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The evaluation of environmental impact and ecological effect on fish

and aquatic insects by the change of the stream habitat within
reservoir watershed
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Abstract

The study period dating from 2003
winter to 2005 autumn, the monitoring
occurs at eight sampling sites in the

tributaries of  Shihmen  reservoir.
Sampling at each site including
physical/chemical samples and

community structure of fishes, aquatic
insects and algae. In this paper, we use
the evaluating methods following River
Pollution Index (RPI) , Index of Biotic
Integrity ( IBI ) , Family-Level Biotic
Index(FBI), Qualitative Habitat
Evaluation Index ( QHEI ) for
evaluating ecological condition and
water quality in the tributaries of
Shihmen reservoir.

By using these indexes indicated
that Aly typhoon have made seriously
effects. Till now some areas still not
restore to original status.

The second case, we are interest to
discuss the restoration of Nanzaigou



stream by ecoengineering method. In
past, the study period dating from 2003
November to 2005 October, the
monitoring was performed at two kinds
of sampling sites which one stream
repair by the ecological engineering
concepts at Nanzaigou stream of
Shihmen Reservoir. Each site’s sampling
included of physical/chemical samples
and community structure of fish and
aquatic insects. The evaluating methods
were applied the Index of Biotic
Integrity (1BI) , River Pollution Index
(RPI1), Qualitative Habitat Evaluation
Index (QHEI ) for assessing the
environmental impact of stream repair.

These results indicated that (1)the
employed IBI, RPI and QHEI had
provided  useful  techniques  for
evaluating biological and environmental
condition due to stream repair. And the
variation had significant correlation with
the river pollution index( RPI) and other
water quality factors. (2 ) The
assessment of environmental impact
showed that it had been affected and
became worse after the beginning of
stream repair. The water quality became
worse and the biological condition were
descendent.

Keywords : Environmental Impact,
Ecological effect, Index of Biotic
Integrity, Family-level Biotic Index,
RBP I11

R

POEREAZF S A A T BEER
e & (JZEP > 1996 5 1999)
Ladp A2 BF R BEE KR
BAE-RFRAG TN * > IR LE AR
oo BRI e IS
Zo TR FoRHRISIEANM 1 47iE
SRR S ey - S E VR E R S ey 1

BB R -
d*?@éﬁigﬂikﬁ%,*miﬁ
ﬁfr%kni’rﬁlfi/\ﬁﬂ?ﬁm %

e

‘\
c\*

A2 - B ER s ﬁ&mi
PR 22 p g ieira e g ap
f\i@#fﬁﬁgﬁuxﬁib& BT A E D
A S RURIESE ) St MR B
ﬁi%ﬁ—ﬁ”@fl‘%é’{ﬂ}“i@&?;ﬁ*%
A A Flo  EOT 0 B e LY e
PigAFT A LBy BB et A R
o THFEFEF 4 a2 EFEE
PARZBIZDFELFREEE
Rps je~I L&/ FEAP>6 0
b RBzZ BT REELERER T
-'5";1—32"){%3* R JER F ik fh,-l
B 172 e i A BTARLRR T /#@1 AR,
Forjp " EL1Ea T R R

MEFEREUH N EYRE T
2 EIL L 2 ARSI A e
B R AR A A i A h
el oh > TR 1AL RE 2D o
%dlﬁiﬁﬁéﬁﬁukéumﬁﬁ
mend b4 RARE A EET
PARFRE TR PR
AEP 42 (2004) L4 A
E A G RHE L Ee R
AR ABEL S REYE P A%
B2 3#dp3 ?‘J £ 4 (symbiosis) P
eI 4T A4 fEa g et i p B3
e B I L kil
PG FE S B R #Efa?,w. 3
eEB o FIEN P REE L E S UL
ENT SR RUES S H S PUES L N R
¢ AREE T R R R DR K A
IR FAEFHARIE L F
r%&a%%ﬁﬁiﬁlﬁmﬁlﬁag
AR e pl R S
R A B EES RPN E R B
W WY B2 okt TR



é%%“*m(ﬁ

-

S TR T Y EY €3
TR TRBAR R HA iﬁél%#"
Fwﬁf%wd%@;%?ﬁ'gg

Ry M&“@&Eﬁﬁwﬁgﬁp
wm‘rmu% RIS AL S
iﬁé‘ﬁﬁuiiﬁr?%*g‘w‘ﬁutﬂ
God e L RE PSR
ZEREROFESR Y E 2 L F )
AN rﬁ*’%‘v CO W R RTINS
R Rt S8 T e R R
Fiex 5 AP »‘_E'ﬂ’lwz\y}\m%*f;g

EIRUNE el R I -

Larry (1998) :} 4 b% LT
I EFAE o P mA i EE
% (Checklists and matrix ) -~ il :# =iz
# i+ (Rapid assessment techniques ) -~
7gpl:2 (Predictive methods) ~ &8k

% =iz ( Environmental risk assessment )
Fod WEF AT E FLE
AR F iR A - g RS
# R fe2Z R TR B FS g T g
Hao BFEFTGZ 2R ﬁ ‘ff-?:—‘:’i’/ﬁ
oo fe BIP & AE 2 AR 2 3R N2
B, X q?’ TR ERE TR ,i’zﬁ;‘éfi
F- THF O EBEMBRETRDE R
HREETF RITE o

F8- 33 F(2001) 4 4 - B RB
IEFTLEREFF LD P LD 3
NI < e A =N ""}# Feng) & oo gy
fe R R RO DB - t»ﬁmi#ﬂ
HFEHEHIT TS BRES L L
Hed frod 3 AFEE R A G HEE
RS B FIN T B H IR #

L R o e
e A3 KPS 4 b g R e
L3 B R R R R S R
Jﬁi"@—i:’g ‘ﬁfzﬁﬂ :fﬂk.’x{ukx;li]\
T g A A S B
(% °2004; 4 = ’2004w..“ 2004)
iR kA g“u.__#"vi'?'\ﬁ kB
ARy i P £ R - oV R RIGE T
A8 e A x4 4
BEECALALOEAEZ A B
BAE LR AR KL RS
HEREAS AR AR AR TR
ah R -
§E200AE N K

’%’ﬁ*%??lgm’}(ﬁ-/ﬁ-?v ?@71\?\:3:3
¥ Eod i Eean g44

B Ay B R &L ﬁff%“ T k2R
b AR R B R PRI
S HICRES a9 LR 3
ip#i2 (Index of Biotic Integrity - IBI)
(Karr»1981;1991; % »2004; 4 % >
2004 ) % Hilsenhoff # & 2 4 i %
(Family-level Biotic Index J
FBI)(Hilsenhoff » 1988) ~ £-i# 4 %1%
:# 111 (Rapid Bioassessment Protocol 111>
RBP Ill)(Plafkin et al. » 1989) » ﬁ-u’f—
GAFEF T FEFCFIEAE PORE FAFRE K
W B FRIE ’é < ‘f"%& fs ’féf" %@fj’
BEEE KA R[22 PR TEREF AL
EEFA BRI ZEIE g Ee §
ﬁ’%éﬁi$4ﬁﬁi%§’@uﬁ

v

L A4 BE1 22 %c% o

_—

ZFIRBER G

31 &2k RE

j\EH"‘ i }.F’“y};ﬁ_ I j%%tg;fj(‘gp A
'B‘%F’Filﬂ"éﬁzji fvi%’ff__%_*"}vv‘]f;i
fﬁxfz ‘3’27 ~ BBk PO pFE TR ‘—"-,@*%
BOTHEERREFEAREMFPLELR



i EGRECRITRE®R S22 K
BEREEEERE Ao
Flp AT HIE A A EL Y
TR B 2003£,L 2004 -8 % (2~
528410 1) HHEFA - 4 r k3
2005 & 4 F2 FEHRFA £ 12 FTH %
PR RTIORR TS LR
PRRBEARE R HZ BT
32 AXE
PR TR R

2 AR5 470m 2

%*’ o~ B RORE e APy
S B E A ‘%1] AEEIL R
B /‘%-FA/?J“\.L]- *E%’{)’?}WF'J‘%Z:
ﬁi /i %{% ’ /rv v /‘%-FAI?J,J; 3:
e {7 \/P“J»4-};niylﬁ;w%vé«5-%fr
Kﬁi"; e T PEECRIEE 6 'r &%i
EAdomiF Ay - L1 RIIES
2004 = 3 % 1 2004 # 11 * > AF7 7
%’% & #ppers 2003 & 11 * 2 2005 & 10

’%ﬁﬁ&Aéﬁﬁix’ﬁu f*
s R Rk ER RAH A KA R

s

EEP B R
N C‘;:'P s A Fe
4 /ﬁ‘ FAEE

\

T~ R

L R4 3% 5 4y 1(QHEI)

B iEG & 12::}7‘511 E3[5 LR L A
W2 T AR B 3 & 4p 1R (Qualitative
Habitat Evaluation Index, QHEI)
(Rankin > 1989) = = ;2 :& {7 » 58 B
drd 4-1 o 2 S THFR IS 0 Bfs B TR
PR A EA R IR AL 0 ek
4-2 13 PR A HAF BB B AT o

#4-1 QHEIE M agw] 2 =40 £

ey L2kl N Hor(ag 114)
EHREEY) REXAN B E 4
i - BEEE 20
REEZEIT 2 B Rl 40 20
SN b B B e B 0
KRR 15
A &RRY CEH 13

242 r e si

£ RS ET
-8 >100 4 Exira
¥ o 81-100 4 Excellent
F=8 61-80 2 Medium
Fma 4160 % Poor
B 0-40 4 Very Poor

TR kR & % (2004a)

2. i7 175 4t (RPD)
R bk
?\?’ A ’F‘T%ﬁi [ SRR L AN %#H
#H (RPI) 3+ B pack 437 "5 %

L B-js 5 Ctamg | DRESE
5§ #(DO) K 65 4665 2.0~4.5 Jhae 2.0
ELFRE

N ot 3.0 3.0-49 50-15.0 K 150

(BODs)

& 15 B §2(SS) St 20 20-49 50~100 S 100
£ A NH-N) o # 0.50 0.50~0.99 1.0~3.0 A# 3.0
= $% 1 3 6 10

A A 2.0 20-30 31-60 it 6.0

FH kR 7Rk R
3. i#?"’if’fb'r*a‘ﬁﬁ—(lBl)

ARG A PR iR (1BI)
%éﬁ?ﬁﬁﬁﬁ AL S s 3ot it
T RBHAFLEL A N AFTT
2R GBI R g £ R T
Rt HoY o4 3g e de £ 4447 T
(% > 2004 ; % »2005; % > 2006 ) -

d bR R g iRaEL 2 =L 4R
oo R 4'\1'15:’ 1\1‘* IBI & » :J‘Z—;}Fl i
EaA P RLELAS e BREEF R
B Aok 4-5 477 o

24-4 1Bl ¥ £ 0 dp 2 sEA R OE

Rating of Metric

Metrics 5 3 I
Tk ' |
[1.Total number of fish species [=10] 49 [o3 |
[2.Number of water column .\apn.'ci\:s- =5 | 1 [0 |
[3.Number of benthic species 3| 1 [0
eI ' '

|4. Number of fast-moving species 3 1-2 0
[ Heaf % bk | | |

|5. Number of intolerant species | =3 12 | 0
A

[6. %0 of individuals as omnivores |- 60%]| 60-80% | 80|
:'f'. % of individuals as inswli\un_\u.\a: 45"0: 20-45% _'-’l'l"o:
EXCL 2 |
|8. Number of individuals in .-mmph = l{]I 51-100 l}-‘\n .
EXLEE S

[9.Shannon diversity, H’ [~1.52][1.17-1.52[-1.17|




%45 2 5 E L iR A BB RS
SrAREE 2 R R s

Biological condition Category Score Range
Non-impaired 30-43
Slightly impaired 21-29
Moderately impaired 11-20
Severely impaired _ 0-10

4§ﬂ%4ﬁdﬁ&GBD

3 &t Hilsenhoff \ﬁi el
¥ 4p (FBI) FERORET G BE R
(Hlbenhoﬁ ’ 1987)o‘ﬁ*¢“*'\£r 4.1

(4.1)

Beai: ifkErfz 3232 E
Skt A2 B
EERe kR 2 BB E

dobdE AR k@ FBI @0 ¥k

FRR IS S Bk R %

drk 4-6 -

4 4-6 Hilsenhoffj* & 4 # 47 {&(FBI)
24 BB B AR 2 kTR s

Water Quahity FBI Score Range
Excellent 0.00-3.75
Very Good 3.76-4.25
Good 4.26-3.00
Fair 5.01-5.75
Fairly Poor 5.76-6.50
Poor 6.51-7.25
Very Poor 7.26-10.00

5. pB-if 4 $ 3= 1 (RBPII) :

ARG T R e
(RBP II1) (Plafkinetal.»1989)> ¢ *
= A it eie 2 R T RELAR
Boo & Apikard 47

B AR BERXRTL AP
P B BT R s At iR
s 4ok 4-7 2 % 4-8 -

NN

247 Peig 4 PiEREINY Lk
Bz o R

Biological Condition Scoring Criteria

Metries 3 4 2 o

1. Taxa richness'® B0%  60-80% 40-60% <407
2. Hilsenhoff biotic index™ B5%  T0-85%  50-T0% <500
3. Ratio of scrapers/fil. collectors™#) 50%  35-50%  20-35%  <20%
4. Ratio of EPT and Chironomid abundances™  >75%  50-75%  25-50%  <25%
5. 9% contribution of donimant taxon'® =Mfa  20-30%  30-40%  =40f
6. EPT index'™ A%a  B0-H0%  T0-B0%  <T0PG
7. Community loss index'® 0.5 0515 1540 =40

% 4-8 P-ig 4 Llp}z|||43fﬂ’f§;“
RS TP 2 R TR s

Biological condition Category

Score Range

Non-impaired 46—6.0
Slightly impaired 31—45
Moderately impaired 1630
Severely unpaired 00-1.5

I~ BREEEMEH

51 #F-kAEB%
LEMRRE TR k6 e 8

KR E TR Uit S
S SEARREE: ! TI%%‘NE'%‘CLLT}J
%“?%ﬂ L LEET T

EF T KR H *”r;fg%?J/?
BT AR R §ARSUE S sk
I%?'?féi\ R IJ’A\’}”TE”%%%?J’”/%?:‘:E
AEATA R ART BT S0k
24t 2004 A5 F TETR LB S
FRHLEE T TR R R S
WS G 2 1p A2 F
e AR R e A A fy 0 2005 £ 8 7
ESURIEE S8 Ei U S
BEE S RE TR R Y Y
NIy AEY B A o

i [=RLNC1S)
o2 % (%)
B3R (%)
B4R T (%)
BHRE (%)
BORE (%)

2003

BI5-1 % &% & f e 6




TR R R A R KRR

¥ % > QHEI # &~ 4%@%%%&&

r‘%%‘rﬁg"ﬁ*’r/?%QHEl’* EIE b
a5 % F ) i 5% 4o B 5-2 P77 o
/\

—

\\\

7 od
Bl 2 F 125 4" "‘,T.i%
BlEZ R F RPN ERE A =
B FT 2t B R R TG 1S
MBS Y LI - BI 5 o RS
‘_—‘?r»?ﬁg"'ﬁ; o fE J\?‘T"Jﬁ. kS > 2004
ﬁ;ﬂ:fﬁ“my, s PR U ehfEA) 3T
T aE k=T X% o LI{EIMizp=t
iy ﬁ%%&c

dEp g e —Jg Dotk £ i
ﬁwﬁ 2R A BRERAGES R T T
BOUERER ST o ded @52

ko~ ATE T HREZ RY o

'F

120
4 Exra o . H . A
100 & x M - X 4 X 4 X e 45
? Extellent ¢ P e w2, e
8 Extellen s H ¥ H [ 2
¥ * X x x L, |aAE
% 0 Medium L. " L || x T e
o 25 h
Poor - = %Hf
40 . - - = - - —1|® Bi¥
C RS
20 Very Poor =z 8
0 . . . . . . . . . . .
‘i‘%i‘ii‘#i?i‘%i‘ii‘i#$%$‘§f$‘{$ﬁ$
2003= 2004 2005+
A

FI52 #M-KE PR kT &Rl
QHEI #@@ T

2.3 pFdpiRs it B %
(1) 2P FEpiE2mrigs

R PR 2P E iR kT
= » IBI ﬁftl’ﬁfﬁr’? 2o 2 REGKE G
Fo ok plk IBl @ w752 %%
30 %% hoF 53 #r o o mﬁ ’
2003 & % %3 2004 £ % % o ficit 5 5%
&% — % (Non- Impaired) I % = %
(Slightly Impaired) o fe 2004 # %
*’if& CRBEL P EEF PR

% chiFa) s B ;“a % = & % (Slightly
Impaired ) © % = % & ( Moderately
impaired ) » b {0 pET 57 A

'}}J‘ﬁ {f"; o

45
40  Non-impaired
Fs H -
% % * : X A ez
0 %% i —= | "
b Sioridimoaing 4 M- o g
@ 25 [ slightlysimpaired . H .
= 20 + . L] + X X . X Z
L* - [ X g
15 Moderately impaired - - * + + 5
10 4 e
5 + Severely impaired -4
0 . . . . . . . . . . .
??‘ﬁi‘ii‘ﬂi ?i‘ﬁ$‘%i‘ﬂi LE iﬁ‘?@‘i@
2003 2004 % 2005#
A

@5'3 Z‘Fm’J\E- ﬁﬂ"‘% J‘ )/cz"
PR SRS

(2) 7fi§'*4 #"#FJ’]‘E/Z Bl R

kARG Pl itk &
i L2 FBI *Ph’#ﬁi'”r’li T
Bho§) 5-4 %77 > FBI i f M4 7 2 4
Bk Ak ,ﬁ iz o

d B 54 B o0 b EEA SRl
12 Toriz & 4 FBIl @3 & &+ 3RAe
w5 % - % (Excellent) -
AR - ) ,PJvJ»”erpﬂ 4 FBI &=
£ 12 zﬁ% 2004 & # %= L ¥ = &
(Good) HepF 2 % 305
- s (Excellent) = % = % (\Very Good )
2R o2004 EAENEBTELR L
TIBR i A

¥OPFECATE R LT B o FBI Kk
Bz Y RIS - BT FRERIEAR
Pk 2004 & F

¥ FBI #cid e 8
FORRRFEES FZEHoHD .i;
&g 3% - & (Excellent) & % =
(Very Good ) z. ¥

TR RIFRR G B o FBI #
@ /4> 2.00~6.25 & > = £ ¢ 2003 #
~ % % — % (Excellent) > 2004 & #%
FRPEREPFEL S I & (Fairly
Poor) - < ik €& L2 FRIE
Blebo o7 B e FBl #ici@ 4+ 2.85~3.73
B % R I% - % (Excellent) -

BiITRE®R 32 = X3 Ap

Rl=k 1B

v
LI\:’P‘,’?:.



it 8 e FBI dicid 4 3+ 3.80~6.14 ¥ -
TR E YRR - % (Very Good)
3 % 7 ' (Fairly Poor)e j* 7 ipl =k k F
BEP LI FETKE B2 5%
yoebod B 548z Ak En

2N

m A ‘/\'J plzkrk 2004 &
TP TR

10
9
Very poor * =1
S L "R
7 [_Poor . B
6 F_Fairly popr N - s =
o Fair  w + M " - - x TR
L O [Eood . L] x D ) A P
4 Ferygood v, a B PR S ®
stx ¥ ¢ o F 0§ ¥ - o, e
oLt [UREC I S B . Lk
L Excellent BT}
0 . . . . . . . . . . .
’fi‘{fi‘ii‘ﬂ'i ‘i‘ﬁi‘ii‘ﬂi ’fi"}i‘ﬁi‘ﬁ'i
2003 2004= 2005
kR

B 5-4 &M -KE}HERE LRI
FBI dp#c % w5 1
(3)P-i# 4 4= 2 RBPIII -k 3=
Fd PR30 LRlEEF2
RBP & £ 4p ¥4k B % % 4c B 5-5 7
oo A RlEZ O REET 0 = A B EE
A g E g A f i plshiy 2004 =
HEZREFREHTE 505 - &
(Non-lmpalred) 21 % = % ( Moderately
impaired ) 2. B - 2005 & 3 4§ 733 & &
i E R b ‘t SR A G ehipl Bk
R v ok R o

6
Nondmpaigd xoo» CREEY
571 X »* . . o
x — X X LIy
4 r o . - x . A RoF
Slighthy impaired - + *
% 3l LAt 4 . _ g - . x 2 gt
o o ma x X TR
*Moderately impaired + . . »
2+ 3 A o 3o
s+ x AT
17.Severe '.'d. et a X||raes
ly impaire T
0 , , , , , , , , , , ,
??"zf’;‘??‘ﬂ'? 'fl?‘fr%*‘i%*‘i”? t i‘fri‘?i‘ﬂ'?
2003 2004 2005+
E

BI55 7 P ok i 58k T 2 iplk
RBP 47 #c% ) % 1 ]

T AR A TR b A e 2

# B 4o 5-1 d % B om 1Bl 22 RBP -
QHEI % .58 ¥ § 49 B - FBl &2 RBP -
QHEI T 35 F 1 4p Ak -

#5-11BI ~ FBI ~ RBP ~ QHEI £ 45 # ¥
Z_p B

IBI FBI RBP QHEI
IBI 1
FBI -0.278 1

REP 0.459%%  -0.466%* 1
QHEL  0.341%%  -0.649%% (.37]1%* 1

52 @i EE-2 Rl 2 E B3
1.4 e s 472 S 5%

(l) 4 Fdpikiz Bl K Fe=f

LRz IBlI @ W g s R
BB a5 4oR) 56 TR 0 IBIE 4 B
%74#&?#%ﬁ%’é%%ﬁ
2004 HE B4 (8¢ ~ T PER|RED
g L,L/,;\ﬂq,‘@ﬁ CRlE 4 B Ii‘)’% | "\_L
5: ATAg¥" IBl g & 5" 3 % - &

( Slightly |mpa|red ) I %
(Moderately impaired ) 2. ¥ >
BREI? G P REIPE ’f};_fo?ja
i &m%\%‘b ° 2005 # 5% % - ¥
Fhis o LRlEy & WBrw 4R A o

z &
' BE T TR
F
5 1

45 " N
20 | yon—lmnalred st
+ +
35 asT2
0 —
_ 5t Sliahtlv impaired % . " X a ST3
@ * a H .
20 —* g % % % 4 T ST4
. X
15 . *
Moderatelv impaired ® ST
10
+ ST6
5 [ Severely impaired
0 ; ; ; ; ; ; ; ;
rE 5% ii‘ﬂi‘%i ‘ri"{i‘ﬂi‘%zﬁ
2003# 2004 2005
¥

1 56 i 5 0% & Rlsk 1Bl dptic? v
%1 W

(2) #o2 F g FBI K i=fe
Fad Fiafh FBI g 72
PR o LRk FBl %Y
iV R Rl B % doB] 5-7 0
BE T > A1 FBI | B4 342 %
4.27 2_ > 53t % — % % (Excellent) %



% = % % (Good) > 5 1 18 > IR A PlHE
I%I~W%W@T%’&¢4 R
g FBlI & { ' 1 % T % & (Fairly
Poor) > o7 ¥ 1 ghET }\'i L -
Fipg P& -

z_L

10
9 |
Very poor
s |
7 Poor
6 L Fairly poor = A X
o 5 Fair H X
w JGood  w X . ¥ H
4 [ Verygodi L] * X
0 . -
3 X x
2 T Excellnt
1
0 . . . . . . . .
tE %§‘E§‘#§ tE %«?‘Eﬁ‘#ﬁ‘?ﬁ
2003+ 2004 & 2005
E

éT\
[}

-

e

-5 o w«
=¢

¢

KL ]’»Ltl }\’EEK%%&%\)».L

54 ﬁﬁ;

° 2004 & & F 1B 4
ST 1 PIEERPI B B

?fx__ﬁf“)i‘ﬁ 4‘.!. v ﬁiﬁ—ifm

B] 5-7 ,ﬁaw,i,.,_r. pl =k FBI J}%ﬁ:g )
2@
(3) -1t 4 =i ;2 RBPIII - J\’Fr’I—x*
= %‘J‘-F# ’ r./EJ:'J’—-—‘* " 2. RBP &
2 Ap ¥R ’?Li B4rf@ 5-8 #11 o RBP
4F LT FRERE § R
52003-&11’3 2005 # 10 * &> %
Bz RBP # & /i » 0.85~4.57 2. & » A&
A% 1 ow % Pl gk RBP #c i@ 4 %
1.42~457 B > 2004 & % F>51 {8 > i)
4 b lij% Bz 5 ET4R#" RBP B
BE R T s -

6
5 | Non-impaired
> * ST1
4 SHghtly impaired . . = ST2
3 . . O S P
L Modera{e”inpairad . ¥ : * x x ST4
- T x = xsT5
1| Severelyifpaired % H x - . ST
0 ; ; ; ; ; ; ; ;
HES = %§‘i*’§ tF %i‘%i‘ﬂ'i =
2003 2004 2005
F ¥

Bl 5-8 i 3 £i% & Ik RBP 4187w
%
20K ok e A 452 i

(1)
4 RPI

AR x stk

(Y

|2 % % B 57 4o ) 5-9 >

,
6 D5 4
2. esT1
Ey x
= x = sT2
S erREE o« w x x R
= % . ST3
S Bk 4 B x ST4
2 e . . . . s = = x ST5
1F x . . » .
Ak % (1 ) 4 * ST6
0 ‘ ‘ ‘
% %i‘ii‘ﬂi‘ ’Ti‘ii‘ﬂ’i‘*i
20032 2004 20052
Fu
R R sal e 2y o
B 5-9 i i % £ ek 0 6| RPI &

-

BEF BB TR ESITZ S S
(1) 55 3% 4 # QHE!
TR QHEl B4 g5 ©
%«f%f"f%\ A Ry
ERe- RN i&iu & % 4o @l
5-10 ATon o d ﬂ;i%;wr\ » Axe 1w QHEI
BAT5 3 92 2 F o E k
(Excellent)i ¥ = & % (Medium) - &1
FEE hp5 1 {5 0 %A Bl ke QHE & B
{@,ﬂq BT plsk4t B xiq,f@m QHEI
Bl THRIFI R @»(Very Poor) » & 7+
%4* BB &P EOL IR i

a
=3 o
2]
110
100 2 " ”
00 I & : . x
ot Ejcellent ¢ . . M x *ST1
[+ . . . . M . = ST2
_— Medium = .
% 60 " = - > - 1 4 ST3
S 50 [ poor a ' x x ¥ |[xsTa
40
ol x * x ST5
0t x . | LesTe
10 F Very Poor
0 . . . . . . . .
| 5% ‘ ¥ ‘ E ‘ tE | 5% ‘ L ‘ #E |
2003+ 2004+ 2005#
FH

Bl 5-10 jg 7 &% & Rlxk QHED 45

Ik )

Foebroap B AR L Ap IR 2
ipRf 4ok 5-2 - d £ B RPl & IBI~



RBP ~ QHEIl £ % f ki - IBl & WA L AR B APE S T & A

RBP ~ QHEI & LA ¥ 1 4p R o 1 ANR A g
#5-2 1Bl ~ RPI ~ FBI ~ RBP ~ QHEI £ AP EARpE
" a2 % s= 4 . .
Rjﬁ&i;* #E:j] QQ;BP QHEI (A) “%‘?‘LE SR AL } )
RPI 1 1. A7 e BPRE BE LW
B e 1 (RCREATINE S8 T F SR ST S
112:;’ -0.[.:.?;1‘“ O"Ufi* 012 1 ¥t 4 I G N B2 :323;3 o T FE o
QHEI -0, 455%* 0.300%* -(1.87 0.301* 1 #;E“f /ﬁi ﬁ'- /i /-{‘—3@{:1' i @—1 /; %27 T\:’ y
2 B TSRS RS AR SR
S22 B 23 R12HGFTRL
1. wﬂfk&;& R PL < Wi FA 3 B 2 = 1Bl ~ B-1BI ~ FBI
FANA O ERAAME SR % RBPIII i& 7376 % 2 fisc 5 3
&:}%B’»@& TR 24 o
2. RBATER TR fzﬁﬁﬁﬁé’ 2. a1 B EM ML 2
HF AP BRFEFRETDEL D PEAE SBRE S TRE 2 AP
H-fpirh o e b ¥4, & e A
* ‘ELFKEE I T S G s 73T 3 4 ;},,;}P*g:r,z;%
e RERR ORERAER R 3 e xS Rl 447
& &k enig S oo 7 g pR AU 2 2 BASEHETRE -
FRfR o H AR "wn T B 4. :3IBI ~ FBI 2 RBPIIl #73 &
BagllEs £ SN SRRV RE BE ST L REFTRLEFERE A ik E
%ﬁ%%ﬁiii*1QU~%ﬁ ey
B 255 RP T fERE 5. md BRk2 iR RAIFTMEC
FRE KL PR R BIRFELHEE 22T 3
i“?:{v"%& N3 :’%‘g‘ﬂ’“{'t»ﬁi 'k i f%’ g o j\;_:r ;{#beg—?.%
Ed ’E“!ﬁ-—wf\?’% o ¥ IF p‘fz[% T AL ;_:rm A = ﬁgﬂp:uj A
FLELENSIT g S & RN RS T R A
3 ﬁ\{“g; kA R BB B,- o %lr_r:
3. FWEINEEI S FE i%@ﬁiﬁt? (# ))
i R R A N R 1R R 2 TN N
FERDET AT A (2006) TikindkB = ¥ i@ ¥ f
ZZRBE X AT LT, CARREE A cHES
EXREBLED 6 ATEL 0 Lipl %32% - %24 ¥3039 F o
BBRRE 2 i By A AR 2.4 =~k E S F %1% (2006) Fr@
BRFFEEDOETUTTAH A A B SRR R LR
EDLAOTHETNERBERE IR AP L ZRELER LT
g frk A pa chgd kdg s £ 4 T, EERAEA %2 % ’?‘;’34
WATFER2Z ERRFE T G RE HoFE - (28ER)
KB B g i e GERY



lL.4di- =iz Jfggp.l\i? N
e (2006) T REIERT i:tr.«
1R L BERER, 0 R
A wkd BLRFIFL B L At g o (11
)]

")

AR AL A B A
A EEE R Y 2 (2006) Tk
RES-SEESER Pk At NI el
A R I A g o (11
)

KIS G ST AN A A A
TR E G B 4haeaE (2006) T 4
E2 A BTG ) 0 v EBRS
okl g o (117 )

A5Fiz B2 - HEF e i
;‘ly}&é;‘j\%‘iﬁﬂ f%ﬂi‘(ZOOﬁ) %
/‘if'/-f’—/ﬁ PIep - LS A x'fﬁ;fﬂ%
€ w3 av—'-d;,,adv*ﬁ}%_]\‘f ﬁiji
2R E o (117)

BTk E K iz FEE VE RS
(2006) " e Zindf & Vi st

T %%m: N i/—ff—iz—f—m ]"B %L[‘J v
LB A kA AL kA1 7}1,4,1 & AT 2
g (117)
%\ "“/‘__JR% 5‘52‘3‘% ~
ik (2006) TR HOR. ﬁmf-l%
e /Ha FEES B2 /sz/w\i
EHEE, > %L1 Bkl e g
w2 & H7-H13 -

ThEi -~ HE s IkRE EE R
B2 K (2006) TiEin4f &= Hos
LR E B3, 0 BT Bk
Rt € B H14-H2L -

Bl N A IR L F
@m6>r@ﬂxiaguﬂ$éﬁu
%«%ﬁmz’ KD /j;ﬁh{r—zgi LT
F}u}.l;fip‘fg’/‘? H22-H2

Q%if:‘*?i%ﬁr{»i wE é@‘._&—dé .

%05 (2006) TRT KL E A
/ZJ? Fie %; RREERSH = ifb/—fﬁ—%

SR ET 0 BT Bkl
Fitgwm~ B H29-H35 -
10.4F - MEF T B35
W2 F (2006) "t B AR
FAR BT BE R, 0 54T Aok
flafer it € #m~ & > H36-H43 -
11.4 % = \&Eﬁﬂ‘" AmESFE
BrE T WRE F (2006) TR Wk
‘?é\'FLI%/ZFL]PPFﬁ KRR R ®RE
B BT BRI g
< % > H36-H43 -
(B)T,;Z,Evéﬂ\f‘—‘-é:&v»kﬁ @ s
R A T A iﬁ ThVE 2 T E
SERIE - o - /g
$4
1.5 i =(2004) " £ # BRgFIE R 2
WERY 2 ’*hlzz‘ff/r,ﬁ' —,*:’-K
_':_,P]L,py,};zriJ, 5L w EoKR
AT € wm~ 0 DI1-D98 | -
2.5 =~ B FE %A g > 38— 13
(2004) T ® 3 b K& dn R E R
FHABEERE G BIREFRE
’\/ngb ok B /&?/LZOOS/E?;%@F
& % 4-87~ 497?'_0
3.4:£1=(2004) " 4 A BAEIESR G F i3
BUE 7@;?’4%1,2-%{,?,?;3 4
_,:_/?J‘T"p7/€§¢J’av"L‘lF ’f
RFAFEm B % D91-D98 F -
4.4 % =~ % 7 1%(2005) - " 12 2 FF'#F]“]‘{
S A O R A2 2 E
Ve di-10 S F 1 BUE S ) 0 2005 B %
Al ARE RJIEF € R 2
# > p.193~p.203 -
5-]’914)3?7—\—‘23_/)3 £~ REizkER
MifadE ~ %~ 2(2003) Tz -k
KFE Rk GRS 2 2R
FzAaFmy (% 2 2 E)
FFE L EAIN KATE o

h e
Ay
e

s
H
— S



