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Relationship between water quality and landscape characteristics of the Houxi

River watershed in Xiamen City along a rural-urban gradient
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Abstract: In the current context of urbanization and climate change, anthropogenic activities have changed land use and
land cover, which seriously affect water quality and riverine ecosystems. The impact of land use changes on water quality
has great temporal and spatial heterogeneity. Here, we studied the relationships between water quality and landscape
characteristics of the Houxi River watershed covering 74% of surface area of the Jimei district in Xiamen City. We analyzed
spatial and temporal changes in the water quality from 2013 to 2017 in both dry and wet seasons. Our results showed obvious
spatial heterogeneity from the upstream to downstream in water quality. Dissolved oxygen ( DO) in the Houxi River upstream
and downstream river sections met categories Il and V of surface water quality standards ( GB3838—2002) , respectively,
whereas total nitrogen (TN) and total phosphorus (TP) exceeded the national standards in most cases. Shidou and Bantou
reservoirs in the upstream of the watershed were mainly in the range of light to middle eutrophic conditions during the study

period. The percent of forest land was higher than 70% in the upstream watershed, which could significantly protect water
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quality. The proportion of built land and cropland associated with patch density (PD) , Shannon's diversity index (SHDI) ,
and location-weighted landscape index ( LWLI) increased from the upstream to downstream, leading to increasing
concentrations of TN, TP, and Chl a. Statistical analyses, including correlation analysis, regression analysis, redundancy
analysis, and a structural equation model showed that, cropland and built land were the dominant land use types that could
potentially affect water quality in complex ways. The relationships were also strong between the landscape index and DO,
TN, TP, and Chl-a. The RDA results explained 78.6% and 74.0% in water quality variation in the dry and wet seasons,
respectively. The influence of landscape characteristics on TN and TP, and its influence on Chl a was more pronounced in
the wet and dry seasons, respectively. Overall, our results showed that the land use patterns, patch density, relative
distance, elevation, and slope degree had a great impact on water quality in the watershed. Therefore, it is necessary to
adopt appropriate land use management strategies in the watershed, particularly by controlling the runoff linked with

agriculture and urbanization.

Key Words: watershed ecology; urbanization; water quality; eutrophication; land use; landscape index
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Fig.1 Map of the Houxi River watershed showing river networks and monitoring sites
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Fig.2 Spatial distribution of land use in Houxi River watershed in 2013 and 2017
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Table 1 Water quality parameters in the dry and wet seasons of Houxi River from 2013 to 2017, respectively

1—6 3l fi T—11 S¥kfi K BRI MR
KESHL fi¥iv} Stations 1—6 Stations 7—11 Water quality standards Exceeding rate/%
Water quality parameters Unit WA TS A TS
=S DO (mg/L) 9.30 1.12 7.42 2.70 6.0 2.0 0 0
Dry season TN (mg/L) 0.906 0.201 6.350 2.474 0.5 2.0 100 100
TP (mg/L) 0.026 0.011 0.841 0.460 N 01 R 04 36.7 96.0
(1% 0.025) (1% 0.2)
Chl a (ng/L) 22.90 7.07 153.44 271.36
2 DO (mg/L) 9.24 1.04 6.52 1.58 6.0 2.0 0 0
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TP (mg/L) 0.031 0.024 0.662 0.400 . 01 . 04 40.0 84.0
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Chl a (pg/L) 28.98 15.79 86.04 61.14
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Fig.3 Variability of water quality parameters along the Houxi River in dry and wet seasons from 2013 to 2017
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Table 2 The trophic state of Shidou and Bantou reservoirs in dry and wet seasons from 2013 to 2017, respectively

YK kK

1 2 3 4 5 6
201301 (%) + + + . N R
201307 ({27) + + " + + n
201401 ( F2%) + + + + + +
201407 (122%) + + " ¥ + n
201501 ( T2&) ++ ++ ++ ++ ++ +
201507 ({22%) ++ ++ ++ o - .
201601 ( F7) + + + + . N
201607 ({22%) + + " ¥ + "
201701 (1) + + + + + +
201707 ({22%) ++ ++ ++ + n "

+FONREESR, RN EE TR+ RN E B IR

W oAk W EH K Bt B B W s W OB A

20134¢ 20174¢

100--------. I 100-_______l
I Iso
60

40

80

60

40

3 L)
Percentage of land use/%

20 20
0 0
1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11
Wi 738, Sub-basins
B4 2013 £70 2017 F£/FEZLRE T RAEMK
Fig.4 Land use composition in each sub-basin of Houxi River watershed in 2013 and 2017
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Fig.6 Variability of landscape metrics in sub-basins of Houxi River watershed in 2013 and 2017
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Fig.7 Pearson correlations between water quality and landscape characteristics in Houxi River watershed
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Fig.8 Redundancy analysis (RDA) showing the water quality parameters in Houxi River watershed in relation to statistically significant

landscape characteristics in dry and wet seasons, respectively

BT AT AEKY 5 2012 4EAI L, 2016 4EAESE X AT i 21.5 J7 ARG Z 26.5 J7 A WA A M i 15.2
JTAIENNZE 19.2 J7 N AR PEA BE R, TV~ rE ETFE RSB T — 3, AN shom i @ 51 hn, £

http ; //www.ecologica.cn



10 SR #H 39 %
BT AR MR TS L B B A o
S A O FBE b, 58 5B s A Sy A U T A —
GEHBIR B R FBALE 5 0 S, A s
G4 AT, A B A AT 2 5 K S Jow| o
(DO) A (TN) S (TP) AL a( Chl a) HHIH ~ N,
M) 2 BE 4 M 2 TR, 3k A 4 S 1 Al A NE
1252 R L T A K IR AR 31X, WL o SN

P IR N 3 HAT IR R KR, PR APK B VE T, sl 25
AR AL - PR KK TR 7—9 5l A 3
R AR VR T 4347 DX 0 b R e 35 P e L 9 v, ST
FEEER N, 8 T A 9 T M I i o7 I 3 B Ay e J 4
7, JEL 0 A A B S B DX T R AR AR 22 TR AR
T IRTRIRAEON T, K PR R B AR A ) S A AL 45
SN A A TRORETC , BV MEAS T AR DR R
AEE R, T DURR ) R 4 U rT A R 2R IR TR R AR
RS YT BRI R R, A XA 9 S

LS

B9 BREREBSENHESKRSHNERHERE
Fig.9 The results of structural equation model among landscape

characteristics and water quality
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Table 3

seasons, respectively

RERETEEKRESVHENS TERAIHER

Multiple regression results between water quality and landscape characteristics of Houxi River watershed in the dry and wet

TFZ= Dry season

1BZE Wet season

DO TN TP Chl a DO TN TP Chl a
Mt Forest
FEl 1 Orchard 3.96 2.25 6.63 -1.50 2.58
JKIF, Water -0.22 0.71 0.90 0.31 -0.56 0.68 1.22 -2.38
H#h Cropland
il Grass 0.68 -5.07 -1.40 -0.28 -2.03
B AL Built 0.23 2.55 0.40 4.45 -0.90 0.60 1.01 4.84
HE L Other land
BEREE PD -0.27 1.07 0.80 0.97 -0.22 0.64 0.88
T R E SHDI
Y
?;ﬁgg?ﬁ:ﬁ -5.33 0.54 -0.60 -2.20
= s & Y
?;EE?‘@E -0.47 2.33 0.28 ~1.46
?ﬁi?@i -0.42 0.56 -0.38 -0.48 0.56 1.20 -2.60
LR PRI ROE S LWL -1.57
R? 0.78 0.82 0.79 0.83 0.85 0.85 0.79 0.80
P <0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
T3 2K H T VIF 1.62—18.89 1.44—16.39 1.67—19.26 1.60—19.97 1.60—19.70 1.75—13.31 1.60—15.07 1.29—17.33

FEPBUE R 45 HOW B 78 A 5 R v i R 8, 7 22 R I E F J 20 DU B, Ak B Hb B R 2 R MRS B0 AR itE A TR B b BT AV 4K
i, PD.BEEREEFE Patch density; SHDI: 7 ik £ F£ 438 %1 Shannon’s diversity index; LWLI; £ 45 L PR 5t W48 0 Location-weighted landscape index;
LWLL',, LWLL' Fl LWLL' o 43 51 3R 36 T BE B | o AR A 2 V5 A8 4 VIF . 7 222K T Variance expansion factor
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(2) Je s b b A1) 2 B DMK HE Ry 3=, 1 Wi 35 22 i A FH AR o A X 2 B0 0 i 0k 2 B 2
TR SRR R B e, BV (PD) AR ZAEPERE B (SHDT) AR SOUAE £ (LWL 24 18 3 5 T B iiF,

(3) Wity B b g 15 FH b2 52 e 7K B A 2 2 - b R S AR B B A A SRR PERR BORE TR S
R 3R (AR S AR B K Tt B S A DG, SRR IE XS TN HT TP (52 Wi AR 22 K F 2 X 4% 3K a
(Chl a) WSEIR A TR TR, FOWAHIELE T 2R 200 Bl ke 1 78.6% F1 74.0% WK T2 4k
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