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Impact of the evolution of watershed landscape pattern on river water quality—The exam-
ple of the Nanfei River, Lake Chaohu Basin”
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(2: School of Geography and Tourism, Anhui Normal University, Wuhu 241002, P.R.China)

Abstract. Landscape pattern consists of landscape composition, geographic features, and landscape configuration. The evolution of
landscape pattern in watersheds plays a pivotal role in shaping spatial and temporal variations in river water quality. In order to
quantitatively explore the impact and mechanism of landscape pattern evolution on water quality of typical rivers in the plains river
network area, this study was based on the water quality data and land use data of the Nanfei River, Lake Chaohu Basin in 2013
and 2023 and used the one-way ANOVA test and hierarchical clustering method to analyze the spatiotemporal changes of water
quality. Multivariate statistical methods such as the Bioenv analysis and the VPA analysis were utilized to examine the interpretation
rate of various components of landscape pattern on the comprehensive trophic level index (TLI) of water quality and identify the
key factors influencing TLI at different spatiotemporal scales. The results showed that the water quality of the Nanfei River in 2023
was better than that in 2013, and total nitrogen (TN) , total phosphorus (TP) , and TLI were significantly higher in 2013 than in
2023, but the seasonal differences in water quality were not consistent across years. The results of the survey in different periods

showed that the landscape pattern in the non-flood season explained the TLI more than the flood season, and the landscape pattern
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at the 1000m buffer and sub-basin scales had a greater influence on the TLI. The independent explanation rate of landscape compo-
sition and geographic features on TLI was higher than that of landscape configuration; the influence of landscape configuration on
TLI mainly concentrated in its joint effect with landscape composition and geographic features. In landscape composition, the pro-
portion of building and garden plot area was significantly positively correlated with TLI, while the proportion of water area was sig-
nificantly negatively correlated with TLI. Among the geographic features, the area hypsometric integral (HI) and topographic wet-
ness index (TWI) were significantly negatively correlated with TLI. The study concluded that in the future, the restoration of Nan-
fei River Basin should limit the uncontrolled expansion of the “source” landscape, and should not ignore the optimization of geo-
graphic features on the water quality of the river. The landscape configuration of the “complexity, fragmentation, and connectivity”
and other aspects of the rational planning of the city will be important to assist in the improvement of water quality.
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Fig.1 Sampling points of Nanfei River Basin water and landscape composition at different periods
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Tab.1 The landscape configuration indicators selected for the study
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Fig.2 Landscape composition at different spatial scales in 2013 (a) and 2023 (b);
Sankey map of land use shifts in 2013 and 2023 (c)
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Tab.2 Landscape pattern features at multiple temporal and spatial scales (mean + SD)
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Tab.3 The optimal combination of landscape pattern affecting water quality at

different temporal and spatial scales

W AR RS MR MEREREES MXRE RWREREAS MXREK

2013 4F 100 m AU M +Ab+KER  0.309 TWI 0.184 LPI+LSI 0.254
WM 500 m TR, 0.480 TWI+FPL 0.269 PD+COHE 0.366
1000 m S H + b 0.289 TWI 0.158 LPI+LSI 0.355

Fifis K85, 0.544 HI 0.368 LPI 0.337

2013 4F 100 m IR+ B b 0.427 HI 0.298 CONTAG+PD 0.221
I 500 m IR, 0.295 HI+TWI 0.339 COHE +CONTAG 0.568
1000 m HhHb+ 7K sk 0.409 HI 0.442 PD 0.260

TR Mok RFI R 0.312 TWI+FPL 0.210 LSI 0.395

2023 4F 100 m A P -+ el 4 0.397 HI+FPL 0.276 SHDI 0.348
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1000 m TR, 0.345 HI+FPL 0.301 SHDI 0.288

TR AU AR 0.300 HI+FPL 0.180 COHE 0.246

2023 4F 100 m AR+ FH HE 0.421 HI 0.361 PD+LSI+CONTAG+SHDI 0.608
TR 500 m TR+ 0.410 HI 0.300 PD+SHDI 0.366
1000 m Hkh+ 7K ek 0.389 TWI+FPL 0.240 SHDI 0.374

Fiis 2l 3t 0.510 TWI 0.314 PD+COHE 0.334
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Fig.5 Correlation analyses between comprehensive trophic level indices and their optimal
combination factors in different periods (A1-A6, A7-A12, A13-A18 and A19-A24
represent the proportions of water area, construction land, forestland, as well as TWI,

LSI, and LPI, respectively, in non-flood season in 2013 at 100 m, 500 m, 1000 m
riparian buffer zones, and sub-basin scales; B1-B6, B7-B12, B13-B18 and
B19-B24 represent the proportions of water area and forestland, as well as HI, TWI,

PD and CONTAG, respectively, in flood season in 2013 at 100 m, 500 m, 1000 m riparian
buffer zones, and sub-basin scales; C1-C6, C7-C12, C13-C18, and C19-C24 represent
the proportions of construction land, water area, and garden plot, as well as HI, FPL,
and SHDI, respectively, in non-flood season in 2023 at 100 m, 500 m, 1000 m buffer zones
and sub-basin scales; D1-D6, D7-D12, D13-D18, and D19-D24 represent the proportions

of water area and farmland, as well as HI, TWI, PD, and SHDI, respectively, in flood season

in 2023 at 100 m, 500 m, 1000 m riparian buffer zones, and sub-basin scales. * indicates

significant correlation, P<0.05; = indicates highly significant correlation, P<0.01)
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Tab.4 Regression equations of TLI and impact factors at different spatial and temporal scales
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T - 18.991HI+46.729
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32 FMEAERRSENNERRATF

S LLEL R 57 S o o ) T B RS, i RS A AR A AR L I 2 A T A B T S
I AR BEA T X HLORIFSE , i S BAAERT T HUAE IR BR T 24 T A RE UL S5 0038 28 X K R 5200 . A2
BIFFE B2 e FH A g LR B P 2 T B K i 4 S 38 7K T, 35K i 4 b 3 A 7 v B 9 0 T L
WA | - T B BEHE AT P . Cheng 5 300N , S35 FH M T AL, LA i 19.0% B 7K 5 32 H 5 0
T Y SR A P M TR AR L RSt 5 I e R R ) eI Y BRI A I T X, A A A
CI7E 2013— 2023 4E34 1 T 202.3 T3 A7) 75 2835 128 o 42 JE A 0 T bRt tof FH /K HEZK B SR 39, ot ot g
W FHHBAS TLT 75 ks BA KIS . Bkt ) 3 170 L e 5 LT 52 T AR 6, b 2 Bl M AR o 1L O R
2023 AR R A SR TLT (4 S ER 36 bR (32 4) o Bt . 5 8t o 9 0 490 76 b R od 78 2t P K kA R e
25, Al RS SR KIS PR TR B L3 S T 2 A R, NIRRT, 2023 47K
ST ARG B0 3 3 2 B phy B b Ay e TS5 o Uk V6 4 7K B AR DGR 28 A g , L 90 D L 5 5 T
FUS R B 2 B R MG . AT 0SS S5 2 R[] A 5 PR AT B et , Lo ) ) 3 9 4 rh 7 AR AR B K 552
i RO S R T e R Sk 5 S8 B T 3 6 G L R A A A TR M R o T K T 57
FEFHHEH R AL/ . AT LASE 2 % M R AR P < DEOL” AR SR T SSSPI R A DA b
T IR R SR AT B T B M R 7 R AT TLE B AR 9 5 T, 22 B0 £ 4 A T A

SR S ot K B BRI 2 22 07 TG B, FG e 1 SR AR K B BV FH S 2 0 AR 2023 AR R VR RITR
91, b FRARAE RS TLT 00 37 A BB Rk 36.1% T He 5 5 W2 Joxsh TLT A TB6-45 A g ik ik 30.1% , TWT 5 HI
SRR TLI (T S PR AE S bR, 8 TLI 5 0 G0RE OG 35 8 W) BIURS iF b 2 S i /K R 1 7R PR 26
Wang 2" OBFSEIAN IR IR B0 Ik 5 5 7 SR A i XU, , A BF 7 Fp e o 1y HIL 388 e 4 P9 3 7
PE T K5, TW B4 26t T LA DR /0 b 398 ofo B 800907 3 A AR /K TR B 5 85 37K, X 45 Xu 80 B F 5 4%
R—F . {H Ricart 2 AN Pt LR 169 7K ST R8-S 0 RN 55 O RE S 18] 460 o 9 58 4, 7% A 5 o
2 AT RS T HFTE M XA SR ek I B, (AR R A0 L, 2023 AE AR TR AR A 7] KRBT s B4 5
SV B BRI TLT R R3K 2.4% ~30.1% , T 5 S UL IC 5 (4 25 1 I X TLT f A T8 263K 0.6% ~
19.9% , 545k S e T iy BRI ] L 240 S5 L4 kS O . 00 2 ) 5 i 7K

SELAC T LA e O £ 2 ) 5 R A UL TR A 2 T 0 B 5 A R B R KR 1 S A
29 fEAWFsTH , LSI . LPI.PD .CONTAG F1 SHDI %F TLI iy, Hob LSI.PD fi1 SHDI 5 TLI 5L iEAH
5, LPI.CONTAG 5 TLI AR, LSI B0 T Wi WU R 64 52 2 B2, PD 2 e S5 0L ) i 5 38, 58 1T 53 00
A A AR T B , 32 AT S AR KB B 8 3R K Pt s . CONTAG &5 TLI B 71 5¢, W15
UL 2 T 3 0 A ) T /K R i , SHIDL X6 7K S5 By 5 I AT A7 7 4o Wi 6 30 - LPL SHDI 7
5 1 55K 51 6 2R 6T 7 T DRSNS O ) S 750 L % o R S5 0L 2 A AT T A i ) 4 b A 5K o A AR
VPA S3Hr4s R, £E 2023 AEAE TR TR 444N 28 [0 RBE T S WL G 5 5 59 0L 2 3 (R i 1 TLT A8 Ak
0.7% ~12.5% , 5y FRARAF FE [ B T 0.6% ~ 19.9% , JLAS SHULEL B TLI B9 Sy i B R /N (R 5 4l
i HO IR AE S TLE (Ve A 1] 2200

5 b TR SR SR A8 X R YRR K B T BB AR 3 AN 05 1 D SEAR JRd TLE B HoA R



3

B A RE WA R TR AT KR R v —— A IR R e T 2 451 1779
JEZESE . TR (1000 m {a] 5245 2 o X RURE AR S5t 0SSRk TLT figg e 3 ey, AT T TLT B g e 3%
R T QRS SR X TLE A T EAT BEREIE , SOUZE A | BHURA A A R K BT 14 B 0 508k, 10 5% WL, %o
TR B B 5 M) S 2 A I S5 U2 B BRARRAE RS A VR P o AR X K Bt B IR AL B A BT 245
BRSSO T AR o5 L 5 AN T 228 WAt B A 0 o 7K Bt )2 00, 92 Nk 1 R e AR IO
TE S VLBC b B AR5 UL 2% B ISR, $ TS L) 32 088 2, (K i PR U i B S R RS

4 5

AR LS T8 58 9 T ) 7K S8R o 3 ) P 23 S 28 SR Al SR DA (] PR ) 2% 2R T R R 2555
FRRZSIRBOFHRIBCHA R I 25 RN 895 0UA% J&y , BIFSE 17 S5 UL Jas T8 248 X 3t 7K S5 A 52, e 245 H LA
4t

) BT TLE A 235 i 28 735, 2023 AFOK BT 2013 AE[RIBIK BT . fE I AR 2+ 32 rp, — 138
TR BT e IR ALK gy, P2 TLEIK 76.4, OO R 30 |+ T HLIT 5 33T 54 AR 45

2) R ML AL SR ) S LZH B A 2013 — 2023 ARAR AR RO, H AR R i) S B D Bk s, B IR o A
46.4% TR 22.1% I T EEERS = AU AR b, SOUIC B AE AN R N 25 RO N WA —E 22 5%

3) AT SRS Ry TLI AR AR, 1000 m o] f e G i X5 7 SR BE R B S50 SRy ) TLE 52
R o FOULER B b PR A 5OUURS Jag e 52 0 g I T 7K BT 78 =5 4, W AC 5 X A J5 11 52 ) 3 AR LA
5 UL R b BRARFAE X 7K BT ) [ A T o

4) Vi S AR A SO AR AR TR A B T AR LG, EE A A AR B B AR TWTL HI X 7K J5T
AP TR 25 25 1 5 L IC B S AIE 19 S 2% B8 | 0 e 38 0 e ™ 15 S5 WL AL i B AR A X 7K 5 9 2585

IS
w u@ o

5 &%k

[ 1] Chen X, Zhou WQ, Pickett STA et al. Spatial-temporal variations of water quality and its relationship to land use and land cover in Beijing,

China. International Journal of Environmental Research and Public Health, 2016, 13(5) : 449. DOI; 10.3390/ijerph13050449.

EE
- I

[ 2] Amiri BJ, Nakane K. Modeling the linkage between river water quality and landscape metrics in the chugoku district of Japan. Water Re-
sources Management, 2009, 23(5) : 931-956. DOI; 10.1007/s11269-008-9307-z.

[ 3] Fernandes ACP, Sanches Fernandes LF, Cortes RMV et al. The role of landscape configuration, season, and distance from contaminant
sources on the degradation of stream water quality in urban catchments. Wazer, 2019, 11(10) ; 2025. DOI. 10.3390/w11102025.

[4] XuYD, FuBJ, Lv YH. Research on landscape pattern and ecological processes based on landscape models. Acta Ecologica Sinica, 2010,
30(1): 212-220. [R%EsL, AR, B, LTRSS RS A SR BT, A48k, 2010, 30(1) : 212-220.]

[ 5] LiGD, Qi W. Impacts of construction land expansion on landscape pattern evolution in China. Acta Geographica Sinica, 2019, 74(12):
2572-2591. DOL: 10.11821/dIxb201912011. [Z=]77R, . b B At B H A SKouh SULA Jr it AL RO . L34, 2019, 74(12)
2572-2591. ]

[ 6] LiuK, Yang YY, Shi RG et al. Spatiotemporal changes and driving forces of landscape patterns in the Yuqiao Reservoir watershed during
1990-2020. Journal of Agricultural Resources and Environment, 2023, 40( 1) : 154-164. DOI; 10.13254/j.jare.2021.0760. [ XL, #¥k
He, TSGR, 1990— 2020 AR THi 7K FETASSR WURS JR I 2 08 B3R 5 7. AL BE IR S FRE27 41, 2023, 40(1) = 154-164. ]

[ 7] Wang YC, DuJJ, Zhang Y et al. Scale effects of landscape pattern on impacts of river water quality: A Meta-analysis. Environmental Sci-
ence, 2024, 45(5) : 2631-2639. DOI; 10.13227/j.hjkx.202306180. [ F FEA, b 5hbh, TR 4. 50K R XHIT K 550 1 REE 25087
Meta 43#7. AR, 2024, 45(5) : 2631-2639. ]

[ 8] WuJH, Lu J. Spatial scale effects of landscape metrics on stream water quality and their seasonal changes. Water Research, 2021, 191
116811. DOI; 10.1016/j.watres.2021.116811.

[ 9] Ongley ED, Zhang XL, Yu T. Current status of agricultural and rural non-point source pollution assessment in China. Environmental Pollu-
tion, 2010, 158(5) : 1159-1168. DOI: 10.1016/j.envpol.2009.10.047.

[10] He LH, LiJS, Liu QY et al. Spatial and temporal evolution of production, living and ecological space in the core water source area of Dan-
jiangkou (Hubei section) and its landscape pattern analysis. Journal of Geomatics, 2023, 48(2) : 55-59. DOI. 10.14188/j.2095-6045.
2022758. [ fmHAE, 2R, XURCRSE. PHLARZLC/KIR X (WIAEBL) = Az 4 (B i s Rose RS SR 23 0. 2345 8., 2023, 48
(2): 55-59.]

[11] Xia P, Song SX, Liu ZF et al. Research progress of evaluation on the impacts of urban landscape dynamics on water-related ecosystem serv-



1780

[12]

[13]

[14]

[15]

[16]
[17]

[19]

[20]

[21]

(22]
(23]

[26]
[27]

(29]

[30]

[31]

[33]

[34]

J. Lake Sci. (#:a#+3) ,2024,36(6)

ices in inland river basin, China. Acta Ecologica Sinica, 2020, 40(17) ; 5884-5893. DOI; 10.5846/stxb201908101677. [ &3ifi, A i/,
SREHEAE. o [ PRI T S5 W AR K A S R G R SS SR TP N WS . A5 274, 2020, 40(17) : 5884-5893. ]

Xu QY, Guo SF, Zhai LM et al. Guiding the landscape patterns evolution is the key to mitigating river water quality degradation. Science of
the Total Environment, 2023, 901 165869. DOI: 10.1016/].scitotenv.2023.165869.

Wang XK, Ma XL, Wu TC et al. Construction of two-dimensional water quality model based on GIS and its applicability of wide-area plain
river system. Acta Scientiae Circumstantiae, 2023, 43(4) : 377-390. DOI: 10.13671/j.hjkxxb.2022.0304. [ E3HL, DU~z , o H .
FET GIS A9 - 2k /K AR AU et B X )™ Sk JOmT 19 7K 2% R (AR 038 P 2B BRBE 22741, 2023, 43(4) + 377-390. ]

Lu WW, Xu C, Wu J et al. Ecological effect assessment based on the DPSIR model of a polluted urban river during restoration: A case
study of the Nanfei River, China. Ecological Indicators, 2019, 96. 146-152. DOI; 10.1016/j.ecolind.2018.08.054.

Zhang D, Tian X, Wu S. Analysis of pollution flux in the Nanfeihe River and its treatment. Water Resources Protection, 2020, 36(5) : 99-
103, 112. [3KH, M, S0 RIS Y A pr 576 3. KBTI, 2020, 36(5) : 99-103, 112.]

ZREHR. PR AL SR IS M R AT R A AL MU B T RN [ =08 3] BT SAE TR, 2019.

Shen ZY, Hou XS, Li W et al. Impact of landscape pattern at multiple spatial scales on water quality: A case study in a typical urbanised
watershed in China. Ecological Indicators, 2015, 48 417-427. DOI; 10.1016/].ecolind.2014.08.019.

Yang QQ, Xu GL, Yang XC et al. Responses of water quality to land use & landscape pattern in the Qingyijiang River watershed. Acta Eco-
logica Sinica, 2020, 40(24) . 9048-9058. DOI: 10.5846/5txh202003090448. [ #7ikai, #6k , Mol 3 IR+ o f) /5
MRS SR XK BT R AR 2524, 2020, 40(24) : 9048-9058. ]

Shi P, Zhang Y, Li ZB et al. Influence of land use and land cover patterns on seasonal water quality at multi-spatial scales. CATENA,
2017, 151; 182-190. DOI: 10.1016/j.catena.2016.12.017.

Zhang J, Li SY, Dong RZ et al. Influences of land use metrics at multi-spatial scales on seasonal water quality; A case study of river sys-
tems in the Three Gorges Reservoir Area, China. Journal of Cleaner Production, 2019, 206 76-85. DOI; 10.1016/].jclepro.2018.09.179.
Qin C, Li JB, Zheng LL et al. Study on tectonic geomorphology of area—elevation integral in Lianfeng and Zhaotong—Ludian fault zone. Geo-
logical Review, 2023, 69(5) : 1649-1660. DOIL: 10.16509/j.georeview.2023.05.051. [ Z& 1], Zebitile, FR 7 Jo 55, 2 g 0 | A 30— fa)
W2 T AR — R R AL MO S AR 72 . HBRTIRETE, 2023, 69(5) : 1649-1660. ]

HSFR. =i o DX ST/ NSRBI R S S TR R A [ 2830 ] 3. Al oy, 2023.

Wang J, Yin W, Wang LX et al. Unraveling the effects of hydrological connectivity and landscape characteristics on reservoir water quality.
Journal of Hydrology, 2022, 613 128410. DOI: 10.1016/j.jhydrol.2022.128410.

Bu HM, Meng W, Zhang Y et al. Relationships between land use patterns and water quality in the Taizi River Basin, China. Ecological In-
dicators, 2014, 41; 187-197. DOI: 10.1016/j.ecolind.2014.02.003.

Xu QY, Wang P, Wang T et al. Investigation of the impacts of land use structure and landscape pattern on water quality in the Ganjiang
River, Lake Poyang Basin. J Lake Sci, 2020, 32(4) : 1008-1019. DOI; 10.18307/2020.0410. [ )3y, £M8, £ A A4S
5SS R 0 3 B I L SR K TR S ). A, 2020, 32(4) ¢ 1008-1019. ]

SARN, FEVEBE. WA EE AL ARG 58 TR0 - bt PEPRERNE R, 1990.

He LC, Wang DW, Zhang MY et al. Spatial and temporal distribution of chlorophyll-a and eutrophication evaluation in the middle reaches
of Huaihe River. Journal of Dalian Ocean University, 2024, 39(1) ; 114-123. [ [ FE, T4, sk, dEm bt 48K o fYmas
SMEFIE B AT, JOEIRE A, 2024, 39(1) ; 114-123.]

Zhu AP, Yuan SY, Wen SS et al. Effects of landscape pattern on water quality at multi-spatial scales in the Liuxi River. Acta Ecologica Sin-
ica, 2023, 43(4) ; 1485-1495. DOI; 10.5846/s1xb202204110949. [ 4%, b4, JRMIIAS. AS[RZS ] RS 050 U0AE J5 %o 37 1 3]
ISR, A= 25274, 2023, 43(4) . 1485-1495. ]

Wen JW, Wang P, Huang GX et al. Influence of land use structure and spatial pattern on water quality of small and medium-sized rivers in
Poyang Lake Basin. Environmental Science, 2023, 44(12) ; 6728-6743. DOI; 10.13227/j.hjkx.202212093. [ i&5H, M5, #5504
e M A5 5 2 15 % SR Xt 80 P S b /N A K B S ). BRI}, 2023, 44(12) @ 6728-6743. ]

Ding J, Jiang Y, Liu Q et al. Influences of the land use pattern on water quality in low-order streams of the Dongjiang River Basin, China:
A multi-scale analysis. Science of the Total Environment, 2016, 551/552. 205-216. DOI. 10.1016/j.scitotenv.2016.01.162.

Fang N, Liu LL, You QH et al. Effects of land use types at different spatial scales on water quality in Poyang Lake Wetland. Environmental
Science , 2019, 40(12) ; 5348-5357. DOI. 10.13227/j.hjkx.201903267. [ 7k, XU, WAk S, AEE + 1R 5 20656 5H 5
TEHK BT, BRI, 2019, 40(12) ; 5348-5357. ]

Wang WY, Yang P, Xia J et al. Impact of land use on water quality in buffer zones at different scales in the Poyang Lake, middle reaches
of the Yangtze River Basin. Science of the Total Environment, 2023, 896: 165161. DOI; 10.1016/].scitotenv.2023.165161.

Xu GC, Li P, Lu KX et al. Seasonal changes in water quality and its main influencing factors in the Dan River Basin. CATENA, 2019,
173 131-140. DOI; 10.1016/j.catena.2018.10.014.

Lou HZ, Wu XJ, Hao FH et al. Research progress of non-point source pollution in China over the past 30 years and discussion of the future



B F A RIRR LA Ry R R TR KR 8% v —— A SRR A e T A 1781
direction development. Acta Scientiae Circumstantiae, 2020, 40(5) : 1535-1549. DOI; 10.13671/j.hjkxxb.2020.0069. [ ZFIZE, S H#,
HRIFHEAE. T = AR AT PP BIR S R R R R TT IR FREERE 2R, 2020, 40(5) ¢ 1535-1549. ]

[35] Cheng X, Song JP, Yan JZ. Influences of landscape pattern on water quality at multiple scales in an agricultural basin of Western China.
Environmental Pollution, 2023, 319 120986. DOI; 10.1016/j.envpol.2022.120986.

[36] Zhao ZJ, Fan BL, Zhou QB et al. Simulating the coupling of rural settlement expansion and population growth in Deqing, Zhejiang Prov-
ince, based on MCCA modeling. Land, 2022, 11(11) : 1975. DOI: 10.3390/1and11111975.

[37] BlEdigeit)R. 2014 SEEEHHAEANDSIHHELE. S8 SIEH iR, 2014,

[38] HACdigeit. 2022 AEGREHTH AN H R RBUIRT. AHC: SAEHi g, 2023,

[39] Liu C, Wang ZY, Zhang JH et al. Effects of landscape types and landscape pattern evolution water quality of Hongze Lake. Acta Scientiae
Circumstantiae , 2021, 41(8) ; 3302-3311. DOIL; 10.13671/j.hjkxxb.2021.0247. [ X8, TR, TRk, B0 5 800k R s
XU B SR . FREERE A4, 2021, 41(8) : 3302-3311. ]

[40] Guo YY, Li SY, Liu R et al. Relationship between landscape pattern and water quality of the multi-scale effects in the Yellow River Basin.
J Lake Sci, 2021, 33(3) : 737-748. DOI: 10.18307/2021.0310. [ 8PP, 22840, XIAR%E. sm il it s NOE 4 o f -5k iy
KZ. AR, 2021, 33(3) . 737-748.]

[41] Wang LQ, Liang T. Distribution characteristics of phosphorus in the sediments and overlying water of Poyang Lake. PLoS One, 2015, 10
(5): €0125859. DOI: 10.1371/journal.pone.0125859.

[42] XulY, Bai Y, You HL et al. Water quality assessment and the influence of landscape metrics at multiple scales in Poyang Lake Basin. Eco-
logical Indicators, 2022, 141; 109096. DOI: 10.1016/j.ecolind.2022.109096.

[43] Ricart AM, Dalmau A, Pérez M et al. Effects of landscape configuration on the exchange of materials in seagrass ecosystems. Marine Ecolo-
gy Progress Series, 2015, 532 89-100. DOI: 10.3354/meps11384.

[44] Huang ZL, Han LY, Zeng LX et al. Effects of land use patterns on stream water quality: A case study of a small-scale watershed in the
Three Gorges Reservoir Area, China. Environmental Science and Pollution Research, 2016, 23(4) : 3943-3955. DOI. 10.1007/s11356-
015-5874-8.

[45] Mitchell MGE, Bennett EM, Gonzalez A. Linking landscape connectivity and ecosystem service provision: Current knowledge and research

gaps. Ecosystems, 2013, 16(5) : 894-908. DOI: 10.1007/s10021-013-9647-2.





