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Predominance of Stenopsyche marmorata Navas larvae immediately downstream of Iwaonai Dam

in the Teshio River, Hokkaido, Japan

Tomohiro INWADATE "', Yoshikuni HODOKI "', Kako OHBAYASHI "', Tetuo MURAKAMI * and Yugo ONO "

Abstract

We examined the density of aquatic invertebrates downstream from Iwaonai Dam in the upper reach of the
Teshio River, Hokkaido. Our aim was to investigate the effects of frequent flow fluctuations caused by hydroelectric
power generation, where intermittent water releases have resulted in droughts downstream. Although the densities
of insects belonging to Ephemeroptera and Plecoptera were low just downstream of the dam compared to
those upstream, they gradually increased as we descended the river. In contrast, Stenopsyche marmorata Navas
(Trichoptera) showed both the highest density and highest percentage of total aquatic invertebrates just below
the dam, though both levels decreased downstream. While high densities of first- and second-instar larvae were
observed upstream of the dam and also far downstream, fifth-instar larvae dominated by over ninety percent just
below the dam. A similar deviation in age structures was observed in the downstream reaches of two other dams
in Hokkaido. S. marmorata may have developed a relatively high resistance to dryness compared to other aquatic
invertebrates, and that resistance seems to be higher in fifth-instar larvae. Decreases in the density of S. marmorata
in the downstream reaches may be attributed to changes in the amount of pore space per unit area of the riverbed.
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marmorata Navas) DFER LI ONE/KAERBICEDDEEIL, FLAETFMETRALE 2D Fii~1T it
WETF L7, £z, FAMATIBIOTROMSETIE, ©7FTHY hESZTO 1 I 2 IOfEE
NDENDIZH L, #LETHATHE, 5EOM[ES 90 %Ll EE Eiz, RELRE#ERORY X, #FAL%
ToldtFEDO WL DD X AT T ORI Nz, 75T T H U s JZihokAa B Bigk~R
TEACRFRIT R PN <, 2 ORI ITEEISEWVERZ EE < R D REMA R SNz, %
7z, BRENZ LB TFFITE ST 00U N ITOBERRKKERSTZERE LT, FEKEOHRAIZ X

B TERRIBR ORI O FTRENE b 7708 S ML,

F—— R kAERR, ZA, Kk, e EHT NS T, R

(2006 45 A 20 HZZAF 5 2007 4 1 A 27 H%H)

T C&HIZ

FNT 7 ARER ST SG S, EFREIITAHALH
248 - ALEERBR R R OE B A LA E S h, A
B EREEZAML 34 U5 (Ward and Stanford, 1983)., i x.
XA AT, BEREALNRFEEREICK S
LA, H R E K OB S BT K 3R 8 K 0 RE
WIC & DAIRFRT, TR OB IR S IR RE
DM ELOZEAL, BrKHICR T oYM T T 7 N s A
RFIITHE S KEEZ &, Hx RRERE NS
LT3 (Ward and Stanford, 1983 ; Z&JI[, 1999 ; Poff and
Hart,2002) ,

T ORRIRF DT KD IREREDFEAEE, EHER - [
BRI b A OFEMACCHFRIC O B LB JIET
(Armitage, 1978 ; Al-Lami et al., 1998 ; Poff et al., 1997 ; &
M- PP, 1999). HfiC, Hrkiick i 26~ 7 > 7
N OHFEICE Y, F LTFHETIE T 28} (Simulliidae)
v~ b7 7% (Hydropsychidae) 72 & D AiER#H D
KAERBBPEET L L1E, BOrORJIITHRESNT
W% (Sheldon and Oswood, 1977 ; Oswood, 1979 ; Mackay
and Waters, 1986), HADERTJIAZ TS , FHIHZ A
PR S AT 1984 FFLLE, £ O TS B T
MOKAERBRTH DA A~ b7 T (Macrostemum
radiatum McLachlan) OFEEERHEINL, £ BRI L LK LTz
ZEBHLBRLESRTND (FE,1998), £z, EF
JEEJE IR DFFNCAE S FNAKIE DR TIZ LV, Tl
D EAEFYFECKER B OWBRER OZ(LBNEL D Z &
(Stevens et al., 1997 ; Pardo et al., 1998 ; Vinson, 2001), %&
T2 DRRSHR R R A B PWEEI DS, FEEEM DR
W a2 HEbR U AR RICE (L Z RET 2 &7 E b iR
fshTna (Poffetal., 1997),

LorL, ZHHHEDZ Lo KEEMER)ITTiT
NebDOThHY, Zb LITFFORBEO R B ERO

BT BT DIERIE D v (B - TP, 1999), &
7z, AARTIL600 Kb E b OIERIH L L SBEICEEGR
NTWE (HARY AHa, 2004), A Reb—F2
2" (hydropeaking) & FEIXIV2IEFEICHE O MM e i E A
BN THEINC G2 DB OV TIRIE E AV EER S
TWRWEDERbLH D (K-, 2005),
FZCARHBILTIE, REJIDKRICHABEST 2 ERBNSY
LEXGEE LT, RS T~ ORI A H R
REAEY OBFE L AR OEILERZ I 5T 5
T ET, FARTRIIEABYEICE 2 DB

Iwaonai Dam -----"

2 km

Fig.1. Location of dams studied in Hokkaido (a) and study sites
above and below Iwaonai Dam in the Teshio River (b).

LA G L LcdbimEN D & & (a) & RIEIAKRAE
W& L ETHOFHEH A (b).
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Table 1. Details of dams studied and distance of study sites from dam site.

F1MELT o7 F AOBWER LOH LA N r HFIAERR £ TORRE
. Year .«  Total storage Hydro-  Maintenance flow Samplingdistance Sampling date . .
Studysites . gructed  PUrPOS® (X 103m$) peaking  volume(m’s')  from dam site(m) in 2005 Additional construction
Iwaonai 1970 FAWIP 107,700 O X 150 2,5,6 Oct. Epilimnetic release
. Destratifi caution system,
Takisato 1999 FNAWP 108,000 O 9 50 5 Nov. Multilevel water intake
Kanayama 1967 FAWP 150,450 O 0.3 900 23 Oct. Multilevel water intake
Futakawa 1979 P 1,620 — — 600 5 Nov. —
Samani 1974 F 6,200 X X 430 5 Nov. X

* F:Flood control, N:Unspecifi ed water use, A:Irrigation water, W:Waterworks, P:Hydroelectric generation

=120 120
2 — outflow X 5
E 804 — storage volume | 60 — @
E3 Q<
S 404 3 S
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& 0 T T o
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Fig.2. Changes in infl ow and outfl ow of Iwaonai reservoir in 2005.

X 2. BN LOFE AR L IFKEORRFEZE (2005 4F)

ODWTCFH 21T o7z, £72, AFAEOKE, HARNZ A
B IR WT, e T BT M T (Stenopsyche
marmorata Navas) F&EMER OEER2E SR L E -
72728, S. marmorata DERERLIZ DT, #EEDW)IT
HEEEZTY, ZOEEERICOVWTERE L.

FEMR L HE

FEH I OBE

RN A DR EFEICALE L, dokFREE, FE,
FE R KA L2 BRLE L 1970 FICR T L2 B
Z 5 ToHD (Fig. 1, Table 1), 2005 5 HH 5 12 ADE
BNZ L AR L ITKEDOELE Fig. 2 IR Le (HL
ZIBAT)INE , 2006) . HENZ AXFEOMEKZITH
L, B2 THEAK E U CEBANIT IR 2 23, #)
K 61— BR~E B ORIRE CHritR 2 BuR 21T 5. &
DD A AF 1L LTS R, TER R T E O K ER 1
FTEBY, BEHITIERIIAKBIEE > T kKRB D
(Figs.3a, 3b), 7z, ¥ ATFA 1 km 225 3 km DX [H
&, N Fe =% o JEIEIC X D IIERRE < LH)
L (Figs.3c, 3d), AKNMEBOFMEIL, HHAWICTE S
WV, TIRICER S IZONRLITNS L 25 b DD, 25
HHRTHERDLND,

EREAY LLETREICE T2 KERRBEOEELL
KARBOFHE T ERNF L LT (Sta. 1) &,
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ZLAE T2 T 8.5 km %MK (Sta. 6) 12T
DFF 6 HiAITRB VT, 2005 4F 10 H 2 H, 10 A 5 B

56 BIZHITTIT o7z (Fig. 1b). & L0565 DR AME
IELTWEHE, FLAETPLLERBEHT 5 ETON
Ikm X[ TIEFAKREIZHFE LR W ®, Sta. 2 1ICB1T
DEEITIEAEOT — NV TiTolc, AT 1 km( LR
W), 2.9 km( BFOE)IT ), 4.6km( FvZA)I), 6.8
km( AFRARE ) ORI THINNRETR L, FREEPICHTKER
BRRONL7ZD, Zh6DOHS (Sta. 3 ~6) TITHET
BRELK.

A OREL, 25 X 25cm 2 KT — MI& P —
N=xy ; ( BEW 475 pm) 2, FHE, 4 @
TiTolc, ==Xy NERICHEEL, 2T NF7—
WO KBEDFKE % % v hOFTHEY, (HEWE % "RER
PRV HBES &7z, 20%, 2 K7 — MNICE - o g
WLMEEE, FEIZAT Yy S THE 5~ 10cm X
L, BX ERoTcWEEF Yy NICTRLIAE R Tz, —
N—Fy NNICBRILTZWEL, o UdkEiEST
N EORECHRNEE L, RawONEYE X <
L, #rOERolcboeTrsrAnrfixy b (B
W05 mm BLF) THRETS EWIEEEZHKEL VKL
Tz. 788, HENZ LATHOT L3S TRTIE, KB
DREEKEE ST AT OHFTEY, FHEELZL 04
TEBER L%, 2 F7— MR- o v Ui
RIS~ 10ecm ETWYELTAZVICEL, X<
BLTEIOER ST E2TRE L, dEHIEbIC
80% =% / — NV THEE LIRFELI, #BtDY =717
EERBEME T TV, EOREIFINE - A H (2005)
-2 1Y

BELLKERREDS L, XTI NEST T
(Stenopsyche marmorata Navas) {2 DWW TiL, # A BT
DFEE L 2KAERBICEDDEIE L L bIC, HEREZH
EL, FHAIICRITOmERLH oMLz, e 75
BT MESTTOHEEEL, 3~ 5EEEbivs KoM
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Fig.3. Iwaonai Dam and condition of riverbeds. (a) Just below dam
during water discharging period (photograph taken facing
dam). (b) Just below dam when water release was withheld
(photograph taken facing dam). (c) Flowing river during
water discharging period. (d) Flowing river when water
release was withheld. (e) Estimation of riverbed pore space.
Large square pipe measures 50 cm X 50 cm. Lines within
pipe square form 10 cm quadrates. Gravels of Station 2 (just
below dam) shown. (f) Gravels of Station 4 (TOWARI-
Bridge). (g) Gravels just below dam (Sta.2) when water
release was withheld. Before removing the gravels. (h) After
removing gravels. White arrows point to insects.

HEWNA N EWEORE . (a) BIRFEEOERENZ 59
A4 FET (FGPSZ LA F2IRE) . (b) K
WAE RO X A% A NET (Fih DX LY A b
Mz . () MREEOR)IFN B EBhL) .
(d) Feifs b B QWG G fn BAGHS) . (o)
RIEBREE . # AET (Sta.2) . IEHFEOFEE 50 cm X
50cm. 2@ KT — h®O—i% 10 cm. (f) BF0 BAE T
(Sta.d) . (g) MFIEILFED & YA FE T Sta.2 DR
CBERRERT . (h) BERER . RENIE ST AU MES
T DEFEEREZ R .

X 3.

BIZOWTIET VXNV X2 2R, DNIOEERIZ DN
TIXEERBEMSEOHIR~A 7 v 2 —% —% >, 0.0lmm
FCRIEZFTo 72,

BHRENZ ATH T, N Red—v 7 EBEORH
Wi, KREEOKTICEY, FEBRSTZREK, 77—, it
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KIKE WD 3 ODRBSTLBRENRROND T, FHERD
MERE Z IR 2 5HA L7z,

7B, DTz, JLHHENDOAFIIKFRE I A,
R AN, FREUIACGRERELY &, FFRIKSRBI 2 5D
4 HEDF L THRIKICBW TS, Table 1 127R L7z
MTEZFFTHAY MEr FmERIC OWTHEEZIT o2
(Fig. 1a,).

EERRY LTREIZ$ 1T 5 AR O S

2005 4% 10 A 28 HIZ, # AEF (Sta.2) & Tk 2.8km
OB EEAE (Stad) I2BWT, HiE T &1 4 Eir
T RERAREOREELT-72, £F, WE% 10 cm [H
TR -7 50 X 50cm, &30 cmDE->&Ea R
F— hEWRICEEL, 2 K7— FAD 36 ZRITBN
T, MRS W £ TOREERREZ EH THRIE L7 (Figs.3e,
3. TD%, S XADRETHELETLEL 10 cm BLE
DOREEZETIYERE, O KT — FPOEKETO
MEIFHEZHE L, KEZTY bR < % TR DAL BEE
HEBEEDOZE DD, 9 &AL LTIFEET D KED V&5
RO, £z, 2 KT— NP HEHEIL7ZED 10cm
EDOKRBEIZONTIE, ZO8EHETLE LI, B
L COKEESTRMICETEAL, KOOI
LR Z R DTz, 7238, WKRMROFAEIEL, N1 e
E— % U FEAERRCSERICT LR Y, RIRBEHL T
D35HT (Sta.2 & Stad) TORHEFREZ >Tcizwd,
A Ru b —F U TEAEORELZZ T THRVWIE RN S A
Ry (Stal) BLOEELZZITTHNDHHLOD, K
PMEBOHRTREPTEH L (b LLE, BHTm
FE/NE ) Hif (Sta3,5,6) T, T—F 252 &
BHSkR > T2,

LIS

EERAA LLETRRIZETZAIIEIZA > =/KREERED
%1k

ERENZ A ETRICBIT 2 2KERBEEOE{LE
Fig. 4a 1TR LTz, & A LFROBARIOBEE IR, &
AHETFTIEELLBENED L, D%, ¥LP6OMHE
BEASEEAL 2 1T DAV EE SN T 2 B S R b vz,

A LEFROMS ZBRWZETORMAS TR, 3 B,
RKbLELBESNEDR, HFevETHY, hTHE
FH Ay BOMEEKRE»P T (Fig 4b), H 7w
THBXOH U ST HOMEEEEICONWTIE, 2k4E
ROEELFERIC, YAETTELIEYL, 20%Y
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Fig. 4. Longitudinal changes in densities of total aquatic
invertebrates (a), Ephemeroptera (b), Plecoptera
(c),Trichoptera (d), S. marmorata (e), and ercentage of S.
marmorata to total invertebrates (f).

4 HENZ LEEE L L, WIEICH > TcekAER BB
E (@), #7evH b ,hUsZ7H (), hEST T
A d BXOvr T 0T ber70EE () &K
ERBAKICEDD S FH AT M T DEE ()
DAL .

L5 OREEESEEN B2 OB EE AN 2 Em S /7S
L7z (Figs. 4b, 4c). —7F, MEST ZHIZOWTIE, #
LAETIZBID2EBEOELWEIII ey BRBRIO
HUFTRERETH TR, ZRED2HLY LA A
P A MTEWHIEE (Sta. 3) THEEORIERAEL, &4
FA NFHE L km HUR TRABE L 2o7z (Fig. 4d), %
7z, 1km 225 85km £ THTOEEDIKTFAROND
LoD, FAFI (Sta. 1) XV HEWEETHY, i
D2 BERERLIEER L, NES T HOF T,
ST HT T IRELEHTHY, St 2,3 DX A
BRI T OB K AE R BRI D 2 FIG 13RI
B o Tz (Figs. de, 4f) .
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Fig.5. Frequency distribution of head capsule lengths of

S.marmorata collected at each station above and below
Iwaonai reservoir.

5. HRBRNZ A ETFRTERRLZ ST Nesr T8
B DB 3T

EREAALLETRBIZB TS THAT NETS DS
EROZEL

HENA LA ETFRICBT DT AT N JHE
R DSR2 RDTIZE 25, 0.69 £ 0.08 mm (EH
B HEHERZ), 1.16 = 0.10 mm, 2.11 = 0.14 mm, 3.72
+0.29mm, 6.16 * 038 mm D5 ODE— 27 NFED LI
7z (Fig. 5). LTIehdoT, KRFEEZITo R, &
BWNA LA ETHICE 1 ~ 5 BOMEMBEL TN Z
e b, Eie, HEANZ A LRI (Fig. 5a) B X
ERAWRETEHE (XA THA 1 km) XY THROHE
(Figs.5¢-5f) Ti&, 1 8725 2 i £ TOREEDOFIG B L D>
TZoICktL, HENZ LAET (Fig. 5b) T, BEMEK
D90 % LLERSETH T,

Fig. 5 QBN OfER L R, SEor 7o h v
ke T OWJINEICIH > e BEELE RO (Fig. 6).
1 B2~ B 4 B DB E O RIS OZAIE, 13IER CEm
ZRL, HRENS LAET CREBEEN R LK, FATH
1 km HS TRABE & 72 0 Ti~MT < AEWF D
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L7z (Figs. 6a-6d). —J, 5 EEEKDEEICOWTIT,

i ™ ¥ AET~TFH 1 km A TRA LAY, Z0%, Fif
200- ~TATHEWED LTz (Fig. 6e).
0- Y § HBRDREICICRELZe ST AT T DFE
400 2n BROHEMI% Fig. 7 (0R L, ¥ ABT (St 2) T
200 % 1, T B EOTF LS o R ORI T 5 BB M
g 0 HELTWe, —7, LEAIAHE (Sa3) 3 X OFfE
3 WO(@&d Higs (Sta. 4) TIE, FAKP TR 1EE 2 BOBEDES
< 200 BEmolens, FER-IFRTE, 3825 5 EHof
Z o_o——t*i\. ¢ RO RN - T2,
8 400 (d) 4th
200 ERNA LTI & 1 2 5 bR O S
0 _.M & | HRANS LET TR, K025 10 cm L EO KB HR
400 (e) 5th DEVTE Z TR L T e ss, BT IRV T,
200 KEEDRIASE 2 om PAF OHRREER N UG- Sh
0L ¢ iig & TwWiz (Figs. 3e, 3f) .
8 4 0 4 8 SRS NE T &R B IC B\ TR 7 B
lower upper

U7 OKEEDOR, 8L OEHHEER % Table 2 1271
Uiz, KEEC (n=4), VHERE h=4) ITTHFEZE
BHRBI (P <0.05), BFEMSICHRY LETHEO
Fo3, SRR R R X OWEREEE K 2 fEmvME & e o

Distance from dam site (km)

Fig.6. Longitudinal changes in densities of each instar larvae of
S.marmorata.

6. E 7S FHAY T T OE B O

Bl 2L .
30 -
(a) Sta. 2-Pool (12473 ind. m?) (b) Sta. 2-Dried up bed (116+73 ind. m?)
15 )
0 A AR | I | | I |

(c) Sta. 3-Running water (788+358ind. m?| | (d) Sta.3-Dried up bed (34861 ind. m?)

OJ.LJ._ - A N

Frequency (%)
7

30 (e) Sta.4-Running water (348+294 ind. m?) (f) Sta.4-Dried up bed 36+30 m?)
15

0 2 4 6 80 2 4 6 8
Head capsule length (mm)

Fig.7. Frequency distribution of head capsule lengths of S. marmorata collected in various habitats below Iwaonai reservoir.

TERNY AT (FNET  ARNITEN, BMERE ) BEGO L 7T U T s T OEEEOHEES .

Table 2. Comparison of substrata characteristics between Stations 2 and 4.

# 2. B RBANF LTV (Stations 2,4) O] PREEHE L O FLik.

Station 2(mean * S.D.) Station 4(mean = S.D.) t P
Mean cobble volume(cm®) 920.3 = 534.9 4525 £ 2953 0.783  0.464
Number of cobbles (number 0.25m™) 380+ 98 175 £ 45 3.648 0.011
Mean height of cobble layers (mm) 929 £ 205 475 = 249 2.82 0.03
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0 2 4 6 8
Head capsule length (mm)
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Fig.8. Frequency distribution of head length of S. marmorata
collected below 4 dams in Hokkaido.

8. dLMEIEAN D 4 ¥ LD TFIRIMICKIT D 5 F YU FE
7T DERK R .

IBEEDT LATHRBEICHTZ2ESFTHAT RET SO
R D B

HZE LD TR TRES NI ST AT FES T D
THE R A 94 % Fig. 8 1R Lz, WA &, BELLZ A
TR T, 1 #2255 o2 TOMEENHERI NN,
ZOMDE LTIE, HRENE L LRI S IOEEDE
HEREL, RTINS A TRETE, 1 #8225 3 EofE
RRHER S NI o T,

£ K

IR EGHEASOESIC I NE, ok > TH
A LT - ALFBRIE R O R ERY, KO AT
XD FTRICIT S ICEVWR L ICEM IS (Ward and
Stanford,1983) . Z D7 [AI1R O LI, HEF S
NI F LORLERLIROBIC L > THh RES LTS
2, WEE - ALFRIBRBE O [RE OFREE LIS LI A 440
DOEE ST D (Stevens et al., 1997), &N Z L Fifk
Th, AIRO@EY ZJNBEWRT D72, " Fe—Fx
VBRI X DMEBEEE R Y, LT L DEER T
VR Z ITEMEN T, 20k, 2KER
WEERBIOI ey H, BUST HOBEN FIRICIT
e, F A EFEOFEATIN OB L~V E TEE L
eSS,
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—7, HERNZ LAETFTCREREEO ST T b
v T REER OB S BRI, Riiom@Y |, 2 4
THEKIC R T 2 BB RE OB LERIZOWTIE, B
KMNT R DR 7T > 7 b ORI S R E
DI IER STV D (Sheldon and Oswood, 1977 ;
Oswo00d,1979 ; &2 , 1998) . —77, AW TlidirKihic
B3k 2 BB EIIRE L TR o0, HEN
Z LTS RT 2 A mEHE oS, e/ U R
v T ORKIRICB W TORR LI, o AEEHFICEHL
TIRBEERENA R STz, ko T, fHRm
SOREIZT T, e 7T A AT NS TR EROE
A2 HSICHAT S Z i TE R,

HRENA ATHIETE, 9 A X VBIthES et K
E—% U TEEICL Y, WO AKE BT D,
FEEBDIZ D DWW ERMEE4T > TV D Z LTI, %
R ~%k B OBERIREIE C4 U 5 K& Rk EEE 58—
WCHRBND D, Z ORI Ttk 4 83 5]
JIEEY OB EEERET HERDO—DEEZ LT
% (Poff et al., 1997 ; &AM - 19, 1999), 21X, b7
o U RE— AR OB S TV 2 &, BERRD
BV ITREENO 220 T2 X 0 820 OB A [T 5
ZENTELDIRL, BEEEDORN N T BITEFE
BORTRELDFRENRENZ LR ENFER TN
% (BH - 179, 1999 ; A H, 2005). F£7z, 1BKERTA
U BI04 Wil (G p3kAER RIS 2 5 #84,
B Z O EY) O BRI 1 TR, TR R BRPHERE L
o) A—DOFE R, RS S OERESFTOIEE & O
FIHOFLE, L TKER R L 20 LI g s
LEZ L7225 (Boulton, 2003 ; Lake, 2003) .

ERENZ LA TRIBICBIT D 75T H T FEsr T
EROE LI, A Fr =% JTEEORBEN KR
WGFT CEEREIC L G4y, iSRRI (B 2 KRS
FERSRTHRBEOBETEELTWE, Zh
ETOMEICLIVUE, e 75T T HU b s T KmER
BEERRUTEAEH T LA RS TWb iz
(G, 1962 ; PaFf, 1987), AFOME SICHE T 722 & Vi
R BT X 2 BIEATEI SR 5 L TV D & 1EE 28w,
AT H AT R BT T KT ER B~ D 23 R
<, BRI~ H ORHIHIR THE U 2 & LIRS LRE D
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