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Phytoplankton index of biotic integrity based on factor analysis for water

source assessment

HU Jun, SHEN Qiang, CHEN Mingxiu, CHI Shiyun, HU Juxiang

Institute of Hydroecology, Ministry of Water Resources and Chinese Academy of Sciences Key Laboratory of Ecological Impacts of Hydraulic-Projects and
Restoration of Aquatic Ecosystem, Ministry of Water Resources, Wuhan 430079, China

Abstract; Currently, studies on the assessment of ecological integrity mainly focus on the development of the fish or benthic
index of biotic integrity for rivers and lakes, and there are few studies on phytoplankton in reservoirs. Therefore, the
phytoplankton communities were investigated three times in the Nanwan Reservoir, a water supply reservoir in the Huaihe
River Basin in 2016. An ecological integrity assessment was conducted based on the phytoplankton biological integrity using
factor analysis. The results showed that the number of phytoplankton species in the three investigations changed marginally,
but there was a clear seasonal difference among the species. The density of phytoplankton was the highest in September and
the lowest in March, but the biomass was the highest in March and the lowest in September. The factor analysis was used to
further analyze and assess the ecological status. Four common factors were identified in the factor analysis. Among them,
factor 1 characterizes the characteristics and ability of the community to resist pollution, factor 2 characterizes the diversity
of the community, factor 3 characterizes the richness of the community, and factor 4 characterizes the eutrophication of the

water body. The factor scores showed obvious difference in different months. The ecological condition in March was the best.
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Further, from the spatial point of view, the water ecological condition of the area with high population density was very poor.
The factor score better reflects the relative size of the water ecological status of the reservoir at different times and locations.
This indicates that the assessment of biological integrity based on factor analysis is suitable for the Nanwan Reservoir and

can be applied to the ecological assessment of other water bodies.
Key Words: Nanwan Reservoir; biological integrity; factor analysis; phytoplankton
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Table 1 Information of sample sites in Nanwan Reservoir

BAAT RAAI (ke BEAA  RAAE UK
Site code Site name  The water area represented by the site Site code Site name The water area represented by the site
Sl Bk SRR S6 KR ST YA T
s2 Aghl EREOKIX 1 s7 Fzup STUHI T Ui
s3 FEREL  EIUKIX 2 S8 EP SO U i P
sS4 WS mE W LU S9 LR SCIPT bR
S5 RFE MR TR

1.3 REEHIE
1.3.1 TR YA

TR R W) PERE S 25 5 (200 H, L4 0.064
mm ) PR AE B 2 AE R 0.5 m AL 20—30em /s K
P o " IS8 SN 5—10 min, FKIEE)E  FTIFIE
I TREE BN AR AR A . TR IR ) A
AoRAE 1.5 LKEE 4% 1.5% PR LA i A &-aF FG i
FE ., EMERER TG BAEE T 10x40 {5 W05%, % FLfp
2, ERRENLTE S TR 48 h 5, HE L YR e 4
255 30 mL, ZRFFHL 0.1 mL FE 5 T EOHE P9 B 7T 0L ET
HHORE AR B—RE R BEEA T E L 2 1k,
REVEE£15%, YRR AR R g > |
1.4 &L FEFR

R4 [ N SN S 77 e A 0 A ) 5 2 P 5 B 9 51
foilt IR ARG eI R T 22 R PEAR (K 2)
IXEEFRBR AR AT L A3 Sk R = R R A B R A
F A M 3 RS, SRUE  ARE SE BRoRAEAR L, % e —
HELEAE IR TARME L B E sOJCZE— AR ME A WU Byt Sketch map of Nanwan Reservoir with sampling sites
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Table 2 The parameters of phytoplankton
Frs e i
Number Indicator Explanation

1 eSS IR I B E
2 WY ZREETR S MA Shannon’s R FE %L
3 BREE TR 1Y AN 2
4 TEBERT Lt B RERERN R PPIRSE B REBER AL
5 IR B OLKARBEIE (e TR 223 MR T MoeiR) SR EEREAEL L
6 BT R R WROKIRM e A i S TR R MY W28 (Tl TR 220 fu iR i) 5 R 1L
7 BIPRE AN PE RS T 2 A
8 P R Margalef $§%%
9 fRHEEFR R Simpson 8%
10 B AR Pielou 1%k
11 AR T IS 0 A 8
12 AMRAEHED P >0.02
13 AT = R A% PRI BT = A B S B 2 T
14 HURRR AR
15 BRI AR % BRI PR /S
16 T A 2 i
17 i 5 Al A R 2 B 9% T 35 A A 285
18 ARl EA R % MR T S PR S B
19 TR & ) S5 P SLGTH A T 1 TR AR )
20 TR o3 S BT E e P GET 45 VSR A ) ik
21 TR T IR R % PG5 1V SIP IR ) B B/ B B
22 TR I E Y % LG & TV PRI AR Y i S i

ABIEFER A T3 W AR AT S8, it TR A P T RIT it . HA T Brad R vp | SR I o1
(Principal Components Analysis ) $& B -, 3 >R H B K Jr 25 ¥ ( Varimax Rotation ) € #% )5, 3& F o] 15 %
( Regression Method ) 7138 K 15343, Frf MR G T84 IBM SPSS Statistics 22 58 .

2 #HR

2.1 FRUHEYIRENL
2.1.1 P4l

3 YCRFEALYE TR VR URAE Y 148 B/ Jd o v ZREET IR IEAE Y 59 Fh, W5 B8 T TVR UMY 35 Fh, fk e | 1Rl AE
P30 Fh (36 3) kb G s | T 2R A A 5 R L ITA K 2 TR PRI A A L R AL S 2 R 3 YR
FER T IR A RO I, R 5 A IR IR R 28 AIK , R 66 Fli,

R3 BEWFHFEDIEER

Table 3 The phytoplankton compositions in the various seasons

SRAERT ] TEBED] HEET] B iR PRBE] ZRUET] Bl &it
Sample date Bacillariophyta Dinophyta ~ Chrysophyta ~ Cyanophyta Euglenophyta Chlorophyta  Cryptophyta Total
3 J March 21 4 3 10 6 26 2 72
5 H May 12 3 1 19 3 26 2 66
9 H Setptember 13 3 2 17 2 31 4 72
A1t Total 30 6 3 35 9 59 6 148

M TEIRTE 3 YCRAERVE Y A BT, (U P 2% UORAE I3 T AL 1128 2 22 S i R B R (| 2)
Bhn,9 H BT VI A I T miEse IR W R R R, DS B A R A IR 2R R O A
WIRRIE =, 5 R AR B RS B NIF I A i 2 W] 9 AR 3 2 |
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Fig.2 The species compositions in the sites in the various seasons
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Fig.3 The changes in the standing stock of phytoplankton
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22 HFoHr

ZRE T IE FRHEE , DL R 180 b R DT AR U8 A P A ) o 18 b o 28 0 =X L0 8 1R 4
Ry LR R TA% R A F (£ 5) o X 4ANEFIIEER S BEEMN 74%, KRR D7 22505 5,5
1 AT (F1) Jr 2B 20 32% 565 2 ISR (F2) J5 200 B FL B 20K 209% , 56 3 AR T (F3) Jr 2kt
B0 13% 575 4 INHF (F4) T5 2 RELL B2 0 8%

A RE R 32 DFEAR SR A T 2840 (factor loadings) W3 6, 7] LAE F|, &lek% 54 A F 8w HE T
Witk AL, 25 e B BB, & 15900 25 T M FRIRERI (BT 4) o B0 AR P8 45 5L -1
ST (B 5) o BT A8 2 i & 2 hn Ak, BT DA [R] 22755/ R 0 IR 45 53 W] DL 4% L
BRI

x5 AFAHEBICE

Table 5 The information of factor analysis

WIRHE( YRR 5 A HEFEAR G F A
I F 4 Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component Bt FEATI FH pS8an FEHTL FH Bt FEHETL Ly
Total % of Variance Cumulative/%  Total % of Variance Cumulative/%  Total % of Variance Cumulative/%
1 12.167 38.021 38.021 12.167 38.021 38.021 10.129 31.654 31.654
2 5.619 17.559 55.580 5.619 17.559 55.580 6.537 20.427 52.081
3 3.447 10.771 66.351 3.447 10.771 66.351 4.288 13.399 65.480
4 2.385 7.454 73.805 2.385 7.454 73.805 2.664 8.325 73.805
5 1.939 6.060 79.865
6 1.328 4.150 84.014
7 1.080 3.375 87.389

F1. 55 1 AT, the 1* factor; F2: 55 2 AT, the 2™ factor; F3: &5 3 AT, the 3" factor; F4: % 4 AT, the 4™ factor

F6 HEHRETHEER
Table 6 The rotated component loading

ig=2 Ery AL I F#faf Component loading
Number Indices F1 2 F3 F4
1 LES US4 -0.223 0.098 0.881 0.169
2 AME Shannon’s ZREETEEL 0.236 0.887 0.275 0.089
3 B -0.552 -0.591 -0.079 0.237
4 e R T -0.435 0.004 -0.02 0.185
5 BB SO 0.746 0.407 0.136 0.189
6 A Margalef $5%4 0.009 0.278 0.856 0.110
7 A4 Simpson 5 5% 0.316 0.888 0.22 0.005
8 A Pielou 185 0.302 0.904 0.135 0.058
9 P F -0.290 -0.897 -0.18 0.030
10 B 0.217 0.331 0.771 0.140
11 TR TS EH 43 1L 0.808 0.306 0.091 -0.214
12 HEE TR E A3 L 0.715 0.194 0.055 -0.411
13 ST EE I 0.874 -0.173 -0.121 -0.212
14 WIS EH A L -0.927 0.05 -0.182 0.195
15 BREE RIS EH I3 L 0.880 -0.019 0.008 0.109
16 SIS E L 0.253 -0.312 0.594 0.068
17 BBl 1R 43 L -0.568 -0.459 -0.204 0.016
18 TS 1% B H A L 0.864 0.172 0.101 -0.036
19 HHEE 1 B A3 L 0.246 0.041 0.805 -0.098
20 SEITEEE T 0.685 0.167 -0.026 0.494
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75 Fatn 43 ¥ 3 Component loading
Number Indices F1 2 F3 F4
21 WEEEEEE I -0.842 -0.446 -0.11 0.145
22 PREE % E 4 L 0.883 0.097 -0.097 0.141
23 LB EEE AT 0.484 0.436 -0.049 -0.578
24 FaBel 1% H 4 L -0.198 0.807 -0.05 -0.089
25 RESET AR R E AL 0.152 -0.386 -0.311 -0.188
26 s AR A L -0.189 0.252 0.758 -0.015
27 ST TAEY R E 0.580 0.110 0.098 0.449
28 WEEYEE -0.457 -0.649 -0.299 0.202
29 PRBETAEY A L 0.862 0.098 -0.173 0.362
30 L AR R -0.108 -0.063 -0.156 -0.618
31 (S ARG/ N g da -0.493 0.614 -0.118 0.035
32 e 0.248 0.099 -0.079 -0.849
34 5H 9A
1.0 |
é 0.5 -
Q
fist
g L0
o
= - L | =]l —
i)
H_,
=
)
-05 |
— 1 1 | | | | | | | | | | | | | | | | 1 1 1 1 1 1 1 1 1
S1 S2 S3 S4 S5 S6 S7 S8 S9 S1 S2 S3 S4 S5 S6 S7 S8 S9 S1 S2 S3 S4 S5 S6 S7 S8 S9
FHER Site
B4 BEFHES
Fig.4 The total factors scores
3 iTFig

31 AHETAESFE L

B AR I B A S B ESR BUR DL X R | RS K B R4 M 5 B A AR R 0 =2 Jit iy 12 4
FRbr A B IR R A5 BRI bR o BUARR bR e AT TIBIT JRHEAT TR 42 i
WEAR ) e B VR B 9T b R 2438 0 G SAFAE O ], FL A b il 23k B AR, (9, 3 465
SR EE SR RS S R B AR SRR St 22 ANk bR SRR S B
VR ZAETE RETWIRT L RV X S PR AR S A8 0 SRR DU O ELR A0 5 A 3 TF 3831 51 Mt 48 b
Lacouture 55 2 11} 38 Mk hr , (R IF A W bR 525,
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Fig.5 The factors scores in the various seasons

BRIt , ASBIE 5 Hh i e 0 45 PRl S A R BGHAT A0, AR BT I AR SCAH T AR X A~ B i s S
177 BT, AT LA SO B - AR R0 SO 2 LU . 1) I — (1) s E R SRS RS E
Sy A EET TR E Lo BRI TR S R SRR A e b BT TR S Ay L DL R ST B A A I AR G
SEF MWW TRRS R LR R ORI SAE T, A e PR A A R U TR KR A S
T34 ST AT S5 KR ) B B KA s R Sl i &2 R KR & B Rk ™ Y A AR bR £
VERTG RE ST B AR bR P S T T, R KR £ S ORI/ NA R AN | Sl D B R A
AR, CE SRR A DIRE R AL, BRI BB i D RE R R A AR Y XA b
WEBET T PRSI — 3, TLA R S e T B0 T ALK ISR (A5 JetRiv . 45 2 R BT,
A LU B H BB , KUK b K A BT GF;2) Bl . (F2) : 45 Pielou #5848, Simpson 4 %X , Shannon
Z RGBT B B D e B AEAE DG T S DU S s FE AR OC . A A Y A0 Bl LA A AR B
o Btk AR TREE W AE Y 20 R 8, R IE A 2 HE v 3) I = (F3) . &
BTN AL Margalef FEECEARDC, UL, B F3RAE T HEVE 5 BEARE;4) 71U (F4) . B2 5REEER
RPHSE, REEERMA MG KRR B IR E S Il H R T KR E BRI
32 ETARTFHIE

MBI FA353 K (K 5) ,3 U A KA U A PO [RR A A5 70 22 S il 2 e AT s . DAFIR] R
FATE/KPE 3 Ay A ARG, 9 A /K KA BRI e 25, 35 HV B g V8 /K B (0 IR A 245 SR — 30> kA
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