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Effects of land-use and landscape pattern on nitrogen and phosphorus exports in
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Abstract: Identifying the main pollutants and sources of pollution has important practical significance for the protection and management of the Caohai
wetland ecosystem in Guizhou Plateau. Based on the water quality data, land use structure and landscape pattern metrics of six sub-watersheds in Caohai
from May, 2012 to October, 2012, the spatial-temporal variation characteristics of TN, TP released from sub-watersheds and flowed into lake in Caohai
and its relationship with the landscape patterns were studied, to provide guidance for the comprehensive management of Caohai wetland. The results show
that the northern land area of Caohai watershed landscape had a gradually decreasing trend from northwest to southeast, with the gradual reducing of
landscape fragmentation, and exhibited an obvious City-Suburb-Rural landscape pattern gradient that greatly affects the water quality. The multivariate
statistical analysis shows that the nitrogen and phosphorus release from a small watershed were comprehensively influenced by landscape composition and
spatial attributes. It is also found a positive correlation between the portion of urban construction area with TN, TP and COD content ( the r value is 0.995,
0.978 and 0.996 respectively, p<0.01). The landscape fragmentation degree( CONTAG, ED, MPS) and landscape diversity were dramatically related to

water quality (TN, TP, COD). The result of CCA indicated that the first ordination axis could explain 96.0% of the correlations between construction land
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ratio, landscape index and water quality indicators. The rapid development of urbanization gravely threats the ecological security of Caohai, and which

needed to further adjustment and control.

Keywords: watershed; land use; landscape pattern; TN and TP exports; Caohai wetland

1 5| & (Introduction)

TSR SR AR ) A R R VLT A
W E SRR B A G455, 2011 5 #62REH ,2014) .
RWER 7 GTRFNEE AL 5 U R T O 208 B
WUAK J5y B HH G, Bl A N2 16 g A B, 3 4
R LN BN R S N PN s P E S U
b Tl SRR 5 P M e 7 4 s S AR R 5
FOKITZ 8] B & FR , X D0 A 18 R It Sl s ML &5 44, A7
RO BRI P A 3R A, SEB AR S e A s i) L
A E B RIS R S AR SR SOV Ry 5K B
F R 5% % R UE (Maillarda et al., 2008 ; Nash et al.,
2009 ; i AL 45, 2010; Lee et al., 2010; 5k KA 4,
2010; ¥ 4 B A%, 20115 2% B ¥ 45, 2013 ), JC H 2
“3S” BRI AP T ARG I K R A 6 1
F T 20 S5 A% SRy B () S5 0 RUE S 7K I 4 5 Wi
A A D4R 8 ( Basnyat et al., 1999; Jung et al.,
2008 ; B 5 41 %, 2008 ; Amiri et al., 2009 ; KR 7 %5
2012) s8R, [FIEHAIF 5 3t 35 4 b R 5 =X 5 S0
JRIXF L Wi Y o ) D DL AT LB = 6 = Bt
o D T L ) SR 1
e A SR A8 ST R o JUIBIE O R R —
TR, HhAb BN A P AL SRR T B B R .
TR TP Can . THEHEK 5K EHR) %R
Hu TR 50 4Rk 4/ 1 —2F  HEE I,
AR AT G A Sy 7 S AN AN ) T b 1Y
A S A T EL20h T B 2 B AL S K R A R
S , PRI BV 3 M 1) 25 5 v BRAS B T e
M7 GRIBOR 14 e B FEAL (B AR AR, 2012) 3R 15T
YRTAT, A BT AT 3 7K BT A I G b K B
A AT BR LS i 48 s R A R SO0 AR R 5
AWl D B O R0 R A B A A
BSCH M, A B ST DA 5 N e i B v A A AT 5 X
LT/ D AR B, 455 GIS R iz
H CCA 852 itIr ik  TE2 LWL B RO BE
BOKFR i B WA JR) 5 R Bl et i G & DU
$0 g 0 U SR DG R R 5 K PR B R 4 4 R R
WA

2 ## 57 % (Materials and methods)

2.1 FFRE KM

B E R R ARRY X (L 2604732 ~
26°52'52" R4 104°10716” ~ 104°20'40") i T = B¢
i D e RS T i P % 552 L R A SR ) T A
SR HE R 2170 m, FHIKIRZ 2 m, IR
F) 5 m AR IR AR 96 km?® | /KB AR 25 km?. J& IF.
Pty 2 KA, AR AR 105 °C AR K &
950.9 mm. VA IR AT 3 R 2 550 &R T SR IK 1)
JE/INANE , EZA UM T 2R L] | ] fi
TA) S/ N L. B 1 AR PR AP XA T T E RV A
W, B T B BUR A TSR L BN
F1 56369 A, % B K 5 N AE 77 AR 16 16 Bl 0T BT 1 HE
Fa R T ™ ) SR hn )T R b AR Ak R AR (B
A tEAE 2012).
22 EHA R E R KRR 2

ABFFE LS A SPOTS & B 14 1K L 1:10000 HiE
PRI = b ) FH BRI X 3 B AR 2R AT APl ae B X
it H AR 7 2N, AR A it F AR DR D4
IR B R G A B R AreGTS9.3 -5 7K 3¢
AIMTAEHA 43 /N 4K, I DA S b R A R FE A
WX R 6 AN A /INFSE, RS /N R
FETIED 1A, BIVE BOR /N ST, ] /N gk S2 |
I/ S3 AR L] /NI, S4 | U1 K T /N
1 S5 RELIE H 1 /N3 S6 (& 1) . 1 F MapGIS67
V-5 AR YL b R BOIR I A b R 5328
TR BRI S DX I A b A ] S 2SR G S R
MHE AR M JEEER I 5 RS

1:10000

1 KBEREER

Fig.1  Location of the sampling sites
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2.3 RFEL M E

2012 4F 5—10 A Wi), 478 0 1 IREY R A
(B 1) IKFERI AR5 531275 KR 7K Wil 43 B
Ty (5 4 iR, BTN 05 SR FH A 3 A i
BRI R-S AN OO, BB (TP ) B I 52 2R H 46
R YO C T, A2 8L (COD) BN 2R 3%
TET

24 EWHBHEMGIHHE

SO L RE NS 5 B v 4 SO0 R 15 8., I S B
A5 R 2H RSORN 225 (8] L B G 0 RRAE. AR SC N BB R AF 55t
WA TR B | 2R R0 ) B 42 T 45 6 MR AR R AE
FOUURRE (2 1) 38 3 MapGIS67 5 AreGIS9.3 F-6&
B ] B — R YAk B 54 e 4 5 3R A5 1 B A%
BAR 20T Fragstats3.3 BTS2 500G SU(d.

®1 EEBMRESEWIEY

Table 1 Landscape pattern indices in Caohai sub-watershed

FOULFR 4L TeEA bR
BEYe B (PD) AN T RR b B BRESER, S s WA e A A >0
NG (ED) PR TR AR 45 BEBR SR ol A B Bl R R =0
S BEH AL (MPS) SO A S A v BEH A 3 AR >0
SFHBEHIR AR (SHMN) Zeid HM B AL B K SRR b, BT AR i & At =1
LEJEREFEEL(CONT) FOULELAR [F] HF B R 1) 11 SR P 3 ol A S e 3 0~100
AR ZFEVERE S (SHDI) e S L R =0

3 Z5R (Results)

3.1 mE AN LA L BWA A
A5 FH 18 S AR EE 4T b R 432
T g B RN AR B Ay AR A A B O 2OK B IR R
G3 R PRk B R K R s P b R K T
5 - b R FH S 78 3t R R e AR )
P 2 RS B AR PR DX Y 3 A R 2 A
BT 5 L9 59.57% ~ 81.33% 5 Ak i i AR L 491 458 /N
(12.51%) , 290 13% , "FRl /NG S80T 7 B 3] dpe R AS
F| 30% ; 4% /N L B U FH M BT o b 22 SRR 7
3.2% ~20. 1% Z [a], ‘& AT /NG 30T o Lo ] 8 3k
20.1% , 1M IN B S5/ N ST 5 HE AR 2] 69%. ] i,
25 /INL I 1 A 1l A FH 25 A AN [R) R 1 b b i
TPH b AR L ] 52 76 AL 2R R ) i R SO0
T R 30 3 /N 1 e 3 EL A W A % 3 T -3 -4
100%

80%

60%

RIS
s

20%

Sl S2 ‘s:s S4 85 S6
NS 5

B2 EERIPRARE/NRE LM ALEE
Fig.2 The structure of Land use of sub-watershed in the Caohai

Nature Reserve

Tof P8 S ARG S Ao

ARERAE FOUL Y B B J32 | 22 M 1 0 3L i i i
() 6 NEbRH, ERE T BEHE B Bk SR 55
SORFE BT HT , 45 55 T3 2. LSS0 )= i
GO TE VB R 2 R M B LU BRI
TSR, 0 10 /I G 3R AR TSP 34 B B bk
(SHMN) | & 7 FF 4587 ( CONT) 4% ¥ Wi dul ] 25 46 A
K, PR BEH AL (MPS) i S1 ks, He pg iR
FHLL.

®2 EENMREEUEEEH

Table 2 Landscape pattern metrics in Caohai sub-watershed

KFES PD ED SHMN CONT  SHDI MPS
S1 24.53 171.04  1.33 52.83 5.69 4.08x10°
S2 46.37 135.82  1.37 55.16 4.76 2.16x10°
S3 4535 13444 1.28 57.28 4.27 2.20x10°
S4 35.01 130.25 1.31 57.92 3.97 2.86x10°
S5 39.62  128.84  1.32 59.32 3.71 2.52x10°
S6 47.03  91.94 1.28 60.53 3.57 2.13x10°

3.2 E/NRE TN TP A1 COD #r ) By B 2= 45 4E
WK 3 fros, Fig /NI TN (TP Fil COD #i
HATH R R 25 22 5 AE 25 ) b RTINS TN
TP I COD #z, 4331 4 (11.63+1.85) mg-L™" |
(0.92+0.34) mg-L'Fl1(114.44£17.16) mg-L™", /K
Jo TG G s HO N SRR A, 4300 (0.67 +
0.09) mg-L™" (0.01£0.00) mg-L ™" F1(7.53+0.55)
mg-L7l ,7J<Fﬁiﬁ??§ﬂ¢lﬂ£,$lﬂ/]\ﬁiﬂj€ TN.TP #l
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COD =2 AN—3, & R A /N 10 4 TN, TP 0 8 H FAK. TN TP F1 COD % i B 5 WEL 1k A1
H1COD S5, 109 H 5l (HFDHE ) /Nl TN £ SR AR R A A
EEMEL S A BAMERPL o H, /il 6 H &

30
20 N
25 F M
15 20 b
E _ o
Ewr g zor
z =
= =
1.0
5 F 7
) 7 05|
7 - 5
o LR [ o
5 6 7 8 9 10 5 6 7 8 9 10
A A
250 -
200 - -
5 —
B 150 Hn
= 15
S - R AR Ll
100 |- — P
[T #ifg 0
50 -
0 % H1 |
5 6 7 8 9 10
R
B3 /Nl kok s R
Fig.3 The water quality in sub-watershed in different time
3.3 mUAL5A sird ek R 1, IR P M 6T 7K R ) BT R A ) - MR 3k
3.3.1 =W RS A . s H 8 Pearson 48k M SR 5 ) F 9% 45 R 25 0L ( Basnyat et al., 1999 Jung

A HHS TN TP .COD & B EFIEME(FEK 3), % e al.,2008;Slive et al.,2001;Tong et al.,2002). #kH
WA RO A AR F B 5 e i, 5 TN TP .COD AHOCHEAS 123, Bk X /K BT iy s m 2
SRR BB R V) R B 5 28R AR M JREEHB S TN TP .COD MM
— RS . Tl RIS G AR SR R TS Y X5 K AMRTE YR FTOWAK R R A K.

£3 FUWRBEKEITNEFHHELXME

Table 3 Correlation between landscape pattern and water quality variabes

e VeS|
PD ED SHMN CONT SHDI MPS N —
it M EBUHM THE Fofly
TN -0.76 0.85" 0.34 -0.90" 0.95"* 0.86" -0.38 -0.49 0.99 ** 0.21 -0.01
TP -0.81 0.80 0.34 -0.84" 091" 0.89" -0.40 -0.51 0.97** 0.33 -0.04
COD -0.75 0.86" 0.35 -0.92" 0.97 " 0.84" -0.37 -0.48 0.99 ** 0.17 0.01

#: # p<0.05, * *p<0.01.
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S WS AR T 48 4 (ED . CONT F1 MPS)
FZFEEAE 5L (SHDI) 57K A5 YL HoA 3 B AH ¢
KZ ED(FR TP 4h) MPS 1 SHDI 57K 15 Y4645
S TE ARG, R A AC S RO U d 22 T e R T
TR, W] G K BT T Gl 4 b a2 T 3
5 YRR FE B W A, X 5 & it Bl ] ED B Y 28 kR
WA, ED S 1 A7 TR A BB 2R A K
JEE m R A R T R R 5 K B ) o R 2 (]
FAH B VR AR B ED B R E A TPl R,
e 75 SR AR AR, 358 18 7K I 5 % g XL e
MPS ZRAF 50l A 2 A0 b B B i~ 2 AR, B e 1
WL i R R R, MIPS B, ZK BBk 2. SHDI 2

SO UM, 5K T5 Jede bR 2 AUAH DG, SHDI oK,
OS2 N2 TP B K, S5 00 B e e, 5 BT i
IKARAZ 5 L UK B R, CONT 5 7K Bt 5 i 3B A 6,
U P Al TR S U %) i A A A R R AT, K BT 32 A
VT Bl R e RN | 5 O /N i K 5T A A R
332 EWNSA#MEN S TESE AL K
AR AR5 S A8 B Z2 TE R M A [m] I S AR R 5
) 5 FEMAKOE (p<0.01). N 4 ZIC[EIT 53 Hr Al
HLTE 5 ASFOUREIA 6 A~ SoAs JRde 50h , dik
i AR EU R 1 255 BE X TN TP A1 COD 1 % H L
A EIBLK 0, TN TP F1 COD [ifi 15 FH H 17 FX L 5]
U pNIBANEN Bk Tl % N TF 2

R4 SUWEHSKFIERK S TE RS O AER
Table 4 The optimal multiple linear regression models with stepwise of

landscape metrics and water quality indices

KBHERR B TR R P
TN TN=72.91a—0.02b 0.99 0.00
TP TP =6.62a-0.00b 0.96 0.01

COoD COD=691.69a-0.14b 0.99 0.01

TE o NHBSHHEAR A 43 L, b A G L.

333 BEUKEELGE . HRENETES NN 5
SR BHERR AR T K, BT Re R -5
KT ZR I 96% . 3 15 FH b 1T AR LU 491 7 22 R 4
B S AR BR300 2 %8 T O FF A R e A OC
ZE0r 439124 0.99 .0.99 .0.96 F10.92( £ 5) , £HT
S AEA R SO A X 7K JBE A9 5 e B b TR AR LG 431) A
b ETRR BB 4 5 K BT DG RO Bk 2 IR LA R BRI K
FEAHY 2R A

x5 EWEBEES CCA RIFMAAREIEX R
Table 5 The canonical correlation coefficients of landscape metrics and

first two CCA ordinations

TR EL - FRAH -
S 5
PD -0.79 -0.36
ED 0.92 -0.19
CONT -0.96 0.23
SHDI 0.99 -0.13
MPS 0.86 0.33
Hf b L 1 -0.45 0.04
R L B3 -0.46 -0.30
L5 o L 5] 0.99 0.04
TR b L 51 0.32 0.75
oAl FH b 31 -0.03 -0.25

M CCA HEFF I 4 AL, BOifE 6 >/ Nt s oA 1
3AATFEIGRERA, e s RS /NS TR
S —GBR, /INSER TI A K SP R L S UL T
BEANTS -2 BRE R 1T BB K H I/ 3 ST S
ANARAE S = R PR 2 DU R R A g, AR T
FRECBIER , I THEREE 5 X HE 3 AN T
SEPUGER , B b T B LE 491 0 2 A JRE AR RO, D AR
f X3

0S6
VR L5

S5
(o]
CONTAG g4
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TP %ty
A D — PR )
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Fig.4 Canonicalcorrelations between N/P exports and land use

pattern variables

4 118 ( Discussion)

4.1 RALHAE G A B K A
H1 T NS00 Bl 40 S - 2 R[] %) 35 G 67 1



2988 |

¥

36 %

=2

SRR R (022 5 | (45 S0 28 RURIK 5 22 [] b SR A7
1645 3% 5 2 (Slive et al., 2001 ; Tong et al.,2002;
WA R AE,2011) AHESE 1 Pearson AHIE /3 Hr £ 0T
LRANEZ AL 1A 3B By B3 g 43 BT 45 SR AR R,
TPH L 5] 9% 742 Al S i e /D it Bl L L e e AR A i
— A EEAR R A T W AR R
SR T b | 5838 FH b 5535 G ) i S ok
KI5 YR8, Pt , 35 FH b 7 L R 2§ 8K
TS BTR AL WAL AN AT DA SE 2o i 55 G HE TR
SHEOKMARIE G, 1 HLAS 3 7K b LB 38 K Al A5
2 T P ST AR B, DX A 2 25 1 SR AL B 0T ¥ G 4 1 R
WO ER R IR AR T B BN R, K
TS Y 23 3 3 R 35 7K i T 7E S IR P AT
it (Paul et al.,2001; 8 4 R 45 ,2006) . & RA /N
AT AES % XA EE TR T B B 4 X
B R K A NS OO N TS
HEV5 1, S W O e, 6 R K TR e LR
LB I R b1 TR T s [ e 2 i
JEC T EL YRR 3 T K R 43 A 22 b BB HE A K.
Rl N R BT IR B G A DX, A AL
R ALAR B, X I 5 MR 25 T B EE AL 3 A
AN AR R B e 1T 2K B EER T AR
TR AT 2 0] DL R /N SR B R T
3T -3BR - AR AST S AR Jm Ao % T R A, 2 BH
PR & Jr 7™l ol e T 0 b A A B, R A B
T AR A 1 G KR R AR AP 1 2 55 2 A

HFHE 5K Bt 1 OC 22 BA A E Y (Hey et al.,
1994 ) AHIF 5 b 5 7K 5 48 A7 8] 14 AH 5 AN 2
F XSGR — B 5 45 R — 2, BF O A e —
AT K BT R B A 3 5 (B RS 45, 2012) 50
5 JESCAE (2012) BZ5 AT R W Wil 7K
[T SR I AR B TR AR OG; B AR 2058 R #F
Hi 03K T BT B 5200 ( Basnyat et al.,1999;
Tong et al.,2002) . 57K B 3¢ R M E 1 5 bt
FEDCB R A BFE T =X AT it 45 6 (Ft
WA 2015, TAAESE 2014) . BLIG [ AR AR5 X AL V&
F—ANREAR A 2z v, U A L, RN
JoE A T K B HE SO K B e K, AT REAE B T
I Hb 2 UL T K I ) S ). g A1 R T AR
HP U A (AR X T A% DX K AR A K R
IR 2 T A, Bt i 55 2 0 3 3K ot 2
55 A DG OC FR A T U 1 5 AT 1) i 1 30 e AR A, P
Al T R 0 R S T AR T S I IR AR

HH 3R FK BT ik D g i 35 (AR 4 2012) B
TESEGL HE TN, K 5T 0 A G, Fe A /N i 3k
17K B A i R0 0 A% FH A ) 2 58 Jo = S 1t %) — e
FEIR S - V) Wt g /N Sl ) TR 0 e o B
TR 6% LA L, T b vy i) 30 238 06 8K RE 8 1 Ak
K A B I R 1% ~5% (115 Hh 2 DL SE B
KRR W55 SR R AL (Hey et al.,1994).
TEFR E /7 B BB A X, IS AR 4.9% 19 £ K
JER G RV EENE AR B | 5 B% 95% LA ok A A FE ATk H
BIR B E YR (Yan et al., 1998; Yin et al.,
1993).

Ml TR IA A e RSO, ST R B,
RH TR RR B A, 7K 5T 7 e AR B AR, E B2 T AR
M EA R REfEER, T R AR A A R0
LR ( Basnyat et al. ;1999 ; Tong et al.,2002). 1A
FEH A BRI A R LRE 7, X R A BT
BAHRYE. AR LB, M EEM S TN,
TP .COD HYAHICHEAS 1 2 | 33X 5 7K A4 35 G 5 R 55
& R IEAT OC.

42 ENHRER HWmBHXR

oA Jr) 8 RO b Ut 3 = i R FH 2 (] 4544
M) — AR, DA B3 Sy 4 T b sz it = b R FH A
ST 432 K1 (Nash et al.,2009; Lee et al.,2010; #
4R 2011 2% 2013) 4% (ED)
WIPES A (MPS) Ak ZHEPEFE 20 (SHDI) e [X.
BOULE PR R B A SRR B S s WL R R A o R
BE, SR W A OC, & REFEFR 40 (CONT)
SR ATE i R NS R RN Y e U
SEA% KA SZ 15 L i U il K. ED S B 1 B
TAIAR |25 BEBR IS AR 3y B B B0 R 3 R B T BB
NG B W 2 BE R 22 1) 9 A0 BAE R ED B
R A R TP T, AT {68 745 S5 00 A il 1,
B K BT TS G i XU B, MPS RAE Fo a5 2
RUFPBEH I T AR, SO T SO B iR AR B, MPS
{ERR I, /K BBk 2%, CONT 5K i & g 35 A O, B
TR 3 2= R E 1 CONT B 8k sk ok, 13d B
DL 358 ) S5 O P i 1 B 2 R AR AT, /K B 32 N2 T
SIS e Rk N 3 5 K B T O B T
BRI AR I, A B R BE T CONT 57K it 2 (1]
B2 3 A DG OC AR, SHID Sl sl 5 i, 57K 75
YUAgbn St IEAH DG BV 45 i sk ] SHID AEL F 507 I 3k
R T b T AT, A GRS R 5K A
FriE B IEAR DG, BLEH SHID #ok, 52z A2+
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R, UL AR e , S SO K AR 32 35 Y ARG R

PD 2 F5 B TR b Y BE BRI, Jz e S U A
AR BE. PD BRA, 156 I G U0 8 PN 7 T AR L R B
B2 D0 OB A B K 5T G XU B A (3 22 B
45 2014) ABAHIZE T PD 54 0% A E AR
X SZRIESE (2013 ) ZERFIESE BAHAL, PD Xt
K TN BE #5585 , HEA —E AR . R Z
W5 2RI, A B A% Jm) i 0mT 58 4 1 T30 7K
P TG e Wi 5 R R T AR LG B L, —
SO SR R B K T A AR DG A 5, L A G
RIEWA MR (4 R, 2011; U %5,
2013) PRt e R A5 38 A9 SR AR = 8 FO6 T I dK
JT TR A PEp A A E A B L

5 251 ( Conclusions)

1) B2/ N Y 1 20 Wi R T A 2 ]
IR T SR/ A K AR TN TP Fl COD fH
B, KRS e T AR DX N i K R
U, A ST AR /N DT S S W 1 X 9 U el R
PRAEEEX.

2) ViR W - R UL R SR LA SR [A] 2
FAER VIR R B M A 43 L 5 ED 45 5t
LA RS REAR g i A B 6T 20 e i 114 1) 52 ) 0 1] i
A 55 S LRSI 32 e 52 W) V8 /N I R i o 1Y
FEEE N JCHIE B B R R O R S R
SR BT SR A 5 75 7K W A5 A B it o R I
T PR 924 55 2

3) LLSEULAR J5 AL R 85 e W B i o R — A4
AT JUHRAE 200 AR K PR3 5 DX
WA Jr) A8 A AT DI 3 7E DI - st A TR, X
B 18 - R 5 ), 3 o S O 5 LA Jep 5 B
J7 REA SIS B A WA B i

REEEENHE C(1963—), F  H &, B+ LR, =
ENEEHHERAMESRZLKEZH K. Email: lfju@ gau.

edu.cn.
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