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Effects of landscape pattern on water quality at multi-spatial scales in the Liuxi

River
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1 School of Geography and Tourism, Anhui Normal University, Wuhu 241003, China

2 School of Geomatics and Municipal Engineering, Zhenjiang University of Water Resources and Electric Power, Hangzhou 310018, China

Abstract: To explore the impacts of landscape pattern on water quality at multi-spatial scales, water samples were taken
from 15 sampling sites in the main stream of the Liuxi River in June 2020 and January 2021, respectively. The water quality
indicators such as water temperature, dissolved oxygen, pH, ammonia nitrogen, nitrate, sulfate and chloride were
determined. We then extracted the landscape pattern indices at different spatial scales ( sub-basins and riparian buffer
zones ) based on interpretating Landsat remote sensing image data. Methods such as Bioenv analysis, Mantle test, Variance
partitioning and Hierarchical partitioning theory were applied to reveal the influence mechanism of landscape pattern on
water quality. The results showed that ammonia nitrogen was the main pollutant in the Liuxi River. The impacts of land use
structure and spatial pattern characteristics on the water quality change had the spatial scale effects. Water and built-up land
were the main contributor to the change of water quality in the 100 m riparian buffer zone and in other spatial scales,
respectively. In the sub-basins, the patch density of forest and built-up land were the main characteristics which affected the
change of water quality, while the connectivity characteristics of the water and built-up land and the richness and diversity

of forest were the key features affecting the change of water quality in the riparian buffer zones. Overall, the interaction
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between land use and landscape pattern played a leading role in driving water quality change in the Liuxi River, especially
in the 1000 m riparian buffer zone, which had the highest contribution to the water quality. Therefore, strengthening the
management of land use in the 1000 m riparian buffer zone and avoiding the large area- development of built-up land are of

great significant to the protection of water quality in the basin.

Key Words: Liuxi River; landscape pattern; spatial scales; water quality; interaction
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Fig.1 Map of the study area and the distribution of sampling site
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Table 1 Landscape index selected in this study

Shannon's diversity index

SOUIERE AR fik
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Fig.2 The characteristics of water quality in the Liuxi River
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Fig.4 Characteristics of landscape index at different spatial scales
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Table 2 Best subsets of land use and spatial pattern in relation to water quality

o S5 /m i—iMHkHE‘ﬂfﬁﬂé *Ep‘é%é%k'(ie) %l‘ﬂ*ﬁ)ﬁ%&zﬂé *E?’é%ﬁ(}e)
Season Spatial scale Best subsets of CfilT'e:lall()n Best. subsets of Cl().rr.elatl()n
land use coefficient (R) spatial pattern coefficient (R)
FoKI R VA b+ 15 P o+ o] 0.664 PD+ SHDI 0.438
Wet season 100 HEBEFH b+ 7K 3 0.572 PD+ SHDI 0.219
300 Wb+ T b+ K B8 0.450 CONTAG 0.401
500 AR+ 3+ 7K 3 0.476 CONTAG 0.431
1000 AR+ R 4+ 7K 3 0.496 SHDI 0.476
1500 R 0.500 SHDI 0.529
A7k A T A 0.646 PD 0.235
Dry season 100 K8k 0.600 PD+LPI 0.218
300 B b+ K I8 0.582 CONTAG 0.234
500 AL+ 7K 3] 0.554 ENN_MN+CONTAG 0.239
1000 R FH b+ 7K 3 0.493 SHDI 0.329
1500 R A 0.566 SHDI 0.379
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Table 3 Significance test of water quality with land use and spatial pattern

P 23 (AR /m S 4RI Mantel test 2 47 JR A6 36 Partial mantel test

Season Spatial + 1 EE SRS ) EE +- 4R N OS5 EE
scale (R) (P) (R) (P) (R) (P) (R) (P)

FKI Fi I 0.563 0.000 0.400 0.003 0.503 0.002 0.171 0.112

Wet season 100 0.174 0.121 0.154 0.103 0.112 0.216 0.008 0.250
300 0.257 0.036 0.333 0.011 0.140 0.153 0.219 0.069
500 0.306 0.006 0.354 0.010 0.212 0.093 0.235 0.069
1000 0.426 0.004 0.472 0.001 0.258 0.063 0.279 0.003
1500 0.500 0.001 0.420 0.000 0.364 0.014 0.285 0.027

A7k I FiI 0.536 0.000 0.145 0.077 0.521 0.010 0.009 0.485

Dry season 100 0.129 0.112 0.051 0.258 0.112 0.139 0.018 0.845
300 0.139 0.087 0.151 0.070 0.085 0.175 0.030 0.364
500 0.178 0.046 0.175 0.052 0.127 0.109 0.072 0.213
1000 0.316 0.006 0.238 0.025 0.239 0.018 0.011 0.133
1500 0.430 0.001 0.258 0.015 0.364 0.004 0.001 0.126

2.4 SEULMS RN K T RO AR R R

FEF Bioenv 0HTEE R (36 2) , EBUMK L | 8 % FH H A K S 2 AV M B 5T DX G = R 4548, CONTAG .
SHDI FI PD #5504 G 25 A& Jm AR AE o B R K I K A28 br A Sy i A8 6, DL i = HUoR 2548 5
23 (ARG SR PR A E A R AR T AT VPA 08T, A5 BN 2 (B RUBE R = bR FH 5 25 )4 Jm 4R A1 %o 7K J5it 9 0 ST e
PORAULFEI PR 25 R ILR 4, F MKW, H A FHAE 7380 1500 m 32 5 25 9% b X0 7K J5iE 1) e e ot A
XK, 235 (A% SR RRAE U AE 500 m A T (%) il e e K 5 — 38 58 AR PR 242 1R RUBE Xof 7K 5 1) fip e i 17 4%
K, TEHAE 1000 m 25 iwh KA /K B 1) TTmk A i o 7E 1000 m ZE b X, 32 RSk A - b ) P45 ¥ 43 1) 2 g g 1
6.0% 1 16.3% 17K BT AR Ak, T 50U J= V0 JC Bk fif B 43, 28 BAE FHFR A3 i it B 1l 53.6% 1 45.5% , 435l o5
= R FH 28546 R BTRR R Y 89.9% N1 73.6% , e WA Rl B TTRR R 1 100% , K I, Toie & I Wk 2 ) 745
GEop X RUE, A H I FH 4525 (RIS Jm) 0938 B FH G (R 9K 2 25 ST K OK B 1 A8 Ak, 3 o, H R 254 5 28
)4 R 9 58 ELAEFIAE 1000 m Y07 245 2% oft X X 7K 5 9 B ik R e e, iX S AR T A ORISR 2516 — 80 . Mkt
FIFHZEA R , MR AR 1000 m 22 o X Py LA sk T 2Rl & (B 3) , ARG shfEi%2s [ R
PRI B AR, i 38 =2 ) ) 3 TELAE FHAE 33— 225 (] RUBE X 7K T AT B e A R

x4 TREZERETLHFASZEARENKEHNERESE

Table 4 The contribution rates of land use structure and spatial pattern to the water quality

=N 25 [ R /m fift B i Explained rates KRR
Season Spatial scale + Hb ) FH ZHAVEA 23 )% )5 Unexplained rates
oK R/ 26.0% 42.0% — 32.0%
Wet season 100 7.0% 37.1% — 55.9%
300 10.9% 36.1% 9.2% 43.8%
500 10.6% 34.0% 22.4% 33.0%
1000 6.0% 53.6% — 40.4%
1500 13.7% 52.9% 10.9% 22.5%
ik 9] R 21.0% 37.6% — 41.4%
Dry season 100 8.0% 20.9% — 71.1%
300 13.9% 29.4% 11.9% 44.8%
500 17.0% 24.5% 24.6% 33.9%
1000 16.3% 45.5% — 38.2%
1500 19.6% 43.6% 12.3% 24.5%
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AT LR A7 1 s — R RIS R b K (K SR8 budl MR RNA R AE) /A )iz, e ALY L
AN (B 2) o Ik R Y B 8 IR B RS RIDREL e 0 A8 B X, (A58 3 28 RUKIS e itk Bk T3
BN K R FRBE TS Y BRI — 1 FERETR K AR, K R IR 75 Y4 £ B A T R 5 AR O — TR A
T K T BRI, A2 BRI AR T 1) AR v A5 R AR 2 1 R M, AT S8 P R B 1 AR B IR
Frat e R 7 A R it P A AL D 24 4 S R R 2 i K T A % BRI R — AR R
FEVE VLR WIS AR VLK 5T 5 = Hb R R e 1z DG 28 v [ 2 0 2 52 i T /K B AL I B2 22

S8R A B 45 SRS, AT & B 18 b AR 845 11 45 TR A SRy b 7K AR T A fige B 0 7 R
[z M ROBEAEAE 22 5, FEITIE B 4% ph X, ZK3B01%) 2 )k Jmy AR E ) 7K S5 Py ik 8 3 o8 1 S 16 ) b R bR s 5 o Al
23 ) R H5E R 7K AR A S B 1 v T AR A KB, HeAh | 76 TR R bR 0 2 15 FH b SR e %
(PD F850) XK 0 e e g 01 5otk , V34905 45 1 25 [BIAS SR BRI 55.9% 11 77.0% , & 520 7K T (A% O AR AIE - 7E
TR | A A U b 200 A s R IS Y (18] 2) AR AR DAy i el 32 i 3 S0, 2 R
XiF ¥ Y A A RISt ) [ R P M O A 3l P S R OO, R B R K A T e )
Wi AR R AT ph X N E | K 0 14 T 1 ( CONTAG $5%50) X 7K A 85 (i B 41, 7E 100 m 3T 1 B
2 W DX AR g B | T340 o K s as RIS SR R R 1 41.1% . 7E 100 m 0] B2 G2 o X K ST AR 5 H ek
PSSR (18] 2) , K SR AL AN M (CONTAG 840 ¥ (3R 5) , T9 AW 7™ A AL AL RE 35, DT xeg4mf
T /K s B 2 S 7100 R Y Z2 R R R R RE (SHDI 8800 Xt K SR A i B T, AE 100 m 3T
P B % i DXORITZE B 25 4 o DX ) i R 18 ) AR X5 , P340 o MR kB2 TR A Jmy i RS it 1Y) 53.3% 1 53.2% , 1] j= i AR
b T A SRR B B A K 3 2 S e T K AT RS T bR 4 45 F R T (SHIDT 48450 , A TR Ry
RE s sy, ot TR T e (e LS R B B 0 A R % M ( CONTAG 3550 XK R R FE A
BRI AR T, LR A 235 [R) I P 398 o S 4 i 4, SP-3587 o a8 FH b s (A ) A R B 119 46.6% , 2 5% Ml 7K I
1) 5 L2 (AR R R AE . A P R i P 2 B A Y S0, s A 1 M R T TS e AR LA A
PR PRI (B 18], 0K B, AT, #2808 DA A0 P TR 30 1 ot o % e X B g 388 o v 448 o ( 11 3
FIEL 4) , R 7K A BT iRk 23R il 2% v X I8 5 %) 048 T S B8 o () R A, i — 2598 5 oAt 2 3 70 2 Yl e ™
ROV FRR " i A e e e —ak, nT 00, 76 150 FH bR fo) e 7 e | iy RS it s 080 P b B R 4%, 5 I

http ; //www.ecologica.cn



434 ORFEDE A AN [ 23 (8] RURE A S5t 0K SRy o JAE 18 TR 7K I 4 52 1493

A —BEER A A bl S5 AT BELFR , LABD T4 R K SR i

x5 ETEXRDEEIRAELHF AEREZ EIESFEXKRBRER
Table 5 The contribution rates of spatial pattern of different land use to water quality based on the hierarchical portioning theory

AT 2 ) RUBE B K BT RE2/ %

T LA FOWHEE The explained rates at different spatial scales
Season Land use Landscape index
T 100 m 300 m 500 m 1000 m 1500 m
FIKI b CONTAG 2.8 2.4 8.4 7.0 4.9 6.4
Wel season SHDI 6.2 4.3 3.5 3.8 8.3 9.6
PD 11.5 2.2 1.7 3.7 1.3 1.2
At 20.6 8.9 13.6 14.4 14.5 17.1
A b CONTAG 5.0 1.3 3.3 8.6 8.9 12.4
SHDI 8.8 2.7 2.9 4.5 15.0 18.7
PD 16.7 0.7 1.3 4.4 2.6 2.2
js8an 30.6 4.7 7.5 17.5 26.6 33.4
IR CONTAG 7.1 14.4 8.3 3.4 5.7 5.6
SHDI 1.6 12.6 5.0 5.4 6.1 3.7
PD 5.8 3.9 1.4 3.1 1.5 0.6
Bt 14.5 30.9 14.7 11.9 13.3 9.9
A7k A R CONTAG 3.8 0.2 13.3 2.0 6.4 8.8
Dry season SHDI 8.3 7.0 2.4 9.2 8.6 11.3
PD 15.4 4.8 2.5 5.4 2.7 2.3
Bt 27.5 12.0 18.3 16.6 17.6 22.4
A CONTAG 4.1 0.0 1.5 8.7 6.5 9.9
SHDI 7.2 0.8 0.3 3.0 7.7 12.7
PD 13.7 0.2 0.4 6.9 3.2 2.5
Bt 25.0 0.9 2.2 6.7 17.5 25.1
K5k CONTAG 2.1 12.1 9.5 3.9 7.6 6.6
SHDI 2.9 7.9 3.4 0.8 4.5 9.2
PD 3.0 13.9 4.1 2.0 4.1 1.8
Bt 8.0 33.9 17 6.7 16.2 17.6

ARSCIEF S MK K BB, 255 18 B 128 T A5 1 = o R B, 20 B 17 A [R) 25 Ta) IRUBE /) 5
WS Sy XA A S B, A5 3 T DLUR 258

(D) ZERAZS R L, ORI 5 25 1804 J8) 4 22 B AR 2 R sl IR Tl T KoK R s Ak Y B E R &R, o
TE 1000 m Y0 52215 22 1 DX 7K 5 114) B ko e 1

(2) ARz [ RBETS , A R 2588 5 2 (A% JR REAE XA S K I (W sE I AEAE 25 5 . 7E 100 m T R P 2%
P DX KSR 5 M K I 19 = T R 5 T A At 23 ) R A P 2 i 7 174 2 BTk

(3) BT ALK BT A 22 | BRI 50% W RAF s EUR BE ok 1 MK T 20K Babmifl, 32 237 i
FHH K SRARHD MR, 2T R Ak R A 152 FH b 179 B B 285 158 (PD 8 450) 2 52 il /K S AR b 1 A% 0 R
fiE, P34 4% A 25 (8] 48 Jm) fif B 5 1 55.9% 1 77.0% ., TE ] 52 45 9% v IXORUBE, 7K Bl i ) b 1) 32 36
( CONTAG F5%00) FARH (Y Z2 FEE R0 =F 5 B2 (SHDI F5550) A2 52 ma 7K BT AR A B A% R AIE | =35 X8 7K B 28 1k 1 52 i
7 4% 23 (A% SR i AR Y 41.1% .53.3% 11 46.6% .,
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