, Zhang Z Y, et al. Purification effect
seals P. groenlandica in the Barents Sea [J]. Marine Eco- of biological floating island and floating plants on an
logy Progress Series, 2000, (194): 233-239. open contaminated pond [J]. Acta Hydrobiologica Sinica,
[33] Ge B M, Zheng X, Cheng H Y, et al. The macrobenthic 2017, 41(6): 154-162. [N 25, |%E, k& H, & &
community and niche analysis of creeks in diked tidal flat VT B 5V R AN T RO K T A AR [3]. KR
at Lingkun island, Wenzhou bay [J]. Acta Hydrobiolo- EW2EFR, 2017, 41(6): 154-162.]

SEASONAL SUCCESSION AND ECOLOGICAL NICHE ANALYSIS OF THE
DOMINANT SPECIES OF PHYTOPLANKTON IN CHANGHU LAKE

WEI Zhi-Bing"’, CHAI Yi"?, LUO Jing-Bo"’, GUO Kun"?, TAN Feng-Xia"’, YANG De-Guo® and HE Yong-Feng’

(1. Engineering Research Center of Ecology and Agricultural Use of Wetland, Ministry of Education, Yangtze University, Jingzhou
434025, China; 2. College of Animal Science, Yangtze University, Jingzhou 434025, China; 3. Key Laboratory of Freshwater
Biodiversity Conservation, Ministry of Agriculture, Yangtze River Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Wuhan 430223, China)

Abstract: To find out the community structure characteristics and seasonal succession of dominant species in Changhu
Lake, phytoplankton and environmental factors were investigated from April, 2015 to January, 2016. The results
showed that 14 dominant species of phytoplankton were identified and Cyclotella comta, Chlorella vulgaris and
Euglena acus were common species in the all seasons. Niche indexes and the characteristics of the community struc-
ture of dominant species were analyzed. The niche breadth index varied from 1.002 to 2.377 for Chlorella vulgaris in
summer. Wide niche breadth species, such as Chlorella vulgaris, Cyclotella comta and Oscillatoria amphibian, were
considered common indicator species in eutrophic water. The other indexes, such as the outlying mean index (OMI)
(0.25—3.71), tolerance index (70I) (0.13—3.35) and niche overlaps (0.02—0.93), were determined. The correlation
between 7 environmental parameters and dominant species analyzed by canonical correspondence analysis (CCA)
showed that there were significant positive correlations between the TN, TP and several dominant species, such as Meri-
smopedia.tenuissima, Oscillatoria amphibian, Scenedesmus quadricauda, Cyclotella comta and Euglena acus, in sum-
mer. Comprehensive analysis showed that the characteristics of community and niches were significantly correlated
with the morphology, lifestyle and habitat of dominant species of phytoplankton. There were also different abilities to
utilize the habitat resources of dominant species in each season. Compared with the date in 2012, Gymnodinium aeru-
ginosum was considered a dominant species in winter, and the density increased. The number of wide niche breadth
species increased at the same time. The results showed that Changhu Lake remaind in the eutrophic state and that the
degree of eutrophication tended to increase.

Key words: Phytoplankton; Dominant species; Ecological niche; CCA; Changhu Lake
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