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Quantitative Methods for the Assessment of Effects
of Human Activities on Fish Resources

Noriyuki Koizumi

Human activities such as reclamation, water pollution, stream channelization, etc. in coastal areas,
rivers and streams cause a lot of damage not only to the fish resources but also to the entire ecosystem.
The establishment of quantitative methods to assess the effects of human activities on fish resources are
required both socially and scientifically. This study was done with the intention of establishing
quantitative methods for both temporal and spatial changes of fish resources under various human
activities.

Chapter one comments on the necessity and place in fisheries science for assessment methods, and
reviews this subject up to present, and details the desirable methods to assess anthropogenic impacts.

In chapter [, relative index of the effects of human activities (S) based on temporal changes of
composition in the ratios of two fish species was examined by the Change-In-Ratio method. S is
expressed as follows; S = [(1 — py)p,]/[p;(1 — p,)], where p, and p, are the ratios in period 1 and 2.
It is equivalent to an index of the relative tolerance (i.e. survival rate) for each fish species to human
activities and also an index of the quality of the fish habitat. Setting X and Y species, S indicates that X
species is S times more tolerant than Y species to human activities. On the assumption that in the case
of a stream survey, the means and variances of each estimator S and ratios were estimated by the sampling
theory. Effects caused by weir construction were assessed using artificial data for the Japanese pale
chub, Zacco platypus and the Japanese dace, Leusiscus hakonensis. The means of the two estimators
obtained from the stratified random sampling on the riverbed types were more precise than those for the
simple random sampling. Away from the sampling strategies, it was indicated that the variance of §
could be used as a conservative variance by means of the Bootstrap method. The degree of bias in the
mean of S derived from the relative sampling probability between the two fish species was examined,
and the method to estimate the relative sampling probability was introduced. Estimates of the biased S
and other estimators were corrected by the relative sampling probability estimated.

In chapter [, the IBI (Index of Biotic Integrity) proposed by Karr (1981) has been applied as a synthetic
quantitative index for the fish community. The classic IBI is composed of 12 metrics to assess the
attributes of the fish community, and indicates the sum of the scores of all metrics which are given
numerical values of 5-3 - 1. The higher the B/ value the effects of the human activities on the fish
community is lower. IBI values for the lower and middle reaches of the seven streams in the Kanto
district were calculated using the census data for Japanese rivers in 1990, and were compared with each
other. In consideration of the biological and ecological characteristics of the Japanese stream fishes,

the IBI was modified to 10 metrics in this study. [BI (maximum score: 50) on the seven streams were
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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 relationship between the IB and the land use of the watersheds were examined by
analyzing topographical maps. The IBI gave a positive correlation with the area of forest in the watershed,
and a negative correlation with the riparian urban area.

In chapter IV, the GLM (Generalized Linear Model) has been used to identify factors that cause
effects by human activities on fish resources. The GLM was extended to be applicable to any models
with easing the flame of the normal distribution for classic linear normal models.

The GLM for an analysis of the multiple regression type was carried out to assess the effects of
urbanization on stream fish resources in terms of spatial changes on the 24 streams in Tokyo Prefecture.
The IBI, number of individuals of each of four fish species and the total number of the four fish species
selected in the stream fisheries were adopted each as response variables, and five quantitative and three
qualitative environmental factors on the fish habitat were adopted as the explanatory variables. Also I
used standard multiple regression analysis and quantification theory type I.  Fitness propriety of the
three methods was decided by AIC (Akaike Information Criterion). Results gave the minimum figure
for GLM for each of the response variables, and at the same time A/C identified GLM as the best among
the three methods. The coefficients of determination were larger in the case of GLM for IBI and the
number of individuals of Japanese pale chub and the total of the above mentioned fish species than those
of the other response variables. The coefficients of the explanatory variables (i.e. the environmental
factors) for these GLM indicated that a high BOD, presence of odor and the absence of running water
were not desirable factors for fish habitat quality.

Direct assessment of effects of stream channelization on the fish habitat was performed after removing
the seasonal temporal factor. The data were collected from fish sampled during the processes and
periods of the stream channelization on a stream in the Chubu district. The number of individuals of
Japanese pale chub was adopted as the representative quantitative index of the fish habitat quality. Log-
linear models of the GLM type showed that the stream channelization reduced the fish habitat quality to
32~53% of original level.

Effects of an artificial weir on the upstream migration of ayu, Plecoglossus altivelis were assessed.
Artificial data of four weirs which differed in the structure of the fish passage and height of weir were
analyzed with the use of unbalanced replication in the experimental survey among the weirs. GLM
was applied to two-factor analysis of variance with unbalanced replication type. It was demonstrated
that for weir in which the height was large and the fish passage was absence prevented ayu migrating for
the upstream.

In chapter V, I discuss the connection among assessment methods adopted in this study, and also
suggest assessment survey designs. Standard fish population dynamics methods, the quantification of
environment and time series analyses should also be introduced to the assessment methods, and I refer
the perspective in the subject of this study. At the same time, I consider forecast assessment methods,
and emphasize that there is a pressing need for the stock assessment of aquatic organisms in coastal

areas by means of the assessment methods established in this study.

Key words: human activities, stream fish resources, change-in-ratio method, index of biotic integrity,

generalized linear model
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Fig. 1-1. Representative cross section of stream (modified from the Environmental Agency 1987).



NEHRBRYUEO BB~ OBE R BTHERE 29

(a) Revetment

CO‘\;;::}\\

works

Foundation — T <« Foundation

Foot-protection

works
(b) Weir
4
/fmﬁ,,
)
Ground sill If\/

Fig. 1-2. Outline of structure for revetment (a) and weir

(b).
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Fig. 2-1. Diagram of population dynamics of X and ¥
species on CIR, Change-In-Ratio method.
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Fig. 2-2. OQutline of fish abundance estimate (left) and relative assessment of effects of human activities (right) based on CIR

method. Symbols are defined in text.
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DEFHRIATIE SV T, BREFLTLET
5 —EOREXMERE L7z WREIIZEDW
THEXEZ 3> (P - B - W) (2BRlL,
EHE (HECTRENE) F—EDRMic L5 7
YELY LT TR A DBHIKETIT -
foo WFE L DITAEBMEEBITEOBE ST
FoTRAL, BAEOEEIITRTERET
REXN/ET5, AMATOEELTHEREL
T, Table2-1 IZFAERRE LD FLOTRT,
F
FEERETIE, BB 2 AEOREREES
BERRAT & B L TERBETHA LT 5 (Table
2-1) REOT 7 AHPROEELREH TR,
EEXETICIZ 484 HEPRES DI L, B
SR TIHEBEETO 3% 12H M T 5 15 BE L SR
EExhhhot, 45 T2 THRERIC,
BETOEEROBIE (13%) WREDP272,

Table 2-1. Number of individuals and individuals ratios of Japanese pale chub and Japanese dace on

three riverbed types before and after weir construction

Riverbed Before (period 1) After (period 2)

type Palechub  Dace Total Ratio" Pale chub  Dace Total Ratio
i(L=3) X Y [CH] Xa,i Ya,i R P
Flat-riffle 200 153 353 0.567 77 25 102 0.755
Riffle 70 484 554 0.126 9 15 24 0.375
Pool 70 223 293 0.239 27 11 38 0.711

' Ratio (py ;) = pale chub (x, ;) / total (n, ,).
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BRH#OLERL BT L L, T XTOBTE
HZEDFH AR E N (Table 2-1), FHFIZHTIE, BB
FEiL Db odn2izLEML TS, A4 HTOD
FETT7AEDG, Z{HEEEROTVAI LY
EBTE L,

FEAE R (Table 2-1) ZFIHL T, FE1HD
FIE1~4 12t RO BOBERATRICBITA
- BOER], P & pha. B EUREEEAGER
DFH S, & 95% FEHXA & & b 12 Table 2-2 12
R Table2-2 IZIZHBD/-DIZ, 77— 2k
LW TEHE LGS (BT v 5yad 27
CVIZOWT IR L2, IR RIS R
BB OFHIIBHOFEEIZE DEL 22nds,
EEEEIBHN L - HEhoBErnLag
Bo MRz TF—y OB, GEE
ELLTFHOBESROLZENTEDL, B
BEMMNIREE, A4 HATOFETTAL LD
FS6ETCEOERE V) BERECRZ S/
HHotz:ZE#RLTWS (Table 2-2),

T— bR ISy TEIC K DHTEGEHTE

EZZS
REVBAMNEROGH Vg, FEOSELD
LRESORTHLGEHE LTEREATV S
2. 128 £FMCovg, 5, ., FEHTELL
ZEhn, KA4OREOFHEIIIFABMBEGRSY
HWFIFIECTHLIERRELT, HOEE
LB OOLBEBA/I-ZLIZLE, HEFEDOF
B OMEBRAME T i T T 5720,
Table 2-1 D F— ¥ #HWTC7T— PR+ T v 7k
B F—=5 Ut TN TEITOFEL 7,
T—= ATy THRIGEE, KEBRBITE
DETHHELA bR B L) 12k o7z, AR
F—=5DUHF LTI AL T, HEBEDOS

Bt 7 ARHETAHEL LTHASAT
Wh, F—7ERBEMREALL, FIhO5H
WF—yEEBZEICLY, HEBORE RS
BRTAHIENTES, 7—FAMNT v THEIZHE
TLAREOHKEFHHEFEFL LT, IHE
(1988) %= &0 ), KEEEIRBATIZEH L 724f
S H) & L TIE, Deriso eral. (1985) %> Smith ef
al. (1993) % EPRERGTH 5L, T8 (1987,
1994 a,b) EAFFZEDO L 2—% 13 L, 5%
KR DA HFEOBH MRz T L
HTW5,

T—FA Ty FEIL L LEOEHEOM

IR R DRI R D & 9 12T 5 72,

@ : Table 2-1 DEERRETIC BT B AHRE O L#E
o, BEEFFLTIVFLII3DODOHE
T 5,

@ EI1HOTIE3 25> T, LEROFEHEE
BTL @ . PHTHBOLND),

@ BBBEOHEIZOVWTHDEQ % AT
I (. BEIIBLNRD),

@ . C~@% 1000 EL, @LBTHELN
BAFR 1000 MO ROz oW THBER
BrEHT 5,

F

T—FA NS v FEICL S 1000 55551

RBOEY (p, & p..) BOHEERYT Fig. 2-3

WRTo Pro & P DAMEE 2B EHOHMAE

DEPRLEN/IDT, #HAGLEH (F— 7%

DELEFMOKRNE S TERL (Fig. 2-3). 1HE

28 i3 0016 (P>005) THb, HBOFHH

IIIHEERIE R R (Fig 2-3) BER

BAINIER OB Vg, 1&, WEOFEHHOMRE

iz, TN E LTRHATE 5,

1)

Table 2-2. Individuals ratios of Japanese pale chub and relative indexes of effects of human activities

(mean * 95% C. 1.) for two sampling methods before and after weir construction

Ratio Relative index of effects
Before After of human activities
Sampling method D Prs Sy
Stratified random 0.283 £ 0.023 0.689 + 0.068 5.604 + 1.888
Simple random 0.283 £ 0.025 0.689 +0.071 5.604 + 1,982
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past

lapeD e o o &

03 2 2 I I

Fig. 2-3. Relationship between means of ratios from
Bootstrap method. Circle sizes indicate
number of data (n). Regression equation is

shown by solid line. r, correlation coefficient.

TEREER

EZXA

ATk O RIE R EART R B O HER &[RRI,
FEAREERIZOVT HIIZB T DB
HEAA AT LTS AINE 2 B A R R
LT, R TF— Y R R LR LEEY
WMo EFD, 72720, ANERERELZHET
BIZIZHELAND X5 A — 5 (BHEERIER
RE) P ELE A 20T, AFEIZEEL Tidd
CETHBMLLOTH L, FHi CHBEY
HHIZT A28, & REREEGERIc>
WS E T B R 72, MBEBOSTHICHE

LT, F1HOHEFEeZOIIFAALT
M TE D, AEREICHYT 2 ERERE
WAZHETH-DDFHAD/VTF A—F % Table
23128 N FLDTRY .

EoERe B 4197 X&) b
74 (Y §E) OERELIT o7 (Table 2-3),
MEOBEERIIZFN By, =108 L y, =162T
by, F1ATOEEERFIITHE, p =
0.400 755 5 N7z, EFRAORETIE, HEEET
NRTEBRICREIR TV S, BOBRBRER (K
H2) OFECTE, =72, y,, =18 ThHY,
Pra=0800 kol TIT, 774 DMEERK
Yo WEAEREHEEL AMA O TED,
EREEEREROFEIIBVTY 7 L1II0Y
ABHNBODEVEDHLDLLTnD, BHEDE
Vi, BREORETIEHEVORLZ 21
FEORMERBICER Lo L, ERER
TRRKEVHEVOBERAIEERL, hSwHL
MERTE Lho/-l 82F&ETL, 77 141EF
AHT L) bREHBEPLNI LD (FHS
1976, JIFRER - KEF 1989), KEVHAWHHE
ML B FHICIBBTE v, BHRE
BOLFLHEXIFEESI N TS, HuAEE (5
HI3) losgo T, 2 EEOKBIZL A BMAE Y
1Fo7: (Table2-3) x3 =36, y; = 12 TH D,
ps = 0.750 23855 7, BERAT & FIRRIZ A
DREERIIF L v,

BOERT B 1~2) L EBRBOHCEB (K
B 2~3) O 2 BEOERBIE, S OB LT

Table 2-3. Result of sampling for number of individuals of Japanese pale chub and Japanese dace with

weir construction

. Immediately During after After some
Before Constructing
R R after some weeks weeks
(period 1) (period 1~2) . . .
(period 2) (period 2~ 3) (period 3)
Pale chub
(X species) 108 (x,) 20,000 (R, ) 72 (x5) 70 (R.») 36 (x3)
Dace
(Y species) 162 (v) 40,000 (Ry) 18 (y2,2) 100 (R, 12 (y3)
Total 270 1 90 ) 48
[emigration [emigration
Ratio" 0.400 ) individuals] 0.800 (B, 1) individuals] 0.750 (%)

Y Ratio (p,) = pale chub (x,) / total (x; + ).
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bat) HABUZ, Ry = 20,000 & R, = 40,000,
Ry, =70 & Ry, =100 L #E SN/ (Table 2-
3). BBMHED LB L TRz o—ER
BT 5 A LEEMFSH 0, HE,rOBET
L mEEAE Y HBIETI TS 2B E R
Twh, BEICNT y THHHET T, EREB
L OBBEOBCERIC BT 5 AR O EEEHE
KB L7 T4 AT Lo 71 OBHREERK
DHEENE Ry Ry Ry Ry,) LT, BE%RE
AL -eaEOSFHERRIZ 2 SEDOLEERE D
FTHW .

ER O ii]

TR (Table 2-3) (ZED X GO N EWE
JRZEH ST A — & OHEFEE L Table 24 [ TR L
TRT, 220821 UL B4 HTET T4
OBOEFHHTOEBEREIL, X, = 28637 & 7,
= 42956 LiEE s, BHEREOHERE
(Table 2-3) 2 FIH LT, BEERRLEXBROHK
ARGEOEREER X LR X L)) bFD
BRNCHESETIBETd 5 (Table 2-4), BREHZD
RRICBIT D AFRERETL A (2 - 2250 11,
A=0731 LRHEEIN, BEVWOREWREY
BRTELR oz ehs, sk QBEOIE
AR LB SI) RESNEREY A
DEEED 3% LEBoRTnihnl et dhb
bhd. A OEEEIL, v, =25 ERIEER,
HEiZ, p,=0742 LIEE SN D (Table 2-4),
TERERRILF & AP E p, , (Table 2-3) (3
BIREHIN TV ZERRLTWA,

AEREREN A %ﬁ\hf:tt—ij‘:, P k D2 Iz
L ZIEOEE P OREREMMTER 2 1650)

i, §,,,=6000 & %505, WIELLE, p
Lp, RHVE Y, BEBLENMMEKYE, $.,=
4314 LIEIFE &N 5 (Table24), & 512, fE
L7- B & A sk 0 BoA R O B M
feruz, §,.,=1.043 LB, BEFHHETIE,
2 MEOREZLIRG D S OB HE ML (Table 2-3)
CRELREFBOONZVIEDNDS, §,5, 51
IZIEVEDE Sz, R (FRE 1~ R 3)
OB LIS, § ., =4500 %0,
BLTHA TRy 71 LT, BOERIZ
M LT4SEBEOMENE LD LBRTE 5,

FEa8 & =

CIR F\ L e MioE 2 (£ 16) T
&, 2L 2 BB R LD BT TAFHROER
P EEEE LY T LD, BHE, CIREZFD
b DOWTIE, EHRLPEHAKEIEL T L]
HEEARED H b, BAEMIZIE, Ots (1980)
12 & % 3 R Pollock et al. (1985) {2 & % 3 K5
WY 4% 72 )5, Udevitz and Pollock (1991,
1995) 12 & AR & AR Y — Rk LoD
INFTEERINTVS, RHEDEDEZ
MR A720120, BEE, SRHTHRET
LBWIIMES LD DEEZLNE, BADH
ETEIIBINTWRHPEEERRL T, fin
ORPHEREORAWEIZL Y, EHEOR
L EERETEL ),

PEHEOEZ HOLEKE LT, KEERE
RHETLHELBEGIMY LT, EE,
CIR ZE%EH L - KEEEFMOFFEEMNIC

Table 2-4. Parameter estimates for abundance of Japanese pale chub and Japanese dace with weir construction

Immediately During of after After some
Before Constructing after some weeks weeks
(period 1) (period 1 ~2) (period 2) (period 2~3) (period 3)
Abundance 716 ctb 28,637 ()f.) 8,637 ():(2) 8,567 ({2")
Dace 42,956 (YD 2,956 (1) 2,856 (¥y)
Relative sampling probability of dace to pale chub 0.731 (4)
Corrected number of individuals and ratio of dace 25 (y,yand 0.742 (p,)
Relative index of effrects [uncorrected] 6.000 (Sl 22) 0.750 (§2\3_ 2
of human activities {corrected] 4314 (3. <) 1.043 (.§2\3)

[total periods] — 4.500 (S,-)
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1%, Dawe et al. (1993) {2 X % Mary £ Snow
crab i, WE - /A (1995) 12X BT 2O
MHROBEEFBREINTVLICBE LW
Dawe etal. (1993) Ti, # =2 THEOHE D
KESIZESOTEEN L KEY A X% X &,
FEEEMRANEY L X% Yy L LT, Ricker
(1975) % Seber (1982) (IR SN TV B REIR
Bkt CIR AeBETTTHN LTS, 14
BNk (1995) TiE, I (k) 720Kk
PHOHNRLTVE V) (HH1988), WETLE
KRT IOV L BN HFOERIZER
LT, #£EM7% CIR FOFTETIE (81 5) <
L2 —HOEMERFNANTA - EEHN LT
Wh, RETIE, BERMICIIREOLFID
Wolzfool, BEEHEEL LT CIR ELF
BLTwWZWY, BEROKERFRTFE BT
LENTHEOEAL LTHEHLDDLELS
hz, LEERESCBEEAEEZIEETE5H
EHFECPREREORBLYBIZNEEE, B
BEEMERSZITTEL L, #0035
A= 7 HHEFETRICT HUENH 5,

BEIZ v 7L T OB EERIER
DEHREBEEDOSNDL ETHEDE o720 &
FrTN L TRER, KERRBITZEOMES
FiZBwThk4 2FRFHATAAS LT
o BlZIE, BEOFERMRONTITEHE L.
B & LT, Jinn er al. (1987), Horppila and
Poltonen (1992), Castro and Lawing (1995) 7 &
25 Y, M (1953) & Tanaka (1953 a,b) b 4E
WRAHLEL 2 S HEE S N AEFEROIEE OFTEICH)
ﬁLTw%OE%iyﬁA#VTU77TE¥

Tl BMEELE LTCMEzHy, Yok
:ﬁ%?é@ﬁ%ﬁWTé ETHH, HIE
DEOEHFEMTIE, AR BRIREL LT
FWHUADS, EBEHETHET L L AEORH

VARG L 2 VI b S KHFET S, TELR
DRI RE L B S B I BEN K E
FRIRL, MHEL QIIBIRSLEEE RSS2
EPHETH 5,

REZEEGREOENFEO-RLLT,
ﬁWE%ﬁﬁ%ﬂ%ﬂmLtﬁﬁﬁmm%“y
Vo T aEZ LI ENTEL, BIEFEMTE
BROBRNEH LB L T, NAHRBEEES

TTided, BAMNZREER(LS5 2 528 b
R METH S, MEFEHIIRIT
HEOWS, BRT A TORERRL &,
BALIBEREBRATI PO AFTEL, E5612,
RIEL B IR ORI Z B O IR CHR
ENTVWEZERL, FIEHTIIBEOIE2-
RGHOBHTE L, MEOHEDTEETH
n, NER - BANREEICI 1RO E VIS
HmRE L L T, REoRMMEICEE
TLAENOMT L EEFMITLLE D, B
GBI E B R LTAHATE

bo
REBEEHIRROBEERO LR, —fk
Z2HESHICHED . 2HSAEFA L /- HED
RS 7)) v 7, bl (1991) T
POERMICRET S, FOMIZd CIR FH
HEF 4 % O T Paulik and Robson (1969), #ikE:
BFEOHERE (CIR FOEIZHYLT S) Tk
Bk (1983) &dbM (1986) % ETH O ETH T
Wb, EBE, BET-sOMEICL T 2H
THRPEELEVHEEVH L, FOMEL L
TIEEE, T2 2HWET L7720 Over-
dispersion /X7 X — ¥ R HEESMIEANL, A
FOLOEUETLFHFENREIN TS
(Bayley 1993, 1tH - =% 1993, Kitada et al.
1994), TNE CTOKEGFMITFICBITHEE
EFFEGICIE, dbM - R (1993) & Kitadaer
al. (1994) 12 X ZHFEE BV 2% ER S
HEENBHEERIIONT, KX A — & 48
ALTEMIiL 72 b DREEN TV B, RET
& Over-dispersion 737 A — % 3b e h -7z
A, SBIDHMOREFHEE L BTSN,
FEREMEOWR (552 8) T, BEEE
THAHEBICREF RIT TR OEREE
FEEREH L2, AfEEEICEL TR, BiEAEK
B HVIEBMEE T AL LEFD D,
L rAETE R WREMOREE, BE
DL IAEHEMEEHEIES S EBELRVY, T
M2 D BMETIEH 5705, EEMEEELR
BRI TRELRV, 2512, HZHMWICH
ETH2DIZS, AEHERPREHEORE L
WRITHEENS,
NEREREPRECEASERICEEL R
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T o, BRER L RBEEICTERERRLF
ETAGETHH, RERNL AL, 1 AED |
B O BRI T Ebe B ThHEbEN
L (BzE, 2-1558). HEIMOBIETIE, 7
A OBOEFESRICHFLELTVLH (218
), A4 A HTRBORRA - BREOLKHE
MBI BB ST TLRBRICLTEETE S, &
SWLWRMIZBVTD A 2WETHIEHFT
X, BEFEMMERICBEZMZLZLNT
X2, 8512, 1AED | BYHO A IKEER
BHEOHAIIOFATHIIENTE S, IR
iE, mEDL 2 HAEOBHROEEEE CIR &
WEWHEEL T T h, KEBEFRET LM
HART (BEHA 1) Lt (BRHE 3) (DEAHRE
HERIGAEAE LTV v, BEBRAIZIBETD (Rl
) DHREFAELAFIFHEL-LT S, b L,
A= 1 Thiu, 452 olido ks
#RHLTC, ZLEOBMMEREZHET S
ZEMNTE DL, R (B 2~3) 1293 T
DFERRABRLEREENEORITH I L
FeTdH b, Hi L ERIEST H), BENER
F— Il L ABTRISHE SN S,
TERERE IS A EO BT (55 3 &)
Tit, BB OBLARBOHEEIZHET
HAERIRIR L LCATHEDON R AE T FIA
L7z, BhlEOEZem IS EL: & Tid, KE
B & R D 72 O BT S S — Y (2HE
EAND, FEEEWEITIACHAL, BT
BT LEEOBERREE=Y ) VST A
EWURETH L, 2L, AEETELCES
Z—TELPEPRBHICL - THRATH D,
HOED o7, B LMAESNTWERET
b, EREEEOHEESLFOREII OV TOR
FREFABBEEDOE ZARZITONL v, AHEIC
BT amfRHEpTd FT v TREICL 5E8H
EORTIZTHN TV DL (IR 1995, F4F
1995), EEEAROERNEHICIEE> Tz
Vv, HBOFEBBEAROEEFMLSHOKE
LIEETH D,

S5IE Index of Biotic Integrity (<
KD EFERET(E

NBHBRESXEISHEOBBEERICZEL R
iZTL, FORBEABREOMEMARIZLEIL
#b7:0F, BIETIE, CIR BTEELBL
REPEMNERLE L, 2 AMORERE
2T B A 7 B (i) BRI D THRES
L7ehs, CIR ECIEEHEi R E L TABZ®RE
THIEDE OBEFMITELV, 0T,
BRSET A \Z B 3 5 B O RS TR 4R
THELENSY, BEETTIIR, VPR
B roRs LThREREZM STV HHE
JeBwT, BEFMFEIRCEIN T
%, BEREOFMISHOAHEREHIIS
WU, BEBEMRFEL-EBERERICHTT
FHZENTE, RETEIHEREORLR#E
GHNCHEFFMT 5 Index of Biotic Integrity (IBI)
IZDWTIRETS B0

IBI 1% Karr (1981) & Karr and Dudely (1981)
WX o TR SN, ABMBRIRSHEIC L &L
L7 R ORISR BB MAEDRED,
BELEEOE, HBEOEHLEY) &, ABOF
b o TV HANREORELRET S
BENY»OEEN L BEFMIERTH L, IBII
CNEEE AR TS 2 A BEEMERE &
LCEFRSN (Karr 1981), HEOREN, £
Fedk HRBEOFEEHE LTOINHTE 5,

IBLIFTEFESBEETH Y, HIBMIELE
BT Ehn, BAET AU A EHOMI SO
SEME R L THBICER S Twb, IBI 2%
B a2 ERFRES & L TIE, Fausch er al.
(1984) I & B lllH 14 X (fif 4 &) 230K
A BT BB DS, Leonard and Orth (1986)
(2 & 23S 48 % (Cultural Pollution Index)
2KEIEE (Water Quality Index) & DB, #E
EEREETFHENRTWLDERERE DL
# (Karr et al. 1987, Angermeire and Schlosser
1987, Hughes and Gammon 1987) 7% &% %,
S5, BREFEDECRHEEDIAAL IBIIZ
BT TEEL IOV TH, WETHEHFAITN(D
73 Y (Angermeire and Karr 1986, Karre? al.
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1987), Steedman (1988) & # F ¥ DI ~D
AT TRERDT A ) H D IBI #AEIEL, A
NEZ DA & OBRIZE Y IBI OF 4%
2I50E L 72, IBI DFFSEIL Fore et al. (1994),
Minns et al. (1994), Lynos etal. (1996), Paller et
al. (1996) = ETHOR Y b, HEIZBWTD
BRLETTW5,

OARTHE, BIOL )\ CHERETRANIEK
BHMET 2 FREEL ST v, BEOHE
MR &% ARy - EREEMICHIB L €, R
Beikin (s, RKEGEEZ L) * EEMICEHET
BIFFREF AN Ohd D (FHe 1983, T
BRIBERABAE R 1985, HRtiNEMNE
1987, 1989, HEEMNAEXHKE 1989, #ETTL
EFFERT 1990, BIRTRBMRER 1992, HARH
RIREN 2 1994) . EECIZVDW A IBEZELY %
AR L2Z-BREFMTETH LY, Zhdofse
WELTOAEOEAIRIZEHMERIZIT
BoTwhwv, @, KEOEEEWIZIE, M
W, HAEHY, 88T 0 by, BEE
W, BELEEFRTABAEFIILALTHS
(EH 1964, T 1977, HAKEZES 1982, &
My 1983, $ETENIRRT 1989, HABAKR

E R 1994) . ANBKRBERE O LYK
e EHT, HEAOREREICHT 5 28
FEVPRE Lo BB, HMEBNLAE
HMOER, BEOSRBEOLIEE, BBHE
BEOBEMES, RS> 7)o ryHES
ZENHDL (REBRERERHKEREE
1987) 6

AETE, FNETICE TS PFREBICOE
AW RER BAOFERE L HEMNIZFEMET 5 F
EORB LR BIEE L, IBIO#EZ K %5
fliFEe LTRBL, ABMIRENECHET
B I E TOREFMTFE L OMESE LB L
T (1) [ERDT A HRHFFDIBIIC
EHLD s, BAOEAFEOBESMIZSS
bLWIBI #BEL, WNAEHEEIRIZTE
EFfiedT o7z GE28) . EFNGERAME L
T, MEHRHIZBITE 720N T~
RIS R TR, BT O Bl #EN L THE
L7z &512, IBI E@IRBAO T HFIE &0
BRICOWTET ORI ENEE 2z, %3
HITIKREDEREL T 72,

Table 3-1. Assesment methods of effects of human activities on biotic community and its relation to IBI, Index of Biotic

Integrity (modified from Yoshida 1983)

Relation
Method Content to IBI
Index species Assessment of occurrence species on specific human activities O
Dominant species Assessment of dominant species on specific human activities O
Number of occurrence species Assessment of number of occurrence species O
Number of total individuals Assessment of number of total individuals regardless of species O
Individuals composition (ratio) Assessment of individuals composition (ratios) for taxonomy, tolerant and O
intolerant species, etc.
Biotic index Assessment of divide number of total individuals by number of species X
Biotic index Assessment of relationship between (A+2B) number of tolerant species (A) O
and intolerant species (B)
Pollution index Assessment of calculated indexes from occurrence frequencies of index X
species and condition indexes of human activities
Diversity index Assessment of community diversity indexes such as Margalef's d, O
Shannon's A’, Patten's H'N, etc.
Living index Assessment of calculated living indexes from environmental indexes, etc. X
Bioassay Assessment of activations of specific organism for oviparous ability, x

growth capacity, metabolic ability, etc.

O, presence; X, absence.
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E18 RIRNEEHEFMFA

KEFRKEFE, EPERCEEEREDRS
COMEFETARIN TS, ABHREK
FIEET 514 L EMBEOTMTEZ S Hy
(1983) DAMFREF: I HEHL L T Table 3-1 127K
. FHe (1983) Tld, EWRESEOBELN
%, 25 EFEOBETHEASFREICEREN
Twa, EWIREETIE, BRICETEENM
GEBERRNAHETELZENBEMTH L,
Table 3-1 DT, £& L THELSNOEYEE
BILEH IS TWAEENRE N,

B A DTEDEY T F My (1983) 1T 505
wYs &, Twmylmﬁﬁimﬁfu Hois
EDONBWRIEGE ST I NHEINIT
5&%&%&%Téo§£ﬁ&Lwaé,%
HEEORESEICESNICERT AEENR
ET D, WMHBEETIE, ABMBREGELEH
EZL L EEEFRLTA L IIREICEDE
M 5, BEREETIE, EPHOERKES
TR L LW LGB TH 5, WAl
FIIEEEYOFMcFFAIN TS, 2 EH
@ Biotic index b EA AW OFFMIZFIE S 1, B
BEIEIZE > THEFNFRFMEELSELR B,
Pollution index CI3¥&iZHE & FFMARE % BRI E
L GHET ALEDF D 5,

SHEFEFE R B AR BE R CIR A & 41, Table 3-

ZHY L Twas b okldich, HTo BE
¥, Simpson ® D $5%L, Mclntosh DFEE % L8
£ OEMHREENTWE (BE 1974, KT
1976, #2E 1980, KRit - ®KH 1989, /#k
1995) . KEHER ERERRIC X 2 EASY R R
[ A = T ) RO AL ot SR 8o
SND (KIC1976) BEEMEASH L Z & I3
BIZE S TORESITERIEEZRLTED,

IZERERBOBESE VY, RERE
MRIFTH D L2 BHRT 5, AEBEIISHEH
ORBERZFBLT, 7527 &R
KA M+ A HiETH L, EYTIEIEYD
TEYE (IRSEAERE - BOHAE - AABNEMER &) % 3H
5, Table3-1 DFFL, HEOHEERFED—
HEeEMTsL0THY, FMEOHI Ab&

TFREZFFTELEND D,

IBI & 2 COFMFE: & DBIE b Table 3-
LWR LTz, IBIC X BEHMIE 2 E TOFEA
BELHTrw, BREMEFFMTEL LTLE
SFAEZEHTEL, IBIOEBAFHABIEE 2
THHT 2P, BFICEMERR R CORE T
TIRAEREREO—F LM ERTE RN L
o, HBBEHCHREABICNA T, AAKMER
WEDIEERLELE, KT L OBEAEHE
W &, e - RSN ER L R
BATIBI TH 5,

28 REERMFOME) | IFRIROFHTH

=N ]
Yn—7oy FEEE S S — (1993) BEO
DAL o FEZFAEE (1990 - 914 ) A
HRERITAEF -7 & LTER L7z AKX
AOESFEIEREAMNBFFEEE Y, H
REEO—# - AN EHFELT, £YD
EE - EFEEOHNBY BNICERIN TS
(RBA NS TEAE 1993) . AL 1990F 7
Lithn, PAES B4 1 HE EOoSRNRAE
PEBENLTFETH D, EWertRL+5H
L LT, BEOMICEASY, Y, &
|, WA, emiE, WIE, BRLERREL S
FREEN TV S,
E#RABEOEMINOhh S, Birdds L
THE T EZRVERTL 7 20—HmIl%
Y EF7z (Fig. 3-1)0 &4 D@NNIEALA SRS
T, NESAZEN, IREN, AN, P,
ZE, BRI, BEHIFMEYT S, RETK
IBI 2B A1287-0, SNgEoagEM, o
R, BB (AIROBERZE) " TES
BUEUST A L0, WINETEETA/HED
XM EFRE L, SWI%E CHESTHE
LEEEC& % L 912, W25 40km L ET
DX (T ~hiBictiL4 %) 230 R E
L7z (Fig. 3-1 D K#) o

gl osEREZE L LTERE (—Ho
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f
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Fig. 3-1. Location of the seven streams in Kanto district.

W TR ET S &) TiIThh, 19904F
T~12 FE i CAR 2 IER SN, RAEE
RICELTIE, BMEOXBMPEENICLLE
AL LT, FEXEOREREERDL LK
B2 2 L HTETEEL 2~ 10 AT DE SR E R
i, RECBERFEmIOEHAEL LT
FHIN, —EOMITRsE@BLEbFES
NTwb, FANOREZHEIZEETD D,
BAEATEL L AT S EIC I IAHBRR IR
bhznwZ lhs (r=0459, p>0.05), #AE
ELTBCRERNTEOELET— S ICKRELE
HArRkiZLTwuhWwI s RELZ, AEHE
T 2B EIIRHEO v 2 TV (BRE

Nk

FINRGKER 1993) ICHH STV 5,

A X B CHRAE S N OB L F ik
B, BAEOBRLED 72 (BERE) &2
BIZ Table 3-2 \Z/RT . IBI TldAEOEYF
B - BT ERIR L/SEm A4 2 &
5, FH| & L TR & S8 % RLH R Tables
WZHRRE L 7o IHASIZ AR 31 FE, 1990 Mk
DHERE SN2 (Table 3-2) o MEARATH - 72
DIFTEMNTH Y (165), B/INTH - 72036
FHEELNTH o7z (95, BHREIZAZEN
T % (502 ), B2 ks ARk
b Dhhod (136 k)., BLEEIX7 2
Plecoglossus altivelis %% 3 2O 1| (AZENI, BB
I, BN THBLZ, BB, BEEIOEY
THOREELATIE, BELAEIRESIL
A, BEABIIFOBICERT LI L LN
e T = hOHIR L, BEAEOERIZH
LT, BRINNTINAEOEM Y 3@ L H2
L, @INEEOFH 3 IRFN) ~13 8 (h
N &H o7z BEEIZEINIZB T A8
D 1% (BEEND~70% BEN) 25872,

1 ithFI A

ELHEEERITO 20 550 1 B E 55
G 1 WK #FAE LT, JRaIN0+F A
KRR L, AEENETEOZTIN D IBI &
ANEWIRERE L OBROFMICEHT 5. 20
o1 #8251k, SFEXETSLET S
WG 5 O B EH (FRR, M, kAR L) &

Table 3-2. 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)

Number of Number of Dominant species
Stream species individuals (individuals percentage; %)
Kuji 11 502 Ayu, Plecoglossus altivelis (48.0)
Naka® 9 216 Ayu (33.3)
Edo 16 309 Stone moroko, Pseudorasbora parva (18.1)
Naka? 15 318 Crusian 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

" Naka locates in Ibaragi and Tochigi Prefectures (b in Fig. 3-1).

? Naka locates in Tokyo and Saitama Prefectures (d in Fig. 3-1).
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Wil (L E0EYEE# L L) OHEL,
550 1 A 51, FXEOMRE G)lo
R L EBED S 100 m BLA DR NH) 1233
VT BEMEDH (I, B, R8, B L@
WEEHORBERARD) BEL L, 22T
O iElE, FHMEXE ORI S S R
RECOHEED, AR EERE FOMm?-
THEE R CREEL 25 X0 RER L S
RICE - THENHTIFIET 5,

a ol g B

NN—7my PR L 7 — (1993) I2ETW
T, MHEA (Fig. 3-1) OME L MBI TR
WiRY o 7 2O NNIB RIS O EE 5 —#al
HNThh, FTNTRFEMSHOL DD, @
B L TWNFIROF FRRIL, FhEnml
TEIKRECRL Y, FICTTHR~PRBIIBW
THFDEFE LV,

%) WER, KBE, HAREOCREICH
AN (BEE 1022 m) 1I2KIET b 2o I
BEE OKkE,»SMOE TOESE) (3124 km,
AR O EFE I 1490 km? TH 5, FIAKIZE
ERAE LTRSS, @A S 25
HHLVIIHBEEBL 2 THL LR, KEE
RIfTH 5,

BRI)1| : HAREOIETL (EH 1917 m) 12K
EE Lo, MKEREIZ 150km, FIKEIR G 3270
km> TH 5, JHAKIZEBRAK, LAEICFA
ENTW5E, KEIT ERERE R TR
P, THRBTRERICIZEASETFEDLN
%,

RN REBENORIBIN L D 5RT 5, R
BRUER (L 55 km, FEBEEIL 200 km? TH S,
ke (FIARI & D5k fTE) OKERZ BT
HDHY, THBIZELL VD, TiEo¥k
WIZEENFREL TV IFHNEL, BHORE
FELTW 3,

il BERICEERT 5, WRERT 83
km, WIREREILZ987Tkm2 TH Y, FINDE 1R
TINTHHHEENORBERIT 47 km, WHE
BiL 174 km> TH 5., AN E S IZKEPEA
L, EHNFLEZEN TS, B2, BEINTHER

ADOEEFRELS X UTHOYKSBH 2 %8 %
HoTWEIHKREDHHRIE Ly, RftED
EHRMIIIER R BEEHEE L T aEH
T T ORBEEZRL TWa,

SR BB OSEUL (EE 1941 m) 12K
FE Do, HKIELEI 138 km, FHEHIFEIL 1240
km?2 T 0, AJIARIGEFHAKICRR ST
bo KEXBEHFREFSALNDA, BALHHE
ELRBTAERD D,

BRI BERHEIckEEL b0, HBERR
42.5km, WIREREIL 235km? T b, @K
BERK, TERKIEFRHIATVS, K
BiEHEERFELL, FERICELL TS,

B LWEER - EFROBRBEICH L4
(FE# 2685 m) 1ZKFE% b0, MEBERIT 128
km, WEIKEFEIZ 3990km? TH Y, WK EE
AXKICRIAS T2, KEEZRBHMEFTS
5o

g H &

fERD IBI

Karr (1981) A5 L 725tk D7 A1) 5 O [BI
DIEH % Table 3-3 I T RIEHIIANED
A RREEEE T IFMT 5 2 HE THR S,
£AOHBIIBEOEE S, BN, ERRAE
BOMEE (NBIBREREICEET 21815,
BORENLR EOBEREY LD, IBIDFTEIIHE
THY, AET— 7P LLEE T 5EH
Ex ke, FOERAMEDSTEROMBEEEITI
bODRLNEIZS 3 - 1 DFFE %52 5, IBIIIFFE
B3 DT LAcHEE oA L,
ORI HHEMPEEOMA, BERL
EERBEIIHEEINTY S (Karr 1981),

IBI TR EICIE U C AR O BTG 2
BAEILHNTEDL, Table34 IZRLT WA LD
12, BRI 6 BERF OB RE SN TR,
=15 5. 2 S NEZ Excellent, Good, Fair, Poor,
Very Poor, No Fish 534153 5 Excellent~Good
R Good~ Fair (Table 34 D E~G % G~F) %z &
DOHRE 7 HEESFFE L L THET %, IBIDG
HEARWITIE, AEEEIIAENE GRELE)
L BHEN DL, BARIKEORE I
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Table 3-3. Metrics of classic B/ (modified from Karr 1981)

Category Metric

Species composition - Number of species

and richness - Presence of intolerant species

- Species richness and composition of darters

+ Species richness and composition of suckers

- Species richness and composition of sunfish (except green sunfish)
* Proportion of green sunfish

- Proportion of hybrid individuals

Ecological factors + Number of individuals in sample

- Proportion of omnivores (individuals)
» Proportion of insectivorous cyprinids
* Proportion of top carnivores

- Proportion with disease, tumors, fin damage and other anomalies

Table 3—4. Assessment class and attributes of classic IBI (modified from Karr 1981)

Class 1B/ Attributes

Exceelent (E) 60~57 Comparable to the best situations without influence of man; all regionally expected
species for the habitat and stream size, including the most intolerant forms, are present

with full array of age and sex classes; balanced trophic structure.

E~G 56~53
Good (G) 52~48 Species richness somewhat below expectation, especially due to loss of most intolerant
forms; some species with less than optimal abundances or size distribution; trophic
structure shows some signs of stress.
G~F 47~45
Fair (F) 44~39 Signs of additional deterioration include fewer intolerant forms, more skewed trophic
structure (e.g., increasing frequency of omnivores); older age classes of top predators
may be rare.
F~P 38~136
Poor (P) 35~28 Dominated by omnivores, pollution-tolerant forms, and habitat generalists; few top
carnivores; growth rates and condition factors commonly depressed; hybrids and
diseased fish often present.
P~VP 2724

Very Poor (VP) 23~ 1 Few fish present, mostly introduced or very tolerant forms; hybrids common; disease,
parasites, fin damage, and other anomalies regular.

No Fish 0 Repetitive sampling fails to turn up and fish.

(BEFREREINTWE) 2E2E®RT S, AF
FRLDETHEYEBROBESEEICH
X, BRBEL L TERTWEZLEHObT
(Karr 1981) , Table 3—4 {213 Karr (1981) {ZFEaR
ENTWHEHREOHERTOVTHHEL 7.
IREDE%

AETHE, BIOHRERE L T 2DMER
b2 10 HHE %8 %E L7 (Table 3-5), %4 Dk

SCHBE, TAVAIDOIBIEFBELYFID
HZ5#E L 72 Steedman (1988) @ & (2 #EHL
L7z, Steedman (1988) TI3THH OHIEE =B,
HECTHESNTWAABOEFERHEXHRZ &
EOBAEN A S, IBI % MR AR T 41213
KNZBEL L AHREFEFITH S, 612, H
BOAREICE L T, AEOREFECHER (B
RENSEAKE 1993, -7 o0 PEfEE
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Table 3-5. IBI configuration adopted for this study (/B = sum of scores of metrics)

Score and scoring criteria

Category Metric 5 (best) 3 1 (worth)
A. Species richness (D Number of native species 2/3*range" 1/3*range Less than
(2) Number of surface species of cyprinid or to
. . . high 2/3% 1/3*range
(3 Number of sub- and benthic species of cyprinid _ ugper  ZbTramge 7
B. Indicator species (@ Presence or absence of intolerant species Presence - Absence
(8 Individuals percentage (%) of tolerant species Less than 1/3*range 2/3*range
C. Immigrant species (&) Individuals percentage (%) of immigrant species 1/3% to or
range .
D. Fish condition (7 Number of death accidents of fish from 1987 to 1990 & 2/3*range higher
E. Trophic (® Individuals percentage (%) of cyprinoid insectivores of cyprinid 2/3*range /3*range Less than
composition (® Occurrence site percentage (%) of herbivores as ayu or to 13
. range
F. Fish abundance a0 Catch per one shot by cast net (i.e. CPUE) higher 2/3*range

" Range = maximum - minimum of data in metric.

Y& —1993), AFEOEWFEN - AEENER
(45 1976, JIAS 1980, JUIRER - KE
1989, 7KEf - % 1993) ZE LT, BAOH
JEERECSSDLVAREZHAE L, BF
BHE*DTICEHRT 5,

SA HBOEEEEHObT 3 ONEBAI
IoTHEINE, BOZ SIT@EIZ/OLH
Hrdbobl, A LBEFEBRTCELILYE
BIRT %,
HEOOERAEY  ME# A OB T
HEDSEEIERIN TV LAEI TR E R
%o
JHEHOOWEKEER - BWkEER (F & LTl
DFB~RBEIELT ) ofREITEL, H
EOBRKEEOF TR OBEEIFE, T8
Cyprinidae D/ LY v 2 8i#} Danioniae & 7 7 A
HEl Leuciscinae \ZB T A% HW\ /2,
HHOOKE CREAE) SR | KL - PERAEE
R (E L LTHloFB~KRHIcERT )
OEEILTIREY, BikE (HEOQ) L FEE
12, I A I A B Sarcocheilichthyinae &
#1 <7 71 E#} Gobioninae |28 S M & L & €
775

=B ABMBEEUE RN RCETRT
e RAHRERERAKERET 1985,
R AERZERT 1989, #HAS 1992, KRR
BrEZAS 1992, M4 - B 1994, WH
1994, HAGRRERHS 1994) 5FIET 5o

HBEOO 55 RO M | BRI D Ty
{, BERMLV Y FF—% 7 v ZIZEHE S L T»
0 (RET 1991, FIHES 1992) B &L UK
M4 N 3 Lefua costata echigonia, A} Y
A Lampetra reissneri, ¥/NF Pseudobagrus
aurantiacus, 7 713 Liobagrus reini 72 & D i /&

ELTORENLE L STV AT (BB - K
B 1989, #4 - AU 1994, #H 1994) FHFIE
37z,

EHAG i OB AR (%) @ —#iIZK
BiEE (FICHEBEE) OFLVKET, &
ERCAERT A BEEIY LT (HEHER

R e R AKEREH 1985, MEHAEH
TR 1989, AKREELE R H R 1992, AARHEA
RE#EHS 1994), €7 T Pseudorasbora parva,
7 +# Carassius spp., N3 3w Misgurnus
anguillicaudatus, 7 ¥ ¥ Gambusia affinis *H
W7z,

BXC . BARICHETIMETH B, SHED
SO THEMFEND L, AAEMIZBRAZIHRE
BLTWAEET, BEDPERRENLIINT 5
BIEH RO T, ERAFEOFHRLEDIT
ZepmenTwd (JIIES 1980), AHT I
) —RIERAEFHOBOREN (BExlD D) 12D
MET 5,
FHHOOBABDEAIHME (%) @ SHEEAE

#ILE L, HERETIEBEM mIKRL
E A LAE (bR 1955) v 7o,
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BL2D  foReEMEH 5 b, KD 1B
TdmE, FEA, BUEALR & OMEBHK
BHwLNRTWA,

HEHOD 1987~904F (4 ) D BB HIL
OREG R I sEoBREMICET
LERPREEIN TV W, HEETER
ODREHFHTRA Lz, AEIBEETLILIO R
ERRER, BIIEENLCEZEYRIZL, &
PR Z S OEEDHFLEL TR L T D,
REAHEYIREL L CTHORKES L
ENLFMT 22 00HE2HREL,
EHE®OBHEMEOMAERHME (%) : T4
@ % EWT 32 Gnatho-pogon elongatus, &7 1
Sarcocheili-chthys variegatus, 71 71 Pseudogo-

bio esocinus, =3 A Hemibarbus labeo barbus %
By BV, E#EOEREEICE D 5 EEEMR
(%) %KD=,
HEHOOMY (55 EHEOREE (%) . 72
PRESCTHEESOLHEE (%) #3ELT
vz, 7CB L CIEIBGRIC X 288K &
VAT RO THRGERER ST\
N FZE, AZNPHRIN % L) TE, Kk
EXZWZETHHONTVE, AETIX, 7
IDORRIZ L BEBEILHENLDEEE L,
BF . AEEEREIOLTHETH A,
EHHOD 1 #@BU44- Y OWEEEH . CPUE
(Catch Per Unit of Effort . BN %)) & 72 ) IREM
HE) BT b,
A%

HERD IBI TiE, BHT— I 26BOLNEE
HEOFEWE I LT, —BIENRE:EOH
R, BB EICEDNTS -3 - 1 OFESIEHEN
BESNTVE, RETE, KEWiobTto
FXE A AT 9 o472, BTN ROfAET—
¥ L EERNICHEA L EAMNMELEEOR
EF— 5 2RBIEDNTELRVD, KDL
GIREIETE, BT -2 2RI LA
# % 3 E L 72 (Table 3-5)

KLEDHEHOEHNEIL, BHEITORL LE
EUENEEREIIG R CALEEORE &%
EHBICREL Twa, ZIIOFEXEIEA
BRHBEBEUE RITE, T XRTERBRED A
HEYEHSELI LD TETH S, T4,

SHRFNOEAED TN & F/hO#EFHZ 3% L
T, BEXEICLIBEIVNE L, BRIIKE
DEEITIEVTT (Table 3-5 D best) 2 SMEIZS -
3-1%527, HH O~ L®~W 3EHH
PREVIRE, HE O~O RBEIEIVNEVIZ
&, NBMBREREIC L 28NS L
KEW) ZerERTS, HE O KELTO
A, [ERD IBI &[RRI, BREOHEIZDOWT
5-1%527: (Table 3-5), T _THEEDFEL
WS E B &) LHEE, EBICAHOFEN
b o TWHRWEHKRNRKEOHE L IFEWTIN
VA, IRANIOHTIIIBESEIZ L 5 2%
HEH /NS, HEDORL TIIERIINEDRE
BIZRIIEVWDIDE LTFHME RS,

3 i

AMHNGEB I OEMMES LT, fFHMEXEICH
5 2 [OREHFEE 1 DIZB4A LT Table 3-6
CEHLZ, FSEBOEIMEZINIZE > T
A ThHb, M—, HEA @ DFSMHHE=EHT T
DFNNZBWTRESI N Lo, 861, &
HBHOEMEDNEMN L7 4T\ (Table 3-6 DA
I7), Kendall DNER AR ¢ %518 L TH
H B O % 554l L 72 NERIARBMREL « 12 &
AT H M OMBTTYI % Table 3-7 12783, JEAZHH
BTN ETC L, HAMIZIZIZE A SHEME
BRI D SN o 72 (Table 3-7), HHODH
T PEAE DR RS L HE @O A O[5
HLRRTHZIEO BB (r= 0.714, P < 0.05) #°
FET AT TH 5B, HHOOGSMEREIZ DWW
T, EREIEH L 2V oHBREFES
Nhdol, FEB BT, AT L izE
EEHMPRL B EERLTVES,

RO FNEHEVRS 72T 11 517> IBI % Table
3-8 1R T o & 10 THE OFFE O (50 pii )
% IBl X L, IBI OFHMEIIT T AR EDIEY 5T
12T id Karr (1981) D/ (Table 3-4) 12#E
W72, REHOFEIZ, HEOOWMEED
i & HA@D B AR OBE ARG % BT,
TRT5-3-1 DFFHAHPE 2 517 (Table 3-
8)o X IE, HEOOERAEETIE, £l
FRKELZ-7-0FEE) (1158) THY, &
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Table 3-6. Data (ranks) of metrics on the seven streams in Kanto district
Stream

Metric Kuji Naka® Edo Naka? Tama Tsurumi Fuji
(D native 10 (6) 6 (3) 10 (6) 8 (4) 11 (7) 10 (6) 9 (5
(@ surface 2 (6) 2 (6) 2 (6) 2 (6) 3 0% 3
(3 benthic 6 (6) 33 8 (7) 5 (5) 4 (4) 303 33
@ intolerant Absence (7) Absence (7) Absence (7) Absence (7) Absence (7) Absence (7) Absence(7)
® tolerant 23.3% (5) 13.9% (6) 39.9% (4) 82.1% (1) 50.9% (3) 79.6% (2) 2.2%(7)
(® immigrant 2.8% (4) 0.7% (6) 15.8% (3) 76.1% (1) 1.8% (3) 8.6% (2) 0.0%(7)
(@ accidents 0 (7 0 0 (7 4 (5) 2 (6) 6 (4) 0@
(® insectivores 15.5% (5) 22.7% (6) 10.3% (4) 6.0% (3) 23.6% (7)y 0.4% (2) 15.5% (5)
(® herbivores 90.0% (7) 60.0% (6) 0.0% (2) 0.0% (2) 17.0% (3) 20.0% (4) 50.0% (5)
{0 CPUE 2.68 (7) 2.23 (5) 0.96 (1) 2.33 (6) 1.33 (2) 1.88 (3) 2.02 4)

! Naka locates in Ibaragi and Tochigi prefecture (b in Fig. 3-1).

> Naka locates in Tokyo and Saitama prefecture (d in Fig. 3-1).

See Table 3-5 for details of metrics.

Table 3-7. Kendall's rank correlation coefficient 7 matrix between metrics calculated from ranked prescores

@ surface @) benthic @ intolerant & tolerant (& immigrant (D accidents (& insectivores (@ herbivores 19 CPUE

D native 0.095 0.238 -— -0.190 0.000 -0.143 0.048 -0.143 -0.381
@ surface -0.048 -- 0.286 0.381 0.238 0.524 0.000 -0.095
{3 benthic - -0.190 -0.476 0.143 —-0.048 ~0.333 0.000
@ intolerant - - - - - -
& tolerant 0.714* 0.619 -0.381 0.381 -0.048
(& immigrant 0.333 0.476 0.476 0.048
@ accidents 0.333 0.286 0.048
® insectivores 0.238 0.000
(@ herbivores 0.571
*, significant at 5% level; ——, no data.
INE T2 o T2 DGHRBIN (67&) T o7z, Table3- fifiid #7512 % B3 (AR, FREI, &N

SIZREVFE R B2 R, BHROLWIEIZS X
HEEN, AN, TENI, B, 3 A8
eI, 1 EARENE 2 -7, HEO@QD
7 1ERS G EREOLBETRE, 5
BEDAZEN & IREN, 3 mAE LN, 188520
o 4N L o7z, HEOOFHHMHEDOA
TiE, SMNFE—OFFSE 1 M5 3 iz,
KN O BT LB ONEMIZE LTI, A
O IBIMERKE %Y (IBI = 40) £ OFHiZ
Good, RIZIRFI & E-ENTIBIA 36 & 34 &
%) Fair, {LANEEENNEIBIA32 £ 30 T
Fair~Poor & 7% -~ 72, IBINER/NE T o 7-DIiEH
MERBNITHY (IBI=20), 3T 5FHMIE
Poor~ Very Poor ¥ 7 - 7z (Table 3-8) . IBI DFF

T5 < (Good 75 Fairf8), #iizd B (L
I, ZEEN, BRI, dl) TV (Fair~
Poor LLT) o #TCH A I TIEEBIZIHE
O EOREKER I E <, HEHODE
WEEEO BRIV /20 (Table 3-8) , TIHE
BOFEEH 12 A EAOBE D LAY, IBIOFE
iz TIFEHO—2TH D,

RIRIME E DR EN

IBI I NBMBRURUOR ICE S k4 B
L Tv5, IBI & BRI 2R B & ORIE
MWEBRT 5720, ZAIIOFIRALHBEO L
A R DV TET OMEI BRI 21T -
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Table 3-8. Scoring metrics (data) and /B! with class on the seven streams in Kanto district
Stream
Metric Kuji Naka" Edo Naka? Tama Tsurumi Fuji
(D native 5 (10) 1 (6) 5 (10) 3(8) 5D S (10) 3™
@ surface 3(2) 32 32 32 5(3) 1 (0) 53
@ benthic 3 (6) 1(3) 5 (8) 39 1 (4 13 13
@ intolerant 1 (absence) 1 (absence) 1 (absence) 1 (absecne) 1 (absence) 1 (absence) 1 (absecne)
(8 tolerant 5 (233%) 5 (13.9%) 3 (39.9%) 1 (82.1%) 3 (509%) 1 (79.6%) 5 (22%)
® immigrant 5 (2.8%) 5 (0.7%) 5 (15.8%) 1 (76.1%) 5 (1.8%) 5 (8.6%) 5 (0.0%)
(@ accidents 5 5 5 (0) 1 &) 3@ 1 (6) 5O
(8 insectivores 3 (155%) 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%) 1 (0.0%) 1 (17.0%) 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

) Naka locates in Ibaragi and Tochigi prefectures (b in Fig. 3-1).
> Naka locates in Tokyo and Saitama prefectures (d in Fig. 3-1).
See Table 3-5 for details of metrics.

35

25

| (a) Forestarea %
in watershed

IBI, Index of Biotic Integrity

15

(b) Urbanization %

in riparian area

0

Fig. 3-2.

20 (%)

Relationship between /B! and land use [forest

area % in watershed (a) and urbanization % in

riparian area (b)] on the seven streams in Kanto

distri

ct.

oo THIFIHOEE L LT, om0t
WAFAEEZFIR LA, BEHiEE LT, T4
FI T 5 % )1 RS B VIZIRE I D 8 &
(%) \ZHE L, IBI & ODREFICDVTHES T E
272, BOHNZHBREOF TELEVLD
% Fig. 3-2 12T, #R & LT, BT
OIFHEREDEIE L IEDOHBMEEY b 5 (Fig. 3-
2a), MR BT 5 IEYFEEBOEG L IADHE
%R L7 (Fig. 3-2b),

B, ENZIZBVWTIEIBI OZYMEIZHET
A E 0EfMamET e LT, fEEEOE BT
OBEERNEDBREHET 5, WEERT—
YHEBENTW LI ER 2 BIidR
L, IBI 20 - EWT— 55 7% 5 1 F
H, sy, KE, WRWERE: OMER
%, Generalized Linear Model (—f#&{t&EE7IL)
R LT 5

FEIH B =

KED IBI XM & O BRNBE I RE X
n, ARGEBICEB AL R VITEE & AER
%R L7z (Fig. 3-2)0 IBI & 1 HFIH & B4R
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Steedman (1988) TEEMlic#ET s TE D, Ml
Fd R TR (2 B30 B FRARTE R & O, IR
BT AETEE: IEOREBRE IO
E, RBRLEBOERESBONTVS, 25
{2, Steedman (1988) XRE 1 OBELRT— 9N
fiii 248, WA HOREANERERIZER S
EELEOIRERICE > TEZ Y — (B % FH)
TELEFEHRLTVAE, KETET— ¥4
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Table 4-1. Major statistical methods available from GLM, Generalized Linear Model and relation to application in chapter

1V (modified from Dobson 1990)

Response variable

Explanatory Nominal with more than two
variables Binary (qualitative) categories (qualitative) Continuous (quantitative)
Binary 2 X2 contingency tables; Contingency tables; log-linear t-test
logistic regresion; log-linear models
models

Nominal with more
than two categories log-liear models
Continuous Dose-response models
including logistic regression
Some continuous and  Generalized logistic regression

some categorical models

models [chapter 4.4]

Generalized logistic regression; Contingency tables; log-linear  Analysis of variance [chapter

4.5]; quantification theory type I
n Multiple regression

n Analysis of covariance; multiple
regression [chapter 4.3]

!+ Data involving a nominal response variable with more than two categories and continuous explanatory variables are
often analyzed by redefining the problem so that the roles of the response and explanatory variables are interchanged.
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Y ,=0,-1+0,-0+¢

1 2 @-3)
Yo1=60,-0+0,-1+¢,,
Y,=60,-0+8,-1+¢,
=0 +¢
Y,=0 +£i

' 4 - 4)
Y1 =0, + &4
Y;|=02+5n
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DIEE R ZEH OEBMEICH T LRI,
BBria Table 3-5 (CHEHL L 7, AUERIMERE &
LTI, #4487, vr4, a4 - 7FEFY
TF, XFrTF, Fraug T, 7HEM
fE, ¥ ¥anliat), TIOBEERERA
L7zo 4 I BMKESREHERERET OB
¥ - EREAEKIMERICOIBEEN, KER
B LCHBAMEOBEVETH L, BT,
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[Saitama Pre.]

[Chiba Pre.]

Edo

Fig. 4-1. Location of 30 sites on the 24 streams in Tokyo Prefecture. @, site of fish sampling and environmental survey.

Table 4-2. List of attributes for fish population indexes (response variables) and environmental factors (explanatory

varibales) on fish habitat

Unit Analyzed
Variable (category) statistic Attributes Data citation
Fish population index (response)
IBI, Index of Biotic Integrity Score Mean" Quantitative )
Fish Japanese pale chub Individuals Mean Quantitative . .
. . L Report of fish sampling
species Japanese dace Individuals Mean Quantitative .
. . . . . and environmental
Cyprinidae, Cyprinus caprio and Individuals Mean Quantitative .
. survey published by
Carassius spp.
. Lo Tokyo Prefecture
Ayu Individuals Mean Quantitative
Total of the four fish species Individuals Mean Quantitative
Environmental factor (explanatory)
(D urbanization ratio % No treatment? Quantitative
@ country ratio % No treatment Quantitative Topographical map on a
3 forest ratio % No treatment Quantitative scale of 1 to 25,000
(@ revetment ratio % No treatment Quantitative
(5 BOD, Biochemical Oxygen Demand mg/l Mean Quantitative . .
. i . L Report of fish sampling
(® odor intensity None; a slight; Mode® Qualitative .
R and environmental
a little; somewhat .
. L survey published by
(U transparency Clear; muddy Mode Qualitative
Py i o Tokyo Prefecture
& current Suitable; none Mode Qualitative

b Mean on site from 1985 to 1993,
2 QOnly one data from 1990 to 1993.
¥ Mode on site from 1985 to 1993.
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4 BRELSFTOBERLERAT 5 (Table4-2),
REEA

B er 2 12T A A RIS ORIBER
LT, STROBEMNERE 3EOBENERN%
HUY EiF7: (Table 4-2) . BEHERIZIE, OF
YFERTEE (% THERICSOL86),
O - BHTEREE (%), OFMKEREE (%), @
R (), GBOD (mg/!) %A L7z, HW
FERIZIE, O@F KRR (BR - #E-HE -
B EERHRTIC RO AT ) ), OFERE
(BVvs - Euvo 50 cm BB &R, ®kodn
(Y - ML AREARARSE CRIER &
MR &AW, O~@IE B> S5 L 72
EZRTHH, O~CIZTHFAARKK, QFAL
BEmODRBRNE DS bT, &~@UIKEE
WALEREENSTIHLZBERNTHY), &~
FAE R, ®RHREERT S (Table 4-2),

bzl 7

F—5

AT SR 7 — 7 IR ERO LD
AT 5. R OABROFAEER HARM
LCRETRSL O TEBEWMIBR 2D, &
SICHEE D S FHEAR - 2 ER (O~@) &%
HTEIZ 1 DL AFTERVADIL, BT
AT 1985~93E 0 IEH DT & 5
Wi EE (REE) #RAT S (Table 4-2),
IBIZ DWW TS T2 EEHA L7
ZIHEOEHMEIZ 9 FEMOFHEZRHAL, FF
(5-3-DAFICELTY 0 ELAOFHLEHHE
DFHEE Uiz, 72721, WiEEOHE E (Table
3-5 DIHEH®) TiF, NREBOHBFHOEE
(= WBEH +9) 2R, & ERAESE
4 2HAE (HHO®LQ) TiEEEREN ER
o EDLBEROEE (%) &, SEEEED
HH (EAD) T 1 ITRN- ) OREREE
FRHALT, SFEBMOFHEHEM L,
FHAFBETAERE LT, BEIBLY
4 AT O L BENREZERD® BOD
Thb, BHEETHVLLOE, ANEROE®
TARER, DEHRE, @KOENATH B, B
Bl b FiA L o - BENEROOEYH &

R, O - REEEE, OFMEkRE, O%
BEEZOT TOMERA L (Table4-2)0
1ERIRIRER

FAE A OEEIE & REERM OB
BE% Fig. 42 2R T, BEWERIZOWTI
RES, BHERCO VTR T T o
I+ ERERE D ShETRT, AHEEELYK
EMERMICHEYEH L b0 Eknicdi
Motz IBIE T ZOMEEED 2 DDOF—ERT
UL, OFMEREELIZE, ®BOD LIZHED
MRz do, —F, AEBELENERON T
) -z, OBRELOKOTENTE LD
ENFEIIROLN, OERETEY 7 L
a4 - 7FEOREBRERVZDO, KD
HANTRTRTORETHEE L o7z, BRR
TIHMBESE ORBEROAENFETH 72,
EFI
BEAERRICVET S 2 DAEBBRTOREE
A% H—W I EEE4 5 720, AIEREL BE
By, REER*EREEx LTS, 46D
GIM % %5 L1, AECREROBRLES I
TED, BHEROKREMEREIETVIZED
ot

Yi=0,%, + 0% 5+ 03% 3 +0,%;4+0sx, 5 +
0y X; 4,6+ %Xz 6+ A3Xi 3,6+ %aXiae6T
Bixig,7+ BaXia7+ Vi %i1,8 T V22,8 F
C+g

(4-6)

ZIT, VidHAEES i =1,--,30) Of¥EE
B, xop, o xs AREES | OBENRRER
(J“EL:@, ,®) DWEETH 5, Xi1,60 "7y Xi4,60
Xirg & X Xirg & Xiog A ES | DEHR
EER (HZ®, @, ® oAa7FT)—%2hHbb
THFI-ERTHD, SEROFTHIET B 7%
F) =21, HELlwh T I -3 0%
AT E, CIEREHLHDL, i 3FH0, 7
oot DIEHTA N (0,00 ICHEIEBAETH S,
4- 6 N THRLFEICL 2D B LEAMT &
PEETHETRENT A—5T, 6,06, a,
o BEB, nER CTHBE, 6,6,
BEEFESFORBGHRECHEEL, o, -,




60

AR

(@ urbanization ratio (@ country ratio

@ forest ratio

@ revetment ratio

30 (%) © 20 (%) 0O 40 (%) 0 (%) 80
M T M AT T T T M X T
N r=-0355 % r=0107 % r = 0.364+ x r=- 0320 [(index)
:‘E X x % x x
) + + 30
Q * p x X X
S
£ X x - X
0 x X ) *x %
= X x
9 x
oQ 10 Iz } ¥ L X = X —L 10
“5 (index) | r=- 05208k [ +5.E| |} » % (index)
Mean
a§ x x x
2 30 T =x X T 73
E *k
= § X ’; X
X X X
X X
10 " 1 2 1 1 L 1 1 [l 1 ] 0
0 15 (mg/1) None  Alittle Clear  Muddy Suitable None
® BOD Aslight Somewhat (7) transparency current
® odor intensity
@ urbanization ratio @ country ratio @ forestratio @revetment ratio
0 30 (% o0 20 (%) 0 40 (%) 0 (%) 80
v T T [¢] T T T T
(inds.) r=- 0298 r=0.116 r=0039 r=008g |(inds)
- 50 4+ ° © Js0
3
S o °
() [ ° )
E oy |
o A g
o 0 p 1 T ? 5 =N 1 @ 0
B (inds) (inds.)
OC) r=-0.253
o o o
% 50 - o ° T 8 T o T o - 50
=
%o 8 g o | g
° o o B g\ [ * (=] Foke
8
00op
0 lowas: == 0
0 15 (me/i) None A little Clear Muddy Suitable None
® BOD Aslight Somewhat (3) transparency current
® odor intensity
Fig. 4-2. Correlative relationship between fish population indexes and environmental factors. Regression equation by solid
4 P pop

o, Bl B, y & pdEE]ERLTEHSH (t
W) OBERRRIIHIET D, 4 - 6 RITBIS H»
KHBELRIEFELTBY, £1HD4-1%2~5
A& BRI —5T 5,

line for quantitative factors and means with standard errors for categories of qualitative factors are shown. Asterisks

indicate significance of correlation coefficient (r) and difference of means between categories. **, significant at 1%

level; *, significant at 5% level.

AT T, IBI, BAERERL, 4 AEAEHE
BEOKE LDV TEREREBINL 2075 %
LBLETNEER L, BERINIIIE RS
&, BREAE, BRERERARALC, EF
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® urbanization ratio @ country ratio

@ forest ratio

@ revetment ratio
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0 30 (%) O 20 (%) 0O 4 (%) O (%) 80
[ v T ; T [ T — T
(inds.) r=- 0125 r=- 0078 r=0.349 r=-0171 [(inds)
100 | - 100
A
4
© | 4
Q A
§ _——
A A
o o4 —L - Y-SV T 1
GC, (inds.) r=- 0.337 (inds.)
8
100 -+ + + - 100
«
- A P A A
A A Jay Ay
| A 1 Fay A N A
*ok
0 Lo - A—h % 0
0 15 (mg/l) None A little Clear Muddy Suitable None
® BOD Aslight Somewhat (7) transparency current
(® odor intensity
@ urbanization ratio @ country ratio @ forestratio @revetment ratio
0 30 (%) O 20 (%) © 40 (%) 0 (%) 80
1 <>T 1 T
) < 5
g (inds) r=- 0094 r=0.117 r=-0.145 r=00z7 |(inds)
o 80 ¢ + + © + ¢ - 80
(%]
i~ > <& S o o 8
& oo < P 8 o ¢ L ¢ 4
S g < [ b() e
] )
O bo© N o \ R
Ko 0 o 80 ° = =d 1 (: 1 L T - & Q?(yf L ¥ T Ao 1 1 % 0
. <
g (inds.) v = 0.044 © ¢ (inds.)
g 80 © 1l o 1 S 1 o 4 80
k]
€ ° ° 8 8 &
.
g AR : R
O 5 > g\i\ = o
0 i’j‘bm%. I oo g ¢ § § 0
0 15 (mg/!) None Alittle Clear Muddy Suitable None
® BOD Aslight Somewhat (7) transparency current
® odor intensity
Fig. 4-2. (continued)

LOFERBETH B AIC P R/PDET N T Bk
BIHZIRIR L7 X 5IZGIM EDRED 2D,
EMERZ T BW-ERRFTOET L,

Vi=01x; + 0%+ 03, 3+ 0,%; 4 +

O0sx; s+ C+eg

(4-7)

HRER 72T 2FIH LB I EOET L,

Yi=oyXi 1,6+ %X 2,6+ 0%3X;36+F 0% 4,61

Bixit, 7+ BaXia 7+ 71X 1,8 + V2 Xi 2,8+

C+e

) {—fl\b‘ﬂ_f%ﬁ L7

- -
—

T, 4-7¢&

(4-8)

8 RDFD
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(® urbanization ratio @ country ratio @ forestratio @revetment ratio
0 30 (%) O 20 (%) © 40 (%) O (%) 80
1] M T v M T ol 1 v | L
(inds.) r=- 0209 r=- 0.044 r=0385* r=-0157 |(inds)
8| 4 -+ + 48
a Jﬂ D a a ® 0O a o [ o o
o 1]
3 a)
2 0 L = 0
(inds.) r=- 0416 (inds.)
8 + <+ + 48
& ° [ B B B
*
P SO s N
0 ) [ i 0
0 15 (mg/!) None A little Clear Muddy Suitable None
® BOD Aslight Somewhat (%) transparency current
® odor intensity
@ urbanization ratio (@ country ratio @ forestratio @revetment ratio
0 30 (% 0 20 (%) O 40 (%) o (%) 80
T T M T T T T T
! L 4 f v v v v,
(inds.) | r=-0256 | r = 0.051 r=0.193 r=-0078 |(inds)
¥ v 7 v v v
y v 4 v
100 |5 + o v v
$ ‘; vV 4 v v
'O o v v v
8 A 2 v Vv 3? Av]
-‘_,, 0 :% : ¥ év R i :
g (nds)} r=-0321
}2 v v v v
v v v V
1007 4 ¥ + v + M 4 100
W g *i\ b Y ok
v ¥ R AN ¥ I ¥
v v ¥ v v
0 L2, ol o o ] " I * 0
0 15 (mg/1) None Alittle Clear Muddy Suitable None
® BOD Aslight Somewhat (7) transparency current

® odor intensity

Fig. 4-2.

BFOEKZ4 - 6 RNEFALUTHAE, BEERT
FUOFIRIZOWTIE, GILM L RFRIZ L7,
B g

EFILOLER
AEIENO GLM, ElVRSY, BELIH

(continued)

IZDWT K4 DR/ AIC % Fig. 4-3 12T, B
EIFSH & MEBIL T ETRER T — 7 HSHIR
hTwaH, JEMERZEWIZ, BENERZ
BENIIERSETHENLTY, FRTHR) L
Fron o0 B 21T, ENEROFES Y
HRBICT A2 PARERBICT 205 8) B¥4ELS
e, A TEIBEBEOAICE LTHYIRD =
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GLM MR QTT GLM MR QrT
T T T T T T

Japanese q 254
pale chub

1 258

262

Cyprinidae and

Japanese dace |
! Carassius spp.

298.8 |- 7 A5

299.4 - 2865

300.0 2835

133+

4 810

AIC, Akaike Information Criterion

Total specie:

»

4 315

134 -

4 320

LT

GLM MR QTT GLM MR QrT

135

Fig. 4-3. Comparison of minimum AIC, Akaike
Information Criterion for GLM, Generalized
Linear Model, MR, Multiple Regression and
QTT, Quantification Theory Type 1 on
relationship between fish population indexes
and environmental factors. Note numerals of

y-axis.

izl 7,
RAEIHIED AIC 13T XT GIM TR/ o
7z (Fig. 4-3), ERIFAHTPHEL TEE L
T, GIMDAIC L b RELGZEVFROLNLD
ZIBI THh -7z (BERFGHH & DT 141)0 &
AH7E aBEEEHIOVTH, BELIEE
DEIZIE 75 L 23 DERALNS. —F, U T
4, a4 - 7FHE, TITIE, AICIZITLAY
ENRED SN o7z (Fig. 4-3), wr (4 &a
A - 7FEIZET B AIC IX, FRENERRSS
HEBMBLIENLOLN L, GLM ST 22
0.39 ¥ 040 BN THo7, TLIZDWT
2, EREHFBINL TV ANICEA ICENE
HABIRR S, BREMCESRIET VISR
RBERZTICE > THEEIN TV, 71 TiE
ERIFRTD AIC £ —F L7z,

FRXEERED GLM

GIM (2 X 2B HRELBEER - OMFRE
Table 4-3 127" T BIFIEDE T IV DV THR
SN ERERORE (FHEHWERICE L TR
BUFRE 6, -, 6, EREXRICEL TIIERY
B, o Bl B vE R BLUKEE
BB E M (Table 4-3 @ * El), FHELAeHE
OFEMICOWTHLEE LT,

HIEFAE D GLM 13§ X THREM I ER D
% (Table4-3), IBI, 477, 4HEAEHCE
TLEFVOESENIEIIE L, B D3I4HE
oW TIHIFIRRABEE KL o7 F5FEOK
&2, 300KEIFNFELHTHEL
Ak AIC DEDOKE S (Fig. 4-3) 2 XL T
Wi, BEEROBTROBE CHREN, F
FICROLN L OEKENEROEBOD T
Hote BHOBTRATALLLIEDNS
{, BOD OEVEIT CIIAEEEEMEC &5
ZEERRLTWE, EWEROOTARERL®
KOFEND WL OPDEFNTRINSN, FE
oty EEMICTARDOREBWAR L, KPR
HLTWAEFTIIE, AEEEESEVILE
HobT, HEMEROLHFIH 2 N THEEY
T30 (O~@) i3, BERE LTRIRS M
AOEBIIGBEZ LGS o7z,

AIERENC 3 DDESFEOBWETVERN
D L1¥5% & (Table 4-3), IBI TIZ®BOD, ®T
AER, @KOFNIEHKELY, FEICED
5N Twb, BOD A5V (KEARW) Z&,
KOBNIH L HZHWAR) T EiZEsT75
ADFILERO G RBEG LD, TR
ORI E B TS5 ADBRET T EH % IR
#8525, TARZOFHREREPITOFRIC
METLHOL LTHIBENESE, F1ATD
EFATIR, OEMHEBTERE, O#ERE,
@OTFT KRGS EEE T oz, ENORESPHE
DHFEFICEILE, T4 A TIIHERVERS
N, EYMHFBFESTICTRESR VL 25
CECHEBLTWALHEHBETE D, 4 BEAH
DEFILTIE, GBOD L @KDENIEE L %2
h, KERLKLROEIHPEEELHEIL T
LI EERLTWS (Table4-3),




64

A

Table 4-3. Relationship between fish population indexes and environmental factors from multiple regression type GLM

Fish population index (response variable)

Japanese pale

Cyprinidae and

Environmental factor (explanatory variable) IBI chub Japanese dace  Carassius spp. Ayu Total species
Quantiative (D urbanization ratio (8,) —0.735% -0.055
factors @ country ratio (8) -0.177 -1.345 -0.083
(3 forest ratio (65) 0914 0.067
@ revetment ratio (8;) 0.349*+ 0411
& BOD (85) —1.155%* -1.570 3.105* —0.140* —3.253*
Qualitative  ®) odor intensity None (o) -8.482 16.503 43.861
foactors A slight (o) -6.978 -7.560 10.301 )
A little (06) 10.644 : -2.856 - -29.310 )
Somewhat (a) 4.815 —6.088 —24.852
(@ transparency  Clear (8,) 6.111
Muddy (8,) -6.111 ]
® current Suitable (%) 6.698 11.530 37.524
None () -6.698 ] ** -1 ].5301 -37.524 v
Constant (C) 37.592 -16.484 25.830 -32.333 2.535 31.936
R? 0.725 0.553 0.308 0.318 0.355 0.488
Equalion *k Ak * * * *k

GLM with maximum coefficient of determination (R?) are shown for fish population indexes. Numerals indicate coefficients of explanatory

variables selected by the step wise method with A/C. Significance of explanatory variables and equation are shown with asterisks. **,

significant at 1% level; *, significant at 5% level. 8, **-, 65, &), ***, 04, B and B, and 9, and 7, correspond to parameters of equation (4 * 6) in

text.

SE3E Ol [CUEDEHE

EZ7H

BHEIZL > TOEBHMIANBNBRERED
BLEN T2 EETH, HASLTHN B
ZERICIDZELHD, BTHILIEZS
ho, REUESAFHOLEREHRICS 2 288
ZIEREICEFMET 5720121, FOMOERIC
LEBERNHBRLENS L, FETIE, BE
UEFBHEOEREHICEZ 2EEFDOL0%
T 5780, HHAMICL o TORBEHFHO
fifi%x %2 5. FRMECKENIEEICIZAE
BEEERHAL, EEE;EVIHITIT E4 Bl
BBV EIRET S, ABBESEREL LTH
NegiE & B B, SR Rk 5 E BMmE
22T, GLM #FIH L7338k 7 V8o
BT H T 9 o

ST TN I G Ea SR 5Tk

LTHBEESATYE, KEFTVESETH LD
EVE, HERICEENT— ¥ Tidk (EH
F=FExHWL L THL, BB, H5
BEICE S ERD B WVITEE & R IZER
LTINS 5, DBMZEITTIE, 2 X000
FEREMBAL-BIBORENS L (BR
1978, HEFF 1983, A5 1984), MEBHBET
WA 2 RICH HIFR & % RITTER ORI IR
L72bDTHb,

WEFETFMET v 47— VREOFEN (8
5 1984) REEHOGREYE (HF S 1993),
KGR IRNT S8 Tt CPUE OIE#E(L (3%
1991, Hilborn and Walters 1992, Large 1992, “F
¥£1994b, 1995b) 2 SR E N TV 5, FE
TNOEAHBI LB OMETHFIIKATY
%, CPUE DIEHEALTIE, CPUEWZEEINTWA
BEEFTEDNOBERNICIAEEIRIERE,
BEELZTOMSN RS LT 5 7201214F
HIT D CEFL 1994b, 1995b), HEROMMT &
HELT, MRS GE28) 0k5% GLM D
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R L BFIEIE VA, KEFNOFEITI
Lol GLM TfibhTw5 (B3 1991,
Hilborn and Walters 1992, Large 1992),

'BH L H&E

g H

PEMA DS BN OWNAEEE (EE
) \BET A BERAE T 7 F Rz, Rl
IR 141.3 km?, HERER 23.9km TH
h, W (1978) D4 3HIZHE 21X Bb-Be BATH!
BT B MINSUEIE, AN O TR TEA
MiEk ORI L TiIThh7, AETIZL
P~ Ty TSR hb i Tw v
HBX (328 m), SWEVBRICHT LTl
BRTIX (220 m), HELBP OGS ED
X (155m) * S ClE L7, HHEX %
EEIZEFTT 2 L9 R ATBEDIRE S
T, S, WG Bk (B R
EAIG LT, HHICBB T2 A TE
5, BHEFREIEFERZWRE LT, 1991~
REIPTTH 2 #AMBTEE 6 HiTbhih
7o, FERMEBIZIZI18E & 26 D H &V
RFRAL, #AERORERX &AL L S
TR (ENE) gL L
REFREBHT L L E5T 165, 4476 lIF
PERE SN, BFEHIRDL S oAt 1
BT Thotze 4D TIIEMBMERDET5% %
Ho, TRTOFERX & FEFHICHBRAL 72
A4 A TR TR~ FiEcERL, BRI
TRIKEBICRONLAEETHS (Etho
1976, NFBEE - KB 1989, KEF - #H1% 1993),
AETIE, A A A THIEANEERT DT TOH
BRI LTV s KELT, 440
T OEGR ERMEREEL L THRA L, &
FEMRICES (REX 3 K) JIFAERHT (6
BEEH) B o4 EATE % Fig. 44 (BUEIZD W TR
Appendix table 1) 12777

A BT ERA X E RERIC L o TKREL
LEL TV 5 (Fig.4-4), Bz L, WMREOffE
REEE L@ U TEERMICE VDT, 19924 1
AHERER OB TRANE > Tvd, —F, &
I 19914 11 Bt eRBEXOFTRAE S

200

Index of fish habitat quality
8
T

Oct. Nov. Jan. Apr. June Aug.
1991 1992

Fig.4-4. Number of individuals of Japanese pale chub used
as index of fish habitat quality for processes and

periods of stream channelization.

B, SRR TR OMBELEE & EUT 51
MERLTVS, AERILICMEL&HAZE
WA A2 TRET LI LIX, FAERX L FHERLY
DAL ARBOETNTVD I L0%E
2 bhb (Fig.44),
A &
HALTHHREER ICHY T 2 /ARSI O
BN AREELORE, W0 REN
B 5 AEXZ O BMEIZDOWT, GLMIZ
L AMEHEBE TV EER L CEHMT 5. LB
it (Fig. 4-4) 12, AEK & FERHO 2 ER
BLUPER XA O AR I IR
FTDEERD, AEHEBEFTNVEO GLM I3,

U;=Uy X a X B X (aB); Xexpg; (4+9)

Eh, U 3WEK i(i=1, 2, 3), ALH
Hj(i=1,--,6) OEEfHME, U, dEELT
LAEX 1, A1 OMETH S5, o (37
FX 11297 2RER | ORAHE (BEEZE),
B SRR 1 1T A AR j O E,
(o f); TR 1 X FARE 1 OZZE/ER I
TAHRERX i X AERD j OZAENER DM E
ThbH, g IRETHY, FH0, T8 ADIE
B N (0, 0%) 11D

EHi, 4-9ROWAO AR A & 5 L,
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mU,=U,+Ina+mhf+h(ap),+e¢

(4 10) l ' I
1_”H£mwmwwﬂm”,m SR
Lh, BEETTAUFHEOLNE, U, ha, (standard) (a)
InpB, In(af), VHEETRENFTA-FTHY,

+S.E
M
ng,=Ing =In{af), =0 (4-11) eanf_S.E.

06 — -
ORI PR END, BV ELERMTE

B2 ERICL D ERMRECEERAORLE
EETEW L, &4 OFKEHENHEME Table 4 L
4 \2/R L7z, Appendix table 2 1213 H#3# % o0
WRL-EEMEERRELERLI,

0.2 | I ]

= =] Control After Acting

RAEX L AT OERMR L L U EIEH
IS E B TH o 7o (Table 44) . Fig. 4-
5 121 Appendix table 2 {2 #:-0 { HXFHO % A B
fE (FREXICOWTIMEBR, #AFEIzOnT
1210 A, AEX X AERSPHOLEIERIZOW
THEMEBER X 10 BOAERMEYEE =1 LF
%) LEFDOBEREREZRT,

FERXDERE (Fig. 4-5a) T3l ISeiE#
T BMENRNERD, HBRO1735#
BT ELVv, BFXOLDRBEEDOLIAH
FHCEE 0T B, AHIRE L W) YR
BEEOERBFFICKELEEY 52T,
AR OERSR (Fig. 4-5b) [ IFEHRICLE
T 5, 19914E107 (FEHE) LB LT, 521992
£ ADERBMENFAEL, £~FIHETS
19924 1~6H OMEfEIX S T Tn5, #H
X L R O AEER (Fig. 4-5¢) 31

Table 44. Result of analysis for index of fish habitat
quality from log-linear models type GLM

Degree of  Significant

Factor b freedom probablity
Process 232.57 2 0.00%
Period 724.05 5 0.00% ot N ; ror 3 R
Process Xperiod 332,01 10 0.00%* - oV an. r.oJune  Ade

1981 1992

**_significant at 1% level.
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BTHY, H—HEBEREE 212\ HBX
D 1992%E 6 4 DERMEAKE , BT TR
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F4E ATHEEMOFFT
EZ S

IBERMINCBIT 2 N LEEN (B’
V= +7ay sl PEEOEBLTEILAE
FTHIEFIMOENTVS, HiC, @ LEE
FUZE T, O X 2\ RS 38T
OREGBEEL 5L, BROM LINHER SN,
RKROELBL TORERLHEENTREE &
h, P THARZOLOVHEFETEL (S
5, BEMIBEINTWAEBIIfEERTWE
WHDEWE LT, HAREOBEITOREL R
T L0, FOEGVERBENEVIZL>TK
E{FERD,

NTHEEY P BEERICRIZT 2 EFMIC
X, WCOPDBEIFRLLIDOEGREL
T, ERGICHRHT LI LHTEETDH b,
FHEITEBRETEE ICET SBITANEEF
HENTwd, BENBEEOEZERN 1 2OHE
31 LEEOSEST, 2 20%4613 2 TEE
OFWAHEFBETEL, X2 CREYE
Z BT, EBOBVELEE EiZL%
{TEH LV, AEORKRLEIZILR
HHEDOFAIIATEATREIZEETLE )0

GLM % TR TR 5 LR DR LEMRE
Lo TLMTTE, SHICEEEFRIRIZRY
Teo 2B DA TED L) I12% D, THLC
BT ARETIE, BBoRRICEASR, F—
FHRELNLTVWI LR EDLE RV, GIMIZ L
BAEAHTIE T — 7 AR LT b AT R 2
s, EHMCLENAEEE L >TWa,
ARETIZ GLM %4 DR LEARHiVO 2 Th
BEOSEOSHIEET A, 72O EXIHITS

Fig. 4-5. Relative index of fish habitat quality to control
(a), October 1991 (b) and control in October
1991 as standard (= 1).
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Fig. 4-6. Percentage (%) of upstream migration of ayu on %:t =
four weirs with different structures. i

GLM % FIF U CTHAT L 72 538U R % Table
(Fig. 4-6) o 4-5, BRHRRZLAIEHDHEESE % Table 46
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DK LB D 2 TTELE OGO % ERIE TR THEIZZED L/ (Table4-5), %
ﬂﬁﬁ LT, EoOBENEVD T 20 ERIZS ZOWMRBDSVHELERESVEETH LN
HEB L RBNICETET 5, BERE LTHEE 272 R4V b (g — o) B Y, BEOEIL
tﬁaﬁé, REERELTHEZEZ X AEYRAT EHELMmLTI88 KL b (B, — B) B d

Bo BEFREVENSVD2KEPLERD, (Table 4-6), FEDMBDOHPEBELD b 84
HELERLEFAID 2 KEPH R D, S (=272 —188) B4 ¥ FKEWZ EERLTY
i, b, BEXBHEOZEEMIZE Y, EEIS
CABIE->TH, BEPREVESG LKL

(Is=)yr=u+a+p+(ap. +s T, BIFA b+ B+ (af),— o — B
(24 =) ,=uto+ B+ (aB)I,] +& - (aﬁ)m) L2 EsRiAsmL 2wy, Fig. 4-6

: IR L7 E 0% (137 = 62.7 — 49.0) (2—

(66 =)Yo=pu+o+ B+ (af),,+ & 45, Dbdrs, HBEOHBENHHRIIT 2O

(4-12) BEIZHBELRIZL, EEFRE (AEFRE

Table 4-5. Result of analysis for percentage of upstream migration of ayu from two-factor analysis of
variance with unbalanced replication type GLM

Factor Sum of squares Degree of freedom Mean square Fy
Height 1782.15 1 1782.15 24.53%*
Fish passage 843.75 1 843.75 11.62*
Height X fish passage 442.82 1 442.82 6.10*
Residual 435.83 6 72.64

Total 4124.90 9

** significant at 1% level; *, significant at 5% level.
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Table 4-6. Factor estimates of effects on upstream migration of ayu from two-factor

analysis of variance with unbalanced replication type GLM

Factor Level Estimate (S.E.)
Height (o) Large (&) —13.63 (2.75)
Small (o) 13.63 (2.75)
Fish Passage (8) Absence () -9.38 (2.75)
Presence () 9.38 (2.75)
Large X absence [(a §), 1] -6.79 (2.75)
Height X fish passage [( B)] Large X presence [(& ), ,] 6.79 (2.75)
Small X absence [(&t B). 1] -6.79 (2.75)
Small X presence [(¢ B).,] 6.79 (2.75)
Total mean (u) 46.46 (2.75)
o and oo, By and B, (0 f);.1, *+*, (& B),.» and i correspond to parameters of equation (4 + 12)

in text.
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Fig. 5-1. Role of quantitative assessment methods in this study.

Table 5-1. Attributes of analysis data for applications in this study

Data Application
Temporal axis Weir construction (from CIR in chapter 2.3)
Stream channelization (from GLM in chapter 4.3)
Spatial axis Stream fish community (from /B[ in chapter 3.2)

Urbanization factors (from GLM in chapter 4.2)
Artificial structures (from GLM in chapter 4.4)
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Fig. 5-2. Separation of effects of natural mortality and
fishing (a) and natural mortality and human

activities (b).
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Fig. 5-3. Time history (dashed lines), intervention model
fits (thin solid lines), and estimated interventions
(thick solid lines) for salmon time series (from
Francis and Hare 1994).
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Fig. 5-4. Outline of IFIM, Instream Flow Incremental
Methodology (modified from Nakamura 1994).
See text for details of IFIM.
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Appendix table 1. Number of individuals of Japanese pale chub used as index of fish
habitat quality for processes and periods of stream channelization.
Period

1991 1992 Total
Process Oct. Nov. Jan. Apr. June Aug. (3359)
Control 311 328 56 234 284 400 1613
After 137 137 84 102 3 330 793
Acting 72 350 87 77 62 305 953

Appendix table 2. Factor estimates of effects of fish habitat quality from log-linear models

type GLM

Factor Level Estimate (S. E.)
Process (@) Control (o) 1.00 (0.04)
After (o) 0.32 (0.02)
Acting (o) 0.53 (0.02)
Period (f) 1991  Oct. (B) 1.00 (0.06)
Nov. () 1.72 (0.08)
1992  Jan. (8) 0.51 (0.03)
Apr. (1) 0.84 (0.05)
June (f5) 0.26 (0.04)
Aug. (B 2.36 (0.11)
Process X period [(& B)] Control X 1991 Oct. [(a B).1] 1.00 (0.06)
Control X 1991 Nov. {(a );.2] 0.61 (0.03)
Control X 1992 Jan. [{c B),.5] 0.35(0.03)
Control X 1992 Apr. [(& B),.4] 0.89 (0.06)
Control X 1992 June [( ) 5] 3.54 (0.55)
Control X 1992 Aug. [(& B).6] 0.55 (0.03)
After X 1991 Oct. [(¢¢ B).1] 1.38 (0.12)
After X 1991 Nov. [(¢t B),.2] 0.80 (0.07)
After X 1992 Jan. [(& B)2 5] 1.66 (0.16)
After X 1992 Apr. [(@ B)s, 4] 122 (0.11)
After X 1992 June [(@ ), 5] 0.12 (0.03)
After X 1992 Aug. [(a Bz 6] 1.41(0.11)
Acting X 1991 Oct. [(¢ f)5,1] 0.44 (0.04)
Acting X 1991 Nov. [(a B); 1] 1.24 (0.07)
Acting X 1992 Jan. [(ct B); 5] 1.04 (0.09)
Acting X 1992 Apr. [(¢ fB)3.4] 0.56 (0.04)
Acting X 1992 June [( B)s, 5] 1.47 (0.24)
Acting X 1992 Aug. [(& B);.6] 0.79 (0.04)

Index of fish habitat quality on control in October 1991 (U,\) 311.00 (12.05)

a, o, 0, By s Be (0 By 1, . (0 B)s 6 and U, correspond to parameters of equation (4 + 9)

in text.
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Appendix table 3. Percentage (%) of upstream migration of ayu on four weirs with different structure
Height Large Small

Fish passage Absence Presence Absence Presence
1 15 41 - 70
Year(times) 2 24 57 53 52
3 i1 - 62 66

Mean (S.E.) 16.7 (3.84) 49.0 (8.00) 57.5 (4.50) 62.7 (5.46)
—, no data.
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