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Figure S1. Response of fish tolerance guilds to biological oxygen demand (BOD, mg/L), suspended solids (SS, mg/L), electric conductivity (EC,
cm/S), total nitrogen (TN, mg/L) and total phosphorus (TP, pg/L) in each of the foul land-use patterns (green: forest region, orange: agriculture
region, black: urban upstream region, red: urban downstream region).



300 - 30,0 30.0 - 30.0 30.0, .
@ %bInsps = 8.698 - (1.216 = BOD) %oInsps = 7.703 - (0.208 * S%) %Insz_ps = 8.6831 - (0.009 = EC) %bInsps = 8.262 - (0.63 * TN) . %Insps = 9.096 -(0.0502 * TF)
2 » (R% 0.123, p<0.033, n—64) -922 , (R=+0.0048, p<0.079, n=64) 'gzz 5 (R*=(.0843, p=10.020, n=64) 8 (R=0.0746, p<0.029, n=64) !22 4" (R%=0.155, p<0.001, n=64)
= e wad N
] @ 5 7
Y5 9Pl ® 95% CI @ 05% CI |'w 95% CI
g E1s0, . w150 559
2 2 LY g 2
Los [ ET e L .. 2 . T sl
0] (] =iy . [T W
£ £ g .'o‘":"‘--.._e_ e g ) - £
® oo ET . Tl R oo E—Hﬁgm
! -2
0 5 30 45 1] 10 T 50 300 450 0 2 z [ E] mf 50
BOD (mgL?) ss (mgL?) EC (emS1) TN (mgL?) TP (nel™)
] SEUTUU-:?,S" +<au“|:-71 O] %?sps = 5.573 + (0.06 * 85) P %%0sps = 3.778 + (0.008* EC) w a0l %ozs_ps =4614+ (OALFTN) |y g %oif = 5.791 + (0.0035 * TP)
8 (R=10. 2, p<0.071, n=64) a (R*=0.0026, p=0.0688, n=64) u (R=0.0452, p<0.575, n=64) g9 (R*=0.0227, p<0.526, n=64) El (R Il.t'!lll.'l-l, p=<0.861, n=64)
.,E,'”‘J‘ 05% CI g.w 95% CI g 050% CI g-“" 95% CI & 0 95% CI
g o g 4 2
Ig‘zn. » § 204 . §> . g o * . .g o * .
= L] = ] 'E . ‘c c .
B, Lot Y E. e . Y g R ORI el T NS S
07 ~%e ey o it e . e e S T —— .
R | g e O i | ® R | FEE L IR R e
Toigw, "4 * [ 2 N T —— ol Cet %R . 0 #ae i
[« . * L I L . . - 0
o ] ) ] 8 50 100 150
0 15 70 a5 g0 0 5 15 @ )
5 EC 5 1 1
BOD (mgL) S [mgLY) (em EP] TN (mgl™?) TP (pgL?)
60 84Csps=7.404-(0.573 * BOD) | 6 %Csps= 6.640 - (0.0559 = 55) g0/ 96Csps= 7.473 - (0.0045 * EC) 80{  05Csps = 9.667 - (1071 = TN) 80 9Csps= 8.072 - (0.032 * TFP)
g (R'=0.00652, p<0.562, n=64) | (R= 0.00084, p<0.820,n=64) | § (R*=0.00510, p<0.575,n=64) | § (R™=0.0515,p<0.07L, n=64) | & (R1=0.0152, p=<0.331, n=64)
ias. . =45 . B 45, . E“ N i‘ﬁ ‘
a 05% CI i 05% CI g. 95% CI w 95% CI | ¥ 05% CI
gao. . b . @ 50, . E 304 . E 30 .
= N [ " o . = . = .
Eel oWt 2 . g ot Eis el s e .
I . . AN | " PO Sl F a8 N __. A | g —— -
o —_———— - a e — — —_—— " - D el — o e e
R :..‘*E::L,e BTV TETFW Tt Qo it A el s | R 0 SR e g o TSR T T
5 10 15 Fail 150 30 45? 3 (] — 50 ] 150 2
ol 15 0 45 6.0 % - _
BOD (mglL?) S5 (mgL?) EC (emS™) TN (mgL™) TP (pgl?)

Figure S2. Response of fish trophic guilds to biological oxygen demand (BOD, mg/L), suspended solids (SS, mg/L), electric conductivity (EC, cm/S),

total nitrogen (TN, mg/L) and phosphorus (TP, pg/L) in each of the foul land-use patterns (green: forest region, orange: agriculture region, black:
urban upstream region, red: urban downstream region).
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Figure S3. Relations of fish guilds with stream order
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Figure S4. Influence of trophic and tolerance guilds and elevation to IBI.
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Table S1. Stream sites divided into four land-use patterns and their longitude and latitudes depending
on the water and fish data collection sites (Land use patterns; F — Forest region, A — Agriculture region,
Uu - Urban upstream region and Ud — Urban downstream region).

Site (i?;;?l) Land use Coordinates for fish sampling Coordinates for water sampling
No: name pattern sites sites
S1 =H F 38°08'07.27"N 128°13'57.45"E 38°08'07.27"N 128°13'57.45"E
52 S8 F 37°39'10.78"N 128°42'03.32"E 37°39'10.78"N 128°42'03.32"E
S3 BEH F 37°39'10.41"N 126°56'15.18"E 37°39'10.41"N 126°56'15.18"E
54 s F 36°45'00.69"N 127°53'55.46"E 36°46'26.03"N 127°53'12.04"E
S5 7tOFA F 35°47'29.03"N 128°05'24".41"E 35°47'09.63N 128°06'15.62"E
S6 A2 H F 35°42'47.75"N 129°42'03.58"E 35°41'43.79"N 129°04'51.43"E
57 EH F 35°25'55.21"N 127°46'51.00"E 35°26'23.70"N 127°46'27.34"E
S8 ™1 F 36°10'21.14"N 128°50'20.31"E 36°9'47.00"N 128°49'40.68"E
S9 o= F 36°12'24.74"N 127°34'08.25"E 36°13'12.14"N 127°34'03.58"E
510 EI S| F 35°51'5.44"N 127°13'41.44"E 35°51'12.20"N 127°13'26.59"E
S11 M1 F 36°22'47.06"N 127°1524.74"E 36°27'19.07"N 127°16'39.19"E
512 TIoHH F 35°47'42.93"N 127°27'28.25"E 35°48'8.32"N 127°31'04.23"E
S13 =HH F 35°07'50.59"N 127°05'5.20"E 35°07'53.00"N 127°05'30.90"E
S14 oo F 35°13'44.10"N 126°57'39.85"E 35°13'31.31"N 126°57'17.69"E
S15 FO|H F 35°02'56.53"N 127°41'39.96"E 35°2'59.98"N 127°41'35.81"E
S16 ISP F 35°11'24.55"N 127°47'4.17"E 35°11'32.94"N 127°472.26"E
S17 7bEH2 A 37°52'59.10"N 127°32'52.88"E 37°53'05.84"N 127°32'38.03"E
S18 =XH2 A 37°27'28.43"N 128°40'41.51"E 37°28'31.02"N 128°43'17.99"E
S19 FHZ A 37°24'50.33"N 128°09'21.31"E 37°24'50.33"N 128°09'21.31"E




$20 SHEFZH A 38°07'21.87"N 127°15'58.26"E 38°07'28.57"N 127°16'09.16"E
$21 gotE2 A 35°19'30.44"N 128°24'03.29"E 35°19'21.43"N 128°24'03.68"E
S22 83 A 36°29'12.55"N 129°01'22.32"E 36°29'12.55"N 129°01'22.32"E
$23 3|H A 35°52'39.86"N 128°10'34.45"E 35°52'32.17"N 128°10'44.01"E
$24 ot54 A 36°32'23.07"N 128°28'02.68"E 36°32'23.07"N 128°28'02.68"E
S25 2ot A 36°34'08.89"N 126°47'07.79"E 36°34'08.89"N 126°47'07.79"E
$26 B LY A 35°39'32.18"N 126°36'54.50"E 35°39'18.32"N 126°36'46.19"E
s27 =gH A 36°06'46.40"N 127°33'13.98"E 36°06'46.40"N 127°33'13.98"E
S28 ZEA A 36°50'30.85"N 127°31'22.85"E 36°50'40.89"N 127°31'17.16"E
529 2H4Z A 34°51'35.33"N 127°09'33.13"E 34°51'35.33"N 127°09'33.13"E
S30 e A 35°24'09.93"N 126°54'11.33"E 35°22'47.19"N 126°55'22.76"E
S31 2H10 A 35°20'34.29"N 127°18'18.47"E 35°20'34.29"N 127°18'18.47"E
S32 2™z A 35°04'54.72"N 127°47'53.76"E 35°05'31.30"N 127°47'55.44"E
S33 23 Uu 36°52'10.76"N 127°51'21.20"E 36°52'57.02"N 127°51'45.55"E
S34 Y H1-1 Uu 37°22'07.93"N 126°56'55.25"E 37°22'23.95"N 126°56'43.84"E
S35 M Uu 37°44'14.22"N 127°3'11.66"E 37°44'14.22"N 127°03'11.66"E
S36 AFH1 Uu 37°20'30.64"N 127°57'48.63"E 37°20'26.19"N 127°57'49.38"E
S37 =255 Uu 35°51'28.50"N 128°41'14.66"E 35°51'24.47"N 128°42'18.98"E
S38 Fary Uu 35°10'53.04"N 128°8'29.45"E 35°9'58.47"N 128°09'11.68"E
S39 AAHT Uu 35°23'20.78"N 129° 3'1.99"E 35°23'20.78"N 129° 03'1.99"E
S40 gz Uu 35°48'51.48"N 129°12'5.13"E 35°48'56.14"N 129°12'1.96"E
S41 Fapal| Uu 36°17'46.55"N 127°21'38.16"E 36°1822.20"N 127°21'33.23"E
542 ojsH3 Uu 36°46'18.94"N 127°30'34.86"E 36°46'4.55"N 127°30'24.59"E
S43 AbHE2 Uu 35°49'52.57"N 127°6'25.63"E 35°50'6.28"N 127°06'21.03"E
S44 HorbH1 Uu 36°47'57.97"N 127°8'46.43"E 36°47'57.97"N 127°08'46.43"E
S45 INESESY Uu 35° 2'54.55"N 126°50'13.71"E 35°2'54.55"N 126°50'13.71"E
S46 2% Uu 35°14'33.34"N 126°53'19.11"E 35°14'33.34"N 126°53'19.11"E
S47 1= Uu 35°19'17.04"N 126°47'28.38"E 35°18'33.01"N 126°47'2.87"E
S48 ELHEEB) Uu 34°54'07.63"N 126°44'08.20"E 35°04'14.28"N 126°46'35.80"E
S49 25 ud 36°59'13.86"N 127°53'21.11"E 36°59'13.86"N 127°53'21.11"E
S50 OtQkH3 ud 37°26'20.65"N 126°53'59.86"E 37°26'25.60"N 126°53'58.85"E
S51 54 ud 37°32'44.50"N 127°1'55.12"E 37°33'10.04"N 127°2'36.81"E
52 HAFH2 ud 37°24'46.45"N 127°54'59.95"E 37°25'39.64"N 127°54'58.98"E
S53 =526 ud 35°51'46.83"N 128°28'20.45"E 35°50'31.28"N 128°28'12.33"E
S54 =z ud 35°12'43.51"N 128°7'37.99"E 35°12'28.53"N 128°7'44.71"E
S55 YLH3 ud 35°17'13.24"N 129°0'41.47"E 35°17'13.24"N 129°0'41.47"E
S56 iz ud 35°58'52.84"N 129°15'53.02"E 35°58'52.84"N 129°15'53.02"E




S57 UHs5 ud 36°26'19.36"N 127°23'28.72"E 36°26'16.39"N 127°23'34.05"E
558 O|=H8 ud 36°39'33.55"N 127°23'0.93"E 36°39'34.69"N 127°23'8.88"E
559 TFEHe ud 35°5321.81"N 127°5'21.51"E 35°52'43.73"N 127°5'47.03"E
560 T2 Ud 36°46'52.09"N 127°6'46.52"E 36°46'52.09"N 127°6'46.52"E
S61 K| MHs ud 35°3'10.27"N 126°46'31.17"E 35°3'10.27"N 126°46'31.17"E
562 FF1 ud 35°9'41.43"N 126°49'25.12"E 35°9'41.43"N 126°49'25.12"E
S63 2EAU31 ud 35°7'21.76"N 126°47'1.20"E 35°7'21.76"N 126°47'1.20"E

S64 FA(LEF) Ud 34°58'28.62"N 126°37'51.29"E 34°58'28.62"N 126°37'51.29"E

Table S2. Stream sites divided into four land-use patterns and their longitude and latitudes depending on
the water and fish data collection sites (Land use patterns; F — Forest region, A — Agriculture region, Uu —
Urban upstream region and Ud — Urban downstream region).

Stream Used area Agricultural Forest Total area Elevation Species Stream original Land-
No: (%) (%) (%) (m) No name use
s1 0.28 6.69 93.03 12558426 237.7 13 24 F
s2 9.6 14.48 7491 12565446 7233 16 SH1 F
S3 17.9 13.16 68.84 12558218 31.4 3 BEH1 F
S4 2.46 28.21 68.58 12558737 154.5 6 gdasH F
S5 6.84 3.29 89.86 12561188 447.8 2 JhokH F
S6 0.93 6.46 9261 12558184 342.3 6 A2SH F
s7 3.09 24.54 7071 12561375 147.5 8 EH F
S8 1.28 12.26 85.75 12559934 206.7 3 M1 F
S9 1.13 14.87 84 12558488 221.6 1 o458 F
S10 6.14 33.02 58.3 12558233 57.9 19 EPIFSHI F
S11 10.24 50.6 36.4 12558126 17.1 3 M1 F
S12 1.04 6.36 92.59 12560042 274 15 ZIotH F
S13 2.93 19.47 7479 12558812 173.4 10 = F
S14 10.18 49.65 3751 12565278 47.6 8 N F
S15 1.67 10.04 8736 12563562 60.7 8 F0{H F
S16 1.21 8.22 90.57 12558472 151.5 7 RSP F
S17 7.57 29.48 62.61 12558484 103 14 7HEH2 A
S18 4 23.34 72.66 12558170 375.8 15 2X| M2 A
S19 3.39 29.56 65.52 12559342 4243 5 FHZ A
$20 4.82 49.61 4415 12563446 109.1 11 SHERZh A
S21 6.17 58.06 3158 12558111 6.4 4 EIRsESh) A
S22 3.49 31.01 64.19 12569083 165.8 17 STH3 A
$23 6.06 45.11 46.46 12558129 108.8 18 3|H A
S24 6.17 68.45 1819 12558109 66.1 5 54 A




825 7.15 55.07 36.75 12558873 232 14 F3ohH1 A
$26 1.35 9.47 88.8 1954076 51.5 11 B LY A
S27 8.22 53.39 3559 12558133 131.7 12 SgH A
S28 5.58 31.39 57.94 12565073 66.8 9 ZEHHA A
$29 2.83 38.48 5432 12558119 104.6 21 HAMZ A
S30 2.26 15.97 81.37 12558910 135 8 23H A
S31 8.55 74.83 9.62 12558231 58.8 19 2H10 A
S32 4.05 25.71 70.15 12568847 10.9 13 XU A
S33 5.4 40.77 50 12558342 93.9 15 k] Uu
S34 88.27 0.23 11.36 12558136 32.3 6 orAH1-1 Uu
S35 73.37 415 2209 12558128 34.4 8 M Uu
S36 54.24 27.55 15.86 12558157 134.1 11 dAFHE Uu
S37 40.73 37.84 12.61 12559633 323 10 F=245 Uu
S38 11.72 71.94 1498 12560139 16.7 11 RN Uu
S39 20.03 24.86 5423 12560360 10.3 11 b1 Uu
S40 12.71 65.31 18.43 12561343 35.9 12 Aotz Uu
S41 40.89 17.94 37.97 12568468 50.9 14 Fapakl Uu
S42 7.96 59.34 29.01 12558296 424 17 0|z H3 Uu
543 62.33 13.28 18.87 12568271 21.9 11 A2 Uu
S44 76.37 14.2 8.65 12558135 30.2 8 TekH1 Uu
545 14.91 70.13 1269 12558773 13.1 3 PNESE SV Uu
S46 6.65 79.88 7.3 12566475 24.1 7 2% Uu
S47 20.77 45.84 2755 12558456 45.7 4 B Uu
S48 5.9 75.88 12.3 12561520 7.6 10 FLH(EEB) Uu
S49 8.03 81.67 1.83 12558299 62.2 9 EH5 ud
S50 10.97 54.13 32.3 6214981 7.6 6 HAH3 ud
S51 64.14 7.68 28.16 12558223 3.1 13 SEH4 ud
S52 98.17 0.12 1.53 12560042 85.9 7 HFEH2 ud
S53 4.02 28.71 6572 12558172 10.1 14 256 ud
S54 40.05 33.88 16.62 12558234 12.5 20 Hz2 ud
55 21.17 58.52 16.88 12563126 0 7 LAHE3 ud
S56 17.88 49.35 27.85 12559681 5.2 5 =R Py ud
S57 10.03 39.69 437 11415911 232 24 UHs ud
S58 54.07 12.28 3153 12558114 25.6 15 a[k=kSH] ud
S59 17.27 70.01 11.08 12571015 12.8 6 HEHe ud
S60 20.82 73.91 1.04 12570345 14.9 9 TotH2 ud
S61 31.07 38.55 2916 12561611 8.2 16 PNESESE ud
S62 427 45.02 3.72 12558108 11.9 12 EES| ud
S63 52.23 43.2 0.03 12559745 8.2 14 HEU3-1 ud
S64 4.4 78.72 15.3 12558224 24 12 ZARLEFE ud




