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ARG 2 RENICEIiT 2 2 LRI, Thz
EHEHONFRIIKMEE 2 FLEOMENZHLE-T
W3 (EH, 2000, F)IEREZ, BEENEREGZR
TEBOEBATr —VICE->TIRADZB T ENTES
BN DH S (Frissell, 1986), 1)114:¥) D 5345 O il B
FRIE, BEAT =)V ICE R ehHIENT
Bo (HL-d¥r, 1994;¥301FH, 2000, BT i
ERITRNEERGHEHOEBRAr — IV EE 20
T, FRGHEEOHREBC IS EFIEREM AT —
WOMEZERNICERT 208N H 2 (F6 -
M, 1999),

W EY Yo 4 B I FTREE & U C 3 B0 — kg
X, GENBEHT AEEORILLBD RSB ET 5 R
EORILOHEAEDEICI>TEREREENTWVWS
EEZbNS (1M, 1995), HELZ 8 Uz L 4ths -
RE-HREOBRI LRGN ZERT 2 HEEGZER
Thy, tWEEHHZzER GG EEI S TER
tT2TeMRDETH S,

Mmoo ENEELSEHMEE LT,

IFIM(Instream Flow Incremental Methodology) » 52
A E N, k&% Rl DV T PHABSIM(Physical
HABitat SIMulation model: Bovee et al., 1998) M2
HENTWVB, KRFEIE, FEEZKE, HWH, K
H e W o BB ERB I 6 g % BE4T P 2 1 s IS ET
MTEBEVSREIDS, LML, HXORERK
T B DRWEFICED FoTW B, —FRloE
Rz X CORFICER L TV EEE, &Y
DERELREMN 2 T KIRT E R0 &0 S [ED
HB, TNHLEIRIET 57T, BEMRHE— RHE
WHALT O REEH (HES, 2002) »ATEERE
TEIATEREE (LT B3 AHOERGORAN
Al (HAKS, 2002) BTN DDH %,

ARFZE T, WSS O 220 X 7 — )V O RS & i
HH LU TERGEF 2 T o R — MR &t
ISERB LB, EIGHEBREICIS Ul EARIHD
ARG Z T 5 L EHNE L, 2D
&, KM, W, MELSHFOSAT— )V L
B BIEHE T 2 C LI Ko T, kD PHABSIM
ZHBEENICERT 2B 2T,

AWRONE L LI RERBHOAT I/ RY
Rhinogobius flumineus (Mizuno, 1960 ; Photo. 1)
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Vax) Aiiflie EROEMEZIE WA B EE ROk
ARREREL, BEPHELDITAKICZ AR
T2 (M5, 2003), —EREM N OTTEIHEIFAIZH <,
TR DT EIE DR 0.04m2 LN E VWO HEL H B (I
B, 1997, Ko T, Wk, 4 2538 e
W OY RS OB R7Z % 529 2 1T Il R MR T
»H5B,

Photo 1 Rhinogobius flumineus. up: male, down: fe-

male

2. HAEAZE

2.1 AEM

A T ARSI B T %, WK R — A
DWENDZH T H % #5157 2.8km X[ T -7z
(b3 35855, MR 135/E 455 ; Fig.1). #%E)IID
B RTRICIEBIER N D b, ERNAR T 5 XM
KIFIFEAERLGNZV, TOMBAEREDEEICK
D, EHEIKEBEKERIEDEN>T WS, WFERE
M5 EHR11Bm D & T ANDS EiRicmhoT, il
Tl — M=y 1R e LT, M 12MiA 2
O, A EIToM, i LSO, FHEORER
i<z, P 1@i—Ma=y N ZHhATHE
lanwk i, A S ZRE LK,

SUERTEC T BT R 0D 2500 D 1 DHE KA 5, &
PR S O E R Tz, AT HIEX T, A
M Z ZT 1T O ED S R E TOMED
W, Fih o NiEE CORBMEE TR U TEE
Uz, WBAER 5 OZRAEM S ONHE, MEsX U
Y847 % Table 11C /RS, Al & IEATIEIC K % &1
ROZRICDWTERT D277 /R, B1EMN
7 OREAMEIEL.21, EAEMEANT FVIGEEITE0.7071,

¥

Shizuhara River

Kibune River

Kurama River
2.8 km

Kumogahata

River_ Sediment control dam

Kyoto City

Fig. 1 A map of study area in Kurama River. Open

circles show intensive study sites.

2 =5-0.7071, FH 5 HIX60.59%TH O, FH2EKT D
& A 61 0.79, EAMERZ VI E0.7071, 1=
F0.7071, FHE5HIX39.41%7Z o7z, FHRMDstlh 5
std I EE MK L, BITEAKE VT & ERL, LR
D stID 5 st12F @M E <, BITEMNNE N L
FaLl (Fig.2), £k, EaTRHEOMEERT
st5 MBI IED K & <, stb~st8IEMETTE /N E o
7o XoT, st1h Sstd WP DI KB K L,
TR AVHERT U 0 W HERS fE 1 KR (HERSE XD, st9
Hst12Z WKOFERZ 22T T, THHHERLIC
CWREHRKE REX) &L, ZOHODstsh 5
st8 2 WK KF D A K K d 5 BT (A7 X)
QLT ThUBEIR, ThZhOXEERTE
I, X, REBK, BITREKRFL TS LICT %,

Table 1 Elevation, sinuosity and distance from sedi-

ment control dam to the study site.

site  distance from  elevation(m)  sinuosity
dam(m)
st1 113 122.63 1.059
st2 208 123.58 1.088
st3 298 124.48 1.050
st4 385 125.35 1.073
stb 485 125.57 1.583
st6 605 125.78 1.182
st7 748 126.00 1.034
st8 1090 128.00 1.136
st9 1995 137.45 1.054
st10 2180 139.30 1.184
st1l 2273 138.86 1.000
st12 2330 139.15 1.034

2.2 FAEHMBELUAZE

K3 X O — o=y b 0% BT REEDOH
Ak, 2003410 A 21-30 HDAFFTHMICIT o720 %%
MEANOWI=y b=y b O LB KT Rz
FlIH T O, MBEOBEEB VR, XEM (XY
Va4 X1mm, B140cm), BEL TS AH (X
Yat A X1-3cm) ZEHWTZ=Zw FHNDITXRTDH
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Fig. 2 Classification of stations in Kurama River
based on principal component analysis on al-
titude and simunosity of the river channel.
Numbers in the graph indicate station num-

bers.

73T/ RV ERE LEGEEEBA T,

R, ThZThoOXBEzREXET S 7B EROE
A AERME LT, HERMKIEstl CFEaE1/100 ;
Photo. 2(a)) , B17Xixst6 (4/fid12/100 ; Photo.
2(b)), BERKIst10 (4l 13/100; Photo. 2(c)) %
BE L, 2004 FEDFKEE (WIE (6H):0.15m? /sec,
B (7-8 A) 10.10m®/sec) & kK (Bk (10-11 A) :
0.41m®/sec) 1T, HLFA & AR OE BIGFHEG O
B RN LTz, BITRICH 2 /KMNES LREM
ZFigdllmd, A T FMEICKD, WiE
WO, 60%/KIEFRHE (m/sec), KR ME (m/sec),
IKVE (cm), EKHE, AGHE, KEZRE L, BHEB%
KEOMRINEHAYIY /R ZLES30cm L |
DEDOZERA, TNEO/NEVEDZRKAL T
Ulco BMAADOERE S NS K Ficay k
L, VA58 & FBRIC B BTN E 2 6 L 7z,

EHZE®R B, B4 R, ¢ >250mm) , {F&H
(AP EAEROOQELAORBNZE N IRED A
U, ¢ >50mm), X0 A CADFTAMNENWDEN
s TEY aoERE (L - fEm Z3Hkpic
HTWBIRED L H, ¢ >50mm) , BF] (G, ¢=4
~50mm) , # (S, ¢ >4mm), J& (M) % HH TH&E
L, 50 X 50cm O HEIFAN THEMIED L WIEIC LA
3D L 7z, KHIEAH (2002) ICEDWWT, ik
LI LHEIMNOEEEZZENENS, 2, 1ME
LT, EHIEEHEDAaY B, 7;R, 6;U, 5;H,
4;G, 3:;S, 2;M, 1) ZHII AL ETMEOEEEZ
HBHSIC B B EEfEE (Substrate Index) & U7z,
B A a7, WARMBORRIISECTKRKERED
NENESHEEDETEHENDIEDOBTEZSLNT
W5, KERBIZ6~4208M & &0, BN E0IZE
ETWHREZZTZMEAIICH D, BEMEKNIEZE
HEREMEMIC H B LRI T E B,

PEONIG AT O FRIE D M2 &, 20054E6 H3H~8 H

Photo 2 Pictures of study reaches. (a)Depositional
reach, (b)Transitional reach and (c)Erosive

reach

Water level

33333

Fig. 3 Seasonal changes in flow regimes in Kurama

River during the study period in 2004.

Fig. 4 Water level fluctuation and study season on

transitional reach.

SLHOMIC&E 20 HB T o7z, MIRDL#EZ S X
LICU-><K DIRL (EHixT100 8L F) , P OI R V7
REnz@iconcid, MEzitx bic 7oy b L,
REARDEHE, A XOEE, HMOER, HEB K
OB A Z 5t U, JKEE, KEHE (Bain et al.,
1985 2 XA, 60%/KIER K UK HE f®E, 7KilE, KE
ZWE LTz,

i, EhREXHE TR, BEHFAOEBGHTHRE
%, REKX 20058 A5H, 30H (& 0.58m®/sec)
2, BITK :8H5H, 31H, 9A1H (0.56m?/sec)
I, X 8 A11H, 9A3H (0.53m®/sec) 17>
oo 11 HEWT 75 1] 4m 0 X[ 72 #E « 87 75 160 0.5m 1<
RYlo, ZzhZhiENOE, K, 60%KiEs &
U R, KEME, 76/ E 0 a8az0E
Ufco HERBIZIC Ko THERE NIHEAF D &k
K Eic 7oy L, EE LTV RS OREE%
72 )58 & R RIS ME U 7o

2.3 EFHOHEMH
BT M (Suitability Index @ SI) ICDWTIE, £9
g9 ZMEX M Z FHNICK Y > TRV ZE
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L, H#LIVORKEZNET %, KENOKE, KH,
Fdis CYHREREO R T — 2B TE —ED
EOXIVEZBI LT 5, RIT, Bi& [ CIHDOHEHD
LR ESIE L, SI=Si/Bi& LTRDK, RK
DSIz1ELT BT ETHRENRL, SIZO~1DOMTEHE
HUTze £z, SIZT S 7L Lzd DR #EIFEIR &
X5

2.4 T— 2N

ARIFZED I HTEB I DWW T, log(nd-1) Z iz {715
T ETHEIERENR NG Tclcd /) 2 IRF A b
Vw7 EZTolc. 2HEBOEDBEICDNTIE
Mann-Whitney ® URGE %, 3HLL O ZEOBEICD
W T Kruskal-Wallis M E 2175 72, 2 BIK D 722 DM
B DWVWTIE, #DiR L DEWEEITIE Friedman #
EETV, BOBRLODZT—2EMAT 2HEIC
J, log(x+1)Z#izITo71%, —JuldE ) ion 2z
1To7z, WH, /JVINT A MUY IREDZHEILIKRIE
Steel-Dwass MUEMNHEH N B A, T DN ikid KEAR
PUTEED VTV BT, YU TNT A XN EVE
DA OIS IS EN H 5 OkH 5, 1997) . AR
KT, BHOERBDDEVGEGICIE, /8T
ANMUwZICH i TE % Schéffe iEZ 7oz,
O DV TR RAE T < >~ DJEN B RER E %
Folz, BRSOV TIRERADEZITo72,
/o, MAFROSYMIREE RIS 5 #4772 B
EMCT Bt ay ATy 7 ERD N ZiTo7,
DL EDORE IRV 7 b Statcel Z W TIroTz, &
B, ARWTE, MEHEDO L ROBIC CEYIfE + 1
W) O TRLTK,

3. KR

3.1 RMBKIUB-HEOEFMH

25 A 2 1 5 0D R ! D B R B0 B 7 S BT L TS AR,
AT AT/ R EHEREKX (1.05841.422/m?) M HIR A
X (0.24940.237/m?) IZ 72 % I DMK L (Two-way
ANOVA, F=3.73, P<0.05) , #i (0.22140.184/m?) X
D&M (1.25541.251/m?) IC £ h o7z (Schéffe’s F test
, F=17.16, P<0.001 ; Fig.5),

3.2 HERREERELEHICLIERGAE
FHEDZEL

3.2.1 EXEDMEIRIE
FHRHICB T 2 ZFXBOYHRED 5 b IREHEK,

60%7K I, ki, pH, ECTHEAEMRA LN, K

AHRBERERD SHBMRICEZICDNNE L &>

e (REREBITK, RERXEHMEX, BITR LU

TEX 1 P<0.01, Schéffe’s F test; Fig.6(a))o 60% /KR

Density (/m?
o w
W oo

,_.
o = oo N o;

b b

o

abb

Erosional
reaches

o

Transitional
reaches

Depositional
reaches

Fig. 5 Difference of fish density among reaches and

the pool-riffle unit. Each graph shows the
mean value and the standard deviation. White
and black bars correseponds to riffle and pool,
Data with the same letter are
not significantly different (P>0.05), Schéffe’s

F test.

respectively.

H (m/sec) IFHEX X O BITX TREiM -7 (P<0.05,
Schéffe’s F test; Fig.6(b)). 7Kili (°C) FFIELH X
D FKICE o7 (P<0.01, Schéffe’s F test; Fig.6(c))o
PHIREEXKMSHBRICAZICONELL A (BRE
X EBITK, BITK & HERX : P<0.05, FEK & HE
X 1 P<0.01, Schéffe’s F test; Fig.6(d)), #IHE XD
MicE otz (FIE L (P<0.05, Schéffe’s F test;
Fig.6(e))o AEAFHLNZVE DD, KEIFRE
K5 MR TKREL Ko (Fig.6(f)),
3.2.2 BEXHE DD Mmk

HEHHIC B 2 E XM OKADOERBE (/m?) X
ThZh, 915 28K 0.028 BITX0.047, HEREX
0.022; 5 1 {REX0.049, B171X0.084, HEFIX 0.017;
AR X 0.000, B471X0.033, HEFEIX0.045 THoe,
o, KAOERBERIZZNETH, V1E  RAEK
0.000, F17X0.052, HERHX0.036; B R EX0.031,
171X 0.064, HEAEIX 0.050 ; Fk 1 R B1X0.000, 17X
0.042, HEREX0.047 ThH o7z, FRIHB X UCRXKED
EREEKATIEEWVITR SN2/ h, KkKA
BREXKXDEBITRRHERRICZ AR LTV
(RBX EBITK P<0.01, REBK & HEREKX  P<0.05,
Schéffe’s F test; Fig.T)o
3.2.3 BMBRERERICKN T 5 :#FHE

BRI T RIS RS B R & RO A BIGFT
BEAF % 7% Table 2ICE L &z,

< IR

KIS, RERARVIThOXMIZEWTERE
WeZAZHEH LT\, FIEOREBXRICEAERL
TWhholz, VoIlXH, K EBITX DM,
BOETAREBEVETAIERT S EVS, it
DEBEMN AL NIz, REBROKARERIEEZEFL T
Wiz,

—664—



£
g

e
3
35 £ 0.25 ~ 25
30 o £ a ° a a
" - - P
g £z 02 a B g 20
< 25 B 3 3 E B
%20 Y T 015 £ 15
g 15 5 2
515 2 01 £ 10
) g g
Z 10 g
5 £ 0.05 £ 5
) 3 =
0 < 0 0
Erosive Transitional ~Depositional 3 Erosive Transitional Depositional June Jul.-Aug. Oct.-Nov.
reach reach reach reach reach reach
@ (o) ®
7.8 7.8 40
7.75 7.75 a _ 35
7.7 B 7.7 £ 30
7.65 7.65 B =2
= e
516 af e 520
7.55 « 755 %1
: 75 r 8
75 745 £10
7.45 7.4 5
7.4 : 7.35 - — — o - — —
June Jul.-Aug. Oct.-Nov. Erosive Transitional ~Depositional Erosive Transitional ~Depositional
reach reach reach reach reach reach

Fig. 6 Difference in environmental parameters among reaches and seasons shown with mean values and SD.
(a) Substrate index, (b) Water velocity of 60% depth (m/sec), (c) Water temperature (°C) , (d) pH
(season), (e) pH (reach), (f) Water depth (cm). Data with different letters are significantly different

(P<0.05, Schéffe’s F test.
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Fig. 7 Difference in fish density among reaches and seasons for adult (upper) and young (lower) stages of the

freshwater goby. Data with different letters are significantly different (P<0.05, Schéffe’s F' test.
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BARERBRTRZFEAEREE L QKIESL
THHELT W, TORM, KA ZEhZThOK
MTHELEL TV EEZE L TV, ARICHEL
TREAaRWANGZICEEOLET, IEDREKX
KRB RSN A>T, AR TEICRELER

BREOAKEZEFL, REKTEREABFMHELTY
oo LA L, HEFXICBWT, ZN5DANE N
FIIEEHBLAAL TV,

KR, RERPBITX THWHZ L O/M»
WEEMNZ B LU, R TR & RO
REFEOAKICEZ LD, AL WEEICE
B33 K51GEo7,

- R

FOKE, MAKBHICEDLEY, WINOKXEE
0.2m/sec A N DFER D 7 HED BTN L 777 LT

—665—



Table 2 Habitat suitability of the freshwater goby in each reach. Yellow color shows the goby preferred cobble

bed in riffle. Orange color shows habitat suitability of young, which preferred gravel and cobble bed in

riffle, whereas, blue shows preference of adult to cobble of riffle and bedrock of pool. Green color shows

that both adult and young preferred cobble and pebble bed in pools in the depositional and transitional

reaches unde high flow conditions.

Youn, Adult
Barly summer (June) [Summer Guly-Auguso [Autumn (October-November) _|Early summer Gune) Summer (July-August) [Autumn (October-November)
River flow (m®/sec ) 0.15 0.10 0.41 0.15 0.10 0.41
n=13 n=18
Depositional | Depth 11:3cm 21:10cm
reach  |Substrate Gravel Gravel, Cobble & a little Mud
Velocity(m/sec) [0.30140.076 0.357:0.177
n=21 n=26 n=19 n=34 n=18
Transitional | Depth 13+5cm 10=5ecm 19+20cm 17=13cm 28+19cm
reach  |Substrate Cobble, Gravel Cobble, Gravel Cobble Gravel-Boulder Cobble, a little Mud & Sand
Velocity(m/sec) |0.828+0.370 0.213+0.187 0.268+0.129 0.140+0.122 0.173+0.136
n=0 n=10 n=0 n=9 n=16 n=0
Erosional |Depth - 11+3cm - 11+3cm 13+6cm -
reach  |Substrate Cobble, Boulder Cobble Cobble. a little Gravel & Boulder|-
Velocity(m/sec) |- 0.182+0.090 10.269+0.242 0.21040.167 -

Wizo PRSI, R BTN DIV
72 &0 LT nieh, KNSR 2 LR &5
ABE U7z, REIERKMA LD BN OB &S
FiZ2 B LTy, BUKBIC I & D N OEeH»
BT BB LT,

3.3 EINGEMENBHFRDZEFHLEER
3.3.1 BIEH L EINGFRORIBESY

AT AT/ RO EN R A R NI 64 8 i
RENTe, TDH B, REA ADNHRE S NI EINR
59 TH O, £EIE5.63+ 1.07cm (HiPH 5-8cm) T
Holz, GBI 7.25 £3.91em? (1.5-21.0cm?) T
Holz,

FENIRIE, EORMTHMEREINED, 200k
H—XEANTEREDEM— ML=y McfiEL TV
oo BEERALNIZVE DD, HEREXPBITK XD
LRABXTHEMNEAD L (P=0.48, d.f.=2, H,4=1.52,
Kruskal-Wallis test; Fig.8) o 5l R 0 i F2 53 17 (& HE
B B BT FHICERT AN D57,

EHXBETHERINZEINKREZO®RBEL &
HEAT £ D 79 4 K 7% Fig.9 12 7R 9 FE B K A e 22
NTGEAIE — O XM Z RV T, WM R ic
NET2HMAOMETH-o7 (Fig.9(b) o &
PR DI B35 Al O /K B 13 -1 21.53 + 13.19cm (n=64,
range=4.8-53.6cm) THotz, FEINKE LTHHA TN
T2, Ef1248 £2.57cm (8-22cm) , FfF8.87
2.18cm (5-14cm) THolz, F 7z, 60%KIETTH12.72
+ 8.94cm/sec (0.38-36.54cm/sec) , JE [fi i & 6.65 +
4.60cm/sec (0.37-20.69cm/sec) , EEEIMIE 4.17+0.34
(2.96-4.17) TH-o7z,

WRXOEPXH TEENRIPERE NENoT
(Fig.9(a)o REX EBITROENKXBICH T S 5
BH IR D & W FRER BE S 1H 1S 09 % B4 2 Fig. 10 B K
UFig 111277, REKTREL THADER M
W mAEICH 5K (EFS8-12cm) ICEINL T

Depositional ~Transitional Erosive
reach reach reach

Fig. 8 Distribution patterns of spawning bed in R.
flumineus. The numerical numbers show the
number of egg masses found in the pool-riffle
unit. Black arrows indicate intensive study

sites.

o (h=4), BITKTHEHREX XD LERVIRENZ L
WKE D 5T, FEINRIEIKEE40-50em D EL TN
DN EARIEDORKEE (RF10-20cm) T g
Nz (n=11),

FRAOEE &SR, KEICIZIEDO D (N
M © rs=0.43, P<0.05, /K% :rs=0.56, P<0.001),
IS IZ B DD (s=-0.15, P<0.01) ZNZ N
Honiz, HEEEOER L L HBENER SN
(rs=0.54, P<0.001),

HEFATIC K D ISR E RIS T T 2 B ER D R
oM URER, BRE, KE AOETEEANAED
N7z (Table 3), §7&bb, WWIHFAOY A AN K
VA EIIERMA R E o7,

3.32 EHAEXHEOMEIRIE

EHHAEXEOYPIREED AR Z o UT R,
WINOERTEHEAED RSNz (Kruskal-Wallis
test, d.f.=2, VI N % P<0.001;Fig.12), K HERE
XTKEL, BITRT/NE o7z (Steel-Dwass’s test,
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Fig. 9 Distribution of spawning beds where egg mass was found (red circle) and fry (green triangle). (a) Depo-

sitional reach, (b) Transitional reach, and (c) Erosive reach.

Table 3 Influence of each environmental parameter
on the sized egg mass measured as a total

area of each egg mass.

R=0.65  R?=0.42 P<0.01
Regression P value
coefficient
Diameter of stone 0.68 P<0.001
Substrate roughness -1.62 0.71
Substrate variation -3.41 0.53
Water depth 0.13 P<0.01
Water velocity of -0.09 0.10
60% depth (cm/sec)
Ratio of unembedded 3.35 0.64
stone
Ratio of embedded 1.44 0.91
stone
Gradient -40.70 P<0.01
DO(mg/1) -0.08 0.86
Water temperature -0.92 0.11
pH 0.55 0.78
EC(uS) 0.02 0.41

REREBITK: W=3.71, RERK L HREK @ W=
3.96, BITX L HEREIX © W=-8.30, & &1Z P<0.05),
60% /K IERHIEBITK TR EL, K T/NhE otk
(Steel-Dwass’s test, REX & BITX : W=-4.73, 1B
X & HEREIX - W=9.68, BITK & HEREIX © W=10.41,
& EITP<0.05) . KM FEEBITK TREL, HEHM
X T/NE Motz (Steel-Dwass’s test, R EBX & BITX :
W=-3.89, REX EHMX : W=9.60, BITX & HE
X : W=9.86, &&ICP<0.05), KEMEIIBITKT
<L, HEREX T o7z (Steel-Dwass’s test, 12 B X
ERITIX: W=-152, REX UMK W=6.82, ¥
AR EHERIX : W=13.17, £ &ITP<0.05), F&E O
HEIZBITIX TE < (Schéffe’s F test, R RX & B 1T
X, BITX L HEAREIX : P<0.00D) , &% D f#ElA i HE
X T D>z (Schéffe’s F test, fo XX & HEBEX,

BT L HERX : P<0.00D,
333 MIFADERICHNTIRERDLZE

MHFRDOERIIHT 2EBRNOLEZTXRS D
&, BY ATy TR 2 {707, T ORE, ©»
TNOXMTE, KB KD IFKERTGERNEEL T
Wz (Table 4), HERIX TR WE T AICAERLT
Wiz, BITR TN DR T AT, RERTIE
B TEBTREDNEVWEZAAER LTV,
3.3.4 MIFROEBBAEFY

HREX THEINCHIFAOHEKRIEZTAE
N, REX 14K, BITX30ME A, HERX20 [ KT
Holeo TNZFNORBOKGE L HAF Otk E
Fig.91C /R 7. BT TIEHAF UL EEON R D - 72 {1
BXDEISITEWVIEANICHM L TV (Fig.9(b))o
WK TEERWEMIICH M LTz (Fig.9(a) 2
BRTE, EWIKREDEERVHEFRICOML TV
(Fig.9(c))o

i, BXEICHT BHAFRD T L 60% KT
& EE D54 % Fig.13 15 X U Fig. 141 /R 9, &
BEXICBI ZHAFROLEBIBHTOREEIZNEN,
1RAKKGE14.79 + 6.72cm (HiPA 6.8-27.2cm), 60%7K
BRIRH 15.34 £ 3.60cm /sec (8.06-24.11cm/sec) , JE [
i 9.02 + 2.95cm /sec (5.34-17.57cm/sec) , JEE M
J£4.10 £0.12 (4.0-4.4), BITIX 1 /K¥15.01 = 8.52cm
(2.6-33.8cm) , 60%7K R IH 6.73 = 4.12cm /sec (0.47-
15.83cm/sec) , JE [Hi i i# 4.87 £ 5.24cm/sec (0.43-
26.56cm/sec) , EKEAMAE4.50 £0.13 (4.16-4.72) , HE
FEX 17K $H£20.93 £ 4.60cm (12.6-29.2cm) , 60%7K B
4 5.58 = 1.98cm/sec (2.38-11.49cm/sec) , JEE [ i 3
3.05 £ 0.90cm/sec (1.47-4.60cm/sec) , JEE'EAH EF 3.87
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Fig. 10 Relations of the habitat suitability of spawn-
ing bed (line graph) to the distribution pat-
tern of each environmental factor (bar graph)
on erosive reach. (a) Water depth, (b) water
velocity of 60% depth, (c¢) substrate. M: mud,
S: sand, G: gravel, C: cobble, B: boulder, BD:
bedrock.
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Fig. 11 Relations of the habitat suitability index (SI)

of spawning bed (line graph) to the distribu-
tion pattern of each environmental parameter
(bar graph) in the transitional reach. (a) Wa-
ter depth, (b) water velocity of 60% depth,
(c) substrate. M: mud, S: sand, G: gravel, C:
cobble, B: boulder, BD: bedrock.

ETEMBEMARENEFEMAL TV, ThICEED
59, BITX ORI PIEHERX L [MARIC, 20cm/sec
LR (&< I 10cm/sec L F) I LA RN G o7
(Fig.16(b)) » W\l 5, REX T Mo 2 X It
N, 10~20cm/sec DEREE N % <, BEIEFHEL Z DO
TrEM>lz (Fig.16(a))s

JE BV K9 % MEAT fl oD A SR8 g A 1 & 3T 3 DX
NODBREE 7 i & Fig 17TICR T, W NO X & BF
EAZ <, REX TR EKICDABRKEZRL K
(Fig.17(a)). BITR TR WAE X D & BEKZ 84 L
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Fig. 12 Differences in physical environmental parameters among reachs. (a) Water depth, (b) water velocity of

60% depth, (c) bottom velocity, (d) substrate roughness, (e) rate of unembedded stone, and (f) rate of
embedded stone. Data with different letters are significantly different (P<0.05, Steel-Dwass’s test or

Schéffe’s F test).

Table 4 Influence of each environmental parameter on habitat preference by the fry of R. flumineus based on

the logistic regression analysis.

Regression coefficient X2 test statistic  odds ratio P value
Depositional reach Substrate roughness 0.260 0.107 1.297 0.743
Substrate variation -0.106 0.005 0.899 0.941
Rate of unembedded stone 0.025 0.000 1.025 0.999
Rate of embedded stone 0.175 0.000 1.191 0.993
Water depth -0.145 9.598 0.865 P<0.01
Water velocity of 60% depth (cm/sec) 0.075 0.487 1.078 0.485
Bottom velocity (cm/sec) 0.233 1.716 1.262 0.190
Constant -0.671 0.042 0.511 0.837
Transitional reach Substrate roughness -0.853 0.004 0.426 0.948
Substrate variation 6.666 1.300 785.626 0.254
Rate of unembedded stone 4.746 0.138 115.104 0.710
Rate of embedded stone 4.754 0.140 116.103 0.709
Water depth 0.013 0.139 1.013 0.710
Water velocity of 60% depth (cm/sec) -0.222 8.564 0.801 P<0.01
Bottom velocity (cm/sec) 0.061 1.392 1.063 0.238
Constant -0.255 0.000 0.775 0.996
Erosive reach Substrate roughness 0.098 0.009 1.104 0.926
Substrate variation -0.193 0.010 0.824 0.920
Rate of unembedded stone 5.291 0.181 198.476 0.671
Rate of embedded stone -5.837 0.700 0.003 0.403
Water depth -0.138 10.166 0.871 P<0.01
Water velocity of 60% depth (cm/sec) -0.061 0.810 0.941 0.368
Bottom velocity (cm/sec) 0.225 4.048 1.252 P<0.05
Constant 0.124 0.001 1.132 0.976

T (Fig.17(b)), HBEX TIEWHEDIEMICE
WEICE —HAERL TV (Fig.17(c)s

4. EZE8
4.1 RFRBIUHE-HEOETFHE

ARWFLDRER, AT I /R 3 HER A X R
BIETRBORTEHICZ <AERL TV, ARG
DAERICERL, EINEHE L TH#ZRIT %

TEMMENTWVS (Mizuno, 1960), 7z, FREHY
FieRENGEmME LTE, GREDOFENEETHD
GIBE, 1997 Sone et al., 2001), ThE5DT Eh B
MABGEEME LTHIRDERE, §4hbb aiE
VI RABHEBIBHILRETHEEEZ LN,
AT AT/ RN DEBBFRERICOWNWT, XA
T=IVICKBERICEHLTE, TNETHEMINT
Thaholz, RIETE, REEMOXME XD & H
BEmORXMICZERLTWE, 3¥ /RYER
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Fig. 13 Distribution patterns of water velocity at 60% depth in intensive study sites. (a) Depositional reach,

(b) Transitional reach, and (c) Erosive reach.
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Fig. 14 Distribution patterns of substrate on intensive study sites.

reach, and (c) Erosive reach.

FESHNC BTk AR DZ VT HIC EDRE L F B M
DHROEND RSN THE D OKE, 1981, *
WAHER LT OB OISR E N2 ThH L
EEAERMERGFEME L THETHD EEXD
N3,

4.2 EFFREBEEREZHBICLZ2EERHEME
FHEDE
MELMICXZ3DORMOAT I /R DE
BIGFTRT 2 AN TAE R Table 217k b, Th
LRrELDDZELUTOXIICEEREREEMEICK
DEIFENENL 2,

o IHUKHEF @ B - RIKE RN DR D R TR D
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PRI P R R (HEREIX « BB 171X

o FIKIE D RIRATRND D % kb DRYF] - BEEK
(HEREEX - B AT XD

o JUKHE I RASHOBMIK (REX - BITX) &
DA (HERTX)

4.2.1 FXEFICH T B ERGRABKERR
PFEMTOEFEBOBERTH ZHFITIE, AL
Te BRI REEDN /N E W (REK in=4, 9.95 =+ 3.19cm,
BAITIX in=5, 29.44+ 28.25cm) ARYEICEHBE L TV
Teo WIE D, TOREH, HERIXICE A AERLT
WD, RBEAREHER S NG, TOKMIZ
WHRIPWIE EOMMWEENL L, HEINCHE L 72iF
EANEFEEAE LGNS, DR, KARKERT
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Relations of the habitat suitability index (SI)
of fry for water velocity of 60% depth (line
graph) to the distriobution pattern of each envi-
ronmental parameter (bar graph). (a) Erosive
reach, (b) transitional reach, and (c) deposi-

tional reach.

EOWHOBRBICERENS T ENTE S, £oT,
FIKE RRAIIC EoTIRERTRDICAFR T &I
TneEbhs,
4.2.2 KEICH T B ERGRAAKRR
BKRRITIE, B, R L BICPKREE R K
LB ER LU, KIBEICDWVWTHRZ &, WTho
KETHERWGFHPKDOL, A7 I /R IERE
NOWBETOLVHEIBICERL TV (HEREK :
39.4+ 11.9cm, BA1TIX :25.0 £ 17.2cm), FKERZE % 17
I HID 2004410 H 20 HICIZ B A 23 FIC KD HEMD
T D EHEN KT 5 1F & DK E K RIERD,
5 DKL 222cm, KK E 3.69m® /sec; Fig.4) H'H
D, FHEANOLWAKELHN, Thic XD FK
FRICHERT, WTNOKXM T MO WVEEDEE D
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Fig. 17 Relations of the habitat suitability index (SI)
of fry for substrate (line graph) to the distrio-
bution pattern of each environmental param-
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WA Teo REFATZT Tl S RADKREICH T 5 HELT
MERWFcE ENLHBE LT, MERKBEEED
FIERM O/NRIEDEZ BN D, KRR FEKEE L B
KFFTHER L TV AHENEZ D (Mann-Whitney’s
U test, HEFE X © Us=132, P<0.001 ; B 1TIX : Us=367,
P<0.05) , HKFFIC, KON OESHEGFIANE
ARG EY T FE R, HALEREAGRONE
WE DD, FIKIFIC AR THEKEICERIICHE T
ZEMMAR SN, DD, HALEAKADELS
EPIKEFICEERT, MOE S ICEREZIET T2,
WolE S, REXK TR AT IY /R 0L B
mENEholz, REXIEZ3IDDXM O T Bk
WKNEL, ATy —7T—)UiE (ERJI, 1988) %

LOMMMNITRBEDORBAZH DL TWVD, BTH
AT IV RVRBGE—TIRERICZ DOFRBICTH X
PNz < o> T FRDOBATKRHER XIS & Nz D
TREWVEA DI o RN TPKAMIICEZ L, THRMD
573/ RUNBEL, £$RRERKICERTS
LEZLBNS,

4.3 FEINIZFRE B IHFRDZEIF LR
4.3.1 EINREBHYE

REAT—ITH?E, REXLD EHEX OB
FRICEIMKAZS ANk, A73 ¥ /R
W EST GO FHICKEOINZ 1EICE
BOF, AABMRHET B ehmMENTWE OkE
1989) , REBXITHER X DB ITXICHXRT2AMIC
EMPEMHPZL AL TWVWAE YD, EINCEL
BhHEO EhoTEZLNS,

INETHENTWVWAATIY /R DEEN R
FEUNERBIIC DV T DO HIT DIV, [ U1 R
BMOFNT I/ RUREAEERNDO 73y
AV T FRIBOMIKICHEINT 5T EAMBNTNS
(P4 5, 2005 ; Takahashi & Yanagisawa, 1999) . T
IV TEGFIEBUKENE N EEZ LN TV S,

ETAWN, KO ATIY /R IE—EH &RV
T, WM LRI OB 9 2 A OMEHO RN OFRER
IR IKEE10-40cm D FEJE (B 12.48 £ 2.57cm) ICPE
FIL TV, 2HhEF AT Iy /Ry r7n3a v /R
U MEWIRAUCH A TBH LI WRE T DORED
EiE (FN53 2 /R ER21.0E5.4cm (JUE 5,
2005), 7ma 3./ R 314+ 10.6cm (Takahashi &
Yanagisawa, 1999)) I FESN G 2 D &I TH o7z,

— RS, MADOHEE TR yELas oM/
FREOKERBMNENT ZZ EHMENTY
% (Kitano & Shimazaki, 1995; Katano, 1990; 77",
1997, &I, BITROEHFAEXB ThHo/z A
O WEATIL T L, REEHEN O BBRK OBk &) B & §i
WOKEL, BRELTHEFBRRBEN NGV LD
monTwsd (rfiEH, 2005 ; Fig.18), T D HT
\XE > 5757 a Y Ephemera strigata D FESNSGHT & L T
FIAETA T (TMIEh, 2005), o EICl %
HOU, ML T2ECHREEHBLHEET S H
T3/ RVDFRAICESTE, BEBERBENS
We, IANYYTOHRIIMNED, RELLTVLEN
22EEHBEMNELNTEN,

O REHE N O B BRIK D Bk Al & DN K& L, 18
FEERBEDNEWVIEE, ERNOH 2 WA OWEIC
HFEL, COLFCIEMAERGBHRATr—1LE LTI
FOANEBLLNHEL TV, RERKBHERBR BT
RKICHNTEBPEBNZI0HLTEBD, 3%
AREBRRDBITIRICEZLS DML Tz, AR
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Fig. 18 Distribution of dissolved oxygen (mg/l) in
hyporheic zone in the transitional reach.
Data were based on the mean values mea-
sured on May 5, May 24, June 7, June 22
and July 9, 2003. Area, which enclosed with
a red and yellow circle, shows spawning sites
of freshwater goby and those of the mayfly,
Ephemera strigata, respectively (after Take-
mon et al. (2005)).

432 MFRADERRIE

AHE,» (2005 X3 &, hTIAY/RYDRK
J F8 U HE R A ) X ] 0D 1R85 O WY | 0 RIS 72 1K B S
LLTHHLTWS, 510, AWIZE TIEH A
FEUIRD Bz JA TR BN, & <IZKE20em LT
T 60%ift # A 10cm /sec AT DL F| 50 M KK 722 32; 4 L C
Wi, ThIZHADRNOERL EMEE D OB
TRET % &5 #iE Mizuno, 1960) & —H L TV
5. FNT I /R OHEAFAIE, 7KEHE 40cm A,
ik 5em/sec L FDBGATICEZ K EE T2 2 EAHIS
NTwsd (WE 5,205, A1 AT, V742 ED
I RABEOBAFAE, FHOGRMEY ORI
T B X 4 % KBRS0 i 38 2em /sec oA il D #% i SIS HY B
T % OKIIEH, 1958), TN S IXHM T, KM
BJH P ORBFFREIC /T 5 T & TH FIC X 2 IkE%E
nTtwadeEZGNE, A7IY /R
V/RVERBEERETD, BREEERICELE

HFAIGENE TR E L, BeiE®) b IRAETEIC
ABH OKEF, 1961) , AL P OBHMMICERT
BTEICESTHFEZIHFVWTWAEDEEDN S,
AN KEICERTZ2DICR L, BICHFIEICER
TBH0, AV A ZXHNEVT-DWFOMRE RN
BELTHHTES2DEEZLNS,

N DBIKFBII T BEDMFIET B0, KD RV
FTiCEI9 23550 H % (Harvey & Stewart, 1991),
BENTEZLGNE AT IY /R OHEHIE R
ATH%, PO XBMHERBOMANSE, HF
IRV ZEFLLEEZEAENS,

4.4 FREZEBABHORTHEN

FT 3T RV, AR ORXE TS AL
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SEINC I PEIN S & U TRATIK DR O IO RN D
P MMIEZ R L, Z 0% L 7MDK
BEAT & U T HBA R T O8R5 O 1) R JE 72 F1
HALTWik, £z, RERKBEEOERERELT
BRI TE 2D, HKRICEHBXRPBITKO, &
DINDR OV AT 2T e U, [ — XN
THEELEZEMT 20 TIRAEL, LR ERDR
BAEXMZXEN>TBHLTVEEEALONS,
e, BTSRRI EING AP RES L L
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5T, FAT—IVOMEELEHEET S LK
TRUDHT, EGE2RETE2DICHERE DS
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different spatial scales in Kurama River.

XD SAERBOMENREZ R LU, COFERT
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Habitat evaluation for benthic fish based on sediment depositional patterns

Yuko ISHIDA*, Yasuhiro TAKEMON and Shuichi IKEBUCHI
* Graduate School of Engineering, Kyoto University

Synopsis

Variations in habitat preference of benthic fish, Rhinogobius flumineus, were investigated in relation
to erosive-depositional patterns of riverbed structure in the Kurama River in Kyoto City. Influence of
life stages and flow regimes on the habitat prefecture were analyzed. The adult fish used a embedded
stone for the spawning beds at limited sites in ”pool tail and riffle head” in transitional reaches. While,
juvenile inhabited on gravel bed in slow current parts of depositional reaches. Habitat structure required
for the fish could be comprehensively grasped by plotting the habitat preference for each life stage in
erosive-depositional patterns of substrate with multiple spatial scales. This method ”Habitat Evaluation
Method Based on Erosive-Depositional Structure (HEMBEDS)” will be applicable to evaluate any sedi-
ment control management for conservation and restoration of river ecosystems.

Keywords : habitat evaluation, erosive-depositional structure, multiple spatial scale, habitat preference,

Rhinogobius flumineus
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