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Note: 1-1 = 1-3 represent 90% coverage of submerged plants;
2-1-2-3 represent 75% coverage of submerged plants; 3-1 - 3-3 re-
presents 50% coverage of submerged plants; 4-1 — 4-3 represent
25% coverage of submerged plants; 5-1 —5-3 represent the control
group.

Fig.1 Location of the phytoplankton sampling
sites in Baiyangdian Lake
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2.1 KEEBUIER

JK R P A 4R B e 5 B IR X S AE C-0
N C-90 24 ;C-75 ZHFI C-50 2H Y ¥4 it 805 HiAt 3
HEFPFEP<0.05);C-75 41 pH BEH T H
flbdl (P <<0.05), HAth 4 Z | 2 5 &~ W &
(P>>0.05) ;% C-25 415 C-0 4119 TDS 2% A i &
(P>>0.05) 4k, HAth 21 22 ] 22 5 i 2 (P <<0.05) , fix
AR AR 5% v 1843 30 SR C-90 ZH % 858.0 mg/L Fl C-
75 4Ky 1040.0 mg/L; SPC B £ % i F M5 TDS
—H(;C-90 F1 C-50 /KRS HAh 3 4122 % 0 %,
KR e/ IMEL A B R AL 350 C-90 2H 1Y 2.30 m il C-

75 411 2.53 m; C-75 AU B e KE K 1.64 m
HB & E T HAA (P<<0.05), FH A% C-0
HAY 1.12 m; C-0 i TN B F & F C-90 F1 C-50
H(P>>0.05);C-0 M C-25 AL/ TP BEET C-
50 1 C-90 41 (P <C0.05) , H ARG WL 1,

22 ARMKEYEEINBFEEREYHE I
2.2.1 FiEH g A LA R C-90 A C-0 HiFiF
W4 5 11 gl ¥k 6 1], C-90,C-75,C-50,C-
25 F1 C-0 ZH /% 3 e AEL ) A 2 43 ) R 26.23.29.33
25 Ff, B3 1] He A9 B i FLYIPE 50 %0 LA 125 C-50 41
5 C-0 4 WE T L 25 5 3 (P <C0.05) , 5 H A 3
23R W (P=>0.05) ;C-0 1k ¥ 1] He 1) g 35 1%
F AL (P<<0.05) , e KAA Ry C-25 411 15.21%,
HKE C-50 Ry 13.17% ., SREEl] FRdel] BREET]
LRI o S Wl |1 N I = 3 7 N 2
(P>>0.05), #ATFIHEYI RIS AL 2.,

F1 RETKES EE T 6K R IR

Tab.1 Physicochemical water body indicators with different submerged macrophyte coverages in Baiyangdian Lake
E2 C-90 C-75 C-50 C-25 C-0
Temp/C 30.640.06¢ 30.94-0.064 31.3£0.17¢ 31.8+0.15" 32.340.32%
DO/mg « L™ 5.58+0.83¢ 8.48+0.24" 8.61+0.96" 10.00+£0.66° 10.38+0.85¢
pH 9.0040.19" 9.57+0.01* 8.88+0.11" 9.0240.03" 9.0340.03"
TDS/mg « L 884.0046.50¢ 1035.67+7.51¢ 866.67+9.934 916.17+13.60° 927.17+3.620
SPC/mS * cm™ 1357.3345.86°¢ 1592.67413.58¢ 1329.67414.57¢ 1414.334+21.96° 1426.3344.51°
WD/m 2.32+0.03" 2.45+0.07¢ 2.35+0.05" 2.50£0.03" 2.4940.01*
SD/m 1.38+0.20° 1.5740.09* 1.31£0.02% 1.13£0.04 1.1240.034
TN/mg + L™ 1.03+0.05° 1.0740.03% 1.0540.07" 1.10+0.02% 1.1540.05%
TP/mg « L 0.02840.006¢ 0.034+0.006" 0.02740.004¢ 0.04440.005% 0.05140.006*

A A — S 80 b R 8 R B P25 R (P<<0.05) . C-90.C-75.C-50.C-25 4 MR R TG E 90%6.75%.50% .25 % ,C-0 fR R X R4 .

Note: different superscripts on the same parameter indicate significant differences (P<0.05). C-90, C-75, C-50, C-25 denote coverage of

90%, 75%, 50%, 25%, respectively, and C-0 denotes the control group.
x2 AEATNKEYEETAFRFREYSTFER G
Tab.2 Species number and proportion of each phytoplankton phyla in Baiyangdian Lake with

different submerged macrophyte coverages

. C-90 C-75 C-50 C-25 C-0

% GBS L/ %% Ak i/ %% Ak i/ % ik LA/ % Ak e/ %%
w7 26.56+3.26% 6 27.74+4.66% 6 20.07+2.55" 8 25.6741.78 8 31.5041.23°
ST 14 52.9443.94 11 52.38+2.38 16 58.4443.36 17 51.8541.85 13 51.4441.76
HEET 3 10.9641.87" 2 9.2940.50" 4 13.17421.49% 5 15.2140.99* 2 7.9140.27¢
B e ] 1 4.01£0.54 1 2.98+1.50 1 4.7341.09 1 3.08+0.16 1 3.96+0.14
BET 0 0 1 1.67+0.32 1 1.1540.47 1 2.0441.03 0 0
REA| 1 5.5341.84 2 5.95+2.21 1 2.43+1.22 1 2.1541.06 1 5.19+1.11

W/ — B Hoh AR AR R B2 R (P<C0.05) ., C-90.C-75.C-50.C-25 20 MR 90% .75 % .50 % .25 % ,C-0 fR X FR4H .

Note: different superscripts on the same parameter indicate significant differences (P<0.05). C-90, C-75, C-50, C-25 denote coverage of

9%, 75%, 50%, 25%, respectively, and C-0 denotes the control group.
2.2.2 FHEHEMHKE A Co0 AL HEFA W
ML 25 S 2 3 (Merismopedia elegans) 5 K - %4
# (Merismopedia glauca) . & %2 ¥ (Limnothrix

sp.) SR ]I DY BB M 9 (Scenedesmus quadricau-
da) . 2 ¥ 22 % (Ulothrixz wvariabilis ). {8 Bk 3
(Chroococcus sp.) JE M #E (Dictyosphaerium sp.) s
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REBET T /NS 3 (Cyclotella sp.) . C-75 4k #xFh
B HE TR G e 24 | IR % (Anabaena sp.) .
8335 (Raphidiopsis sinensia) B 22 3 s 5 3 1]
B XX MF 35 (Scenedesmus bijuga) 5 M (Mou-
geotia sp.) EERE: \ E A 5 (Cosmarium angulo-
sum ) TEE 5 8 (Crucigenia quadrata) , HE#E ]
AI/NERBE . C-50 AL H M AT B8 3 17T R D0 56 1 2435

PR SR 1] 09 UK M 3 (Scenedesmus bijuga) .
O BRE  FFEREE (Planktos phaeria gelotinoca) | JBE M
ELREEE T /N IR B TR B AT 8 (Synedra acus) .,
C-25 ZHALF P A 35 3 1) 0 4R K P 24 P 56
B TP REBET TN ER AR AT AT 3. C-0 AR
P IERE TR LB RTINS AT
T E A A WLk 3,

R3 FARAMAEVZETEFREFHEVLEHHABE

Tab.3 Dominant phytoplankton species and the corresponding dominance of waters with

different submerged macrophyte coverages

L Fh =2 L
C-90 C-75 C-50 C-25 C-0

I£3% 7] Chlorophyta
RS 3 Merismopedia glauca s1 0.049 0.121
It 323 Merismopedia elegans s2 0.119 0.038 0.296 0.260
VEL2 ¥ Limnothrix sp. 53 0.111 0.127 0.113 0.102 0.042
16} % Anabaena sp. s4 0.035
AL ¥ Raphidiopsis sinensia s5 0.117
£%38 17 Chlorophyta
PU M3 Scenedesmus quadricauda 56 0.020
ZI 223 Ulothriz variabilis 57 0.032
AR Chroococcus sp. s8 0.106 0.139 0.047 0.040
W8 Dictyosphaerium sp. s9 0.026 0.025 0.105
TFER#E Planktosphaeria gelotinoca s10 0.025
KUK M Scenedesmus bijuga s11 0.024 0.064
AR Mougeotia sp. s12 0.046
HA G Cosmarium angulosum s13 0.032
Ti4HE+ 5% Crucigenia quadrata s14 0.136 0.061
fE 3% 7 Bacillariophyta
INR B Cyclotella sp. s15 0.086 0.086 0.121 0.085 0.023
UL T3 Synedra acus 516 0.05 0.047

223 REMEHEEMENE ANFRVOKEY
JEE DX I P VE VR AT ) B R A A W WLE] 2. TR
) %% 55 Bt A /K R 90 25 32 1) 388 g sk /) L C-0 AN
C-25 2% B 1 & v T HAh 41 (P <<0.01) . Hx 3 4
%2R AREP>0.01), KA % FE
P 2 3 1] L WA S 1 R0 1 2L e v P e (1 %5 32 03
Sl C-0 41/ 1859.18 X 10" A4~/L I C-75 4 399.75
X 10" A~/ L, AR ) A W e W B UK A ) 5 B 1Y
I L C-0 LA C-25 20 V7 ek W Ak W i
B C-90 F1 C-75 411 (P <C0.05),C-50 41 5 HoAlb
Az 22 R AR E(P>0.05), ALY HFE
HRIE T o TMEESET]. A mEmh Co A1
10.55 mg/L & flk R C-75 411 3.09 mg/L.

WA TR SR 1] 1) 5 R B T /KA ) 55 B 1 1
TR/ S R 35 110 5 B 7 45 A P LT A 55 L B v (.53 5
S C-0 ZHAY 978.23X10",599.79 X 10" 4~/L, A& (E
A3k C-75 ZHY 158.32 10" ,186. 30 X 10" /L,
T E R &S EA CO A 260,41 X

10" A/L, AR S C-75 411y 37.74 X 10" 4~/L,
AHRRBETT BT BR S 1% BEEAE 0~52.59 X
10" A/L, S4B a e m i) ek ] (1,85 ~
5.45 mg/L) , FLWR A BESE 1] 5 W 38 11 2B W 1 Bl DT oK
HIY) 35 E B 3G o a A>, Be ok C-0 41 1)
0.91 mg/L, H/K{EH R C-90 Y 0.32 mg/L; % AR
BELTF R R T A A R AR
2.2.4 WS LN RE UK Y 5 X 8
Y 2RI B IR 3, 441 HY Margalef £ 4£
PEFEEAE 1.86~2.56 , Fe/MA T BLAE C-0 41, | KMH
HELAE C-50 4., Shannon-Weiner Z e85 25 H
BN BRI C-0 41RY 2.82, Fie/ME N C-25 411y
2.61, Pielou ¥J5] BEHE B /IME S C-25 2441 0.76,
BKAEH C-75 AR 0.91,
23 AEAMABEYEETEREYSKRERF
16 Fh il DCA 43 Mr &b 5 o, HE 7 5l Bk
KBECLGA) fie KA N 2.3, 5k £ RDA dEFT 455K
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Fig.2 Variation of phytoplankton density and biomass of water area under different submerged macrophyte coverages
JE R PE AL o A ) 2 EEEREE IA T
SRFE S S IREE T RDA 40 (B 4) £ W], AN [F]

3.0

W

SEED et LK A0 1 T B T B 2454 0 B T
i% —&— Shannon-Weiner % F f AT, C-90 £ 77 i HE W V% £ % % CODy, Al
HE 1.0 M Piclow 2 % Temp 501 C-75 4137 i 4l 9 B 7% £ % 52 TDS,
SPC.pH F1i%& W] &£ (SD) [ 5 Wi s C-50 F1 C-25 4%
‘ep0 c7s oW o co BE R 2 S IR BT L 1R B S5 10 I R K
Groups v th different soverase T R AL, ok V3B 3 FE O AR
B3 REDKENEE TFHEYSEEEREY TNLTP H1 Chl-a 5tk WAR X B AR . HL 5 9 i 1 4 A
Fig.3 Variation of phytoplankton diversity indices of water EEERI R M A L R R C-0 HIF I Y BEVE 45 M £

area under different submerged macrophyte coverages a7 Chl-a. TP il TN &&=y,

PEHERS . RDA 4MH75E 5 50 05, B 3 S 4F 4 43 50 -
0.320,0.268 1 0.154. 4 BUAREE T 31.98% 26.77% 5 W

RS ST AR R B B TR B s K 0 2 5 7
BBULAN §5.79 %% GUOTHEIF I AT RCAFHUTRERES i o i 43 K B B 18 O A 0
BT RE R RS S SR Z 00 R . RDA 1098y Acubdo . Lo L ) 25 FE 20 1 1 7504 .
B4 SRR W] TDS,SPC.pH ,Chl-a,CODy, fl SD T SR TR 1.57 ma T C-90 2L I [ 16 1)

% ) OR6
= <
R11
o
o
R~ S
o
Ri4
=] ®© [oJe)
: : R13
Pt S R15
-1.0 1.0 -0.8 1.0

¥ :R1~R3 143 C-90 41 ,R4~R6 143 C-75 41, R7~R9 143 C-50 41, R10~R12 {83 C-25 41 ,R13~R15 {43 C-0 4 ;51~516 41t %
16 A TR W R R S, LR L3 3,
B4 RERSRERFRAEBELXSKIREREFZEH RDA 5547
Note: R1-R3, R4-R6, R7 -R9, R10 -R12, R13 ~R15 denote C-90, C-75, C-50, C-25 and C-0 group, respectively. s1 —s16 denote the
16 dominant phytoplankton species, as shown in table 3.

Fig.4 RDA analysis between sampling sites and environmental factors, and between species and environmental factors
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1.38 m, B E T HAth 3 2H(C-0,C-25.C-50), Vi HH . YA ME L HENAERNEHESRE S
EESEHEA—EREIEMERR, TR FAZiT YIRS AR REERE (FEH,2008),

5 i E P TC AR ) e )2 M AR ) T, 7E e IR R B
JERE ST IR T K BT, PR TT K R ) 55 A A
e BIR P o oK 5 BE DR A 7R — Y0 R R A R TR AR S Y
FasE , BB 57 2 1S BB A i K B, AR,
C-50 20 pH {H fe /Iy - XoF 07 A9 sk ol ok 8 o 81 5 1 C-
75 4 pH H B R (9.57) , FL MW W AN B
TP & K{EHN C-0 4/ 0.051 mg/L,X Y Seitzinger
FAIDWRERA—E, FE pH THE TP K E
AT 1 Jir R AT B i A e i B P DUK AR e 1 K
R A i) % 8 2 (Declerck et al, 2005) , 1 C-0 ZH JL-F
AAETEDCAK AL W) s TG K AR TP ok BE e i, C-0
TN M TP e BE W5 v T A 20 1 32 22 B IR
RAFDLK AT 2% o 78 RR 8 28 9l 2 3% 3l 1Y i 3
T BR R B R UL AR b s R W R i B K A
(Scheffer et al,1993) ., ¥ M AW FEBEE DIKHE Y
i JBE P 1S T B ARG, B S8 AN 23 S e K A= S W i A= A
X AT BE S 0K A ) w5 B v 3 K T O A AR T
(Scheffer,2001) , 3 BUT K AH ¥ 75 B ARG C-0 A1
C-25 MR A T HAM 4 . Sagrario 55 (2005) Wf
FER I SR 1Y T i 4 52 e 90K AR A Y 2 R
O3 . AWFFE Y C-0 2H (Y SRR FE T 3 T A 4
(P<20.05) , e IR fEL Hh BLAE C-50 41, Ui W] B 4 10K
HELA) o5 BE ARG s SR TR B R — 8 — BRI KDL
IKAE W) 5 FE AR AE 50 00 A F) T8 T2 Y BT iy & B A)
Mo A%HEREY BRI S R S SR E
IEAA G R (M REAL S . 1992) . 5 AR 3L 58 45 S —
B TEARPOKAY) 5 TDS F1 SPC e {R AF H
BAE C-50 4, W] 55 BE 50 %0 14 07K A ) BE 4% Fix
ORI b, 38 AP e e [ A I v 7K A A 05 5 o

AR S b, A () R AH T A ) R SR T X
B (BR C-75 A4, C-25 A Fp iR £, Ok 2 C-
504, AFEMR KM ERITMGEITEEE
KA (Lund, 2010) , 28 3CH 4% 241 28 38 17T e 91
f B BAE 50% LA b i BT 09 B 7E 20. 07 06 ~
31.50 % , R WA R PL/KAE P 55 B2 (7K A4 34 52 D)
BT B EE SR TOK A P 38 T Ak A R 0
TS S ) A= K (R A% , 2004 5 Nakai et al,2000),
C-50 20 B R e 1] HE i) Sk 38 IR T HoAth 4 (P <<0.05) s
I H G B ] RVRE 30T Y b ) A v, 1T 55 BE 50 26 11
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Phytoplankton Community Structure in Baiyangdian Lake with

Different Submerged Macrophyte Coverages

ZHANG Jun-wang'?, XIE Jun'?®, LI Zhi-fei'®, ZHANG Xiao-ke', WANG Guang-jun'?,
ZHANG Kai'?, LIU Yang'?, XIAO Guo-hua’

(1.Pearl River Fishery Research Institute, Chinese Academy of Fisheries Sciences,Key Laboratory of
Tropical & Subtropical Fishery Resource Application and Cultivation, Ministry of Agriculture
and Rural Affairs, Guangzhou 510380,P.R.China;
2.College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306,P.R.China;
3.Guangdong Ecological Remediation of Aquaculture Pollution Research Center,
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Abstract: Research shows that submerged macrophytes within an appropriate coverage range benefits nu-
trient uptake and stabilizes aquatic ecosystems. Baiyangdian Lake is the largest shallow lake in the North
China Plain. It consists of more than 100 small and shallow lakes connected to each other by thousands of
channels, and the submerged macrophyte coverage varies greatly between different water areas. In this
study, we investigated the phytoplankton community structure under different macrophyte coverages and
determined the optimal submerged macrophyte coverage, based on the physical and chemical parameters of
water body and phytoplankton community characteristics. The objective was to provide a theoretical basis
for ecological restoration in Baiyangdian Lake. In July 2018, the phytoplankton community and related en-
vironmental factors were investigated in the Shihoudian area of Baiyangdian Lake. Five submerged macro-
phyte coverages were set in triplicate; C-0 (0%), C-25 (25%), C-50 (50%), C-75 (75%) and C-90
(90%). All macrophyte coverages effectively reduced total nitrogen (TN), total phosphorus (TP), total
dissolved solids (TDS) and specific conductance (SPC), but the concentrations of TN and TP were lowest
with the C-50 treatment. The number of phytoplankton species was higher in the treatment groups than in
the control group (C-0), with dominance by Chlorophyta species in all groups (=>50% of total species).
The dominant Cyanophyta species in group C-50 were the least dominant group of species and the propor-
tion was significantly lower than that of other groups (P <C0.05). Phytoplankton density and biomass de-
creased as macrophyte coverage increased, with Cyanophyta and Chlorophyta dominating all groups. The
Shannon-Weiner diversity and Pielou evenness indices of the phytoplankton community increased with cov-
erage, while the Margalef richness index initially increased, then decreased with increasing macrophyte
coverage. Redundancy analysis shows that phytoplankton communities in C-90, C-75 and C-0 were prima-
rily affected by the environmental factors TDS, SPC, pH, chlorophyll-a, CODy, and transparency. The
phytoplankton communities in C-50 and C-25 were less affected by environmental factors, indicating that
aquatic systems with this coverage range were more stable and less affected by environmental conditions.
In conclusion, TDS, SPC, TN and TP concentrations of the water body were the lowest in the C-50 group.
The proportion and dominant species of Cyanophyta were lower, and the Margalef index was highest.
These results are of practical importance for ecological restoration of Baiyangdian Lake.

Key words: coverage; submerged macrophyte; Baiyangdian Lake; phytoplankton community structure



