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Effect of Drought on Distribution of Stream Fauna in Shigenobu River
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Abstract; Fragmentation of lotic habitat by a drought is assumed to intercept the longitudinal movement
of organisms and alter the community structure of them. In this study, we compared the community structure
of freshwater animals between upstream and downstream of intermittent reach caused by human activities, in
order to reveal the impacts of drought on spatial distribution of stream fish and invertebrates. We also aimed
to describe fauna established in intermittent reaches of Shigenobu River. Obvious influence of droughts was
not observed for the community structure of fish and invertebrates. In contrast, spatial distribution of some
dominant invertebrate taxa was seemed to be altered by droughts. However, there remains a possibility that
effects of physicochemical habitat condition were more important than influence of a drought on

invertebrates.
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L, T ZOAEBBEETEINT 5 & FRENDE, WU A BSATREOWEIX, MEDOME
RMHFHEDIER T, )N O SBR B F L OUSE D20 & % B &R O BLE, PEING AT O 0K
TPV Ol A BB I EAEIC RIET Z L A ME S TWS, 20X 51, IR EDOHEA 1,
A RGPTEREE O ITE ) R O ECHERERE OB LGSR T2 LIc ko> T, W)IMEAE
DOREMELZWETHEEZ LN TND,

O EEBNT, WEREL L L TRV A ORERE IRV EL RITT L B2 60
TN BRI kg o N % 5| X 2 KR ELIC W TR 2 < OFFE R T T X 7= n02) 354,
WO EABOEBSFTOMESHL 25 &R T2 LIcERBEE> T3P ARG
BRI, HMAEKOFELVWELEZSIERITEELLRTWAY £, HEUIEREICE T
LAY O A EE U, JRABY OEEEROSHEE A S5 Z ERHE IR TND
U4 = X5, WUHIEERSEFTOBDREBRFEREORE Z5 XZ L, W)IIPEEAEY D
MO ERETHI LR TRINTNS,

I BT, WREIAICHE 5 A BT O e O T ) I PEBEM ISR WA RIFT B b5,
TNPEAEIE, K 0 45 72 BE SRR TP AR T 2 5K o0 TN 2 B85 2 L s bh T p kI
PRI &N 24T & k3 208 Ll &, —2& 2 BRI Tl 23 figskfa v H 2
DOETE BRI RSy Zh, FRICE LEREMLIZ E > T, SR OB T ATE R 2 5EfE T 5 72012
R RGBBHOMEL R T enmoTWAY, —F, EABMITRFICLY LML T
A E I, WERIEIKIC LY TS BRA~BEIT S Z L3 m b TR 0 )l o
DWW Z DL 5 REABMOBEZNET D EEZOND, Lo, MIKREOHD I, )l
FEEOMER 2 5| X 2 L, WIEB OIS > BB ZRET S Z LiIck o C, FIvEE O
e 2 AT H 2 ENTHREND,

THETIC, AESEATYE ISR L LT, BADDOEIERN 2 BE L= arge0 B 8K K&
IET B RO 5t G & Ul L7z afFgelh P 72 3ok & 8Kk & 5 8 % RHIIC T
e L= ipgeP e LM Thh TS, L LARS, F—IINICE T 2T XKE O Bk s T s
DR TR PEEIFE & Helis U 72 BF9R130 70, )1 o0 et 2 k3 2 B0 AL 23 98 28 LRI b
T= o THERE L2354, TS OB EISHLE S, WYANFREL TOARWES &L T, i
YN O i & T Tom B OBEEREIT R AR BTN H 5, & 2 TAMZEL, Wn
PN Z HIINX M O i — TR, )P EREREE B L OV PR IS A B REEE O el 247\, il
SIS BV REEE D ZE I A I RIETRHELZ AL NI T L2 2 2 M E Lz, EHIC, #Y)
ML Z Z)IX B O Bt & FHi T, W) EREORMK 2 5l L, 4% o0& g (FEF))
BT AMRICET S LB AN E LT,

2. Ak

21 SEHMBE

ARFZEIX, 2005 4 5 A5 2007 452 AIZ/ T T, EmEHTH5 250 25 EE) O F ik 17
Sfz, BEEJNIFETE=F7& (R 1,232 m) ZFEEE LD, WEEE FTo72%, EEEEHO
D 2 PEIE L 722 0% O W VLS TE < )RS AE 5 36 km, IR I FEAD 445 km? O — &)1 T 5 (Fig.
1), EEJIFEEITE S HRE CEDL TV AL I A TS BB Z < RO 55,
EEFER A B L OVE# L L TR ST WA, EEFEICE, BEE0 A0 0K 3 E
(Y7289 50 T ADBEF T 2R ILHANLE L, WOV KE DB EA TS,
FEE)IFEIIE T NEAKEO =S, BRCHENATRCE Y ZRiTH 2 00, FiZmL TR
KETAD 72, BEJNNXRGE DR 0 TOERENE L, 22080 TH D70, FBEAIZER I
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~HEE L, BRI EANRZ 5, BEE
JITCHE, 3 THLHENEDRERND
FVEA~K 4 km OXRE] (A5 18-22
km) ¥ KO (AT A 25 10-16 km)
TITHZEICHONA R ELTEBY, AR
HEOZENRE LORTKB RS20 (H
=72 4 DY [ H 5 A R A (LT T ] E
HEPT, RI¥EFE), 1980 FREND, B
(R ORBUKED NFIEEB D78, Ttk

(ATAMN D 6.4-7.4 km) T HH 72 I2HY)
NHRFEAL, IR - REEOBEMIZH D
(A2 844 00 [ Hh 7 3 A Ja A L ges ) 1|
EREFEBIT, RKIEX).

Kﬁ%fﬂ,i@“®?ﬁ@ﬁ%wfwﬁj
FSE AR AT 1T 2005 4238 L OV 2006 4F D
SA, 8A, 11 HBX V2007 D 2 Al
1Tolz, Fio, EAEBWIARAIE, 2005 FFB L2006 4FD 5 A, 8 HBLW 11 AlZfT-72, &
BN TR OB IX BN T, TEFICETRAKDBFET 2 S\ UN XK O B (R
i, AR BLOFHIE (FRidgadH, mMEE) o 2 #sicAESAHER L OUEABY DA o
REH AT 7= (Fig. 1, I B, FREMICENT, HBIORICENENREXM 23T 7=,
BRI S SE R L OVEAB MR A LR — DG TIT o 7203, A ZAT 9 12D Hor IRk A
RN T5E1E, FAEXEMAED R 2 XETITo 7,

FEHII TS FIRIRICALE T 5720, WOREHIZIH W THKEAR (<2.60%) 3 X ONK
AL (<5.02%) FREL< e, EREIZEICHES KOVNMETHER S LTz (Table 1,2), KEEIZ
XN AT R Do 7o h, < OROREXM TILEERICT IRy RRRLRZ, %
7o, SAEHIITEICALE T D 72D ARTEEBI O EN R Ao, HEZIT - ZBRORHITIE, &
RAGBEB L ORERREITWT NS mWEIELZ R L7z (Table 1,2),

Upstream site

Shigenobu River N

Location of the study area. White circles are study sites, black
triangle indicates Deai gauging station.

Table 1 Description of study sites in fish distribution study (mean + 1 SE).

Site Abbrev.  Location Elevation Catchment Water Slope of water Width Area Current velocity ~ Depth Discharge
(m)  area (km®) Temp. (°C) surface (%) (m) () (ms) (cm) (m* s
Upstream UP 29 271.7 1.507 £ 0.662
Riffle N33°47'05" 188+£0.6 1.32+041 7.0+0.6 144.8+27.1 304+£24 20215
E132°47'25"
Pool N33°47'06" 189+1.7 -0.11+0.17 15514 4254+575 53+1.5 56.8+5.6
E132°47'23"
Downstream DOWN 8 305.0 1.714 £ 0.831
Riffle N33°48'18" 21.9£0.7 0.74+£020 6.1+0.7 127.5+21.2 27.1+3.5 16.1+3.1
E132°4421"
Pool N33°48'18" 22.0+27 0.05+020 15.2+2.0625.8+160.0 47+3.0 652+5.1
E132°44'27"
Site EC DO pH NO;-N NO,-N NH,-N PO,-P
mSem')  (mglh) (mg 1) (mg 1) (mg 1) (mg ')
Upstream 1.653 £0.231 0.009£0.005 0.011+0.005 0.049 +0.012
Riffle 0.228 £0.028 10.15+0.49 7.4+0.2
Pool 0228 £0.018 9.46+0.81 7.1+0.1
Downstream 1.669 =0.078 0.012+0.007 0.007 +0.002 0.051 +0.004
Riffle 0.218£0.007 9.40+0.80 7.6+0.2
Pool 0.203+£0.009 892+1.81 7.8+0.3
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Table 2 Description of study sites in invertebrate distribution study (mean = 1 SE).

Site Abbrev. Location Elevation Catchment ~Water  Slope of water  Discharge EC DO pH NO;-N NO,-N NH,-N PO,-P
(m)  area (km®) Temp. (°C) surface (%) (m’s™) (mS cm’) (mg 1) (mg 1) (mg 1) (mg 1) (mg 1)
Upstream uP 29 271.7
Riffle N33°47'20" 21.0£2.0 0.15+£0.10 2.324+1.013 0.233£0.016 11.64+2.13 8.0+£0.6 1.776 £0.076 0.011 £0.003 0.012+0.007 0.059 +0.007
E132°46'57"
Pool N33°47'20" 21.1£22  0.07+0.03 2.221 £1.045 0.237+0.017 10.84+1.37 7.9+0.5 1.762 £0.069 0.027 +0.014 0.015 £ 0.007 0.061 +0.008
E132°46'59"
Downstream DOWN 8 305.0
Riffle N33°4821" 204+22  026+0.31 2.861+1.744 0218 £0.011 9.12+0.50 7.5+0.2 1.795+0.054 0.037 =0.034 0.009 +0.004 0.049 £ 0.004
E132°44'11"
Pool N33°48'20" 21.9+2.0 -0.02+0.05 2.812+1.758 0.212+0.011 8.23+0.80 7.4+0.2 1.748 +0.084 0.007 +0.003 0.012 +0.004 0.045 = 0.005
E132°44'11"

FEE)IHA A OKN (Fig. 1, 2), [E 22804 U E 1 J57 8if fRyke (Lar )1 E 8 F055 57 O 1SR 7
— & (RFEE) BIOPHERCKITHBIEL5 L, 200545 A, 8 A, 11 AR X VN2006 4 11 Hix
TR DX CHREI AN T A LTz (Fig. 2). 2005 45 H OFEAE B LRI 4 » HEIE, MR O#EY)
MUTHAL TR o 7o, JHERMRICHEAE LD, £0%, WUIAKEIEHE AR BIIETE THER
L (Fig. 1,2), HEFATRRICFED SRS 5727 A 3 HE TR S L2 h-o 72, 2005 4 8 H OFHAH
AIfZIZOWVWTIE, 8 H2 HXVMEUINARAEL, 9 H 6 HOREE Thev 7z, 2005 4 11 A OFHAE H
AIZIZOWTIE, 10 A 1 BICHEETINARAEL, @IS —RNRREKBPRLOND Z L1ddH 57203,
12 HIC A s E THER L, 1 H 13 HETheW o, £72, 2006 4F 5 HOFRAE HLAETO 4 - A
%, U< RELTEL T, FEMM P GMUIITIAEL TW2Rd o7z, 2006 4 8 H D
EHRIZICOWTIE, 8 H 10 B2 D 17 HOK 1 EBBEUINFEA L TV, EARMIZITEFRK
NEBTZ, 2006 4 11 HOFHE BRIZICOW T, 10 A 2 BIZHEYIAARA L, @Pic—Rg /e
BWAKBRENDZ LT H o= 261
12 A 7 BE TN v, £ 23
72, 2007 4 2 A O B LR

T 20
W, 200741 A 22 RSB 8|
PFA LAY, AR OK LERNT 3

= 1.4 4
(IR LT (B R £ 45 kMl

S5 VU [ b 5 A SR A (L 3] [ 5 1
FHAT, REE), 207D, 2005 0.8 1
EESH’ Sﬂ’ 11H%J:U§2006E 05 JFMAMJ JASONDJFMAMJJASONDJFMA

11 AIEYIn o255 9, 2006 2005 2006 2007

. < Fig.2 Change in water level at Deai gauging station. Arrows indicate
F5AH, 8 AR LTN2007 42 A sampling dates of fish and invertebrate distribution study. Droughts

WY DOEE NN EZ 2 5 occur when water level is below 1.22 m.
ZENHRD,

22 AR MARAE

(1) HHNRE

FE AR AASIZ 2005455 H 28 H, 8 H27 H, 11 A26H, 200645 H 27 H, 8 H26H, 11 A
5 BB X ON2007 42 H 23 BiZfT- 72, FHHAHOBE X OYIZERIT 72 12-70 m OWJIIXHE T, =
L7 ha 7 ¢ v ¥— (LR-24, Smith-Root, Inc.) #HWTHREORMZITo72, 72720, WMTILE
WHEOBIEEZ BT 2720l (BAVW30mm) AL, =L 7 her7 0y iy —ICXk D5l
BIL, TUWND BRI TTV, —FRERYICHRE L 7o 4 Z S/ TR L 7o, BIE 3 Bl
WUz, WTIE, ZEMTEMTE RN lED FRA~DOR N2 IET 5720, & T
ICIRAE MO TS, FikEZFOICHERTE s REEDTry 7 %y b (Fff6m’, HAV 5mm)
ek Lic, MICHOWTII R CHET 2 2 L DRREE 72720, REHANO S CRiiZIT- 7
(Table 1), #HEIC X 2 ERAH I ORI AE R I T T v % 22 10 84T - 72, Bl L7288 (A E >3 cm)
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FHG CHE, FHEL, KRR (em) ZR&L7I2RICHR L7, 7ok, ZAHORMEIZBWTL, #
W EEE LT D0, BB E (BMEEH -0 OBMRER) B LOBMEYE LR T L
7o

(2) T—20E

FREMBOCAEOALREE WNm?) 25 L, SFEHOBEBLIORT=L s haT 1w
T — & HWT 3 ENZD > T L AEORMERBAZMRE L7 ChRL, AREEE L,
7B, FHECER LZAEIE, AERBENED TIX WO AEREEORBICMZ 2hoT, 7277
L, &AM OFERR & REME A A T 58RI, =L e 7 g v vy —B L OEME TR
i L7285 OfEEE oG 2 Lz,

2IELEBYMHMAE

(1) BHHNRE

JEAEB AT IAAT I 2005 455 H 23, 29 H, 8 H 19 H, 11 A 18, 19 H, 200645 H 14, 15 H,
8H 2 HBXO 11 H9 HI AT, SRAHOWR X ORIZ 15-40 m OFRE XM Z7% 1T 72, 2005
FEOREICBNTIE, ZOFHEXBICERRIC 5 ROMBHRAZRE L, TOWNME 3 RORPIFE Eo
MLE T —"N_"—FRy kYo 7T — (aRFF7—h 25ecmx25cm, *v rE1m, BEV 0.5 mm)
Z W TIEABI 25 E L 7= 2006 EOFHE IV T, A KNS MIFEIC 4 RO £
RIEL, £ O 2 AT 2005 4 & FERICEABY 2RI L 7-, SRIRL 7271 (B 60 o L)
O 24T 9 £ T 5% A A~ ) VIR CIRIE LT,

KA OHEIRE Ch AN ERBEZWET 572012, FIEEBYY T NCE TN D T
B2 1 OO, EE24mm OHALEZE T/ 2REH LY T, MILNOERELFERT 7 VL
Wi (7 m sz, BEE) CEOBOP, S EIT ) £ TR CRE Lz, KESYT 7L
BEIU%, A5 A XIS BT 7o BT IR IS IR > CHEMIFRICER T 72 3 HS C, R E RIZd 1T 2 iE (em
s 27 u_SRGEE (EF L CR-11, = ZFBHF) Z WV TEHLPY, RN KZE (em) B X
OVEEME 2GR U7, IREHLEE S, AFHRSE T ORKROERE 2T H W oY1 X%, B
WLV #) (sand : RifE <2mm), /M (gravel : 2-16 mm), Hi# (pebble : 16-64 mm), K (cobble :
64-256 mm), E# (boulder : >256 mm), & L <I¥&E# (bedrock) (Z43%E L Ttk L7,

(2) EREXE

JEAB) T EARBAEE T CrIBER R Y TR E CTRE ATV, FH LT, KA
TN E ENDHHERRDR A E (POM, ¢ m?) Z5EUEE (AFDM) (X W Rdi-, KAEBHE
FrRE%, fEoloh 7% 65°C T 24 WL Lo s, g E &AL ME L7, S 512 550°C T2
BREAENL, BOBE L, Db OENSHERKLR A &4 HH L=,

FAEBEEY TN SN EREOBAFROEIE L LT/ ra 7 (/L a & (chl. amgm™) 23R 7,
MR E BRI U255 T 7 U Vili#EE 99, 5% X J — Wi L (4°C, 24 Bfl]), mFEoftz
1To 77, MMHIROWICE 253 YR (U 1800 ¥ L o4 B — A3 Y EERt, HITACHD) % HWCat
WL, Z7urwa>7 () a B% SCOR/UNESCOP D J7¥EIc#E U TR L7z,

(3) T—H2 e

HRAEMOWR L OWICAERT 2 RABYOREREZ KT -0, FRBE (Nm?) LS4
D BFETH Do ERB LOWEE (OBEREOMEROmY) 25 L, WEE () Ty
Vv OBERRBICHESE, J= —(2 phnp) / nSORICEIVHEH LI, 22T, pliiFHOHHE
BEOMXHEGEE CTH Y, S ITNECTH D, KFHEMOBREIRELZ R T -0 iE (em s7), 7K
W (em), EEHE, HRERORAEDE (gm?) BILOMNEEEE (chl. amgm?®) OFREEFH
L7, 6 DIZHBEENTIRE X A 7 1CEE (1= 1, 2= /Mg, 3= g, 4= K, 5= F#f 6=
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AR EEND S TRERICEHMERH L, SREMICE T D EEHE & LP%R,

(4) HEtiEMm

TR L OHEROE DS EATBMIHEICKIETRELHA O T 57201, ERRFTY A
70 GEEZIER) ZEic, AR LA A ER, KA OERERE, S5BREES LU0
LEERNERER LT D R ES BT BT o, Fio, BEMICR OB OABBEICD
WTH RO ZIehl@E BT 217 > 7o, WEEIALIC XY ETFROEABY O ER A L, BEHE
HEEICEALR A T IR B 2 DIV D O, AR & A L ORICEBERZEERAR RO,
INOWEGINANFEE L TN )35 72 2006 4E 5 H 36 K UN8 A 0 L2 # 3 72 13 F iR o i 23 th o
FHAFEH 72 IR A L & L L CRELS BT L TV EEETH D,

A RGBS EA B R ETEELH LIS T 57010, ARBGEFEREE A ML A, &
BT DA A VEIRER L T 5 BB 21T > 7,

EEOERMEL X OO HREDREICL VESG I L7, BB U TR R #
EATolz, [FERIS, 2TOEET —ZIZ oW LW EREREIT o 72, T CTOFGHRNT ITHEFHiE
Hr> 7 bk SPSS 11.5] (SPSS Japan Inc.) % MW TiT1-7,

3. &R

31 AENTMAE
BEFLT 16,068 fHfk, 24 FOMIAI TR
i, BEmCRsNfIEy g ~= bown
/ R U (Rhinogobius sp. CB, 48.4%) ¥ X
WA A BT (Zacco platypus, 18 xt% FE
39.9%) Th oz,
T A & T A A & o0 [ TR
L7-fESR, MEOA BT 2005 45 A
RS TRTOFHERIICHS W T LR

Density (N m?)
o © 5 @&

w

Ef&@jﬁﬁ‘ —,%—- 7}))0 71,: (Flg 3) B i 7L: , %%ﬁlﬂ May 2][:]% Nov Feb May 200‘.;Aug Nov 2F(t’eob7
AR TR L2 2R, btad &, T Fig.3 Changes in fish density at upstream site (UP) and
P L 125 AB L8 HIZHOW Tl downstream site (DOWN) of intermittent reach.

DA L T 72 2006 42 & 0 BTN FEA L TNz 2005 400 J7 ANEEH O A2 B8 FE 13
Mo 7z, 2005 4F, 2006 4 & HICHHTIALAFEA L Tz 11 220 TE 2005 42 L 0 % 2006 420 757
DAERBEEIXE - T,

BRAl L 7o O FERER A LU T 2 &, WEIALAYIEAE L Cu/2 2005 42 5 A, 8 H, 11 A3 K10 2006
110 ST RAE L TV R 722006 £ 5 A, 8 AR LTN2007 42 A & ORI THKZREIT
BTz (Table 3), i@ LIBLEM Td D ¥ FF (dnguilla japonica), 7 = (Plecoglossus altivelis) ,
V=AY /)R YVBIORX<TF T (Tridentiger brevispinis) 1%, 7 =73 2006 4F 5 A 3 LTV 2007 42
AW TERDP o122 EZRS W THOREREIC OWTbEifishiz, £/2, tyvav /R
U (Rhinogobius sp. OR) B LA A3+ /R Y (Rhinogobius sp. LD) 1%, Wifafl & b S 72k
ERE L 725> 7= (Table 3),
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Table 3 Fish captured in this study. Asterisks indicate diadromous fish species.
Species 2005 2006 2007
May Aug Nov May Aug Nov Feb
UP_DOWN UP_DOWN UP_DOWN UP_DOWN UP_DOWN UP_DOWN UP_DOWN

Anguillidae 7 F#

Anguilla japonica®* 7% 16 9 35 1 7 1 7 3 4 11 21 9 2 3
Plecoglossidae 7" == F}
Plecoglossus altivelis * 7 = 31 26 11 3 2 4 5
Cyprinidae =1 B}
Zacco temminckii 717 74 14 48 2 3 2 13 1 1 2 1
Zacco platypus ~ FA 1T 530 539 1225 384 640 251 116 78 146 58 917 1116 274 145
Phoxinus oxycephalus % 71 /~% 1 1 5 7 4 3 1 1
Pseudorasbora parva &> 3 1 6
Pseudogobio esocinus 71~ 7 18 2 45 9 49 14 6 5 1 12 6 1
Cyprinus carpio =4 4 1 2 3 7 9 1 1 2
Carassius buergeri A 7% 7 1
Carassius cuvieri 7> 217 F 2 1
Carassius sp. ¥ 7 14 13 14 35 9 9 6 7 2
Tanakia lanceolata ¥ U % F = 2
Cobitidee K3 UF
Cobitis biwae >~ RKYa v 9 20 33 1 18 1 12 4 34 14 5 7
Cobitis takatsuensis A ' K a v 5 17 1 4 1 2 76 4 10 54
Siluridae  F~ XF}
Silurus asotus T~ X 2 2 4 2 3 2 1 5
Centrarchidae > 7 ¢ v af}
Micropterus salmoides 7747 F 73 A 1
Lepomis macrochirus 7 /\—F )L 10 2 40 18 8 3 3 3
Electridae 7 7 7 ) =F}
Eleotris oxycephala 717 7 )= 1 1 3 2
Odontobutidae K> =
Odontobutis obscura K> = 1 7 1 1 1
Gobiidae ~EF}
Rhinogobius sp. CB* +~3a+ /KR 852 482 756 535 344 130 125 46 388 174 508 961 1986 495
Rhinogobius sp. LD* AA=A> /R 1 11 72 9 28 44
Rhinogobius sp. OR* kw3 /R 1 1 2 1
Rhinogobius flumineus 717 = ) R Y 3 2 1 2
Tridentiger brevispinis* X~JF 7 57 13 12 32 18 4 21 5 10 37 126 71 24 70

32 EEBMAMAE
Y TN EGR LT 16,760 K, 59 /3RO EAB RIS e, B SRR S kRt
(FHRIEEE 2.0%L0 E) 1 3=V =2 U Z#fifl (Orthocladiinae spp., FHXIE 57.5%) T, LAF, =X
U H#FEl (Chironominae spp., 21.7%), I I AX#il (Oligochaeta spp., 7.3%), 2 H X~ T T)E
(Cheumatopsyche spp., 2.9%) , X X1 (4dsellus hilgendorfii, 2.5%) , Y75 = 71 %7 11 7 (Baetis sahoensis,
2.0%) DIATEZL A biLle, ZiLh 6 S XERE CRVERED 94%% 6 Tz,

JEAEENY) ORFEMBE L, FERYB I OEERIC LV ERNR LN, HIC OV TO ailE Dy
BT ORER, ERBEITHERIICOWTHREREN RO, HEHICOWTITAEREITIRD
AVIRINo Ty, PR & A & ORI AR R L BAEHN A 517z (Table 4, Fig. 4) , WHEIALA %
E LTV 722005 42 5 H O TR CAE R EILE o 7o, o BRI AR 3 L OWEA
HONWTHNOBERIZOWTHAERETIRONT, KA AE TIERD o7z, BEEITHAR
b L OHEHICOWTHERZEN AL O, AR & A & ORICAEERZBFEMNN R LT,
VBN DS FEAE L TR 5722006 420 5 HB L OV8 A O Lttt CIEABY OB FE ITE <, T
TRAAA - CHEE TR o 7z, RIS DWW T O el B BT OFE R, A B8 B IR A s
COWTHERENR LN, AEHIZOWTIARERAZTIRONAT, ZAEMFEH LA ETIETRN
272, 2005 4, 2006 4 & BT 5 A ICIEARY O A4 BB IR - 7o 0 BEREEITHRAR I SV T
HERENRLGN, AEMICOWTIIAEEREIIR N2 oT, £z, HERFH LA E O
CHBE R BAERANR S, WS FE 4 LTz 2005 4F 8 A O Rl A CoOrsEREE s £ 0o
Teo BIFEIZOWTTAERBICOWTHEREN R OGN, FHEHIZOWTIIAERAETR N
Moz, Fio, AR LA E OMICAERZAEEMNR Oz, WEINAFA L TV 2005
5 H o LA CIEA Y O¥ELITK) - 7=, (Table 4, Fig. 4),
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LBV DR, S FEREECS L UM% Table 4 Effects of study periods and location of study sites on

e - N density, taxa richness and evenness of invertebrate.

}‘g &ié‘%‘%%fﬁiﬁ‘ k Blg{;?: l/ T I/ A é = k Z)) ED% = Period Site Period x Site

%75}6: fciof:o ﬁzl%\%&%i@%iﬁﬁi&ai, Riffle Fsa s Fiy 4 Fsa P
= . B e - Density (N m?) 444 0008% 215 0160 413 0.011*
A A A OO 7 3 B L ORISR e PR Taxa richness 1.97 0132 042 0525 170 0.185
MR DAL, AR BN S T O L Pozzlvcnncss 805 <0.001** 080  0.011%  17.65 <0.001%**
R N T . . Density (N m™) 552 0.003** 028 0601  0.10 0.462
fgio X U%iﬁﬁiﬁ@ﬂﬁﬁ‘ j( ol (Flg. 5) o Taxa richness 777 <0.001%% 261 0.123 2.93 0.042%

Evenness 3.78 0.016* 0.23 0.639 4.19 0.011*

(*P<0.05, **P<0.01, ***P<0.001)
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Fig. 5 Relationships of density, taxon richness and evenness of invertebrate with habitat environment. Coefficient of
determination (R®) and P values were shown. Regression lines are presented when significant: P < 0.05.
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Table 5 Effects of study periods and location of study sites on
density of dominant invertebrate taxa.

- e N Taxon Period Site Period x Site

I, BRI OV CH RS R B _
FJ 29 P F 1,29 P F5,29 P
Too MELBHIZS HIZa &~ FES  Riffle
— i . ~ s Orthocladiinae spp. 5.64 0.003** 0.37 0.548 1.48 0.246
7 F% 2 E‘%“&' E bi{&b) 2 71;0 SALYD Chironominae spp. 2.83 0.047* 7.78 0.012* 1.52 0.232
ﬁzlﬁ\%}_gbi ?)ﬁlﬁﬁ%‘:ﬂ:ﬁ&:ob \*’Cﬁgiﬁ% Oligochaeta spp. 13.91 <0.001%** 8.04 0.011* 0.48 0.784
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,J‘é'z: fciisz_ﬁfﬁﬁ 75)‘ E, ,5 ﬂf:o iﬁE@Jﬂﬁ)‘%\éE » Bizetis sahoensis 2.02 0.124 0.43 0.519 1.30 0.308
00
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JILR
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PN s :
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Fig. 6 Changes in density of dominant invertebrate taxa by study periods and location of study sites (mean £+ 1 SE).
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