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Response of water quality to landscape pattern change in the water source area of upper
reaches of Lake Taihu: A case study in the upper reaches of Dongtiaoxi River”

Fan Yashuang, Yu Wanging, Zhang Jing, Li Xue & Li Xiaoyu ™
(School of Forestry and Bio-technology, Zhejiang A & F University, Hangzhou 311300, P.R.China)

Abstract: As a comprehensive representation of human activities, landscape pattern evolution affects the location, migration path
and transformation process of non-point source pollutants by changing the hydrological process and flow path, and thus has a pro-
found impact on the water environment of the basin. As one of the main rivers entering Lake Taihu, Tiaoxi River plays a critical role
in the water environment of Lake Taihu. In this paper, the upper reaches of Dongtiaoxi River originating in Taihuyuan Town, Lin’an
District, Hangzhou City is taken as the research area. Based on the monitoring of river water quality in two periods, by integrating
landscape component indexes and landscape spatial configuration indexes, methods like correlation analysis, redundancy analysis
and stepwise regression analysis are used to quantify the interpretation ability of landscape indexes to different water quality indexes
and discuss the response pattern of river water quality to the watershed landscape pattern on the sub-watershed scale. The results
show that: 1) The total nitrogen (TN) concentration far exceeds the surface water quality class V standard limit at most sampling
sites in the upper reaches of Dongtiaoxi River, but the concentrations of ammonia nitrogen (NH5-N) and total phosphorus (TP)
are generally low, and some sampling sites could reach class I water quality standard. 2) During the flood season, in landscape
composition, the proportion of “Source” landscape in the basin is an important contributor to water quality. Farmland has a signifi-

cant positive correlation with nitrate-nitrogen (NO3-N) and TN concentration, while construction land impacts NH;-N and TP con-
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centrations; in non-flood season, the water quality is dramatically impacted by landscape configuration factors, especially the per-
imeter-area fractal dimension characterizing the patch shape. 3) Whether in flood season or non-flood season, forest and grassland
can remarkably reduce pollutants in rivers, acting as the key “Sink” landscape for the prevention and control of river pollution in
the basin. 4) On the whole, nitrogen and phosphorus pollution in the river is closely related to the intensity of human activities. The
water environment of the river can be effectively improved by increasing landscape connectivity and lowering the fragmentation of
the natural landscape.

Keywords: Landscape pattern; water quality; sub-watersheds; the upper reaches of Dongtiaoxi River
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Fig.1 Geographical location of the study area
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Fig.2 Distribution of sub-watersheds and sampling sites (a) and land use map (b)

of the upper reaches of Dongtiaoxi River
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Fig.3 Percentage of landscape types in sub-watersheds of Dongtiaoxi River
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Tab.1 Descriptive statistics of water quality of sampling sites in the upper reaches of Dongtiaoxi River

K UM RO B R R SR GB 38382002 brHERR(H/ (me/1.)
e M o RIE W
ECE (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) H/% T Tk Mk VK Vi

NH;-N 6 4 0.001 2.280 0.130*° 0.028 0.322 248.215 5.638 36.701 <0.15 <0.5 <1.0 <15 =<2.0
12 4 0.027 3506 0.304* 0.101 0.595 196.043 3.924 17.012
NO;-N 6 H 0.167 4.779 1.834* 1.571 1.231 67.143 0.939 0.056
124 0.170 15.866 2.488* 1.762 2.354 94.631 3.677 18.433
™ 6H 0478 6.045 2.310*° 2.072 1.323 57.263 0.873 0.198 <02 <05 <10 <15 <20
127 0436 19.736 3.335> 2.503 2.685 80.508 4.310 24.940
TP 6 H K& 0371 0.077* 0.062 0.070 91.925 2.172 5.828 <0.02 <
12 4 0.005 0.616 0.082* 0.059 0.099 121.271 3.497 15.293
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Fig.4 Spatial distribution of water quality index concentration in the upper reaches of Dongtiaoxi River
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Tab.2 Correlation analysis of percentages of land use and water quality indexes

of sub-watersheds of Dongtiaoxi River

KR bR LTINS =9 43 EF: /L A 4 EF: UL s A & 9t FHLLG T @A KR

NH;-N 6 H 0.499 ** -0.031 -0.096 -0.172 0.080 0.074
12 H 0.171 -0.202 0.166 -0.255 0.023 0.020

NO3-N 6 H -0.023 0.584 -0.564 " -0.104 0.023 0.261"
12 H 0.040 0.117 -0.118 -0.171 0.047 0.058

TN 6 H 0.105 0.591 ™ -0.617* -0.120 0.104 0.364
12 H 0.144 0.050 -0.084 -0.219 0.092 0.060
TP 6 H 0.371* 0.289" -0.374* -0.092 0.030 -0.065
12 0.365** -0.129 0.046 -0.197 0.027 0.009

% 7R P<0.05; %% sk P<0.01.

3 REE T B IUS SR 38 85 K BHEAR AR S 70
Tab.3 Correlation analysis of sub-watersheds’ landscape pattern indexes

and water quality indexes of Dongtiaoxi River

AKFFERR B PD LPI ED LSI  PAFRAC CONTAG  IJI  DIVISION SHDI Al

NH;-N 6 H 0.046  -0.064  0.103 -0.098 -0.303* -0.150 -0.152  0.077 0.181 -0.095
12/  -0.092 0.230 -0.124  -0.127 -0.310" 0.133 0.041 -0.209 -0.122 0.135
NO3-N 6 H -0.043 -0.379* 0.156 0.006 -0.272* -0.444" 0.133  0.392™ 0.394* -0.163
127 -0.014 0.001 0.005 -0.060 -0.284* -0.081 0.055 -0.033 0.051 -0.002

TN 6 H 0.069  -0.423" 0.292* 0.055 -0.299* -0.543* 0.017  0.444* 0.504™ -0.296"
12 A 0.005 0.045  0.020 -0.056 -0.337* -0.074 0.041 -0.065 0.057  -0.013
TP 6 H 0.135 -0.125  0.204 -0.016 -0.264" -0.286" -0.215  0.143 0.303* -0.205

12 0.003 0.225 -0.014 -0.227 -0.381™ 0.005 -0.015 -0.234 -0.020 0.026

# 78 P<0.05; s 378 P<0.01.

232 EUM A G A RAFTE TAM T F U0 50 L BRSO B 50 K TR BR 09 TUAR 4 B s
(KA K 5) R, IRk AR 0 I K ) B A B R 3 B, 6 H R 12 A 2300l 18 ) 1 78.70% Al 82.14%
(#4). )N RDA HE B (18] 5) shl KUK B, BIe A BOOK SRR PAFRAC JobR M o HEAR 3R B R AN TR) 75 B2 1) 172
R R, Horp , PAFRAC ARFRFE N TSR IS FEIE , 33 F WA 7K 35 e B4 o R IR R 4% o 45 A ) 2606
2y AR TR SR R R A2 23 P 0 B v A ) S B T A Pt TR BR B 98 o 2 S R L B
WSETHE. SHDI DIVISION .CONTAG \1J1 B ReAE—E R 2K B, (HHAE R EA B3

R 4 IRPE T U SR 5 TR K SR TO AR o B 2R

Tab.4 RDA results of landscape pattern and water quality based on sub-watersheds of Dongtiaoxi River

‘ REIE/ %

s} ] pseudo-F P1E
1 2 ih 3 ith 4 IR

6 H 55.01 18.5 4.76 0.42 78.70 2.7 0.014

12 A 62.19 12.16 7.65 0.13 82.14 3.4 0.002

Xof LT A B 1 AR TCAR A 4t SR, 2R AN S 8 FH i S 7K B s 14 ST AR 3R A VU AR PR (R s 3 T W
% (P<0.05). HERIX— B A AT BESE 234 D5 v B S WL A IR A AT S WL B AR, AR A A ]
i A SRS A R SR S5 WIS R 4 TR 425 I S 8 00T 20 B, DR 20 A 445 2R o A 7 3 1A L.
BRI LA, FE AR TN SO0LAC B K 7 LPLA LT X5 R B A — 2 R, Horp LPT AR IR R BEER BT 5 LE 191,
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Fig.5 RDA of landscape pattern and water quality based on sub-watersheds of Dongtiaoxi River

LT WFSE T SN A1 28 RUBRE S 22 6] A AR TR0 , 0 AR 75 132 30 3 U ) (10 S4B B P s, 3k 35 W i g A
Mo e AT B T s K 5.

2.3.3 FA A A 28 B G TR AKFAEAT B F B AT BT AT K R AR S S LA U R W
We 2 (] A A2 1A 70 AT (3RS ), [RIINEGH 2% 55 W% SR S R A T ILER MRG0 D7 2K R M (VIR ) 5 T i
Z TN 0 R A SRR R AT, Y7 22 < 0.1 5 VIF {5 =10 W, fUFRAZ B A7 70 ™ B A SRk 1. KR
GERRY AT RSB 2N T 0.4~ 1.0 Z (8], VIF (G F R 1.0~ 2.3, JIVAS b [B] A 4776 7 5 i L 48
P HEAASAS KB AR HL 3k 3] 5 K P (P<0.05) B S5 PR 7 A d B 3l Akt AR 3t A AS i
F#t 5 b, SOWRCE A PAFRAC (PD Y LPL 8 2 B 7E TR 32 58 52 1 50T by R S il 3t o LU 4 52 )
I B M T BRI R 2 (ol R L T, 3 ol X 28 1 M A B R it ) RSB D A D A 52 3
Moty FEAD S R AR B S SRORIOG , 3 TRE AR PR B 1 S i X 5 e i BB AN 5 | A . PAFRAC A0 3A
SOMBEHEAR 1 EE SR, HAEDBOR , SRR A , 52 A\ TE S i R At i 55 e AR TR, AR 45 3 e
KD ST LA NS B8 R JEE Y TR E FRARR , S5 UL 18 4 PAFRAC R 5 S VR P B B 2 R 7. A
VEIRAE TSI AR TRIYT Al P il L4952 X6 i 25 G e 5 A TR 3 i 1) B2 W) DR 3R 0 DA 285 0 T R TR
TARM A7 TS e, S5O RSO0 Tl 2 R B2 14 2 W 2 A0 . T A B ) e R i PR A YR A

5 SOMSRRIFIRS SR 1 505 K B bR i 722 [ 5 234

Tab.5 Stepwise regression analysis of landscape pattern and water quality

VI P 1] w75 R? JHEE R P
NH;-N 6 A NH;-N,,. =0.070+0.077Con—0.167Tra 0.446 0.400  0.001*
121 NH;-Ny,, =6.785-4.886 PAFRAC 0.224 0.192  0.150
NO;-N 6 A NO3-Njupe = 1.159+0.052Farm 0.341 0329  0.000™
12 A NO3 -y, = 1.567+0.038Farm 0.191 0.175  0.001°
TN 6 A TN}y, = 6.865-0.058 For 0.381 0.369  0.000*
12 H TNp,. =5.667-0.035For 0.132 0.116  0.006™
™ 6/ TPy, =-0.043+0.019Con-0.066Tra+0.001PD+0.002LPI  0.575 0498  0.001"
12 A TPy, =-0.004+0.010Con 0.384 0359  0.001*

# Frn P<0.05; s+ /R P<0.01;June:6 F (AH]) ;Dec: 12 A (AETRHE) 5 Con: AL F i 5 L 5 Farm : R M % LY ; For: Ak
i b 5 Tra : 3238 FH L5 EE.
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