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Abstract: It's great significance for water quality protection to figure out the effects of landscape composition and
configuration in different spatial scales. The Qingyijiang River is the longest branch of lower Yangtze River, the water
quality of rivers is influenced by human activities in variety of ways. Taking the Qingyijiang River basin as the research
objective, this paper adopted the redundancy analysis ( RDA) and Spearman correction analysis to initially explore the
impacts of the land utilization and landscape pattern on the water quality, which based on the Google Earth remote sensing
data and water quality measurement data. The results are; (1) Among the five buffer scales of 100, 200, 500, 1000 and
2000 m established based on sampling point, the landscape composition of the 500 m radius circular buffer zone had the

highest interpretation rate of water quality, and the interpretation rates of the low flow period and the high flow period were
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46.30% and 43.10% , respectively. (2) In land use types, farmland area and building land area were positively correlated
with ammonia nitrogen ( NH;-N) , total phosphorus ( TP) and electrical conductivity (EC) and produced negative effect on
water quality. However, forest land area was positively related to dissolved oxygen (DO), which played a vital role in
purifying pollutants. Comprehensive index of the land use was positively related to the polluted indicator, which meant the
water quality was increasingly deteriorating in the area with highly intensive human activities. (3) The landscape pattern
indexes suggested that patch richness density (PRD) was negatively related to the density of the NH;-N and TP. The
relative indexes were —0.656 and —0.540 respectively, which indicated that the watershed ecosystem became more stable
with the increase of PRD. The density of the largest patch index ( LPI) was negatively associated with the density of DO in
the low flow period, the relative index was —0.656, while area-weighted mean shape index (SHAPE_AM) was positively
related to the density of the NH,-N and TP. The above-mention demonstrated that the growing intensity of human activities
would result in the deterioration of water. The relationship between area-weighted mean patch fractal dimension ( FRAC_
AM) and water quality can not be well described.Through multi-angle analysis, this study revealed the eco-hydrological
processes in the Qingyijiang River watershed, and thus is beneficial to land use management and water quality protection,
and sustainable use of resources. This may be useful for the relevant functional departments of the government to make

decisions.
Key Words: landscape pattern; water quality; redundancy analysis; Qingyijiang River watershed
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Table 1 Landscape pattern index and its ecological meaning
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Table 2 The classification values of land use degree

. IR AR B
Ny M Eh K PEASRS ’
A A P K B T i
Land use type Unused land st and, Agricultural land Towns, rural residential land,
grassland, water . -
industry and mining, roads
IrERAGEL Grading index 1 2 3 4
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Table 3 Total variance explained by the ordination axis

K3 RIS 2R Si—Hh g o = ERUL SRR/ %
Water period Buffer/m Parameters  Axis 1 Axis 2 Axis 3 Axis 4 Total explained variance
7K 100 E 0.3592 0.0011 0 0 36.00
Low flow period Ccp 99.67 99.99 100 100
SEC 0.6029 0.3136 0.3561 0.2316
200 E 0.3663 0.0009 0 0 36.70
cp 99.74 99.99 100 100
SEC 0.6084 0.3053 0.2532 0.2963
500 E 0.4615 0.0015 0.0001 0 46.30
cp 99.67 99.99 100 100
SEC 0.6828 0.3805 0.4786 0.3563
1000 E 0.3781 0.0013 0 0 38.00
cp 99.64 99.99 100 100
SEC 0.6182 0.3573 0.3924 0.5370
2000 E 0.4244 0.001 0 0 42.50
cp 99.75 99.99 100 100
SEC 0.6549 0.3159 0.3053 0.3491
FoKkH 100 E 0.3926 0.0005 0.0001 0 39.30
High flow period CcpP 99.86 99.98 100 100
SEC 0.6270 0.7848 0.4212 0.5639
200 E 0.3559 0.0001 0.0001 0 35.60
Ccp 99.95 99.99 100 100
SEC 0.5970 0.5676 0.2457 0.1872
500 E 0.4307 0.0002 0 0 43.10
cp 99.94 99.99 100 100
SEC 0.6567 0.6783 0.2161 0.2724
1000 E 0.2588 0.0002 0.0001 0 25.90
cp 99.89 99.97 100 100
SEC 0.5090 0.7210 0.3243 0.3471
2000 E 0.3446 0.0002 0.0001 0 34.50
cp 99.93 99.98 100 100
SEC 0.5874 0.6706 0.2703 0.5475

E . FRAFE Eigenvalues; CP . Yy Fh-BR1E 5 2728 2 433 Cumulative percentage variance of species—environment relation ; SEC ; PIFh IR B A OC R

# Species-environment correlations
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Fig.4 Redundancy analysis between land use and watershed water quality

agr;*ﬁ-ﬂﬂ Agricultural land ; for: MHb Forest land;gra;iﬁiﬂl Grass land;con;i%ﬁﬁﬁiﬂl Construction land ; water; 7K1 ; oth ; & FI| FH i Other land

232 HOMHIFREE LA G 4R RS K B AR ek

1L Spearman AHIAEIIHT , - HUA AR EEER SRR (L, ) SK BUAR B A AH A 426 4 F 7 . NH-N 1 TP
W AEAS K KI5 L, 5 0 3 E 1 A DG T NHG-N TP (SR IR n] RE M AR AE T | Tl SR & & 7758 &
AL ISR ZL ST B AT RE R BOK BT BAL L S AR K i B s R B e K3
R L, Z 8] 25 1E [ A5G, FEK M PR 2 [A) R B AR S , 2 A At 7030 it ) T ) R 8 5 55 4 el
SRR
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Table 4 Correlation between comprehensive index of land use degree and water quality concentration

FEFE Index DO EC COD NHI -N TP pH
LRI IR BE SR A 15 B (K )
Comprehensive index of land -0.337 0.589°* 0.432 0.703 ** 0.478* -0.368

use degree ( Low flow period)

TR AR B LR SRR B (R
Comprehensive index of land -0.018 0.432 0.129 0.707 ** 0.629 ** -0.448
use degree (High flow period)

DO i i 4. & Dissolved oxygen; EC ; HL 53R Electrical conductivity; COD; fb2# 75 % i Chemical oxygen demand; NHj-N. Z & ¥ £ Ammonia
nitmgen;TP;Eﬂ@ﬁZﬁE" Total phosphorus;pH;ﬂ’ﬁf}ﬁF;" Potential of hydrogen; * 7£ 0.05 7K ( R ) 2 AR * = 7E 0.01 K (AU F B EFA LK

233 SOULKS SR ECS KT B AH DG PE

Spearman MM ZE R AN K 5 TR, PRD 76 /K5 NH]-N TP 5 & 3 7k 56, A 56 2500 9 N
-0.656 ,~0.540 , RIEA(7 T AR BEBRBR - 61, DL b I Rh 5 Gk BB, AR S RGBS E . LPT 5 DO ¥k EE7EAG K
1y AR ARG MO R B 0,653, 75 46, SHAPE_AM 5 NH:-N TP % W3 1E [ A0 ¢ , W16 A 205 3
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FERBE K, AT RE S BUK AL, R R A IS YO E ™ | [HAER A S FRAC_AM 57K B8R 2 (A 56 R 48
MERE A PRAY AR R, L ANFE=F/K ) FRAC_AM 5 TP 2 W3 1E [a A O¢, BRI R i& 3l T P0F2 B ER 5% , FRAC_AM
N, TP e RERAG , A BEVE WA KBRS R AR 2SR UL RS 19 CONTAG 5 5t Z FEVETE A7 SHDI
KRB 5K TR BR 1 8 35AH G i E— 25 R

K5 500m FREHXKFIERS SUEHEXESTER

Table 5 Correlation analysis results between water quality indexes and landscape indexes of 500m radius buffer zone

FILFE L Landscape pattern index

PRD LPI FRAC_AM SHAPE_AM CONTAG SHDI
iiviei] DO 0.151 -0.653 ** -0.271 -0.558 " -0.354 0.459
Low flow period EC -0.129 0.090 0.422 0.426 -0.150 -0.073
COD -0.211 0.249 0.228 0.276 0.201 -0.257
NH:-N -0.406 0.251 0.385 0.486* -0.057 -0.024
TP -0.142 -0.120 0.322 0.259 -0.138 0.083
pH 0.435 -0.240 -0.344 -0.441 0.051 0.117
FoKI DO 0.223 -0.150 0.121 0.001 -0.174 0.256
High flow period EC -0.321 -0.141 0.276 0.179 -0.201 0.133
COD -0.192 0.095 0.055 0.109 -0.140 -0.012
NH-N -0.656** 0.125 0.420 0.449 -0.158 -0.007
TP -0.540 " 0.256 0.655"* 0.712** -0.179 0.033
pH 0.421 -0.430 -0.401 -0.539" -0.078 0.307

# AF 0.05 K- (AU BFEMTE; = = ££ 0.01 /K- (BUI) _E i F S

3 iTFig

3.1 LA IR SRR o

MR 5 2O 7K 5 G B M HAT RUBEARASIE (5L R T 28 s 5 TR 1k S 5 25 (8 P B g B 0 B R A A
25 AR AT REARRF ' @i RDA FFF8 &L 500 m 4228 i IX 1) - Hb ) FH/ 500K Joi Xt 7K T 1) fie
TSR tac e, T RS 30 5 A% 7 360 PH AV i 7K 5 2 1000 m A3 2% i X iRy X6 K B i K, 3
SEFIR R R R U T M 1 22 TS, ATRSSRAAAE S [ BRI R SCAR A G X IR R A
TS 25 TR A b A5 X 7K B 9 K B e RLUBE f b ) AR Jd e 7K B3 ) e 5 1 46 A i el R
SRR AR ey RO TS AR SCOR R I N RE 55900 2 JRLUJE i M) /5 S S g 7K S5 ) 2 i
FRE . A BB R LI, XK B B i B A RV T, T A2 2 14 RUPBE S0 28 I B — RUJE 478 i e /K 5t 2 4
AR RIE ) DRI , B 5 A A0 B A UAEASR, ) e % e DX R BT TES 2 o [X. = e [R] RURE o SR 30 ) 7K
I, 2l R — 22 i

SISO K B A SR T 75, 2 B AR S P DA < 5 S5 00, ] 1 AR s IR e, Bk o e, R 2
S ISR AR 2 R B R AT A R WSS e K ST AR AR A
L REA A TS Y TR A R TR 10 2% S BOK AL, 7 3t o 7K R 14 52 0 475 477 5 135 AR
JHHb PSRBT 2 55 5 52 W W ANAR AL M), HCXS 7K B 1 0 LA ANAf s P
3.2 SO RN REOK B S

SO —E R L R ST IX Bk E e e 2 BER DL, B 7 A DB AE SR B R 8 . PRD
AR AL T A A BER TR, R T R E SRR ENE ST THetE . LPT BBl RBEHR 3 84> 35 WL
P L), ALk iR ORI 5 B . TEXT UBR I Sy S AR b XA T 9T, R SCAR AT R B LPT 5595 Y ik
JiE S BUROG T T A 2 BIF 7 A b A b A O 3 5 WL e A R b, & B LPT SR B A AT R
FW YO FOWIST Jy P 50, W) LPT A RE55 7K o T Yo P B 5 AR DG, 25 S I 5o W0, DA )1 /K i 42

http ; //www.ecologica.cn



24 44 Mpnmas A5 LI M /S0 SR X K BT Y S 9057

Fo LPT 25 DO BAMSEICER , Ul HRAE SR FBI 32 21 P SR IS 38 . SHAPE _AM {H#OR, BEHE AR
HCARLIN , 575 Qe 48 bR R S PE MR | i th A8 FHEHY J1 8 . CONTAG 1 SHDI 5 LPT 2L, AN BE fif LAY M
CONTAG H1 SHDI HYEAER/NF W HOX K B A4 52 B o 2 A 2 O TE AL o 2R 2, (o e e — WP e X P 5
MR F A I S CRE B MRS ) B B S A i O e IR S BOUK R PR, A SO

SOWSEECCFACE ) AT TS, T — 2R BT 104 5L B8, M SE 4 48 78 50O Jmy X 7K B
(IR

4 it

FEAE B ENVI 5.3 58 B = oA FH AR AT T, 855 ArcGIS 10.2 Bk 7 ULk 18 SRR
ANFEPERBIE 0 X, 32 FH A 0 BT Al Spearman A &M /3 AT 2R 58 T 1 Mo R /S5 A% oy Xof 7K 5 1) 5
e, 45 R 0F

(1) £ 100,200,500 ,1000,2000 m 5 Fh7s i) RUEE () BT 28 v X, 500 m 242 % i DX 50 URZH SRt 7K S5 1) At
e amem , MK S AR K BT 0 il R 53 1 46.30% 1 43.10%

(2) ST rp kb a1 FH b IR B 4] 9 185 T S50K B B4 A% Ak, bR b T 7K R A v T ke B0 B A
A bR PR B £ S HR A S /K TS YA b 2 TEAE DG, WIS I Bl 9 DI, A b ) PR B vy, K B 2

(3) FMFEHP ,PRD 5 NH;-N TP I T AH G, B BEER =F 3% B (3, T A 28 R G s ; LPL
5 DO A A SHAPE_AM 575 Y4845 2 80 H 1A SCH: | 2 B BE A 2R3 shoi B i 3, K BUAE

DL RV B3 42, 0045 500 1 R 5% b X R BE - 55 A% Jey Xof 7K S5 A S i), AT ket - el 1) i R &)
KB —E R E R (PR B, S50 Ja 47 B A8 fh X6 7K S5 52 i 174 BF 5 s A Rk, i I 5 285 5
T R M T 2 vh X 3 Ffas (] ROBEVEE— 2B A 5T

52 3L HK ( References)

[ 1] T8, Mg, AF%, R, skam, 2808, S0 M R R A2 b S OE AL R 5. BARBEIR-# 4R, 2018, 33(3):
439-453.

[2] =FE0I%, FEhee, XS SRR 0 e 5 AR R G G S G R RS IR, 2013, 3(8) : 2296-2306.

[3] HuangZ L, Han L' Y, Zeng L X, Xiao W F, Tian Y W. 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.

(4] BRFIT, A, RO, I 0" SNE RO A2 3 A, 2006, 26(5) @ 1444-1449.

(5] 2%, ik, BER JH 0. /NG ] SRS R K B 2. AR 2582, 2019, 38(3) : 90-99.

[6] XiaL L, Liu R Z, Zao Y W. Correlation analysis of landscape pattern and water quality in Baiyangdian Watershed. Procedia Environmental
Sciences, 2012, 13, 2188-2196.

[ 7] EMS, SPbfE, PRI BOLHS A 7 s oK BT 2. 4225224, 2015, 35(13) ; 4326-4337.

[ 8] PlexidaS G, Sfougaris A I, Ispikoudis I P, Papanastasis V P. Selecting landscape metrics as indicators of spatial heterogeneity—A comparison
among Greek landscapes. International Journal of Applied Earth Observation and Geoinformation, 2014, 26: 26-35.

[9] BuHM, Meng W, Zhang Y, Wan J. Relationships between land use patterns and water quality in the Taizi River Basin, China. Ecological
Indicators, 2014, 41, 187-197.

[10] Dai X Y, Zhou Y Q, Ma W C, Zhou L G. Influence of spatial variation in land-use patterns and topography on water quality of the rivers inflowing
to Fuxian Lake, a large deep lake in the plateau of southwestern China. Ecological Engineering, 2017, 99. 417-428.

[11] BianZ Q, Liu L Y, Ding S Y. Correlation between spatial-temporal variation in landscape patterns and surface water quality: a case study in the Yi
River Watershed, China. Applied Sciences, 2019, 9(6) : 1053.

[12] Hu X Q, Wang H Q, Zhu Y, Xie G, Shi H J. Landscape characteristics affecting spatial patterns of water quality variation in a highly disturbed
region. International Journal of Environmental Research and Public Health, 2019, 16(12) . 2149.

[13]  BR¥E, FEmede, BIEE. % 2K A [ ROBE S OWURHE X /K BT . PREERE =244, 2012, 32(5) ¢ 1219-1226.

[14] Sliva L, Williams D D. Buffer zone versus whole catchment approaches to studying land use impact on river water quality. Water Research, 2001,

35(14) : 3462-3472.

http ; //www.ecologica.cn



9058 JAE = 40 4

[15]
[16]

[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

[26]

[27]

[34]
[35]
[36]

[37]
[38]

[39]

[40]
[41]

[42]
[43]
[44]

[45]

[46]

BE, B, ME, ERESR, I SR SO0 R X K B Ak B 7S ) RUBEBON S AT, BREERL 254, 2020, 40(1) : 343-352.
KRBT, BH K, BR, B, BLB, %75 B R K S S WA IR I Ik & B0 8 i 22 Ak 047, ZE 5283, 2019, 39(6) :
2021-2033.

Hu CS, HuCQ, Liu SC, Xu G L, Wu L, Yang L. H. Dating of the topmost terrace in the Jingxian Basin, Anhui Province: an indication of the
establishment of the Qingyijiang River. Journal of Mountain Science, 2017, 14(3) . 549-557.
KA, B, AEEY, WU, RESK, PR FE TS B RUE AT TR I A 2SR RN 2SR K AEZERIAAR, 2015, 39(4)
686-694.

BRPAR. KA RGEIMAE. Juat. EFRSERE T AL, 2007.
TRIE, MRS, B TR SRR 5 T R WS AR89, 2010, 30(1) : 212-220.

R . RW@E S —AE R LR RS SR (R . AT A AR AT, 2007
XS, FLAHF, Hak, M. RILTBERE IR 5 RS RGUKBUR LIRS G R, 754, 2019, 39(3) : 844-852.

W R, g, AR WA, IR ORISR L A T SRR R K SR AL SCHR A BT BRIERR, 2011, 32(1) : 64-72.
SR, EUF, XS, A%, sk, G 5 BE WA ) 5 OWAR R W X K B . AR A A4, 2018, 38(5)
1711-1721.
SR, B, SR, SRR, XPHE. FETIEEGH GIS MR A K JBR Jg 4a  A FH A me EF 5. AT SR B8 U 5 B, 2015, 24(2)
286-291.
Xiao R, Wang G F, Zhang Q W, Zhang Z H. Multi-scale analysis of relationship between landscape pattern and urban river water quality in
different seasons. Scientific Reports, 2016, 6(1): 25250.
Zhou T, Wu J G, Peng S L. Assessing the effects of landscape pattern on river water quality at multiple scales: a case study of the Dongjiang River
watershed, China. Ecological Indicators, 2012, 23. 166-175.

ZEE, 752, EHARL T LR R A OR T YT RAHE. MR BERE, 2009, 28(3) : 398-402.

SRR, W, A, SIEA ) BIRES, TS DhK A i SRS SRR K B S M. BRI SY L 2014, 33(12) : 2263-2274.

FAL, ZERIS, XA, 55 %ﬂ:ﬂﬂiﬂﬂ?*ﬂﬁﬁmﬁﬁlx TR ZS IR R AT (1], 225224, 2019, 39(21) : 7866- 7880.
TG, FEME, SER, FAAG, BEOTIR, ARIRTE. AN A 28 ROBETT e R G AR K RS . A SRR, 2018, 38(3)
876-885.

Morris C. Multivariate analysis of ecological data using canoco 5, 2nd edition. African Journal of Range & Forage Science, 2015, 32(4) : 289-290.
Xiao C W, Ye J Q, Esteves R M, Rong C M. Using Spearman'’s correlation coefficients for exploratory data analysis on big dataset. Concurrency and
Computation-Practice & Experience, 2016, 28(14) . 3866-3878.

PN W ERE AW pH (AR SIS D). BRI =GR, 2018.

BT, 2EEE, FESERN. WAL R A (LR BT 5L . PR R SHOR, 2018, 41(7) ¢ 133-140.
PRIGEE, ALESY, BaEm, B8R, B, X%, wmilt, 0. AT TR GO il S RSB TS YRR 2 BT B B R AL PP, Rt
2, 2015, 36(7) ; 2446-2452.
O], Y, RS LRI S BOR BT S W VR S5 M B PR R T 20T BRI 2015, 36(1) : 94-106.

FANF, sR, AR, BN, ZRE, BREEAE. 3R DU WA JR A ] AR S SRR BT Y OGR4 M. AR ARSI, 2017, 37(22) -
7438-7452.
JARAG, RS, 2, PR, RERE, B, I, B, A L AR VA SR AR R ST R K AR R AR AR AR,
2019, 38(12) . 3779-3788.

T, R, SRR, TRE, SRt KB RS YIRS R AT IR BERRE , 2019, 39(8) : 3457-3464.

WL, XML, ZWFE, Ehd, B, RE, BFE B RRMERRBK SRR R, BT L%, 2006, 17(11)
2127-2131.

Shen Z Y, Hou X S, Li W, Aini G, Chen L, Gong Y W. 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.

T, XFRFS, WAE R, MR, SRAP-, FHSCER. AR RUE A T OGRS FH K B SE . SRR, 2019, 40(12) ; 5348-5357.
REscHe, %, MEM, Rk, EERER. Klﬁl{ﬁ%ﬁmﬁTﬁ-\X)ﬂ KB R 22 5. RS54, 2020, 40(3) : 1031-1043.

T, BEM, R, HATHE. AR 23 R R WS Ja 5 7K 5 A AR S T 98— LA A e O O ). oK R R 41
2011, 31(5) . 254-258.

Ding J, Jiang Y, Liu Q, Hou Z J, Liao J Y, Fu L, Peng Q Z. 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.

http ; //www.ecologica.cn



