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Concentrations of Streamwater in the Upper Shui-Li Creek
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Relationship Between Landscape Metrics and Nitrate

Watershed

Mei-Li Hsueh!¥

ABSTRACT Healthy watersheds provide a variety of ecosystem goods and services to society,
and their ability to regulate discharge and purify fresh water is one of the most tangible and valuable
merits. Nevertheless, changes of land use have weakened their ability to perform ecological work. It
is widely recognized that degradation of water quality has become a major environmental issue in
Taiwan. Deterioration of water quality is closely related to the land use in the surrounding watershed.
It is urgent to understand the relationship between land use and in-stream water quality. In this study,
the landscape patterns of five watersheds in the upstream watershed of Shui-Li Creek were quantified
by the way of landscape metrics. In addition, correlation analysis was performed to identify the rela-
tionship between landscape metrics and nitrate concentrations. The results of data analysis indicate
that nitrate concentrations increase when the patch edge of built-up becomes longer. When the patch
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area of grassland is bigger and its connectivity is better, the nitrate concentration is lower. Nitrate

concentrations also increase when the patch shape of betel palm plantations become more irregular.

This may result from fertilization and washout of surface runoff. When the percentage of farmland is

high, there are higher nitrate concentrations in the stream, which may also result from the use of ferti-

lization. Therefore, it could be suggested that landscape metrics are useful in understanding in-stream

water quality.

Key Words : Landscape metrics, nitrate concentration, land use, water quality.
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Table 1 The study using landscape characteristics for monitoring various streamwater parameters

MR (BE5) ERUKERHE (2R 3 [FHSCER
HERY% ~ FEKIEERR NO;™ ~ P (soluble reactive phosphorous) Osborne and Wily (1988)
FHIEERIY ~ ZEFETIREEAE (landscape level) TN ~ TP ~ Conductivity Hunsaker and Levine (1995)
% TR - F KB - VIS KGHOE - e TN - NHeN - NO;-NO;N - TP ~ POP -
K& EE alkalinity ~ TDS - TSS Johnson et al. (1997)
iR, NOy Basnyat et al. (2000)
S HE « BT« EBHE DO - temperature ~ alkalinity - faecal coliform Sliva and Williams (2001)

count ~ NH; ~ NO; ~ PO, ~ TS ~ Cu ~ Cl

IBI (Index of Biotic Integrity) ~ ICI (Invertebrate

+-HERI% - QHEI (Qualitative Habitat Evaluation Index) Community Index) Wang (2001)
THOE% BRI R ERE B LR  B9E N PSS Jones etal. (2001)
SRR ~ ZERAIRERSFE (landscape level) TN - Pollution Potential Index Johnson et al. (2001)
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FHIAEIY% ~ ZEEVRIARHEA (andscape and class level) oo B . B pH > DO g der etal, (2005)

. - FIUE - KGR - PRREKEHIE K TN - TP - Conductivity - 155 - R - KPP gy cral (2005)

B2 AR

L HIKERI, « ZE[EPAIBERSHE (landscape level) TN ~ TP » BOD * CODgyinos Uuemaa et al. (2005)

T HE, fish assemblage Roy et al. (2007)

T HEE NO; HELEE (2008)
FHIFERI% ~ ZEFERIEESFE (landscape and class level) TN~ TP ~ BOD -~ pH ~ DO - SS Amiri and Nakane (2009)
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- RERERE - 2RSSR (class level) organic N ~ NOs™ ~ organic P ~ sediment P Ouyang et al. (2010)

i R ML T EIVEDR landscape level B class level » (RERZHIFEAEFLBRAIHSISRE -
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Table 2 Results of nitrate concentration in study

area

SiE WG WC2  WC3 WG4 WC-S

BAME 161 217 168 110 189

FIME 28 58 18 8 40

S 72 124 60 38 93

F{E 68 120 50 27 87

o 36 52 43 27 43

SEFLAIY 0.50 0.42 0.71 0.71 0.46
HI ¢ peq L-1



114 TEHE] - BEEK -

F 3 AETFESEHER R (class level)

Table 3 Class level-landscape metrics used in
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PREEKE - AL > SR E SR AT ST R T 2P
RE A RA ~ TEFRBETA ~ PR E R R 2 ] 3 AT oy
AR -

B~ JRE -~ R R IR E IR A B
Hs SRECBI{E (PLAND) ] DUSA > HEEBRSH AL
PIE S ER/KE T AT SEEPIEY ) - F¥ > IR
HESRE IR (AREA_AM) K BRI -39 e g - 15
(GYRAT_AM) Z#F Z{HAE » AR bl =fEsils
BE (AR ~ TERRE R - HEE &/ > BURIEEIUAE
SR T R T R B ) S R M A - SRS > EDUAE
SRR B A A M SRS AR R IR N2 SR - i
e S PR RS 2 SR

2. WS IEEAERE ST

AW ZE Rt 2 R A R T RRE 04T > 04
ERATER 5 Fon o RS HRETRA R T2
AR SR R &I = EEE o RIS e
&~ ToIR - BEEAUNE - HAPA RS B G
> 2530 PLAND *NP~PD~ED-LPI-LSI- AREA_AM ~
GYRAT_AM ZEH5 {7 thEAHREAZ K » {5 PLAND ]
PARIZR T st StE94REL » PD Je ED RIATDUSZ it Sy
BEEE{E (Xiao and Ji, 2007) > D) BB I FE(AREA) Byttt
SR R B A IR AR - (H e A W R AR RR AR
M @ EREEAN LSRRV EHIE (extent) K1
HE > ieE41E (GYRATE) AIfE{HE T — i 5
P (connectivity) Hyffir&e - (U TS AV
% @ M4 (traversability) (McGarigal et al., 2002) - [&
GYRATE 4b » bl PO T S mH R 75 o B 40
#%{E A (Ouyang et al., 2010; Uuemaa et al., 2005; Xiao
and Ji, 2007) - A HER I PHHE AR I R B B H At FE AR
HAMEME - IR EA AT » 1 GYRATE REfT &
[E]> AREA Byt SR DNAE - BN RS AT -
{5 R hOAE H BRI » (RESoR R A [ T )
AR Y12 FE B T P B (S SR A MR A 8 )
(8% > 2003) - (R - FELLE A S AR ST Bk
PLAND - PD ~ ED « AREA AM J, GYRAT AM 5
L — B NOy R T TAERA /347 -

TR E S » 2831 SHAPE AM K FRAC_AM
BRI R R - R R B E SRR
ol (HH X BT > SHAPE # & &R
RN > R B R E R SR A EEE TR (BT
FIEFF) WIELERmAS - T FRAC HIRIZESRITIER
HEFE AN (McGarigal et al., 2002) » FEFRA SRk
EREHI IS EWE > 40 Lee et al. (2009) £
Uuemaa et al. (2005) ##HF] SHAPE > Ouyang et al. (2010)
# ] FRAC > 1fj Amiri and Nakane (2009) i Johnson et
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al. (2001) HI— 3 E53A - (AL > fErtmEE S o A
Pk SHAPE F; FRAC 55—l NOy R MEAT
TR -

TEB 5 /BT [ - PLADJ ~ CLUMPY K7 Al =
E LR 2B S EAERE o 1 SPLIT HI{#EE PD —H5f
EIHAMHR > CLUMPY ~ PLADJ ~ SPLIT ~ Al 1045
TR B o fr B B R T SR B I T [ > (H DU R T
fFA7ZR - CLUMPY BUn&fEAEEAERICE (B
FEEEAE SR ILAR) — A e E B AAESE Al
T2 ORI SR [ SR LAAD > T =5 5 B At S 7Y
BESRAVELAS > 7] PLAD) HI| — 35 #7578 ; SPLIT HI| R4

EUK T T B R R 2 PR — DIUKELE B KIE R Bl

43 (subdivision) HYfED: - Q5 BN R S (5 Y
TR BB EBRAVARE - & SPLIT E A& 70 &
Ht 5 i R FH R R N E AL & B - =] LLU)
2 VHESRE - Lee et al. (2009) B #EH Al f51EE
e - BT LA FHED K KB AR (% > H PLADI »
CLUMPY Kz AT =R ILRHIHBAMERES - #{EHkEE Al
{ERfREE > 1 SPLIT B[RIHALE R s A FE AR HY
MHEEMEEUR R/ )N > BURHAEfT Eith = R REH YRS/ L
flid i E - AHAERE > SUREEEZ - AL > fELEHE
A ARTFePkEE AT K SPLIT {508 NOy
TRFEHETTRHBR AT

F4 LA MFRESET MRS
Table 4 Landscape metrics in various land use type
S #/K& | PLAND NP PD ED LPI LSI AREA_AM GYRATE AM SHAPE AM FRAC AM PLADJ] CLUMPY Al  SPLIT
WC-1 2.8 11 32 80 25 224 7.6 481 19.65 1.51 92.7 0.93 93.0 1624
WC-2 2.6 33 8.8 99 1.5 305 3.7 336 15.39 1.51 90.2 0.90 90.5 3968
% WC-3 2.6 22 61 66 23 199 74 864 15.77 148 934 0.94 93.8 1906
wC4 1.2 22 38 44 05 249 20 325 13.55 148 90.5 091 90.8 23783
WC-5 24 101 5.0 74 19 543 304 1171 37.72 1.55 922 0.92 923 2780
WC-1 87.5 45 132 147 655 87 1752 630 5.18 1.23 99.5 0.96 99.6 2
" WC-2 733 55 146 212 442 133 109.0 434 6.14 1.26 99.2 097 99.3 5
;; WC-3 819 38 105 144 247 89 73.8 413 3.84 120 99.5 097 99.5 6
wC-4 82.5 31 54 159 758 118 400.9 816 8.90 1.29 99.5 0.97 99.5 2
WC-5 79.0 184 91 163 260 22.1 297.7 730 7.03 1.26 99.4 097 99.5 9
WC-1 2.5 36 105 38 05 112 0.7 45 236 1.19 96.1 0.96 96.5 18591
L. Wwc2 1.6 30 80 22 02 85 0.5 32 1.77 1.14 96.6 0.97 970 47764
i WC-3 32 38 105 40 05 10.8 0.8 48 2.19 1.17 96.8 0.97 97.1 13231
wC4 1.7 51 89 25 04 116 0.9 48 213 1.17 96.3 097 96.6 38762
WC-5 24 193 96 34 01 245 0.7 45 221 1.17 96.5 0.97 96.6 113685
WC-1 44 38 1.1 47 1.0 105 14 54 228 1.18 973 0.97 97.5 5460
g WC2 17.6 70 186 117 42 142 7.0 118 3.14 120 98.3 0.98 984 304
# we-3 8.5 65 180 70 14 121 22 67 225 1.16 97.8 0.98 98.0 1897
wC4 10.9 8 148 72 20 139 4.1 86 227 1.16 98.2 0.98 984 1291
WC-5 12.1 327 162 89 12 291 54 95 2.64 1.18 98.1 0.98 98.2 3078
WC-1 0.1 2 0.6 2 00 28 0.1 22 1.99 1.18 94.5 0.96 96.5 3462599
L. WC2 1.0 15 4.0 11 02 55 04 28 1.57 1.11 97.2 0.98 97.7 93342
WC-3 0.3 4 1.1 4 01 36 0.3 26 191 1.15 96.5 0.97 974 427160
wC4 0.5 9 1.6 4 02 40 0.6 32 1.53 1.10 97.7 0.98 983 172550
WC-5 0.7 47 23 8 0.1 104 0.5 32 1.66 1.12 97.3 0.98 97.5 533488
WC-1 14 33 9.7 19 02 76 0.3 26 1.55 1.11 96.5 0.97 970 73827
m WC2 1.7 23 6.1 17 05 64 0.8 37 1.68 1.12 974 0.98 97.8 28354
A wes 0.9 16 44 11 0.1 5.6 03 27 1.56 1.11 96.9 097 97.5 120696
i WwC-4 0.8 7 1.2 5 04 35 1.5 51 1.55 1.09 984 0.99 988 45794
WC-5 1.3 101 5.0 14 0.1 138 0.7 37 1.67 1.11 973 0.98 97.5 204156
WC-1 03 16 4.7 9 0.1 7.7 0.1 19 213 121 92.1 0.93 93.1 1084603
o WC-2 0.7 24 6.4 15 0.2 8.6 03 34 2.15 1.19 94.8 0.95 954 170621
7 wC3 1.8 33 9.1 23 09 81 1.9 55 211 1.15 96.8 0.97 972 10644
i wC4 1.5 68 11.8 24 06 120 14 59 281 121 959 0.96 9.2 27718
WC-5 1.0 157 78 17 02 189 13 49 2.36 1.18 95.8 0.96 96.0 159671
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3. ISR E R E AR ST
DU BIAR 2 4 1] R B AR R It S S A L5
KR B BRI R > AT M R AR BT E R

(NO5) fIRIRA: (R 6) !
(1) it

M By NS A e ny LA 70 A
Ry EBIFTHER YR K T 275 % 0 Basnyat et al.
(2000) Fl1 Osborne and Wily (1988) > iffe &
BURE /A AR R 20 o NOs Ry 2

F5 bR ISy R

Table 5 Correlation analysis between landscape metrics

HIRZ— = AR 6 HEF » EEHAY ED {HELZ/K
t NO;RE 28 AHR - Bt ED HRK
B (M S P B AR BRI B G R
U TR T NOs R Gk - ST
T S SR B SRR B i SRR - B
ERBGRENN . HEGREME  (AREHR
B EEERERMENEEERKRS (BRzE
» 2003 ; Dramstad et al., 1996) » 1fff NO; A5 &
A REIEE - B it FE R A% K
(Cirmo and McDonnell, 1997) » HUE#EIRIE%%

bisti ] PLAND NP PD ED LPI LSI AREA AM GYRATE AM SHAPE AM FRAC_AM PLADJ CLUMPY Al SPLIT
PLAND =+ + + ++ ++
NP ++ ++
PD ++ ++ + -
ED ++ ++ ++ ++ ++ +
LPI + Sl + S ++ +
LSI ++ ++ T+ T+
AREA_AM + =+ ++ + +
GYRATE AM | ++ EE o ++ + + =
SHAPE_AM + + +
FRAC_AM + ++ S +
PLADJ ++ + H = + ++ ++
CLUMPY - =+ +
Al ++ + - + ++ ++
SPLIT -

i 1) RBIEAERA - BEEE (p<0.01) 5 (+) RBIEMERE - BEEE (p<0.05): () REAER > BEE (p<0.01): (—) RSAHR - BRI

(p <0.05) 5 ZARURIEBTEEAAR -
2. MR AR - FEREESIRERS -

F 6 LEFD HFE B ZISRENOS TS IR SRR A

Table 6 Correlation analysis between landscape metrics and nitrate concentration in various land use

type

b= g

K T

PLAND PD ED AREA AM GYRATE AM SHAPE AM FRAC_AM Al SPLIT
NOy Tl +
NOy Fouan
NO5 il -
NOy TERDE F +
NOy TRl

NOy A +

Nos g

i L (H)RIEHRE > B (p<0.05) 1 (—) RRAHRE > BETE (p<0.05) : ZefRFRHmAEAHR -

2. HIREREE AR - FEEEESIRS -
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RERE - A ol B O s - (8
NOy B AR PSR B - GRS NOy
JEREFLES o Lee et al. (2009) 8 D) EgEEsEA 144
/KK RS Rl A Tl S S /K IE 14t
FIF BRI BLK S S TAERA A 3 B #h i
I ED {115 R AR SR 2 1EAHRR - R
It EERAR R 2 BGRY > TRESHEEZ
Tt NOsEEF S -

(2) ity

TEEMEAI h 3B NOSJREEL AREA_AM
fER GYRATE _AM {H2EEZAMR (F 6) - &
AREA AM & GYPATE AM AR » %
7T IRt 35 T A A K R 7 B M - /K e
NO;REHIE K - A/ N NOsJfi &
BEH AR/ Ouyang et al. (2010)
ZWtgeH . ELES HE AR HO o DA AR
HKE PHEEHIR AR - B B2 BRI S0
Anbumozhi et al. (2005) Z e RE[1SH] > H
Fi5 HH b RE ek 4% ML RS R FH AR HE IS R K 2R
o JREEMERR AR 2 ERE  BUREH T
SRR B R A %K BRI e K 2 oh
R o

(3) TEMAE ~ [ - ERAHM - AR ERER

TERERPE LA PSR (3R 6)  IZK
NO; 2SI SHAPE AM {H &2 FRAC_AM g 2578
FEAHRE - & SHAPE_AM K, FRAC_AM (g
RIS » AT E SRR S A AT
i R R ESE & RS st a FHIERS A -
R 3t 5 A BB 22 T IR R T e Y — A M TR B 1T
= PREREER CORELMREREESGSE
FEHHIT) SRS N ER B SNEER A A
TEFR > CHZRER - WENIEYITHH (B
7] > 2003 ; Dramstad et al., 1996) » HAERTE &
BRI R AT RE S a2 2 B E (NOS)
Bk - H NOy BA BN ABIHVRIE » HE&H
R A& /K (Cirmo and McDonnell,
1997) = JZfi7KH NOs R BB E T A A
AN - INRERRE (2008) TR E
TEDIGE R - TSR A IEBE R E AL A B - Tt
TERD T S EL R BT B B AR EERAR AT - 2
REERSE VIR AR T MEAC SRR (B(E
TEEIZREARE - 1999) - HFHZEEH (1989) HATEMIH

FIEE - BESRHT - MORIE R UK PR B RS B 2 TR — UK B RIS /KIE Ry Bl

BrAvh 2 HEE RS  fEAE DI R > I
EfEHE > B BRI=4 A 2~3 XX D&
BFMAE 2R - BRACAIREREEE S ) ~ H24 -
PRI - MBS EHER 1% SRRl AR 2 Sl
At B iR /K 2 NO RIS TS El -
WEREE (1995) WEREZEEKE (J\EEL
Jit) HIRHGT R 3R > BB AL R K R &
. (NHN) SRR

TEE Rt - st F A R (% 6) » PLAND
EELZE R K NORE EHZEEMRE - &
PLAND {E#CRHT - AR E R G KE
REELBIECRRT - %/KH NOsRE gk - HhiF
L ELE F st FH AT - SERiTEvbise s —
HEHIEFBG GEHES - 2008) -

BRFAIHYE - ARk~ ZRE R E =+
ORI AL 2 St ST - B NOS RS 23w
B fHRATE (% 6) - Holloway and Dahlgren
(2001) f5H: - B+ NORE L 225 115
HREY Yt CERE R AT 2 IR SR R
AR AV ENTTER BB YR E T
BRI N A RS - 22 A
TR (G2 NOy iy Izl & nass > A
RS Y & BER(E - BEERE PRRIHAE
BN o Rt PREEH R B IAE 1 & - SR
WAEYBESIEREAZE > TIEET NOy &=
b FRZKHRI NOy 22K Z RS TME » B
EREEMEL NOsURE 2 HMEAEARRAE - AR E

= REEHTER - WESIE T > APRE

AR 22K g i m NOs RS » {EAHH
FER A EINEL NOsTRE 2 HAREE AR » B¢
T2 EIA TR PR EERELE BN DIB T
IR BH %N BHEH - B4R MRS » Basnyat et
al. (2000) 45 H &AM K NOHYILTE IR
(sink) » EJEKIE (contributing zone) PNARMAHEITE
ELBIAISE N > A2 T IR NOs R KD - H
Castillo (2010) FAZANEGHL—(EEFE/KIEAIIT
e R 25 B S ERY A PRI i R B Y
SV (source) » FTREEAHAEN SHER EHR
AT T AR E R I FEERBE 2
AR vIN=RE TR D e SR oy oA
SHEEEL NOsURMT 2IMEEATRA M - 23T R
NN EEIIAEGREEET ZHEP
T AERVERUAE -
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h &

Az D St e b /K BB B A (EEKE -
PAT i E A3t R 2 Z2 R BIRE - R SRS AT 0Y e
R R T - DUT MRt R AR R KE 252
& GEREUR > BEMEREBGEENE 0 A REEIE
A BEEYVERENE S 0 %K NOsRES - §i
o 7 T o R R R e MR e - 37K NOy Rk
& > B DLPF e E SR S B SR A ZIEAKH - 1B
BB RN SR AR AR - S RkZe NOy Rk -
BEAE T o] BEEFE AN EHEAE S 3t 22 28 ok A 22 8 0%
AR o R EIRELLFIRCR - 2K NOS RS -
DEIREARIRHIE A RE A ATRSE R RS R Ig 4y
HrEF51Z (landscape level metrics) Eil/K/EE S8 YR
% BUDLUERIERE (class level metrics) Fy¥f52 - it
W 23 - T/ NRECREEFIR) T RIS KE » Hzz
RATIREFERELL PR FS A (W1 PLAND) SERBMERER
i S K & it R A R R DR FE R R - [l > 1R/
RETHEEKE - QIZERET - 3hUoF] B2 /K oh i
SRR (% > R A 22 R B RS A R T B R 145
R o PRI TI R A SRR S R AR IR 0 BEAA
HEDASEBE CAIRAEZR BRI MR
TEBAME (AT LAe T AR - DI AR EHIRE
H o

TEBA TR > PP B G T oT Lh ey 0k
SR A ST i 2 B SRS A PR BR RS B (%
L BE R SCIRR o B PR A It R A Bl SR S A e
TR BRI  FHRADTSE AR - Blith 54 RRER ECRE P
FBMESMHGEE > SRR 24558 W RS
S FE IS A R R R A BRI %+ T B P M SRR AROR
TERIAKEARDL » BRI E RS R Z - A%
ERHRRECCF A —IEAM TR » TR T %
FOKBERRN -

ZENRA
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Culture University, Taiwan, ROC. (in Chinese))

10.
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