HBAKEYRHAEFERFREBIRITFELA
Annuals of Disas. Prev. Res. Inst. Kyoto Univ., No.48B, 2005

[FL &Iz

B0 & BB ATICE L= NRIRORBRMPHR

PrPq EESLE « W RAE « (H R . i R

* FUBIER SR TR
#* BURKERFIR TR
o JEE RS R

Z B

T2 h 0 (Ephemera strigata) 72 £ 00 7 0 ORTHEB Y EFSICAIET SHR
O (WD W~ DBITE) WHE P ERT 27BN NN TS, TOLIRE
SRBFTRIUL I, BWRICRET 3 MK EOZEAREPEFRRRER & oHR
LM L BB L TWD L EZ LR D, R, TREOBHAREOS L, &
CIBIRERIC L > TEERBFBRFEONMBELCHRIERICER L, ThLHIZR
e RIETERIZOWT, HRAOBME: BEAT TR LE, £, =5 ey
(Ephemera sirigata) % %HEIT, FIREIRACROMEYLFAENE &SRO LS - JETR,
T Ui gh o7 L OBRE FAERIC Lo TH LA L, FEREEAMRO L£RRT
MBEREE L, TOEKR., SHORLBLHROETRIT, BRHORENLY bEK
BT ok, ¥, JRORERPH Ao AR IIHBUK OBETFRSRRE LRV IED
HERA LR, —F. MRKOREFREREORVENE, $< OEMTEINERS
NI K ST O B BUK SR DS K & RBFTICR B TR Y, BHADRPTRP T,

£—T—F . WEEEAR. BRSNS, Erh ey, ERNETTHRIR, FIREERATSE

TG, &IZHN, HESHORNITECTNER

BRI RP O & 5 A OB R SR O PR B
T, {iJIANEE - BHY 2800, FURMBUKIR
(hyporheic zone) & ML TV S (e.g. Orghidan,
11959; Wondzell and Swanson, 1996), #FR MK
WRek, A B e RN o 4 BAEHT (e.g. Bulton
et al,, 1992; Williams, 1993), & % WA RER
B S HEOHH AN (e.g. Pionke ef al,
1988; Valett ef al.,; Wondzell and Swanson, 1999),
FOHADRIBRENRD Z 0 LB KEEEA (eg
Fiebig and Lock, 1991) 2 & AERAEERE R L

WO oY A3 v OEEILE - T, Eolbil
A LR R A oA ek s L Tnd
LA SR TS (K7, 2008).

T ER BIBR R DR RBIC DV T HE,  BRA - Bk A S
v b EBEAT T, FNOKREBRICRIETEEY
LTI S VOB (Valett ef al,, 1996; Wondzell
and Swanson, 1996), ©ORHECAERIEES, W
NEEOEBBHORIN G, BBV TREK
AL ERA Le BF i & o i) T2V (Bulton et al,,
1992; HHPED,, 2003). & 2T, ABFE T, FK
DBPPRIREED 55, & < HIRE#IC & - CHE




HEFRROSRRAPHRIIEICHZA L, £h
5l B E RIFFERICOWT, HBAOTIE & [
Wi ClRT Lz, ¥, A48 00 (Ephemera
strigata) OESFBETICA B LS COSNRRE
LT, E4ia L AR NN I R DR
M AR O HE{EEORE L o R BEE BN L,
= REET L LTORMOBEICSWTHE - it
fFote, ¥, TOHBLESWTSEORIITR
M0 FioonwTiRMETo k.

2. WIRAGE

AHa ey SR, bR E, PEFT
H, HH B e okERAOEIMERIZo
WT, O EHER IR e NEH HhD (1Y
M, 1907), L& lcE® A S uviRlob S0 URAT
i, T FEs i S R o (I B~
OBAT) ISP Mz ET STHA MR TS
(Takemon, 2000; HH1IEd, 2003), =@ & 5 7250
FFHhE, FRSll L35k st il B M BRI A
nA L5 ICERERT 2RI L TS LR Eh T
% (41, 1997). ErASF RO, BEREICERIC
i - TEIRRITY, EERILLIEEALYOME
ARl YEVREATLE S (Photo. 1), ¥
WAL 30 o T HERPEE 43 A6 & LERE A B ISR T
HoLMARTHSD, LT, A4
ROPHE S ST AR Bk I oS B L AU B L oS
BURE M5 L CENIcEgnBEEThHL L E
2bhd, TIC ANRTCRERICEAASRY
OFESTRIOZ { RS h =il (Photo. 2) 28
W, RN oA L, BillimE
SoRb i P9l FE T 2 B [ B AR o 4 B B A A IR BT
Lo aombEs, FHash o LFEROEHE
BE AT LT,

2.1 TRIRE RN

AT OMAE, AR — i) R DS
ChHEETTok (Fig. 1). B/IFE T, 18
TR Ak 280 T I RS A HE A,
ARl L THERES ELRTWS, 2Lk
B o PO TTER B EE L, 2 < ORbR Tl E-PHl
EOEEREBLAS LAY, ZhiclE> AR
OEE LR Iz A 8, - FESRT DK R i o
HBOELABSENRTVWS, 20034E5H 3 A
b5 AlChT CHEBESHEEEREL, 9 To
2 4 n IR ECS, S (IR S h
=3 o )1 & ) | AT L D 0.6km LiltkR
O LHICBITT A BICERENTVWD, HEk

Photo 1 Left: Swarm of the female mayflyies above
the oviposition site. Right: Females of
Ephemern strigata under oviposition on the
ground along shore of the bar head,

Photo 2 Picture of study site.
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Fig. 1 Location of the Kamo River and the study site in the Kurama River. Solid circle in the right Agure

indicates the study site.
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Fig. 2 Fluctuations of water level in the study site with precipitation from May to Aug. 2003. Solid circles

indicates sampling dates.

(1) EbIMPa P AN s 0D B A i
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Fig. 3 Location of study site on a bar and sampling point. Contour interval of ground surcace level is 0.2 m.
Each circles indicate water quality survay points. Specially, gray circles indicate the position of the wells

for hyporheic water level survey.
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¢ B0S & C02 #BR\ iz 30 Mz s\ T, K
fEifi X 0 IR 15em~20cm OFHPIIH#E 300ce
DATFLAMD 2T ERVWT, #2857 (400~
600cc) DI HH 28 L1, Bt e it
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IO RENA om & L, SRR TERAK
REEF A RV C T A B MK & C O IRAE & 31N
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Photo 3 Permeability test in the field.
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Fig. 4 experimental case for rearing eggs of the
mayfly E. strigata in the field, made with 65

jrm mesh net.
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Photo 4 Left: Standard for judging the state of eggs
of Ephemera strigata. Right: Embryos at
J6days after settling eges in the field.
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WK WAL (i) & BABE (k) LY, kXOF -
A& T, ST oMBkiERORE S (o) %
WiE LT,

ah :-—kﬁ.........{a]

Ve = _kE‘ u‘ﬁ ay

¥, HWENICBITAEKHHBIZON TS,
TIN(Triangulate Trregular Network) = & = TH#i5E
#i70, FhFhosmziiE Lz, 615, Mk
S0 e B I P R A 0 A B L A SR BE 0D T80
A4, Bho Lot adiuEd amic, S
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(Environmental Systems Research Institute Inc.,
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W75 1eth, EHIEERS o MBI
log(x+1), FAMRIIL log(x) IEHAR LI (Sokal
and Rohlf, 1997), 73, #AAMTIZIE, SPSS for
Windows Ver.10.1.3J (SPSS Ine. 2001) # Wi,
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Fig. 5 Spacial distribution of permeability coeffi-
cient.
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toMEicLoTH, BRkaESARE{ 5L
AdeRIgIc BT 5, LHITES (19M) LS,
10%568E Dyg 7% 9.5mm ELEOB OB, @Fo
BkamcitMicilifkEThaicth, Li—0
EAGEAA TR CH D, L LRss, KRR
SWlic BV T, SRIZHEVT 10%8LE Dy X
9.5mm L F T Y (Fig. 6(a)), 92 Llmm T
hats, LT, Bik®ais 0.2~03 U FTh
niE, Fae—RliRaEmamEThstEash
oo Ei, ERBBROSHICHETLE, WiThb
i Fs oEAREE BN T, K& 25 EmER
L7 (Fig. 6(a)-(d)). H%EEE Ucid, i
e BWCEBMERBELT, 22hEVnLO0,
SN Ud LRSI BWT, KEREERLT
Wiz (Fig. 6(e),(F)). LT, BIAIEH
BHESHRMICRREN G £, Bty 2RED b
OLEVATALLMESh TN EEZ BRI,
—%, Bl AR, AEELY 5%
{FHee & L, EFRNbRERREICHY M
hahEEx bBhi,

e, HREMOTRESBRERD &, BEN
16~31.5mm @ X 5t T, Wil itk
<y, EhiEoSH L L{—FLTWE (Pig.
7(b))e E7, 4-8mm MER/RETHHE L V27 PRy
Icied &, BilleicBnTaficizE ALY
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MR a8 e Vo - g L 2D &, Hl
By L A, BTSN RETRE <R
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Fig. 7 Spacial distributions of weight percentages of classified grain size,

SEAMPEGIE (Fig. T(e),(a),(b)). LAl
M, 250pm LT O v bR T
WMFFOKE L bl 5 &, AR L OWHLLE
wallcks T, KxhfERaiBEalsH - (Fig.
7(d).(e),(f))s
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FRAERFIC K o TIPS I 0 E TS -
T, BHANOEBEAMOSH Y -1, SO
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@R H Y, ISR LTI i
LEBHL, FCHTL TS LS A (Fig.
8), —7, WUHEBAN ORI, TR
DENES TEL 2 5 EANE BN (Fig. 5, Fig.
8(g)), = 5 LIBAMREOm T 7 TR
fiik & RA DRSO E EX DI,
BIAOBKAROAAI VT, A
LAEsOENEDB LoD, REHMEELT,
BY L TR A OBET SEIKIE, B UEH




(e) 9-Jul (F) mean N (g) standard deviation

Fig. 8 Spacial distributions of hyporheic water level at each sampling dates, mean value and standard deviation
of hyporheic water level. Arrows indicate current direction.
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(e) 9-Jul (f) mean (g) standard deviation

Fig. 8 Spacial distributions of hydraulic gradient at each sampling dates, mean value and standard deviation of
hydraulic gradient. Arrows indicate current direction.

(e) 9-Jul (f) mean (g) standard deviation

Fig. 10 Seasonal changes in spacial distributions of hyporheic flow velocity in the bar (a)-(e). The mean value
(f) and standard deviation (g) of hyporheic flow velocity through the study period. Arrows indicate flow
direction in the stream channel.

T 5 TiMoABIBWTKE RHHEMBHL ¢ haTWg E#Ex bhi, BukanioRkfEzEsry
hi- (Fig. 9). Zhid, iz ISR, iz 0oL, DMLEES XTI B ThE
AoOEOEBESITAEL LoTEY, TN < BEmRBLhE, EFETRRICE2THL
LT, SkiERE B, ThkappE Mg shTeYy, Tl TBEOERIX >
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Fig. 11 Seasonal changes in spacial distributions of dissolved oxygen concentration of the hyporheic water in the
bar (a)-(e). The mean value (f) and standard deviation (g) of dissolved oxygen concentration through
the study period, Arrows indicate flow direction in the stream channel.
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Fig. 12 Seasonal changes in dissolved oxygen concen-
tration of the surface water in the channel
and hyporheic water in the bar through the
study period.

TEL M AN TVD £ 2 ik (Fig. 9(g).
7, COWMATH, EAEIRSEN0.054 Th
D, WAAEN02~03UTTHEED, Fri—
BlR+H4ERiEthHS LEL LR (EHTES,
1979), ¥, DUARBUKHEEIZoWT b, KIEE
Wiz L5 2 bolniEhs boo, EENMLEL
T, WL OFIADERET HEUKEIC BT,
e < R AEFDESRE (Fig. 10). BBk
oEMmEESE RS &, MBEUREESHS7—
LiZIEREETH Y, Wkaid el b i T
PRI T, 128 A Sk ETIOEEE
2 ieds, #HioREd s LT, KEEDHL
FeE o, BEka s tER LGN (Fig.
10(g)). L Léadth, WlEEIREVLOO,
MR e lE o b B L T b o BT - 0w
Buie, = oBk RV THERIIREER
HRmEELILRE,

(1) BNARMBKEOBFRERED T

HE1FHEE%E (DO : Dissolved Oxigen) k4 By 5
RS LT, BELABRUEERO—2THY, Kt
Pl Ly M BR R AR ko 4 B3 S TR IR R A4
c o TRICTHETHS (Baker et al, 2000), #
FEERIE, —ARICTRRE (mg/1) P (%)
THERL, KALABTHCRESh, KATOR
iR LK P ORESRESTEATIRIRICH D & & DK
POBEREREY 100%& L, ThEBAHLEK
s, FhicEo vk Eicirfamiv i,
—filz, diAOEFRRATERE, KEXIHZD
IELETT 5,

[RZERF O ) || A e S TFARIGR A 5 L UMRmE I,
12.2 + 0.4~8.2 = 0.1lmg/l, 122.8 + 4.0~98.7 £
18.7%DMEECH Y (Fig. 12), TEMM S 20 L
T, FicEfamiciEe i E MR LTk, Zhid,
Mo RIEchstb Lt EL LN
f=. Ei=, 58 4 A OBEERERES LUMMER,
A28, 6A7H, THAIBEY bAEIEML
(p<0.01, Scheffe’s test), LD M THAT
FimEbbhied ok (ns, Scheffe’s test). L
EdaT, FNIAFKICEV TR, RN EEL
T, o BEREREAERFER TV EHAD
N5, —7%, FUgESREIc S IEFR AR
OaAaEE, WM AL, DI LA 5
KEMERBO TR R5EAESLY (Fig. 11),
EMEEL NSV Lbhot (Fig. 11(g))e
—hiz, ARSI it & kLT, BilE
e oM B R IR AR A k 0 e LT
pEahabEEILNE, —F, FHitibke
ECETRIGRENETFLTWE, BllNERRT
i%, 5mg/l & FESEPTHAFELE (Fig. 11).
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Fig. 13 Spacial distributions of hyporheic water temperature at each sampling dates, mean value and standard
deviation of hyporheic water temperature. Arrows indicate current direction.

3.2 BMAEBAKEOKED

L B oo B M RoOHIERN, FHNRERD, B
PRI I B B NN B (LSRN T
e ¢, HMRMBEAREOELEELSYE, iz
ETshmio ke B BEL A5 LHRABND, —
o, KBOLHED~OUEOKPTH D, B
FlEE e RAIR OB E LT, —SiREN
10CERAE, EHOFERBLE 2RI L
A B TS (Flk - ZHH, 1995). I —2H,
AROEBEMEEIC L S EFRERES pH Lol
AEREEEES LEES~OREETH L,
TR Iz AMIKIER, 6 ATHE6A 22
H, 6A228L7A9RLOMTRABENEDL
hF (Scheffe test, n.s.), %Y O A M TEAH
feasEh G, FMiE &b B e
AT B i (Scheffe’s test, p<0.01, Fig. 14). —
4. ToRPInaBkIE & FHElS, B L & bICHIDY
I BB ED bhi (Fig. 13). £, WEN
BBV, SERMISFIKR & kLT, B
PP R O A% 1 CREEMV VBRI A R =% (Fed
{E@IQ.ZHH.WWfHﬂﬂEﬁﬂﬂThé
=, AHOEBEEELHITIEDLEFLLNIE.
A LT, & il ks o RIS
LUMKESIC BT, MBRAKIE AN < A2 S B A
bBh (Fig, 18). Li#toT, MEUKIBRSIC
B LT, PllEksoss L EEERTRTY
L#EZ b,

3.3 EhMORmEAKIEE Iz & 1 AP MIRBRE
OHEMNE
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Fig. 14 Chronological changes of the river water tem-
perature and hyporheic water temperature
from 4-May to 7-Jul.

T ORRD PN PSP B B 0 A5 A TR & R BIGR &
shis, TORE, Dist-X(r=0.50, p<0.01), B L
Ut Dyo(r=0.38, p<0.05), 8-16mum [ B & 5 4
hamﬁpdmﬂkﬁﬁﬁ&EﬂﬂM,ﬂ%ﬁﬁ
Ue, 0.5-1mm(r=-0.60, p<0.01), 250-500pm(r=-
0.48, p<0.05), 125-250pum M E T 575 (r=-0.37,
p<0.05) & XA WARAOMESS hi (Table.
1). Lo, BRIEOHAMRL, FIAMKED
HOIEREL D b, WS- BB I
FLTWA D Edbhot, ¥, THiZDUENE
BT EY, KEBRBOHBHCRSLDIELS
Abhiz,

Bk O AR IREE & MK D oK TTREE,
SEMOER b o HEBREERRmICT o), £T
OIERINC, AN L st ok, €
DR, EERRRERKEORENT, BT
Hedshs & OYIRE (Dist-X), pH, BAGRE (k). BW
PR (v) & OIICTEDHBM, KBRS 6O
P (Dist-R), MAEMEE (EC), B¥llNpKIE
(HWtemp) & DA DHBAED bk (Table.
m.#mTE.Mﬁmﬁﬁ%mmmﬁ;ﬂamﬁ




Table 1 Correlation coefficients beween permeability coefficient (k) and other variables. k was transformed
to log(k). * and ** indicate significant levels at p < 0.05 and p < 0.01, respectively. 1 correlation
coefficient, p: significance probability, n: number,

variables r D n variables r P n
Dist-X 0.50 ** 32 8 - 16mm 0.45 * 30
bist-R -0.08 32 4 . Bmm 0.23 30

o 038 * 30 2 - 4mm -0.03 30
Dag 0.33 30 1-2mm -0.22 30
Dsg 0.18 20 0.5 « lmm -0.60 ** 30
Dgo 0.07 30 250-500um -0.48 * 30
Ye 047 F 30 125-250pm -0.37 30
¢! 0.14 36 63 123pm -0.07 30
- 31.5mm -0.01 30 - 63pm 0.18 30
16 - 31.5mm  0.20 30

Table 2 Correlation coefficients beween dissolved oxigen concentration (DO) and other variables on the each
sampling dates. * and ** indicate significant levels at p < 0.05 and p < 0.01, respectively. Variables
with 1 and #f were transformed to log{x) and log(x+1). r: correlation coefficient, p: significance

probability, n: number.

[3]9]

variables 4-May 24-May 7-Jun 22-Jun 9-Jul
r p n r p n r p n r p n r p n
Dist-X 0.32 5% 068 * i3 046 * 26 .36 28 035 ¢ 32
Dist-R -0.24 26 -0.12 13 038 * 96 061 *= 28 -041 * 32
ki 0.26 26 082 ** 13 047 ** 26 039 * 28 020 32
i 0.37 26 -0.07 13 0.28 26 0.08 28 0.23 32
a7t 0.38 26 059 * 13 062 *f 26 037 28 033 32
pH 069 ¥ 30 075 ** 1T 096 ** 30 076 ** 32 049 ¥ 38
EC -0.56 ** 30 -0.46 17 -0.37 30 -042 * 31 075 F* 36
HWtemp., -0.47 ** 30 -048 * 17 -043 * 30 -0.32 32 -0.52 ** 36

Dist-X: distance from down edge of the bar, Dist-R: distance from river’s edge, hydraulic gradient, k: permeability
coefficient, 1 hyporheic flow velocity, EC: Electoric Conductivity, HWtemp: hyporheic water temperture.

BHEHAE < 2 B EMRH -z (Table. 2), Zh
L, TSR EE BRI A AR ORI, B
7B R X A RACR o ERER AR D
EFAERTHDI EELIOLNE, £, EHOFEE
X ABEREOHEE REFAOP R -TpH
DIETFEBETWH EEZLNI,

—%, EHEIEEE T L, BHREEKER
FEHI P bie o THFICHEM L (bf Fig. 14), Th
KHAELT, BEBRSBETETLE (Fig. 12)
¥7=, 5 H 24 A6 A 7 RITBWTIL, BAERE
PR TOE & otz B HICBIMEEARIED
WEEH L O EOHERH L (Table. 2, Fig. 15,
Fig. 16), 7.4 9 BT, & CBHARBRAERL
oz, BNAOHRERRSGME (Fig. 2). £2
¢, 2MMEELC, BRERRRE L DUIREERK
B, &LICEHEMRB W TCHEBOER > EIHRHE
sk & OBEE AT L, TORR, BIFERSR
P A E BT, BINOKIEEOKE R E 2 A
LTV (Fig, 17), 7o, REIMICH 5 L2
kb7 0 BRAGRD ERIC K- T, Bl aET

BEBRSEEMET LTV EEX LR, —4,
6 H2 BT A9 HIARS L, BiRSRIZBY
TEERRRRED & AHENES R2EMAS R LN
. LMo, 6 AEI2BES L, H-HIEE
Wb BRAGR® A, BIARERATREL Y b,
BHMERFEICE L DHENRKEL D LELLN
oo oondd, EREAR RIS X AR INAEBKERO
HERENMEOETIC, LpEEofnic k58
HREORKBHENERLSZET, LVBRJETR
HEpELEETLEbEEZLNE,

3.4 ELHXFAYOE - HEIC & > TIHFEGEM
#iE

(1) BEFETE

BRECROSHEEREEIS, EREKADOTA
QHIIBNT S, bod b REXRBHT2EIRLETH
b, Bleicien T, SV ERIEE LTV (Fig.
lﬁobtﬁof,ﬁﬁﬁﬁwﬁﬁwwﬁwﬁﬁ%
Hoehbhil, TrasfovoflBErBRRRES
Smg/l % FIE B HEAEREIICN LT b E R~ T
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Fig. 15 Relationships between dissolved oxigen in the hyporheic gone (DO) and permeability coefficient (k) on
the each sampling dates. & was transformed to log(k). Solid lines indicate regression lines.
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Fig. 16 Relationships between dissolved oxigen in the hyporheic zone (DO) and hyporheic flow velocity (v) om
the each sampling dates. v was transformed to log(v + 1). Solid lines indicate regression lines,
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Fig. 17 Relationships between dissolved oxigen concentration in the hyporheic zone, hyporheic water tempera-
ture and hyporheic flow velocity.
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Fig. 18 Spacial distribution of dead ratio of eggs.

ik BT ST, —RBIRE T EAE S 2D
Fih R ehid (Fig. 18(c)), “® &5 LEHmHT
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(b) 7-Jun

(c) 22-Jun

Fig. 19 Spacial distribution of hatching ratio.

Table 3 Relationships between hatching ratio and dissolved oxigen concentration (DO). * and ** indicate signif-
icant levels at p < 0.05 and p < (.01, respectively. 1 correlation coefficient, p: significance probability,

n: number.

hatching ratio

DO 24-May T-Jun 22-Jun 9~Jul
r P n r P r p n v p n
4-May 0.62 ** 24 034 25 0.54 ** 24 0.37 24

24.May 0.66 * 12 0.13
7-Jun 0.25

12 67 *F 12 0.67 * 12
25 059 ** 24 052 % 24

22-Jun 0.38 25 (.51 * 24

g-Jul 042 *F 24
} 1 2 BRI b i LT, BEASED o T (Fig. 19)
ST T e T miek s RR L ofT, WERS L
ﬂ g / o B 4T 247 - RSB (Table. 3), HTFRTRE
forf iR ] . ] LA A L BROfHER L ORISR bR, &<, 5
U hed 7 sowm st 0 cowm H 24 H DIREERERE L &AHER oErZ=R L O
osme__ __es1 . .sm ira IR iz (Table. 3, Table. 20)s
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(2) LR

SREPLERIT, 5 A 24 A CHHABRMIETOAR
inodedl, FEHL & HIRKERIETHELS 20k (Fig.
19). Fie, HWHRERRTLIHLIETRTH S5, K

MBI (Fig. 19, Fig. 20), SFORE
it 5 A 24 BEOEEBRBRRENKE BETS
LEZ R,

Fie, HIiL o TRERDE, — A E T EIRE S
BAEICETS BTV L ERTLR T
% (Benard, 1984). Fig. 13 BLURig. 11 L9,
5 A~6 B e TR BB oEKE T, KA
REL POBERENEETHILD, FERL i
W BOIEMNRIBHTHD LEX AL, =7,
TR A B0, FNERBEY 20
el EBR LR,

(3) BHLBISHT HYPHREFE

L Ec R AR, 5 A 24 B, W
FHOBFThH -2, L & bITKEDT
cOAEFRTEEY, 7H 9 BT ERICENO
FhhTOEMB LD b, O THOEPH2 5l
KA CEGBREE o (Fig. 21). ¥iC
BRARNTE, EEER0ERALIEFRbH o
e (Fig. 21) $fo, PEBICHT 29 REREL
ABPELEERE oM, BER D CHES
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DA RAORMRR S (r=-0.65, p<0.01,
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Fig. 21 Spacial distribution of alive nymphs ratio against hatching ratio.

Tahle 4 Relationships between alive nymphs ratio against hatching ratio, dissolved oxigen concentration (DO)
and hyporheic water temperature (HWtemp). * and *% indicate significant levels at p < 0.05 and p <
0.01, respectively, r: correlation coefficient, p: significance probability. n: number.

alive nymphs ratio against hatching ratio

variables 24-May T Jun 22-Jun 9-Jul
r p n T p n r p n r P n
DO 0.81 ** 10 0.21 25 043 % 25 039 * 28
HWiemp -0.25 10 0.07 25 -0.21 25  .0.65 ** 28
Ew
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Fig. 22 Relationships between alive nymphs ratio against Latching ratio, dissolved oxigen concentration (DO)
and hyporheic water temperature (HWtemp) on the each sampling dates. Solid lines indicate regression

lines.

Table. 4, Fig, 22). Zhil, siEiCHE~7=L5
12, BRI S BIWNERAKIEO BR - WER
HEEOETIZLY, HiudAROERWER TIRRIO
KETOREHFTRETHOEDEEZEZLND, TO
g EElp Uk g dby, 7 AR, b L
o TR BT S LIS,

(4) LHBICHT BHBRERE

5494 H, 647 i, AR TEIMUIETS
HBAEGFEREL R ERXBLNE (Fig. 23).
$mZEOLOOEFERFETRIEIC LT 548
BAEESREY, FRENC BV TBNAR TR 2R
(Fig. 28), TORLETCEERTH L, DML

Fres AT B KL, SRORMIC D, ShiRo4s
AlrbifEsBEThd EBA b, LUK
5, THOBIIE, EECEROTORCWIEAE
L0 4,00 FROMEREN» LREOKERERSIZBY
TOH, IR HT AHRAEFREKRE {RDHH
g LNE (Fig. 23).
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EDHBE (1=0.68, p<0.05), 7 A 9 0% TR
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Fig. 23 Spacial distribution of alive nymphs ratio against total eggs.

Table 5 Relationships between alive nymphs ratio against total eggs, dissolved oxigen concentration (DO) and
hyporheic water temperature (HWtemp). * and ** indicate significant levels at p < 0.05 and p < 0.01,
respectively. r: correlation coefficient, p: significance probability, n: aumber.

alive nymphs ratioc against total eggs

variables 24-Jun 7-Jun 22-Jun g-Jul
r % n T P n T p n T P n
DO 0.68 * 12 0.30 25 0.37 25 0.42 * 28
HWtemp 0.03 12 0.19 25 -0.23 25 0,53 ** 28
%l.ﬂ‘ 5 /24 j 6/7 ‘ - & /22 5 /9
o
%::1 'S 5[ a ‘f L) s . l ) .
=0 i 4 [ Id
£oa i ?. i / L 4
§ 2 e 8 - [} o
02 ¥ JL ) ‘é/t ¢ ] '/. .
én,n ¥ e P " ey . - 1 3P —
| 0 4 8 1z 0 4 g 12 0 4 8 12 0 4 8 12
20 tmp/D RO (mg/D 20 (mg/1¥ B0 (mp/D

5 /24 /7 ‘ 6 /22 . 179
. R |

| 2 . g
't . *

| R

L B oy - g By
16 17 18 t9 20 21 16 1718 19 20 N1 18 17 18 19 20 21 16 F7 t8 19 20 21
H¥temp HWtemp HMtemp HWtamp

e -
® o
o

@
@

e s
>

alive nvmpém / total oppe
-
]
a
°
3
-

o
=

Fig. 24 Relationships between alive nymphs ratio against total eggs, dissolved oxigen concentration (DO} and
hyporheic water temperature {HWtemp) on the each sampling dates. Solid lines indicate regression
hnes.

7. (Table. 5, Fig. 24), 5 A 24 A, RO LY RoEFITE L Q0B FEELICH > B
b, shhoAEESE L VD LY, HOFHEORIZE MEEKED LR - BEBRRRECMKTOLD, 9
FohRBEREEL 2L LEXLND, £, 64 it 7 BRI, b L IR A OB TR
7 ALE A 22 HinRW T, BEREBREQCKT  OKROBVWEFTICBET S LRI S,
MELRELOD, YRt -THE, TEMALZ
ERTERLELLNAE, LALEMXE, THIH
29 MR RAPIRTF RT3 L OB ARG RUKIR
LHEEAEVOR, ToEicias &, BRHEK
EO PRI LD, RERSREABBEICEL,
AT EEARFREE Rolth EELGNT,

4, BbHYIz

AR ST OB T, £ < OlREY S
FER AN THY (eg. Takemon et al, 1999, {1
K%, 2003a, 2003b), TLL DML, Bk

LitiioT, BBV TH, FEICEREE ok s, FERAREORS, HEARHOD
B DS 5T IOW LTIk, SOkl SERELTnaEER2bh TS, £k, 275




HELHTFTE, FrARA, REXZH, FHY
REL R ¥ % < OkERROEIMGETIZ oW, O
FEHRCEIT ARENRO LD (YTH, 1997).
KR TH, Foh s n o ERHHE AR
B OBIKAELOR B RIEFTE MR L BIRLTB
W, FoOLHRETE, HEMEOSERRE ]
BAMELE <, ARMFEZOKE R L > THKS
FARE MR NS, BT CrRIMBUKSE
BRAEXCARAIERbhat, ¥, BERERF
FASR 54 AT T I ZK AV DS NI R IR B & D
=8, IH LB TCHARERBREDAERELLT
AT A LF X b,

F7o, HRRERKEL BERBTFRESEGRS
NAWUKEECIHE Lizghh s, ZREC & D EbEMER
B LT, EERNE TIRICBEIYT 5]
BEMASRIB SN, ThZE L OKERRICL D
THEALZELOND, —J, WEH RS, F
KEF RO BT DBF THh AT, HKRINED
R Ui b, EPESEAEBOKIRE, e
S RAASESE D, EAKMEMSEL L, REICHEIE
O BIRFHEEIE T LT EE L bR, AT
FeEE RN G, T OBEENBRERRD TARN
ARG, WERE L > CTHFEREEERBERS
VBT, EREENKERBITICRORI I e
o, TOXIRBEEMFT DTN,
S E BT OBERHENNETHY, HEH
DFEAMECE K AR EE BOFIEENNELE
x BT,

BEXR

FIRJEE (1944): WH R AOLE, BRE,
pp.117-317, Wizeit.,

R - FETR (1083) | RAERKRBREOMR
HFEIC BT AEg, FETERRHEE, 23,
4, pp.157-170.

Fodde /oK - ZHAEBER (1005) B MWRIHEL,
kL,

AR AR T A (2001) | DERBR—BEAR LT
& — (B-ERER) AR TES TOMBRRE
& (B—EXGTH) BEZEAR, HREAMET
ey,

HEEATELES (1979) ¢ LEREEE (55 2 Al
TR HERBEGWEREZASR, HHEAL
B

FrEHEERA (1997): IR BT BARLE R ROESLR
{82, BBhSEEE, 50(1), pp.52-60.

YrPREETA (2003) t A X v LNIOBRE, xaY T 4
7, 11, pp.30-35.

FrPHEEah - MRS - BH— 2 P EBRE - ZENE
#eg (2003a) ¢ RS 0 7 i K DR BIRENMD O
FEFEEER. AEOBRATIE - THAHKE
b & LT —. P RESEATT R S AT R S
N—THEE, pp.235-241.

ragEal - HFE - B E-Z (2003b) - ARHIE
ST B W AT ER D A E R EE & MBS O
SAER. AE)OBETIE - KRBMRE PO
L LT, WA R FE AR | AT SE e —
THEE, pp.263-270.

Mgt - PTFIEEEL - I - HiRUA— (2003)
. R BBEA O SRRt LT A A
Y OESHBINBIR. UK KBTS EE, 461,
pn.8B6T-873.

PEEE (1986) ¢ BAFRNBRKABREOEH (€
»2), HTKEHF LR, 28, 3, pp.15-24,
Buiton, A. J., Vallet H. M. and Fisher 5. G.

(1992) : Spatial distribution and taxonomic com-
position of the hyporheos of several Sonoran
Desert streams, Archiv fur Hydrobiologie, 125,

pp.37-61.

Environmental Systems Research Institute, Inc.
(1996) : ArcView GIS Ver. 3.2a. Environmen-
tal Systems Research Institute, Inc., California,
USA.

Fiebig, D. M. and Lock, M. A. (1991) : Immobiliza-
tion of dissolved organic matter from ground wa-
ter discharging through the stream bed, Fresh-
water Biolgy, 26, pp.45-55.

Hvorslev, M. J. (1951) : Time lag and soil
permeability in ground-water obserbations.
Bull.36,50pp., U.S. Corps of Engs., Waterways
Exp. Sta., Vicksburg, Miss.

Mitani Corporation (2003) : WinROOF ver. 5.03.
Mitani Corporation, Fukui, Japan.

Orghidan, T. (1959): Ein neuer Lebensrum des un-
terirdischen Wassers, der hyporherische Biotop,
Archiv fur Hydrobiologie, 55, pp.392-414.

Pionke, IL. B., Hoover, J. R., Schnabel, R. R, Gbu-
rek, W. J., Urban, J. B. and Rogowski, A. S.
(1988) : Chemical-hydrologic interactions in the
near-stream zone, Water Resource Research, 24,
pp.101-110.

Richard, C. and G. Host (1994) : Examing land
use influence on stream habitats and macroin-
vertebrates: A GIS approach, Water Resource
in Bulletin, 30, 4, pp.729-737.




SPSS Inc. (2001) : SPSS for Windows Ver.11.0J. drologic processes, J. North Am. Benth. Sco.,
SPSS Inc., Chicago, USA. 15: pp.3-19.

7 . ' ; 3
Takemon,Y.,Yoko Hirayama,and Kazumni Tanida Wondzell, S. M. and Swanson, F. J. (1999):Floods,

channel change, and the hyporheic zone, Water

Resources Research, 35 (2), pp.555-567.
Wright, J. E., P. D. Anmitage, M. T. Furce and D.

Moss (1989) : Prediction of invertebrate commu-

(1999) : Species composition of hyporheos in a
bar-island of a Japanese mountain stream, Jpn.
J. Limnol., 60 (3), pp.413-416.

Takemon, Y., (2000) : Reproductive behavior and
morphology of Poruleptophlebia nities using stream measurements. Regulated

spinosa(Ephemeroptera:Leptophlebﬁdae): im- Rivers: Reserch and Management, 4, pp.147-
155,

Yamada H., F. Nakamura, Y. Watanabe, M. Mu-

rakami and T. Nogami (in press) : Measuring hy-

plications of variation in copula duration, Lim-
nology, 1, pp.47-506.

Valett, H. M., Morrice, J. A. Dahm, C. N
and Campana, M. E. (1996} Parent lithol-

draulic permeability in a streambed using the
ogy, surface-groundwater exchange, and ni-

oo packer test, Hydrological processes, in press.
irate retention in headwater streams, Limmnol.

Oceanogr., 41, pp. 333-345.

Williams, D. D. (1993) : Nutrient and fow vec-
tor dynamics at the hyporheic/groundwater
interface and their effects on the interstitial
fauna, Hydrobiologie, 251, pp.185-198.

Wondzell, S. M. and Swanson, F. J. (1996} : Sea-
sonal and storm dynamics of the hyporheic
zone of a 4th-order mountain stream. It Hy-

An experimental study on hyporheic environmental conditions required for mayfly
reproduction in a mountain stream.

Yasuhiro TAKEMON*, Takeshi TANAKA**, Hiroyuki YAMADA* and Shuichi IKEBUCHI*

* Digaster Prevention Research Institute, Kyoto University
#* (iraduate School of Engincering, Kyoto University

Synopsis

Tt has been reported that the oviposition sites of some aquatic insects such as a mayfly Ephemera
strigata are restricted to the shore of the pool tail and riffie head. Ecological implications of the preference
of oviposition sites have been attempted in relation to physicochemical environmental conditions of the
hyporheic zone. However, few empirical studies have proved the causal relationship between such habitat
selection of stream inhabitants and the ecological functions of the hyporheic zone. The present study
focused on the horizontal distribution and seasonal changes in DO concentration in the hyporheic zone
of a gravel bar in the Kamo River, in Kyoto city, Japan. Field experiments for rearing eggs of the mayfly
E. strigate at various sites of the bar were carried out to examine relations of survival ratio of the eggs
and nymphs to the physicochemical conditions in the hyporheic zone. Distribution patterns of the water
quality parameters showed that the reduction in DO concentration was strongly related to the hyporheic
water temperature as well as the liquidity of hyporheic flow. The egg rearing experiment resulted in
higher hutching rate of eggs and higher survivability of nymphs along the riffie shore than inland area of
the bar. The egg hutching rate and nymphal survivability showed high correlation with DO concentration
of hyporheic waters. The hyporheic flow velocity was also high near the water’s edge in the riffle, where
E. strigaia selected as oviposition sites, suggesting that their habitat selection functions to raise survival
ratio of their offspring in the egg and early nymphal stages.

Keywords : hyporheic zone, physicochemical environment, Ephemera strigoio, habitat selection for
oviposition site, current velocity of hyporheic zone




