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b
Abstract : The fine sediment (<2mm) effects on percentage of openwork gravel and hy- Ecolg;l‘j‘ and
draulic conductivity were studied at 5 small catchments in southwestern Hokkaido, Japan Civil Engineering
in 1999. We also examined the influence of land use on substrate and hydraulic conductiv-
ity. Bed material was sampled using the frozen core technique and hydraulic conductivity
was measured using the packer test. The percentage of openwork gravel and hydraulic
conductivity decreased with an increase in proportion of fine sediment. Especially the
weight percentage of 0.125 to 1.0 mm showed the most negative correlations with these pa-
rameters, which indicates that fine sediment filling the interstitial space of gravel bed is re-
sponsible to the decreases in these parameters. The stream containing great amount of
fine sediment had extensive agricultural development in its catchment area. Thus these
substrata differences among the streams were attributable to the surface soil erosion and
bank erosion at agricultural fields. Fine sediment progressively accumulated in streambed
materials under normal flow conditions, resulting in a decrease in openwork gravels and hy-
draulic conductivity. Losing the interstitial space of gravel bed will have detrimental ef-
fects on benthic fish and invertebrate and other aquatic biota that require these habitats in
their life cycles. In order to maintain healthy stream ecosystem, we need to pay more at-
tention on the conditions of fine sediment and bed materials, and to seek effective meas-
ures to prevent fine sediment production and deposition. The sampling methods applied in
this study were proved to be useful to investigate fine sediment and hydraulic conductivity
of the bed materials.

Key words : fine sediment, frozen core technique, hydraulic conductivity, openwork gravel,
packer test

LI ToLibe LCEHRSNLMb L (fine sediment) O
Ui TRNOWEREDPEE 2% > TWwb (Barton 1977 ; Wall-

WA, MBI R HMARER, BRIL, #TI b7 & ok ing 1990 ; Richards et al. 1993). Mk: - AbASHERE L 7230
DNALEINE D) LD EEELTEML, fEZ2mm L RTIE, KEAYOEBZERTH 5 BERBROIE IR EK
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HERBEOIT (FELIE2 1999), H 7 RHEOIN DA
BEEAET (Chapman 1988 ; Reiser & White 1990 ; LI -
WA 2001), A EEBEICEIEMERR T 5 2 LI X B EEA
EaOMT (Graham 1990 ; [ - #4f 2000) 7 &, 5
JINAS AR L CHEREE RIZL T EfRES Ty
B, BCKTIE, 20X 9 1SRRI KT/ 40
DT Sediment pollution & L THAEIN TS (Wa-
ters 1995). HARIZB W T HIMIEEEOREIZOWTHE
FEND XI5 TETWDHAY, Sediment pollution (2
T BEERZE D 3, AR O BRI AN S
NTWRVORBIRTH L. F72, Lo,
R E DR S FHBO T A HIC X B EEE K E
{ZIF T4 (Allan et al. 1997 ; Walling 1999).
Kok Cld, Mk ot a s L OHERE D FERE A T HF)
MBS TR, MIBNORE L W) RBIEZE,r 6|2 X
D ET LI ENKASN TS (Richards & Host 1994 ;
Boulton 1997 ; Wood & Armitage 1997). 4% 2N 5 D
BRAERT 52 LD, WMIEREEORE T HIEE L L2
WERAHEL TV RTEaBLE Lo TWA,

—7, INF CTEITANERZED S CEYMH & RE
DRERICOVTE LA, REORE LT, MiE
(1978) ITEFHKEND L) RFSABLITIRE N HR,
BERICES T 2O ENH VO TE 7 (Wright
et al. 1989 ; Richards & Host 1994). Waters (1995) b &
5 L9112, MLRORELFMT 27-0121E 20
T CTOWESE ST 2T, M THOHR, FXHD
FEE, BARMEZERMICEHEL, Zho ORFREHS
T 2LENHL. LarL, HRTIEZ ) Lk
DR RN ORI 2072134 % <, Z DI
BHET OSSN TR VOREIKTH L., RKifgeT
B L7280 T 7, RO L & S S5
BRI 0718 LT, FOKRORSEEATER O )1 T
A ENTWA (Carling 1981 ; Carling & Reader 1982
Petts 1988). L 72>L, HATIIitAH O EHE ORI
WCHWZZEBNE R 722 7% , F M CREMMATIC i
AENDLEL DY TV RINTE 5 HiEIIEER LT
HDH. T, HMIZB W TREELIRE TR O EKMEZE
KdLHFFEE LT, ARtz Hwz L —Y—
ABR (TP 1989), HALAEKRBROIFEFLETH S A
Z v 77 A b (Dahn & Valett 1996) % 5% D 23—k
BCTdHsb., LarL, BAREOREELMAETIE, REE
1B X ORMZEALDSE N 20, FREHDHETHET 5
CERWETH o7, £DF, BHIZB W THEED? O
fEIZFHIIT & 2 BKRBEARD b T 5

TD%,

AHFZEDHENE, 1) FEAKT DM REEIAATES 5 M
RO, B L OB BT 5 BRI E T3
VT AL, 2) L DN EEE VTR L ab &
EFEABLEKREDOBRZ EENICHAL2IZL, £
PEE DR BN BTk s, wEab X

CEREDAEREZRETT 52 &, 3) EHiL, Thoo
TN ORI FIRO LA A BT HEIOVWTE

EBEMAAZETH A,

WMRFAE
eSO iRt

JeiEiE T, 1970 SEC LI L M B S S A (9%
1994), TR A ) — B % EAFEL, MITANOHM
KR OWAESEEINL TWA, RUFZETHEmIEE L
7o BRI B L VBRI IEIE, MER & OBR = AR
ARRFERNTH Y, BF, BRI ICHEC LR E
AEINL, FcERKPINGALEEN TRE L ED L \»
e LTREEM TSN Twa (EE 1999). 2o o
TEIRD LG T B 111/ NI TFA A 24T o 7245 58,
WIRABL S X OEAT 0 M R DI BR T IRAE DL L T

WCOEDH ST, 7 E RO IR 1 O HEf &
REDKENMINZ Lo TR LD EELN. ZD
720, AL TIEZO L) RmITH AR ICiiRmfER &
O RAELASEBL L T 7 551 o 4 3 oy
JIl (SE), &= (GR), #7 I~ (SK) @ 3i)ll,
BERNEZHo+rary xF V)1l (ORE) &4 —FF
AJIl (OHN) @ 2 iTJII%%ﬂ*i’T%mH & L7z (Fig.1).

BEIRN IR O ML, Brz ERE LIHE=RD
AmEﬁfﬁmﬁ%&éhfw (Table1). —77, BHA
PUTGEIT L 26 = SR KIPASE TR & L7 B 4 S5 U R
KFETEHERE D B £ OB T KILKDTE ) & 9 1S KFEi G
DI E N T\ 5 (Tablel). KA O 1, &
JNTI3km* & BFT/NE W E2BWT, &mlled
20 km® F2EE T, FERIRAFIEF 1/ 30 0 24 FL L Hb3nf
JNT& 5 (Tablel). WEFIOMIISG, G TR & 4
7 EOREEY O E RSB 1T hbN T w, F 7z,
FNNIBWT, WRAEL, WK, RMEORK
KEATHEM L 7o X M 2 BN L 72 (Fig 1). AKX
fEd, JIEE5m 25 6m D& kA K9 Bb Al

(7TY2 1978) DT, FARMEHZ, KK 20 cm DK
BEIZ L - THE S LT b

%(TJII@JﬁﬂZ@ii’@ﬂﬂﬂ U((E %, EICHEMID LI
BHTHOONTBY, SIS CIE8E, BEX
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Seiyobetsu R. (SE)

— Sakurabetsu R. (SK)

Oroennukibetsu R.

Ohonai R.
(OHN)

Nukibetsu basin

Yurappu basin Garo R. (GR)
0 P km O Sampling sites
Land use classes
[[] Forest
[ Agricultural land
Fig. 1. Location and land use of the studied basins.
Table 1. General description of the five streams.
Yurappu river basin Nukibetsu river basin
SE GR SK ORE OHN
Catchment area (km®) 18.7 13.2 24.6 21.6 22.0
Reach length (km) 11.3 13.3 5.5 12.9 9.8
Mean gradient 1/32 1/27 1/34 1/32 1/33
Land use percentage in the upstream wtaershed
Forested land (%) 95.5 89.5 82.3 96.0 56.6
Agricultural land (%) 4.5 10.5 17.7 4.0 43.0
Others (%) 0.0 0.0 0.0 0.0 0.4
Geology e Sods . ... S
Mioccene Pliocene Pleistocene

sandstone, mudsone,
tuff and
conglomerate

conglate and
sandstone

sandstone, conglomerate, volcanic ash, pumice and
siltstone and tuff sand

SE =Seiyoubetsu River ; GR = Garo River ; SK = Sakurubetsu River ; ORE = Oroennukibetsu River ; OHN = Ohonai River

BUNGIECIE, B2 v A E, SHEEET DML
LTRSS T A, BERH LY b EHtEOHIIC B
2RO SO 2E G (DR, REET2) &, ORE
<SE<GR<SK<OHN DJFIZK X <, %712 OHN T, fi
DI NNZ AR HERA43% & @\ EZ IR LTV A (Table
D. &7z, TWOEEFROKRE LT, Kl b

XM Lo BHET TV D20 fiEmsS o s 2
EDFIFTONL, FEZ, dF—FRF AT, TV —IKD
RIS E BT O T Y X F RIS 35 I2ET
% (B3 1998). F72, EA IV NZBRWT, &M
X O FFRER T, NS L 22 LER O —# A5
e LTHHEINTWS (Figl). ZIOREXE®
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WL, Wb Y ¥ (Salix sp.), 7YY
X (Alnus hirsuta) 72 & O FEIELIEBIC L VR SN TB
D, TNLOBENREKEE > TV5,

F—FF A ATy XFERYITIE, JLiEETA
SERERFTIZ 2 (1998, 1999, 2000) 12X b, Fiztwbo
AFENR, IRl E ORI, YA (B, KA
W, AEEE) R EOMEITONLTYS, FRi, F
— R FANTIE, Mk oOMBENSE L, JEAEYD
BAREPET LTV EHEINTwD (ERIE»
2000).

REM R DEETE & REHARE

T 5 FENOBATH MBS 2 T, FiKAN
RIZH Y CHREEORCEFITH S (Vaux 1962).
T/, COFHEIIY 2 TYADE L EINT L TLH D

(BIFET A 1996). AREFFETIX, T &9 %Pl %2 x4
L, FRAEKMICBOWTINEL Y SECHIL, 2o
TR R K DS | ) CHEL L 72 Pl % 3 Fpr ik L /2.
T/, BFHEOTIIBNT, WG ERRIC R 5
LA A 3 RRE Lz, I B W TGIRY
B, JIEZFHAIL, &9, s - REROHE,
T E A O, FEAKGRER, WRME ORI Z 1T - 7.

BEREE NG TIE, 1999 4 8 H 2 H 2= A% 700 m*/
sec ## 2 B RHAKDFEL TW5D (Fig2). Rk, B
SN NTRIFAC BV T b AR [AIBUE O K 3% 4 L C
WA, EEEERIIIEO 31 (SE, GR, SK) 122wV T,
COHKER, HENILE L1998 A8 H2 5 13
HoOR (DL, WK : after the flood & 5) & ZFhh
517 HBDI A I3 HNS 16 HOM (Dik, FkE:
normal flow &%) & 2 RHFHELZIT-7- (Fig.2). HE
SN F IO 23 )11 (ORE, OHN) 122w T, Tk
Mo 17 O 19994 10 H 5 H2 5 8 HORM (LIf,

I Rainfall
— Discharge
1200 0
20
1000 1 40
] =
2 800 0 g
E 180 E
Py L | &
] 600 100 =
§ 1 120 .E
g 40 | 140 &
After the flood Normal flow |
200 | 160
180
0 T T T 200
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Fig. 2. Temporal changes in water discharge and daily
rainfall in Yurappu River from July to October,
1999. 1 indicates sampling period.

SEOKEE D normal flow &9 5) DA EIT -7 (Fig 2).
B, KL bHk2r5 1y HOM, 8 A LWICAS
N7 L9 HRRERITKIE R,

REHE

FRAEHITIZ BT, T 6 FIkigET 7 u T i
HET (BB A 3631 Cai ) & WV CRHIN L, KB I
REHWTRNlem AL E TRIE L. T2, &3k
WS i250emX50em DI KT — M %3%iE L C, 7 48]
4 (openwork gravel rate) #3Ked7-. & AEGE, A
PRAELY AL AOBRMAENIREEZFEALE L

(W 1978), I KT — MADFEESHD LD L HEE G
ARL7ZDOTHL., b, FEAEEE, 0%, 25%

(0-25% i), 50% (25-50% i), 75% (50-75%
), 100% (75-100%) O 5 BBy EEAli % 47 - 7=.

RO BERMEOFEAMC I, FHRA TS RE L 2Bt
FaEAWTSy =R X 23k L, EARGR
Bresih L7z, B, AWERTHW Sy 7=, 2
NFETHAKEOEKELRET H2HBICHONTEE
TN X B RALE LGB KRR O — 2T, #AREORE
WHIEICB W T O RER C, »OoREIEIKEICBI 58
KEDFHEAT e TH A (FHIE 1986). 73w 7 —:id,
HELNIC—E DKM (h(em)) ZIEH S, EHIC
%o RIRETOEKTE (¢(em’/sec)) ZHEL T, &
HARE (K(em/sec)) %Ko 5 7 TH A (Hvorslev
1951 ; Dargan 1978). REFXHE ((em)) &IHFDOWE

(d(em)) D (1/d) 258 KiliTH a1 K% Hw
% (i 1986).

_ 4 (L
K erhlsmh <d> (1)

KifgECld, b =851 7 (NE (d) =3.0cm,
FE&=1m) O%MIZ10cm OREEXE () 2%
FaHw7 (Fig.3). sEBRXMIZIE, B8 HFIMiZ 1cem
MR CEZAImMm DA ML —FfLzkib TH b, X
FICERADPEERAT L Z L2 7z, IRER D
B E 10-20 cm O E (2 FBRIX I % 3% & L 72, HAkH
DR TIE, TTROFKKER > 7 (I KHKE 9.5 cm®/ sec)
FWRELZODE AV, BKREIEAAY) y =LA
by 7 r v FERHCCTIREEHIL, FH L% v
7. FHFEWNOKMIE, EHREFAKMVE (KADEC-MIZU,
I—F =T AT L4 EBIFFICHALTHE LA (Fig
3). F 7o, FRADHFME A (E> THENIZHEAT S
CEERBCZO, 2004200 mm D1k T b (F8—8L
JEE 10mm) %O IC#E L7 (Fig 3).
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during pumping
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<& 0 0 O
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Fig. 3.

ARA AN, ZHRARSICBW T, M (0.25mm)
DLz LCTidh ==ty b (AvathfX
0.25 mm, FREUEFE 25X25cm) % v, ML Fo+
fibix, kS 79 (Frozen core technique) % FA\» TR
KA HFES 1020cm O LW EHR L 72, #diFEa 7
3, WRIHT BAAZHKE T T v 77 — Dk E R E
FEALTY YT I -0 ) O EZHFESEL I EIZX
O, MR L2 R T SEFTIHRRT 52 HiETH S (Car-
ling 1981). A4 Tl, Schalchli (1992) #Z&#I1ZL T
AT YLV ABONE1Tmm, RS 1mO#fia 747
T—% M.
¥R

RN L 7230 2 EBRE ISR BIR D, DNIORT HIEI
KO 2 AT o 72,

= N—F v FTERIL72308HE, 0.25mm D55 W
FT0.25 mm PUF O LR R OV B & kv L, 110°C
T2URME ST, 7y r—¥ —NThHw L7721, 5
AWy (63mm, 31.5mm, 16 mm, 9.5mm, 4 mm, 2 mm,
0.25mm) #HWASELZWHITZEL, &5 WVITHEE L
AE AR L7, —J7, BT 7R CTERECL 7250,
BRALKEARTHERY A L72tk, 46 m D55\ L
TRV EFT 5 72, 45 um 5 5 W IZFRE L 23k,
110CT 1 Bzt S8, 737 — % —NThlus L7:f,

5% (2000 zm, 1000 zzm, 500 xm, 250 ym, 125 um,

63 um, 45 um) ZHVTHZVHTL, £55 0I5
RUHB 2R L2 KEWIZED) 45 m D550

Instrument for the packer test to measure hydraulic conductivity of substrate.

ol L2 EHC oW TIE, 55 L 110C T 1K
Wl S W EZ MR w4 %€ L 72 Whatman #L3 GF /F 7 7
AT 7 AN—ERK (RT7H A X0.7pm) % CTHEE
L, 110CT S WM &8, v 7r— % —HNTHE L
oth, MELE. ChETANY—DEHBEETDEY
0.7pm 25 45 ym OFE=EE L7,
7 — 2R

1) KRR

= N— v b LT T TR IR E S A A b
b728, —3=F v b THLNIRE 0. 25-2. 0 mm D
EEASREBE I 7HEIVESN0.25-2.0mm D
HEOSFEOLZRD, IhedifarikcEgonisa
HEICELT, MBEEEHSELMHELZ. ZNICXD
BN B REIREHAR L D, B ERE T 10%, 30%
DR Do, D Z 3RO 72. 72, AGU ORFRSEFENE (11
AR 1994) DR X A BRRHH O & OFE = 5 LAk

T8 RFE2mm L) OEFEEHSERE RO, E512,
KE A O %2 8T 5 72 |2, Friedman

(1961, 1967) OFEHFAX ((3)-(6)7) *HWT, F

Yk (mean : m), MK (standard deviation: o ), FEJE
(skewness : as), 2 (kurtosis: «y) & L7, ZFOR,

g X(mm)) % (2) KXY g AT —VIZEH L7
¢ =—logX (2)

m=1/1003fx (3)
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o =(3f(x—m)?/ 100) " (4)
a;=(1/100) ¢ *Sf,(x—m)* (5)
a;=(1/100) ¢ *Sfi(x;i—m)" (6)

72720, x IRREOHMIME, f ISR EOEREF I
Thb. &b, WKEIHNEOTRESGVZ/RL, fED
NS VT ERIEESATDIEA ) 295K, kDS L vwZ &
NS . BB, WESA RO HIEZ R L, TR
Bex Iz, HEHAME - TV ABAICIRIEDE 2R,
RIEETRE S ATARIC BT AR OFEANERL, HA
RKEWVIZERH LM A RS, $4abh, 54l
FICBWT, RBEHERSNONEDOHREELZRL TV
(Friedman 1961 ; ¥37% 1977).

2) fRETEEIR

RIFEHLR, BARRE, FEAHEGOMRERET 572
B, ENENOEEOM CTHEDI 2172, F72, &
WINOWEESE GURAR, JIE, M, KE), KM
B, B, FEAEEOECERET LD, &l
M N 2R & Lz—ICEE D585 (one-
way ANOVA) #4772, ZOREE, W CHEEM R
O bNTYh, Tukey O HEIC & 2 FELEET - 72,
T 72, KN BT B PR & MR ORIEERLIK, &K
28, FEAEEOENERET 572012, FIKEE (nor-
mal flow) & Hi7k#% (after the flood) D KZE&EIZDOWT
HREZRITo 72, od, BT 24T ) (2720, IEBE,
SFEEERAET 720, B, ROV TR
O SR A

B R

WEMR EFEREE, BREROBEF

AAFFECTHE S WAARF L, WFho@ilizBwT
b AAE 63 mm LU O - b - 2V b - g TR S T
Wiz, RIEERLEC & 3R & AEA R ONEKRRE OB T, HHEE
ST RAT S 7GR, FEAFGITKELZ RS &ETO%
MDD b, FRICEREB L ORE & IER
WEOEDFERS Sz (Table2). F 7z, ¥ & fE &340
R (2mmBLT) BEOP 1Imm U FToOEREEHSERE
BOMEPESR, Zh6 0 THhZE0.125-1.0 mm
DEREHHR LD BRI 5172 (Table2). —
T, EARRED, WIKE LR & ToZE LD
S, HEIC Dy & HERYTR WV IEDOHBE TR0 S 72 (Ta-

Table 2. Correlation coefficients between openwork gravel
hydraulic conductivity (K) and variables of grain size
distribution in the study reaches (#=72). *and** indi-
cate  significant levels at p<0.05 and p<<0.01,

respectively.
Variables of grain  Openwork
size distribution  gravel (%) K {em/s)
Mean —0.403 *3%k —0.352 *kk
SD 0.018 —0.123
Skewness 0.605 =k 0.455 =k
Kurtosis 0.557 % % 0.410 = *
Duo 0.382 * % 0.311  **
Percentage of
<2.0mm —0.428 *x* —0.356 k%
<1.0 mm —0.400 **% —0.373 k%
0.125-1.0 mm —0.448 * % —0.392 k%
100
o
0 F o
8 8
g Co °
Q
<! M
g g -
o ©
01t o °
0‘01 1 L L J
0 20 40 60 80

Percentage of sediment ranging 0.125-1.0mm (%)

Fig. 4. Relationship between hydraulic conductivity (K)
and weight percentage of 0.125-1.0 mm sized sedi-
ment in substrate. Solid line indicate a regression
fitting curve between K and weight percentage of
0.125-1.0 mm

ble2). S HIHIK LR (2mmBLT) BL O 1mm T
DEBEHSEEAOHBEIEON, SREHMOPTD
R 0.125-1. 0 mm O & 555 & i b R AHBI TR0
57z (Table 2, Fig.4). F 72, W& AEIE L BRRED
B CIEOHMERBD S5 (r=0488, p<001, n=72),
T EAEGOHEMALE > TEKRBREARELS 2D LD
S o 7.
FEXEFICH T IEANOZZREIEG, MEMRE, BKE
HOEW

AWFZEClE, @ TomI TR AIRAGE, JIE, it
W, KEICHED L) ICHERBE %% E L7zos, TR
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Table 3. General description of the study reach in the five streams. Comparison of each variable among the five streams (un-
der normal flow) by one-way ANOVA and Tukey-HSD tests. Values denoted by the same letter are not significantly dif-

ferent (p>0.05).

Yurappu river basin

Nukibetsu river basin

one-way ANOVA

Variable SE GR SK ORE OHN
Mean SE Mean SE Mean SE Mean SE Mean SE f ¥
Mean wetted width (m) (n=15) 5.14 0.81 ab 5.37 1.17 ab 5.70 0.57 a 4.51 0.86 b 5.50 0.89 ab 2.684  0.039
Mean reach geadient (n=3) 0.014 0.008 0.013  0.003 0.009 0.008 0.012 0.017 0.015 0.012 0.146  0.961
Current Velocity (em/s) (n=9) 27.17  2.36 ¢ 35.83 3.48 1bc30.31 1.30 bc 39.25 2.65 b60.63 4.18 a 19.732 <0.001
Water Depth (cm) (n=9) 17.89  2.07 21.00 1.89 16.89  1.64 20.22  3.21 20.67  2.01 0.674  0.614

Table 4. Comparison of openwork gravel hydraulic conductivity (K) and variables of grian size distribution among the five
streams (under normal flow) by one-way ANOVA and Tukey-HSD tests. Values denoted by the same letter are not signifi-
cantly different (p>>0.05). Sample size of each stream is 9.

Yurappu river basin

Nukibetsu river basin

one-way ANOVA

Variable SE GR SK ORE OHN
Mean SE Mean SE Mean  SE Mean  SE Mean SE f b
Openwork gravel (%) 38.89 10.30 a 2.78 2.78 b 0.00 0.00 b 50.00 5.89 a 0.00 0.00 b 6.338 <0.001
K (em/s) 0.80 0.21 b 0.36 0.05 b 0.44 0.11 b 3.51 1.45 a 0.47 0.11 b 11.697 <0.001
Variables of grain size distribution
Percentage of (%)
<2.0mm 18.23 2.64 b 25.74 2.18 b 25.12 4.69 b 13.06 2.93 b 49.44 8.16 a 8.633 <0.001
Mean (@) —2.79 0.24 b —2.66 0.18 b —2.47 0.27 b —3.50 0.24 a —1.13 0.33 b 10.884 <0.001
SD 2.27 0.09 2.26 0.09 2.29  0.11 1.94 0.13 1.88 0.11 3.637  0.013
Skewness 1.41 0.14 ab 0.80 0.12 b 0.8 0.20 b 1.62 0.13 a 0.37 0.18 ¢ 9.670 <0.001
Kurtosis 6.14 0.63 bc 3.47 0.31 d 3.58 0.54 d 7.13 0.92 ab 4.09 0.35 cod 8.086 <0.001
Dy (mm) 1.14 0.31 ab 0.72 0.08 ab 0.69 0.19 b 2.15 0.67 a 0.45 0.07 b 4.135  0.007
D (mm) 5,06 1.17 a 3.72 0.62 a 4.33° 0.96 a 10.23 1.80 a 1.49 0.36 b 8.815 <0.001

Table 5. Comparison of openwork gravel hydrualic conductivity (K) and variables of grain size distribution among the three
streams (after the flood) by one-way ANOVA and Tukey-HSD tests. Values denoted by the same letter are not signifi-
cantly different (»>0.05). Sample size of each stream is 9.

) SE GR SK one-way ANOVA
Variable
Mean SE Mean SE Mean SE f J)
Openwork gravel (%)  61.11 8.45 41.67 9.32 30.56 11.62 2.447 0.108
K (cm/s) 1.86 0.62 a 0.55 0.15 b 0.74 0.31 b 5.453 0.011
Variables of grain size distribution
Percentage of (%)
<2.0mm 17.20 3.04 23.76 5.82 19.70 5.25 0.466 0.633
Mean (@) —2.92 0.30 —3.24 0.32 —3.17 0.34 0.277 0.761
SD 2.56 0.22 2.21 0.17 2.15 0.09 1.708 0.203
Skewness 1.72 0.15 1.34 0.31 1.49 0.22 0.655 0.529
Kurtosis 6.80 0.79 6.26 1.76 5.55 0.70 0.283 0. 756
Dy (mm) 1.29 0.36 2.31 1.15 1.49 0.35 0.557 0.58
Dy (mm) 6.71 1.77 7.84 2.13 8.93 2.32 0.284 0. 755

(normal flow) D fiE (& OHN 25B D 4 (]I & A E 1
75 <, JIELE ORE A% SK (2 He_AG 28k D - 72 (Table
3). JIMEIZE L CTIE, 20BN E D> 72 (Table

3).

SPIRIFIZ B8\ Tl BB 138 o> 3 1T & B S 1 ot Jsk

D 2/ OEE 5T, —ICRLE DT 2 AT - 724
B, FEHEAIE, GR, SK, OHN THo 2311 & W A
FIZH ¢, SK, OHN T2 0% Ta - 7 (Table 4, Fig.5
(a)). OHN (23 1F % ik LA 0 B8 [ 205 O P IZ
49%TH VY, fho> 4] & ) HHEIZE { (Table4), OHN
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Fig. 5. Mean and SE (bar) of (a) percentage of open-
work gravel, (b) weight percentage of 0.125-1.0 mm

sediment and (c) hydraulic conductivity (K). There
are no data after the flood in ORE and OHN.
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Fig. 6. Average grain size distributions of substrate
under normal flow conditions.

>GR>SK>SE >O0RE DJEIZ#E 7> 72 (Fig.5(b)). F 7z,
OHN 1% ORE (2 Jb-x, “FIRifE, EEE, REIAEIT/N
& { (Table4), OHN (ZAHIKIMIZ, ORE (LHLKE R -
7RAETH B 2 L DA 57 (Fig 6). SE, GR,
SK DRLE AL, FRIEVIZR S N - 7298, SE
DFERE, REHNE C (Tabled), GR, SK 1 HA~ZETHIKE
HAR > 72k ETH - 72 (Fig 6). BEKFREIE, ORE T
DN E~_E EIZKE < (Table4), #ikr HaboE &
Ao Lo %R L7 (Fig 5(c)).
HAKZICE T 2&AIIOFERES, HWEMER, EKEF
HODEWN

HIZR IR B TEREER NN 3k D 3 371 T—JCECiE D 45
B EiTo 7. €OfE%R, SE, GR, SK Ti#& A&
7%, SE>GR>SK 1272 o 725, WA E %2430
SN 7Zh o7z (Tables, Fig.5(a)). RIS, KiEHLE %
AT ETOEEL, WIMICHEELEZIRO LN Do
7z (Table5). ZiuzxtL, #ARMGREIE, GR, SK 2~
SE THEIZE L o7z (Table 5, Fig. 5(c)).
FANNCH T 2 HAKEEFRFOZEZREE, WEHRK,
BARFHDEN

T EAEEIE, SE, GR, SK D4 TOMJI|TFKEEZ
KT 22 - 5 7z (Fig. 5(a)). GR B X UVSK Tl
HOKIZICHR, SFREEOR S AEEVHE B IS L7
(t-test, GR : t=4.603, p<0.05; SK : t=2.630, p<0.05).
Mk A O EEHSEIL, SK TEABIZBWTHTH
WCED o 7205, WEFROMINIBWT O HE R EITFD
LNl o 7z (t-test, p>0.05; Fig.5(b)). FIHHi#E -
SR - BEEL, @& TOMIITEAKREEITNE % B HHA A
RN/ (Tabled, 5). ZDOHTYh, SK TIHREAFK
BRICHE TINS5 72 (t-test, t=2586, p<<0.05). &
KL, & TOMITHRBIZHATFAKREEINS 7%
BAEN DA SN 72HY (Fig.5(c)), WFHomIIZHB T
DHELZZIFTOONL o7 (t-test, p>0.05).

zZ =

N OHBI ZE R LVCEKEICRITTZE

AKUFFETH 728G 2 7 ClE, FAZ2mm LT 2
e L723-4em OBED & A2 L0545 20-100 g FEEEFRAL
TE, Y4 (0.062mm L) % & o -0 54T %
TIOBIC T hEmefEoi/z. Petts (1988) 7%, 2Dk
LTHEONIWEEMBROREES 2L T»b L)1,
Azl BT M WO EaE &2 I0ET 5 Hikk
LTHMTH S Z LR SN,
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FEAEEPEED L URE & Hm W IE O A
BOLNIZZ s, FEAIE, EWBME L 258D
BEDRKE L, PO—EBORETERENDMETE |
A ENBHO 2% o7, 72, Mcclelland & Brus-
ven (1980) R EHF T4 (2000) &, 2-1mm LA T
DOURHEENEL DL, FEAPELT L LERHLTY
5. TOHRBEL LT, TR X Vg
FIZHERE L, MW S 512 0L, 5612
D WRIERIC L o THEIBRAMLD 5N TWn & AVKIERE
BRICBWTBIZE ST\ b (Schalchli 1995). AfEHRT
Sk LA (2mm PLF) OEEESFLFIAEEGLE
ORIV AOHEIE SN2 &5, FI22mm L
TORZEDN LFEOBWRERCHEREL, FELaWHLT5
tEZLNA.

—70, BARARE L R O BIFR 1L, Hazen 3% Ter-
zaghi ;78 EIZ/R EMNAERIZ, Dy R Dy T/REN S LR
TORBED/NES L B DITE, BRREINSLS DL
BHONTEY (¥ 1989), AAFHETD MR RD
onsz. 512, 155N EKREOMEAR & B O
REMOBKBREOMETH S 1 X10'~10 (T 1989)
DD D Z L, FKFOFE TSy B — k%l
M L72BICE 5 2 BRI DMEDZ L EAVR S 7z,
F 72, EARRENE, $7120.125-1.0 mm D H & {55 ED
BWINCLVIRT T2 EDHLNICR o7,

INFET, WROYIIRSE % =M 2 72hFFe 6]
XD, RO 2mm L FOEEHSENEL 2D L,
KERBROBIFES X OEEOMA (Lemly 1982 ; EIH
(Z2* 2000 ; Wood & Petts 1994), Ji & MBI D& HHEE
DT (FEB1E2> 1999 ; ANAT - ks 2000), 7 B4
D I O E F L AL T (Chapman 1988 ; Reiser & White
1990 5 IIH - #FF 2001) AE S TBY, TOER L
LCTHERY, BRI TH 2 BHBEOMEE (Richards & Ba-
con 1994) R FE KD T I D BAME MG E O
(Moring 1982) MBI N TWA. AiFZEH5 5 2mm
DUF oMk b o8, % & A 0 E KO
TR TIEVPHLNIRY, EWHICKITT e
bREVEEZEZIOLNS.

HAOZEZER, WHNLHE, BKEDEN

D DBRIIFR ) 2B 2 5 HAKKE T, 7—~v— -
L 4 ¥ — (armor layer) AME &, [ IZEEMIICHERS L
TR LA X ORI 5 VI iFE L, Bz 2R
M AsfE S A (Lisle 1989 ; Schilchli 1995; Acornley &
Sear 1999). ZHuIxf L, i D SERSYRE LT o
IKIECUE, FE 2 HIFRICHERE L € (Jackson & Bescha

(2 AbiEE R O L NI B0 2 ik S D HERR 117

1982), RO FBEBAREIMET T 5 Z & VLB THEDD S
T % (Schalchli 1995). ## %47 o 72 ki & Pk
OB, MKW OPFEELTBY (Fig 2),
RFERTIE, HARRICHFEARFFICREAEEB L UE
R L 2 0, MR LR ER T 5FEIVNES 72 H1H
MAME SN2, ThUE, I O/NUAKEHC S & L7z ik
TR ATHERIBR ICHERE L 720 b 2 A,

—77, WK IZIZ SE, GR, SK OB T & AEl4,
B O E T 3 e & ORI AN #E A3 7e
WOZHF L, FKEETIZ GR, SK TiF & HEIEDMK <
Mk o EEEH SRS m» - 72, [AMIZ, GR, SK T
SRR, EE, REOEADVZKE o7, Mk Lo
W= S EDREOBEIMCLVEESNL Z NS
(Carling 1984 ; Schilchli 1992; Acornley & Sear 1999),
SEARIEIC 3BT 2 (0] )1 RS 0 bz BE RLEE 0 25 51k, &)1 o
AN R HOKEE O R DS R e o 2 /e d EEZ B,
72, Mk LR OMEELSSL\V GR, SK TIE, (RiER
FEAE W EHER SN D, I, EBAAREUE AT
NN RS R S, HoKE THIFIZEW DTN,
24U, Phillips (1971) A%EHM L T3 X912, RN
OBERMNIHRL LR O LTI L VKT 52 &
FHEBT L, HAETH->TH SEICHLGR & SKT
ISR L OEBH 5D, HTEPo720EEZL
N5, ftoT, REEHMEE, /b KE: oMk L6 ot
Ml ofE b, FAFREVREGLESLTY
<, FBRBEIZ NS DIRE OZALIHBURIZ L L,
BOWER TP HENL b DL BN,
TFIAARER, WHNIDE, BKEICRIETEE

Richards & Host (1994) &, T#iFIHOEL 5 11
WA G T L REOBIRIZOWT, BHENE
Wit TR R o o 2 EE T E L, 13 E DA (en
beddedness) DEIEDEHL b IR L TWhH . KGR
Th, MR TROEREGHEOENIINIL RO W
MWHTHY, BHEIE UL, LS oEET 5
R\ R, FEAEEGMAT HEmSE S N7
(Table 1, Fig.5(a), (b)). EHIATBERE L/-)ITlx, &
Wl BT B RIAKDFAE (FEREZA 2000), ZENICHED
7)) — 2L D58 (Burkard & Kostaschuk 1997), il B AR
D% (Braatz 1993) 12X 0, W EfEEEML,
RS (TR P OiFilEfb & b B3 % (B 1992 ; Allan
et al. 1997). T X ) IZINNCHERE L 72 B % < % b
IZHE, FEGRDBEMT A Z MO TWA, FEE
(2B A5E Vv OHN Tld, ORE (A L o & 4t
TH Y —IROFERTEEASL < (B 1998), 7 A
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5 12 A ¥ CofFEFEDE (0.001-2.0mm) 25 ORE O
K 45D 89.0t/km® IZF THRATWS (FEHE 2000). A
FEHRTL, OHN IZF MBI & TR EWVIZH
ST, AR EHIHIR L A b % < AT S
Thotz. F72, BHHEOM#EA TSGR, SKIZBW
ThH, FRZNERENS CBZESND 2L E2E 2N,
OHN, GR, SK T, fifi L OEETFHFEIEH DI,
COL) REMOZENEHN 2O Eb S,
—FEHERE L 72 MR b, KIEKICE RO 7 5 v
a7 ML) —ERIZBREES LD, Bkl
THBIZEC XV MR LR O EFER AL Wit TIE,
KR IR S DA B L TTRAOHERE D K & EFT
FTHLDEEZOND., FDLX) BRETIX, Wiz
DLW IR D FBKMEDI T A I, EWHICEK S
EREERITTEEZONL. B, A THSRE L
T, 7 IRANECEINT S THY (MR
A 1996), MR LA OHEREIZ X ) IR O FEKEDK T
L, BAFRRRMGGEAIRD T 5 720N DEFRE P T
A (I - WA 2001). 2hs 2 EZBETIUE, AJIEBREE
Off4 % BEE LS 4T ) 54, I~ OMk:
FTHOFAEHRRT 22 EFNETH L. 00121,
TEIRNZ BT B MR B> O 2 REJR O 22 434 3 & OV A: =
YRS A ZENEETH L. T, AU THVH
a7k, Ny =3, BETHY, WAHROMIKIC
BT BHIR R OIS X BB OFHINIC AR TH
o7z, AHRINSOHEEREH LR LI 5
TR AR L, WRNOHERG L S 5 1 HERER; 11 5
AR ALEND S,

A O

KWFFExHED 51272, ALHEE R KT R 5
BoFrmsdz, Hie—F, =R R KX
Wi I2IE, FEFRG CHERMT w2 wi, 2K
(AR N IR D TR & Fe it L T 772wz, dbifpd
ff R R O e T IEEDHIZICE, GISOT— ¥ %{f
2125720 LTnizZ vz, WINKRFBRET T
FEOWIEFESE, MR T, EAKRBRIZOWT
S 2 W2 wiz, duimE R R A IR,
PR E Lo Tt wiz, 72, el T2
272 ) HLMREEE L S CITKEB O 4 I ERS
BB 2 WP Wi, IR L TERHOEYHT. &
B, Ko —ii, CEHAFSFIZEE (10460059),
(#) V=7 8ar ML L5 —, (B) 1SR

MO e R EE B L O (fh) BBivaT —
7 vay TOMEMRICE ) EHEINZLDOTHEI L
Y 5.

wm =

M LAy (< 2mm) OMEREANFE S AES, EAMEI
5.2 5B ARG 5720, diRE R ER O
B BRSO E AR % 2 5 DO 1LV % X
G LT, WEMBEEZEAREAE L UEKMRBORE
ATo7z. F7, INHOWMNEOENEZHL 2 L7
T, SNoOLHFIHORRICOWTERE L, B,
TR ORI BV 2 ik 08 OFRBUZ 13 a0 7 %
vy, BB O FHIN I EAL & FEAKRERD /X Jr —
A L7,

FELEIAB L OEKMREIE, PR, ERE, RE
LA R S, F R R AP O EEE A L ADH
B2E 6N, 2hTh, FE0.125-1.0 mm D EE [
FEERSMAEOMENE LN, ZAbDZ Enb,
MR LR OHEREIC L Y, FEAEEB L BRI
TIhIEDEEMIHS o7, T, FEAHE
BOWPIZ LN BRBRESET T2 Loz —
7, WINEICBWT, Mk LIoEsH0%R, FEaE
&, BBRBIEVHYED SN, M LRENSZ L, &
RARELR 7 E AEIE MR CITINE, BBEROEWIIT
otz BHEIREIC L) RERBRLAERES AL, -
WHEESEINT 5 LHRESNTVD I b, HEibs
DEWINITIE, 2089 RPENKEICEN - E 2
bz, F7z, MR LR E L CELIIRTIE, BKIZK
577y a7 MDA, MR O E
TL, WINEYHICKIZTTREIREVW LTSI
7z.

RIFFE TR SR T 7B LUy 7 — i, ik
R OMFL LR OB & OERRE OB E ke LTH
MTholz. 4%, WIRBEORELEZ L, Ihb
DOJFEERIER LTl 23 12T 2 R 2RO, R
DOHEFEMFE S O ITHERED 1L L R A T 2 BN D 5.
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