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Assessment of Stream Fish Habitat Based on Index of Biotic Integrity
Noriyuki Koizumi* and Yoshiharu MATSUMIYA™®

Abstract

We have assessed the stream fish habitat in the Kanto district, Japan based on IBI, Index of Biotic In-
tegrity. The IBI, proposed by KARr (1981) is composed of 12 metrics to assess the attributes of fish com-
munities, and indicates the sum of scores of all metrics which are given numerical valuesof 5+ 3+ 1. The
higher the IBI value the effects of the human activities on the fish habitat are lower.

IBI values for the lower and middle reaches of the seven streams in the Kanto district were calculated
to grasp the outline of assessment of the IBL In consideration of the biological and ecological character-
istics of the Japanese stream fishes, the IBI was modified to 10 metrics in this study. IBI (maximum
score: 50) on the seven streams were calculated as follows; the Kuji, 40; the Naka in Ibaragi and Tochigi
Prefectures, 36; the Fuji, 34; the Edo, 32; the Tama, 30; the Naka in Tokyo and Saitama Prefectures, 20; and
the Tsurumi, 20 respectively. The IBI gave a positive correlation with the area of forest in the watershed,
and a negative correlation with the riparian urban area.

The relationship between the IBI and the environmental factors on the fish habitat on the 24 streams
in Tokyo Prefecture were examined with the GLM, Generalized Linear Model, for an analysis of the mul-
tiple regression type. The IBI were adopted as the response variable, and five quantitative and three
qualitative environmental factors were adopted as the explanatory variables. Results gave the country
ratio and the BOD of the quantitative factors and the odor intensity and the current of the qualitative
factors could explain 73% of variation of the IBL The coefficients of the significant factors for the GLM
indicated that a high BOD and the absence of running water were not desirable factors for the fish habi-
tat.
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Fig.1 Location of the seven streams in Kanto district.
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Table 1. IBI configuration adopted for this study (IBI = sum of scores of metrics)
. Score and scoring criteria
Category Metric
5 (best) 3 1 (worth)
A. Species richness @ Number of native species 2/3 *range® 1/3*range Less than
@ Number of surface species of cyprinid or to 1/3 % range
® Number of sub-and benthic species of cyprinid higher  2/3 *range
B. Indicator species @ Presence or absence of intolerant species Presence - Absence
Occurrence percentage (%) of intolerant spe- 2/3+*range 1/3*range
- I Less than
cies or to 1/3 % range
higher 2/3 * range &
® Individuals percentage (%) of tolerant species
C. Immigrant species ® Individuals percentage (%) of immigrant spe- 1/3*range 2/3*range
cies Less than
to or
D. Fish condition (D Number of fish kill accidents from 1987 to 1990 1/3 * range .
. . . 2/3 * range higher
Occurrence percentage (%) of fish kill acci-
dents from 1985 to 19937
E. Trophic Individuals percentage (96) of cyprinoid insec-
composition tivores of cyprinid
Weight percentage (%) of cyprinoid insecti-
0 2/3 % e 1/3%
Yores . . /3* rang /3% range Less than
@ Occurrence site percen'tag.e (%) of herbivores or to 1/3 # range
as ayu Plecoglossus altivelis higher 2/8 * range

F. Fish abundance

Weight percentage (%) of herbivores”
@D Individuals per one shot by cast net(i.e. CPUE)
Weight (kg) per one shot by cast net”

Y Used in case of the 24 streams in Tokyo Prefecture.
» Range=maximum—minimum of data in metric.
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us, t 71 Sarcocheilichthys variegatus, 71 <7 7
Pseudogobio esocinus, = = A4 Hemibarbus Ilabeo
barbus ZH b _FiF, FR O HBEATE I S5 2 BEK
MEske iz, QY EH a0 (%) :
7 2. Plecoglossus altivelis 2% & L THBEEH O
HBRREFE L, 72l TRERAERES h T
WBREN (REINPIENEE) bhdH, choo
FAINBRAEM LD 72BNV ETHHION TV B,
KBTI 7 2 OMFRIC & BRIV SDE Ui,

el fftEktbobdEHETH 5, HED

1 ¥l db /1o b OFREMEE : CPUE (Catch Per Unit
of Effort : BIRT# /15 72 0 FEERE) s %,

F oA koo Bl TIRBRIVERPLEED
ME, BRLECESOTHABEEZREL TV 5,
HAETH, Briciv a7 — 9 SERRICHERR
RS HHAAMEPREOHEF — ¥ IHEEL THAL,
FREECOVTRRO LD RIREICHEIE, 77—
DT O LR THEZZRE Lz (Table 1),

FEE OERIE I, BT TORE4 T AABMNBRIEK
EVREHRCSATEEEBORE S EEEMICK
WMLTW3 T3, M, HET L KENEORR
EEDOTEFHEZ 3FES LT, ABHRESREICLZE
EHhhE L, ARREOBEICE VWS (Tablel ©
best) »5lEIC5 3 155X/, HEO~@&®~
MEFEAEIEARENEE, O~OREREMS/NSVE
&, BEHE I L8N NE Y GEASREV) T
LEENT 3, HE@Z I RERD 5 DIBIE F#k I,
REDHEECL->T5E1%5%7 (Tablel), &
HEHOFESTNTHRET B LS UEER, ERBI
ABDOFEBL2L M > TVRVWEHRIREEOBE L IS
WEINIE WA, SRR O Tk ABRBREIEE T X
ARESHEMIICRb/ME L, HESATRERRKED
B IVbD L3,

— 147 —



INHAERAT - BRI

Table 2. Result of fish sampling on the seven streams in Kanto district form July to
December in 1990 (data from Technology Research Center for Riverfront 1993)

Stream Number of Number of Dominant species
species individuals (individuals percentage; %)
Kuji 11 502 Ayu(48.0)
Naka" 9 216 Ayu(33.3)
Edo 16 309 Stone moroko Pseudorasbora parva (18.1)
Naka® 15 318 Crucian carp Carassius cuvieri (56.6)
Tama 13 167 Stone moroko (42.5)
Tsurumi 14 342 Carassius spp. (46.5)
Fuji 9 136 Ayu (44.9)
Total 31 1990

1 Naka locates in Ibaragi and Tochigi Prefectures (b in Fig. 1).
» Naka locates in Tokyo and Saitama Prefectures (d in Fig. 1D.

Table 3. Scoring metrics and IBI with class on the seven streams in Kanto district

Stream
Metric

Kuji Naka" Edo Naka® Tama Tsurumi Fuji
®native 5(10) 1(6) 5(10) 3(® 5(11) 5(10) 3(®
®@surface 3(2) 3(2) 3(2) 32 5(3) 1(0) 5(3)
®@benthic 3(6) 1(3) 5(8) 3(5) 14D 1(3) 1(3)
@intolerant 1(absence) 1(absence) 1(absence) 1(absence) 1(absence) 1(absence) 1(absence)
®tolerant 5(23.3%) 5(13.9%) 3(39.9%) 1(82.1%) 3(50.9%) 1(79.6%) 5(2.2%)
®immigrant 5(2.8%) 5(0.7%) 5(15.8%) 1(76.1%) 5(1.8%) 5(8.6%) 5(0.0%96)
(Daccidents 5(0) 5(0) 5(0) 1@ 3(2) 1(6) 5(0)
®insectivores  3(15.5%) 5(22.7%) 3(10.3%) 1(6.0%) 5(23.6%) 1(0.4%) 3(15.5%)
®herbivores 5(90.0%) 5(60.0%) 1(0.0%6) 1(0.0%) 1(17.09%) 1(20.0%) 3(50.0%)
(@CPUE 5(2.68) 5(2.23) 1(0.96) 5(2.33) 1(1.33) 3(1.88) 3(2.02)
IBI 40 36 32 20 30 20 34
Class Good Fair Fair~ Poor~ Fair~ Poor~ Fair

Poor Very Poor  Poor Very Poor

1 Naka locates in Ibaragi and Tochigi Prefectures (b in Fig. ).
» Naka locates in Tokyo and Saitama Prefectures (d in Fig. 1).
Numerals in parentheses are data before scoring. See Table 1 for details of metrics.
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BEER . ABEEREETOBREERE LT, HEN
BE (4 v 2 AIEEHMEAD oDii#rHimE R (%)

o} 40 80 (%)
45 T I T l
| (a) Forest area % "
in watershed oKl
[
3~ Fujii ® Naka(1) 7]
[
s Edo
2
. - —
g)o 25 n=7
£ Tsurumi r=0.796%
= [®Naka(2) @
0 ’
i
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Fig.2 Relationship between IBI and land use [(a)
forest area % in watershed and (b) urbanization
9% in riparian area] on the seven streams in Kanto
district. Naka (1) locates in Ibaragi and Tochigi
Prefectures (b in Fig. 1). Naka (2) locates in Tokyo
and Saitama Prefectures (d in Fig. 1). Regression
equation is shown by solid line. n, number of data;
1, correlation coefficient; *, significant at 5% level.

I « SRHmREER(96), BISMERER(%), Q#ER
(%), BIBOD (EUMbEMERZEMNER, mg/D, EHH
ER GHlls 7o) =) OBITREK (EER, #ME,
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WxEHobdT, D~BlRKEEYFEEREES S5 H
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Fig.3 Location of 30 sites on the 24 streams in Tokyo Prefecture. 1, Ex-Edo; 2, Edo; 3, Naka; 4, Ayase; 5, Sumida;
6, Sinkawagishi; 7, Ishikamii; 8, Shirako; 9, Ochiai; 10, Yanase; 11, Karabori; 12, Kurosawa; 13, Naruki; 14, 15, 16
and 17, Tama; 18, No; 19, Sen; 20, Ohkuri; 21, Hodokubo; 22 and 23, Asa; 24, Minamiasa; 25, Nokobori; 26, Yachi;
27, Aki: 28, Hirai; 29, Tsurumi; and 30, Sakai. @, site of fish sampling and environmental survey.
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fE& LTHRIAEL . (Tabled)s
1Bl S BEER & OMEGRER—ICEMmT 3 729,
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) 7— & DHHE L ORFTRENFETRES AT
ZIEEMRICEm SN VT &, i) BERFEF VI
ETHEN - BT - RRBICIROEBEX S L,
i) EfEREE SR L ORI ShbhT
o, MEOBMILHMITELZ LB LOEMES D
(H51990), FRD GLM i BRI EH S %
RE LT, SAEHCKEN - BN 7 — & ZERC
ALiEFVICHEHL, HROMREBEICTHID
BHEROEERBREESNABERIC T -TWa,
Y= 6.1z 1 02T 2t 03%:3t+ O4Ti4t 05Ti,5
+ @12;,1,6F Q235,26 XaZi a6 AsRiae
+ Bizi 11t BeZiart T12i 18+ V28008
+C+ €g;
Y, 3EALD (=1, -, 30) OIBL i1, v Tis i
KEHER (Ec@d, -, B) oRMEETH 2,
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Table 4. List of attributes for IBI (response variable) and environmental factors(explanatory variables)

on fish habitat

Variable Unit Analyzed Attribute Data
(category) statistic citation

IBI Score Mean" Quantitative o
Environmental factors

urbanization ratio % No treatment? Quantitative )

country ratio % No treatment Quantitative 5)

forest ratio % No treatment Quantitative

revetment ratio % No treatment Quantitative

BOD mg/l Mean Quantitative )

(6] odor intensity None; a slight; Mode” Qualitative

a little; somewhat H
transparency Clear; muddy Mode Qualitative
current Suitabie; none Mode Qualitative

! Mean on site from 1985 to 1993.
# Only one data from 1990 to 1993.
» Mode on site from 1985 to 1993.

“ Report of fish sampling and environmental survey published by Tokyo Prefecture.

 Topographical map on a scale of 1 to 25,000.

Zine "y 2146 Zx’.lﬂtzi.z,% Zi‘lrﬂfl:-zi.z.s FEmME
K R [ B) o5y —%H5hd 53—
EHYTH 3, FEFohTHIET 25T i<,
SIHGLE WA FT) - i3 0 2RAT 5, CidER%
HobL, & 30, o OEELHN O, ¢
ERESBETH 2,

EXDes52 =40, -, 85 a, -, a, B
EBu 71 &Yy CREBLHILLIZBOERLESMNSE
RN 2 REETHES W, BT TRERIEREICL B
BOBIRAESREHMH S, TFVORINEETH B AIC
DR/AND T 7V A FHEENTETR L 7z,

3B B

B 2AEDMIc B Vs8R, 179T4R K HsERE
aNic, @|NIER T, v ¥4 Leuciscus hakonen-
sis, A A # 7 Zacco platypus, F v 7 F Carassius
carassius DFicE { FEsh, FRNEFNL2BEEHO
25.6%, 21.5%, 19.0%% L/, RERBELRET L,
IR T B RO EN T~ il o e 1 fdaiE %=
b5, hoEfAEZE—-ORE M kiRced
5T EERE L, Fig 3K AT ERANORER T,
ERI4OEE T & EL2TOR I B 1) 2 23F 55
&L, EABOATINCET 3 3L ER0DEEI
BT 5 28 DI d T,

BEADIBI (B) & Z0Fi%Fig 4ic, 54

BERCHBT2HBEHOFA & ENMEE Appendix
table 1IC/R 9, £SO Bl 34514, THbb
Excellent~Good #» 5 Very Poor OfElicd b, oD
M D84% 1528~ 14D %, 4784 5 Poor» 5 Very
Poor ¥ TOFMIC2HA - TV B, EADHIBETIS
TAERE L TEA 1~ N, EM12~30%7
s 2 U 7154 (Fig. 3), IBI O E S I PHH
W L, EARD IBI & 7 O, EAEATOMK
JicHB i+ 344D Excellent~Good 25K &R D, &
ICERISDBENTHICH 1T 5380 Good~Fair A%k
Wi, BAS &7 OBENE A BT 28/00
14{3 Very Poor &FEix 17 (Fig.4),

T AV 2 ERBIOREER T — 4 £1BIE &b
BT Fig.5icMY £ EHTRIRT 5, TORD y T
i, BERPERT 2 ABHEEBORXNMO>VWTET
BiE—d dw, DHEMERESE, AEER, B
BOD koW T HyoHErxHEs ¢ TRRALLE
EROTREALFEENKE D), BEERS 1B
& AR ERAN SR &S D E S THIE S 5 &, Hfo
ERTAGNEEERKEWVERIICH D, HicBTFKE
IIBEEL, [MEREMEL, BKOENSIEVIESR
REFHMR-T0w5 (Fig.5)e —H, BEROHE
HERBB L IBI & O (Fig.5) OHBZREHIZ—
WEEE LD, —0552~03U4DFHTRPTHWVIE
H3WVITEOHBEBEZRIED S, BHEROS 7
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(Class)
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\ Good

Good~Falr
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_| Fair~Poor
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\ Poor
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Poor~
- Very Poor
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1Bl, Index of Biotic Integrity

P Very Poor

10 1 1 i1 1
1 5 10 15 20

25 (ST) 30
Fig.4 IBI with class of 30 sites on the 24 streams in
Tokyo Prefecture.

Ty — it 3Bl oB&AK-o VTR, TMEEEE
Bkomnics W TERERIED bhic (P<L0.01),
— T F 0 GLM It & 3 IBI S RBEER O
%% Table 5 3B L 72, GLM I & 3 AKMRHT iZHEET
R CERAH D, 2 - R#EHEREE L(RIBOD, [E
TAEG EBkDHENICE » TIBIOEE O 73% % 7t
HtxsB5C &%rbtoﬁﬁébf BICED S
NEBEBEROREORS IR, BITKEKOFEESD
IBIZ NS & 2 FEHHEIE RV, [BIBOD ¥
¢, BkoBENMEWEFIELIBINEL B ENS
I T BAR A4ER L 72 (Table 5),

£ E

1. EBF—5 OBRE

HEAEIC BT BIBIOHEOE  Tld, EENTA
Hr—- s B30 REMNBL L TERY s v i —
(BAYLEY et al. 1989, RiLEy and FauscH 1992,
Dwysr and ErpanL 1995) Z#HELTW3, BHAOD
AN B WTIREBR Y = v & — QRSB EE
ENTVE Y, APETERECEBC L BHRET —
YEFEHA L, B Y 2 v 7 —ZREE LT, W
JNORTEHITEER FEFE OBIRIC R E  RERTS, &E
BHLENICF -2 AFTE 5, BAYLEY e al
(1989) RESHCHIELED Y o 7 — DERERR,
RiLEY and Fauscu (1992) BEHEOE LIS M
B OHEERSRE, PaLer (1995) ZIREEHEHE
K OFEEEPE R E OBHRIC > WTEBR L TV 3,
BR Y 5 v 7 PEEARBOEENAIECTENIC R

B S HEMIcRE EnTWvwaE (MrTToN and
MCDONALD 1994a, b)o

MERE

East area « | — West area
0 10
T T
0 *varv \'/—\/V“
m Urbanizahon ratio (%)
50 —1 }
j\\ 2 Country ratio (%)
s /\f
50 -
[3] Forest ratio (%)
0 lhmaaksyss »I/I /\ AuA /\/
0 & 2 (4] Revelment ratio (%) —
wha /N Y
0 /___ \
M‘v (5!BOD (mg/
25 I f f
None .
Aslight - \/ ‘\oj
Alittle - (6] Odor Intensity .
Somewhat - 7
) 1 ]
{ I 1
Clear - A .
Mudd: =
Y Transparency
f f
Suitable ] Mt
None [--s¢-x-x-x-x%A Current ]
0 [ T T ]
181
® *
10 H 1 2 1 2 1
0 10 20 (8N 30

Fig.5 Eight environmental factors and IBI of 30 sites
on the 24 streams in Tokyo Prefecture. Note nu-
merals of y-axis for [1] urbanization ratio, [4] revet-
ment ratio and [5] BOD.

BRY s v -k 2 BERELZEACEAT SR
wickk, HEAETOWARES (ANGERMERE and
SCHLOSSER 1989, Lyons 1992, ANGERMEIRE and
SMOGOR 1995) %3 c EEEHZER, S0 MO BE
B b, BRICH T ANIGE, BH, BE, /LA
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Table 5. Relationship between IBI and environmental factors with GLM for analysis of multiple regres-

sion type
Factor Coefficient (S.E.) Significance
Quantitative factors country ratio (8,) —0.177(0.115)
BOD (85) —1.155(0.224) * %
Qualitative factors [6] odor intensity None(a,) —8.482 (2.811)
A slight (Cay) —6.978 (2.159) "
Alittle (as) 10.644 (4.000)
Somewhat (a.) 4.815 (2.903)
current Suitable (7.) 6.698 (1.157) } -
None (73) —6.698 (1.157)
Constant (C) 37592 (3.539) *
R? 0.725
Equation * ok

GLM are shown with maximum coefficient of determination (R%). 8485, @, a4 7, and 7. correspond to
parameters of equation in text. *% significant at 1% level; *, significant at 5% level.

BHE, ARy X, KBRECL-TRE{ER BT
EWEL DN, FERB L OF QM ILEEE SR T 52
EREtEE (Hrh - $k1986) OIEFAMNHEN B, —7,
FIEHABIC Y- T, AlSREPL Iz —-v 5
YOBLE BT - TVWAE LS, BELZPEEORME
B BRSELT VLI BENE <> — 20T 2 T
EBMETH D, FEXKMIC D W TIZEEPME &0 H
R, EEERC > LTI EEOENELL & %
FEEL, TR S THEKE O Ic AT 0 AR E
TBHIE, Bv s eMEMATICEHELRE X
N TV 5 (ANGERMEIRE and ScHLOSSER 1987, KARR
et al. 1987),

2. IBIORERREFSESE

AW L ERRIC, 1Bl ZkE4 SHUic BT 2 o
KIHBHNBOBIE, HEBERPENZET - - HEEf
REEIC R (FauscH et al 1984, LEONARD and
OrTH 1986, HuGHES and GAMMON 1987, STEEDMAN
1988, Lyons et al 1996, PALLER et al 1996), i
B (MINNs et al. 1994) 9 E (TuompsoN and
FirzaucH 1986), B TR I — 0w 0 7 O 7 HIUR
DRSS STV B (LyoNs ef al 1996), 4
WIEDIBITIRERE L HE & 2 ONA, HEOEHR
Bicxdd 23 HE% (Tablel) RIBERYTH- 1o
LEZLNG, 1KLL, W HPDEFRABIKSWT
BREHOREIER2E—RLEVSDMH D, Hig,
HE@EHAMEE L THRA L 28BIZRRIcL-T
BEROEBT A EBMONT VS (ZH 51976,
NIARER = 7k¥F1989) FiE~miERo LR EE R

HREXNZ, CoEARBELTRELS 2VWIRIEE
ZOHDEHRLUAAEHBOADS LAV, @OS:
THAMWHEMCBIL TlE, HAROR)[EE» RN 4
RAEdacLidiLvweEiohs,

AFEOFEEEIC>WTIE, HEOEHIEOR
T 3HLNT AN S & -/ (Tablel), Hi#e
Tl D—fEIEME T i, BEMED S 5w 3]
KOVWTEBOREF - B 0ETHY, BB+ b
IERAEEP L, BYMUTARELARTST S 0 LY
ENb, fof2L, BARHIG ORI S < F YA
KHRGREATE, Jeigsihss LMo 75 & ofho i
BORNNZ 2 W T RBEESRILZ I &M, £EF—
FEAFLUCTHBHEELMER L TR S0,
FauUsCH et al. (1984) (Z#)1| DRI EE o B>
CPEREELRE L, ORI TRAEN MY
5IHHE (Table lLoO~@K &) oW, [JIHKE
EARTIRERES & ORREROES 2R LS5
WAREL, AHERZOROIBIOMEES T L4
HahTwa, BT, HITGHTZEEAS SIS R’ %
BEoRFRA2Zz0ETHATERWESHE ¢, KE,
JNE, /KELEDEREFRESHE TR 255
YEhd, BRI AIBIOEENE & 8kt o
DVWTR, i ERoMACEEL, S oielilicyd
LERDRODFICOVTHESLET 358 S 5,

3. IBI L REBEER & D&

AWFSED IBI (dBH3E 7 F1 D FEM i< B W TRERR T &
OERWBESRE SN, B)IER RS 7T W
BEBL B 2EAZRL (Fig.2), STEEDMAN (1988)
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DFER & H—F L -, STeepman (1988) ZBEEH» o
BELF -2 hRAE, FARETEHIEEOSE, &
EERRIC L - TIBIATRIL, J-HIF R © K5 A5A
NERERICEZ 2 NATESL2E- 9 —T& 3 LR

LTCWwa, AT OFEMC W, SRR F— 4
AP BT T ICE D R 3 %2810 5 7055,
HIFIR & S ABNERETE SO BRBIS
A AEE%, Bl 2@ U THREBMICFiTS 7.

BEOIBIOMEEF TIE, BIEREOMEBNIEE
ELTEZPT vE=TREOKEER (KaRR et
al. 1985, Hucues and Gammon 1987), Cultural
Pollution Index (L.EoNARD and ORrTH 1986), Site
Quality Index (ANGERMEIRE and SCHLOSSER 1987),
Index of Well Being (HucHEs and GAMMON 1987)
72 & OB ESI D b TWVWS, Thb
DR TIIBIE HEERID b Ly F O HE - Bl 148
BESHTIC K BT E > TW5a, GLM T & 0 4T
L 7= REUER24m) | O T 13, RHERBIEFOER -
KEMIBREERE U, BEETEITHV BRI
AT, PEEEY, KE, RizsobTERERED
TA L/ (Tabled), ABWEREIE ICLDHMEL
BEEREEHFOREPLSBOREEHOAMEETEL
febicild, FEHRD & S B OBEER A BT H
DS BEAEFMSLETS 5,

AT, 1Bl EZ o F o RE & b
b, AR CEBEMCESE 3 2EBOD, BITXK
B, BUkoRnoKEPHAOER & B HET 2
Z EaR L7 (Tabled), rHROFINICIRET 3
LEFHOERBEEZHE T3, KENELLITV
LRI PEED b OHikOB(LIEEZ3EP L,
BOD OR/DP/KkDOERAEL T8 EDKERER
FREE LTl EEE N B, —F, TK
BESOPMRIC>WTIRS DB BERENA 3 HE
WH B,

BSR4 BEF OBUSER £ BEMICFFM L /2
BT OWFEEM E LTiE, Haves and JowerT (1994),
oo hlF (1994), BES (1996) T &AH 0, K
BT L & OBENERE RV 2 E T ST A
IRTWV 2, R CRA#EREEENERE LT
Woh-7ht, BEOME (G-a2v7)—FEE),
TR GBS - dhifgrae), al (B-aisd) 42
EHERE L TEASNIESGLHDEL, ERMEAE
bo & I UWEEERRIZ) CREFETELVEEER
HU, FLEREERAEAT 2ESCEHET &

e

EThHD 5, BEN - BHERZEEC M L i
BRRBED L CARZT OGNS, e BEREZDY
RA BARETO & S 7 GLM OEYRAFTROTIA 17,
FRo@rFiks LTRETHFEMNG N B,
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Appendix table 1.

INHIKBTT - IR

Scoring metrics and IBI with class of 30 sites on the 24 streams in Tokyo Prefecture

ST
Metric
1 2 3 4 5 6 7 8 9 10
(Dnative 1(1.1) 1(1.9) 1(3.0) 1(2.3) 1(14) 1(2.5) 1(4.3) 1(0.6) 3(5.3) 3(7.00
@surface 1(0.6) 1(1.3) 1€0.6) 10.6) 1€0.3) 10.6) 1(1.0) 100.3) 1(1.4) 3(2.0)
®@benthic 100.7) 1(1.0) 1(0.6) 1(0.6) 1(0.3) 1(0.6) 1(0.9) 1(0.3) 1(0.6) 3(1.3)
@intolerant 100%) 1(0%) 1(0%) 1(0%) 1(0%) 1(0%) 1(0%) 1(0%) 1(25.0%) 1(0%)
®tolerant 3(44.6%) 5(24.5%) 3(66.2%) 1(82.8%6) 1(84.79%) 3(64.0%) 1(72.7%) 1(100%) 1(80.3%6) 3(62.7%)
®immigrant 1(76.8%) 1(54.3%) 3(38.1%6) 5(18.2%) 5(0%) 3(34.1%) 5(6.7%) 5(0%) 5(2.1%) 5(7.1%)
(Daccidents 5(0%) 5(11.1%) 3(25.0%) 5(0%) 1(37.5%) 3(25.0%) 1(37.5%) 5(0%)  3(25.0%) 5(0%)
®insectivores  1(1.1%) 1(4.8%) 1(25%) 1(05%) 1(0%) 1(0%) 1(0%) 1(0%) 1(0%) 1(0%)
@herbivores 100%) 100%) 100%) 1(0%) 1(0%) 1(0%) 1(0%) 1(0%) 1(0%) - 1(0%)
dICPUE 5(16.2kg) 5(22.9kg) 3(10.3kg) 1(0.1kg) 1(14kg) 1(09kg) 1(1.8kg) 1(0.0kg) 3(13.6kg) 3(12.5kg)
1BI 20 22 18 18 14 16 14 18 20 28
Class Poor~ Poor~ Very Very Very Very Very Very Poor~ Poor
Very Very Poor Poor Poor Poor Poor Poor Very
Poor Poor Poor
Metric 11 12 13 14 15 16 17 18 19 20
(Onative 1(0.4) 5(8.4) 3(6.0) 3(5.2) 5(8.7) 3(6.8) 5(10.1) 3(5.1) 127 3(7.6)
®@surface 1(0.1) 32.1) 321 3(1.9) 5(4.0) 3(2.00 3(3.1) 1(1.1) 1(0.7) 1(1.6)
®benthic 100.1) 1(0.4) 1(0.6) 1(0) 5(2.2) 3(1.2) 5(2.1) 1.0 10071 3(1.3)
@intolerant 1(0%) 5(1009) 1(0%) 1(11.1%) 1(11.1%) 1(0%) 100%) 1(0%) 1(0%) 1(22.2%)
®tolerant 3(50.0%) 5(2.9%) 5(2.1%) 5(0%) 5(30.8%) 5(30.5%) 3(59.1%) 1(76.1%) 1(77.9%) 3(65.79%)
®immigrant 5(0%) 5(06%) 5(0%) 5(0.6%) 5(9.3%) 5(11.7%) 5(75%) 5(0.8%) 5(0%) 5(15.1%)
(Daccidents 5(0%) 5(125%) 5(0%) 5(0%) 5(11.1%) 5(11.1%) 5(0%)  1(44.4%) 5(11.19) 5(11.1%)
®insectivores  1(0%)  1(0.1%) 1(66%) 1(0%) 5(159%) 1(1.6%) 1(26%) 1(0%) 1(0%) 1(3.6%)
@herbivores  1(0%) 3(6.1%) 3(7.2%) 3(108%) 1(1.3%) 1(41%) 1(39%) 1(0%) 1(0%) 1(0%)
CPUE 1(0.2kg) 1(1.7kg) 1(1.0kg) 1(0.5kg) 1(1.8kg) 1(3.3kg) 5(214kg) 1(46kg) 1(2.0kg) 1(54kg)
IBI 20 34 28 28 38 28 34 16 18 24
Class Poor~ Fair Poor Poor Good Poor Fair Very Very Poor
Very ~Fair Poor Poor
Poor
Metric 21 22 23 24 25 26 27 28 29 30
(Onative 3.1 3(5.1) 3(7.6) 3(5.8) 3(8.3) 3(7.0) 5(12.3) 5(9.6) 3(4.5) 1(0.9)
®@surface 3(1.9) 3(2.2) 3(2.6) 3(2.0) 5(3.3) 1(1.4) 5(4.9) 3(2.8) 1(0.8) 1(0)
®benthic 3(1.1) 1(0.2) 3(1.2) - 1(0.8) 3(1.9) 1(1.0) 5(3.0) 3(1.4) 1(0.5) 1(0)
@intolerant 1009%)  3(4449%) 1(11.1%%) 1(11.1%) 1(11.1%) 1(22.2%) 3(55.6%) 3(44.4%) 1(0%) 1(0%)
®tolerant 1(67.4%) 5(0.4%) 3(51.2%) 5(31.7%) 3(53.6%) 3(44.4%) 5(6.6%) 5(3.2%) 1(67.3%) 1(100%)
®immigrant 5(9.3%) 5(0.1%) 5(13.3%) 5(0%) 5(8.0%) 5(20.0%) 5(2.8%) 5(1.6%) 5(5.7%) 5(0%)
(Daccidents 3(22.2%) 3(22.2%) 5(11.1%) 1(33.3%) 5(0%) 1(33.3%) 5(0%) 5(11.19%) 5(0%) 5(0%)
®insectivores 1(049%) 1(0%) 1(1.5%) 1(0%) 1(3.0%) 3(10.2%) 5(19.0%) 1(3.1%) 1(05%) 1(0%)
@herbivores  1(0.2%) 1(1.7%) 1(0%) 1(0.2%) 1(0%) 1(0%) 5(16.8%) 3(7.6%) 1(0.1%) 1(0%)
@CPUE 1(6.0kg) 1(2.7kg) 3(12.0kg) 1(5.0kg) 1(5.7kg) 1(4d.1kg) 1(3.6kg) 1(2.8kg) 3(8.2kg) 1(0.8kg)
IBI 22 26 28 22 28 20 44 34 22 18
Class Poor~ Poor Poor Poor~  Poor Poor~ ExcellentFair Poor~ Very
Very Very Very ~Good Very Poor
Poor Poor Poor Poor

Numerals in parentheses are data befor scoring. See Table 1 for details of metrics.
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