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Abstract Microhabitats of spawning sites of the three salmonids (honmasu
salmon Oncorhynchus masou, which was a probably hybrid of masu salmon O. m.
masou, red-spotted masu salmon O. m. ishikawai and biwa salmon O. m. subsp.,
brown trout Sa/mo trutta and Japanese charr Salvelinus leucomaenis) were investi-
gated from mid September to early December in 1995 and from mid September to
late November in 1996 in four rivers (Toyamasawa, Yanagisawa, Yokokawa and
Kannonsui rivers), which discharge into Lake Chuzenji, central Japan. Spawning
behaviors of honmasu salmon, brown trout and Japanese charr were observed from
mid September to late October in all rivers, from late October to early December
in all rivers and from late October to early December in the Toyamasawa River, re-
spectively. Spawning redds of honmasu salmon and brown trout were observed in a
wide range of reaches in the three rivers, while those of Japanese charr were re-
stricted in the upper reach of the Toyamasawa River. Honmasu salmon spawned in
deeper sites with larger sized substrates than do brown trout. Japanese charr
spawned in sites with slow current velocities. Redd superimpositions were ob-
served in all species and brown trout and Japanese charr frequently superimposed
on the redds of honmasu salmon. The results suggest that the competition between
honmasu salmon and brown trout-Japanese charr for spawning sites is reduced by
their different spawning periods, but redd superimpositions by brown trout and
Japanese charr decrease the breeding success of honmasu salmon.

* Corresponding author: Tomoyuki Nakamura, Freshwater Fisheries and Environ-
ment Division, National Research Institute of Fisheries Science, Fishery Research
Agency, 1088, Komaki, Ueda, Nagano 386—0031, Japan (e-mail: ntomo@fra.affrc.

go.jp)
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HWDIL= < A Oncorhynchus mykiss Th 5. K
A E LRI DO~ TEE LT 505 (INEE,
1985: dbEFi3 7>, 1993: JfEE, 2000; Taniguchi et al.
2000; Fausch et al., 2001), % < DK TIIERSIC
B Lehorz (IARER, 1980). LaL, =U<
AWEAE LIRTIE, RMEIZ L B REO RN
R~NOEREINZL D, #3303 Salvelinus
malma R 7 X< A S. leucomaenis leucomaenis 7 %
SRR T L CW Al feEd i s Tn b
(Taniguchi et al., 2000). 7z, =~ ALHTIT,
BETTT M7 7 b IEETERBEEILKL
DOHY), ERENDFEIEEINTD (B
R FIWL 1999; ERITA, 2002). —75, LT A
) AKBER ETIE, FEEROY T RHEHOBIEIC
L BERDOT FREEHOEBIBOH/N e EBED
WAHEETDH (FE - A0, 1996). 2
TA)ADINTIX, WTYRAOEBIZT T
PRI NEZURADVRIE S, ISERIITT
FREBEOREEDNB% T T 7Y T 7 ML,
H15% D3 =T < AL L7z (Waters, 1999). £ 7z,
72 AREOH T I ADEBENS { T,
7T NTY POBIEIZL ) AT ADELE
DA DHE & T2 B (Krueger and May, 1991).

AP EIALE S 5 REFM 2L, 2o THRHE
FEBELTwWhros, LA L, BETEY T
BHE L LT, 177 Salvelinus leucomaenis, 717 <
A S. fontinalis, V4 7 &7 7 b S. namaycush, 77
7 ¥ NF 7 b Salmo trutta, = < X, KX On-
corhynchus masou (37 < A O. m. masou, ¥ ¥
< R 0. m. ishikawai, €7 < A O. m. subsp. DR
ThHbHEEZOND), LATA (RZHFFo0.
nerka DWRET) PEBLTWAE., INLHITTRT
ERNNDMBOKE» SR N2 DTH S (K
A3, 1989). WIhofE b e L TER
SN, Z0% IO PR A
Lo TEBEIN, MIMHEINTS, T/ 1
TSI, HIRRA, 79789, ZIUTA,
R AL, RAEINIHEL TEREIFLTS
D, L4277 b7 MZOWTIZEINIER SN T
W, ERERSCIEEINLZ LS, WK
THRENLTVWEEEZLNE, ZDLIHIZ,
EAND S DEEDY 7 B ATED EIE BT L
TWABEIIAARTIIZ L.

KUFFEIL, ARICBIT B9 rREREE B A
DHEBFREZHEL2IITA—8RE LT, Pl
WAFNNZBNT, K< R, 797 8T b,
A7 OEJE L EINRO G AREL, &

RIC BT B3O IAFEB L HFMREZHL 21
THIEEEMIZATo 7.
FEHBAT E A

RAESAT PRI RIMNFEOWAREFGEIZ
(LB 5 (Fig. 1). A#IIBERET 2 BEKMLD SEH
LBEICLAEBIEMT, HEOESIE1269m,
HEEI15km®>TH 5. #~NFALE L) #BEUR,
FEL DAHWR, MR, FFEK, #I, B8EK
PHRALTEBY, HENPLEROELZ TR
M LCWwA, Tk, hEFBICIIEEHIIER
LT o7:%%, BG6HE (18734) 124 75
PR SN0 %MD E LT, ERLNIELD
mREASHR SN, BETRINEDOS 7B 7+ &
C7RNISESEBRLTWS (RNECRK, #E).
RUYRAEATHEIHARERETH B, 777
PhIYMII—0yRBIUET P THEET,
HAIZIZHED SIBHOMDIIDNTT, BT
RV ADINIBALTEET 2 ) A KE, O
LhEh-bwbhTwad (ALliEs, 1987; &
#, 1991). FHEFHMADIEOBBEOFEMIL,
L7 FTITIERD X 9 IZHE6E (18734) TH
D, KT RAIETITA, $75<ALLTHFR
FHHRISH (18824F) LBAIA174F (1884 4)
I N Twb, 797 T MIDWTIE,
ARSI IS X 2 AR ST 4 (1976 4F)
IR BTV 5725, ZFNLLAT O REFI I |2 82
FEICE BiENHol-eEZONTVS (dLf
BIRK, fAE).

WHATID S B, RAEIEAIR, ¥R, #1,
BEAKTITo 72, AHINRIZRAE DY Skm, i ALIE
MEHHASmOMNTHSD. I X+ 7, NL=

139°E

Lake Chuzenji

Fig. 1. Location of the study area.
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L, Foo/ XEoLERR, 7T~ vEostiEtkt
D& §EFT Ui, JEHER O BN E A
BENTwab,

MIRIZ P B MOTEERIC AL E S 57 2 #d 5 i
35, WEH3Ikm, FEHELY7.5m Dl
TH5b. ZORIITHHEFHA~DFMON S Lt
350m DM EICHEFEED S ), M SosED
Wz ZThkwons, EROTHRICIE, WHE
AR DILA 2 TB Y, WEOANI DD 5.

B EBIFEAKIE, & ICTEH0.5km, HAIE
F13.0mD/NAIT, TRE - SPEBKRT 2N T
Wh, BINEBEKIZOWTIISRE 212
EETG, WRIZOWTIERTIR OB IER FTo
B THEZITo 72, FHLRIZOWTIE, #2564
3km DR THIET B 4 7R % B < ¥ FaTEAK
He THELITo 7.

EIRA - ERRDODMH MAEIZ 19954 &
1996 1247072, 19954 X9 H 1SAZ 5 11 A 30
HIZ2 T THHUER, R, I, BEKicBWT,
1996 X9 B 12825 11 A20 BIZH 3 THILIR
BT, EIHALENROBERAELI32E
HiT-o7:. AEIZH/-oTIE, BURELRLRS S
Az, AEXEZE»OBIE L7z, EIR
ERPO@EETFER LG I hx ESNE A
EL, BHIZEYTE, 2R%#EAL, ®REH, &
BEEOIZRELA. TTIZERLTW D DD
EINBADVBRE I N o 2 EIRIZ DO W TILHE
AHRE L CRFR L, MEIZHET > TH ORI
Mo EFIZIED > T20mBEIZT ¥ K2 — 2 %4}
VF7z. BEIURIER R DR EINRAEIE S 7
MLEIZOWTIE, RENVOT Y NI =500
A I mBECRELE. 28, A0EEIIoW
T, FAEMENIIBIE SN EROTEE e im &
BEREmDIE Z INEDREDRE THRL, %
OEBEFHIL TRDZZ, ZnXHicLTRDE
REEBHEAEIZIZFECIC R o TSI HEAE
ROA %z Lz, BISERZREL TEHIIT 5
HEDFEIL o THRELBIET 23T R
o,

EESRARDII MM 1996 FE9H 12HA 511 A
20 BT THHLRIZBWT, EIIETER S h
AT ORRE, JKiE, w, EKEErREELL.
MEIIEITER TR, HH21~2HURNIT-
7o, TRENZOWTE, R FE, FuE, Rl
SV, FENSE S HICHIER, ROE, HEo3h
BRI L CReER L7, KRS EIIR O oo Hy
BAFHA L7 (Fig. 2). W#EIZDOWTIE, EIIRH

Water surface

Longitudinal section

Plain view X g

'

Fig. 2. Diagrams of a spawning redd of the three
salmonids (honmasu salmon, brown trout and Japan-
ese charr).

° v

RIOKB L, ERICANEMT A s LT
ED 585 em 7% CR-7 B[ 8530/ B & 5
(Tanida et al., 1985) TFHI L7z, JKEIZDOWTI,
EIIIR O i (Fig. 2 0#HRERD) Db D% —
HREL, RELCEBOTHILEORELRDDE
10EE D, £DRKEOFHELZ KD,
EIRDER 1996F9H 12HA, S 11 H20H
W22 THILRIZB W T, FICER SN EINR
WZEDLRIDORT DEINT B EIVR OB IKIL %
WELZ., AXICH - T, EIIKD Eiim
(X) & Tt (Y) ZEIROEHRE LT, £0H%
HABXY ICEDWTEINROFEHE AT v T
L7z (Fig. 2). SHIIEAX, YIxILT 58X,
Y L DONEIZHGT, XX, XY, YX'.YY D
BEx sl 52 Lok, EIVROME X MEL
IR EEMEETELL)ICL., ZFLT, T
TER S N IR S SR & 3B % A TIRDEAL
NVERBEINT AL, TNENOME O
WL, rEREEE R R o TWCIGEIZEINR
DEHEISREEI-LDE L.

G S

EEONFR A ODEREFHD - A4 X 19954F & 1996
FIHMIIRTIE, BRELTKRYTRX, 777>
Mok, ATFD, MRTIEGR YA ETTY
RIS, BINTIER Y ADARD, BEK
TR AETTIT Y b I M EFNEFNEIE S
N7z, WIROMANTL R < AR FELH
IHB@AIWE»TT, 797 77 MI10A+H
POMERTEIZTT, 417 FE10 AFa525
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Fig. 3. Seasonal changes in the number of matured
fish of the three salmonids (honmasu salmon, brown
trout and Japanese charr) observed in the Toyamasawa,
Yanagisawa, Yokokawa and Kannonsui rivers in 1995
and 1996, respectively.
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Fig. 4. Total length distributions of matured fish of
the three salmonid females (honmasu salmon, brown
trout and Japanese charr) observed in the Toyamasawa
River in 1996.

1A TEREFREE SN (Fig 3).
19954E & 1996 FE D2 HEXBLT, 11 AWEICE
BEANIAR Y ABAZIBEOATHY, Fr~
AETI7 NI - AT FOBA OB
BIEEAEELRL DT,

1996 £ (AR THE SN ERBDERDEH
L, K <wATIE27-55cm (CF¥fE = {EHERZE
=40.069cm, n=49), 777 r7 7 FTIiL
20-70cm (37.2+82cm, n=43), 4 7 F TIlL20-33
cm (23.3*+6.5cm, n=4) TH - 7: (Fig. 4). BHHEE
Z3FER CTHEEEDN A LD LN (Kruskal-Wallis
DOFE, df=2, H=12.88, P<0.01). "¥~<vA& 7
T b7 PCTIIEREEIALDON Lo
A% (Tukey-Kramer D% EILE, P>0.05), 177
MO 2 IR TEEIINE o7 (R <A
EA4T7F, P<00l, 79 T AT,
P<0.05).

FEESRIREN - EESRRDIRIEDTH 1995 12 &7
EMNTEHRESNEINRKIE, Fr<ATIE
13218, 792> 77 FTIX4E, 1 7FTid2
BTHy, EABEDL DA 2281H T2 > 7= (Table
1). 1996 SEDFLLIRTIE, FU <A@, 757
b7 RS2, 474l FEARH43MEDER
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Fig. 5. Distributions of spawning redds of the three

salmonids (honmasu salmon, brown trout and Japan-
ese charr) in the Toyamasaaw River in 1996.

IRDERZGE S N7z, SR T 3R L L ICREIIR AT
MRS N/oRS, o3 oDk (MR, #)l, #E
K) TEATFObDIFEBEIN L7z K
YAETTIT N T MIDWTASL E, AR
TIIMEL D ICHEE CTEIVROE S IEEEITA
LD LN o72h (Fisher D EFETE R E,
P>0.05), ZODMOIRTIZF > < ZADEIKRDE
ENEBEIIE» o7 (BHR, P<0.0001; 111,
P<0.05: Bi&E K, P<0.05).

1996 EEDHIRICBIT B, EINBAIHERE SN
7ZREESRIR O 72> 6 D FEBEIC DV T (Fig. 5), F
WEIZ3FER THEEENA LD S5 (Kruskal-Wal-
lis DIESE, df=2, H=11.07, P<0.01), F> <R &
AT FOEIRIET I T MIURTEE
W ESRIZ A LT/ (Tukey-Kramer D% E LK,
Ky AETIT T T N, PLOOL AT FET
7 I b, P<0.05).

EEORERODITHIRIE 1996 EEDHLIIRTIZ, &~
TAETTI NI MIFEO PR MRS

207 Honmasu
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Fig. 6. River bed type of spawining redds of the
three salmonids (honmasu salmon, brown trout and
Japanese charr) in the Toyamasawa River in 1996.

EINREERT A2 LML, AT FDOEIKRIZ
HIZER & T w7 (Fig. 6). 72, WIFhoEL R
WICEINVRZERTAZ L IZENTH 72,
FEINR DKIEIZDOWTIE, FHEICEBTEE
ENA LD S5 (Table 2. Kruskal-Wallis D 5E,
df=2, H=7.91, P<0.05), 797~ FJ 7 Ml
THR YT ADEIVRIZBITBKIEDIID BEEIC
KEH o7 (Tukey-Kramer DZ EHLEL, P<0.05).
MED 5 S5em L HDRBIZIOWTHHEBMTEE
ENHAED LN (Table 2, Kruskal-Wallis D1 5%,
df=2, H=7.54, P<0.05), fio2f&E|Zk~RTA 7+
DEFRIZBITAHEDIT I DEEI/NED o7
(Tukey-Kramer DZ ELE, wy <AL AT T,
75 b hEALTF, W P<0.05).
EBOREIZOVWTIIHEM TAEEREIIALDD
Nz H o7 (Table 2, Kruskal-Wallis DIRE, df=2,

Table 1. Number of spawning redds observed in the study rivers in 1995 and 1996

Year River Honmasu salmon Brown trout Japanese charr Species uncertain

1995 Toyamasawa 69 86 2 127
Yanagisawa 46 6 0 69
Yokokawa 6 0 0 3
Kannonsui 11 2 0 29

1996 Toyamasawa 52 52 4 43
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H=5.52, P>0.05).

KEIZDOWTIE, BEETEEE ALDLN
( Table 2, Kruskal-Wallis® ¥ %, df=2, H=7.70,
P<0.05), 777 77 MILRTKRIY T ADE
PIRIZBITAHMOKEEDITINVAEIZKRE D>
72 (Tukey-Kramer D% E LR, P<0.05).
MHBOEREEIIRDO GRS L DREFRE A
%L (Table 3), FYTATIELLDEIZ, 75
7RI MTEIKEBLIVEZE EOBIZENE
NEELREOHENALDLN, "V < A, 75
7Y b MEDITERYT A XK E VAT EHM
WEEOHBFFTENL, 777 T 7 bTIdK

Table 2.

EORKE VT CREEED EINT 2 EmA A &
OonT., ERLEEEDHEDFEREFRTI AL
T hIy bEOBTRETLE, ROMEE
B CTHEEEEA LD LN D o722 (AN-
COVA, df=1,69, F=0.148, P>0.05), YIHIZIIEE
ENAED LN (df=1,70. F=4.02, P<0.05), 77
TR IY MIHRTHR YT ADIE) PHVEE
DT CTEINT A Z EVHLNIZR 7.

EIIRDEE 1996 FEDHMIRIZB VT, i
TR S N7z EESRIR IZ[AFE & 5 W I3t FE D SRR A°
ERELCERSINEEE, Sy ATIE48.0%
(52fd25M), 79> b5 FTIE23.1% (52

Water depth, focal point velocity, surface velocity and substrate size of spawning redds of the three

salmonids (honmasu salmon, brown trout and Japanese charr) in the Toyamasawa River in 1996

Variable Species n Mean*SD Range
Water depth (cm) Honmasu salmon 42 28.4*7.3 13-40
Brown trout 42 19.5+x54 11-37
Japanese charr 4 17.3*+4.4 13-22
Focal point velocity Honmasu salmon 40 38.6+14.4 12.4-68.3
(cm/s) Brown trout 41 41.7+13.3 21.9-77.6
Japanese charr 3 16.1+6.8 8.3-20.8
Surface velocity Honmasu salmon 40 48.0+18.6 17.3-120.5
(cm/s) Brown trout 41 50.0+20.2 20.9-114.1
Japanese charr 3 27.0£5.0 21.7-31.5
Substrate size (mm) Honmasu salmon 35 43.0+13.2 21.2-74.5
Brown trout 44 35.8%10.2 18.7-65.1
Japanese charr 3 32.6x8.0 23.8-39.3

Table 3. Results of simple regression analysis between total body length (mm) of
each species and each variable of spawning redds

Variable Species n  Regression coefficient Constant 12 F P
Water depth (cm) Honmasu salmon 41 0.381 7.228 0.063  2.608 ns*
Brown trout 39 0.485 1.815 0.281 14.468 <0.001
Japanese charr 4 0.436 7.615 0.244  0.645 ns
Focal point velocity =~ Honmasu salmon 39 0.816 9.884 0.081  3.251 ns
(cm/s) Brown trout 36 —0.033 40.534 0.000  0.007 ns
Japanese charr 4 0.179 12.077 0.026  0.053 ns
Surface velocity Honmasu salmon 38 0.387 33.126  0.015  0.545 ns
(cm/s) Brown trout 36 0.192 41.497 0.005 0.178 ns
Japanese charr 4 0.897 8.385 0.845 10.937 ns
Substrate size (mm)  Honmasu salmon 34 0.886 7417 0.219 8972 <0.01
Brown trout 39 0.761 7417 0.369 21.664 <0.0001
Japanese charr 3 0.731 14.885 0499  0.994 ns

*ns: P>0.05.
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Table 4. Number (%) of superimposed redds by the same or other species in Toyamasawa River in 1996

Species superimposing

. No. of No. (%) of
Species spawned redds superimposed redd
P POSEATeCES Honmasu salmon Brown trout Japanese charr Uncertain
Honmasu salmon 52 25 (48.1) 4 14 2 5
Brown trout 52 12 (23.1) 0 7 3 2
Japanese charr 4 0 (0 0 0 0 0
Uncertain 43 5(11.7) 2 3 0 0
B 12f8), 1 7FTixo% (4fFofEl) THo FHEEZE 12-24mm D, - WOESLEROH R

72 (Table 4). BB DDA TFEBFENT, K
VRAETIT NI bOBT, EHELTEIN
SNIEINRDEIG R L RTAL EEEEN AL
O 5 (Fisher DIEMEEZRME, P<0.05), K<
A DFEINRHFIFED 5\ MBS EE L CTE X
NBEEDED o7, EEEIN L-FEERSN
ToEEIRRIZDOWT AL L, Ky~ ATIXFE LA
D2fEZ, T NTT NTRERES T FICF
NEFNERE L TEII ST,

Z =

EEORER - EEORPR DITHDSRAT

b EOMMINTIE, KRy ADEFETHLY
T AT AR S T T, FHKiETLT
cm, X TRBF 41.3 em, FI R AKERE 83 mm D
WCEI LTV (W32, 1996). F7z, db
BEOMOFNITIE, FEHiHE 50-90 cm, 15
£50-80 mm DA R FHTREIN L T 7z (Mt
EA, 1994) . I ORFFE &t A
WCBITAREREZILET 5 &, KBS EFHTA
DT R E VDS, EIIEE, K, KEEd
HEE O EHEM L T

T RNTT MIDWTALEE, A F1)AD
A TR % 22-38 e D CTRESN L T 7z
(Ottaway et al., 1981). 72, =2 —J—F Y D
AT, FRISFHKE3LTem, FHitHE 394
cm, FHHEEE 14.0mm O THEIP L (Shirvell and
Dungey, 1983). 7 A U A OMJIITiZ 11 A a %
¥— 2712, JKiFE20-41cm, 7% 23-57 cm, FH R
12.7-32.0 mm O#ETEEIN L T2/ (Beard and Car-
line, 1991). ZHSIEHMIFHH AN BT 54
BLrEMNLTEY, AMEIHARIIBVWTLEEL
LI TOBGEH L 12 IZFEREO R R 5587 TR
THEEZOND.

AT FIZOVWTHADLE, REIIRMPITIX
1011 B2 T, KiFE847cm, iiiE0-29.7cm,

WA TREINLTH Y, (G, 1981 14, 1999),
PR AIIOFERIIINS DR EHEEL
Tz,
FICEBRTAE T I b T hEHTTA
RIRB L, EIROBEIT S T AIZBW T/
L, TOERELTHTADIT) HHEBEAD
ERA/NZ VI EPEITLN TS (Witzel and
MacCrimon, 1983). A TIE, 17 FDEMS
DRFEIIR Y TART I T M T T/
oz, FHEFEHEARIITIE, 4770
BOKRENMO2FEL ) /S erb, K
4f®¢éw:&#§%%%®ﬁﬁm$éw:t
WCERELTWorb Lz, LaL, Y58
BREOEINROMEDFEEILX, NX=HFT7zhkiuw
— W (27 |8 Oncorhynchus TR&E ., 47 F+g
Salvelinus T/N&Vy (Gulll, 1981). EATAYIZAEE
FTHATFEXTA (7 TTADANIE) T,
A7 FDII) DTERD/NSVGETTEINT 5 (A
i, 1981; #4F, 1999). SEIRE SN/ TF &K
YRA-TII T N EDOETOEINKRICE
B HEDECDFERKRZHL T H7-0121F
[ U A XECTRE % LT 2LENH 577,
KEFZETIEA T F DES 4 XH/NS 700, HRAE
TAHIEWRTE Doz, L, BIBOLXH I
A7 F TGRS VG CTEINT 2MHEVH 5
ZEns, SRIORZEY 4 X L IZEBRIZT
HMO/NS WA & EIR L CEINT A L) fEE L
TOATFOEHICLAERIETFEVERDNS.
—h, RUVRATIET I b7 7 MIHEXT
EIRDOEEP M o7, B FFOMMNTIE, &
DTRAHRTTIY Y b7 bDIEH)DIRED
MW TEI T S (Witzel and MacCrimon,
1983). 72, /N x—OMIITIE, KEEEST
Salmo salar\3 757> 7 M XY LEREDOH N
BePr CREIN$ A (Heggberger et al., 1988). TMNLH D
F7eTld, MEBRADKRT A XDTKEVWEDIT) A
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EEOHMVGEHICEINT A Z L 28f, EEOHM
BZ B AEOEKY 4 XDEIGERT S & LTW
5. KHETIE, "y <AETIT T T RIS
DWT, MRADKT A X LEEOH X L DRI
EOHENAED LN, Thbb, K&ZER
FEHWCREDRBPTCEIIN LA, £72, MEOE
ROFHEICEH CTAEENALOLNT, FL
EETH-o>THLTIT U bI7 ME ) LEEHH
WIBFTCREINT A 2 EATRENT. ThosnZ
Mo, KRYIAETTIT U NTY NOEINRDIE
B0V ot rBER TR N L) RitH
BOEKT A ZXDENTIER L, FBoOE®IZLEE
EzbN5.

EIRRDER

J NV = — O TRIBTRIZEEIN T 5 K EY
LTI NI MNERNRD E, EIHO Y~
IWTIT R T MIBOWTHFEARL, 2o
C EDEINR OMAED BN & T IG5 &
Z 2 5N T\WA (Heggberger et al., 1988). Afif7ET
i, FEFHOVThORAMINIBNTH R
YATIEIATEA»S 108 LA E—27IZ9HF
WS 10 ARG T, 797 b7 e
TFTCRINAEGZE—2IZ1I0AFE2511 8
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