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Eutrophication status and phytoplankton community structure in Chenghai Lake
in summer and winter
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Abstract: To evaluate phytoplankton community structure and trophic status in Chenghai Lake, the physicochemical indexes and phytoplankton
community structure were systematically investigated. The characteristic of water quality and the relationship between phytoplankton community structure
and environmental factors in the lake during summer and winter seasons were analyzed. The comprehensive trophic status index method and algal biology
method were used to evaluate the trophic status of Chenghai Lake. The results showed that the concentration of nitrogen and phosphorus was higher than
before. Nutrient concentrations ranged from 0.03 to 0.19 mg-L™" for total phosphorus ( TP) and from 0.38 to 3.08 mg-L™" for total nitrogen (TN), and
the values of TLI was 49.3 ~54.4, which had reached the level of mild eutrophication. While the algal density ranged from 1.54x10° to 1.65% 107
cells-L™", which had exceeded the threshold of algal bloom approved by other eutrophic lakes. Cyanobacteria and Chlorophyta were the dominant phyla of
phytoplankton community. The Shannon-Wiener diversity index varied from 1 to 3, while the Pielou evenness index ranged from 0.18 to 0.72. The diversity
of algae was low at some time during the survey, showing a typical eutrophication state with cyanobacteria as dominant species. Therefore, it is urgent to
carry out ecological protection and management.
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1 5|5 (Introduction)

Bl 20 kRS NS s, 5 N P A9 fi
AFEONIA & 8 R ) 828 AR R, AT
el fb (2= W8 45, 2018; T ik, 2018; Wang et al.,
2019;Zhao et al. ,2019) .8 F FE 4k 5] 00 ¥R 55 0] 5
W] R A Hh o ok T R R 1) 35 B ) B ( Wang
et al.,2019) ¥E4eit,20 a2 70 4FAR K, & B & E
FEALIIIAAL & 41% ,80 4FAR G I & 3 61%,90 4F
RIGHIE L 77% (L) ,2013) e AT
B AT TRt | S 30 R0 360 PH I © 28 32 BUAS [R) R B 1Y
V5% (Li et al.,2019;Wang et al. ,2019) , H-455] T 4{
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IR Z — , Hi kb = 5t e Ji 5 U P b i B A
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PRI, SR E T oA AR AR ALK 19 km, R
P9 4.3 km, KB EIFLZY 72.9 km? | W] 2 2R K
47.49 km, Fx KIKIE 32.2 m, FHI7KEE 23.7 m,pH {2
9.03~9.42 4 KIR 17.8 C (# =l %, 2012;
it 2545 ,2018) . H 1960 4F LUK, F5 1 15 7K AV 32 45
TR BT AR B — A P AL, RN 2 KR R
BT K R K I e P AR I S A I SR K
R 2 R ) 1T 28 & AR I HE R AN Tl FH K (B3
520145 FI4EAE 2016). [ 1991 4F#2 , B2V W B 1+
FRHIT 2 2 % e e W8 i o % A A b, 2 J5 0 AR
B, FEOIA R AK R TS R R R AR T R
A EE R AR, B BE R I ERF 2K (22 46,
2009) . BB B AR v ) 1 1A I 2 K 7 FR 22 R R K
AR IR 7K A 2SR YR 7 T A% n) AL, B U R R X
R & B IR AR B HE AT PR I R 32 30 = R 6T
FEARAP R T 1, AR SORPRR IR 7K 5t 55 PR DA
YIREEIEA T 22 90 4 T PR BIE , S0 AT U e A A o 7 45 A
FRAF S B4 T IR sl B 7 1 U0, I 6 F oK B i s A
Yy WA SO R IR I 04 8 SRR A B AR T R
WA E SRR A B S H L I R
WK PB4 PP SR SR IR 2 S .

2 ## 57 % (Materials and methods)
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Fig.1 Sampling sites schematic
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Table 1 Methods and standards for determination of physical
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PR F K R AR A ER AR 24T & 8 R AL TN 1Y
W T (4 M, 1987 ) AR LB 48 K a
(Chla) S A& (TN) | S BE (TP ) | = B B2 1 48 2L
(CODy,, ) FiZ&E W] BE (SD) 5 4> S ¥k 5 # i 1 K
R LR G B TSR B (Li et al.,2019) , 2R ] 0~
100 FE AT E FARE M, 3R 2 TP ( ST
B4 ,2014) IFEALIA ().
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Table 2 Assessment standard of eutrophication by comprehensive trophic

state index

RT3/ FERE TLI( ) FEVEEAY
SR O<TLI( ¥) <30 h
HESR 30<TLI( ¥ ) <50 R4
(BEE) & HFR 50<TLI( ¥ ) <60 s Y
(hE)&EH 60<TLI( ¥ ) <70 rpEE VS e
(ERE) &HFR 70<TLI( ¥ ) <100 S
222 BEEEYFFZ IFIAHYEBIAKALS

RGP E AR5y K IR AR AR, 7K
KN P54 20 Rt 23 W =2 A A L 1Y) 722
1k, BEUSTE — & B2 B2 b S A (4 K B 1 L, JF T
FHT TR0 7K AR A 25 2 GE W 28 A i 34 1 Bl i 28 1 4
L85 P85 AT DAAE — o R B L S I i R AR, —
B /N T 30x10° 4 - L7 ATBIA N P08 3R L, 7E
30x10* ~ 100X 10* 4™ - L™ Z [A 1 Ry rh g g2 AL, K F
100x10* 4™ « L™ {4 28y & 8 3774 ( Zhang et al.,2018) ;
VU SIS 1) A L 28 3 PT D RPN K AR R B L
PRUETE LR 3. 55 41, B2 A9 W Pl 22 - T DA B O
[F] FREE 25 A T B2 A 4 A1 =F B2 R A4 T e
JFE AR 5T 8 BN, 388 R )2 4 Shannon-Wiener 22
FEPEFE R H (30 (2) ) A Pielou 3947 BE 48 % J (X
(3)) (INFEE, 2004 ) , X I ) 454> R B LAY 7K J5
BEAT VMY B AR VRN 34 &) BE 35 BOM K BR B
RO FE R VEHPEM AR ifES: W3 4(Shanthala et al.
2009).
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Table 3  Assessment methods and grading standards for algal bloom
characteristics formulated by China National Environmental

Monitoring Centre

PR IKAETEBE
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Table 4  Bioassessment standard for phytoplankton in water quality

Shannon-Wiener Pielou

e TR s SR TER AR
0~1 WY 0~0.3 Gili R/
1~2 LR 0.3~0.5 RS Y
2~3 RS Y 0.5~0.8 RV
>3 s Y >0.8 TG Y

3 R 51Fi8 (Results and discussion)

3.1 KFCRI A

5 WFRGEHIK AR RS R, H (T 1)
5&Z01 ) K208 K, pH HIEF N 9.21 ~
9.51, 418 R 9.36 , HCHR Ak Fp it 350 11 A 1 o, B 2
225 38/IN. Chla fHAEF ) 10.23~73.61 pg-L™', 3
A 31.09 pg- L', B4 H & KEL KB E.
COD,,, & 8% FI R AE R 1A K AR A BT Y2 19 4 45
bR, A YRR A R COD,, AR AL IE Il 1.14 ~
8.41 mg-L™" XM K 5.11 mg- L™ BE0H VT 1 BREE W
N3t I3 50 W 5 SR A /N B AR L 3R 6 B Y 2
2018 AFEHATH] B A P > 2210 R 1 ) IR R AR ARk
i, TP LRI 0.03~0.19 mg-L™", TN 4 0.38 ~
3.08 mg- L™, F-H{E )& 0.07 ,1.26 mg- L™, 5
{53 B IRAE 1Y) 4.75.6.45 i, BAT B A KB
BEIRER LR S IR (3R K PR R AR ) (GB
3838—2002) , Wil H7 (] K B R A 2 48 Je ik ik 2
ARG H AR, B pH b, 2 AR H & TN A1
TP, B &R BN B IR R KEH LML
H TN BARRIERE T, TP SRR A - AW
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FRIZEWRR SR T IRZ 455 2018 4F520 %
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5K 5 | S 19 I8 J2 DO h B R A G ( Bai
et al. ,2019).
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Table 5 Characteristics of water quality in Chenghai Lake in summer and winter,2018

A iz;fj 1 oH D/ 035/ TI.)S{I Cond/ 1 D.O/il C}fla{I COD“L/
Bz m (mg-L7)  (pS:em™) (mg-L7)  (pg'L7) (mg-L7")
H/ME 23 9.21 0.82 4 874.0 1256 1.91 11.47 4.41
7H Y NIE 27 9.43 1.71 95 815.2 1299 11.51 73.61 5.90
B} 25.2 9.35 1.31 52 883.3 1277 6.91 30.07 4.98
Fe/ME 12.7 9.45 1.12 196 902.7 1273 8.36 10.23 1.14
1A SSON( ] 15.6 9.51 1.52 312 1206.0 1678 9.97 48.22 8.41
¥ 14.2 9.50 1.34 239 923.7 1297 8.94 32.12 5.24
x6 2018FFE ZWEEGNEFATHER
Table 6 Changes of nutrient in Chenghai Lake in summer and winter,2018
P K2 TP/il PO -{)/ ] NH} _ltl/ NO; -1t1/ IN/TP
(mg-L7") (mg-L7") (mg-1.77) (mg-L7") (mg-L7")

) #JZ  0.06(0.04~0.13) 0.02(0.01~0.04) 0.77(0.38~1.09) 0.25(0.14~0.87) 0.39(0.35~0.49)  12.36(5.47~25.00)
2 JEE  0.09(0.04~0.19) 0.02(0.01~0.06) 0.89(0.57~1.31) 0.24(0.12~0.65) 0.42(0.38~0.62)  11.53(3.80~25.20)
. #JZ  0.06(0.03~0.08) 0.01(0~0.02) 1.68(1.43~3.08) 0.18(0.1~0.28) 0.48(0.42~0.82) 31.56(19.44~53.10)
h JEE  0.06(0.03~0.09) 0.01(0~0.02) 1.68(1.37~2.45) 0.18(0.12~0.42) 0.42(0.02~0.48)  29.64(5.66~48.00)
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BB Aahs T S R R A KB T E
B (X AEF 2017 ; Tong et al. ,2018; Li et al.
2019). A WF5E 42 i, 57K TN F1 TP %U“tl:f
10 :1~25:1 B, WA K HR B EEAFE L PEAR O
KFR (H5E,2018) 5 ZRIHHFRIEE /K BTE 0 E 4L T
X, JE AR T EBERNE RS LA
FE, TN/TP > 10 Ay il BRI IR S, TN/ TP <7 h A
FRAIPEARZS (Xie et al. ,2003 ; BRARPCEE  2012) , 51tk
W] 4732 ) 5 A A YR R AT 40 ) A 1A U8 6 AR Ak 1
BRI PR, 5 2015 A1 K BUIR B (TN, TP NH; -
N.COD,, ¥} 0.05.0.69.0.11.3.70 mg-L™") 4
LU, SRR ) (4 KO 3K B & E IR KT, ROk
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Fig.2 Species composition of planktonic in Chenghai Lake, 2018
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Table 7 Comparison of algal community composition between 1985 and

2010 in Chenghai Lake

HEZ A —E AR 4L, e S sk K 2 2R
5 RS 52 M A8 KA G, 3K 5 SCHk (= Il 4
2012) ik AR I L S e A S I T AR M AR 2R
oL, FAR LA S Pl A AR Ak, (B L S4B Pl AR TH & T i
.
33 WEMEW LA EHEEFHX R

SRS RRIGE W TR WA BETE A B R R P 2R
L2018 4F 7 H—2019 4E 1 A 4% A REESLINEHE A
Fefih | PE AT BE A K B9 B 8% K F- £ 4T Pearson £

sk 1985 4 2010 4F KAEIIHT, 4R (R 8) KB A% E 5 Chla 2
\ B RS Khidl JEE R K ) W EIEAEX (p<0.01) , X — S EIE T Chla 2FRAEK
BRI 8N R0 W g 0 T S I L R
Wil a8 ean a5 @ wen | CHOPRESETEATHFHG S AN, SN
®wHIT 0 0 0 ! 1 0.6% 5 DO pH ,ORP TN . TOC PO, -P \TDP .COD,,
Bl 0 0o o0 2 3 1.7% 0 3 TEAF G T 5 40 % 8 A v B T, OG5 4R T 1
A 2 16% s 6 3% S, KR e A SR K, COL YR FEE IR A, AT 51562
w0 T M TR R R R 00 K R
& s4 126 100.0% 76 172 100.0% ABLIGHE COD,, M HCR. I, USR5 G 67 fif
FRANBIA R B 3G MBS K AR I AU
*8 HEEMEFEYESESIERTH Pearson HHXEN T
Table 8 Pearson correlation analysis of phytoplankton community and environmental factors in Chenghai Lake
Chla  ##%E DO W Cond pH ORP T NH;N NON N TON TP CODy, TP TOC  POI-P
Chla 1
BEE 05677 1
DO 0.760** 0.710** 1
T 0.339** 0193 03417 1
Cond  -0.045 0197 0126 0086 1
pH 0.743%% 0.727** 0948 0264 0.023 1
ORP 0.653** 0.559** 0.837** 0228 0147  0773** 1
T -0207 -0243  -0.826**-0.246 -0.226 -0.902** -0.649 ** 1
NHIN  -0.226  -0.091 -0481**-0.179 -0.049 -0.403** -0.448** 0.151 1
NO-N  0.057 0081  0.118  0.590** 0.006 0.087 0066 -0073 -0212 1
™ 0.480** 0.381** 0.412** 0.655** 0.021  0.453** 0.336**-0.52** 0029  0475** |
TDN -0.111 0006 0197  0.037 0024 -0.155 -0.042 -0.068  0421**-0.021 0155 1
TDP 0.456* 0292* 0176 0182 -0.081  0256* 0.134 -0374** 0376** 0.0  0380** 015 1
CODy,  0.337°% 0.342°* 0382°% 0.551°* 0.030 0439 0250 -0.468**-0.319* 0.685** 0.600** 0.101 0211 1
TP -0.053  -0.047 -0.185  0.029 -0.050 -0.057 -0223 -0228  0709°*-0.132  0287* 0382 0414**-0.061 1
TOC 0211 0333** 0362°* 0316* 0.038  0383** 0233 -0428**-0.124  0.076  0317* 0066 0089  0281* 0.064 1
POIP -0.616"* <0429 -0.699** -0.190  0.001  -0.654"* -0.613** 0.448*" 0.636**-0.013 -0.144  0345**-0.035 -0.280* 0.438**-0212 1
Ty % p<0.01; # p <0.03.
3.4 EHRRE TER WA K 2 8 8 FRAR TR O 1 B o BB AR

b=

34.1 %

e ERRAE &

ER-Ei o T
KIERGTESRY I B 5, e B 2 5 8
BEIENMEELE A AR YR A8 F ) B0 85 M 005 o
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Fig.3 Monthly mean of comprehensive trophic state index
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Fig.4 Comprehensive trophic status index in Chenghai Lake from
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(Zhang et al. ,2019) 75— &R F A RE R BOK AR
TSYLFRRE. IR 5 & 2018 4F 7 H—2019 4F 1 H 244
Vi) 2V T8 22 )2 IR )2 %) S A0 i 23 B 240 (12 A e
A DRAE IS, ORI ) W00 40 ) 2 )23 9 8 AR Ay
B2 2.07x10° ~ 1.65% 1074 - L™ ¥J{E 4 6.00x10°
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3.47x10°4 L7 AR 1 3R)Z BN B S TR,
LRI (7 A B Mok (0 B 8ioh EEM
B2 SR B SR R MR K. S E A
(2012) F 2009 4F 10 H—2010 4= 9 H () ¥ 2 B
(3.90x10° ~5.14x 10% 4> - L7, 4E 14 4.85x 107
A L) M A T EGE  (H AR KR T K. 2 B
IR W0 55 3 o) R 1 5 28 K AR R AR PE AN T 1k A4y
PbRIUE (K 3) , 2 HRE I R 4o B [A) A T 42 oKk
RS, 7 .8 H BB FR K AEIK -, T R 1 7K
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Fig.5 The change curve of algal cell density from July 2018 to
January 2019

IR IR ) v, 25 K128 1 B 2R R A% 1 1
AN B IR ISR I v, DTG FE — R
AR AR IIA R SRR — R A 4 SN Y
J&FHUE SRR, DA B AR R R T
S SRR B IR A R LA A R A R I
il (Zhang et al. ,2019) .18 6 JFLMEIAE &P 2T
NIRRT A TR U PR 2 B AR X T2 B, T LA M, R
PR T DL IR ) a s BT REE BT R
F, F B AR5 5195.6% . AR ARAE R E]



4112 7N S A - 39 &
a. W1 77 %01 B ki B R b W 2% 5 1R o o ot ) O Vi ]

100% RN S 100%

zmy%VV/%%:«.r;tcym o
B 90% ¢ %//“‘%é%// =
# 7 H#

= 80% [ = 80%

g Z 5 80%
;;‘K 70% H Q

% 0, L % 0/ H

;%, 60% % 60%
E 50% H ;‘é

40% | 40%H

oy o 0%
E 30% | i
K K

m 20% { m 20%}|
“ 10% ] -

0 ) 0 .
12 345 67 89101112 131415 12 34567 8 9101112 131415
SRAE S AR5

6 REREERFRFRIEMEIFEE (22018 47 J,b.2019 4 1 )
Fig.6 Relative abundance of planktonic algae at different sampling sites (a. July 2018, b. January 2019)
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