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Relation of Stream Shape Complexity to Land Use, Water Quality and Benthic Diatoms in the
Seom River Watershed. Min, Han-Na, Nan-Young Kim, Mi-Kyung Kim, Sang-Woo Lee, Kil-
Soon Hwang! and Soon-Jin Hwang* (Department of Environmental Science, Konkuk
University, Seoul 143-701, Korea; ‘Halla Engineering & Construction, Seoul 138-734, Korea)

This study examined the benthic diatom community distribution, land cover/use and
water quality in relation to stream shape complexity (SSC) in the Seom River water-
shed. SSC showed a significant relation to the riparian land cover/use pattern and
also water quality variables of the studied streams. Streams with high stream shape
complexity (HSC) appeared to have a high proportion of forest and farmland, while
streams having a low stream shape complexity (LSC) appeared to have high propor-
tion of city. Streams with lower SSC showed higher nutrients concentration in the
stream waters. Benthic diatom species composition and dominant species appeared
to be similar regardless of SSC differences among the studied streams, while the vari-
ation of diatom density was manifested with SSC. The relative abundance of dominant
benthic diatoms varied with SSC. Saprophilic diatoms were dominant in the streams
of LSC, while saproxenic diatoms were dominant in the streams of HSC. During the
evaluation of biological water quality using the benthic diatom indices, Trophic Dia-
tom Index (TDI) and Diatom Assemblage Index to organic water pollution (DAIpo),
the streams of LSC generally showed poorer water quality than those of MSC (Middle
stream shape complexity) and HSC. In particular, BOD, TP, and PO,-P showed signi-
ficant relationships with DAIpo. In conclusion, shape complexity of streams in the
Seom River watershed showed a close relation with benthic diatom distribution. This
relation seemed to primarily be resulted from the effect of proximate factors, such
as water quality, which might be affected by the land use types determining the
degree of SSC.
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River
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(riverside)?] 3A}o = FAE 4 9)utk. 3kt
AL F27 7)uke] H& Fzbel, spH AAHI §AA
oo QB @Al 7 750 w9 theksith (US EPA, 2002).
ol 51, sk s $AHAElAl ek A o] A (tran-
sitional zone) == A& 3F=o]dj (ecotone) 2 A== 3}
ok B edEAe F4 AdE B aAEE JHA
e} 53], 4ue) AAAE ATons Putire
F4, AN B ohle A2 2 AvA A 5 S
o Ghepat 34 A AT S0 A o
ol Fo]t} (Naiman et al., 2005). o] & Qls] 3}eke] W 3lo)
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F L s E] FepellA Fo’k Fx7F H 3 §lu (Darby
and Sear, 2008; Center for Aquatic Ecosystem Restora-
tion, 2011).

ABAQ] SHeA sk A AEjA e} A A 7L
Az AAREZA, F A Abelol] &3 7R
(edge)2] z3to = o]af& 4~ glr}(Lee and Hwang, 2007).
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2007; Yoon et al., 2010). o] 52 tjx] &u} Pols 7]
A7 =, A=, RS AA BEHAA Fehitel
4=, ‘!T‘iod;g'% oF 93km, F-9HH L oF 1,472km?
otk A7lo =z 8olEL 2 F3pAL

= AR, 75
of AFA, Fol FEN 5 EP] 23 AL a3}
Z o] & 204 7} o]g}(Kim et al., 2007) A3 9 3

A el AR5 5 Fasrn g5 sl

AFA P AR QFAE BEf] Aol TRk
A7ke)l Fo o9 F shteln, T EX 082 =4
s 4 3 FAAY 5 S o9 2sha 9o
m gelo] 7 % 338,762 o).

2. 24712 2 A4

2 Q7 2000-20104 24s] 2A FaAsR0r, )
A $6W, MO E £l F 4 2E DA
deh. 2AXAE A4 25 5 AR AR 167

e z3gs= Z 217 z]ﬂ (S1~S21)& Ao
w3h Fe] SRS JFE 02 S ole AR @
F4-8 AR sk (Fig. 1).

Bxeg w28 98 =ANEERE
A 007) GIS Welal Y& Autocad drawing 3 2] 3}
A= WHItsloloh 7 AR S 71Fo2 3h 9 3igle]
buffer zoneel] &83] 23d 4 9J== ¥4 1km HH
(buffer) & A33le] $34170% (Fig. 2. 311 49 & 2
2] = (Grid) e 2 HEse] 35T F FU5A z=2
2] Fragstats 3.3& o|&3le] slH 9] FefEA =S AAt
3l oF (McGarigal and Marks, 1995; Lee et al., 2000). 3
¥ B3l == Fragstats 3.3 T2 I |A] HldEE o7
245 ZF FRAC A4=(4] 1)2 A}g3}¢ith. FRAC_MIN
(Mean) ¥FA 1km HFe|A] A8 z7e] oi7] 7| o u,
5o =g gre] g8 27+ M4z s FFge)
t} (Lee and Hwang, 2007).
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Fig. 1. Map of sampling sites in Seom River.
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Fig. 2. Comparison of stream shape complexity (Center
for Aquatic Ecological Restoration, 2011).
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2o a=xk4 (Dissolved oxygen; DO), pH, A7 A =%
(Electric conductivity; EC), Et= (Turbidity):= YSI 6920
(Yellow Springs Instruments, Ohio, USA), §-4-2 Swof-
fer-2201 (Swoffer Instruments, USA), s+Z3} $£41-2 =}
o]-g-3te] A A 2AH ZA AT MAA H7HE 9
T2b R $FHEAELE EX o/ Ex (RA], A,
AP g2 7] 53T (US EPA, 2002). 3%k &
A2 Standard Methods (APHA, 1995)¢]] 319l o, &
A Z 4 (Nitrate nitrogen; NO;-N)+= Cadmium reduc-
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tion o= =33} 31, =2 4 (Total nitrogen; TN)= <
Ze] A Ipdabge] EAstel 120°CellA f71E3 37
F3ljste] Aabe] oz ASAIZ] o Ao FEF
A (Optizen 2020UV, MECASYS, Korea)E o]&3}le] =
Astedch. 1Ak ¢l (phosphate; PO,-P)2 Ascorbic acid
method 2 =3]3}9] 17, =<l (Total phosphorus; TP)2 per-
sulfate (K,S,0g) 2.2 23al8F &, Ascorbic acid o= =
Asldet. A E-3EHA AlA e =k (Biochemical oxygen de-
mand; BOD)-2 Winkler-azide®ol] 2]#3}e] 20°C ¢=x
719] 2w F7lelA 59 Tt wiekd o A &
0, 59| z}o|2 AAFs} T (APHA, 1995).

e

714 Amme] 75cm?e] WA S 3ler Fojo] FHS
o FAM3le] AAAT Az PY=2-a(Chl-a) Y 3
BS A A3 478 AZFeF (Ash-free dry-matter, AFDM)
< EAEedY ARgsislen, dBE= formalin £Yo =
-

FAt2Fe] AFDM 42 $3 A4 SRz AlF
st & f24dH o13A] (Whatman GF/F)E 100°C2]| Dry

ovendl|A] 24|17t Az F Aoz YA Fo FAE

qJ
o

gk %,100°C2] Dry oveneol] 2A|7F Zx3 & Aoz
zZ}y3)
1w

e % 2Al2 =A3lar, 500°C2] Furnaceol| ] 14
2t E<b ehsleh. of w500 ColA A F Aoz 7t

gt g 77, 100°Cel| A ZAx F Aoz Yz}
g F ZA3 FAe 27 fElAdF A3A AA e 7
o] apolz RAFEFO| AFDME A AFsllth(APHA,
1995). .27 %272 Chl-a 242 93] A= Whatman
GFIFZ o3}ate] mpfatoict. vl 3t o2& 42
EHo| Wi dA=ke] Acetone (90%)2 T3t & 2417
<t A YRR A (4°C)EkAH &% Chl-a A
< 7] $138l, 1,647 rpmel| A 2087+ 422 g F,
S o] 83le] FF3B =74 (spectrophotometer)]
0 nm, 645 nm, 663 nm, 750 nm 3}Atef|A] Z=A]3}e] Chl-
ag AAFEFSATHAPHA, 1995). F-3p2/e] 248 3
oF5l7] 91s AR AmE AHHNO,, KCr0,) A2l ¥
Mount media® o7 ZES A]2}319 32 (MOE/NIER,
2010), 34}3sH&n] 7 (Axiostar plus, Zeiss, Germany)-2- o] &
3led 1,0000) 3lellA AHAA, A sl (Patrick and Rei-
mer, 1966; Krammer and Lange-Bertalot, 1986, 1988,
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1991a, b; Watanabe, 2006). 22727 LU= 7+ Als
o| A} F 4~ 200 T 7} o] Ak& AlgEte] W

6. 4B %7}

BAF2F 99 A4 (Trophic Diatom Index, TDI)
o] A AL Kelly and Whitton (1995)2] ®} o] ule} 22
TEF 4 RIFA=E) AR VS 23] A=t
%t} o, Kelly and Whitton (1995)0] | A8t w1zt =9} 2]
2382 =W AAe Al A7 3E 083813 (MOE/
NIER, 2010). 3&7x $7]| 2 & %4 (Diatom Assembl-
age Index to organic Water Polluton, DAIpo)2] AALe-
Watanabe and Asai (1990)7} A A) & v}¥& wigrow], 7+
wA7ERe $7100] AT PUEE FEoe so
4% (SPT: saprophilous taxa), 34-$-4% (IDT: Indif-
ferent taxa), S 4A) = (SXT: saproxenous taxa)2] 3+
o2 FRdglen, o5 Adlzs 2% A4E A
Arslsieh,

4

7. %7 ¥A

el gelunitee) BAee 2 wAFERele B
A !

< 138l Pearson's A3 7S AHSERIH-
S euged $Aed HAER 2ATEE
B w3}l7] $]ske] EAMHEA (ANOVA) 2! Tukey's HSD test
2 AN T, §ol5FEE p<0.052 Sk B E 57
HX]-2 SPSS package (SPSS Inc., v. 12.0, 2004)2 o] &

24 _Tll.
1A% A s g, 228 54 3

Exol 4%

Fragstats 3.3% ¢]83le] =&% A7 4419 Jef &
A== 247 1.050, U7k 1.374, P 1.213, 2F A3}
0.080 (n=21)°] 7|&5A%E veplth(Table 1). o]=3t
Zke A8 o (Ceter for Aquatic Ecosystem Restoration,
2011)0l4 AAE $be A= ehae] Wejuzbes
AR 1S5 Bod vl A3 e e ERts
L 47k 1.006, U7t 1.436, FF 1.219, =Fu3}
0.080 (n=523)2] 7|&%A 24 el 32 (Ceter for Aqua-
tic Ecosystem Restoration, 2011), ¢]& 7|%2=2 B <9
A ke e EAt s F3S W Fe 33k = (Low Shape
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Table 1. Physiography, land use and stream shape complexity of the study sites in the streams of Seom River from May
2009 to September 2010.

Land cover/ use (%)

Study sites Altitude (m) Stream width (m) : SC values* Designation
City Forest  Farmland Barn
S1 403 25 20 30 40 10 1.374 HSC
S2 205 62 20 30 40 10 1.233 MSC
S3 223 55 15 35 50 0 1.321 HSC
sS4 172 55 25 55 20 0 1.270 HSC
S5 233 40 25 50 25 0 1.255 MSC
S6 135 80 20 30 40 10 1.272 HSC
S7 115 156 15 40 45 0 1.273 HSC
S8 96 33 25 50 25 0 1.269 HSC
S9 98 150 10 50 40 0 1.206 MSC
S10 187 36 75 10 10 5 1.219 MSC
S11 139 127 75 20 5 0 1.132 LSC
S12 109 112 80 10 10 0 1.050 LSC
S13 226 30 15 25 50 10 1.222 LSC
S14 91 98 30 40 30 0 1.231 MSC
S15 7 200 30 40 30 0 1.137 LSC
S16 186 43 75 10 10 5 1.175 LSC
S17 127 35 20 40 40 0 1.155 LSC
S18 53 300 40 40 20 0 1.103 LSC
S19 77 72 15 40 45 0 1.265 HSC
S20 81 24 15 25 60 0 1.237 MSC
S21 57 300 30 40 30 0 1.181 MSC
*SC values; stream shape complexity values, FRAG_MIN (McGarigal and Marks, 1995)
LSC: low stream shape complexity (1.006~1.176)
MSC: middle stream shape complexity (1.176 ~1.263)
HSC: high stream shape complexity (1.263 ~1.436)
450 350 100 100 100 100
400] (A) Altitude ¢m) 300 (B) $tream width (m) (C) City (%) (D) Forest (%) (E) Farmland (%) (F) Bam (%)
350 255 80 Lt 80 80 80
ggg R=0.320** 200 R=—0.315** 60 R=-0.539** | 60 R=0.246** 60 R=0.425%* 60 R=0.220%**
200 3 150 v 40 40 _amee ae— 40 & 40
150 100 w P
1gg 50 20 20 20 20 .
0 0 0 0 0 0
600 5.0 8.0 8.0 1.8 18
500 (G)EC(uScm™) (H) BOD (mg L ™) () TN(mgL™) (J3) NOz-N (mg L™) 15| (KQTP(mgL H 15 (L) PO,P(mg L™)
; 4.0 6.0 6ol *
400 : 1.2 1.2
300 R=-0.233* 304 R=6.256** 20 4.0 . R=—0262%* | (o R=-0.344** | g R=—0.389**
200 her 2005 § s 0.6 06 .
100] 7 st g Lof © i 20 20 s\i:r:-‘i*\ 037" ", 03 \h
0 0.0 0.0 Y s il 00 _3tsag 00l _slziprk . .
20 150 i 250 _ 100 100 i 1.0 11 1.2 1.3 1.4 15
(M) AFDM (mg L %) (N) Chl-a(ug L™) (O) Density (P) TDI 1%
16 ¥ 12.0 200 (20° cell cm™?) 80 —— 80 >
12 o0 " RS =y | ool B | eo o “_ L
08 I ) Rf§0.229 wo| R=-0.278 5 ,_',toj_%;infgg7 o] 7.7 R=0s4r
0.4 30] - TTrhd 50| g e 20 %g ) 20
St IR S TN [ = e S Nt (e~ S Bt DRSO (@A
1011 12 13 1415 10 11 12 13 14 15 10 11 12 1.3 1.4 15 10 1.1 12 13 14 1.5 10 1.1 12 13 1.4 15

Stream shape complexity

Fig. 3. Correlation plots between environmental variables and stream shape complexity in the streams of Seom River
(n=84, **p<0.01).
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Table 2. Summary statistics of study variables with shape complexity gradient and result of Tukey's HSD test in the
study streams of Seom River from May 2009 to September 2010. Small characters (a, b and c) indicate a signi-

ficant difference.

Type of stream shape complexity

F P
LSC MSC HSC

Altitude (m) 111.76+7.85% 155.34+13.22% 174.43+20.02° 4.885 0.005
Width (m) 130.85+16.542 91.73+18.12% 67.93+41.04° 4.572 0.013
Depth (cm) 28.07+2.65 27.69+2.27 33.06+3.04 1.285 0.282
Flow (cm - sec™) 47.23+3.44 40.41+2.76 40.02+3.38 1.649 0.199
Land cover/ use (%)

City 47.92+4.17% 27.97+4.32° 19.32+0.83° 17.906 <0.001

Forest 36.41+3.10 33.62+2.91 41.42+1.54 2.325 0.104

Farmland 20.00+2.472 36.43+2.94° 36.40+2.50° 12.844 <0.001

Barn 0.71+0.34% 3.57+0.85° 2.86+0.87% 4.179 0.019
Temperature (°C) 20.70+0.73 20.60+0.71 20.14+0.74 0.172 0.842
pH 7.81+0.12 7.82+0.17 7.74%0.15 1.147 0.323
Conductivity (uS cm™?) 189.31+21.022 142.45+10.36° 139.12+15.82° 2.957 0.048
Turbidity (NTU) 12.90+2.21 11.80+2.85 9.67+2.17 0.515 0.599
DO (mg L™) 11.03+0.42 11.22+0.41 9.95+0.52 3.002 0.055
BOD(mg L™ 2.02+1.43% 1.72+0.20° 1.40+0.11° 2.848 0.064
Total nitrogen (mg L) 3.254+0.34% 2.7440.20% 2.124+0.16° 3.775 0.027
NO;-N (mg L™ 2.224+0.31% 1.95+0.29% 1.42+0.13° 3.000 0.055
Total phosphorus (ug L) 366.31+0.12% 77.01+0.02° 34.64+0.01° 6.598 0.002
PO,-P (ug L™ 238.93+0.072 50.42+0.01° 16.62+0.00° 8.662 <0.001
AFDM (mg cm™2) 0.91+0.25% 0.65+0.11° 0.54+0.06° 4.561 0.036
Chl-a(ug cm™) 5.11+1.50 2.54+0.59 2.35+0.33 2.810 0.066
Cell density (10*cells cm™2) 55.26+16.07% 19.46+5.81° 16.90+5.17° 4.325 0.016
Saproxenous taxa (SXT, %) 15.17+1.452 42.82+5.22° 50.35+2.79° 2.197 0.042
Indifferent taxa (IDT, %) 79.82+3.282 54.21+2.11° 48.64+7.63° 7.542 0.039
Sprophilous taxa (SPT, %) 5.01+0.81 2.97+0.64 1.01+0.24 0.240 0.787

Complexity, LSC: 1.006~1.176), =7+ 3] -4 = (Middle

Shape Complexity, MSC: 1.176~1.263), =2 e &4l =

Ar=ol frodt AdaaAE

e 31} (Fig.

(High Shape Complexity, HSC: 1.263~1.436)2] 37}%]
8oz AR

AT A% Aol sidehs 21 AR, A o
Toll 23t Eat=rz Z47 7A44 ‘dzéﬁ}%‘:‘r- 3
e =t 7 A Jeld 2L sielglen, =Tt
403m=E A7} A1 ARl 9x)5}= A Aot} =3t 3}
o] 25m=E F11, sPHFH EA| 0] 82 B, &, =A]
24 o2 e, 49 sl el 23] e
I3 o2 vehgdtt(Table 1). Widel el E3t=r} 73t
) debd AL s12g)om, A7 A9 F - kR
o $1A)8k= Ao % 109m, 3% 112m=E yeb}
of. =3k ST ®A o] 8=} 80%E wig- Fom,
a2 slqt el A6l 77k Al oo} (Table 1).

2. 494 29 2 Ao $E% 3 YeuAE
spae] Az e

=

3). o] F
sl g sl FelAest A e HIE
Hyom, 7 ggog X9 o|fxx 2 AARAE
e ole 1xe} sE = E13 9 53%%%}52} ufj -
A% B mA TE & AT A FYaaw
o} oFo] AT L W] FElBEA T} o FAUdSLE A)
74 ST 3 2o HHEE EX o420 $25 0t
Jatalet. olell Wkl B%I Aol Pejugiws}
=2 ARAFAE veplo] sHF2] AHA S §A o]
of Mt Exolgx B o] rEs wedslyn
(Fig. 3).

o2l shH o] X A, AP EA A
He BAol4 el 3k yeiEAt= £ Aol g
T3l= Aoz eyt (Table 2). & 314 e &=y
2 Y I5E LSCHF 2] 3pAeA] 111.8+7.9m, MSC
Ao A 155.3+13.2m, HSC3}FA A 174.44+20.0 =
el Fel Bt =T BelApE IxE FolA|: A
& BoiFglon), 1 ol vjs folapl vhepdeh(F=
4.885, p<0.005) (Table 2). 3}Z2 HJFH o2 LSCH3

]
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o] sHelA 130.9+16.5m, MSCa}H 6| A 91.7+18.1
m, HSC3A: 67.9+41.0 m=z Jehgd|, g2y e
7} o4 31Fo] FopAlE AHE Hlon Hitx=
W2 fogt z}o] 2 et} (F=4.572, p<0.013) (Table
2). A F452 At e Fg 2fe]E oA
okolt) (Table 2).

3.3PH5 Wl o)3t3Hd 2919 sHd FeEFHE

A s Y] A3 dRE FHIARE,
BOD, A4, <) 3H49] efiatze}l {203 A3
= Yehiglth(Fig. 3). o]Fol|A Ak el (PO,-P)e] 7}
A = AFRAE 1l on (r=-0.389), L theo 2 Eq
(r=-0.344), 24 4 (r=-0.292), ZAALA] gi(r_—o 262),
A7 =% (r=-0.233) w22 {3t A
(Fig. 3). °J¥% FelM = 9] s=F=27} Xuiv} *Ptﬂ
Moz w2 ARdE HofFglon, vE SAELS §

o5As) S0 ARaAE tebleh
S, pH, =, §EAEF (DO FHiRitEEe

A Aol B HolA kAT, A714 =% (EC), B
ArA~ 8 7= (BOD), 4% (TN, NOs-N, TP, PO,-P)2 ¥
agtesl eldss wEsh Rasie ARE e
o} (Table 2). LSC§-3 9] 3H 2 A7|H ==} oI =
w7} ol % 7 vekden], 53], Qo F £21(TP), <
AL (PO,P)e] Al o2 wh§ 570 vieksieh Wil
MSCe} HSCE3¢] 3L u|wA ofz3l A=
el ol (Table 2). 238 Zoj| A= EC, TN, TP, PO,-
P7l 2gte 3ol Wale] wel 213 2olg weiFa
o, 53] PO,-P9| zte|7} 74 FEIskSit (F=8.662,

L ek - ol - olare -
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gy

p<0.001). & $ZA3}EL2] xlo]= EA Aoz 9o}
A gten 1o £2 S5 e e sl
(Table 2). 7L Sloll 4-&, pH, Bk, §Eqbaske A3ke
We FD Aol hehiA 3teh

4 RATFZF $71295 31 AP
37259 AFDM, Chi-a, #E2(5) 25 24104
shael gefuatuel ol oo ARAS el
(Fig. 3). el ¥4t ="8 H+ AFDM> LSC-3¢] 313l
4] 0.94+0.3mg - cm™2, MSC3F o)A 0.7+0.1mg - cm™2
HSC3}H el 4] 0.5+0.1mg - cm 22 vepgon), Bxley
2 o)$ $9)3 2olg eluich(Table 2). Chi-ak B
Ao LSCH3e] s™-e]A 51+1.5ug - cm 2 MSCs}
A 2.5+0.6 ug - cm2, HSC3}A | A] 0.5+0.1 ug -
em2z v gelaztee] SAsA o 20 AE
depter) SA4 §o48 wolAE gk 2
—n—-/] HAFUEE LSCH339 s}AeA] 552,600 cells -
2, MSC3FH el A 194,600 cells - cm™2, HSC3}3 o)) A
169,000 cells - cm2& Jepydt}l B2Fx2572] AFDM,
Chi-a W= 5 2E A% 952 dejazies) Ge
$% ol ARE wolon] 2 Aol e Bites
Holx sAefA 7k TR, F3F 2 2 HHE
= F39] shHzEe] Apol= Fol3kA] Wttt (Table 2).

5. 372 74 $E% 4 RRE

A7 59 AR 200 2N RAFERE
2 30}E 83} 264 126%F 15WHZE 2EZE 3olFo=z 2
LsEFEe] FYIT 4w WeE na

o}lt N

(o
rlo
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Fig. 4. Relative abundance (%) of dominant benthic diatom taxa with stream shape complexity in the streams of Seom

River from May 2009 to September 2010.
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Achnanthes convergens® A A ZAFXA2] 25.4%9] 4]
oAzl o, T W2 BHAQ FL& Achnanthes mi-
nutissimaz AR FZAFXA Q] 15.2%= et} (Fig. 4).

LSCH39] shdolA &3t RAF2F 25 3015
83} 224 88% TWHF lolFoE F 96 -Fto] HEAH
ok 7 A4 2939w £ Achnanthes convergens
2 28.2%2] AANE =Z vJep) 7, Nitzschia amphibia:
18.0% % &35}l (Fig. 4). 2L £]e] Achnanthes minu-
tissima (5.5%), Gomphonema parvulum (5.1%), Navicula
subminuscula (4.7%) 52 %3 5 /7o) =74 =4
shoiek MSCHRe] N 28Y FAFEFE 25
30}% 73} 184 87 11ME 1EZ 30}F 02 = 1028
F7o] FZA=E o} MSCollA] Cymbella silesica (18.7%),
Achnanthes convergens (18.4%), Achnanthes minutissi-
ma (18.0%), Nitzschia amphibian (11.2%) 5 4 25F-°]
w27 $ASIATE HSCH3 ) sPHeln 2R a7
ZFE 25 301 83 214 85% 10W% 1% lotgo
2 & o7EFzoR Yo /1 B4 298dR £
2 Achnanthes minutissima® 39.5%¢] =2 Wt = 1}
Elldl3, 7 v&o 2 Achnanthes convergens (25.4%),
Nitzschia amphibia (9.1%), Cymbella silesica (4.5%)2]
o2 uelyitt(Fig. 4). 53], LSCS MSCH-3 2] a4
oA Z83l9d™ Navicula subminusculai= HSC&}A o)l

=

A7 4A9) AR $AFES 00 Feaiee) 4
93t #A = el T} (Fig. 5). Achnanthes minutissima
v PR} $e0s 3 2O B o0 4
FAE eRA T (r=0.233). 9]¢ Nitzschia amphibian
(r=-0.320), Gomphonema parvulum (r=-0.272), Navi-
cula subminuscula (r=-0.274)= B E7} =4
5 F 23U Yol £ ARAE YERH (p<
0.01). 3], Navicula subminuscula= $% o] ¢¥33}7)
Hebd® HSCH-3 2] oA &38R odshed], o] £
£ ¥]&3} Nitzschia amphibia, Gomphonema parvulum
£ 52 oqdwrt w2 LsCalAA ¥4 2dall

o} (Fig. 5).

x
ol
+
)
o
2

& | of| Al FA+xR{ AEA|4 TDILF DAIpo
o] M9l 47 5.6~91.17} 43~99.12 yEht, F A4
o] Zkol frAslAwt(Fig. 6). el Btz kA
(TD)E= LSC5-3 9] A6 A 37.1+4.5, MSC3}A ol A
46.6+3.6, HSC3} 4o A] 61.3+2.43 el HSCH
3 9] A 7 =2 (F=11.532, p<0.001) TDI Z}+&
Hgjor}, LSCet MSCER 7] Aol =A] Iste)
712 €t 24> (DAIpo):= LSCH3 2] d-HeA 61.0+4.3,
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Fig. 6. Distribution of the trophic diatom index (TDI) and
the diatom assemblage index of organic pollution
(DAIpo) with stream shape complexity in the stre-

ams of Seom River. Small characters (a, b and c)
indicate a significant difference (Tukey's HSD test).

MSC3FHo|A] 77.3+3.3, HSC3}e|A] 88.1+1.82 U}
ehter], 7 Aol Jejuztede v $olsHe(F=
17.033, p<0.001) (Fig. 6).

AR 2R RAFEF) cdABGL A
HefEAtwel wet g2 A3E etk LSCH3 9 3t
A A 5 ¢ =X Z(Sprophilous taxa, SPT)-2 5.0%, 343
S22 (Indifferent taxa, IDT)2 79.8%, 344 (Sap-
roxenous taxa, SXT)-& 15.2%2] FAH]S YepR) o} (Table
2). MSC+3 9] oA 3 eEAE 3.0%, FH-SAE
54.2%, ZRASAZE 42.8%2) FAN)2 LJeh) T (Table 2).
HSCH-3 2] 3ol 5% 1.0%, 3A-54d% 486
%, ZAFAF 50.4%2] TANE e ok 34550
HEsh 71 A e, 5o S 1w LSCHY
of spael Hla) A ZRsKAL.

A7 SA9) RAFER ABAFES A Fe
Resh fol2 ARAE deid (Fig. 3). 7 A4
el aabmel okl AR vehlen, Sored A%
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7h 2 oM A o] 4=t v g > AFE
ERloh 4] o] 4=rt A Jeldt F e

(LSC)3 9] M= AV|H == BE

v =2 S vehdom, 53] QI(TP, PO,-P)e]
o ¥l Ao =2 F=5 Bt vk, F7t

¥ FYRAEE 7] ZAARELS vlwA Feg

S
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o FAEYH VESIE GBS 71 5 AeE
FolEh & WU RAES) BErE BAFERe @

o, o N = RN
N M ko = oL 2 o
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Ase] EFH 3 PejagE (LSC) AFES
A8 FAX A} AFgerolA A=
247 f5e] 4

o} (Kim, 2003; Kim et al., 2007). o] 3+ A7} AFDM}
Chi-a =7k 4, 53] Jokae) Wb} e A u
Q) A= Z7 o} (Table 2)
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(Cadenasso and Pickett, 2000; Lee and Hwang, 2007).

T Exo] 42 3t A H 3HH e e s
WA 7|, A AEAFS] T8} 7]l A ofekE v
ZI} (Dunne and Leopold, 1978; Stepenuck et al., 2002;
Roy et al., 2003). A8 AFAF}=0]] 2JshH, XA o3
THEEE o} F Teld MAH e Wste] ds)
317 ¥W3}= H o] (Isaac and Schlosser, 1982; Sponseller
etal, 2001) ¥HH FxFe A HS 22 ARAAE
veRdic} (Walsh et al., 2001). & 372 ZAajel|x] sFA
o Yejuatest ¥ea% PAFRRE Lwst vobx]
£ e ueed (Fig. 3), ol 72, 48] F& BeX
sk ofshsbd 7 eqlel Gk v A Wt
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$43 w3 e Se] 3L Bed g4 A3t 9
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A st A vebd A2 $50] 2 A% (53]
9l) =57} =% Yolo=w AlgFt)(Haper and Stewat,
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