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Abstract

This study was intended to build a stream integrity assessment model (SIAM) by integrating
some of the commonly known ecological indices for assessing the ecological status before and after the
stream restoration and engineering projects. The three commonly used ecological indices were biological
integrity index (IBI), river pollution index (RPI) and quality habitat evaluation index (QHEI). The SIAM
was expressed in the form of linear weighting equation as SIAM= W1 XIBI+W2XRPI+W3 X QHEI.
Two case studies were conducted to evaluate the feasibility of the model for assessing the stream
restoration engineering project at the Hofanchuken Creek, Taipei County and the health status of the

tributaries to the Shihmen Reservoir.



36

B G R

BRSEG : AER - AERETE ~ R R R A A ER R

Key words: stream restoration, ecological engineering, river health, stream integrity assessment model

e H B - 94%E5H 27 H

Received: May 27, 2005

Uu\z

SRR AR AR SR B HE R AR
W2 BUN B TR B > FEE & BT
AERE TEIITTE ~ FEF LU HERE » AERE T3k
IRANE W T AR 0 P9 3 7 2R B A AT A SR )
2L Wit — I RE TR - 56
(2004)f5 i A= 58 TiA B AU £ 19984F 5 [ 3k [
W (EBNHITEE TREEEE T » SHRE
JF S H AR o2 HEBH I A A o [ IRE AH BRI 2%
TRtk iz a) b - £ 2 DIBR B A REH
SEUBR RS > GPUE & LRI B R e B
MGG > BEEVERE ~ A+ TEZH
2~ BEBLE I - BRETF BTG - DIARES
KAEFE R B -

£ (2004b) 8 H T2 & 55 1 20024F {17
[ A2 AR RE TEFE )/ IVAE | - HESI &8 1L
BEE - AR TR TR LIRIEERN
ghreAan /7 0 WiE B TR VR B A pE P i
1T ot R R AR o T HR [ O HH &R e R A
Ml B AR REEFGET R ] - AT LIER R A
ARG T B AR R i R I (T 1992,
2004b) o BB BUR B W7 E A ) 152430
A ERRELR A - A REERETER - =4
= T/E(BR 2004 ¢ [58 2004 : #£ 2004 : #£ 2001,
2004a, 2004b : F[ 2004) ° {£i8 65 AL FEZE
Bl &S A R EE R ET - H R Bk 232
K IE B IRARE T (GH 55 2004) -

Bz H R - 9412 15H

Accepted: December 15, 2005

H IR i ) 5 e TR 2 /K Fa A S &
BE—EL 3 o (£ MR 2 A RE A B
T8 BREREPRHRE -ETSH
AT 3 FH S el A B E g T pI R
& LI ER BT R BTG - e TR By
(A REfl FRAR AEFRAG - MET R TA2 2 hEfE
FETT AT AT E] 2 AR AR - 1S AR
SrEEWEVERETIEEM [ERE] WFrIkE
B o A DA RE TEE - (H DRE A
WIER IR R B2 R TR R - anfelREH A
RE T.ik 2 44 2 NI TR BT LB 2 A H
IATERY o {F(2004b)FRHT TR 1A 8 Tk 2 A4
REFFL B | - $RME T — &5 g i rH RS
f o Sl o3 AU E B LR H e 2 TAFRAR » 7%
PR B 2 B LAEA > f8 T A RER
778t ° Wang}z Stevenson (2002) 7 Hi 5 7K &
B PRI A REFT T 2 ZEhE -

FAINE(2004) 1T [ HERRTAEBIRE
—EHR K R AR N~ BRI RER
KRN ~ AERERR G ST ATRI R SR
FIPIEE ~ (LB ~ MU ~ IE - B R AR E
HIFREARRE o A= REJR B B IR BR S AR 15 (1 38
AT LB ERE X ~ BER & R ~ (ST
X o T BATRIE HRERE ~ EY)ERE - &
ZEAE AL B S~ AR T TH P 2
7R RERR I T DM E R R (TF 2004b) -

Larry (1998)%5 Hi B 5% 52 B (5 1Y /7 1%
A KBRS - BRI BOEREE ~ MR -



FE YIRS 8(1) ¢ 35-56, 2006

fEEE ~ FUHFREE - TEERE - BR TR bR
Al S RS o S &I TTERI 20T B
W) 2 A AN E] - R FR G e R —
BRI T SR BG4 - T AN TRl 2 77 3 (30
1992) o HIfS T f# B ARG ER BT AR & ZERER
UL RS SR - B o Td
T AH RS B8 > P DUFR i sy 8 vk i e (R -
IR —HEH & SETIREMIE - B2
NITRAS O FHE R e - B B B g 6 =2
R ~ B e Bctlr ERIRRSE] « —#%Im S -
BB A 7 B S AREE A - R BT S AR
HR A YR B AT o

E AT 12 P9 352 i BV B B s BRI A RE R A
T7 AR AL HIE B  1F 35 B 3> 12 I i R
AR (river health VA FHE TR » AR N
HR{72 (Ohio EPA  1987)% 77 Hi—LLFE1T F 2
TER AR IEME 2 o Hrp a5 & i 5
TR AR A )5 & R (index of biotic
integrity » 1BI) (Karr 1981, 1991) » DIk 4 B &
175 YR 2R 5 i 8 R 2 R A PR 15 (Family -
level biotic index > FBI) (Hilsenhoff 1988) ~ L
R A S35 ME A2 W e 388 e o2 RO AR R ik
(rapid bioassessment protocol 111 > RBP 111)
(Plafkin et al. 1989 : Barbour et al. 1999) k%
F VR I M IR R 0 RE 1 MR T 4E B
(qualitative habitat evaluation index ° QHEI)
(Rankin 1989)% o [#] A5 & I i~ ) 11775 4
L 21175 L3515 (river pollution index,
RPI) o DL g SeeiE 0 @ BR T ~ /KE ke
P BB RE G AR s Bty - EJhiZ ¥
DL 3RAEHIH MR B a2 o 19995 11
Y B SR 5 B ER A AL T 8 R 2 VR IR RE R B
(index of stream condition > 1SC) (Ladson et al.
1999) - & HI5ME X FEHL - BL&AKSC ~ PIBRLIR
RE ~ WEIRRE ~ AKERRE BRI - LU
LA R IR RE - B TR e
)% & > M H &8 C AT FZ (8 B
2003 ; #HH% 2005) °

37

F S DL _EAHBA RO FF (L F5 45 BR1SCiE X
bt ZERPREAE g > AR
& T A AR A iR o 171 SCRE 2 A i[5 (1 g i
% o FFALIRE IR 52 B [E GE 1 E il K T H IR
il o FR AR fe B H e E L s S £
HOEAN AL E SR > [RGB 2 Rl
AR SOk BRI A - A2
FR 1] B R B (SR 2005) ©

IR BE SR - 5 &G Z TR
A2 BE W F A 2 B~ Bl BR i s ey T 45 R
F o BUEMESOR— R E G 2R O
DLBR B BGR  H i e T RE R 2 (F 2 - Rt
AT FE 5 fE Rl A H 4R B B X - 2
Schnute (1985)4& 3 & i hF AT A g — Ak
(b3 > DR & B & firs 7 & fa s X
RURE o Fif LIAHTZE LA EE G - ERIERTET —F&
flf EE ) S R MR I SREE S I N IR 2 A
X o FEH T TSR B - DUfsE Y £ 0
FRVEAH S R B > AR S
R S > (5 DU A S — i M R R AR B
i > BOHE IR IR R e LR B RIS AR RE
R B H RGO R REREERARRE o

A% X 4B i A

Abtre i 2 1R A A R R X
(stream integrity assessment model, SIAM) » &=
FEDLAR OF 55 FHER 55 5l A4 B8 2 31 i B A e iR
K o AREAEE TSR - — ~ £
FMERRRE ¢ =~ KB KGRI - =~ BR
SRR AT AR o B P DARR MR A R 1 2 ik
EATAEREET EEE - ERETRRH T & R
o S RERHH 2 FRRE el AN R 1R - BR
ER v =t SOINCIDIIPNG:35i K

— ~ AEYRME A
SRR 2 O A - ER LIRS
WEME R R A — T SRR



38

R BT G BRI 2 AR R i 4R

B G R

Table 1. Categories, items, model patterns, and variables used in formulating the SIAM

Models Model
Categories Items or indices patterns Variables
Aquatic Fishes I1BI Metric Al
life Fishes ISC Index A2
indicator Aquatic insects FBI Index A3
Aquatic insects RBPIII Metric A4
Marcro-invertebrates RBPIII Metric A5
Benthic organisms B-IBI Metric A6
Attached algae S| index A7
Attached algae Gl Index A8
Algae RDI Metric A9
Hydrology River pollution index RPI Index B1
and water River water quality index WQI index B2
quality Water quality index ISC Index B3
indicator Hydrology sub-index ISC Index B4
Habitat indicator Qualitative habitat QHEI Metric C1
evaluation index
Streamside zone ISC Metric c2
sub-index
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Table 2. The ranks classified by the summed up score ranges of SIAM

Categories Score ranges Ranks
Grade 1 4.1-5.0 Excellent
Grade 2 3.1-4.0 Very good
Grade 3 2.1-3.0 Good
Grade 4 1.1-2.0 Poor
Grade 5 0-1.0 Very poor
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Fig. 1. The study stationsat Hofanchuken Creek, Taipei County.

Station B

&l 2. 76 CHIEGB, CRD & TR R e fr o

Station C

Station D

Fig. 2. Different stream restoration engineering methods at the Hofanchuken Creek: Station B,

ecological enhancement by concrete masonry revetment on left bank; Station C, sandwich enhancement

of wooden pile revetment on both right and left banks; Station D, ecological enhancement of concrete

revetment on right bank and masonry revetment on left bank.
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Table 3. Candidate metrics, scoring criteria and class boundaries of the biotic integrity indices for

Hofanchuken Creek
Metrics Scoring criteria
5 3 1
1. Total number of fish species =10 4-9 0-3
2. Number of rheophilic species =3 1-2 0
3. Number of water column species =2 1 0
4. Number of benthic species =2 1 0
5. Number of intolerant species =3 1-2 0
6. % of individuals as omnivores <60% 60-80% >80%
7. % of individuals as insectivorous >45% 20-45% <20%
8. Number of individualsin sample =101 51-100 0-50
9. Shannon diversity, H’ >1.52 1.17~1.52 <1.17

R4, LYPEEGHRIRE(1B1) 7> B e [ B FH 2 K )
Table 4. The biological conditions and score ranges of biotic integrity indices at Hofanchuken Creek

Categories Biological condition Score ranges
Grade 1 Non-impaired 29-45
Grade 2 Slightly impaired 20-28
Grade 3 Moderately impaired 11-19

Grade 4 Severely impaired 0-10
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Fig. 3. A comparison of monthly 1Bl values among the four study stations at

Hofanchuken Creek.
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Fig. 4. A comparison of monthly RPI values among the four study stations at

Hofanchuken Creek.
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Table 5. Items, characters and score ranges evaluated for qualitative habitat evaluation indices at

B G R

L

i

Hofanchuken Creek
Items Characters Score ranges
(top marks: 114)
Bottom substrate Bottom stone size, silt up, shelter 24
Shelter for fish Vegetation, coverage, curvature, 20
phytoplankton
Stream way and artificial facility Curvature, natural, artificiality 20
Land usage beside stream and Stream width, land usage beside 20
stream erosion the stream, stability or erosion,
shade of tree
Velocity and depth Speed of stream, depth of stream 15
Stream type Pooal, run, shallow, sand bank, 15

jet stream
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Table 6. The ranks and score ranges of the qualitative habitat
evaluation indices estimated for Hofanchuken Creek

Categories Score ranges Ranks
Grade 1 > 100 Extra
Grade 2 81-100 Excellent
Grade 3 61-80 Medium
Grade 4 41-60 Poor
Grade 5 0-40 Very poor
11
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i
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o L
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Fig. 5. A comparison of monthly qualitative habitat evaluation indices among
the four study stations at Hofanchuken Creek.
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Fig. 6. A comparison of monthly SIAM values among the four study

stations at Hofanchuken Creek, January 2003 to May 2004.
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Fig. 7. A comparison of seasonal 1Bl values among the eight study

stations at the tributaries to Shihmen Reservoir.
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Table 7. The ranks and score ranges of family-level biotic indices estimated

at the tributaries to Shihmen Reservoir

Water quality categories

FBI score ranges

Excellent 0.00-3.75

Very good 3.76-4.25

Good 4.26-5.00

Fair 5.01-5.75

Fairly poor 5.76-6.50

Poor 6.51-7.25

Very poor 7.26-10.00
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Fig. 8. A comparison of seasonal FBI values among the eight study stations

at the tributaries to Shihmen Reservoir.
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the tributaries to Shihmen Reservoir.
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Fig. 10. A comparison of seasonal qualitative habitat evaluation indices

among the eight study stations for the tributaries to Shihmen Reservoir.
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