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Relating landscape characteristics to water quality dynamics in the ditches and ponds of the plain river
network area in the lower reaches of the Yangtze River basin, China

JIA Zhong-hua, YIN Xi, LUO Wan, ZOU Jia-rong, CHEN Cheng

(College of Hydraulic Science and Engineering, Yangzhou University, Yangzhou 225009, China)

Abstract: In order to explore the relationship between water quality and landscape characteristics, a typical ditch—pond system in the lower
Yangize River Plain was chosen as the study area. First, this study analyzed the temporal and spatial changes of water quality indicators
such as total nitrogen, total phosphorus, ammonium nitrogen and nitrate nitrogen. Combining the landscape index method and the land use
dynamic model to analyze the change of the landscape characteristics of the pond. Finally, Pearson correlation analysis and redundancy
analysis were used to study the relationship between them. The results showed that the water quality of different seasons had different
responses to the landscape characteristics, and the explaination rate of the landscape characteristics to the water quality changes in the dry
season could reach 47.3%, which had a stronger relationship with the water quality than in wet season. The landscape structure of ditches
and ponds could explain 15.7%~47.3% of the water quality changes. The edge density index of ditches and ponds had an important impact
on water quality in different periods, and had a significant negative correlation with pollutant concentration; In landscape composition, the
effect of ditches and ponds on water quality was relatively weak, but in landscape structure, the effect of ditches and ponds type landscape
index was stronger than that of other patch types. The results show that the morphological and structural characteristics of ditches and
ponds had an important impact on water quality in different periods, the aggregated patches and complex boundary conditions of ditches
and ponds were conducive to water quality, and the landscape characteristics of ditches and ponds had a good connection with water quality
in dry season.

Keywords: plain river network area; ditch—pond system; water quality; landscape metrics; landscape structure
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Figure 1 Distribution of sampling points in the study area
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Table 1 List of the selected landscape metrics
FOULAE 2L Landscape metrics ik Description

BEHL 25 FF Patch density (PD™)
NG E Edge density(ED™)

FMIE IR FEEL Landscape shape index (LSI™)
A 55 915148 50 Interspersion and juxtaposition index (1J1")
-1 [ 5 2142 Mean radius of gyration(GYRATE-AM™)
SRS HA] Percent of landscape (PLAND®)

e KBEEAEEL Largest patch index(LPI*)

L IEJ Contagion(CONTAG")

TR ZFEMEFE £ Shannon ' s diversity index(SHDI")
AR 5] EHEH Shannon ' s evenness index(SHEI")

AL RSN 1 km?®)_E R REAN L, FAE ML A 2
A TR bR SRR Y 2 B IR TEE , AL B
FALF MRS R e 2
FALPE L[] 35 e TR
LIERR7ZEN-S@NES /SN
YL T 5 S5 0L AR L 171
R RPEHRT o S LT AR EL 7], A S WA 32
ESRIRES & i
FALFUIETI Z R
BN FE & BERL B

T a b AR RUR ca HZRRUK b 5K

Note:a,b represents the calculation level :a calculated at class level ;b calculated at landscape level.
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Table 2 Statistical results of pollutant concentrations in different seasons(mg-L™")

G TN TP

NOs:-N NHi-N

No. Y Average Y Average 2= Wet

T2 Dry AR Average 2= Wet

Tz Dry LS| Average 2= Wet Tz Dry

1 2.42+1.67a
2 2.29+1.79a
3 3.05+2.31a

0.16+0.15b  0.22+0.05Ab 0.09+0.05Ba 1.88+1.60a 3.30+1.26Aa 1.68+0.54Ba 0.27+0.38a 0.69+0.47Aa 0.29+0.49Ba
0.14+0.13b  0.19+0.07Ab 0.09+0.05Ba 1.43+1.07b 3.07+0.71Aa 1.25+0.15Bb 0.23+0.30a 0.46+0.18Aa 0.14+0.17Ba
0.23+0.17a  0.32+0.09Aa 0.13+0.10Ba 1.63+1.13ab 3.25+1.28Aa 1.80+0.56Ba 0.27+0.40a 0.57+0.40Aa 0.24+0.37Ba

T RGN B AR EDE ; RIS )/ NG bR 8 18 232 18] 975 Qe ik JiE 25 S B35 (P<0.05) 5 [l 45 S [6) K5 7 B AR E A [ 3=

S IR 2 5 8 (P<0.05).

Note: Water quality parametrics was mean=standard error. Different small letters in the same column indicated the significant difference of pollutants

concentration in different ditch group (P<0.05) ; Different capital letters in the same line indicate the significant difference of pollutants concentration in the

same ditch in different seasons (P<0.05).
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Table 3 Pearson’s correlation analysis of land use and water quality (r)
] TR TN TP NHi-N NO>-N
Land use type 411y Average 43 Average IBZFEWet TZFEDry 4 Average WZFEWet TZEDry 4 Average ZEWet TZEDry
1A [ 0.55 0.45 0.40 0.24 0.64* 0.32 0.74%* 0.55 0.39 0.827%*
i -0.19 0.28 0.10 0.25 -0.04 -0.17 -0.28 -0.40 -043  -0.32
ey -0.62* —0.77%% -033  -0.87%* -0.12 -0.55 0.22 0.09 -0.68%  —0.42
fe 0.40 -0.09 0.01 0.12 -0.13 0.54 -0.09 0.27 0.65* 0.39

TE 3R AE 0.05 K CUUR) ISR VE R 5 4R 7E 0.0 1 R CBUR D AR 2%

Note: * indicates the correlation is significant at 0.05 level (double tail) ; ** indicates the correlation is significant at 0.01 level(double tail).

x4 EMARTTFEKRHTRITER
Table 4 RDA analysis results of land use composition on water

quality in dry season

A 2 i e L Tk

Land use type Explaination/% Contribution/%
H 223 455
YL 14.5 29.6
9k 12.2 249
Bt 49.0 100

MR 7 fiR . IESEA R PD ED 575 Yk i 5L 1
HIE, LSIS T 219 TP NOs-N S5 f A 3¢, i 115
TN TP ¥ B 22 IEAH G . 50W/KF B 5 PD A1 ED 575
YLk BE 5 IE ARG, 3% 5 Bu ZEPIR BF9E 45 SR — 3, X
S TR MK b G i X PN 7 A TS e ) R B
FEXF A 22, %5 G W 0 A R 7 1) 9 B e %) 91 i 1
FH . HoAh 2RI KSF LSRN ED 5 75 e vk B AH ek
S, TE A TR Y LST R, 632 A 2506 80 T
P, 7K s 22

XA AT S A8 EORUK BT T ICAR 43T
GRS PR o RARIAKCE b S5 As B0 7K o fif
FEEE N 56.4% , 38 KT 5 WA B sodg 5. 455
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Figure 5 RDA analysis of land scape composition on water

quality in dry season
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Table 5 Redundancy analysis results of landscape metrics and total water quality variables at different levels
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Table 6 Redundancy analysis of landscape metrics and pollutant concentrations

Hif B Time S Parameter B 1 Axis 1 A2 Axis 2 i3 Axis 3 W4 Axis4 5 22f# B¢ S Total explained variance/%
A FRIEAE 0.26 0.09 0.45 0.10 353
SR 43 /% 26.48 35.25 79.82 89.52
T FRHE(E 0.36 0.11 0.00 0.37 473
SR 43 /% 35.94 46.92 47.26 84.45
S FRHE(E 0.16 0.62 0.15 0.07 15.7
FBHEE 5 /% 15.71 78.09 92.86 100.00
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Table 7 Explaining variable results in RDA analysis
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The hollow arrow is the landscape index of ditch—pond , and the solid

arrow is the water quality variable

B8 AERNEMEFTEKRTRSN
Figure 8 Redundancy analysis of landscape structure and water

quality in dry season
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