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Abstract Growth and microhabitat characteristics, including distance from bank,
water velocity, water depth and distance from river substrates at focal points of un-
deryearlings of sympatric honmasu salmon Oncorhynchus masou, which is consid-
ered as a hybrid of masu salmon O. m. masou, red-spotted masu salmon O. m.
ishikawai and biwa salmon O. m. subsp., and brown trout Salmo trutta were inves-
tigated from early June to mid September in 1996 in the Toyamasawa River, dis-
charging into Lake Chuzenji, central Japan. Both fork length and body weight of
honmasu salmon were greater than those of brown trout throughout the study pe-
riod. Honmasu salmon focal points were located further from the bank. in faster
water velocity, and were deeper and further from the substrate than those of brown
trout in each study month, except for distance from the bank after August. Com-
parison of focal point environments for honmasu salmon and brown trout of equal
size classes (fork length 5 mm intervals) showed that the former took positions fur-
ther from the substrate. However, no significant differences were apparent in other
environmental factors between the two species. The results indicated that minimal
differences existed in habitat selection between honmasu salmon and brown trout
for the same body sizes, suggesting that competition for microhabitats between un-
deryearlings of honmasu salmon and brown trout was reduced by their different
body sizes resulting from different hatching periods.

*Corresponding author: Freshwater Fisheries and Environment Division, National
Research Institute of Fisheries Science, Fisheries Research Agency, 1088 Komaki,
Ueda, Nagano 386-0031, Japan (E-mail: ntomo@fra.affi-c.go.jp)
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DWTNDHETY, FLUAKBIZBTHLLE
FrREEOYEAL, FEML L CIIEERMT
BLOWHENTEHE5ERIL, 202 E94EK
BERWEEED BV IIEBGFTOF AR 2 i
sh (T 5 (PE - 510, 1996).

EELIE, HRENTLSEDOY 7 HEHIE
BT 3KEOOEDTH BIHARERMEH D4R
DFAFINIZBNT, K ¥ <A Oncorhynchus
masou, 772 ¥ bZ 9 Salmo trutta, 17+
Salvelinus leucomaenis DFEEIFAETERFAE L 7= (5
FRIZD, 2002). RYvAIEH Y T ABEIHME
(Y27 7<= 0 m masou, ¥V F=<ZX O m.
ishikawai, ¥7 <A O. m. subsp.) DXMFETH 5
EEZLNTWAED (HEZKX, #E), 477
TYABFEEATFETNO HRTIITERETH )
WEAFEATIZE BT 556 O EIIER I S
nTws (A, 1981; 4, 1998, 1999; Afk
32, 2001). 72, EFLIZLBHEIZLD,
MIEHREETH LTI b T Mab o7
BAEICREDEEABOMENHL Ik o7
(FEWiT2, 2002). Lo L, HEALHEDEED
HEEPHEERICOVWTI, 7 I RABEEA
TFIZOW TR SN TS0 (AREIZD,
2001), 7 FXABELETITI LTI MIDOWVT
TR A,

FITAIZEIL, BRICBUTAYTFEERTEL
BAEOHEBEBRLTHOMITANEN—IRE L
T, FREHRATINCBO TR TRET T Y
Y h7Y bOHE - DEORE L EBSFTOREE
HERALEL, EIFEHREICBIT 5 20 A
EHEFRABRTHLMIT A E T HWIITo 7.
LB, VI AEOH - GEOEBEETEIRE
IZDoWTIE, BEDE Z A MHEE CHEELRHEEIL
WESINTWRVDT, AFRETERY A%
7 I ARERET L1 (M) & LTHho
7.

RESTERE

AEXM PHEEFHOTRAMIITH B5HIRD
R ER (T2 5 2000~2800m i, #EFE800m)
IZBWTHEEITo 72 (Fig. 1). AEXEOERED
BEE DWW TIIRTE CBERIEA, 2002) 2&HS
niv, B, ZOFREXBETIE, FrvAET
772 b7 Mo - HEEXHEEIIZIERC
BETHMA LT (B, REH).
ENE - KA X 1996F6 A L4 (8H), 6
ATHa (258), 7H LA (9H), BTH (22H),

139°E

Lake Chuzenji

Fig. 1. Location of study area.

SALE® (6H), RTHM (22H) 12, K¥y<vARET
S by KT A4 XL BN EOBRESSEE
REL. ZITEMELE, BEFEIEES
ELCBRAZE N RTHITE Lz, KPBEZIT
vV, B LTWwAYFAEZROT:L, EAE
TONEICHENE L THEDSHIR (890 Ao+ €
), EEH4mm) 2EEX, FOEEEFEEE
EfrHCTER# L. BHEEKCOVWTE, £
OWTY - 72/ F Ly ) —VIZXkoTHBEEL,
BEXE#05mm, FEX0.1gDEMTENENET
L, FREED O BED 7o ( CERAES A (G L 7z,

FEMEAOBEERICOWTIE, BrbEMET
TOHEE, EMAOTEEKE, KD S EMS
FCOMEEY FNENEHE L7z, FaEIZDOWTI,
CR-7 B[]/ N B G #H BT (Tanida et al.. 1985) = H
WCEHEIL 72,

B, FWCBLTIE, BEZTTLRL<, FH
DHEMIEREITEFREA L HESHAHLT
T, IRHOEEL M THREDOFET 21T > 7C.

METRTE 2BLXOFREDOEDHREIZIZ
Mann-Whitney ® URRTE, 3HEARL EOHREDZE
DIFEIZI1Z Kruskal-Wallis DE, 2BEHOMHED
FRFE IZId Spearman DB AHRIME & Z N Z N H
(RYAR

i R

R 6 LAORIXRLAKE (P x115E
RE) X, Ry TATIEEFNEFN44.826.9mm,
0.9+1.5gTdH -7z (Fig. 2a, 2b). ZD%, BAR,
REL DITFEAIEML, IAPEIZEEREN
80.2+13.5mm, 59+3.0g&, 6 3 EAIZHTE
NETH 18, FHRETH/FIZENENE
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Fig. 2. Seasonal changes in fork length and body
weight of underyearlings of honmasu salmon and
brown trout in the Toyamasawa River in 1996. Dots,
vertical bars and numbers indicate means, standard de-
viations and sample sizes, respectively.

Lz,

779 77 bTR, 6BLADRIXELE
HIZZENEN26.7£2.6mm, 0.1£0.1gTH-o72b
DH, FTOHRELAIEML, IAFHIIEENE
169.529.0mm (6 A LA D 2.61%), 3.7+x1.3¢
(F#937.08) 127 > 7= (Fig. 2a, 2b).

BARLBEZHREFNT L ICEBTEAZR
HxRpE, MELHIITRTOAERLYIZBVT
BEENIK LD SN (Mann-Whitney D URTE | B
XE, —13.8=z=-2.9, 0.01<P<0.0001 ; A&,
—13.5=z=-2.8, 0.01<P<0.0001), \WFhoORFE
BEHICTL 797 b7 MIHRTHRY T ADIE
INKEDST.

EhoDEE EroEMSE ORI, &
YRATIIAENIE LB L T76.6+129.3-129.5+
80.7cm DEH T, RAERHOM THEEZIIALD
57 Ao 72 (Kruskal-Wallis DE5%E, df=5, H=
13.2, P>0.05) (Fig. 3a). —%, 797 FJF7 b

TIEHAEFY OB TEEENA LD LN (df=5,
H=34.2, P<0.0001), 6 H F®56.6+47.3cm )
58HATH®DI165+76.0cm~&FEA IZHEIML 7.

O EMAE TORMEZRARL 2 &M
TR L, 6 HLAPSTATHICOTTIEE
ZNHREDH LI (Mann-Whitney D URRE, —3.0=
z=-2.1, WINOFERLIZH P<0.05), Fr~
ADIE) DEDSEENIBTICEM LT, L
L, A FALURBEICIIEE THEERIIALDD
Nao7z (-1.6=z=-0.8. P>0.05).

TR EMEOFHIZOWTIE, kAT
MEBRHOB TAEZIA LD SN T (Kruskal-
Wallis D#E, df=5, H=5.6, P>0.05), %A
%@L T21.6£104-26.5+ 11.3cm/s DFEFHT
o7z (Fig. 3b). —F, 777 77 FTIEHA
EEHHOB CTHEE A LD SN (df=5, H=20.7,
P<0.001), 6 HLAD9.5+88cm/sH 58 H TH
D151 =88cm/sNEFELIZHEML7.

EMHEOTERLER TS &, TXTOME
A CHEEAN A & 51 (Mann-Whitney D UK
E, —59=z=-2.1, P<0.05), WITNOFAZEEL
WHF Y ADII) DTEDOKE LRBGFTIZEM L
NQRVAS

MR EREOKIEIZIONTIE, kv ATk
RERFE OB THEEDN A L O 51 (Kruskal-Wal-
lis D|E, df=5, H=36.4, P<0.0001), 6 H b4
D198 E72ecm A58 A TAD294+ 10.8ecm &
BAIZHEN L7 (Fig. 3¢). 797 57 bDE
LEDKFEIZOWT HRERHDOM THEEN A
L LN (df=5, H=63.5, P<0.0001), 6 A L&)
D132+£57ecmDH8ATHD243+ 11.1cm &
fRACEmLZ.

KEZFEETHENRD L, TRTOFAEEHTH
BENALD LN (Mann-Whitney O U E,
—59=z=-2.1, P<0.05), WTNORAERLHICD
RURADII) DKIEDOKRE LIGATICEM L T
7.

JENSDFERE KA S EMMS F TOHMEC
D2WTIE, Ry YATCERAEBRHOM THEES
AL ® 5 (Kruskal-Wallis D#E, df=5,
H=18.3, P<0.01), 6 HLEAH»57HTFTEIIHMIT
TD21+1.9-29+25cm#» 5, 8 LA»H8A
TAIZPITTD42+4243+3 1ecm &ML
7z (Fig. 3d). —%, 797~ b5 b TLHRAEH
OB TEEEN A LD LN (df=5, H=27.2,
P<0.0001), RFEDOEEIT6H EAD0.1+0.4cm
58 A EAIM0.7E09em N EEA ML 7.
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Fig. 3. Seasonal changes in environmental charac-
teristics at focal points of underyearlings of honmasu
salmon and brown trout in the Toyamasawa River in
1996. Dots, vertical bars and numbers indicate means,
standard deviations and sample sizes, respectively.

Mg bEM S E TONEEZEHR THERT 5 &,
TRTCOREFH CHEEEI A L H SN (Mann-
Whitney D UM%E, —7.5=z=-5.4, P<0.0001),
WINDOEEHIZL R < ADIE ) DINED L EEN
AL EBIZER LT,

B4 XEFEMNRDIVERR & DRIFR  FRIGMH
HORXREEMAOERRER (B oEMA T
TOWEE, TN EOWELKE, NEDLSENMS
FCOHEH) LoMICE, WEEDITRTOE

IZDWTIEDHED A & ® 51 (Spearman DI
AHRME, TXTP<0.0001: Fig. 4), K44 X
HRELBBIZLED 5T, WFhOEROHIE
LR L.

BULAY A ATOEMRRBEOREMLE BX
E35-65mm DK %E Smm T & DT IV —FIZ50F,
F U A XN =TT ENADREERN %
FER T L7z (Table 1). %8B, FEHOKEL
TS5 b MIRTERYTADIE) HEITK
Xpoll-®, KA XOFNV—THFhblo
T, BB HORMEEROT—5 2HH L7

REZEROI B, JNEDLHEMSE TOHEEEC
DWVTIE, TRTCDOEKSA AT N — T TEEEN
A EH b (Mann-Whitney O URRTE, —5.9=
U.,=16.5, 60-65mm DK+ A X7V — 7 TldP<
0.001, ZFDfDfEH A X7 — 7 TlEP<0.0001),
R ADIIE)DINED SN GETIZEM LT
Wi F7:, BN EOREIZOWTIE, 40-45mm,
55-60mm, 60-65mm DEH} A X7 ) —FIIB
THMTAEENALD LN (4045mm, U, =
276.5, P<0.01; 55-60mm, U_,=186.0, P<0.05;
60—-65mm, z=—3.120, P<0.01), TN SDEHF A X
TN —TFTIER < ADIT ) HHED K & VW IGFT
WCEM LT, Eh o DR L KIEIZDOWTIE,
WEFNRDET A X7V —TFIZBWTHEBTEE
ElIArEDONLro7 (31.55U,,5478.5,
P>0.05).

=1 g2

WINES 7 BHAEOLRATIE, HEREREIZ
Lo THEBEI A ZIL 35 2 DL DETH
5 M Ty % (Lister and Genoe, 1970; Everest and
Chapman, 1972; Symons and Heland, 1978; &%
A, 1988: ALRMIZA, 2001). ZFEEOEHI
HHRERNNCBIT A7 TOHABOF LREIIZ4
ATo® Y, EINRD?HF EEZOHEAIINERL
DFERNDFERD THRKIEDE “72F 0" IZHEEL,
—EHE A “7oF )7 THEHILHE, BRI
o TKBE L TEDOR E WL LERN & EBFT &
b5 (Z#Ih, 1988). F7z, HiREOR
BN HREBEBRTIE, Y ADOHEARZELDLD
25 REDOARIITRICEENL, BTIRIELALR
bz %5 (AREIZH, 2001).

KRR TIE, 6 AD5H8 AIZhT THILIRIZB
T, BIFIICEBT ARy < AETTIT U bT
FOYFEDOEMEAOYENERELFHEL, K
TAZOWTIEIKEENED S OIEEIZOWTE
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Fig. 4. Relationships between fork length and environmental characteristics at focal points of un-
deryearlings of honmasu salmon and brown trout in the Toyamasawa River in 1996.
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EiDOBETIHE ) BERAPRON-DIH LT, 77
7M7Y MTIEIENLDOERE, WE, KE,
&AL DEHEDO TR TORKNTHEARPELN, &

Table 1.

BEFOEHEIIEICL > TR R > TV,
RO HERIBERETH L6 A LHIZBIT AR
Y ADFHRAEIZF4Smm TH o 7.

Nl (R B

Comparison of distance from stream bank, water velocity, water depth and distance from substrate

(mean= 1SD) at focal points between equal size classes of underyearlings of honmasu salmon*
and brown trout in the Toyamasawa River in 1996

Distance from stream bank (cm)

Fork Length (mm) Significance

Honmasu Brown trout
<40 99.0+88.2 (n=8) 74.3%£52.6 (n=30) ns**
<45 79.4+47.5 (n=24) 85.9+55.9 (n=35) ns
<50 82.0+46.3 (n=26) 95.2%59.5 (n=33) ns
<55 87.7%£66.2 (n=36) 96.3+55.0 (n=18) ns
<60 114.2+93.6 (n=28) 137.8£73.8 (n=18) ns
<65 101.4+76.6 (n=26) 126.0+107.4 (n=6) ns

Water velocity (cm/s)

Honmasu Brown trout
<40 159+11.4 (n=8) 12.0%5.7 (n=30) ns
<45 22.6+12.8 (n=24) > 13.1+8.8 (n=35) <0.01
<50 19.3+8.2 (n=26) 15.7%8.3 (n=33) ns
<55 22.7*+11.2 (n=36) 16.9+8.6 (n=18) ns
<60 21.0=8.8 (n=29) 15.2+8.0 (n=18) <0.05
<65 22.3+9.7 (n=26) > 11.0£5.1 (n=6) <0.01

Water depth (cm)

Honmasu Brown trout
<40 16.0+3.9 (n=8) 11.5% 4.7 (n=30) ns
<45 18.0+4.3 (n=24) 18.1x 6.3 (n=35) ns
<50 19.7+8.0 (n=26) 21.8%10.1 (n=33) ns
<55 19.5*7.3 (n=36) 24.2*10.5 (n=18) ns
<60 24.8+8.4 (n=28) 242+ 7.3 (n=18) ns
<65 26.5+9.1 (n=26) 25.0% 7.8 (n=6) ns

Distance from substrate (cm)

Honmasu Brown trout
<40 2.6*0.9 (n=8) > 0.5+0.6 (n=30) <0.0001
<45 2.4+1.2 (n=24) > 0.5%0.7 (n=33) <0.0001
<50 2.0x0.9 (n=25) > 0.5%0.8 (n=30) <0.0001
<55 2.5*1.8 (n=37) > 0.6x0.9 (n=16) <0.0001
<60 2.8+2.0 (n=27) > 0.9*0.8 (n=14) <0.0001
<65 2.6*1.6 (n=28) > 0.7%0.8 (n=6) <0.001

*Considered as a hybrid of masu salmon O. m. masou, red-spotted masu salmon O. m. ishikawai and biwa salmon

O. m. subsp.
**Not significant (P>0.05).
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THERRICIRET 5 L H40mm TH ) (EH, *
%K), FARINIBIIBT7TITD6 A OFHHEHELK
E (#38mm) ®° (f&#kiiz, 1988), HEERIIB
JAEY<ADA4ROFFELE (F40mm) (A
REIZA, 2001) EELPL TV, Thbome,
A BV THR Y Y ADEBRMEDED S O
RUBNFEOMEATICE I RS RSN o7t
ZenbEZAHE, SHURTIE6H RAIZIEEA Y
TADLIETTIC “72F 0" D OHEENTHOER
HELAANERBSGZELSE T L EZLNS.
—%, 6AELEADTIT 5y POFHRBRE
EH27mmTH Y, ZOBHOEEIIERLLD
“ToEDT IIBWTHE (BIE I Bk, £%
). INSOMEMKITFORR KT 4 XHh 5, B
JIRADOF LA VWA THLEEZ NS,
ZFD%k, EMEORENS O, K, A, I
EADSOEBEITVTNOFHWICERLTEY,
77T NI FOEEIZIE, 6 A EALREICE
LD “I2E 0" DOHLERAN & E BT & EL
SETW, 2F ), WEETRS N4 BT
DEEHEADBCIHEDORRER DEVIZL S
LEZLNS.

FRTHI A BT A OB 7 B EE0 4
BYFTOHEEIZ DWW TIIAFZERI A% <, BT
DRI OV TRELFITTRD2DODIREH
MRIRENTWAE, D EDIE, UL -4 B8EE
CERT L0 HHETEN 2 Lo S
DFER, WHEDAEBEGHTB 2 LM &z Znz
NohnsEnH)IbnThsE. ORI, X
F—=N~y FFF 7+ (=T <R Oncorhynchus
mykiss DFEER) & ¥ 257 O kisutch & DERR
(Hartman, 1965), #1v NAO— 1+ FF 7 b O. clarki
EFUHFTEDODBEBRIIOVWTHILN TV S
(Glova, 1984, 1986). b9 U & DUk, HMEERMDE
WIZXBEEBIOFECGITTHY, £ OFFT
Y rEaEc o >wTHLELLONTWE (FIZIEF
YT &R T —F Y 0. tshawytscha: Lister and
Genoe, 1970; AF =~y FhI7 b Fo o
#—= > Everest and Chapman, 1972; 777 » b
77 bEAF =AY FFF7 b Kocik and Tay-
lor, 1996; A 7 F &Y~ A ARHEIZA, 2001).
HHLRTE, Aoy <wRETIT U o7 DY
BOEMBADOREY R H2HHOR U4 X T
X5 e, NED?SDOEHIZOWTIZTXTOK
YA XTN—=TIZBOTHEEDNED LN,
EA L OMEE, AE, WEICOWTIIMERTHEE
BEFRDOON Lo/, ZTOIEDNL, TITY

RSy MR YT AR TIEIDE WIS
WEMNTAMENHLEEZONDD, NIEDPS
DL DERIZOWTIE, Y4 XHFE LT
HE, WHEIIEU LS ERT I8 lh
5. LoL, 6 A5 7RIZOWTH CHEHIZEIT
LMMEOEMBREF LD &, BSOS, i
W, KE, NE»PLOHEEE Ik v RIET T
7Y 7Y MCERTRE» o7, SHUERTIE,
FELE 2 #E U CEFAOKS A X777 b
G MIHRTRyTADIIINKEN 2 D
O, FIEICBIT2MEOEMERIEDENL, £
DEHHIZ BT A TFEDRH 4 XDE VISR LT
WhHEEZONS, T, TDX) kY4 XK
FRIOAE B TEEEICL T, ArwRET
7 b7 FOYFEMATIIERBBERIER SN
TWwbEEZ LN, HLRIZB T 2 miEDEI
B, R XTIEOHFELS 10 B REIIHT
T, 79787 bCIR10ATALUETH D,
TR > Tz (B#ITD, 2002). EIIEAD
BWIZXY, AR ERRFTN, Z07-0K
YA XDELY, EMREREORLL., Z0LH%
MO EF R OBHE O (FE - &1, 1996)
RS RO A B EMOEREN KR T AL T T
Ty PUEAOEMBE LTSI LIZL
CLTWARKRELRERTHALEEZOND. KHF
eI, AR %@ U CEEEEKE T HITE
IFRICEIE SN o7 (R, RER). 202
El, MFEDOEMEESEDE VAR A ZIKERIT
HHZEREXHLTVBEEZONS, 72771,
FREHAICKEICTH LRy Y AP THLT T
YU MEEMBEL, FOHERELTTIT UL
77 b OEMBRENEILSEOo NS EZ
L, HEFE SN TWEEMERED, TN
DENPRRERT L4200, Fhe bHER
SRR ZHZ SN/ niche shift 12X BHD%
DOPIIBEFEETIIDIS R, 7, 8AICRS
&, B O EME T TOESICOWTIIMERTE
DL B o7zns, ENMEOTE L RIFIIFER TR
HoTwiz, BFLLLIOBMIZIZ, 7572 b
T M bR A Xo8EhE &I < IEH
T5H, FEETFA XIS VD, K< A
HARTHEEKED/NSVIGFTIZEMNT 5 EER
bhb. LaL, TOBERIIODVWTH, Fr<A
EDMEMBEFOMRIZL AR ETETE RV,

HARE SR AT TR Y ADEIRIZT T
TYNTYMPEBEENLTBY, TDOILEAF
PRADEEINEDKRT 25| &I LTV 50
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1B ED

REMEZ A IIRTER TR L2 (GEHkI2, 2002).
—HERFETIE, FV<TRAETTII L ERTTRD
LR A DWTHERM TR OB IR IHEV DS
Ron, Sl eb45EDERERLRY T,
VB D6-S8HDEIHIZIZTS T bFw Mk
HRVRANDEDFEIZFNIIE R VWEEZD
nic. 72720, s X9, HEFMHsATY
BMEDEMBENZNENOEN)ARKE KT 5
FHa0, FNELFEHBEFOERIZLLZID
MITBH LTI, /2, KIFFEOFAR T
HILARE, BEIPE COMICHEMBIEOE L A EEN
NERZLNLDT, 5HDMENLETH 5.
Bl &

KEFFEEEATH ICHo ), HEUKEKRFEEH &
Bl s IR AET e T
7o, RFELRBIE L GREERE) 3 FER
BE&TH 72, KET (B ATBUE AKERS
ot > & —) AT FERT H L 2Pl H Rk i1
(4FF), eHE L, AEAEEL (L8F) (12
B3R ELTHE, MEOEREZX > TIEW . fi
FHEERFAAGMUATREREEEAR (45)
ZIELOHETLHAEBOH 4 1IEEHFRE O R E
ZTAWZIET TR, L OMA &K Z THW .
HEITHEERBFHE EREEH ~ (ERWES
P (BREIEEHE H LR ERER B R ES
BT) HRTERTHNRE (L8) (EELAE~ND
AMDFHEE R LTIHV, HAREEETEER
(BRAEIREGE) OF £ I3 BRI T O F6
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