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Fig. 1 Sampling sites for the Danjiangkou Reservoir
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Fig. 2 Variation of the water level and precipitation in
the Danjiangkou Reservoir in 2017
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FIREERL BT 50 mL BERLIHA, A 40% i [
GE, FHE RKEEIRRLR) 4%; s M A 5 L RK
TREERIZAK 1T LA HHE, 10 mL & FF %
W g, 55 REOGIRAF  FE ST LI = 5, e
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Olympus Corporation, Tokyo, Japan))t2 g 5,
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X AR ) 0 1 E AR S AT S L TR )
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1.3 BESHAE
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3.6.1, ArcGIS 10.3 SR 5E I, 45 R LIS+
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15 F(13.16%), B#EI] 5 #1(4.39%), H#E] 3 Fh
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(2.63%), FREET] 2 F0(1.75%), 430 1 F$(0.88%),
T A ] 7K Az Bt 390 (27 ) A T T X 381 A 38 £ 997 i A
PR RBCER R DL T TR R E 2, BB TR 2R
Z, SRIGREREEE TR ] AR A I
H—EZ5R, 3 WilA Ll 8 Mz (63 fi;
23] B LADUE R 293 Fh), AT 44 F) (A
3)o 3 WIMAYIRER M IFIFHEYIA 15 T, 551
UKL EBE W (Melosira granulata) . UkT B4 B A%
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Fig. 3 Composition of phytoplankton species in different
sampling time and areas in the Danjiangkou Reservoir

HR: Hanjiang Reservoir zone; DR: Danjiang Reservoir zone;
BD: reservoir zone before dam.

¥F 5 (Synedra sp.) . fi H & (Ceratium hirundinella) .
11155 3% (Mallomonas sp.). A5 223 (Leptolyngbya
sp.) . VFEZ ¥ (Limnothrix sp.). 3 (Dolicho-
spermum sp.). [B 2 #E: (Pseudanabaena sp.). W
X M 8 (Scenedesmus  bijuga) . %5 ¥X ¥ (Eudorina
elegans) . AKX ¥ (Chlamydomonas sp.) . VU 2 ¥ (Tetra-
strum sp.). /N EE(Tetraédron minimum) . Fat
##:(Cryptomonas sp.) o

AR S DL HEE (Y= 0.02) 7 128 H FHL K 2 P
TP AR LR 1, H)E TRESET . ekl ] fE
PETTRBEBE TS o ForP &g 1] 0 XO0) Al e A A
W (Scenedesmus sp)TE 3 N EX ¥R E R, 24
PR T 0.02 BIFIFAEYIA 6 7, (HFEA[RZE
5 R X R A AN R, B LA
Kz, DI TRE B (Chroomonas acuta)
I 4B B 9 (0.178); L ZEALHFh 43 J& T i 3 0)
FGEBE T T WS, Ho LSO A i A 38 8 e s,
0.301; TAKRMPLHAFIFISEEDG ), JrHlErs
I"THY /IR (Cyclotella sp ) FIFRBET T A B BE . RS
#:(Chroomonas sp.). 25 0] I, PUEARFE = 09N
—FhBaBE, PRI LLRO M DU e e o
22 EFRHFEVEEREVME

FPHLE K 3 YR A s IeAs ) () - 35 9% B oy

F1 FIOKEZFHFEVEBHREREE

Tab.1 Dominant species of phytoplankton and its dominance in the Danjiangkou Reservoir
WIH specics RAEERT[E] sampling time RFEX K sampling area LR
2017-05  2017-08  2017-11 BD HR DR year round

e /N B Cyclotella meneghiniana 0.022 - - - - - -
/NI Cyclotella sp. - 0.236 0.059 0.081 - 0.064
THAEWE Microcystis sp. 0.054 0.125 - - 0.057 - 0.050
P ERIUAEAIBE Cylinderspermopsis raciborskii 0.029 - - - 0.092 -
MPE 223 Leptolyngbya sp. 0.049 - - - - 0.051 -
KWW Dolichospermum sp. 0.084 0.030 - - 0.021 - -
BBk #E Aphanocapsa sp. 0.096 - - - - - -
WG Scenedesmus bijuga - 0.301 - 0.266 0.121 0.102 0.124
W Scenedesmus sp. 0.126 - 0.064 0.028 0.048 0.035
KM EE Chlorogonium elongatum 0.037 - - - - - -
F# Cryptomonas sp. 0.048 - 0.311 0.022  0.158 - 0.113
W Chroomonas sp. - 0.198 - 0.073 - 0.050
REWFR#EE Chroomonas acuta 0.178 - - 0.020 - - -

= iz LS B4 Bk T 0.02.

Note: “—” means the dominance of the species was less than 0.02.
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7.71x10° ind/L, HrhEgss) 18R & Hots i (34.66%),
PR TIRZ(26.23%), ZJaMKUCRFREET1(25.42%) |
REWBETT(13.50%) . H3E171(0.08%) . 4= 7 171(0.05%)
BRBETT(0.05%) 0 SR3E . WEPE . PR FURE 38 |5 17 UiF
TP EB B 99.82% . FEIX 3 IRIAA T, TRIEAE
VR BT . SRR —EERF, S
F PR WA Y B (1.49%10° ind/L)B BALT 8 H
(11.60x10° ind/L)FI 11 A (10.04x10° ind/L); =[]
b DAL PR B e 7 (9.57%10° ind/L),
A% (3.19x10° ind/L), Hirf, 1L 5 A5 8 ARY%
% B 2 A B 3 25 5 (P<0.05) s WL T T2 1Y
R AR, 5 OH DL R T IRIEAEY E E
B (52.26%), BB ARG TR Z; 8 H LAgkiE
IR AR o5 R (52.99%), WEEETTIRZZ; 11
A VABRSET 177 WA 4 o B 9 (50.91%), fik e 1]
MERBITRZ . 28] L, WURT . PR R V7 i
A0 %5 B o LB v P AR R 2% 311 (69.90%) . 1
PEI1(58.25%) . LR¥ET1(35.62%) (K 4).

12 - [E 7&3%] Cyanophyta
[ 7E3EI] Bacillariophyta
[C1E&3%1] Cryptophyta
[J4&¥] Chrysophyta

[ #3917 Euglenophyta
[ H'3#1] Dinophyta
[ 437 Chlorophyta
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phytoplankton density

—
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(=] S S [=X=)

[\
S

PR B o5 HL/%
percentage of phytoplankton density

0
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average
SKAERTH] sampling time ~ SRAEX I sampling area

Pl 4 PRI K AN [R]SRAY: B [ X 45k
TR I B S
HR: LFEX; DR: FHLFEEIX; BD: AT,
Fig. 4 Density and its percentage of phytoplankton during
different sampling time and area in the Danjiangkou Reservoir

HR: Hanjiang Reservoir zone; DR: Danjiang Reservoir zone;
BD: reservoir zone before dam.

TEIEA ) A W i i B s AR AR G L an 1 5 BT,
3 WA T A YR 3.37 mg/L, Hrb g
1T LU R (49.45%), SRBET IR Z.(28.67%), ZJ5
KR JEREBETT(12.55%) . 5 #E11(5.81%) . #REET]
(2.03%). FIHETT(1.45%) . 4301(0.03%), 7EX 3 1K
JEAE R, FFUFREYITE 11 A Y R (7.02 mg/L),
5 J5A%(0.40 mg/L); =5 [H] b DADUEA ) i e =
(4.39 mg/L), HATHAKO0.77 mg/L), NFEZEHr (=
[ ) 9 P 2 () B b 7 25 57 9F K B 35 (P>0.05) . M\
AR M A b ok it, 5 AR 11 A LI
BTN e, 8 H USR] S teles . ASAlE,
SUURI A PE AT % LA e 1) oy b s, U8 DA B i
7 HedR s o
23 EFHEVEEE. SHEEMHSE

TR ) AR 2R R AL 2, FEANTR]
SRR IS [B) B X I R B — 8 2 5%, (BT 247
M £ 5 L8 (Tukey’s HSD)&Z BH, X 2017 4F 11
H By Margalef £ & 5 50(Dy) i E KT 2017 4 8
H(P<0.05), Hap2e 50Kk 8 W E KT,

8 - [ #9%i7 Cyanophyta
O #3307 Bacillariophyta
[ B3] Cryptophyta .
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#L¥] Euglenophyta
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phytoplankton biomass
N

TR A Y B (mg/L)
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TR 0 A W S OH G T
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Fig. 5 Biomass and its percentage of phytoplankton during
different sampling time and area in the Danjiangkou Reservoir

HR: Hanjiang Reservoir zone; DR: Danjiang Reservoir zone;
BD: reservoir zone before dam.
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Tab. 2 Diversity indices of phytoplankton in different sampling time and area of the Danjiangkou Reservoir

x+SE

Shannon-Wiener 22 #1485 %1

Pielou ¥J 5] B84

i i) /1 35k Margalef & K45 £ Shannon-Wiener diversity index, A’ Pielou evenness index, J'
time/area Margalef richness index, Dy,
HY Hy S Jw
FE] time
2017-05 7 1.39+0.04 1.83+0.10 2.04+0.14 0.61+0.03 0.68+0.05
2017-08 8 1.58+0.06 1.85+0.10 2.09+0.16 0.57+0.03 0.64+0.04
2017-11 6 1.09+0.16 1.65+0.16 1.63+0.15 0.58+0.04 0.58+0.05
X35 area
BD 3 1.24+0.27 1.54+0.04 1.95+0.18 0.54+0.04 0.67+0.02
HR 12 1.37+0.09 1.73+£0.08 1.94+0.12 0.56+0.02 0.63+0.03
DR 6 1.46+0.10 2.02+0.13 1.93+0.23 0.65+0.05 0.62+0.07
44 year round 21 1.38+0.07 1.79+0.07 1.94+0.09 0.58+0.02 0.63+0.03
24 FHFEYEEESHNRZEIHE 3 Wit

T IR 11 )2 Ok SR i 2 22 2 RUBE i
(stress=0.106<0.20)45 5 WoR, TR IFIFAE P RE TS
FERARF ] 430 3 41 (1& 6), B HAFFE— 2 1 [a]
2E 5 . ANOSIM 4347 fil PERMANOVA 31l
MGETHF A R 520X — 7 HAFAE Bl 35 25 5% (Anosim:
P=0.001; Adonis: P=0.001), fizs[E] 255K B2
(Anosim: P>0.05; Adonis: P>0.05), &£ & K
B, AN TR SR A s [B] 7 1 (1] 2 S B ik 3] 4 3 MK T
(P<0.05). it SIMPER Zr#riff—2 R, 5k 5
5 8 H Z B HF ¥ 254k 22 5 () 2 Fh (TR K
T 5%H P<0.05, TR)ZEBCIHEER29.76%) . M
(15.90%) . $i [C #l # 4 ¥ (Cylinderspermopsis
raciborskii, 10.20%) Fll 73 %& ¥ (Microcystis  sp.,
8.20%); HlAE 5 H 5 11 H Z B #FE 450 22 510 &=
TR /NIREE(26.31%) . Bt (13.50%) . W e s
(11.62%) . 22 2 15 B 3 (5.61%) . Wk 25 2
(Coelastrum reticulatum, 5.54%); M5E 8 5 11
H Z 18] 25 5 1 = B RO DO A8 (21.31%) .
PE(11.40%).

2.5 FEEYMEF TS

R K G SR B b ofe U2 AR A PR
IR PEPR IR ) ) f7 T, K TREX 10 m. P/B 4K
B 100, FHRFZREC 100, FIHRE 30%, 4541
YA A Bl A5 PR AR ) A Y A W it 3.37 mg/L, FHL
FIK 2017 AR FFUAAE A 9 4677 119 101.1 kg/hm®,

3.1 FEIOKEZFEY R EWMESE

AR I L BRI 114 Fh, LIGEET]
FhBI 2 (65 B, (5L 57.02%), it JLIKAE X
PR 0 7K 7 WA 0 O 0 9 T A 485 SR — 3, IR
B, FHTRURE NI E A, FE X R A Y )
FA M DIRESE . SREERE IO 2, Ha
FEHL 5 4 10% 2547 B EL i (6 3) o X b i 22
U 7K A4 P AT B FP 2R A AR, g & 2L
AR 200 BRI T RE R W b AR By 28 92 5
Toft a8 Jl 34 S SRAEESTIR . SRAE 55 B VB
KAEAZ SRR P A Rk 22 5, Ly BT
2013—2015 AE7EFHIT H K B 20 3 2R A
690 A, & = T[] B A Py FLAB A 58 N 2 i sk #
F 7 30 00 1 A 202

AW AR IF YR EE N 7.71 %
10° ind/L, /T 0.40x10°~31.80x10° ind/L, Hr
GRUED] . BRSO L A hE s T,
Hitik 60.89%, fEwHE A HAL 13.50% X ELAT AR
WFFT el B (R 3)nl %0, IEAnEHURT A 56 & K 1 1
U PR O EE R, T R R kR
MBI =3, X IREE AR A fos, T R T )
TR PR 7K BTty o B K AT B BF ) AR 4 | ol i 2
IR KRN B RN L T X R SR LT
PRI . B FRAR I By b e KA R 1) 3 SR ) i A
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Fig. 6 Hierachical clustering, NMDS, ANOSIM and PERMANOVA results of phytoplankton community
during different sampling time and area in the Danjiangkou Reservoir
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Spatio-temporal characteristics of the phytoplankton community and
assessment of fish productivity in the Danjiangkou Reservoir, the wa-
ter source for the South-to-North Water Diversion Project, China

XIONG Mantang'?, WANG Puze', YE Shaowen', YU Gongliang®, YUAN Jing', LIU Jiashou', ZHANG Tanglin'

1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of
Sciences, Wuhan 430072, China;

2. Key Laboratory of Algal Biology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China;

3. University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: In order to understand the dynamic spatio-temporal characteristics of the phytoplankton community in
the Danjiangkou Reservoir during high-level water storage, the species composition, density, biomass, and biodi-
versity of phytoplankton in the Danjiangkou Reservoir were investigated and analyzed during May, August and
November, 2017, and its fish productivity was evaluated. The results showed that 114 genera (including varieties)
of phytoplankton from seven phyla were recorded in the Danjiangkou Reservoir, among which Chlorophyta had
the most species with 65. The average density and biomass of phytoplankton were 7.71x10° ind/L and 3.37 mg/L.
The total algae density of Chlorophyta, Cyanophyta, and Cryptophyta accounted for 86.31%, and each of them
exceeded the density of diatom algae (accounting for 13.50%). The Margalef richness index (D,,) and the Shan-
non-Wiener diversity index (HY\) of phytoplankton ranged mainly from 1 to 2, and the Pielou evenness index (J\)
of phytoplankton mainly ranged from 0.4 to 0.7, with averages of 1.35, 1.78, and 0.58, respectively. The fish pro-
ductivity of phytoplankton was 101.10 kg/hm®. Analysis of Similarities (ANOSIM), Permutational Multivariate
Analysis of Variance (PERMANOVA), and Similarity Percentage Analysis (SIMPER) showed that there were sig-
nificant seasonal differences in phytoplankton community structure in the reservoir area, which were caused by
changes in the abundance of dominant species. There were no significant spatial differences in phytoplankton
community composition, with a certain homogenization trend among the different reservoir areas. Compared with
previous studies, our results showed that the density and biomass of algae in the reservoir had increased, the pro-
portion of diatoms in the Danjiangkou Reservoir area had dropped obviously, and Cyanophyta and Chlorophyta
algae had become the main species in the reservoir area. All phytoplankton biodiversity indexes were at a rela-
tively lower level, which indicates that the phytoplankton community structure is simple and unstable. These re-
sults could serve as an essential scientific basis for optimizing the ecosystem structure and function of the Danji-
angkou Reservoir, as well as its ecosystem health management.
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