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Fig.1 Schematic diagram of the monitored area
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AEABART S LRI 57 5 v v SR A AR AR, FE e ¥ R )
B CAAL me/L) (BT 55 ,2022) « IR %
EINESHE (T EBRKER—RR DR IAER)
CH 8 B4 RN BRED Oy 5 2006) 5 (3% 7K 7 3 LE Wik 72 5
) GESRI 1991

AR YRR AW H AL < KR (WTD pHL it
(FV) W (TRA) I f#4A (DO) 1 4% 3 a(Chl-a) |
B (TP) VR E(TN) I A A (N0, —N) L % 7 A &
(COD)ZFE 10T . HA, 7K pH E CGRIE) JF
fRA BB RE AR R a 55 6 TidR AR ] YST 6820 B %
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1.09 mg/L, “F#°50.61 mg/L. fEI 8] L35t 2%
R 6 A EEE T 10 A (1=2.63, P=0.02) , i 4
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B DU B K AR A, e v B R R B AR = )
H IR TE 289 T B K R B BE VLB, B /N R AR



2023 455 4 1]

F WE, VI TRFIHEENEEESHERGHHERT KA

21

K AR VT B, e/ AR AR i
BB
ANTEZKAR 6 H AT 10 H i P A 0T 25 B2 AR AL
N P 4a FE 4b BT« B AR A K Ak 6 H AT 10 H
T R W ¥ DARE 95 Ol 2 X AL BB R, o B N
86.42% 1 77.19%, FL N &3 8 B 2 7K AR IR0 332 T Uk
G, Wk o7 LB AR, 78 28R ALK A b 5 B A
& 30%, T %5 B e 40 R 450 o LU a3 o, Ferb 4
BEFNFEEEALE 6 H B B SR 8 7K A ) 12.13% il

o I K AR

LS4

Number of species

1.13%, 43 ) 38 0 21 2830 13 2L 7K & A 1) 38.12% A
16.83%, 10 A H1 H 28 ] 91 Y /K 44 1 11 19.45% F
2.96%, 43 il 14 I 2 280 i B K AR A 1) 40.15% F
37.01%; & #EAE 6 H H H SRR AL KR 11 0.07% 1
TSI AL KR 13.37%. A1 E SR I AL 7K AR AR
Eb, 3o 30 7R 7K A R 8 v R K A VR i A A 2 B A 6 H
10 H 2H B 22 80K, W AE 6 Ik i AL KAk o
e, (H 3 10 H 2 U, S 7E 6 H R Y
KA LR R, (E 2 10 A BB iR .

25

(b) M) WEEEE] SRR WG] M AR

20

15

10

[SEeSTp/ R pusligitl
b et
Different types of water body

ESUINER

NI THRIIRIFHFEY&IXFE

Fig.2 Species number of each phytoplankton taxon in the three hydrologic zones
of the lower Jinsha River in June (a) and October (b) of 2019
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Fig.3 Seasonal variation of phytoplankton density and biomass in the lower Jinsha River
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Fig.5 Spatial variation of phytoplankton diversity
in the lower Jinsha River in June and October 2019
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P AE AN [F) 7K A4 AN [ 28 757 )0 35 5 R A 25 A6 58 2 18 de
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&5 F i (Diatoma vulgare) SAYAE 10 AT AL HH, By
24 0.07~0.39, 1% — R EERAAE L — T 47 Bl 2 — 7K A4
TR F, R EATE A SR A 2 K
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222 AEASMEE X6 HA10 H 20 o
(Y>0.02) AT RSN ES M, a5 Rk 2,6 H Rk
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TRLE R ) LR Z g 3 W IAUE /KGR I A
(E16). FIFARTH B B R0, 04 AP
[ fig R 43 (0.0800 45, A8 HE BAT S v PR SR A DT iR
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Tab.1 Phytoplankton dominant species and their corresponding dominance and ecological
niche breadth in each hydrologic zone of the lower Jinsha River
; . 6/ 104
o e Y. v, v, Vv B v, v, v, ¥ B
EE WEAFYE#E Dactylococcopsis sp. 0.02 0.50
VL2 Limnothrix sp. 0.24 0.03 0.19
/NERTE Chlorella vulgaris 0.02 0.09 0.02 0.37 0.08 0.08 0.02 0.22
Wi 225 Planctonema sp. 0.07 0.08 0.03 0.51 0.19 0.04 025
K Chlamydomonas sp. 0.02 006 002 048 0.14 0.04 0.04 021
SRR SRS R Coelastrum cubicum 0.04 0.13
VY A Scenedesmus quadricauda 0.05 0.48
YWFEHE Oocystis sp. 0.03 0.12
ZSERE Eudorina elegans 0.04 0.10
/INIRGEE Cyclotella sp. 0.38 0.17 0.25 027 077 044 037 0.18 0.30 0.80
Ji AR BT Synedra ulna 0.02 003 002 0.69
S B WG #E Fragilaria crotonensis 0.03 026  0.10 0.15
AL Stephanodiscus ehrenberg 0.03 0.31
T 2T #E Nitzschia sp. 0.02 0.32  0.02 0.33
SR Gomphonema sp. 0.02 0.21
Y% Cocconeis sp. 0.05 0.29
FHIEBE Navicula sp. 0.02 0.29
38 55 B Diatoma vulgare 0.08 0.13
SR B 8 B A5 A B Melosira granulata var.angustissima — 0.03 0.19  0.10 0.02 0.28
B3 Jtﬁ'eﬂ%?fé Chroomonas acuta 003 0.6 005 037 002 003 0.06 0.03 043
YR TEBEEE Cryptomonas ovata sp. 0.02 0.27 0.07 0.33
G PG 64238 Chromulina pseudonebulosa 0.12 0.51

T+ Yy, N BRI A K AR A DL 38 L 5 Y, i P K RV A 5 1L 5 1, A BOK R R DL 35 P » Y o & BT B A

WA

Note: Y,,. is the dominance of phytoplankton in natural riverine zone; Y, is the dominance of phytoplankton in transition zone; Y,, is the domi-
nance of phytoplankton in lacustrine zone; Y is the average dominance of phytoplankton in the lower Jinsha reservoir area.

®2 ST FHERTRRSENRAMESLER
(AS,;) FnAEZSNE Bz 3 28 (R)
Tab. 2 Niche overlap (AS;) and ecological response

rate (R) of dominant phytoplankton species

, s 6J] 104
e PRF Tl
AS, R AS; R
R PR 2L Limnothrix sp. -12.25 -0.01
/NERTE Chlorella vulgaris 244 0.11 -3.81 -0.21
T U 4.3 Planctonema sp. 1.04 025 -7.70 -0.03
DR
A< Chlamydomonas sp. 492 0.08 -559 -0.05
BPIRENFF 3 Synedra ulna - 10.91 0.01
/NIREE Cyclotella sp. 38.46 0.01 39.48 0.02
phgr) URLELBEVERE AR
Melosira granulata 3.55 -0.02
var. angustissima
3] 93 B HE %558 Chroomonas acuta 5.68 0.03 -6.51 0.25
G ) o
- YR TERE 3 Cryptomonas ovata -431 0.03

AL FIARE A - PR E BN IE  (EEAMR IR E B ),
K] pH A F LA E AR &, IX AT e S pHAEAERUE /2
IR N T 15~T D K. AR AR SR T
2R a ML BEAR BA B 1 PSRRI R 7 (R 3D, 3R
I 4 A ERPRY R) DOBk T LA S AR AR B
A AT FECEA TR B AR 7 o B

x3 &I TELEZFEYNEESIMEREF RDA S
Tab.3 Redundancy analysis of phytoplankton
community and environmental factors

in the lower Jinsha reservoir area

EE e 3L FAh AL
7 FYOA fif e TURMA LbA51l/%
bicdlilEs 0.048 0.080 0.128 23.19
Pt 0.114 -0.004 0.110 19.93
KT 0.076 -0.002 0.074 13.41
pasa 0.010 0.062 0.072 13.04
MA 0.020 0.036 0.056 10.14
T EE -0.038 0.084 0.046 8.33
THA A -0.048 0.082 0.034 6.16
tigRa -0.042 0.072 0.030 5.43
ST -0.072 0.078 0.006 1.09
pH -0.030 0.026 -0.004 -0.72
Mt 0.038 0.514 0.552 100.00

T = I B S Unique” PRI R 5 AR AR < “ P25 L R il B
it/ Average share” ST IR F 513 24 [ fif Bk AR & S DR (B
Individual importance” 9% ¥R 5§ K -F 50 5T R AR 5 « Bl 3082 LL 431l /
Lperc (%) 7 N ARSI R2 A ELA

Note: Unique is the independent effects of environmental factors;
Average share is the total average shared effects with other predictors;
Individual importance is the individual contribution value of each
environmental factor. Z.perc (%) is the individual effect divided by total
adjusted R? found in column Individual importance.
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factors based on rdacca.hp analysis
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AL CET AR FOAE 1998 RAKESE , 2004 FIESF,2015) 6
UKL 6 H I 525 N 54.92x1 0L, T34
AN 0.40 mg/L, 10 H P35 % E 8 27.22x10* ML,
SERIAEYIEN 0.61 mg/L, i 51 2013-2018 5% X
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K & T B I A ek R LR A R P & b
FHEIA LR

AV A, AR R K A A A O R R
DAFE S 970 30 B A Ol B ARG S AR B 08 FR I K AR 3R

I 0.5

Cryptomonas sp.CRY
Kephyrion sp.CHR
Stephanodiscus ehrenberg BAC
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Dactylococcopsis sp. CYA
Synedra sp. BAC

Chroomonas acuta CRY

* Planctonema sp. CHL

Chlorella vulgans CHL

I -0.5

Nitzschia sp. BAC

Selenastrum Minutum CHL

Oocystis sp. CHL 3 p<0.001

Rhizosolenia sp. BAC % p<0.01

Diatoma sp. BAC

%
Fragilaria sp. BAC p<0.05

Gomphonema sp. BAC

Navicula sp. BAC

i

Melosira ambigua BAC

Cocconeis sp. BAC

M.gra.var.angustissima BAC

WT pH DO TRA FvV NT

TP NO,—N

COD Chl-a

CRY : &7 1; CHR : 3]s BAC Ak ¥ T CYA : JE#E ] s CHL - £83 1]
E 7 ZiFEm BRSNS RE FHEX S
CRY: Cryptophyta; CHR: Chrysophyta; BAC: Bacillariophyta; CYA: Cyanophyta; CHL: Chlorophyta
Fig.7 Correlation between dominant phytoplankton species and environment factors



2023 455 4 3]

F HE LD THRFHEANHEESFERSHRET XA 25

B SRR A R R NI A A R (R,
2019) , H A2 4 i 5 B 68.59%~72.75%, %5 [ 15 tb
68.6%~91.6% , ¢ I, Ay ML 7Y [y I I 2 98 2 AR SRR AE o
TEIRE 57 0 PR A i AR AU 1 5 SR ITIR 2 AK Ak
AR DR TR AR A A RO B LR, AR 2R
AR X 5 v (R 45, 2012) , 3X B AT ASHF 78 1 Shan-
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3.2 MBFESLHH

AR 25T B P S PR X B IR ) R P R O B
3N A B RAR R B, AR A7 58 B KN E R R
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Phytoplankton Community Ecology and Its Relationship with
Environmental Factors in the Lower Jinsha River

LI Bo'?, SU Wei'?, HUANG Tao'"?, HU Fan-xu'?, JIANG Wei'?, TANG Xi—liang3, SUN Gan?®

(1. Hubei Key Laboratory of Three Gorges Project for Conservation of Fishes, Yichang 443100, P.R. China;
2. Chinese Sturgeon Research Institute, China Three Gorges Corporation, Yichang 443100, P.R. China;
3. China Three Gorges Projects Development Co., Ltd., Chengdu 610041, P.R. China)

Abstract: In this study, we explored the phytoplankton community structure and their relationship with
habitat in the Panzhihua—Shuifu section of the lower Jinsha River based on ecological niche theory. The
study section was divided into three hydrological zones resulting from the cascaded power stations on the
lower Jinsha River: The Panzhihua—Qiaojia section is riverine; the Matou and Xin’an sections, are transition
zones; and the Jinping and Shuifu sections are lacustrine. In June (summer) and October (autumn) of 2019, a
field investigation of phytoplankton and the water environment was carried out at seven monitoring tran-
sects representing the three hydrologic zones. A total of 74 phytoplankton species from 53 genera and 7 phy-
la were collected during the investigation, with dominance by Bacillariophyta (47.30%), Chlorophyta
(33.78%) and Cryptophyta (6.76%). Phytoplankton density varied from 13.9x10'=105%10" ind/L, with the
maximum average value of 54.92X10"ind/L in June and minimum value of 27.22x10" ind/L in October. The
average phytoplankton density in the riverine zone was lower than that in the other two zones. Bacillariophy-
ta was the absolute dominant taxa in the riverine zone, and its dominance decreased in the transition and la-
custrine zones, while dominance by Chlorophyta and Cyanobacteria increased. Chlorella sp. maintained the
highest average dominance in all three zones. The niche width (B,) and niche overlap (AS;) of the dominant
species were, respectively, in the range 0.13—0.77 and 1.04—38.46 in June, 0.10-0.80 and 3.55—39.48 in Oc-
tober. The higher niche width and lower niche overlap in June indicates that competition among dominant
species was relatively balanced and community composition was relatively stable. The Shannon—Wiener in-
dex (H"), Margalef index (D) and Pielou evenness index (/) ranges were, respective, 1.99—-2.69, 2.56—5.88
and 0.50—0.78. The biodiversity indices in June were higher than in October, and the biodiversity indices of
the three zones were in the order riverine > transition > lacustrine. The water quality of the lower Jinsha Riv-
er showed moderate a—f3 pollution status. Canonical analysis of the relationship between phytoplankton and
environmental factors shows that transparency (TRA), flow velocity (FV), water temperature (WT), dis-
solved oxygen (DO) and total nitrogen (TN) were the primary environmental factors affecting phytoplank-
ton community structure, and different species had different responses to environmental factors. This study
provides background data for water resource protection and ecological restoration in the cascaded reservoir
area of the lower Jinsha River.

Key words: phytoplankton; community structure; dominant species; ecological niche; environmental

factors; lower reaches of Jinsha river



