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Keisuke Kimoto*, Masaaki Kagehira, Kazuhisa Azechi and Kazuya Nagasawa. 2015.
Longitudinal changes in fish assemblage in a mountain stream, northeastern Kyushu,
southern Japan. Japan. J. Ichthyol., 62(1): 1-12.

Abstract Longitudinal changes in fish assemblage were studied in the Ogata River and
adjoining tributaries, northeastern Kyushu, southern Japan, in October 2003, and February
and August 2004. A total of 18,015 individuals (14 species/subspecies representing 7
families) were recorded at 15 stations, by observers using snorkels. A major fish community
transition was apparent from headwater stations with a simple assemblage dominated by
amago salmon Oncorhynchus masou ishikawae and Chinese minnow Phoxinus oxycephalus,
to downstream stations with more complex assemblages dominated by cyprinid fishes, such
as Japanese dace Tribolodon hakonensis and dark chub Candidia temminckii. Multivariate
analyses separated the 15 stations into three groups: headwater stations with a salmon/
minnow-dominated assemblage (415-820 m altitude), a transition zone with a dace/chub/
minnow-dominated assemblage (260-397 m), and downstream stations with a cyprinid-
dominated assemblage (232-255 m). The fish assemblage structures were considered to
be influenced by longitudinal environmental gradients, being significantly correlated with
six environmental variables (topographic type and altitude, and stream gradient, mean
wetted width, discharge and minimum daily mean water temperature) showing monotonic
changes over the length of the stream investigated (16.3 km). On the other hand, cyprinid
population densities did not show such changes, but declined within the transition zone
downstream from erosion-control dams, suggesting that such densities were affected by
smaller spatial scale factors, including dam-induced habitat degradation.

*Corresponding author: Fisheries Research Division, QOita Prefectural Agriculture,
Forestry and Fisheries Research Center, 194—6 Tsuiura, Kamiura, Saiki, Oita 879-2602,
Japan (e-mail: kimoto-keisuke@pref.oita.lg.jp)
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Rahel and Hubert, 1991 ; Aarts and Nienhuis, 2003 ;
Torgersen et al., 2006 ; Lasne et al., 2007 ; Mercado-
Silva et al., 2012), W3 hE& LAY 7 f K
ZHOET BHED D N O 1 RS Z
Hb & T 2 HEEADEIT (transition) Z#HE L T

ZAIHS U THE T % (Naiman et al., 1988 5 Rahel
and Hubert, 1991 ; Jackson et al., 2001 ; Torgersen et
al.,, 2006). TODZHHFAREOBITIE, FEIAR
DK E I lihim) Ilkiaﬁ%*ﬁzﬁ’\]i:ﬁﬁﬁk@
& L THISN TS (Rahel and Hubert, 1991 ;
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Fig. 1. Stations established in the Ogata River and its tributaries (Kohbaru and Hakiai streams) (right) in northeastern

Kyushu Island (left). Numerals and capital letters (A—O) indicate survey stations and dams/falls, respectively.

Torgersen et al., 2006). H A D {A] JI[ 1 K BE D)1
WKHRTRARTHE T b5 OKEF - HE,
2000), FEOBITIZEANIC BN TE —RI &R
KA O THR EZONS. —77, I
REONAWEIC K > TN ZE(LT 5 &, B
EMEEORBEIMMALEL, AHEEEOBIT
XN EbNS Z EMMETN TS (Aarts and
Nienhuis, 2003 ; Lasne et al., 2007). —#%fJIC,
JND Eifis & PR Cld M B RPEHEDIE K -
MEFFFEAE VB 72 > T D (Fagan et al, 1999 ; F
I, 2013), &I, ¥ RaEEZPLET SR
EBhoaMRAESEZPLE T 2HENDOBIT
WA U %Kk (174 © transition zone, Rahel and
Hubert, 1991) TI&, R4 D734 O i #%
MICERLTWVB ), RERZICHT % K2
MAEWERRF TN TV S (Naiman et al., 1988 ;
Aarts and Nienhuis, 2003 ; Lasne et al., 2007). L 7z
Mo T, WIBICIA - T2 EBEDZ L2 FANGIH
TB5ZEiE, SHEDONANEDEBZTMT 57z

BICE GEEA, 2001), Hib{o4 R REPRE
ERORHFIH (FEFIED, 2004) Z2X 579
WKEZIDEEZLNS.

AWEZ2l&, 77~ d Oncorhynchus masou ishikawae
WERDH CRE, 1957) 32 UM ALEEROM )
EREBICBWT, RERICh TR EHEOZ bRk
RZHSMCTHEZHMICEMUZ. ZD79
BKHHEBSRICK SRR T —22HVT
ZABRBITICRBEROTE - Pyl ziToLLd
MBI ST EHEROZICE B 525
BRHEKNZ NAREDREELEIHEE - BHL
71.

I,

(—‘9

MK EFE
RAERGRERAER  KRECRAENEHRL
(FFm 1,756 m) OJEFmEICFHEL, ¥ 5km FRT

JEHRRHINSK IR Z B DWA B NE G LD B 5
km JLIRUCHETIINC T S, #677) INETH T Z
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b AIcHEN, ¥ 7km FRTEHREA)IIIES
Wlizob, WL T NS 52 km Hi gD KT
JINCERT . AT, KB 5H 70
km _ERICHIE T 551+ ANIDOEREND,
ENORBEER LRTHZ LG HDM ORA
1959) ETDH 16.4 km OHiFHZFHE/KIHEL, T
FD EFRICIAT T 15 OFAE S (St 1-15) &#&
F7z (Fig. 1). TDOSH st 1-10 & St. 12-15 1%, K
AiZH (2013) THRALFEOT7~IEEEZRE
LIz 14 i Al —Tdh s, ARWFFETIEMIECE
HRIBIWARBNNCH T2 1 B S ARG, st 11 (&
T 5 820 m LI DR ) &Lz SN
MO #EEE 0.7-2.1 km CEEME + FEUERA = 1.2
+ 04 km) T, FAAESOWEEIHE - HGEZ
Pzl —29DOET 42-146m (94 £ 37m) T
H5. RPFLEKBO FHRMAB X TKIENICD S
EXL (&7 1 m YL EORER) ONE LR R
Fig. 1 & Table 1 l</R U7z, AFHA KK O R 23,
9BXTIkmHTICZZFNETNELAEL®BE
XU CHHH, BUMENEAITEA TRV, K
B a2t R A B IS KD 7 2 Plecoglossus altivelis
altivelis b 7 I DHEFAD ZF N F NSt 14 & St
1-10 ZHDICHERR SN T WS, £z, BN
TEEZITDOhTOARVY, ERHERICKST
IHDIE A, iEfaE &I~ 80 DGR
DIKITbNTWa CREF)INfR, FAE). SiRE
MOR Mz T E, St 1-4 O JI[JERER (AT I,
1978) & Bb BT, FEPHIEFI TKHEICHI AT
TWiz. i s DoKEE OKIRK 14-17°C)
HHO (Fig. 1), #0.35-0.46 m’/s HYFE S INTHA
LT3 (E% - PR, 1994). St 5-10 ik Aa-Bb
BATRIZZR L, St 6-9 Tl &R AVE - TS
DOEBZRLUE. St 11-15 13 Aa T, St 13 H5
R THRAR DS RZWD. WD ANSRZEETBE
I St. 6-13 THROMNZ. TD5H St 6-10 DHZEX
KEREBEIBVOEFETHD, MENICTHENBX
SRS NzAY, St 10 [ _EOHELE H-J D #f
JEINO KT, FREENICET 2D il 7 I
SNz, LTSt 12556 T ETOREIF/INRIE R
HEIRRE I D ERE I N (Fig. 1D, AFAEKBOHT
ROEANBREDOREVG I THoT. —F, WA
AN st 10-11 T &, WRAR, KiREED
BREEZ | MIFE)I D St. 10-12 LIZIEECTH o=
W (#3h 5 Table 2), ZEITHFERIRVO—H
DH#FETHICESN, AHOBEZHE T 5k
WEiahot (Fig 1.

RIBAE MHELSCEEERNOBGRZIHNS

7esh, LURD 6 DDREEZ B2 RK® T (Table 2).
B A DR E Z2 A L 1/5000 DMK D B FE A ELD
el BEEAE RO G A2 A R OEET
FRUT, LmMlAESAOWMKARKE L Xz,
2004 4 3 I A A KK D FRES R 100 m K
w2 EL, B RO FEEZ e
RO EKEE (LR, JKEE) &Lk, St.1T
M ZBEMEONR WD, DUTF O T st 2
ERUMEZ W, £, SABERTHRNDEEL
T ATV E W i 2 3, 5 T XS AR T
(3631 B4, B EHE) Z MW T1sE (A,
1997) IC KD RZHIE L. 2003 4 8 H -2004 4
10 AlCiE, HHEROSERBEIIOKIRT —2 0/ —
(StowAway TidbiT Temp Logger, Onset Computer £f: )
ZiE LT 1 B OKIRZFCERL, KRG ED S
HFEoKiR 72 KD T, BRI O HF3 s K,
ARk (AR, s« BBk Zaiit L.

BKEREBE W ORBEREMKE, A8
B EP A DO ARMEN & FICK
DEET R HEMENTERHEINTVS GElEh,
2001). AWFSETIEIERZBEMERZ LR T 57
HIC, B (2003 4 10 H 21-29 H), %&H1 (2004
2 H2-10 H), E# (200448 H6-24 H, 7
RUBNICKSEODzH St 15DH 10 A6 H)
2, SFHERICERTZ2ITXTOMAEENRICHE
IKEREBRZ211o72. KB RBS vzl
i, ZLOMERICHEZBAZ/KEDRDHD,
MO HETIEIRETH >z TH% (Thurow,
1994 ; Torgersen et al., 2006). {A[)I| TFHE D HFEM
IS0 2 R EARREBEKIKZE T THD, BKEH
BEUGELToKBEZH LTV ORA, 2008). #l
SUTEEAAKED (2013) DLBOTHD, fERE
N7z FERME A 5 cm iF O 2 ERE AN T IR
ICad#k U7z, ¥, 51V 7H Pseudogobio esocinus
esocinus >3/ RV Jg Fa$H Rhinogobius sp. F D JE&
ALK O PHMAICENLZEEDND S
A, Rz 0IR U7 &I 3 A o 3 R DMK
TgaeEZONZD, BN TOWERWEKIZT
ZEtE LTz, I/ RVERE, Y~ FYavEfi
¥ Cobitis sp., 7T @A Carassius sp. 1, F/KHE
MBS K2 B HERE DNNH LR 72DIELTO
DHEL, TNFN 1L TR £ TR
dL ¥~ X 0. masou masou D% FHEMAIL, WiEE
WEBTEEN DR AT E Ao lzlz8, LUR DT
MEERIN LTz, TEREM AT % Z 17NV Phoxinus
oxycephalus, 777 A Tribolodon hakonensis, 7177 I\"Y
Candidia temminckii, % -{ 717 Opsariichthys platypus
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DM DWNTE, [EWEZTHIC, 2R S5em
DUF DT =272z bER Wz, 185N T Eik %L
T2, FHEMOKEZEHRBETERLT 100 m* &
T O fafERIEARRER EIC AU T LU « o pricdit
LTz, R EEHERI s (2013) ICHE-Tz.
BEEEMRT MR I oA EME R
B8, FHEMORBRHRICOWVT, MHERY
NS S A2 — 53 it & IEGT & 2 ot KRS M Bl
(NMDS) L&tz To7. fARpEATEE
JEIT 0 LT Oksanen et al. (2013) D HESES 2775
HRZ 1L Wisconsin double standardization 7 Jffi L 72D
5, FAH AR T Bray-Curtis JEHMEITH] R HH L
Tt Uiz, 79 AX—08 T, #Matvy >
F R (R Development Core Team, 2005) DEHEL helust
ZHWT, IEELETIID SEFESRIC KO LR E
PHEETTS] (cophenetic distance matrix) 72 %L H{ L TAH
KK ZERR LTz, NMDSIC &% F3I{EICiE R D
vegan /3w - — ¥ (Oksanen et al., 2013) » 5 BH £
metaMDS & W TR IAE 2 oo i ki idiE
L7c. NMDS &, Hil&E Rz BTSN O)E
P FED W TIERRE I 1 BICE B 3 5728,
RRIE A DN E DY IR x A2 RE 22 7 — Z D e A1 kI it
LTW5 (Oksanen, 2013). JFEFALUZITINCH T %
Wi DS E DfekRe UTHRIEHBEFREE A
L AEZRD Tz, miF 3 IFRELETTH &R
BT OMEIZRL, 0-1 OFIFATRKEWVIZEIE
LB T BEHIRK O E S E A E W (Oksanen,
2014). #BEGIEHLUEDIAN & P b E N iz milE]
FEEEDNEN; DM 2 FK L (Oksanen, 2013), 0-1 D
HiPHT/INEWIZEIFFALIEISN 95 NMDS D
EME (B, 2007). iz, BEEEMEE &AM
DOBFRZ NS, B wascore Z VT, J¥
FMbE N T2 & iR A s D AR T % 25 S f D HL
ZB L NMDS “Fifi BIcEE L. &5, B
envfit ZfHWVT, BillERiE Lid 6 DORKEARD
KOWIEREEE OBFRZHNTz. 8NERTH
%6 DDEBREZERIE, FILEINTRIRAE RO
EOMEAEEELTEL, NMDS i Elic\T MY
ELTHE L, XIMVOT AR EREA O
MR ENREREZRAHZERL, EXRSHER
DEFEOHBEDOEEZET. —7, ANELKT
HZW LRI, S SO PRI S HL
LT NMDS ¥ FIcsRU7z (Oksanen, 2013).
FHEEN R IE RIS TR RBARDEAE
DWW, BREZROIANEZE (10,000 [7])
EREL, BEMNZHELR (Oksanen, 2013). [
FLODIED, TNTOMEHENTIEMETY 7R, B

LuchzEN—=XELETY—#EHY 7 EZR (H
FH, 2012) THEMEL, M€ DB EKHEX 0.05
L.

& R

REKEORIE WELZ6 DDRKEELEDS
b, 5 ZRSHRICHSTeAidZE R L. 3&bb,
e R AEE BT, K, iR, RIK
IKIBIE THRA MICA IS MU (Spearman DI
DIFHBARE, WFAEMTES, I s =1.0, 093,
-0.84, -0.98, -0.90, I X T P <0.001; Table 2).
—77, EEKRIZIFEKOFEAICEKD St 14 TIEK T
L, HAESESEEREMEBEE RS a7 (s =
036, P=018). M Eocehs, &, MKA
Bdld Byiogim, JKmiE, e, REKEE TS
MICHFEINT 2 REALRTHY, RE /KT
BICin o2 b2 R VWERE VRS,

BRENRESHE IXNTOMAET, vFFHY
FFERIME, a/Ha/R 7, RYavR 1,
YrEH7 AR E, R g, AXFHRY
Jfb 1R, NERIEO4H 7R 148 (A
) DRI, FREREALUZ 18,015 {EKkT
o7z (Table 3). WERRMEALIE X A1NY (9,368
fEk, 52.0%), HTLY (3,010 fEK, 16.7%), »
T4 274 ik, 12.6%), I /KU (1,677
1K, 9.3%), 7= (633 i1k, 3.5%) DIHICZH->
To. FARERIRRRED M OENICKD, KA HOM
BB, LRflovr Rz doe UiE
Mo FRMOaABHEBEPODORENERITLE
(Table 3). T 7xbb, 7~did St 2-15 THEZR
N, ERAcEaAaNveHELED, THRMT
BEozloas S HFELTWE 7xd
WCRNT LR CHERINTZABIE ANV THD
St. I-14 TRONz. DIFTYTAH St 1-13, AT
I B St 1-12, R > 3 Odontobutis obscura 1) St.
1-9, A WAL 1-8, T/ RYBEHIED St
14, AAHTEIIRYa @R St 1-3 THE
AENie. EICEBURENZ7 2 St 14 TH
HNiz. ¥ A, A Cyprinus carpio, 7 F J& &
o, =R FF Anguilla japonica | HEELUT-
HT 19 fARN RNz,

BHEEAGHEEDOREEL SHENOME
TR AR R B L R & B IS N7 N B
FNCHAIMU Tz (Spearman DENTAHBI(REL, % :
rs =0.86, 0.95, £HIC P <0.001 ; EIARERE @ rs
=061, 060, ¥HICP<005). —J, LEHEN
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377
6,102

68
781

58
53

23 51 68

14
54
25

10
58
56
62

18
195
133
85

38
272
58
62

13
1,114
154
489

Oncorhynchus masou ishikawae

306 325

114

1,000 820

650 566
128 25

575
164
38

Phoxinus oxycephalus

20
615

Tribolodon hakonensis

1,420

17

50

Candidia temminckii

61
371

23

11

Odontobutis obscura

116 76 131

31

Pseudogobio esocinus esocinus

1,295

460 391

441

Rhinogobius sp.

35

12

18
10

Opsariichthys platypus

183
58

172

Cobitis sp.

20 13

23

Plecoglossus altivelis altivelis

Oncorhynchus masou masou

Cyprinus carpio

Carassius sp.

13
10,691

12
2,207

10
1,959

Number of species

1,064 1,003 506 586 187 113 142 364 393 111 68

720

1,268
*Survey at St. 15 conducted in October 2004 due to low water visibility from late August to late September in 2004.

Number of individuals

INKEBR BN o7 <d, ZANY, AUL
Y, UT A, BRUZOMO RN AR AR S
ZHBHE (Fig.2), IXTOFHTT~IN M
m o B R (s =-089--094, R TP<
0.001), ATLYVMNEFREN (rs = 0.56-0.60, X
TP<0.05, ZToOfOMMEMNHEFEML FE
HH rs=0.89-0.92, £&IC P<0.001 ; % s =
0.60, P<0.05), U7 AIEHIALZINCHFR L
fehy (R s =063, P<0.05; B rs=0.69,
P <0.001), ZANYOMREARER X T NTOZEH
TR EbZ RS A>Tz (rs=0.16-
0.50, P =0.06-0.51). ZANYOEARBEEET
i 2R L (Fig. 2), BAHE LI St 6-11 TIK
<, BT st. 7-10 Tk o7z, iz, St 45T
TT AL HT LY OMRRER E D R FTINCRL, &
ANYHEEL T (Fig. 2).
BHEDDEEFIL ARENT T, BORIIICHE
BEINFY< A, a4, JFrEaE ko)
F, BRXUHLOHZHRATHEZT 1DT— 2%
iz, 792X =0T, ARERIHEE e
TERRER S 2 KU TR SRR DNz, 374D b,
MO BN RIPEREE 0.5, &IC 0.7 TRERK
ZUIMI T 2L, KRAAEMOBIEBETIZIT St
1-3, 6-10, 11-15 D 3 FECHFES N, St 4-5 1FFH
BRFICKOEERZ I A -1 LT (Fig 3).
HLRIEHBIREI RO, &, HHHOIEIC 0.87,
0.76, 0.82 & 1T WMEZ/RLTz. NMDS T&7 5
AR =M e BERRIC, St 1-3, 4-5, 6-10, 11-15
MENnZFhbViEIiciiE SNz (Fig.3). AR
AMEEREH, &, FHONEIC 0.09, 0.12, 0.09 &,
EVEAEZ R Uz, NMDS P FOR koD E
DN, FFERGRRE 0 & EARER S 2 KL, 3
NTODFEHTTID St 11-15, ZHINVHY st
11-15 &£ 45 D, U7 AW St 6-10, AT LY N
St. 1-3 & St. 6-10 DI, I/ KRV, T A Hh7,
U RYavgE AN st 13 (HriciiE S N
AV AE R AOELE, FHEEHIC St 6-10,
LT St 13 (hmichiE Lz, U EEFEeDHS L,
ALK ORI T T 2NV 2 TLE
U7eBEE (St 11-15), 970 hT LY ZHhnEL
TRt (St.6-10), ZANYZHLELUTHE (St
4-5), ZROa/FEEETY /R EREE DO
LR (St.1-3) D4 BHCHHE - Bk niz
EWVWZB. IHITSL 458 6-101F, FHJTANICH
FA T 27 IO TR B LT FRMT
B 2EHMOMEO S EREZGFLCEND
(Naiman et al., 1988 ; Lasne et al., 2007), & &I St.
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Station

- —- P. oxycephalus ——— T. hakonensis

C. temminckii Others

Longitudinal changes in population densities of four dominant fishes (O. masou ishikawae,

P. oxycephalus, C. temminckii and T. hakonensis) and other fish species in the Ogata River and its
tributaries (Kohbaru and Hakiai streams) in October 2003 (top), February 2004 (middle) and August

2004 (bottom).

1-3 & 11-15 DHEDOBITHICHE TEHLE N2 5.
BEBELREZE Re/KRBUNOEEL =
X, IXRTOEHTHFINLEINEETHEREAE
iR Uz (Fig. 3). FJIERERIOE.OIZT
NTOZEHIZELT Aa B St. 11-15, Aa-Bb 47
U/ St 6-10, Bb UMY St. 1-3 ffTichi@E L7z, 12
= PR AEL DT M VIZ TR TDOZEEIT St. 6-10
& 1115 O/, FREEKHEIE TN TDOZRHIT St.
1-3 Zfe L7z, RAKKIRE, FAHEAE AHHIC St 1-3,
BT St 6-10 245 LTz, —7, a/KiR IR
KAEEREGZRL, NXZMUIESt 6102351
fz. ¥, ZHACHHOBMAIIAR TR Aoz
(P=0.083,0.052), [MERIC St. 6-10 ZFzL 7.

Z 2

RBRHIRENMEBHEE /o5 AZ—0hE
KUIERFRZ IOTRER BRI KD D, &K
A K O F RS 4 BEIC B - Bk E N
Te. Tel2L, AHFEKBICEZEIHOBBREEEIC K
DIFBIEIECHMN L HAFAEL TV (Fig. D. %

BHEOHRBEIHEREDO N - FHENEBICKE
B R TIRE S NS EICIE, BEEMEE BRI
RO HEEERTLEMIEELAS. ZTT, 9
HRAFOWRBESHEREDONHE - Ak, BXU
BaEjfEaEORICOWVWTELT S, mESAD L
RAA LREDMEE R Uz ARIE 2Ny, ¥
TA, hILY, ¥/ R)EHETHoT. Zh
NYIE St 1-14 TR ENTA (Table 3), M D
FRBANC LI eEh D ORR, £FELR),
M OB EEE L W 2% (Fig. 1). LAL, MO
Ll st 151, ZHEEIC St 11-14 2 FEU
DI AR—IZEL, MIICERZIAZR—LRET
W ZERSK LIS (Fig. 3), WMICX57)
¥ pAbicd 5 BidbirneEISNT.
ITALHT LY ORFES O LREZNE N St
13, 12 Tdh-o7z (Table 3). #fJF)I[D St. 12 M HIE
BIETOXEE, HHOWERERNEEL:, KRl
BIKEOHTREANSBREDEATZLGHTHD
(Fig. 1), TNHSDOERENMEOB TR T -
TenlREMED DS, L L, #E)ID St 12 &IFIZ[A
UREBZREZEDIEARE]ID St 11 Tld (Table
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Fig. 3. Dendrograms and ordination plots resulting from cluster analysis and non-metric
multidimensional scaling (NMDS) of fish assemblage structures among 15 stations in the Ogata River
and its tributaries (Kohbaru and Hakiai streams) in October 2003 (top), February 2004 (middle) and
August 2004 (bottom). In dendrograms, dotted lines indicate cophenetic distances classifying 15 fish
assemblages into three or four clusters. In NMDS plots, numerals, italic and roman letters represent
survey stations, fish species (Om: O. masou ishikawae, Po: P. oxycephalus, Th: T. hakonensis, Ct. C.
temminckii, Pe: P. esocinus esocinus, Qo: O. obscura, Rsp: Rhinogonius sp., Csp: Cobitis sp.) and
environmental variables (Aa, AaBb, and Bb: topographic types [based on Kani (1978)], Alt: altitude,
Gra: gradient, Wid: mean wetted width, Dis: discharge, Min: minimum DMWT [daily mean water
temperature], Max: maximum DMWT), respectively. Fish species and topographic types are plotted
as centroids with respect to site scores. Vectors indicate directions of increasing environmental
gradients and strength of their correlations with site scores. Solid and dotted lines of vectors indicate
significant (P < 0.05) or non-significant relationships with site scores based on random permutation
tests (10, 000 iterations).
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2), FHRMNCHEBEOBEFEEENTWNICEID DS
I, WO MEARER X St 12 L FEBICEL (Fig.
2), WAHERIETXTOFEH TR T A% — (St
11-15) IZ&ZFEni. cockld, w4 LR
% St. 12-13 ICHilfR 9 3 B, DixleeH L
WEIRICKZBEBEREZ TR ARVTEERLTY
. M)A BEEECE TS TR MANOREE D
BRI E, — XAE OB (Vannote et al.,
1980), RGO Z KON (Schlosser, 1982),
A RIGATY A XD K (Rahel and Hubert, 1991)
MHLN TV, ARSI D St. 11 &5 D St.
12 TIFZLORBEZEMEALILTWD, WL
RESL 10D T, HIEREREDN AR5
Aa-Bb BATRNCZALL, WIRAED KD, Tk
e & B8 0 U 7= (Table 2). Inoue and Nunokawa
(2002) 1%, T A Tribolodon sachalinensis (D4
BaED, FRIEEHENTZREZEDOWIEDE NS
ORI IEOHMZRTERELTWVS. Lic
WoT, RFABKIEKTHY LY &7 A D5y 4ii % )
B9 2HEANIE, ERGHOYA LM THSA]
BEMENEZSNT. IV /R EASHIE St 14 TR
51 St. 5 THERRE N A o727z8 (Table 3), # D,
5 E, F OV D BEEEEE ZE X 5N (Fig.
D. LAL, INSZEATHEIT S St. 4, 5SIEHIC
LI AR—ICEENT. D EDcehd, K%
KB I ZBERED T - Y, BE)FEEELL
NOBERZEKMLTWSEEZENS.
REBETOREER [ - iR/ RICHH
ZET 5T RTCORELRD, FIMLEINiziiE
RICHLTHERE MG ZRLIzceh 5 (Fig 3),
AFAE K O RS R IIR > T2 BRBE 4
FCRIHEESN T VRS EEZLNTZ. TORER
&, YU RSREEZPLETIRENS R R
ZHLETBHENDOBITH, KiEPHEL VS
e R Ar —)VOBREARICHEEN L
7z# 7 (Naiman et al., 1988 ; Rahel and Hubert, 1991 ;
Jackson et al., 2001) &—HLTW5. —7, mm/K
R, Y7 REEEPOETRREN SRR
ZHLETERHEANDOBITICB I 2 BELERKTH
%M (Rahel and Hubert, 1991 ; Taniguchi et al., 1998 ;
JKEF - H1Z5, 2000 ; Lasne et al., 2007 ; Mercado-Silva
et al,, 2012), AMFETIEIMIALIVMICE BEEGZ
RS olz WK — IS R A i B
3 %A (Vannote et al., 1980), ZANFH & /KIEK TIEIE/K
DWMARCKD FHREBTHELIPRIBTRA -
(Table 2). F7z, AMEMNICH W7z enviit BI £
RIEELAREFIUEEINTZHE O MICRRIE B R 72

RELTWS (Oksanen, 2013). TD7z8, fmm/K
RIGFRAAE SNBSS LISz EZENS. T2
720, mEKIBORT VI, T XTOZEHET St
1-15H58t. 6-10 D 5 MZHHELTHD (Fig 3),
TIADOMEKEEEE X OIS LT W
(Fig. 2). L7ehoT, RFHEKHIIHBNTE, &
KRG T Rz L LI EEN DO R
2P LE LIEHROZICE G LTV EEE A
bnie.

AENEGERBELRIEER AT, R
RAROIED, HERFEECS 2 O R IME AR
JEE ARSI S TC AR 2 b2 R UTe kS, &N
Y OMEABEE RIS > Z2tZRET, St
6-11 TRV IR DRE N iz RLie. £z, U
T A LT I O AR R EER LT T S B 1
MU7e?, St 4-5 TRV EZ R U7z (Fig.
2). AT, TNHOHEZ(LICHINT HER
HARIEONEh Tz, WIEICIh> Tz R
DZALDSB, YT R ZHLETHRENDO
AREEHZ P LETDEEADOBITICRE, JKiE®
I &> 7o R E 7R 28 [ A — )b O BRG] i 703V e
EREE 2R dh, KONEGRZEMAT—IV T,
ZNHEEHIOWEL « LY ER DB LS
LT3 (Jackson et al., 2001 ; Inoue and Nunokawa,
2002 ; Torgersen et al., 2006). L7zh>T, ThHD
R O EARRER S DO I, R THIELT
REZRUNOERMDEGLTWEEEALNT.
—J, TNH5OHFERE, AEBEERLEIONT
nNEBITIREHEE I NIz, BITH TR, RS
DHORFIBICERT 5728, RERZICNTS
EEZEAEVEREHEIN TS (Naiman et al.,
1988 ; Aarts and Nienhuis, 2003 ; Lasne et al., 2007).
AFRE KB THEE SN H O BRI IS HESE
HOAFEELTWECEDLS (Fig. 1D, ZANY, U
TA, AT LY OAKEEE G NA WD B
ZITHhAAREEEASNS. X7z, Aarts and
Nienhuis (2003) (&, HBIZIC KD ANLZENHEA
ERATH TR, &=y FROPNYT 7 RS
DRENNETYELIZRETHSLIBRMLTWL
3. AP TE 7~ R AN B
L, WEEBENIE (St.2-15 1 152km) O 7 #LL
(st 2-10 1 112 km) ABATH 2 & T Rk
WA ELTz, o, MRS RAD, RFEK
BEOTROKRENTREERSNTOERNIENS
(BREZIT, 1987), ARFEKBOBITHTE T~
DRBICBERZIORENDHZEEZEZDNS. K
A KI5 B 7~ 8 AR R 2 R oD i [R5 K]
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XEPEHEHEEINS ORAKIEZ D, 2013). L
U, RO RFMTH TS0 HE OZE L0 R
DR (FI - Hks, 2010), FROZE ML (F
K, 2010 ZFiE, KPR, TR, RM RSO 2L
o TRBEOERGZH LTI LEZONS
TEMD, NAWZERZ7<IO R ORI
EEGLTWAAEEENE Z5NT. Dlboceén
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