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( , 1979; , (detrended correspondence analysis, DCA)
1979; , 1998; ,20006) , DCA (lengths of gradient)
(WT) pH (SpCond) 4, (canonical correspondence
(COD¢,) (NH3-N) (TN) analysis, CCA) , 3,
(TP) (CODwp), (redundancy analysis, RDA)
( ,2002) , 3—4
1.3 ) )
1.3.1 (TLI) (Ter
(TLI) Braak et al, 1998) SPSS 22.0
( , 1990) , Pearson
TLI(TN)=10(5.453+1.552InTN/In2.5), (1) , , Spearman
TLI(TP)=10(9.436+1.488InTP/In2.5), (2) ; SPSS 22.0
TLI(CODp,)=10(0.109+2.438InCODy,/In2.5),  (3)
TLI(Y)=TLI(TN)/3+TLI(TP)/3+TLI(CODy;,)/3. (4)  AcrMap 10.2
: O<TLI=30 , 30<TLI
=50 , TLI>50 5
1.3.2
0] 2.1
Y=(n/N)*f;, (5) 1
TR , N , i t , WI pH SpCond TN
Y 0.02 (P<0.05 P<0.01) TP COD¢,
(Lampitt et al, 1993) NH;-N CODwy ,
1.3.3 CANOCO 4.5 WT 13.0—24.0°C ,
5 19.1°C; pH 7.79—8.98
s pH 8.25, ;
SpCond TN ,
, 136.11ps/cm®  1.58mg/L
, pH 119.89us/cm®  0.99mg/L, ,COD¢, NH;-N TP
log(x+1) , (Ter Braak et CODw ,
al, 1998) 17.51 0.14 0.03 5.49mg/L( 1)

*1 RAPE. EFHERT

Tab.1 Environmental factors of Jingpo Lake in spring and summer

WT SpCond COD¢, NH;-N TN TP CODwp

) pH (us/em’) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
S1 14.93 8.46 136.04 15.39 0.14 1.57 0.02 5.16
S2 17.00 8.56 123.00 18.48 0.16 1.61 0.02 5.80
S3 17.00 8.98 126.30 14.45 0.15 1.71 0.02 5.40
S4 14.50 8.54 136.10 13.04 0.17 1.71 0.04 5.20
S5 15.00 8.28 134.70 15.70 0.10 2.05 0.03 5.10
S6 13.00 8.02 145.30 16.85 0.12 1.17 0.01 4.80
S7 13.00 8.37 151.30 14.70 0.15 1.21 0.03 4.90

14.92 8.46 136.11 15.52 0.14 1.58 0.02 5.19
S1 23.00 7.79 128.50 20.08 0.33 0.94 0.04 9.50
S2 23.00 7.79 114.10 23.82 0.26 0.65 0.11 5.70
S3 23.00 7.82 121.50 18.96 0.17 0.86 0.02 5.50
S4 23.00 8.03 116.80 16.31 0.10 0.97 0.02 5.20
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WT SpCond CODc¢, NH;-N TN TP CODy
°O PH (ws/cm?) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
S5 24.00 8.05 121.10 17.24 0.06 1.17 0.01 5.00
S6 24.00 8.35 117.60 22.86 0.06 1.12 0.02 5.00
S7 22.90 8.44 119.60 17.25 0.07 1.22 0.01 4.80
23.27 8.04 119.89 19.50 0.15 0.99 0.03 5.81
t
x P<0.05 P<0.05 P<0.01 P>0.05 P>0.05 P<0.01 P>0.05 P>0.05
: WT: ; pH: ; SpCond: ; CODcr: ; NH3-N: ; TN: ; TP: ; CODyy: ; P<0.05
P<0.01
2.2 (TLI) , TLI
(P>0.05) , S4
> 2 , S1 S2 TLI
x2 RAPHEFKRTSEHEIINGR
Tab.2  Result of TLI of Jingpo Lake
TLI(TN) TLI(TP) TLI(CODyy) TLLY)
S1 62.60 30.00 47.86 46.82
S2 63.62 33.10 45.96 47.56
S3 61.73 26.16 43.38 43.76
S4 63.62 43.26 44.96 50.61
S5 66.69 35.70 44.44 48.94
S6 57.19 21.12 42.83 40.38
S7 57.76 37.95 43.38 46.36
S1 53.41 43.26 60.99 52.55
S2 47.10 58.66 47.40 51.05
S3 51.90 30.00 46.45 42.78
S4 53.94 26.16 44.96 41.69
S5 57.19 19.57 4391 40.23
S6 56.45 26.16 43.91 42.17
S7 57.90 19.57 42.83 40.10
t
x P<0.05 P>0.05 P>0.05 P>0.05
2.3 (Actinastrum fluviatile (Schroed.) Fott)
2.3.1 (Cyclotella meneghiniana Kiitz.)
152 s 6 8 15 29 (Nitzschia palea (Kiitz.) W. Smith)
66 6 117 , , (Tetrastrum
54, elegans Playfair) (Ankistrodesmus falcatus
46.15%; 42 (Corda) Ralfs.) (Ankistrodesmus angustus
35.90%; 17.95% Bernard) (Chodatella quadriseta
6 94 , Lemmermann) (Scenedesmus quadricauda
s , (Turp.) Brebisson) (Kirchneriella lunaris
51 , 25 , (Kirch.) Moebius) (Chroococcus minutus
54.26%  26.60%, 19.14% (Kiitz.) Nag.) (Selenastrum gracile

, Reinsch) (Selenastrum bibraianum Reinsch)
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(Oocystis elliptica W. West)

Fragilaria tenera (W. Smith) Lange-Bertalot Fragilaria

nanana Lange-Bertalot

Simonsen ( 3)

®3 RRBFEEDREM

Tab.3 Dominant species of plankton in Jingpo Lake

Aulacoseria granulata (Ehr.)

Scenedesmus quadricauda (Turp.)Breb.

Actinastrum fluviatile (Schroed.) Fott
Tetrastrum elegans Playfair
Ankistrodesmus falcatus (Corda) Ralfs.
Kirchneriella lunaris (Kirch.) Moebius
Selenastrum gracile Reinsch
Chodatella quadriseta Lemmermann
Selenastrum bibraianum Reinsch
Ankistrodesmus angustus Bernard
Nitzschia palea (Kiitz.) W.Smith
Cyclotella meneghiniana Kiitz.
Chroococcus minutus (Kiitz.) Nag.
Cryptomonas erosa Ehr.

Asplanchna priodonta

Polyarthra trigla

Keratella cochlearis

Chaos sp.

Didinium balbianii nanum

Difflugia urceolata

Thermocyclops vermifer

Oocystis elliptica W.West
Actinastrum fluviatile (Schroed.) Fott

Synedra acus Kiitz.

Melosira granulata var. angustissima f. spiralis Hustedt

Nitzschia palea (Kiitz.) W. Smith
Fragilaria spp.

Cyclotella meneghiniana Kiitz.
Asplanchna priodonta
Dissotrocha aculeata

Difflugia urceolata

(

)

21

10

urceolata)

2
(Difflugia

(Didinium balbianit-
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nanum) (Chaos sp.)

(Asplanchna priodonta)
cochlearis)

(Dissotrocha aculeata)
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Fig.2 The community structure of plankton of Jingpo Lake in spring and summer
291.14cell/L, TN COD¢ CODy, NH;-N ,
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Fig.3 Redundancy analysis of dominant plankton and environmental factors of Jingpo Lake in spring and summer.
ca: ;b oK
NitPal: Nitzschia palea (Kiitz.) W.Smith; CycMen: Cyclotella meneghiniana Kiitz.; AstRal: Asterionella ralfsii;

FraTen: Fragilaria tenera; FraNan: Fragilaria nanana; AulGra: Aulacoseria granulatal; ActFlu: Actinastrum fluviatile (Schroed.)
Fott; TetEle: Tetrastrum elegans Playfair; AnkFal: Ankistrodesmus falcatus(Corda)Ralfs.; ChoQua:

Chodatella quadriseta Lemmermann; SceQua: Scenedesmus quadricauda; KirLun: Kirchneriella lunaris (Kirch.) Moebius;
AnkAng: Ankistrodesmus angustus Bernard; SelGra: Selenastrum gracile Reinsch; SelBib: Selenastrum
bibraianum Reinsch; OocEll: QOocystis elliptica W. West; CryEro: Cryptomonas erosa Ehr.; ChrMin:

Chroococcus minutus (Kiitz.) Ndg.; AspSpp: Asplanchna priodonta; PolSpp: Polyarthra trigla; KerCoc:

Keratella cochlearis; DisAcu: Dissotrocha aculeate: ChaSpp: Chaos: DidBal: Didinium

balbianii nanum; DifUrc: Difflugia urceolata: CycSpp: Thermocyclops vermifer
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( 3b,30¢)
WT (£=9.926,
P<0.01) SpCond (F=6.275, P<0.01) Spearman , WT
( 33
RDA s (P<0.01), SpCond
RDA , , (P<0.05 P<0.01), CODc¢;,
, (P<0.05),

(P>0.05)(  4)

B >

R4 TURBIFHEYMMEL. ZHYMELLURZHEYFE SRR TR Spearman XS

Tab.4 Spearman correlation between the richness of phytoplankton and zooplankton, plankton abundance, and to the environmental

factors in Jingpo Lake

R? P R? P R? P
WT -0.833" 0.000 -0.734" 0.003 -0.734" 0.003
SpCond 0.628" 0.016 0.684" 0.007 0.684" 0.007
pH 0.095 0.746 0.414 0.142 0.414 0.142
CODg, —0.566" 0.035 —0.498 0.070 —0.498 0.070
CODyy —0.305 0.289 0.185 0.526 0.185 0.526
NH;-N 0.223 0.443 0.475 0.086 0.475 0.086
TN 0.315 0.273 0.524 0.054 0.524 0.054
TP 0.313 0.276 0.412 0.143 0.412 0.143
3
2006 2013 ,
3.1 ,
, 152 ,
, 38
) (1994) (2007) (2015a)
( , 2005; , 2008) )
) ) , 2006)
(2009) , 2006 (
, (Cyclops vicinus) ) (
(Microcyclops javanus) 1990), ,
TLI ( 2
(2015b) , 2013 (2013) ,
, #% (Bosmina ,
longirostris) (Microcyclops varicans) ( / )
2013 , ,
( , 2014; , 2015)
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S1
( ,2015) (2014)
10 >
3.2
(George et al, 1995)
( , 2014,
Zhao et al, 2015; &, 2016) ,
( 2, 3) RDA

(Braak, 1998)

(Flores et al, 1998; Leland et al, 2000)
RDA ,

Spearman s
(P<0.05)( 4) ,

(Dagg,
1995) ,
RDA s B
20°C
, 30°C , 40°C (Elliott
et al, 2006) , 13°C( )
24°CC ) ; ,
RDA
(P<0.01),
( , 2010),
( , 2013)
(2014)
(Reynolds, 2006),
(3
(Devreker

et al, 2005; Lenz et al, 2005)

30°C
( , 1991)
( ,
2017)
( , 2014; ,
2014; & 2016), RDA
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PLANKTON COMMUNITY STRUCTURE IN JINGPO LAKE AND THE RELATIONSHIP
WITH ENVIRONMENTAL FACTORS

CAl Yang, LU Xin-Xin, BA Qiu-Shuang, FAN Ya-Wen
(College of Life Science and Technology, Harbin Normal University, Harbin 150025, China)

Abstract Jingpo Lake is a freshwater located in the southernmost part of Northeast China (43°45'—44°03'N,
128°48'—129°03'E). The lake is a drinking water source at the headwaters of the Mudan River. Although studies of
phytoplankton and zooplankton in the lake increased in recent years, the relationship between plankton and environmental
factors, and the ability to indicate the nutrient status of the water mass remain to be understood deeply. Therefore, studies
of the plankton community in different seasons are necessary. We scrutinized the plankton composition, diversity, and eight
environmental factors in spring (May) and summer (July), in which 152 phytoplankton taxa and 38 zooplankton taxa were
identified. Plankton community mainly consisted of Chlorophyta, Diatom, Rotifera, and Protozoa. The dominated species
were Actinastrum fluviatile (Schroed.) Fott, Cyclotella meneghiniana Kiitz., Nitzschia palea (Kiitz.) W. Smith, Asplanchna
priodonta, Keratella cochlearis, and Difflugia urceolata. Quantitative analysis revealed that the plankton abundance has
been descended (P<0.05) in recent years. The water temperature (WT), pH, SpCond (specific conductance), and TN (total
nitrogen) presented significant seasonal differences (P<0.05 or P<0.01). The relationship between plankton community and
eight environmental factors were calculated in the Spearman correlation analysis and redundancy analysis. Multivariable
statistics analysis showed that the plankton community structure was clearly affected by WT and SpCond. SpCond was a
key factor on phytoplankton community composition in most of the sampling sties in spring, while WT mainly affected the
zooplankton community composition in summer. The results highlight the importance of plankton community as an
indicator to the environmental change in temperate zone lakes. In addition, the phytoplankton composition remained quite
stable in the past 10 years but a slight change in the zooplankton community. The lake was in mesotrophic status as
indicated by the comprehensive trophic state index (TLI). Therefore, no deterioration trend of water quality was found at
present.

Key words Jingpo Lake; plankton; community structure; environment; redundancy analysis (RDA)



