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Phytoplankton community structure and cyanobacteria bloom risk of reservoirs in
hilly regions of Sichuan Province based on dominant species niche and interspecific

association
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Abstract; Sichuan is known as a province with thousands of rivers and numerous reservoirs which play an important role in
production and life. There is a general problem of pollution in small and medium-sized reservoirs in this area, which may
affect the structure, function and utilization of aquatic ecosystem. Aiming to explore the annual changes and succession rules
of phytoplankton community structure in small and medium-sized reservoirs in hilly regions of Sichuan Province and to
predict its development direction, this study conducts an annual survey on 10 typical reservoirs in specific regions in
different seasons from 2016 to 2017. The survey identifies a total of 188 species of phytoplankton in 104 genera of 9 phyla,
including 16 species (9 species are cyanobacteria) of 16 genera of 4 phyla which are identified as dominant species. In

particular, the dominance index of Pseudoanabaena linmnetica is the highest, and the density of cyanobacteria is dominant
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in all seasons and reservoirs, especially in summer. Furthermore, the improved Levins formula and Petraitis index are
applied to determine the niche metrics of the phytoplankton dominant species. The results show that the niche breadth and
niche overlap of each dominant species vary seasonally and are significantly affected by water temperature and nutrient.
Based on their niche breadth in different seasons, the dominant species are classified into three categories, two of which are
relatively competitive. These two categories include 7 species, of which there are 5 species of cyanobacteria, including
P. linmnetica. The dominant species in four seasons are mostly in a state of developing, and the most promising species
throughout the year are mainly cyanobacteria. In particular, species with the potential to produce toxins such as
P. linmnetica have the risk of further expansion of their dominance. The results of interspecific association show a positive
correlation among the community species throughout the year, indicating that the community structure in these reservoirs is
relatively stable and there is a positive succession trend. In such a trend, intermittent toxic cyanobacteria bloom which
affects the quality and function of water may occur in these reservoirs in summer, especially in reservoirs with simple
dominant species composition.This paper provides research background for the study of phytoplankton community succession
and the early warning of cyanobacteria blooms in small and medium-sized reservoirs in hilly regions of Sichuan Province. To
prevent possible filamentous cyanobacteria bloom outbreak , water quality of the reservoirs should be effectively managed and

immediately repaired under the dual promotion of high nutritional level and global warming.

Key Words; Sichuan province; small and medium-sized reservoirs; phytoplankton; cyanobacteria; niche; interspecific

association
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29°11'—30°2'N, M3 A HLUPIR ARG | W4k 274—900m , J& A IR L s M . A28 Sy I PG5 1 31 2 XL
S, A BRI AEIIR 15—28°C  AERE 2 1000 mm ,609% 73 Fi 16 420

10 JEKFZE (P 1) g v UK 2 5 86 NRL K R 5 8, R 3ILAR A 3 il 29°20702"N—29°5451"N, 104°37’
12"—105°15'42"E , SRS 1.7x10°—7.58x10'm* (3R 1) , B 5K, ERADKEP R E 1—5 SRR,
HAEZRKT 500x10°m? AR E 5 S RAE A, 100x10°—500% 10 m® B E 4 4>, 10x10°—100% 10" m® A& 3
A R BN AR FERCE 1 MR, T 2016 4F 8 H (&) (2016 4F 11 A (k) ,2017 4F 2 H (%) #1 2017 4
5 A (F) BT IR TAE,

R1 HRKERR

Table 1 The basic information of reservoirs surveyed

B9 KIEARR FAE BER/(x10°m?) KA A7 SRR S E A
Number ~ Reservoir Scale Total reservoir capacity Latitude and longitude Number of sampling points

1 iR K R 758.0 29°35'48"N, 104°37'12"E 5

2 LRl rhiAl 559.6 29°20'02"N, 105°15'42"E 5

3 eIk A R 241.8 29°54'51"N, 105°01'39"E 4

4 FAMIK R 145.3 29°42'22"N, 105°07'14"E 4

5 A K rhl 145.0 29°31'39"N, 104°54'55"E 4

6 IN—IK N1 T 66.0 29°35'44"N, 104°54'56"E 3

7 TR JN(T) B 55.0 29°36'42"N, 104°41'24"E 3

8 TSR MK R N1 Y 47.2 29°23'10"N, 105°10'12"E 3

9 Bl K JN(L) B 25.0 29°48'20"N, 104°52'15"E 3

10 T IN(T) # 1.7 29°36'57"N, 105°03'27"E 1

1.2 FEGCRAE AbPES I E

KR B B (Secchi Depth, SD) /K& ( Water temperature, WT) .pH %5 FRAL 48 bR di FH 2€ (G4 E#52C pH
TTF(METTLER TOLEDO Seven2Go) 451 £ 47 AL E . BV ( Total nitrogen, TN) &L ( Total phosphorus,
TP ) R SR 525 MU SRR 2 fESC B AT . TRAFRIA A R ST A DL VR AK 2R 5 1L
RJZ (KT 0.5m) KFERA 1L FEAHOIT S RUINA S-SR 7 [ 5 o TR PERE L 25 5 PRl A=
(0.064mm ) TE/KTH FAE oo " FIEHFROF IS UE IS A 4% WEREBL [ 2 . 013 52 95 % 5 ¥ PR e Al ) o
e 1L HLHG R U B B A8, AT J2 W LSRR, WA 6 SOmL, T A A
SR IORAT . FRRUEE S IO A S e S
1.3 Bllekb s 4
1.3.1  EHFhE
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KRB IEJG Y Levins 8 B0 AL SR A 07 T2
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Fig.1 Distribution of reservoirs and sampling sites surveyed
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A ) A PR WA 9 1] 104 J& 188 i b 2R3 [ T R 2K i 2o 48 J& 84 F, (5 44.7% , Hik
RREBETT (15 )& 35 B, 7 18.6% ) FIHEBE 1(19 J& 34 F, (5 18.1%) . HART IR EI /D  FERBET] 5
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(6.04+8.52) X 10" 4~/L &7 (2.38+4.92) x 10" /L FIFEZ (2.11£2.84) x 10" /L, 1 BEAE MU Z= 14 5 35 00 $th
A7, Horb 5 e B o BB 22 (2.78+3.53) x 1084/, i 97.6% ; HiR WAk ZE (4.95+8.19) x1071/L(81.9%) 5%
Z(1.81+2.67) x10"1/L(85.8%) , &k (1.5624.65) x10"1/L(64.1%) . MNIAEEZ3 804 F&E (K 2)
10 N7KEE H PRI Y B % B T 10°4Y/L 10 4 4 83 1074/ B9A 5 A HP i m i WGS, B 3{E K
(2.39+5.18) x 10°*4/L, F ik~ HLK , AE X {H K (5.11£6.51) x10°4/L, 27K 24 DLUE 3 5 A3 B 5 Ho ) DA
55.3% ( HLK) £ 96.7% (WGS ) A5, Hor i e ir o el 3 95% 194 3 A~ (WGS SL L) , Hofl e 20U A7 2 v
FE HLK i — @ 3 (38.1%) o SV L UF R RUK PE AN 1l A< 100 THhib | ek R SR b AR BF
ST TN K B TR AR ) 2 B T 2—3 ARG, S IEA G bR Y E B E R BN E B SRR, S
N & B IR BN E ST, BB IR RADKEE B, R 5 S R B B /D> 2 i Ak
B HICE R R T 4 XIS X — B ST T TR A K E AR R 1 K A ) XU A

3010t VR B R AL A 30108 VR i L2 S

—_ ’ 8

f_ 23X10 B ST OGIETT w RESED 25X10

< 20X10° Rkl SHEN = ¥ 2.0X108

£ | sx108 BT BT W ORI

z 1. .

a 8 &

& 1.0X 10 1.0X 10

| 5.0x107 5.0%X107
N NE I I I I I I
kS = A% F=5 WGS YJT SL LJ HH WX CZG BY GYH HLK

Z4 Season JKJE Reservoir

2 HARKEFHENZEERZENHME
Fig.2 The temporal and spatial distribution of phytoplankton abundance

2.2 VI Ee B v e A e 34

PUZAEH 4 1] 16 DMEHEFP (Y=0.02) , HAPiEE o Fh L3 4 Fp BESE | B FR0E 2 Fh s LSS BE T
OIHT, GER RR LR 3 F S (R 2) . SEEE (Y (EESE 0.020—0.435, {6 (0.124+0.136) ) A 1L,
HAl B2 (Y {EEEE 0.020—0.056, ¥I{H (0.031+0.011) ) fEFIEIR B A (P=0.013, JhAr BEAS 456 )

R2 HRKEABHABERY

Table 2 Dominance index of dominant phytoplankton species

i e 3Fh 7 Summer #Z Autumn A7 Winter s Spring A4 Al year lin 551
Number ~ Dominant species fi y fi y fi y fi y fi y Dominant season
1 RN PREER 100% 0240  82.1%  0.421  80.8% 0435 833% 0240 87.9% 0531 H H ML
2 P E A7 93.1% 0.091  357%  0.020 50% 0.158  46.7%  0.032 #H.2 &
3 NEREEE T2.4% 0.025  64.3%  0.022 B
4 WL B 93.1% 0.158  67.9%  0.020 58.9%  0.063  H Bk
5 /N 96.6% 0.026  85.7%  0.034 B B
6 PNV 64.3%  0.061 074
7 6 70.8%  0.091 #
8 AT G401 £ 2 8 50% 0.031 #
9 NS R 93.1%  0.031 )=
10 I 100% 0.020 91.7%  0.026 #
11 SN B 61.5%  0.036 %
12 INFR 84.6%  0.056 %
13 INER 100% 0.032  100% 0.025 # A&
14 BRAGHE 92.3%  0.032 3
15 I 80.8%  0.020 %
16 REERE 76.9%  0.029 £
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SN LA T T K S Y PR AN 28 SR R - P20 22 1 T e A LR 1) 5 78 TR K AR P S 2 ) H At o
SN Z2 Ry T s A M B A LTS YRR

RAEMBFFREE L AR B AR AR R ELIGREEMBRSE o 3 2 AR
Ah Hgx 3 AR LA S 28, R 2R (3R 2) o IR IR BE ( Pseudanabaena linmnetica ) 75 PU 2%
HOEA I PR HAR R ((6.26+18.73) x 1074~/ L) MR B2 J (1.84x10°4N/L) 35 & d5e ey, L 4
XA R, PRI EE ( Cylindrospermopsis raciborskii ) BRAZEAMEHA 3 NEW Y S LFEAL, L HAERZ
AN 16 P e ((6.69+19.28) x10°N/L) , 3 2 W T B AR BT th LR A1 O, &R 5 Fh
F2(9 MOALAERE —Z= T LTI 8 (2 2) o FF =W X IF R A o8t B, 220K o 8 04 O 3 it A7
FEPOP JUHRE e (HAR WIS A W N R, ELOR SRR R O 3 4R 822 AN K R I AR F
% A AR AR R B A X O A, T B = ek P X KRB K, A FRIE Y RE TR A K

TIFFE 7K e T e [ AR P T et B 22 R0 38 1) ik A 8 AR AR A FirAS[A] (3R 3) :SLLJ HH \YJT \WGS
FLA K A AT A A R A fT B, Y DA 22 R i ok = U B i 3K 7.2x107—20.7x 107 AN/, i IR IR ) B 2%
JE AR 78.9%—86.7% ; Hirf SL L) Fl WGS =AN/K Ml e i e A # B2 H6 8K Y %535 0.63—0.85 , fL 32 1
PA— SRR AR K AR XU 3R, HLK GYH F1 BY HR 22 R 5 38 0 O 34 588 DU A X 41, %86 BEEAE 2.1 10°—
13.3x10°4~/L ZIH], (5 1 18.2%—41.5% AR 2 HALFBE AN 5 T W LRV S5 A AR X R 3085 A2 e
R GEHE KR KU AR XS 3G, A DG AT R AN [ 7K e 22 R e L 345 B 1K JE G (P>0.05) |, AT RE T 22 b B
T IRPER /N AR 72 A 6 T4 IR S A e S I R 2R SRR
2.3 st AR A e B

H= 25N BEBE (niche breadth ) J2& 2 BUREYE HR iR BT REF FH AOAS R URAG— AR AR | A ST BE R
PRI P IR A RE T , 54 1, B A2 RN Al A= 25 S8 B/ N AR R ST, R KRR LAl 7

AR R E, G A AL T8 B R e HA R, Hrp &4 B (H LL/NERBE ( Chlorella vulgaris) R fi /&
(I3) W Zerb | 52 DUWE e A 2507 98 BE AR BOR , B, Jic e W R XY ZR L3 Rh 240 17 85 22 3 ( Planktolyngbya subtilis) .

A FH1B  @Fh2B; & f3 B; e f4B  eF5B; B 6 B; OM7B, &F8B;
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Fig.3 Abundance and niche breadth of dominant phytoplankton species
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A [R5 2= PRAL TR PR I D3R 40 AR OGS T S/ A T 3 22 38 28 B 5 /KR W 35 TEAH G (R=0.62, P<0.01)
H 2wk TR A S AR S AL A HAR A B AR SRS R R R e Hoh Bk &
Z5 151 —JE M ( Scenedesmus dimorphus ) | #2% R BRA T ( Chlamydomonas globosa) . W58 & B, 2% ZEFIHZ B,
(EAR = A PP AR S Z bt 2 B AR (181 3,546 2) 5 AR I S gt S s i /b H ply T AN 5 A9 2R 25
T S R 4 3 T RAIE T BT TR S RO AR PR G i AR A7 5 A R B wT R . T O 2= 4 A S
A EEE BAEAR TR K (0.345) , 4 Z=5/N(0.09) AT RE 57K IRA OC, BB LB, & & SR LK IR il B Y
KR (24—30°C ) MR R MG I DL BELAE 4 TR A W TR /KR (26.5£2.6) °C (£ 4) @ EHAK
B A A Y B R, A ZR KRR AR (14.1£1.0) °C (35 4) 5 78, S0 A 3540 96 3 /N, T HL 28 3 WU 7 s —
ANBEATIRBNAE , I H /K (1.8423.26) x 1034/ L, HZEH/N6.08+8.55) x 1084 /L, il fig /& i T H A #E &
FETERTAE TR,

F4 HRAKEREERFZTHEWN(MeanzSD)

Table 4 Seasonal variations of environmental factors in studied reservoirs

SR T e BE P e
Environmental factors Summer Autumn Winter Spring
7K Water temperature/C 30.900+1.2 17.500+1.4 14.100+1.0 26.500+2.6
W Secchi depth/cm 80.800+71.9 132.100+94.3 80.900+22.0 84.600£19.5
pH 8.700+0.5 7.700+0.5 8.300+0.3 8.600+0.4
S Total nitrogen/ ( mg/L) 1.270+0.49 3.390+0.92 6.520+0.64 1.860+0.63
S Total phosphorus/ (mg/L) 0.198+0.179 0.176+0.254 0.896+0.533 0.068+0.055
Wi L N/P ratio 29.700+57.3 51.700+52.1 13.600+21.1 40.500+29.3

LRE A MTEAN R 275 19 1 AR 5 AR 2 AL S8 B W F K PR R L b o3y 3 2
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REZ LR TEIEE, — S OL T AR T B 5 AR S AL S R B IE ARG ; ASO, 1Y IE AR W Ab T % e B iR AR
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Bl 4), PUASZET IS 038P ASO, 28K T 0,40 F & RARDS  Horh ASO, 1 {8 35 K 14 /2 & 22 1 /NBR 38 (
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IR R R (RO IELAE ) AR, — 5 TR B A K B8 B PR, ) — A S &
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Cryptomonas erosa REWE R Chroomonas acuta) A 90% HOE R 43 A5 TE 50% ) SR AE 15 , JAV E AN .
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Fig.4 Niche overlap (ASO;) and ecological response rate (R) of dominant phytoplankton species
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Table 5 General interspecific association of dominant phytoplankton species

EEt] Wik K geita w of o I FHEL X505, X505 &Bﬁ%
Season Variance ratio Test statistics W Critical value Verification results
B2 summer 0.91 26.41 5 [1.15, 11.07] 35 1 Bk
2 Autumn 3.01 84.15 6 [1.64, 12.59] [TE NS
75 Winter 1.29 33.67 6 [1.64, 12.59] e AP QS
%2 Spring 2.25 53.89 5 [1.15, 11.07] [TE NS
A4 All year 2.26 241.62 15 [7.26, 25.00] ITE A STS
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