J. Lake Sci.(#ia#+%), 2021, 33(5): 1350-1363
DOI 10. 18307/2021. 0505
© 2021 by Journal of Lake Sciences

&K 2k AN IR AL E F 2L [ IR 3h /33T A7k Be B i i i i 0 2=

BAE& Kk R EERE B LEAAL L HY K, 2R, Fohrer Nicola®, # S 4"

(12 R PEURE 22 B K B8 U5 5 T8 T ARS8, Tl e 44 p K A I8 v 2 /K R DX A 45 %2 4 I PR BRGS0 =2, K AL TR HR Rk
TR IX K B A R BHT o0, 7 B 473061)

(2 P E BB T ER BT 5T 0T, 0T A5 5 (e B S S == KA SRR SR A, ) 361021)

(3 flE R K EZFKCERRIRE PR , IR 24118)

(4G RS R A4 AE ARl 2f 2 e W H 571158)

O FHLEUK AR E R AL TE T2 AR AR IR, 2R 2 K P R /K 522 4 SRR X, Sl A TR K G 8 R v K B B4 G R
FUPHK 2 2. ARG S AS VK et v P K P P e A A 2 1 A AL AR R AR B (9 1, 2018 4R 7 A — 2019 4 7 A, K
FHREAPE QBB E IR F $ 3750 18 e sl AT /K BRI A T AL AT . BN PIR TR , TR WA A 2 4F 2
JEASALIE [N 0.43%10° ~4.7x10° cells/L, K 25 i 7 , Bk 2 i fI% ; Shannon-Wiener 45 80# 72 05 , KB IR AL, R ZRREVE M i
W LR R SR WA KT R A R e A, BK R M A X R S R L T AR
DX A PRV T 28 TR R R L R B BRI S R o MR IR, BB AR . AR V2 PR B TRK 11, SR WAL 4
TRETR L MAFAE I 80, WOKSCIN 7R, BRZ /R R /K S 5 e, TRI/K i S A B 3, ARV [0 )9 3 A 6 W, K £33 Shannon-
Wiener $i5 555 1 de A7 B 0, 7K (o7 780 i3 DO 22 R i BRI 5 2t A 5 Shannon-Wiener £7 5013 52 67U C (LA DG ME£L
A% J57 2250 53 0 B, 2K SCER 7 AL R T3 [R50 T V2 AR RE V& 205 O Mantel 7347 S8 7R 3 A 10 2 Ui AL B v
AR K AR S AL A A RIS B AT DG 5 S 8 43 M-t 28 1, R W A T P 9 A ) T v
R B RS D . AT IRIG ShBUE 1R K BB AL M BT, 0 T B R TR T R IR, s RV A T R
JEE , JU A KA PR K A e B RK R, 3 TG AR AR AL A R P P T R K A B R

KRR PHT DK ; ShASPEK 5 BEVS 5 IR ALY  HEVE 4544

Hydrologic and physicochemical factors co-drive seasonal changes of phytoplankton
during dynamic water diversion processes in the Danjiangkou Reservoir”

Yan Xueyan', Zhang Yun', Li Yuying'* , Jiang Yeqing', Cui Zhenzhen', Gao Xiaofei’, Wu Naicheng’, Fo-

hrer Nicola® & Han Xuemei'***

(1: International Joint Laboratory of Watershed Ecological Security and Collaborative Innovation Center of Water Security for
Water Source Region of Middle Route Project of South-North Water Diversion in Henan Province, College of Water Re-
source and Environment Engineering, Nanyang Normal University, Nanyang 473061, P.R.China)

(2. Aquatic EcoHealth Group , Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese A-
cademy of Sciences, Xiamen 361021, P.R.China)

(3. Department of Hydrology and Water Resources Management, University of Kiel, Kiel 24118, Germany)

(4. College of Life Sciences, Hainan Normal University, Haikou 571158, P.R.China)

Abstract: Reservoir bays are sensitive areas in terms of water quality and safety. This study analyzed water quality in the Dan-
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jiangkou Reservoir in China. Specifically, seasonal patterns and drivers of phytoplankton in the reservoir were explored during dy-
namic water diversion processes. Water quality and phytoplankton community samples were collected from 18 representative sites
ranging from the inlet to the outlet of the reservoir, and samples were collected seasonally from July 2018 to July 2019. In the entire
reservoir, the total abundance of phytoplankton ranged from 0.43x10° to 4.7x10° cells/L, with the highest abundance in summer
and lowest in autumn. The Shannon-Wiener diversity index was the highest in spring and lowest in autumn. The phytoplankton com-
munity was composed of diatoms-Chlorophyta in spring, Chlorophyta-diatoms in summer, cyanobacteria in autumn, and cyanobac-
teria-Chlorophyta-diatoms in winter. The relative abundance of cyanobacteria was highest in autumn. Conductivity, total nitrogen
(TN), total phosphorus (TP), and chlorophyll-a were all highest in autumn, and cyanobacteria abundances were the highest in
Huzhai Bay. An obvious succession of phytoplankton communities was observed from the inlet to the bay to the outlet. For hydrologi-
cal factors, reservoir water levels were the highest in autumn, during which the regulating flow velocity and flow capacity increased.
Linear regression analysis showed that water levels were negatively correlated with diversity indices. Variation partitioning showed
that stochastic factors and physicochemical factors both influenced the formation of phytoplankton communities. The partial Mantel
test indicated that the phytoplankton community composition in bays was correlated with the water temperature, oxidation-reduction
potential , chemical oxygen demand, TN, and TP. Canonical correspondence analysis showed that TN was the most significant fac-
tor affecting the composition of phytoplankton communities in bays. These findings should be useful for future efforts to improve wa-
ter quality in the Danjiangkou Reservoir.
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Fig.1 Distribution of the sampling sites in Danjiang Section, Danjiangkou Reservoir
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Fig.2 Changes of water level, water flow rate and velocity in Danjiang Section, Danjiangkou Reservoir
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Tab.1 Parameters of the main physico-chemical factors of water quality in Danjiang Section, Danjiangkou Reservoir

£y TR P LEES Kix S RE
DO/(mg/L) 8.65% 9.29¢ 7.76% 7.61° 7.34% 8.68"
ORP/mV 184.5° 210.0° 211.6" 195.1% 192.2¢ 204.6"
Cond/ ( uS/cm) 245.46" 235.54° 274.32" 259.79% 256.44% 246.78
TN/ (mg/L) 1.57% 1.49% 2.26" 1.51° 1.49% 1.21%
NH;-N/(mg/L) 0.086° 0.061" 0.026° 0.022° 0.024* 0.050"
NO;-N/(mg/L) 1.127¢ 1.003" 0.746° 0.739° 0.655° 0.941"
TP/ (mg/L) 0.014 0.011* 0.036" 0.017% 0.030% 0.010*
COD/(mg/L) 11.90% 12.39% 12.42¢ 12.42° 12.41% 10.45¢
CODy,/(mg/L) 2.90" 2.35% 2.60 2.37° 2.45% 27"
Chl.a/(png/L) 1.55 1.37° 435" 1.76 1.59° 1.34
JKIR/m 31.10° 28.36" 10.48" 12.66° 12.94* 14.71*

s [l —A TR /NG 5B R FE A P<0.05 KK FI % PE 25, Tl
2 PHEAR AR BLN T

Tab.2 Physico-chemical factors of Danjiang Section, Danjiangkou Reservoir in different seasons

el HE CES e &
WT/C 15.47° 28.90¢ 23.44° 10.66*
pH 8.49 8.48 8.36 7.80
DO/ (mg/L) 7.95 7.86 7.26 7.80
ORP/mV 202.00" 157.34* 248.72° 181.39"
Cond/ ( puS/cm) 271.33" 277.76" 223.00° 254.00"
TN/ (mg/L) 1.46° 1.58° 2.50" 1.340
NH;-N/(mg/L) 0.03 0.05 0.03 0.02
NO3-N/(mg/L) 0.80% 0.81% 0.84" 0.61°
TP/ (mg/L) 0.01% 0.01* 0.03% 0.04"
COD/(mg/L) 11.59% 11.93% 12.68" 9.96"
CODy,/(mg/L) 2.59 2.64 2.27 2.41
Chl.a/(pg/L) 2.72 3.32 1.67 1.84
K/ m 11.09* 12.37% 19.60" 11.78%
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R R 2R AR B B S — DA T, W A 5 P2V T ol B 81 T Bk 2 W 1 R 5 11 44 X e 382K
HE, MTHAD 3 MR RARIR R LR BN S — LT AT G, Rk LU T, PRI AR A 2 R S 2 B 2 AL R
E, {ELIR 1 9 L AR AR A s

18 ARG ILHH L 34 A TRIAEYI LR (y>0.02) . FF, 16 ALHM I £ 2R T REB ] ALR B
11, HREEE T T/NEREE ( Cyclotella sp.) BOPES R fi i (0.281) , XG5 4L B LSS HERA DL, 128 5 4 ) ]
TG PSRRI, PR R b LSS 5 HA R 22 R BOR. /%, 21 MU b 3 2 T 7k
I EREET VRN BE L], e ) ORE B BE 8 1 B AL B ( Melosira. granulata var. angustissima) #) 0% BE e K



EE R S SAKIRARLAZARE T L RISy v K E RS FH TN 1355
N " %% || N k 0F
T Vs W T | &é B

Lo, & = 4] Lo, i = ]
F A Hz m GEE] JA Sz 7 . i)
> HIZ S I s HIZ N = ]
7 ! - ] J - ]
SG ga=" wm B[] ]
WL x| BB
N
| > S g ’:; ".
QD @
% Qs %‘
N N
0 4 km 4 km
| I |

B s
- ] ]
. ] . ]
] = ]
- ] - ]
. ]
LB
4 km

4 PHEAN R ZENT S5 HRE 5 T AR AR = 8
(HIZ . B38ms  HZ . 128 ;SG K X1 QD )5 ;KX 0 QS 3R )

Fig.4 Phytoplankton relative abundance in different seasons in Danjiang Section, Danjiangkou Reservoir
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Tab.3 Test results of inter-subject effects of diversity
indices of Danjiang Section, Danjiangkou Reservoir

B RBME FW O S FIDd
MFRE F 1743 11.67 7.32
P <0.001  <0.001  <0.001
N F 2497 3.52 4.72
P <0.001  0.004  <0.001
o F 5.79 8.18 7.46
P 0.001  <0.001  <0.001
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Tab.4 Difference of Shannon-Wiener indices of

phytoplankton among different sampling sites of Danjiang oAb RE S AR L 2 7 Shannon-Wiener $5%07H %5 55

Section, Danjiangkou Reservoir in different seasons
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Fig.5 Heatmap of correlation between abundance of phytoplankton dominant species and

environmental parameters in Danjiang Section, Danjiangkou Reservoir



FE . HEAKREIEKLAERE T LR IS Fim o R E RS FHEY E S T 1357

m
3

s s @UE 460 MO U ORI

SR = I ; i
2t i i =90 ° 2¢ 3 o 3 2k, i i °
| N — : | ‘\
= |7 YT | y—00sser1ars 3 SERE : ;
[} SO Ly, ®=0216 8 Lr, o Y =00034r12.258 §
I i 3 Pooool . | . N i
: . : H : P<0.001 .

° n=90
0 L L L L hd 0 L L L L ol L L hd
0.7 0.8 0.9 1.0 152.5 155.0 157.5 160.0 150 200 250
i /(m/s) IKAsi/m i/ (m¥/h)

K 6 FFE R FFY) Shannon-Wiener 384755 7K SCIH 1~ B9 Z644: [m] T 4347

Fig.6 Linear regression of Shannon-Wiener indices of phytoplankton and
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PEVRIFAED R R BT B i AL (£ 5) . 45 Fig.7 Variation partitioning of phytoplankton
SRR WY, 520 V7 R AR P AR 7R 1 Sk 2 PR A R B ] Y community structure in Danjiang Section,
ANTF). AR D BGOSR T AR R TR Danjiangkou Reservoir

RS FYEARTRE SRR S5 AL (09 f Mantel Z40"

Tab.5 Partial Mantel coefficients of phytoplankton community and physico-chemical

5% 22=0.69

factors at different sampling sites in Danjiang Section, Danjiangkou Reservoir

k=1 HAXG [EES K o JL RE
WT -0.305 0.394 ** 0.403 ™ 0.459 * -0.083 0.288
pH -0.263 0.291 0.312* 0.096 -0.329 0.056
DO -0.321 0.161 " 0.078 0.112 0.147 0.188
ORP -0.172 0.263 0.273 0.206 " 0.300 -0.189
Cond -0.135 0.079 0.380 0.131 0.290 -0.145
TN 0.126 0.020 0.253" 0.092 0.588 0.607
NH;-N 0.198 -0.028 -0.038 -0.047 0.417 0.184
NO3-N 0.126 0.189 " -0.056 0.126 " 0.513" 0.660
TP 0.353 0.055 0.297 * 0.157* -0.407 -0.230
COD -0.031 0.122" 0.153* 0.152" 0.092 -0.095
CODy, 0.818 0.101 -0.010 -0.091 -0.420 0.053
Chl.a 0.080 0.075 0.053 0.030 -0.377 -0.062
KB 0.050 0.063 0.185" 0.119" -0.271 -0.030

D) IR F2 00 B2 PR T« F278% P<0.05, #+ 375 P<0.01.
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B . 3 ARV R IR R T 4R 5K JORP F1 COD kB A G, BRI LA Ak, B JE VR AR D B 95 O
BUAAZF] pH DO e B F1 NOS-N Y B2 (1 5200 5 KR 5 17 A 40 B 95 T 32 8] pH L Cond [ TN V¢ Ji TP ¥ i FI K
TR FE 5 425 T7 WA P % 00 32 3] NOS-N MR BE TP ik B2 AR IR I B2 R0 R 3 NOS-N i B o 17 T A
IRETE A B R, 1 oA R B 1 R |

Skt — 2 W 5 ) V7 AR B o0 A SRR IR R VPR WA W B S R B R T 1EAT CCA 43 #iT (81 8a).
455038, DO \NO;-N TN Chl.a 7K . Cond FIFE SRR 5 HEE 40 46 A B3 PEAHSE (P<0.05) , CCAT Hli i i
el 11.73% ,CCA2 i Re it R 7.87% . Hirt ,NO3-N TN [ Chl.a & B FIZKIR 5 PEVE BRS040 K R B o
Y1, TN I4E 1Al b o3 AR, 50 M I e AR ) v 5 A fe B B R R DR s TR RO, TR U R ) R 20 132
Cond FUKIRMIFEMEL K. & HE S TN WREE 5 &4F s FE CCAL S5y AT 26 M I H 5 & 3, TN YR BE 5 R T)
Bf s RV 2H B EL A S 35 M S (R =0.102,P<0.001) (8] 8b).

. 10.0—
L@ o -%%Hié ®) R=0.102
. « 75l P<0.01
- . o R :
£ oaf “ J?i:f 2
> . Iy en
< e E 50
o [ 7~ =
5 2F . &
S Chla® =, T )5
0 - J. L] .TN ° .. .f 3 .Cozd .
- ., NOg—I\f’ DO “Depth olu . .
) -1 0 -2 -1 0
CCAI(11.73%) ccal

Pl 8 FHEE A RE T 5 BN T CCA HEF

Fig.8 CCA of phytoplankton communities and physico-chemical factors in Danjiang Section, Danjiangkou Reservoir

TRUFE YN R F 5 B AL R 7 34T Mantel AHOCHE A7 )5 &K B0 (& 9) , B 31T 3 8 5K IR . pH .
Cond ,COD A I A I E ; £ B 1T BE 57K .pH . DO ¥R (ORP Cond TN ¥R FE TP I I FI/K I 5 18 25 AH
O REBET T B S 7K ONHL-N Ve B (NOS-N ¥ BEFIZKIRAR G, FAt ] 557K pH 0 TP ¥R B 52 1 5 AH G,

KPR WA S =F B 5 BRAL IR T AT Pearson AHSCHESMT (P S) A 3L, i 36 1T MK AR SR 2238 (Apha-
nizomenon flosaquae) FIAFER: ( Microcystis sp.) F- & 5 ORP £ i 3 IEA ¢, 3R 223 (Aphanizomenon sp.) FJE 5
ORP 5 g 2 GUROC. REWET ] A ORL 1 B AR B = B (= 0.82) FIMEAT ¥ ( Fragilaria sp.) - (r=0.70) 14
55 Chl.a ¥ i 5200 Wi 28 TE AH G, 0K EL 4% % 5 55 COD K i &2 10 35 M O, 1 8 /N B B 70 56 7 o
(Diatoma sp.) F B 5K IR 2 W38 HURHIC, /IR B B 5K R R 3 IEAHSC. R3] iy B A 502 3 ( Pedi-
astrum simplex) “F-FZ 5 ORP 4 835 SAARC , BRHEHE (Oocystis sp. ) FIANEE = B 1 5 K TR A 2 35 TEAH G, W
XS ( Scenedesmus bijugatus ) FIAK 3 ( Chlamydomonas sp.) £ JEY 5KIEE B IEAMHE, KEFERLR S DO
WP R R IEAOC. BBl 1A ek 1l 588 ( Cryptomonas erosa)) -5 DO Y B2 5 I 35 TEAH K.

3 itip

3.1 AEFHENF T EURE

PR DR P WA IR 7% 225 22 S WL 75 20 ik s A 2 O (0 3520 , AU 2 582 W) o 2R A 4L
BN Y TR IR R AR K B R AR T A K A r 85 5 BRK R R B R i T T R B T
K. 38 PR E AT LASR R M O A VR A IR AT TR A A YRR KR I
FASE, 5 AR T 1k B FE S I AR RS T DA (AP R 0K, ELHEE e /NP 56 F e L A0 Sk i 12 W
TR, U W B IELIEE (10~ 25°C) A7 Tk e A 4, R BE A9 e 20 T v B T 410 ol e o 9 2 58 TAT B,
FERI, EA R G S . PHI DK R KA I, e [ A SHAT 38 22T 8 PR AT
BEFI/INFR R B2 2 5K 5 35 ORI G, BRI B4 sl A ) T i ol ) S e R i A KB, K ZR KL
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Fig.9 Physico-chemical variables and abundance of phytoplankton phyla composition in

Danjiang Section, Danjiangkou Reservoir
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T W R R X A I SR R S .
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WLBR I FeEh i B 28N 1 ARk T IR IR i K I R R ISR Y 5 IR WA A
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T Z ARk EKIIK AL L b BRI AR B3 DI Bk R TR X 2 B ST
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