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Distribution patterns of stream macroinvertebrates at Kamitani,

Ashiu Forest Research Station, Kyoto, Japan

Masaru SAKATY, Yosihiro NATUHARA™, Makoto KaTO*™*

2008 ~ 2009 4D FE AWM EAWIRIZ BT B L1 (BHARZH 10, 2 F AT ORAB) RS 2 Bk L,
REAEMEG & BRI L ORI E R L. TofR, EASWHEE (1) Y ra%E - JRXo2®kamil, 2) 7
FEXO 1RSI, (3) ¥ HPEBRXO LRI, (4) ¥ A EEFEXOAFNTA LRI O 4 LS 17,
AREXD VRGN OBEGIE A F AT LR 2 Br KA & O ZHRPEDME C, AR 0 1SR 2 AR
WHBoU oM. ThoofiRiE, ¥ 7 fEIC L 5 HRREZ M U7RARALISER T 2 g shi. —T, 2
RN ORELE Y A f125E - PR CEBL, IR, img o oni. 2ol ers, 2REMINE 1R
LD SAEBE, WREPEE MBS, YA EEICL MR LIS D IZ ARz A LT
WhEEZ LN T, AF AT LRI ORGSR Z DT S e, BRI B 2 KB REE R,
A KNG U T MBS, BM—REBR DDA ) 2@ LR ERSR o2 RIKML, Th
ZTINTEL o TR ORAEB YRR IILZ L T WD Z EHVHPIL 72
FoU— P RARM, BEE, AR R

We reported the stream macroinvertebrate community structures in 2008-2009 in 11 streams (mixed forest: 10, Japanese
cedar plantation: 1) belonging to Kamitani, Ashiu Research Forest, Kyoto, Japan, and discussed the relationships between
the community structures and forest environments. Macroinvertebrate communities were classified into four groups; (1)
second-order streams at deer-excluded and deer-grazed sites, (2) first-order streams at deer-grazed site, (3) first-order
streams at deer-excluded site, and (4) first-order stream at cedar plantation with deer. Under deer overbrowsing,
macroinvertebrate communities in first-order streams showed lower diversity than those in the other streams, and were
characterized by a dominance of burrower taxon. These results might be attributed to fine sedimentation via soil erosion
caused by deer overbrowsing. On the other hand, in second-order streams, macroinvertebrate community structure was
similar between the deer-excluded and deer-grazed sites, and the community was characterized by dominance of grazer and
predator taxa. These results suggest that second-order streams have abundant periphyton and prey items, and strong
tractive force which might wash out fine particles more effectively compared to those of first-order streams. In cedar
plantation, macroinvertebrate community in first-order stream was characterized by dominance of shredder taxa. In
conclusion, macroinvertebrate communities in Kamitani showed different structure patterns in relation to physical
environment (i.e., stream size) , and forest environment through forest-stream ecosystem.

Key words: Aquatic insects, Community, Functional feeding group, Indicator species

1 Lo AR A2 A L TB Y, BRENOZREZER

Hid & ORGP EIS LT Wb (M, 2005; Merritt et

al,, 2008). ZDX ) IZEHRLRTED, O W LIFBHNDA

HravH, h7r5H, VeI HAREDOKERR, BHTHEO 2 LT, EATWIIERO LWL ERE
SaxCH, v LITREBEINDEHLIEALEY FHMERFEND ECIEFICEE LM ER- LTV
PIRFICITEBALTVE,. TALDEAEEWIZ, Hx (Voshell, 2002; Merritt et al., 2008). %1 z21%, f4FEH %
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BEO 12L& LT, KA AR, FROME - W
TR E LR D FEEGHEERE L Lo TR L HDEETS
5% (Voshell, 2002). F 7z, EKABWIRTNO LY
WO THHE - 1 IREEE - $iAEBE R L LTHRET
52 LT, ZOEBERNICBI A5, YENGR
OREIZH KE CHRBLL TWw5 (Covich et al., 1999).
S5, EABYDOL 2R HKERIEIE, TML
LCHBEABEIT A 2 &2k o T, FHiED S A0S
FEOME ) RN AL LT, RMAERRIZY
BHICE D> Twb (Nakano and Murakami, 2001).
—MIZ, AL, i & RTREIREIYK
<, FBOEEMIIBITZBEECIETITHXTH S
ZEBHOLNTWS (L 5,2005). Mz T, EKAH
WEHBWRCTHEP ML BRI LN TELZD
JEAEBNY) & 7SRRI ST, fiECTH Y, HR
HERENEENTWD (BEH5,2005). TD72d, K
HEEE, WO %E RS 720 O % EYsEE T
HDHEEHLS PO HmEINTBY (W - 35k, 1975), £
< OWFFEDS T N F TIZIAEENY % W 7230 1 BRBE AT %
172 o> C&7: (#121E, Robinson and Minshall, 1986;
Zweig and Rabeni, 2001; Rainbow, 2002; Heino et al., 2003;
Matthaei et al., 2006; Yoshimura, 2007).
TNAERRICBWTIE, ) ¥ =4 oA aim e,
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HorL#Ez5N5 (Dodds, 2002). BiZid, RS
WINANEMAGEN L 720, HFREFERIEZE L TW5DH X
I RN LT, SRICEABIY 2 X 2 5 B ATE IR
L5 Tw5b (Vannote et al., 1980). 2D X 9 iRt %
FHETRERR L, TREA~DY & =B Z2 T TR, ek
WA R CIRMATRBRISEEL RIZFL TS, FliL,

EHOMBRE 2 EEHYZRE~NHBELZD
(Nakano and Murakami, 2001), #¥7% 8% % i L CK

B b% L7210 (Peterjohn and Correll, 1984; Pinay and
Decamps, 1988), BIAKIZ X o CTiRBENICEEZ AR L,

B A BHAE 2R L0 §4 2 L ShTw
% (Inoue and Nakano, 1998; Richardson and Danehy,
2007). Z07-0, FHMARERLFERAERRIE, KES
R LW BN - fLAER 2 E2 B LT, AWICHEL
HRERTHDLEEZONTBY, FMREBIIETRERS
2% K752 % K123 (Polis et al., 2004).

SRR R TR ALE T 2 R E 7 4 — v FR2EH
Wioet > & — S AR EATRIR T, SiRarshadR
ZTMEFEELT, —#, AFAIMRIGALTHSE (X
D. £F, 20X BRIRMENTHRE VS 72D E
Wi, HBR—RAEREROORY Y 2 WU T, Rk

R T § 2 B TPRI N, EBRISHMH D@
ffiiﬂ%ﬁ% WIS 2 & DBITIEIC L o ’Ciﬁ%
ENTwb (Flz1X, Hisabae et al., 2010; Sakai et al.,
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FTws 1k

Fig. 1. Study site at Kamitani in the Ashiu Forest Research Station, Kyoto, Japan. Second-order stream in mixed forest inside the deer
exclosure is labeled as EC, and first-order streams are labeled as EC1~EC4. Second-order stream in mixed forest outside the deer
exclosure is labeled as CC, and first-order streams are labeled as CC1~CC4. First-order stream in Japanese cedar plantation with deer is

labeled as PC.
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2012a). F 7z, HAEMFZEMR T, 1990 SRR 0 DI T -
TeBbhb =Kk Ih (Cervus nippon; LLF, T 71)
LB TRMADOBRRENRE ZMEL 2->TEY, T
JEREA DB - ZRREDBIIIRT LT 5 (Kato and
Okuyama, 2004; HH 5, 2008). DL BT HI2Xb
W 2 RN, FREAAEOH L Z 8 U T, WHRORER,
S HITITITHAR O REZ L, Fh—RimERRDD
M) POEREBRIMO 2O BEL L2632 LD
fahsh s (FHE5, 2008). ZOHT, 2006 F 254
HEYHRETa Y = 7 FAMREI L, HANREAR AR
D7y a AR, DN X - THEbNz. B
JEMEN CLE, EEIISRTAKY ~ TR gy~ 7
ABREINTE Y, MANO TRz TaEH#
g, Tabi GRS R £ 5 2 & T, FRIEAKE R,
AR I RIZT b Oo0H 5 (R
B 5, 2010; Sakai et al., 2012b).

DR X1, &, FREMAEDOEELRZ EE v
T HMERBE O ZALICHURITINE L, HRH—im A RIC
B EE AR AR ) A, RUINZ:E
MENEIRF AR E DX ) ITHEEHT 5200 % 8
35 LT, MOTHFALZHYWTHLEEZOLNS.
LD DI, RFEMSEHRDO L) ICRMIN A E=%) ¥ 7%
WEEET5 74— NI, ElofEr 20 3#Y%
A THL EBbNG. T2, BZFEWHOY; & LTK
SRR R TE B BRI, B 2R EAEBY & v 72 iR
WA R EBPEREIND 2 51F, WEOKAE)
WEEE BT A 15, SHROBEGEHICE > THIEE
WAGEAS SR E 2B EEZOND. L2 LAEVD,
HAMERN T I E T THL T & 72T 5eslic
3, EAYREERERTLOREBLAELZVONH
RTH5.

Z ZTARIFZETIE, 2008 4EA 5 2009 4EIC 2 THiE
EFeth 0 A3 11 IS B v CRE S 2 A8
P TN b LI, 2000 FEAREEISB T 5 EARRO
JRABPRE RS L HGE L, 0 ORGSO
BMERIE L OBREE ELT 5.

2. MREAE

2. 1. JHEH

ARIFZEIE, SRR AT B RHERRE 7 4 — )b
FRMAHEN I v 7 — A ZERN 2 i 5 BRI E
ek (Efii) 208 s LTirbh (K1), #iA&
WRFEMREB N BT % 1976 4E20 5 2005 4F F TOAEF
ek L AR PRI Z 2 2298 mm, 11.9CTH 5
(R 4 — v FREERENIE Y >~ & —, 2007).

21

ML, B HAEEOMEFICE L, BE, REID R
LRG0 A LT b,

MO KER L, 7F (Fagas crenata), I AF 5
(Quercus crispula), bF 7 % (Aesculus turbinata), ¥
7 7V X (Pterocarya rhoifolia), 7 > 7 A X (Cryptomeria
japonica var. radicans) \ZAUFR SN 5 G AR
WAL TEY, —&#ik, AFALMEZ->TWS (F
D. #A&HTIE, 1990 FEREEPS O HITX 5 Tk
AOBREPWAENLLTBY, THEMEOEERS KT
DSEIIZIA LT3 (Kato and Okuyama, 2004; HH
5, 2008). FAAHIIZ BT S 2006 FEH 5 20104 F TO
12 A2 M2 TIrb 7z KA X » T RFE
b o A ERECERE X, 3.98 = 0.71 B /km? & %2 -
TWwa (B AVE). S clE, A2k 5 FEhl
HEOBIREIC & THRHAL L - FHFHE 2 5 0 TR &
DHEFRENT WA (Sakai et al., 2012b).

AW, ERWICE T 2 1 Rsm) (9m)i), 2
WA D Tfibhzz (K1), WRiEEo 5 5,
SHIRRAM DA L, 2 IRENIASEN S 7Y 1 (105
ha) 1%, 200646 H2 5482k <HIBAH 425
12 7)) EBEEsEMC L s TlERTBY, ¥
B DORABEIBN TS (K1), BB b7z bt
WORRIAIC L B L, REFFERANMRIE, vy as
KT ADPBAL TRV D bhroTwd (FE,
). vy B S, 2 RSN (& h PERRTE,
Exclosure Catchment; LN, EC) &, EC %5 1
WA 42 (ECI~EC4) 2 AWFeOM LR E L7z (K 1).
F7, ECLBEDVH-THBY, [LUSIAEZH A
LCTWa 2RemINHAiN A ¥ (159 ha) i
HeLTREL (K1), S o1E, 2 e
Ik BRI (Gof AR iE 38 , Control Catchment; BLF, CC) &,
ZOWBNE NS LRSI 4> (CCI~CC4) %
e & L7z, ECIZY AMsiiE S /=244, EC & CC
2B 5 TR AR (BT 5, 2008) <, KE (&
B flid, 2008) &, X EHBLTWAS, Zotk, EC
NOTRERMAIZDSFE L EET S L LI, FKD
NOy i, CCX Y HELL ZoTETWVE (HEDH,
2010).

F72, ERIBICE T 2B O T, AT 75
HEDAFANTIHRTEDNTWS 1 kAl (Plantation
Catchment; PA'F, PC) b e LC®EZE L, EC
EC1~EC4, CC, CCI~CC4 EfkICIREZATR 72,

2. 2. [E£EM
SHAN GE LD 2 R2ho FRiBic B,
3 IV KIAMEAET 5 5 S 30 m O WAER N % %,
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MAEX AN TERABDOREZIT- 72, BEX, AKX
MNTHIESIEAZA4WET T —N—F v (25 %
25em, BE&1m, A v Y2y A4 X05mm) ZHNTHE
KHOTK L%+ v MRE BT HEICL > TERL
. COREHEZ LS TRONIY Y TV, #HPH»
I270% =% 7 — )V CRAE L CTHFESICHE B )R D, WIR
TC, LR LAY Y TV L. KA
FrTIE, S HICHIREAREMSE (Nikon, SMZ300)
¢, A - AW (2005), Merritt et al. (2008) % %%
LT, CTERBROMAVIEREECHELL. F72
Pri (2005), Merrittetal. (2008), 3 (R#EERT—7%)
EBEZIILTC, FESNsEcehZIIENYT 5
HEAMRER (IUEAE Collectors, M Filterers,
Al B £ % Grazers, #ifi & # Predators, % # & 3
Shredders) #& Y UTHE LI, KLY > 7
VORISR (Shannon-Wiener index) %5 L7-.
PREEL, 2008 4E 11 H, 200944 H, 6 H, SH»D 47
i CHEIE L 72,

2. 3. F— 42

F IR O A BT E RV o0 L) Ik
HO2ICT 572018, ENENOFAEH TH S NG
6%y 7N dhx4ZFEH) OF—5%2H &1, MR
W, B, SRREER, FEAERE MR
EZENENICH LT, —IChLE 58T 8 & U Tukey
DL B AT o 7z AEREEE, SHEARKER MK
BessIC B LTI, SR W 7e 3 72 DI TR
B L7,

WIZ, A o AR B4R &2 FRME 5 5 72012,
L4750 R (BEABOBLZ29%2% %50 5) %
TORAEEMOMEBFEE T -5 2 b &I, =27
FEHiEE, Ward B2 VBN 2 925 =0 xiT-
72, BERE 2 9 A5 =TI X o T 75% RO FEPSE T
GHES NIRRTV —=TIZon TR, EHIZEhEhos
V— T DA B % S5 E0OT B faERE A hit % 72
®1Z, Indicator Species Analysis (Dufréne and Legendre,
1997) %A1-72. ZOHHTIX, T FAarak (999
BI#EEDIEL) IZ& > TERZRDZ I — T LRI O}
ISBILR & O B MR L7z

—JCELE AT B X O Tukey D% EIL#IZ, R2.13.1
(R development core team, 2011), B2 5 2 ¥ —43
M & O Indicator Species Analysis (&, PC-ORD ver. 6
(McCune and Mefford, 2011) % W CFEATL 7.
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3. #&R

ARHFFEClE, 128 4%HAE, 14755 MK O A B 3 ER
HLxhiz, 209 H LA 50 SEFEOLMAHICE TS
MR EE, R1WCFEDTRLE. A+ AH oY M ET
5 (Lepidostoma crassicorne), Paralichas &, Y~ %
745 (Nipponiella limbatella), T4 7 5/ % )& sp.1
(Dicranota sp.1) &, 1RHFMINTROENE DD, 2
RAWNITIE, M s % <, s, =49
Hra)g (Ephemerella sp.), Nr=<¥ 5 hr5ravg
(Drunella sp.) ¥, 2KFMNTROND DD, 1K
MM TIRIEE ARGz (K1),

JEAEEN Y OB IR LCA D L, CCl~-CC4,
ECI~EC4 & [tXT, PC, EC, CC TLWMAIZH - 727,
ZOEIAETE o7z (K2). F72, KikHic
B LKA OSHEBELICERT 5 &, CCI~CC4 28
fisD A & IR THEIA %R L, ECORABW D5
FREUL, 1RGN & RTEWHEAZ /R L TWiz (K
2). ZRERBIER L72ME1E, CCl-CC4 B XN PC
T, oA L ) SN EZRL TS —HT,
ECI~EC4 B X W'EC, CC 2SI W EI 2 7R LT
7z.

RIZ, HERERRRE Z & AT O R IR
LTADLE, WUEAEIE B520EHKEL, &M
Pl - 72 R ETH - 7225, CC3 THIDFAA b X
DYEZI otz T, EHRAER, Cofitit
OFEEERE LMl > TEB Y, PR REVIIMRS Lk
ol —HT, NMEEHE, WHEFICEL T, BB
2N (EC, CC) Tl %<, Zh
IR, AR IE, 1 RSWIITERICZVWI L
MHB L7z mTd, PC OB RE OBMAREE R T
DO1RAMNE Y SENETICH - 72 (K 2).

BB 7 5 2 7 =52 & o T, Ao LB EE
Fix, DI T GMIE 2R & THT SN,
1LRBIN D7 V—THTIE, %, AR ENT
WDEHEREH, P EEORBELZITITVDLAFAT
W, VAR EOEEEZIT T LEERHO 3 FSHIC
FN—T5FE N (M3). Do 4 O 7 — T2
LT, BEMEOMMEZITT R TARIZETH, 2K
MZNV—7Tix, asravg (Baetissp.), Mr<%
ghruavlg, <¥IhTruvE, LAIRN)HISS
J& (Haploperla sp.), 735777 5)& (Isoperla sp.), T
#1745 )% (Kiotina sp.), Limnophila sp., ¥V <E
YFHVT T (Suragina satsumana), 7 7F (Tabanidae
gen. spp.) AEAEBIWRELE B AFMAS U AREEME L LOR
EINTz T2, VAP EN TV B EHAEZHRAD
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F 1. #FAMCTHRE S N7 BAL 50 5RO A B ORMARE & ZhZh OB EFERERE
Table 1. Total number of individuals of the 50 most abundant taxa, and assigned their functional feeding groups in each study stream.

Taxa Scientific name Egé?;‘;’;loup CC1 CC2 CC3 CC4 EC1 EC2 EC3 EC4 PC CC EC
FFTHhITI)E Nemoura spp. Shredder 118 148 131 378 92 185 62 127 187 35 42
) 2 A AR Orthocladiinae spp. Collector 248 189 43 215 44 29 92 142 159 71 47
—vyARryaaxry Gammarus nipponensis Shredder 6 1 130 65 55 143 154 177 378 13 1
THATEYATFOY Ephemera japonica Collector 120 90 8 26 74 118 8 105 86 113 200
FIbEAfusruay Paraleptophlebia japonica Collector 93 56 41 23 72 149 90 104 92 105 196
[N A= Ry Ry = Ecdyonurus tigris Grazer 30 45 40 32 28 106 41 56 96 78 155
A A HE Tanypodinae spp. Predator 69 54 20 52 18 38 44 64 37 88 58
ahruavg Baetis sp. Grazer 69 27 24 17 11 8 27 36 48 141 105
THFF T AT T)E Amphinemura spp. Shredder 24 38 42 37 29 25 49 61 8 24 60
LAXAIRNYBITTT)E Haploperla sp. Predator 7 2 14 5 19 14 9 5 4 184 205
TA ATV NEFT Lepidostoma crassicorne Shredder 9 37 39 58 9 61 31 29 72 1 1
EEM Oligochaeta Collector 57 22 13 28 63 22 20 12 35 9 59
TIATYFY MNET T Psilotreta kisoensis Collector 53 15 4 3 3 42 98 31 27 44
o= Geothelphusa dehaani Collector 9 16 7 9 61 42 25 34 5 25 31
FXRY) NI TTT Togoperla limbata Predator 17 29 23 31 47 28 53 43 22 7 4
IYFATTT Caroperla pacifica Predator 66 66 46 25 40 54 41 32 66 6 16
IF /)R HE Epoicocladius sp. Collector 30 8 34 5 36 12 27 15 24 23 48
FHALVMET TR Rhyacophila sp. Predator 12 8 7 21 16 6 10 18 44 35 52
A A iR Chironominae spp. Collector 78 17 29 7 10 8 30 6 20 13 11
YR MNET IR Hydropsyche sp. Filterer 8 33 17 9 31 31 20 26 10 31 10
2 71 7 F} Ceratopogonidae gen. spp.  ? 34 27 27 2 8 3 23 10 19 9 6
Paralichas J& Paralichas sp. Shredder 17 33 14 21 43 5 9 5 13 2
<Y IhrayE Ephemerella sp. Grazer 1 7 2 1 1 40 109
IGVRANET T Perissoneura paradoxa Collector 28 13 17 13 7 23 29 12 10 2 7
RNV Ty FalYE Eubrianax sp. Grazer 5 6 19 14 12 24 6 43 7 4 2
5 =HJ N )& sp. DB Dolophilodes sp.DB Filterer 14 23 10 9 23 22 8 8 5 5 2
HH Y RE Tipula sp. Shredder 7 9 5 16 6 11 10 19 5 16 12
ANV RS Leuctridae gen. spp. Shredder 10 13 6 4 29 5 7 10 1 6 18
M=y I aruyE Drunella sp. Predator 3 2 51 48
Iv¥~y=Fuhruvg  Cinygmula sp. Grazer 6 21 14 2 2 3 6
7 TFk Tabanidae gen. spp. Predator 30 5 3 9 2 12 5 8 7
Limnophila )& sp.1 Limnophila sp.1 Predator 8 5 8 7 9 4 18 5 5 4 2
Y~ HT755 Niponiella limbatella Predator 4 5 10 9 6 23 8 3 5

sy hrayg Epeorus sp. Grazer 2 3 4 45 18
Limnophila & sp.2 Limnophila sp.2 Predator 1 1 17 14 6 3 3 17
YAV INVAIITTE Sweltsa sp. Predator 4 2 5 6 9 4 3 2 6 18
FY rYFlE Davidius sp. Predator 1 2 4 14 2 2 3 7 9 4 1
RV g Dixa sp. Filterer 2 9 4 13 3 2 3 7 11 2 2
VIR ESFAHVLTT Suragina satsumana Predator 1 3 1 3 8 3 2 35
AFYY MEF T Lepidostoma robustum Shredder 2 5 12 2 7 2 4 2
VAW Ry ad Isoperia sp. Predator 1 3 2 2 1 14 28
KV MNETT Lepidostoma japonicum Shredder 1 2 16 7 5 11 6
b XA KRR Limoniinae sp. Shredder 5 11 4 2 1 4 2 15 4
IrYUv Planaeschna milnei Predator 2 9 3 2 7 5 5 6 5 1
AR ray Dipteromimus tipliformis Collector 4 8 3 2 17 5
T4 7T 7% )Esp.l Dicranota sp.1 Predator 6 3 5 4 4 6 3 7
FHHTrTE Kiotina sp. Predator 1 2 1 18 16
Y~ b2 O AIANE YR Parachauliodes japonicus Predator 1 1 8§ 7 3 8 6 2 1
T4 7T ) F)E sp.2 Dicranota sp.2 Predator 1 3 5 3 8 3 6 1 5 1

X uirr)g Lanthus sp. Predator 4 3 2 5 14 3 4
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2. HWAHNI BT B EABI ORI EE, SRR, SRRETRE, SMARBEHOMAEEE. Re27 V7 7 Xy M, #aEt

A EAEZRLTWS (Tukey DZHEILE, p<0.05).
Fig. 2. Total abundance, taxa richness, diversity of macroinvertebrate communities, and abundance of each functional feeding group in
each study stream. Different alphabetical letters show statistical significance (Tukey’ s honestly significant difference test, p < 0.05).

1RGNNV —=TTlE, XY Iy T hT5 T
(Togoperla limbata), > h EEDFEEZZIFTTVWEAF
ANTHHNO 1 KRBT TNV —FTlE, —vRryIaxye

(Gammarus nipponensis),

dehaani),

I 7 B = (Geothelphusa
TFHTVY VTS, VAREORE Y%

JFTWBEIRREMRNO L RAW)I 7V — 7 T,

Paralichas J& sp. D3RR Z FERUATT 2388 L L CEE

shiz (H3).
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Similarity (%)
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Paralichassp. Togoperlalimbata Baetis sp.
Drunella sp.
Ephemerella sp.
Gammarus nipponensis Haploperlasp.
Geothelphusa dehaani Isoperla sp.
Lepidostoma crassicorne Kiotina sp.

Limnophila sp.2
Suragina satsumana
Tabanidae gen. spp.

X 3. LAL50 5 HREOMAEEEEE T — 5 12b O BREN Y I
A % =40 B & O Indicator species analysis D&% R, B
THENHE NV —TOTIZENZTND 7V —T D
Bz RL T,

Fig. 3. Results of the hierarchical cluster analysis and indicator

species analysis based on the abundance of the 50 most abundant

taxa. Each indicator species of study stream groups is shown
under the study stream groups enclosed in dashed square.

4, £

Allan and Castillo (2007) I2X % &, R4 XH K&
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WINBAINEZ (2 A7y )E <57 h75avE) &,
HaEE (M= Ih7uvg e AIN)ATTr I,
I Hh I T)E, FH AT TIE, Limnophila J& sp.2,
PIRESFTHVLTT, TTH) Tholzlldbdbbt
L&, 2N, TRFWIE D HANEHE %
A AN ERER, WEHEEXZHPEEZOEDSL V)
BREEDEAE L TW B 2 e E R SNz, FRO—RAE
P, IR RZRo BB A BRSO B ZR R, R
IKOBEE, FMAHERYOWE L LTI > TRECHES
% (Van Nieuwenhuyse and LaPerriere, 1986; Yamada
and Nakamura, 2002). L72*L, AREFZEOSEIRISHA
At D 2 KAF)NC BT SO B ZZEEE, 1 kAT
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L7z, BB THG L L2SHARHO R 5% 505
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Mo ¥ — LT, e LG shs 2A¥)
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B ENs 2 L b5NTWwb (Hisabae et al., 2010;
Kanasashi and Hattori, 2011). Z®D7:®, ¥ h O#EKEA
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EVHEENTW D (Miura et al., 2002; Sakai et al.,
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ANILHRICHEETOMAT 5H I &AM, S b M
Tw5 (Hisabae et al.,, 2010). Z® X912, AF AL
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TR Zz 515 (Fz1E, Vannote et al., 1980; Allan
and Castillo, 2007; Sakai et al., 2012a, 2012b). &3 7>
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X< 4 (Oncorhynchus masou masou), 71 ¥ 7 )& (Cottus)
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