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Abstract: From 2008 to 2020, we measured chlorophyll-a ( Chl.a) and major environmental factors at five monitoring sites in Xi-
aojiang River, Three Gorges Reservoir, on a quarterly basis, analysed the spatial and temporal variation characteristics of Chl.a,
explored the correlation between Chl.a and environmental factors in water bodies, and analysed the major environmental factors af-
fecting the change of Chl.a in Xiaojiang River. The results showed that the annual average concentration of Chl.a was (20.69+
9.41) pg/L with a variation of 5.96-33.90 pg/L. The Chl.a concentration varied seasonally, and the overall characteristics
showed that the Chl.a concentration was significantly higher in spring, summer and autumn than in winter, and peaked at 34.48
wg/L in spring. The spatial distribution of Chl.a concentration showed an inverted “N” type distribution pattern, with the highest
in the Huangshi section (29.5 pug/L) and the lowest in the Yanglu section (15.23 pg/L). Pearson correlation analysis showed that
Chl.a concentration in Xiaojiang was significantly and positively correlated with CODy;,, conductivity, pH and DO, and signifi-

cantly and negatively correlated with NO3-N, PO} -P and Secchi depth. Stepwise regression analysis was used to screen the five
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most important environmental factors affecting Chl.a. Temporally, the most important environmental factors affecting Chl.a in differ-
ent seasons were turbidity in spring, DO in summer, NH;-N in autumn, water temperature in winter. Spatially, the most important
factors influencing Chl.a from upstream to downstream in different reaches were conductivity in Qukou, COD,, in Yanglu, PO} -P
in Goyang, conductivity in Huangshi, DO in Shuangjiang. DO and COD),, were the most important environmental factors affecting
Chl. @ in Xiaojiang River, where DO had the largest direct effect on Chl.a concentration with a direct path coefficient of 0.451, and
CODy;,, had the largest indirect effect on Chl.a concentration with an indirect path coefficient of 0.204. Fitting analysis showed that
Chl.a and DO, Chl.a and COD,;, were best fitted with an exponential function, followed by a power function and finally a linear
function. This study is important for the in-depth understanding of the spatial and temporal variation patterns and the main influen-
cing factors of chlorophyll-a, and for the management of eutrophication in Xiaojiang River and other tributaries in the Three Gorges
Reservoir area.

Keywords : Chlorophyll-a; Three Gorges Reservoir; Xiaojiang River; spatial-temporal variation; environmental factors; stepwise

regression analysis; path analysis
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Fig.1 Location of sampling sites in Xiaojiang River

yEEE L 03 25%~75% .
2 BRE M gzoo T LSIQRIAMENH
. _ D50k — TR *
21 INIMEE a =g H S s o
20082020 AR5l , 4ff 5 DX LA/ Chla 4F 32
SR E N (20.69+9.41) g/, A8 MR FI7E 5.96 ~ %
33.90 pg/L Z Al , fe/MA H BLTE 2008 4F, e RIEH =

BUAE 2019 4F (& 2) , B R RN T Hsh, 3
SRR N 3 4, FBF &KL, Chl.a #RJE A8l

2 N, B R BN W A & 2 /INTM%:% o BAEREAR AL,
AT, 45 4EH Chlla #e B2 B39 {H = T A 480, & 4K Fig.2 Annual variation of chlorophyll-a
it o ARG L A B R X 22 T R K (L P in Xiaojiang River

MERVEAERATZ o LR, A S0 G T -4

% o AERTRIER AN UL, BRI T BT [57% v % ~o0F sl F =7l |y
TR SERRATE ., WLAh, 50 (AL EAT FRH

JNIT S A WE G Chla B R 25 2 feimpd 3 08 192
Bk, R L EERANES HF KE3S Dl Jo &
4540 B T4 T8 (LA, Chla WeBE P 75 B 1K § Wl \ _3Of§
UH B (3448 /L) BE (27,61 /L) HE 5 E N A =
(2021 pg/L) K201 p/l) . Joilt, 5% B 5 20f A 0
Chl.a Y i Yoy 6 S 470 1002 5, 7390 59.11.31.98 - yoll | {ioT
pe/Ls B Chla i 0 16 35 W e 5. )| N

37.95 pg/L; 4 % Chla v JiE £ 38 11 BT T 65 725, % IR 7 R T TRy SR VO

3.24 pg/Lo ChladkJERR TREFAZMAAN, BRI 3 L& BT 4R o B2
ANIF] 7S 0] 22 S0k, BDAE 25 0] b 2 48] N7 B 431 e Fig.3 Spatiotemporal variation of chlorophyll-a in
1, Chl.a 4F - 34 v B 5 /&5 (6 0 30 /6 2 A W md different monitoring sections of Xiaojiang River



1532 J. Lake Sci.(#3a#2) ,2023,35(5)
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Tab.1 Pearson correlation analysis of chlorophyll-a and environmental

factors in sections of Xiaojiang River

EfL Y H FE =1 HA X /N AT
TN -0.306 -0.063 0.059 -0.130 -0.005 0.003
NH;-N -0.001 0.311 -0.275 -0.163 -0.073 -0.046
NO3-N -0.302 -0.360" -0.300 -0.390" -0.394" -0.258 "
TP -0.102 0.193 -0.104 0.040 -0.092 0.022
PO -P -0.226 -0.196 -0.547* -0.567 -0.577* -0.302 "
CODy, 0.337 0.525* 0.218 0.718* 0.320 0.428 *
TBN 0.201 -0.134 -0.299 0.051 0.047 —-0.069
WT 0.085 0.317 0.494 -0.087 0.194 0.095
Cond 0.546 ™ 0.156 0.475 ™ 0.060 0.198 0.229*
pH -0.038 0.207 0.236 0.374* 0.069 0.238 ™
DO 0.485* 0.326 0.434* 0.736 ™ 0.606 * 0.462 ™
Turb -0.204 -0.161 -0.093 -0.189 -0.092 -0.096
SD -0.011 -0.220 -0.220 -0.208 -0.389 " -0.187"
TN/TP -0.009 -0.214 0.022 -0.229 0.055 -0.110
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Tab.2 Stepwise multiple regression equation between chlorophyll-a and environmental factors

in different seasons in Xiaojiang River

BT 225 A 7 R? F P
7 Chl.a=~71.269-100.110NH;-N+13.018COD);, +0.102Cond+6.729Turb 0.83 45.02 0.001
=1 Chl.a=-63.192+15.210D0-14.744SD 0.37 11.16 0.000
Fk Chl.a=-154.342+149.699NH,-N-25.387N0; -N+22.713pH-0.314Turb 0.34 4.509 0.004
£ Chl.a =11.237-1.269TN+46.270TP-47.923P03 -P-0.504WT 0.25 2.916 0.035
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Tab.3 Stepwise multiple regression equation between chlorophyll-a and environmental factors

at different sampling sites in Xiaojiang River

AV P T B Il 7 R? F P
L Chl.a=—-17.555-10.341TN+5.292COD,,, +0.075Cond 048 7.698  0.001
P Chl.a=-238.489+8.182COD,,, +1.840WT+23.416pH-0.239Turh 049 6736  0.001
w5 B Chl.a=-45.327+177.942TP-643.827P03 -P+0.210Cond 0.53  10.48  0.000
A Chl.a=-54.525-357.689P03 -P+8.297COD,,, +9.528D0 0.81 395  0.000
R, Chl.a=-26.609-191.011PO3 -P+3.573COD,,, +7.319D0~7.702SD 0.75 2151  0.000

JNT 4B Chl.a=-22.528-7.181NO3-N-168.726P03 -P+ 4.980COD,;, +6.646D0-4.722SD 0.51  32.07 0.000
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Fig.4 Path analysis model of chlorophyll-a and environmental factors in different seasons in Xiaojiang River
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Fig.5 Path analysis model of chlorophyll-a and environmental factors

at different sampling sites in Xiaojiang River
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Appendix Tab. I Path analysis results of chlorophyll-a and environmental factors in different seasons in Xiaojiang River

EEESEREE 1§y HEERR  RERH
Z [RI 45 &t HAR R "
NH3-N  NOs;-N TN PO4-P TP CODwin WT Cond pH DO Turb SD SriiP; # P dij
NH;-N — — — — — 0.066 — 0.012 — — 0.188 — 0.266 -0.206 0.003
CODwin -0.040 — — — — — — 0.009 — — 0.120 — 0.090 0.440 0.053
H Chla
Cond -0.021 — — — — 0.026 — — — — 0.015 — 0.020 0.150 0.221
Turb -0.067 — — — — 0.070 — 0.003 — — — — 0.007 0.753 0303
DO — — — — — — — — — — — 0.075 0.075 0.415 0.240
= Chl.a
SD — — — — — — — — — 0.083 — — 0.083 0.377 0.212
NH;-N — 0.068 — — — — — — -0.043 — -0.098 — -0.073 0.413 0.116
NO;-N -0.111 — — — — — — — 0.068 — -0.004 — -0.047 -0.253 0.090
% Chla
pH -0.070 -0.068 — — — — — — — — 0.007 — -0.131 0.251 0.014
Turb 0.111 -0.003 — — — — — — -0.005 — — — 0.104 -0.364 0.068
TN — — — 0292 0356 — -0.018 — — — — — 0.047 -0.307 0.068
PO4-P — — -0.144 — 0.655 — -0.050 — — — — — 0.460 -0.620 0.026
Z3 Chl.a
TP — — -0.150  -0.558 — — -0.079 — — — — — -0.787 0.727 0.004
WT — — -0.015  -0.087  0.160 — — — — — — — 0.058 -0.358 0.090
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Appendix Tab. II Path analysis results of chlorophyll-a and environmental factors at different sampling sites in Xiaojiang River

IR I FIEB{EAH ob; HEEE  WERM
g R AR TGN ™ Powp TP CODw WT Cond DO Turb SD St AHP, d;

™ _ _ _ _ 0.000 — 000  — — — 20,080 0230 0.09

¥ Chla  CODw _ 0000  — _ — — 007 — — — 0.027 0367 0116
Cond _ 0034 — _ 0.018 — — — — — 0016 0534 0303

CODyy _ _ _ _ - 0.156  — — 0.020 — 0.103 0427 081

WT _ _ _ _ 0.158 — — — 0106 — 0.101 0.421 0.102

R Chla pH _ _ _ _ 0021 0114  — — — — 0.182 0392 0.044
Turb _ _ _ _ 0068 0143 — — 0.078 — 0.290 0450 0.026

TP _ o — — — 0317 — — — 0550 0450 0010

& Chla  POsP _ _ o — - 0167 — — — 0.018 0.568 0303
Cond _ _ 0170 0256 — — — — — — 0,086 0.556 0.221

PO.-P _ _ _ _ 018 — - o2 — — 0311 0259 0325

sF  Chla  CODwa _ ~ enzr — — — — 0207 — — 0333 0387 0518
DO _ — o060 — 0.151 — — — — — 0210 0530 0.548

PO,-P _ _ _ _ 0,050 — — 010 @ — 0.150 0301 0279 0336

CODyy _ _ 0.061 _ - - - 0.025 — 0.004 0.090 0.230 0.102

AL Chla DO _ _ 0.045 _ 0.009 — — — — 0.071 0017 0.627 0372
SD _ o — 0002 — — 0.113 — — 0.004 0394 0152

NOs-N _ — oms  — 0,050 — X - 0006 -0.091 0.159 0.063

PO 0024 _ _ _ 0.019 — — 003 — 0.002 0.022 0252 0.053

LA CODw 030 o018 — — — — 0.158 — 0.034 0.204 0.266 0221
" DO 0.025 _ 0013 _ 0.093 — — — — 0.032 0.099 0451 0303

SD 0005 — 0.003 _ 0042 — — 0.068 — — 0.023 0213 0.036






