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Abstract: The macro-invertebrate assemblages of river substrate were investigated at 83 sites in Shanghai city in
summer and autumn 2011. A total of 20 taxa of the macro-invertebrate were collected, including 10 of
Mollusca, 6 of Arthropoda and 4 of Annelida. No any living macro-invertebrates were detected from samples
collected at 9 sites which were heavily polluted and no suitable habitat available. The water quality at the rest
74 sites with living macro-invertebrate was evaluated by Shannon-Wiener index, Hilsenhoff Biotic Index ( HBI)
and Goodnight Biotic Index ( GBI). Based on Shannon-Wiener Index, the water quality was critically polluted
at 25 sites and heavily polluted at 49 sites. The water quality was heavily polluted at 38 sites, moderately at 5
sites and slightly at 31 sites, by the value of Hilsenhoff Biotic Index (HBI). Evaluating on water quality by
Goodnight Biotic Index ( GBI) , the river water was severely polluted at 33, moderately at 2 sites, and lightly at
39 sites. In contrast with the data of historical physicochemical water quality indicators in last 3 years,
Shannon-Wiener Index had low efficiency and accuracy, while Hilsenhoff Biotic Index and Goodnight Biotic

Index had much higher accuracy in spatial consistency between physicochemical assessment and biological
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evaluation.
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&1 2006 ~2010 F i &k FsHRE 2 8 53 45 1E
Table 1 Spatial characteristics of river water quality indicators
in Shanghai from 2006 to 2010 ( Mean + SD ,n =41 ,mg/L)

T DX T I AW T JIERP T T
Sites in uban area Sites in suburban area Sites in outer suburban area
eIy
Indicators PRI -FR b s
ndicators %IM%LJW 57|‘ TE% Tﬁjzl_ll_ %i}ﬂz%ﬂjuﬁl‘
. . Between ofouter-ring-road . .
Withinouter-ring-road . Outside ofring-expressway
and ring-expressway
V48 Dissolved oxygen 2.27+1.25 3.68 +1.56 4.891.71
= ,‘tﬁl;‘ b
PRI 7.97 £2.56 7.54+2.74 6.46 +3.72
Permanganate index
AL s EL
ez i 27.73 £10.22 22.48 7. 60 16.77 +5.45
Chemical oxygen demand
- oo =N
, .ipc”"ﬂi 7.48 £2.49 6.74 £2.09 5.16 £1.75
Biological oxygen demand
24 % Ammonia nitrogen 5.53+2.96 3.48 £2.28 2.61 £1.98
S Total phosphorus 0.56 £0.26 0.42 £0. 18 0.30 £0. 19
BA Total nitrogen 8.13£3.10 5.97 £2.69 5.72 £2.45

F2 EEWTEXRKRELEENYR M ER R HImE

Table 2 Species composition and occurring frequency of macro-benthos in Shanghai rivers

Il E] # i H BT
Phylum Class Family Species Frequency (% )
HEEH Oligochaeta i 5| B} Tubificidae BRI K 228 Limnodrilus hoffmeisteri 50. 6
A Y] IR EC RS Branchiura sowerbyi 18. 1
Annelida FRAEERIE| Rhyacodrilus sinicus 25.3
%24 Hirudinea 7K IE#} Hirudinidae JKUE Hirudo nipponia 10. 8
Pp
£ T4 Polychaeta YR} Nereididae HAHRNYPZE Neanthes japonica 12.0
Wb &8} Nephtyidae WWIU> B Nephtys galbra 1.2
MIZE} Viviparidae FUIE A BIR Bellamya purificata 34.9
HIEHBIZ B, quadrata 1.2
15} 40 Gastropoda MILIFEIR B. angularis 1.2
HEIIEIR B, aeruginosa 2.4
Fr fohe <F by FIZEL Bithyniidae KB Parafossarula eximius 1.2
BARZN W]
Mollusca R} Pleuroceridae A& S5 15 Semisulcospira cancellata 1.2
R Corbiculidae R Corbicula fluminea 14.5
- -
S Bivalvia %J@CFUJ C. largillierti 1.2
Tt DURL Mytilidae TR RS Limnoperna lacustris ( Martens) 9.6
IRl Unionidae B ICIEIE Anodonta woodiana 2.4
B Tsecta FEICR}L Chironomidae FEI4) B Chironomidae Larvae 15.7
) e Lo ‘

TSI H 49 Malacostraca  #A##EF} Corophiidae j(f s Grandidierella sp. 6.0
WRBAE Corophium sp. 1.2

Arthropoda ) )
HWREKEIW H Anthuridea 5B /KFE\ Anthuroidea sp. 2.4

BT K22 85] ( Limnodrilus hoffmeisteri) , 5U{E 481 purificata) , IR IKF] 34. 9% |, TS F i)
50% , &SRS A LTS s AR D Al L IO DAY BV R R R A T ST
WIE AR B W 1 ) B4 I8 38 4% 82 ( Bellamya B9 HH BEA3 2 07 2 A1G F° 30 95 sh 9 AR A 3



-224-

2248 Chinese Journal of Zoology

48 %

Yy B 14 H ( Chironomidae Larvae ) % i ik ]
15.7% (£ 2) . NG FIE 18
SRR ARG TR Al WA s AL, B
T BETR G 06 DR S 3 B T 1 AV B )
TR A5 H B — W e EARAR, P X A W Y
YR A R 2.2, & Wrin i A= PG B % 1 %
MR T E BN E T, MY BN A Y &
B HARZ Y TE . RSP 12 8] 43 A1 322
A2 T U 5T RN 7K A A 0 ) S e T PR AR R Y
WS SE B NNENGSh Y, 32 B A AE e
AR Vs At AU AR A T DX 7T X6 7K JB SR A
15 1 3R Bl Wy 3 A3 A AE R B K AR R A
B R Z R B A SRR IX R IS

L0 R R G G e T, A TR AR R
RSP AAT . B 7 S A /D 40 3
TET R B B 43 A1 00 R AR K S8l ) o 2
( Corophiidae ) 2l ¥, ¥ & /K B\ ( Anthuroidea
sp. )  HARBUVL 28 ( Neanthes japonica ) %5 KA
Wish# .,

2.3 EFXREEENYHKREWFTN
BT R MG B W B 08 A BCHE, o 0
Shannon-Weiner 22 &£ 44 418 %1  Hilsenhoff 2E ) $5
HOA Goodnight B IEFF AL (3£ 3) . 9 Wi &Y
KBS T 45 V 2K 5t (GB3838-2002) , A= Wy
EIRBEIEAE R AR A BN TE AR AR 309
R, I TEEARA A S i e /K Bl ™

®3 ET=fEMEENES X MEKREEFEHERTEZE (ng/L)

Table 3 The average value and standard deviation of water quality evaluated by three biotic indices

IKJEHEAR Water quality indices

XA e s F R AR AT A o , .
LIV Wi EERERR TR TR B B
Biotic evaluation Dissolved ~ Permanganate & Ammonia Total Total
. oxygen oxygen . .
oxygen index nitrogen phosphorus  nitrogen
demand demand
Shan.non- )
Wemer” Severely polluted  3.87 +1.82 6.32+2.06 20.78+7.90 6.08 +1.98 3.36+2.27 0.37+0.19 5.97 £2.61
ZAEPETREL -
(H'=0)
Shannon- o
Weiner EREES
diversity i Heavily polluted  3.68 £1.52  6.92+2.33 21.20+5.85 6.14+1.89 3.56+2.12 0.41+0.16 6.12+2.43
iversity index
(H) (0<H'<1)
H{5 Y
Heavily polluted ~ 3.12+1.27 7.00+1.86 22.93+6.91 6.66+1.90 4.22+2.19 0.46+0.17 6.80 +2.43
Hilsenhoff (7.25 <HBI)
[REER rhin g
Hilsenhoff Median polluted  4.74+1.88 6.19+0.88 18.14+2.22 5.96+0.73 1.88+0.36 0.34+0.05 4.11+0.30
biotic index (6.50 < HBI<7.25)
(HED) e
Slightly polluted ~ 5.11£1.66 6.23 £2.85 17.71 +4.83 4.98+1.69 2.32+1.41 0.27+0.10 4.98 +2.04
(HBI<6.50)
{5
Heavily polluted  2.99£1.29 7.13+2.06 23.38+7.73 6.69+2.13 4.53+2.2 0.48+0.18 7.08 £2.37
Goodnight (GBI<0.2 )
EIESEEL s
Goodnight Median polluted ~ 4.27 £0.60 6.64 +0.87 19.61+1.70 6.50+0.88 2.17+0.69 0.38 £0.06 4.70 +1.10
biotic index (0.2 <GBI <0.4 )
(CBD) v
Slightly polluted ~ 4.57 £1.67 6.27 £2.60 18.44+4.45 5.31+1.49 2.51+1.56 0.31+0.12 5.16+2.22
(0.4 <GBI<1.0)
9 TR
MIEHE A BT 1.16 £0.72 10.74 +2.38 39.41 +8.42 10.34+2.00 8.58 +2.04 0.85+0.18 11.5+1.86

Sites with non-living organisms
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T, 3Ll 74 A7 U A A2
AT

(1) Shannon-Weiner ZFEPEFEEL 74 T
[ 3155 Shannon-Weiner ZHEPEHE B8 B
KO ~0.71,FHIE 0. 16 ML 0. 18, B H &
1,12, HBPE Shannon-Weiner 8 B 11 7K 51 v
Wiz, B W T4 20 P A 26 A, Horp 35 4>
W 1 2%, Shannon-Weiner ZFEVEFSEL R 0, /&
T E TG YL )R A s A R 2R
FEARTEI s HA 49 /N Y Shannon-Weiner 22
FEPEFREIE O 2 1 ZI0) J& T Hi5 Je i, )
PR AR, MAES AT

H3 4 Shannon-Weiner Z2FEPEF8 B PEA 45
35 AN E TG YL W AT 49 A4 TR T5 G R i T

XoF L S AR K B AR B (3R 3) , K TP X
AYRCRA T ELIE R DX RN ST R X 3 ) 7
YRWTTE T 7 E A8 430 R 37. 5% 1 27. 78 % (%
4, B SR 2 K s Y B P R T X, X 5 K
[ BRALFE A 0 5 B 28 [R] AR fRRRAEAS — 350, 1R
JERAIL,

(2) Hilsenhoff it i545%%  Hilsenhoff i {5
FREC(HBI) MEUETE R R 4.30 ~10. 0, F3{H
7.57, bR UfE 2 2,23, A R R H 0.29, R PE
Hilsenhoff M5 5 £4 (1) 7K B3 P 26 bk 1, 74 4~ W
TR A B 3 Fh 2R . 38 AT T (19 HBI {54 T
7.25~10.00, )8 THEI54;5 WA HBI A
T 6.50 ~7.25, J& T Him ;31 AW iy
HBI /T 6. 50, )8 TH2i54¢

R4 ET=-MEYEINESEMENTENRAHERELTERNSH

Table 4 Sample sites distribution and their water quality evaluated by three biotic indice

i X PERB X8 iR
Urban area Suburban area Outer suburban area Whole city
AW e FE G
Biotic index Criteria TR Lt 451l W T 4 L 4l W TE 4 Lt 451l W THT 4 Lt Bl
No. of  Percentage  No. of  Percentage = No. of  Percentage  No. of Percentage
sites (% ) sites (%) sites (%) sites (%)
MG 97 U
Shannon-Weiner S #iﬁ(b?f[ d 6 26. 1 10 27.8 9 37.5 25 30. 1
" everely pollute
ERENEH A P
Shannon-Weiner —
Py YU
Diversity Index ET5H 13 56.5 2 61.1 14 58.3 49  59.0
Heavily polluted
9 i
i 15 65.2 15 41.7 8 33.3 38 45.8
Hilsenhoff Heavily polluted
[(IREER Hhin g
1 4.4 2 5.6 2 8.3 5 6.0
Hilsenhoff Median polluted
Biotic Index VoYL
. BI5R 3 13.0 15 41.7 13 54.2 31 37.4
Slightly polluted
yE
i(bm 14 60.9 14 38.9 5 20.8 33 39.7
Goodnight Heavily polluted
BIEFR%L SRS
0 0.0 0 0.0 2 8.3 2 2.4
Goodnight Median polluted
Biotic Index IZYEY
. 5 21.7 18 50.0 16 66.7 39 47.0
Slightly polluted
PREALNERY s
CERLI e
e Extremely 4 17.4 4 11.1 1 4.2 9 10.8
organism
R polluted
organisms

O 2% DX (71X R A0 45 ) AN [a] BHEA 5 480 L ) DR T 480 o 32 I PRy T T 50 7 23 L

Percentage (% ) means the percentage of sites covered by different water quality in urban area, suburban and outer suburban area.
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[¥{# Legend

\I\\: n - o
.f') ' LT Coom L Large waterbody - Lightly polluted
I et ANEIT3E .
Small rivers * “7:3__ luted
\ BRI R Median pollut
N — Highway WS
e 4 ~ Heavily polluted
— ‘éﬁ ‘
0 20 km Provinces” boundary
] o FiEAM
™ — T . .
Districts” boundary Non-living organism

E1 EFXREEWHSY Goodnight 1€ EEE A AKRIEM (n=83)
Fig.1 Water quality based on Goodnight biotic index of Macrobenthos

AT 5 G0k IO (g SR T T K PR BRSO ) BRCRILEA B (R e E AR LT (26 3) . MG
HOBEUL I e S A 2 0, TR TS S T VA A B IR T X, 995 e T I 119 L 091 78 4 L T
S RE W] AR T PG Y MRS Y T, APl A 33.3% B TR 65. 2% , T H TS SRR IS L
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T P L 18] 34 228 0 B3, 4 i AN 8. 3% F11 54.2%
TREE 4.4% M1 13.0% (£ 4) , 5K 1L EL
PR 2 [ AR R — 2 (R 1),

(3) Goodnight & IEF8%L T8 Goodnight
EIEFR 40 (GBI MEUEIEEI N 0 ~ 1, F ¥ 1{E
0.50, b5 22 0.46, 48 5% R %0 0.92, R ¥&
Goodnight EEFEER K BP0 B o 75 2U1E 0
0. 2 X0 4 W T K B A (E 3, 74 A W T
By 3 A Hoh 33 ANWTIRIEY GBI #5500
F0.2, )@ F a5 YL b, #F a5 — LA
SRS B A Bl 2 AW RS GBI $R 5
F0.2 F10.4 ZI8], & F s e, Bk LS
EWYF N 39 AW H GBI AN T 0.4
1.0 ZI], J& T 55 Y Wi, o AhoAE Xt = 5
(E1),

5K FEALEE A b A R0, T IS YL T I Y
ik SRR B B S AT T v s Gl RN T L BT T
SRR EEA R, BT (R 3) o PERE AR
ZHTIX, H{5 G W TE 0 LA 20. 8% i T &
60. 9% , %% 15 Yy Wr 1 19 LG 5] A 66. 7% 33 8 2
21.7% (£ 4) , 57K 5 #AL B i 25 18] 43 4
TERIM—E(F 1),

4 Z5ig5iE

4.1 M EBXBEEKENYEENETERE
BE WA RS K AR R R A R
e} A MEBEWNE i IEIE /i =g iR 1 i
FFE (McCormick et al. 2004) ., AN KT
YNBSS X X TR E K SR i —
B/NT 0.2 my/s, &8 T LRI TR B IR | AR Y
A 83 AW T BT RIS BT AR e Tk 3 H R
BRI IK 89. 2% , HH A 19 A Wi o R SRR
e MY WA AR AR D . SERNYIFE
FEJ2 U0 AR A B v IS A A B 2 0 A B A
(Poulton et al. 2003, Nijboer et al. 2004 ) , AKX
A 7R DURE AT K 22151 AR 1 S B AN 3 W)
AR AN S5 B B W T MR R AR . A
YRR A 0] T8 Y JE 30 DA AT S 28, AR TS
IKHEBCRT eI E A HLG G, R KR40t
R Ak e, O D2 R A O 3, 8

KU H BT % = A 89. 2% , A AR AR
A BHIE T KRG A S RGN R IR T
WEAEBE , PEORARUK ARG R AN 55
I PR B > A 1) L, A AT AT K A R A H R
FWTTE (5 21 36. 1% , 7™ BRI T # AR s Ay
eI A R R A ALK A ) X — i
DU s 5 g kAR R Bk 2, HA R 2 g
D (BEAAESE 2010) , ULKFEY FIHE K D)
B3 A AR XL, P R s AR X A A
W, W5 A LT E A LTS AR I
it SR 3 Y S O R, I S T DX Y] 3 i ST
Py H 2 AR E 2. 27 me/L, @ TIRA LS,
A IR A SR B W s A A7, TR Tk
S A — LT S A AF . AT X B GERR, o
TE 1 iR SRR B B TR R AR Bl ) B 2
Wi e, B LA, BRI A LG G
FREE WA AUKT KRR 5 B i Y 25
() AT I A 5 ML 38 T e K AR A sl
FETE ZE A R A AE 1) R EE N 2R, 5 DU A5
SEET (FEMESE 2009) , K T 5 3T I IR A Y
S 153 TR 2 T X — Sy S DT 1, YA R
HLV5 Y mT BEAS S R E R M PR 2 I ik Ak 2
B R sh W 75 R K L H ARV A
LGB Y AE S LT I IR AL
4.2 KEBUEBRSEWETNHEIME
H AT, PR32 745 2 G2 1Y 7K IR O s PR 5%
Y B R K R R BRI R, R A B
BFRH AR ST 7 1 LA A T Ak RS
7 L7 58 32 57 AS 52 b 35U Wl A BN A v, 1A 7
LK T 22 (R ) LA, WK B BRAE R A
B, IR T 7K PRI A AR 10 e A B BN A
PIRFN AAR G SE 00, R AP AR ) 2 e A R 2
W H A5 (Barbour et al. 1999) , B LI A5 A RE
EL B A T M S K BT 5 K AE A SO AR R
G OCFR T H — VR AE W R AR BT
KB, B W 10T T A A5 7R G0 R AR I
AR E bR, S 2 ) AR R, A
AV 1 X6 0] T P18 R 7 S5 AT %) A9 1 3 s
122 4H 1R, REMIKFETT B8 H A B
BEAILPE I 1) B AL 4 AR SR B SR S 1) i st
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TR, T2 5 A 4 T B 52 s W] 18 /K B 58 o (.
FRRIME, AKAEAMSBOE T ML G NS4
— U I AT AR (B BB ) BT PR
BEARDL , Sz LTy A 0] | A 1 PR 5 5T (Mawl
et al. 2004) , 7K 51 A W)~ DEH 2 3 W LR AR
AL A AR PR BT B AN T B i . WA K
T A5 PR SRR KB N TT R HESh W) e A
R, PR IR JEEAT 2 ) — e A 136 A 1] 5 ) 7K
A IS A T 2D PR AR RRE |, X BRI
FRy W) 107 B RO R 24 TR E T BN 4 R Al K
JoT [E] o W 5, BB L AE S B BT TR K Y
KRG o £, B35 T 1H 8 SR WK A ALY
Yo HAER FEAEA LG Y LR AR
15 Y445 ( Barbour et al. 1999) . JiEA# A= %) Wa il
FH TR0 i K B PP oA — 2 Jmy R | 52 e 1
SRR R ARZ AR KT A MY
] (4 AH B 58 A IR S BE T S A R T 2
IK AR ARFE a) , A f 23 X0 4 RHE K N R A7
AR A A A P B A 7 LR AR KU Bl ( Boyle et
al. 2003 ) , [ AR XE B4 H T I0 38 5 e IR B
VLIS Je i iy T By, s SIS RS
PRI A SR H bR, B PR PR ITH AN
YRGS S A A T AT RS A
S PPN K B AR A

4.3 KRB EHEmMEDERZERHIEE A
FHIRBY AN S W P-4 1] 18 7K S5 ) e i v
AW dE s s TR A U AR YRR B
Ve 25 #8128 Ak DLV 36 B8 i & 1Y ARC(E
(Simone et al. 2010) , £ ML) AE Yydg Ko A
B X R 9 DT JR A 5 AR R e 5
T3, A 2l Py HA AR R A st | W] — A4
T BRSSP DR O3S T, b I T M Ak
FT = A YN ST O 1 X S 1 S AR 350 AR 2R
i RGP 5 Y s PR Z (R Y G R D), B
T A A A FEARR R . AR SCR =i
UL AR e BOT- U TR T TR E K BT, ERCR
FER B A B & 2% 5% . Hilsenhoff i V545 20N
Goodnight & 1F 5 $5CKs 8 2 (1% Jn 18 W7 1T #5543 B
T3 ~4 FOK IR HLIG gL AR AR T X -1
RB-TEARB 23 [6] 43 e 5 7K ot BRAL ZR s 1Y) 2 8] 43

AT RRAIE 2 B0 g o — 30, UE BH 3k A 2E W s B L
BeiE T B9 A 3E KBRS PEAR, T Shannon-
Weiner FUPE M 45 5 55 7K 5t BRAL 458 B 1Y 52 B 25
] AR AAAE A — B, 7 RABCRIR, T O
i T BT E K A, XS T E R
WIS Py RE Vs 25 A0 B — Wb B AR AR A
KA W PR B 2.2 Bl A [R]
TE W T T ) R EO) T GBI 2R
FEEOT THE LMA B 2215, (H 3T IE 47K BT ds
B R LR 2 AR 25 (8] B 22 5 LU ) A
T 75 e R 33t ol 1) 2 8] 43 A R AE 22 S PR AR B
TGS KA PR sh TS BN
ol = 53 A E 15 YL AR T A T XTI T R A B
Yy T S ) B 2 AE B X 3] dE, Shannon-
Weiner ZFEPERE B R IR 2 AE I ) 12 R i
R AEY R — B AN Y 2
FEPEFEER T HEA] P B R R RS AR
AR 5 P 0 AR 25 AR G B AR AN BURR 8 B0
SrRFRUEAN KA B HOAS B8 il FH ( Metcalfe
1989) o FEF& XS5 Y34 1w B ¢ FRIF A &2
PEOCFR , SEBR 132 b BE T e i K A4 i 2 ) 3 2
A RESCTHE AN (B R BOF B B T2 A
FRECT Rk R AE B RGN 4F % . Shannon-
Weiner Z2FE P16 B0 55 o3 B TS Gl 3 F K ot
R (R PR R, BRI AR T A T — 5 e B 1Y
ARESREHTX T, B2, A 4EY

BRCERA A B i aE A AR ) 2R AR R Y IX
FFHE 75 BT XA 9T XS] A b Ak 1 A2 )
FREL, Goodnight B IEFE M EEI FTHERFE
JEE T ) S22 1 26 e 5, AN ] Yol 3 T I 9 A
BILTG G B 14 X0 HE e R 00 8, % 1 b X
T2 BILTG G H ™ o 0 1 X AR & ) (TR
2003) , Hilsenhoff i {545 8 ME %58 T AW F
JE |, X RN R ARG Ge i U 7E 4
BRIG M A a5 |, OB 5 ( Barbour
et al. 1999)
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Appendix The environmental feature of sampling sites of river substrate macroinvertebrate in Shanghai

i o N I S B s IOV B
Rivers Sites Land use Sediment bank Current speed .
(*) (°) ype phytes Width
B Fe 121.374 6 31.174 8 RC iv,iii, i al I <0.1 15 ~50
B TR 121.3821 31.158 8 R i al I 0.1~0.3 15~50
Jehtz Tl 5 B 121.3497  31.150 2 R i al \% 0.1~0.3 15~50
KAz i 121.3488  31.1727 R i*,iv al i} <0.1 <15
B - FH % 121.387 1 31.138 1 R i a3 v <0.1 15 ~50
TEH T A % 121.416 6 31.1292 RP i al \% 0.1~0.3 51~150
Sy T 5 121.3575  31.159 3 R i al Il >0.3 15 ~50
R =37 121.5776  31.1109 R P i al I\ <0.1 15 ~50
MR 3 121.526 6 31.198 0 R i a3 \Y <0.1 <15
iRt I 121.6356  30.922 7 R,P i al I <0.1 15 ~50
KIG Hmk) 121.5593  31.0156 G i a2, b3 I 0.1~0.3 51~150
ogem  BORAME 121.5118  30.834 5 R i= al Il <0.1 <15
THARE IR AR 121.702 1 31.202 6 R i al I 0.1~0.3 15~50
JI#grim] Jrg 121.5780  31.1878 G i a3 I <0.1 <15
£ U 121.5172  30.866 0 P i a3 \Y 0.1~0.3 51~150
(uri3n) )1 3% 121. 406 1 31.001 3 p i al I,I <0.1 <15
1A 20K 121.6758  31.202 8 G i,il al ,a3 \% 0.1~0.3 15~50
ATy T A P It 121.4437  31.059 4 A,G iii b3 \% <0.1 <15
i HANE/N3 121.2883  31.3170 P i, iii al \Y <0.1 51 ~150
Ui R R 121.424 2 31.015 3 R,P iii, i al v <0.1 15 ~50
2 AP Nz 121.3972  31.3399 P i al \% <0.1 15 ~50
b REIREEY - €\ T 4 121.426 3 31.1656 R i al m <0.1 <15
TH 7 18 ] HH 121.578 5 30.927 6 R,G i,ii al ,a3 I, <0.1 15 ~50
S0 40 121. 490 6 30. 990 2 R,P i,ii al I 0.1~0.3 15~50
B s T AR B 121.3640  31.1929 R,G i al I} 0.1~0.3 <15
A AR 1L 121.3758  31.304 1 P iii, iv al I, 0.1~0.3 <15
R R HEAr 121.3633  31.113 8 R i= al I,1,In <0.1 15 ~50
Ay it T R 121.434 8 31.081 9 P v, i b3 v =0 15 ~50
il R0 L 121.4497  30.920 8 C,G i al II 0.1~0.3 15~50
TR R 121.255 1 31.3759 R i al v ~0 15 ~50
s ARG 121.440 1 30.902 9 R,G i al I >0.3 15 ~50
KA =N 12105294 31.0192 R,P i,i al v >0.3 51 ~150
WRiEm AR 121.756 3 31.0512 R,C i, iv a3 I\ =0 15 ~50
KA A 121.750 4 31.0113 R i b3 ,al \Y >0.3 51 ~150
NI VAP 121.3933  31.073 1 R i= b3 | 0.1~0.3 15~50
HHYE rh 7 121.3698  31.092 6 R i,iv al i} <0.1 15 ~50
Al HANE /N3 121.179 8  31.3754 R v, i,ii al I, <0.1 15 ~50
LI b RTIRE 121.400 8  31.1827 R iii al I <0.1 <15
PO kZzws  PERAWHE 1210892 31.2267 A i al I,1 <0.1 51 ~150
KA FKTBOK D 121.0375 0 31.0225 G iii a2 v >0.3 51 ~150
TR S5 A % 121.172 1 30.973 5 R,P i al 1,0, <0.1 51 ~ 150
HYE O RPN 121.1432 0 30.850 4 P,G i# al I,m <0.1 15 ~50
) JER M 121.0409  31.008 0 R i al I, <0.1 15 ~50
TS Bla=yi 121.1555  31.188 6 P i al I, <0.1 15 ~50
TR FARLEEE) T 121.2279  30.878 7 P,A i= al II <0.1 15 ~50
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Rivers Sites Longitude Latitude Land use Sediment bank Macro- Current speed (m)
(®) () phytes Width
type
RKE#  HRRKABHE  121.1142  31.1369 p i al I 0.1~0.3 51~150
RARBH NG 121.1140  31.209 0 P.G i= al i} <0.1 15 ~50
TETH WK 121.2719  31.136 4 G.P v, i al I, 0.1~0.3 15~50
FIWHSEGT MR 121.1107 31,148 4 R,C i al I =0 15 ~50
KA IRy 121.3180  31.140 3 R,G i a2 Im, I <0.1 51 ~150
TEH 318 [l 121.1434  31.1454 A,G,R i al I, 0.1~0.3 15~50
VYR Zs P 121.0856  31.1512 R,P iii , ii al Im,m <0.1 15 ~50
FEWTT HWS—AKT 1211050 31.1427 G,P i iv al 1,0 <0.1 15 ~50
i v KAl 121.1749  30.894 3 R,P i al \% 0.1~0.3 15~50
Kikiz & 121.2340  30.997 1 G,P i,iii al I,0I,IT 0.1-~0.3 15-~50
TR s NN 121.2619 31.115 8 R iii , ii al I,0,0 0.1~0.3 15~50
VEMIE PAAARKEF 1212962 31.130 8 p iii , ii al b2 I, >0.3 15 ~50
Jo SR s 111 B4 121.3690  30.765 7 R,P i a2 i} 0.1~0.3 51~150
PSR RMERICE 1211695 30.957 9 A,G,R i, iv a2 I,I, 0.1~0.3 51~150
IR DEN 121.3277  30.7329 R iii al I =0 <15
0% S KONk 121.217 6 30.938 3 p iii , ii a2 I,m <0.1 51 ~150
REDWE B 121.530 4 31.2953 R,C i=,iv al v =0 15 ~50
AR PILdEEE 121.4689  31.269 7 R iv,iii, i al \% 0.1~0.3 <15
LB JERA K 121.7622  31.528 4 AR i, b3 I =0 <15
0T 11 W IR T 121.484 4 31.256 8 R i al \% 0.1~0.3 15~50
TR FEA v it 121.4433  31.2697 R i1 al \% <0.1 15 ~50
RS =ik 121.401 1  31.657 3 AR iii , ii b2 \% =0 15 ~50
(ESASRTE EREYN 121.6143  31.546 6 R,P,A i b3 II ~0 15 ~50
J\BER JEWEAESE 121.8090  31.557 1 AR i b3 II ~0 15 ~50
R RIS 121.5316  31.256 6 R i al I =0 15 ~50
&R RV AT 121.5023  31.3199 G i b3 I ~0 <15
BT P3N 121.497 5 31.3770 P i al I 0.1~0.3 >150
B VL FATH KA 121.2979  30.968 9 G,P i al I 0.1~0.3 > 150
BHHTL TEIE 120.9812  31.089 4 G,R i al I, <0.1 51 ~150
Py} B 121.070 4 31.271 1 A,P,R i b2, a2 I, 0.1~0.3 51~150
Dy B 121.200 1 31.260 9 R i al v 0.1~0.3 51~150
piSLRT] Lz 121.3699  31.2218 R,C i al v 0.1~0.3 15~50
EE Y Ty % [ 121.306 5 31.299 7 R i= b3 \% =0 15 ~50
LR KTV % 121.4549  31.340 4 p i*,iv al v 0.1~0.3 15~50
[Eapllb KTV % 121.4856  31.3518 p i#,iv al \Y <0.1 15 ~50
(SRt} Hb I 121.3939  31.262 3 P i= al \Y >0.3 <15
Wi HUAER 121.2756  31.169 0 R i al \Y <0.1 15 ~50
EZ ) BOK FEAT 121.4298  31.2916 p i# al I <0.1 15 ~50

R.EAEIH; C. B IMA M P T Sk A AL RO T G BT, 1. 805 1+ . GBI WAE; 1. BLYD i 7%
A V. R REE A a KIRER b LR 1R 2. BEYE; 3. &g, 1. AVUKAEY; T AHE KA ; 1. A BT
1 IV, TR,

R. Residential area; C. Commercial land; P. Industrial area; A. Agricultural area; G. Green land; 1 . Silty sediment; 1 % .

Black

odor silt; ii. Sandy sediment; iii. Crushed stone; V. Rubbish or trash; a. Concrete bank; b. Earthy bank; 1. Vertical; 2. Steep slope;

3. Gentle slope; I .Submersed macrophyte; II. Emergent macrophyte; Il. Free. floating macrophyte; IV. None macrophyte.



