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Aquatic ecosystem states evaluation based on P-IBI factor analysis in Songya Lake
after ecological restoration
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Abstract Songya Lake is the largest urban lake in Hunan province. In order to study the effects of ecological restoration in Songya Lake,
aquatic ecosystem status of Songya Lake was analyzed and evaluated in 2018. Additionally, this study combined the concept of index of
biological integrity (IBI) and factor analysis, sorted ecological health states by score, and evaluated ecosystem status from the perspective of
biological integrity. The results demonstrated that the water quality in Songya Lake ranged from Grand Il to V level, with 27% sample
points better than Grand III. In the view of time, TP and TN concentrations in 2018 obviously decreased comparing to the states investigated

during 2013-2015, while the plankton biodiversity index was still in low level. Results also showed that September got the lowest health
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integrated score. Among them, ecological condition of the central area without restoration was the worst, and it was at risk of cyanobacteria
bloom. What’s more, the correlation between common factors and environment factors shows that temperature, TP, DO, and CODmn, were main
factors related to ecological health status of Songya Lake. In Conclusion, this study indicated that eco-restoration did work in improving water
quality, but plankton biodiversity was still damaged. Controlling the input of exogenous nitrogen and phosphorus sources along with control the
endogenous pollution release by timely removal of organic aggregates seems to have positive effects on water quality and water ecological
status of Songya Lake.

Keywords P-IBI; factor analysis; ecosystem states evaluation; water quality evaluation; Songya Lake
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Fig.1 Sampling sites locations on Songya Lake
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Table1 Candidate metrics of plankton
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Number Candidate metrics Number Candidate metrics
eIk LTI BB R R EE L
ml mi6
Taxa of phytoplankton Cladocera and copepods  density / zooplankton density
VR BB R
m2 mi7
Phytoplankton density Cladocera and copepods  biomass / zooplankton biomass
FRIEFRAEIIE L E I AT L
m3 mi8
Proportion of each phytoplankton density (P/%) Phytoplankton  density / zooplankton density
AR AR
m6 mi9
Phytoplankton biomass Zooplankton biomass
HIPREY R T L IR E R
m7 m20
Proportion of each phytoplankton biomass (P/%) Phytoplankton - biomass / zooplankton biomass
WHE BB A RIEIRASE: D =t x 100%
m8 m21
Proportion of potential toxic algae (P/%) Dominance index of phytoplankton
MR I E AL VFFEY) Simpson #540: D = 1 — X P?
m9 m22
Proportion of ingestible algae (P/%) Simpson index of Phytoplankton
TR VHIFEY) Shannon-Wiener $5%1: H' = — Y5, P, InP,
m10 m23
Diatoms Shannon-Wiener index of Phytoplankton
I BT Y Pielou $85: ) = IH—S
m1l m24 "
Taxa of zooplankton Pielou evenness index of phytoplankton
T e HHEIIAE: D = % x 100%
mi2 m25
Taxa of rotifer Dominance index of zooplankton
B BES T SL T TS Simpson #84: D = 1 — Y, P?
m13 m26
Taxa of cladocera and copepods Simpson index of zooplankton
A T Shannon-Wiener #54: H' = — Y5, P, InP;
ml4 m27
Zooplankton density Shannon-Wiener index of zooplankton
s VRN Pielou 16 J' = 2
m15 m28 ns
Rotifer density Pielou evenness index of zooplankton

s SR RO N: AR T E AL s MISEG P SERMVEMIPT S ELBE) (aND.

n;: he number of the i’s species; N:  the density of all species in the site; s:  the number of species; Pi:  the proportion of each species (12/N).
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2.1 FATEBKBEER

PHAHAR], FAHEB KRS A EAFERRIRIANER 2 FoR. 1 A, FATEBKIR TN SP9IREEN 115 mg/L, HALAREMER X v
%, JEERBEEX R 5 A9 A, TN FHKREED B4 046 A10.51 mg/L, &XIBERB/N. W TP KE, 1 AR-TFHkEN
0.041 mg/L, HARFEEXIKIE TP S RE&EMEN 0.013 mg/L, HABXIIKIAR TP SR/ AL 5 HERFHRES 0.027 mgL, &
X KA TP & s LAFEEMEE DO EAR, WX s 9 A BSFIIREEN 0.044 meg/L, HAiX F3 TP 5 5 0.076 mg/L. i
AN, AN A FATER NHa-N Sk, Hop 1 AR-FRESN 0.18 mg/L AHX R, 5 A9 H-FYJMREEAT, 4514 0.05



mg/L F10.07 mg/L, SR AKX AL ME R X & i CODMn =N AM-E AT, #3108 2461 2.76. 296 mg/L, =
8] EPAERME R P E s, HARMIX S EARIL. &34 DO ~FAMES 9 12.27. 8104 7.11 mg/L, Chl-a & &-FAMES A
3.04. 2.99. 6.66 ng/L, FEWEFIEHIN 095 0.81. 0.52 m, HAIXHEL) Chl-a EEET 3 MEEX, SDILT 3 MEEKX.

ARIEKTENARAE (LK RS 2 R DD, A HARRATESIK AT 1T~ VIR, Bk s, T2
IKIEFREN 73%, AT IURATR  27%. WAHAR], FAEST S AETFKBIEGR T 9 AR 1 H, 1. 5. 9 A 2Kk S
ELr 5N 20%. 40%. 20%, Jrfr 5 AR B & REEISIARIZOKERE, 1 3 80%MISKEE MK ARTAINZ K brE, 3238 n e
TN, TP &iid .

K2 RTREEXBUKRER
Table 2 The physiochemical parameters (median + SD) of different areas in Songya Lake

i Date SRFEX Areas T (©C) pH TN(mgLY) NHs-N(/mgL?) TP(mgL?) COD(mgL") DO (mgL?) Chla(p/uglL?)  SD(9/m)
NRA 5734027 7264013 161021 0.2340.05 005240005 269018 1278 +0.02 0.790.25 188403

WRA 7074023 6914004 113005 0.14 2001 00410004 238016 11.83+0.10 5.36 +0.07 05000

1.09 ERA 5994059 7014018  0.27 007 0.09 +0.01 001340001 2262018 12734001 0674006  0.70+0.28
CUA 6814008 7244018  1.29+008 0.23+0.02 004740007 2424021 11.76 +0.12 531402 048 +0.03

Average 6374063 7.13+02  115+051 0.18 +0.07 004140015 2462023 12274051 3044243 0954067

NRA 26794034 898006 0492009 0.03 0,01 002340002 3252015 7.8420.12 3344096 1274021

WRA 27414023 94324028 0252001 0.030.00 0.014 0,001 242004 958+1.19 1394027 135049

5.26 ERA 271254032 766+142  052+0.18 0.08 +0.02 002740018 2642011 8.03 +0.97 339+126 0654049
CUA 26684015 7134018 0532004 0.07 2001 00390001 259008 7.44 +0.08 3424007  040+0.00

Average 26974038 825+111 046013 0.05 +0.02 00270012 276036 8114096 2994105  090+050

NRA 23584019 7262013 0582021 0.08 +0.02 0.030 £0.01 3242006 6.69 043 33812 1.07 051

WRA 23974063 6914004 0412007 0.07 20,03 0.034 £0.007 268201 748035 710478 0604057

9.28 ERA 23724083 7012018 0422022 0.08 20.00 002940017 338111 796121 6794458  0200.14
CUA 24334004 724018 058006 0.06 £0.01 00760057 259007 6.7320.12 9554059 0124003

Average 23914048 713402 051015 0.07 +0.02 004440036 2964052 7114072 6664342  052+052

NRA: JtHBESEIX; WRA: THEMESIX; ERA: ZREEHEIX: CUA: BIXAHAKMBEX

NRA: North restoration area; WRA: west restoration area; ERA: east restoration area; CUA: center unrestored area
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Fig.2 Changes of phytoplankton species in different months in Songya Lake
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PURMESIX; ERA: FREMEHIX; CUA: WIKHERIZHX

Fig.3 Density and biomass of plankton in Songya Lake. A,B,C,D respectively represent spatial distribution of phytoplankton density, phytoplankton biomass, zooplankton
density, and zooplankton biomass) NRA: North restoration area; WRA: west restoration area; ERA: east restoration area; CUA: center unrestored area
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TG,
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BT ERRREEIE 65.84%. SAEMSEAEAHT EIFRTHAT A 4 Fis, BFEdlR 7RI E S AR T, ATRAE
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Fig4 Heatmap of the rotated component loading .Component loading represents the correlation between various biological metrics and common factors
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Bl 5 MBREIARXEARFESMEM. NRA: JGEHEHEX: WRA: PHEMEHEIX: ERA: ZREMEHEX: CUA: WIKHHAREEX
Fig.5 The factors scores in the different areas of Songya Lake. NRA: North restoration area; WRA: west restoration area; ERA: east restoration area; CUA: center unrestored
area
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