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Impacts of Storage Dams on Stream Invertebrate Assemblage

Mediated by Tributaries

V% A - MIH KRR - = P
Tomonori Watanabe”, Daizaburo Hosoda" and Yo Miyake®

We conducted a field survey in Hida River basin in Gifu prefecture on September, 2004, to reveal the impacts of
storage dams on stream invertebrate assemblage and the mediation of the impacts by the confluence of tributaries.
Study sites were established in upstream and downstream reaches of 4 storage dams, in 4 tributaries that confluent
downstream of each dam, and in downstream of each confluence. The water depth and the value of the DCA axis 1,
which indicates community structure of stream invertebrates, were lower, and the standing crop of particulate organic
matter was higher in the downstream of the dams. However, these values in the downstream of confluence were similar
to those in upstream of dams and in tributaries, implying that the impacts of storage dams were mitigated by the
confluence of tributaries. We suggest that the confluence of tributary in downstream of dam mitigates the changes in

the flow regime and the deposition of the organic matter caused by storage dams.
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AT, WOKFREE, AETERDK - TEENKOMS, BEEOIRKB LUFIKEZ BrIcEZ <@ s, AMIC
LRTHEHPRAEEEZHTZO LTS (Alan1995). —H TH LDERR - @HIND Z LI kY, X ATk
DK« KEOUE, wERD, FESHE O EOWBUL FRIREOZLNEZ D Z &ML TN D

(Hart & Poff2002). ZDZ &h b, JJIEREROIRED T DIZIEY LOVEY L 2 OA BIGFTEREIC KT T
REEPONCT DLERD DL LEZ LTS (REIED 2002)

— AT, IR B A £ CoE b FRVBR B0 X OVEMIFR D BRI 2 (LT 5 L &2 b TR Y

()1 H e AHES : River continuum concept, Vannote e al. 1980), AW, G, KiREOYEST 1L
=D _EFN S FHADDRN 0, TIROARERICKE REEL 525 Z LML TWS (B H 1999
ZH). L LF LR IND Z LIZL - T, WERZRX—0 Lt b P ~Omge A & L <
VIBENT X AL, R REGEAR 2 AEREIZ 95 2 & MR S VTV D (R S EE : Serial discontinuity concept,
Ward & Stanford 1983) .

KRB Z TG E UIIMEEARE, HENEETH D &I, BB OIRAE 2 RIS )N Sk
T 570 (KRB 2004), W)IAERBROBEMEZ RTIEE LTAS AR THD GRT 1977). ZivE
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TIZH, FLDOLETHMAT, &L <IEF LOFEIZ & D) M CEABMREERSE 2 ik L 72iE2 T
NTEY (PAF 1999), & L TR CTOEAEYOMBAKSLER O LA RE S TS (BlxE
Stanford & Ward 1989; Munn & Brusven 1991; Garcia de Jalon ef al. 1994; Ward & Stanford 1995). —J5, % A Rk
BT 2 D IRATMEHEOSZE, SARDBTMAT H 2 LIZ L > TSNS Z E R ST % (Storey
et al. 1991; Stanford & Ward 2001). % ADFELZ T TORWIIENGIRT 2 Z LIk Y, WERT R LF
—RAL, & DO EZ T TR L 72 - I BEE IR OA B ITBRBE N U S, ARG
DEENTFERIND. LnLRNRG, ¥ LANEABIC RIETEEO IR X DR FIZ DN TO
WFRIIARD Th 7w, & 2 TARBIFETIE, KA FERBME T 24 L0 Bif, T, 338, SRETA T
TN 3617 2 A B d L OVE B RTBRE O ATV, Bk & AN MR AR B RESR I KT 2D
SRRANE L DFEFNR A ST HZ L 2 HRY L LTe.

Ak
SAE LR
AT 2004 4E9 A 8 H2vB 9 H 15 HIZHNT T, Ik ““i;;p *~Hida River

Musugo St.-----+

W% i 2 AR AR OFEEH) TSI A LE S D 4 & 4
FEA RIS & L TAT o 72, TRBH sl T B RO S s .
ICE DR STV D UMEFT 1988). 454 LBEIE% o
WA TRHAE LTV (Table 1). &4 L8E0 i (U),
Tk (D), X (T) BLOSHIRATA it (C) Ot
16 # FTIZARA A 5% 1 F 72 (Table 2, Fig. 1). FHAHUE,
IR A D ER L OVFHRIE RS A, KRB LY
AR MRS A TR, 7 7 & A AR R Y
UTUMEICRRE LT, A O R AEIL 14 % TH Y,
A 2T - 2B OFHAITIE, AKX 12-19°C, pH (&
7.0-72, WAFMEFERIL 9.0-102 mg I, BRIEEIL

Yamanokuchi St.

Wara St

Q : Study site
W : Storage dam

N
0.038-0.044 mS cm’' DHFGIA Tdo - 7. FFHEEHIO A
(ifif: 21.4-1026.2 km?) (FJA < FARICEDIL TR D (9K 0K
- ; R m
TEA 0 84-94 %), —HBI AT & 2 - oI JHTEE) 23 7 Fig. 1. Hida River basin and the location of
L (2-15%, WTH b HIEREHRMENTIC K 0 BH) . study sites and storage dams.

FoiRE
KA 50 m OFREXM A%, ERBIC4 RO hZ 22 b BFfRR) 2ELE. &£ 7k
kRO T — =y N 7T — (a FT—hF 25em*x25cm, Xy ME1m, BV 0.5mm) %
FAOCTERAEB Z I L. BRIL7=Y 70 GEed o) 1 30HEITH £T5 %hL~ U RIKT
BRI LT=.

KA ORFEIR BT DM ERE T T 272012, KAV 7 VCE TN DA TIESIC 1
OFIRL, EE24 mm OMFLEZFHIT 7T 2REM LY T, MILNOMEEBERLZFERT 7 U ViliE (X7 .
sua A, WP CTEYE- (BEIED 1999). ZOW TSI ETT 9 £ TR CHRE Lz

KB VOB, & R T 'Y MIho THEBRICE T 72 3 # TRIRE E 13 mm (2817 5
ol (ems?) Z 70T RGEE (5L CR-TWP, = ZAEHEHF, Tanidaefal. 1985) Z MW CHRIEL, [F
FRZKIE (ecm), EEEHER X OMEORIEZ T U7z, [EEHLEE 1, 2% (bedrock) , #) (sand Kt <2 mm),
/M (gravel : 2-16 mm), i (pebble : 16-64 mm), K& (cobble : 64-256 mm), & L < ZE#E (boulder :
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> 256 mm) (Z/FEL CEogR L=, BEOIRRENL, 13F Y, #HY, BEAOWTIMNIOE L CGigkLz (1
FEDS 1995 BH). S DI T 4 ZHEAKERES AT A (Model 556MPS, YSI) & FHVWVTKIR, W17RE
F#FE (mglh), pH, EREEE (mScm’) ZHEE L.

ESIES
JEA B L EARBARASE N CRIBEZRIR Y AL/, £ CRIE 21TV R L7z, [EABMIEEIC Merritt &
Cummins (1996) (29> THEAMEEREIC A LTz, [RASW OEFEIR CThH DR A I, HEHE (Ash
free dry mass : AFDM) (2 LV Rz, [EABM A FRER, FKoT-W > 7% 65°C T 24 WM LL Bz &4,
Mo EEAFIR L7, S 5T 550°C T2 RERIEL L, ORI L. ZhboENDRLIRAREEZ FH L
7-.
MAEBEOBFREOIRIEL LT/ a7 )b a & (chl. a mgm?) ZsRed7z. (A5HHE 2RI L 7Rk
77 VVEEE 99.5 %X ) —/UZIR L (4°C, 24 FifH), @FREHH Lz, MR OWSLEE 250 R G
(U 1800 JE L v A B — 20 eEEt, HITACHD) ZMWWCEHAIL, Zaa 7 /L a % SCOR/UNESCO
(1966) DFFIEIHEL TR L.

T—R 0

BERA T AR A BB ORMERE 2 R - 010, AREE Nm?) BIOWERS Giath= Lo
B MERSD) 25 Ls. S toOBERE %2 K972 0ICfiH (ems™), A& (cm), EEHEE, X
F0EEE (%), (EREE (ch.amgm?®) BILORREHHE (gm?) OVHMEEFHLE. 62125
BFSNIEE X A 7l (0= 5%, 1= 10, 2= /i, 3= Wi, 4= KB, 5= B9 % (Baineral 1985;
Inoue et al. 1997 Z:R), FRRICEEORIEIZ B HE (1= 13F Y, 05=#V, 0= 7#X) 2E0 4T Mz
2> 1995), EEHER I ONTE Y AEIG L L.

fRatAEAT

JEAEEN DRSS 2T D 72012, 2 2 7V TOHBUEE D 50 %LL O Z3ERE O HE RS 2
TERZEXHGIHT (Detrended Correspondence Analysis ; DCA) #1772, BRERIS/HHTIC L W57 DCA
fifi 1 35 L O DCA i 2 DAL & MBI 50 %LL b FEREOFHEIRS & DR DOBIMR AR (7 Y
OFARREL, ) (SRR LTz, kA A L OAEBMRIC KV, BREZAES L OVEAEMITE DR H 5
GPERONTT D7D, KT L EOMEBMREER, KX L ETry 7 L3570y Z7EED
TEECE ST AT o 7o, BREABNEABMIC RITTELPLNCT 57010, BREAEE ER &9
HAT T I A REYGoi AT o Tz, BEREOESMER L ODHMO—REOREIC LV ES ST LD, &
BT U RTINS 2 1T o 7. RERIS, R COEIET — X IZ oW UL ERER 1T > 72, BRE
SR IHTIIRER T~ 7~ CANOCO for Windows 4.5 %, & ORUOFFEHTIIHEEHENT Y 7 | Stat View 5.0 ) %
FANT T o7z,

S

YTV EGELTCS5071 EIR, 79 PR ORAE SRR S L. Y TUSIE T ERD S 357 fd
I, 1225 38 OFREDIRAEMNEG e, BRI O 8RE FERHEE S %l b)) 1X=h
71 v J& (Baetis spp., WS, FAXHEE 12 %) T, LA, =/VE 2 & 7 & 1772 7 (Epeorus latiforium Ueno,

IR, 11%), VA/SNE AT RE (Antocha spp., WEERFE, T%), A4~ M/ F (Macrostemum
radiatum MacLachlan, JEEEFE, 7%), T/ SR HYU M4 T (Stenopsyche sauteri Ulmer, JEiAE
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Table 3. Comparison of environmental variables among location of study sites to storage dams and tributaries by
block-design two-way ANOVA. Means + 1 S.E. are shown.

Variable Location Model

§] D T C Fio p
Velocity (cms™) 540 + 135 581+ 78 511+ 63 517+ 78 0.096  0.961
Depth (cm) 481+ 41 283+ 32 359+ 12 405+ 29 5705 0.018
Substrate 43+ 01 41+ 02 37+ 03 43+ 02 1562 0.265
Pack 038 + 005 035+ 004 049 + 005 0.19 = 0.02 7.645  0.008"
Periphyton
(chl. A mg m™) 126+ 60 50+ 11 66+ 43 52+ 23 0.804  0.522
POM
(AFDM g m?) 20+ 14 13+ 04 13+ 04 18+ 09 4142 0.042"
Water
temperature (‘C) 158 + 14 175+ 05 165+ 10 176+ 06 2478 0.128
pH 70+ 00 70+ 00 71+ 00 7.0+ 00 1976 0.188
DO (ml ') 95+ 03 92+ 01 92+ 01 92+ 0.1 1.107  0.39
EC
(10° mS cm™) 378+ 1.7 408+ 1.7 383+ 48 443+ 27 0.905  0.615

'p<0.05,"p<001

E, 6%), TH~ZTH7 1Y (Uracanthella rufa Imanishi, [WERE, 5%) DIETEL b, Zhb6
DO FERE TRIEIRELD 47 %% 5D Tz, e BIEEE L - T- 1B BHERERE I R B (FXHEEEE 56 %)
T, LT, EEE 20%), MIREE (12%), #fHEdE (11%), BHaEsE (1%) OIETho7z. iz,
HHBIBEEE S 50 %A Lo ERE L, a7 n g (HBIMEE 84 %), =LE eI 207y 80%), Fv
NI T FTHAT bEerT(63%), VLv~—3~ b BT (Hydropsyche orientalis Martynov, INEERFH 58 %),
=8 (Acarina spp., THEH, 56 %) TANC ABHURIE 55%), THA~ETh7 0T (52%) Tho
7-.

B A 2 & ORLEBIRIC X 0 I INOBREERFEICERNE T THD Z ERHLNIR-T2. 7 a v 7
B O ZIELE D N OFER, HiKZ AL OACERLRIC L0 AKEE, hRRAH RS KON E Y AEIGICS
LB X O & ONLEBIRIC L 0 AE RN A B (Table 3). KFIFITKS A B CREL, TR TR
D UTe. F7e, AR T CROMEMN Lz, RoRAE I3k S A B T/ha <, TR THEmLz.
F7o, SARATRR FIRCTHWNEAD Lz, 1IXE 0 AFIGIE, IKY A0 B KOVF it TERITA bz
ST, HHTREL, LHAWA TR TEA L=, KR, pH, WEMEE, BRSEE, W, EEH
ERLOZun7 v a BIZOWTEL, IKY 538 X0 E OMEBWRIC L W AERZETRD Hen
o7= (Table3). F7z, FHLHET 7 v 72X VKRB IO pH ITEERNAE U TV OKIR, F39=6.099, p=
0.015 ; pH, F;,=4317, p=0.038).

BREEXSTIZ LY 2 S0l Z2 1572, DCA #ill 1 1357 BREOFHE AL F61T D RO ZEF D 269 %%,
DCA i 2 13 17.6 %Z i L T /= (Table 4). FHBEHTIZ LV, DCA il 1 DOffEIE4 = H OFERHEARS & 1E
OFBEBIRD, Th~Z T Hhra 7B LI OT ANE AN H R EOFHxHEERE & GQOMBEER S = &
DB SN2 572, DCA 12 DIEIX T AR AT H U RERB IR /VE v T H B 470 v OFHERE &
EOFBEEMEN, a B avBBLIOT B~ T h47 0 o OFxHEEE L AOFBRNG) & - 7= (Table 4).

HFK A & ONCERIFRIZ L0 IKAEBMIREEICERNET T D Z EBRHLNNI -T2, T a Yy ZEED
TItECE ST ORGSR, BRERSHTIC L V1557 DCA il 1| OfEIY, IKkZ A& ONEBRICEIVE
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Table 4. Pearson’s correlation coefficients between the relative
abundance dominant stream invertebrate taxa and the first two axes

for the detrended correspondence analysis (DCA)

Taxon DCA axis 1 DCA axis 2
Baetis spp. 0.168 0.719™
Epeorus latiforium 0.106 0.392"
Stenopsyche sauteri -0.140 0.225
Hydropsyche orientalis -0.201 -0.120
Acarina spp. 0.762™" 0.166
Antocha spp. -0.274" -0.708™"
Uracanthella rufa -0.581"" -0.320"
Percentage variance explained 26.9 17.6

sokok

p<0.05,"p<0.01, "p<0.001

& 47 3.0
£ F,=0.429 F,,=6.307
z | p =0.696 - 251 p =0.014
> 3 "
- ~] 2.0
A © T
8 2 < 1.51
s o
3 o 1.0
c
= |—'—| 0.5
e}
< 0
w2 F,o=0.279 1 Fe=0s0 g
] p =0.839 p =0.654
[} N
c 301 o 121
L —
L X
=20 < 081
c
g ]
S 107 0.4 -
0 0
u b T C Uu b T ¢C
Location

Fig 2. Abundance, taxson richness, DCA axis 1 and DCA axis 2 vs.
location of study sites to storage dams and tributaries. Means = 1 S.E.
and the results of block-design two-way ANOVA are shown.

HRENA Gz (Fig. 2). DCA i 1 OffI3HTKE A i T/ha <, Ik A Bl LOSARTRE o
7o IS, FEREECE JOYDCA il 2 OEIZ DWW CIEIT/K S 2 & ONLEBIRIC L DA B2 b
otz (Fig.2). F£7-, HX LT 0 v 71X EABICERITA L T ieh oz,

ATy T UA REIFSHTCT L0, AR L ORREREIC L VA S, FodEs/ &<, Rk
FHEMENZ\GFT CIEARES R E W2 EOVRENT (Table 5). DCA #ifi | OEIXIR FELSR R L ORLIRE
B2 10 BB S, AR 3% < WA R 503D 70 WIHATHEC DCA il 1 OfER R E < I o7z,
DCA il 2 OB/ X OVAFIEE B X 0 B S, KIEPKE L, W(FHE RV D72\ O FRA I DCA
i 2 DENRKEL 2ol EINHERUC OV TUIEERET AN LN -7 (Table 5).

BREEXHSTIZ K V15 54072 DCA il 1 38 X UVDCA i 2 (25T, FiitHhofEa “ ke vy h LT
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Table 5. Results of stepwise multiple regression using abundance, taxson richness, DCA axis 1 and DCA

axis 2 as dependent variables and environmental variables as independent variables.

Independent variable Regression  Standard regression Model
coefficient coefficient ” F p
Abundance (N m?)
Velocity (cm s™) 0.011 0412 0.537 7.542 0.007"
Logyo (POM) (g m?) 0.823 0.653
Constant 3.235 3.235
Taxon richness

Constant 25.500 25.500

DCA axis 1
Arcsin \(Pack) (%) 1.207 0.457 0.537  7.553 0.007"
Logyo (POM) (g m?) -0.593 -0.574
Constant 1.260 1.260

DCA axis 2
Depth (cm) 0.024 0.516 0.266 5.077 0.041"
Constant 0.236 0.236

p<0.05, "p<0.01

R, BRSBTS JOSKRIC IO T DCA Bl 1 DEAKRE <, FKZ WFRT/hS ol Fiz, i
BV NI TP REDE L 72> 72 (Fig3).

B

B4 2 & ONLERIFRIZ X 0 TN OBREERFHEICZE B U T e, KRR S LAOFBEO I B T
KREL, BBOHL P TR Lz, E30RATR FICHOMMN L7z, 8B OBUKIZEO TR S
L TFFROFEEID LA INE L 722578 (Munn & Brusven 1991; Garcia de Jalon ez al. 1994), AN T
HZEICEVIHENEE L, HOKENREL 2otz EZHND (Storey et al. 1991). FRRAEWEITHATK
LD BT, FiTHEINL, SORATER FRCHONRA Lz, BFKS A X0 SR L
722 LT, RLREHMOHERED R ST 72Ol IPKY A NI CRLIRA#m RN L7t B2 bhd
(Storey et al. 1991; Phillips 2003). F£7z, SGRAGIRT 5 Z LI K W HEEBHEENENE L, KRR HERE
JFUTL K Zpotzizth, FHORLRA R Lzt B2 5D (Storey etal. 1991). 1XF 0 AEIGIZH
WTIE, K A ETHRTIHE D AEEGIIEL L W oTzic®, IFKZ AOREIIHA LN T HIIK
MOFHEIC L Db D THD EEZ DN

Pk A I & OB BURIC L 0 JRAB OREEREICZ RN E LT TWD Z R BN >7-. DCAl1 O
EIEE KA A B CREL, FiiThS<eotz, i LiATAA T CHREDfEZ R L=, DCA i 1
OIEITRRRA R I 0 S S, BRI &Y S 723507 C DCA i 1 OEAKE < 72o7c. BDiRA
LAY O EERATEE THh D Z LB TS (Vannote ef al. 1980). Z D7, B/KE L Fif
(2B DRLRA A RO, KRR AT 2 &R & L, DCA #ili 1 Offi & ADHBERGROH 27 I~ 4
TN AT IONY AN 29I R EOFHEREOBEMZ R E, DCA il 1 OfEI NS RoTe &EZ
LD, FTm, ZRIRAZ L WRLREEM BN LTz72DIZ, TH~Z 77BNy A 24
R BORMERE D Lzt E2 b5, L, XHENEHLTYH, Bk LAORENERITIH
A PIFE - T2720, DCA il 1 OESATREDEIC/R -7 EE 2 DND.
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2.0 1

1.5 1

1.0 1

DCA axis 2

0.5 -

0 1.0 2.0 3.0
DCA axis 1
Fig. 3. Plots of the first two axes for the detrended correspondence
analysis (DCA) on the relative abundance of stream invertebrates

at each study site. Means & 1 S.E. are shown.

frK & 2 & DACEBIRIT L0 ARSI KOV R RITA CrinoTo. BEFOMEDZ < A3, K
B2 & ONEBHRIC KL 0 RS E 7 3 BRI B RS AE LD Z L AR LTS (Stanford & Ward 1989;
Munn & Brusven 1991; Garcia de Jalon et al. 1994; Ward & Stanford 1995). AMFFEOLATIX, BF/KZ A THET
& D PFREOEAENTEI L, BIOSEERETIERD H - 711 1999 2, &2 WIISEREO ANED
V (Stevens etal. 1997) EUTHRER, EIAEGS L OV EERHIC AR AE Lo T TREMEDN B . Bbivs.

AWFFETIE, BKZ LI L0 EABY OFFEMISEICER N ET, JGRBEIRT 52 LI2kY, ks A
DFEBEINSID Z 2PN LTz, AFEDVR LToRERIE, Bk S 2N IAERERIZ KIE T 8%
UDNCHIA 203% B 25 ETHETHDH EEZ NS, 4%, ¥ 2B XUOSHORRAIC L 5 BRERMRCA
MO E, ZLDBERR SNDHINORERIIFNIZHA G NI T 20 H Y, 20 &9 75X, £Ere%
RBREBE LI X L2l - EHAEEZ 5 ECHEIIRD EBbs.

ARFZEOFR AR, AR, S, BRI ER, U6, fEAS KOS oG
(CHREDHEE Z > TWel2We, IR RSB R ATt o 7 —m i, s & LRI
SETWZZWe, £, REARBMEROEAENK, BFARKIZITHEMHAEZ Fa-> THeini.

ZZICRLTLEVBILHE L BT 5.
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