K - Full Paper

REFHS
49(1): 26—-32

5 LERRIC K WA ELER T A v ADREERE

%2

THME - i

+ ILAFF—ER 3

' T 061-1433 JbiEEEETICAARIT 3 TH373  dbilE &k ERLs

275202112 #BEKET EH EFEFEFRIK 509-3
3 T386-0031 EFHE EFATT/N

RESKFEREEME Y 5 — (HE)
41088 KEHBAIZEL v ¥ —h gk ERZERT

(2001 4E8 A 6 H&AF 5 20024E1 A 8 HELET ; 2002462 A 12 HEH)

¥F—T—F:T AR, EiFR,

R 3 A R
Japanese Journal of
Ichthyology

© The Ichthyological Society of Japan 2002

H

EERIOH 7 BHEETIE,
BEREIZ L > CIRBE S 7z
FEHEOAEFER B AEFPASLNS (North-

¥ LR, FEEAL

Kazutaka Shimoda*, Shigeru Nakano and Shoichiro Yamamoto. 2002. Landlock-
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Abstract In order to clarify the effects of dams on the life cycle of anadromous
white-spotted charr Salvelinus leucomaenis, their life-history traits were studied in
both below- and above-dam sections of two rivers in northern Japan. In the below-
dam sections, the frequency of smolts was over 55.9%, male mature parr only
being captured. In the above-dam sections, however, the frequency of smolts was
under 15.2%, the maturity rate of parr being over 54.9% in both sexes. This sug-
gests that the charr life cycle type in the below-dam sections was typically anadro-
mous, compared with a land-locked type in the above-dam sections. The latter sec-
tions had lower parr densities compared with the below-dam sections. the fork
length of young parr (aged 0% and 17) in the above-dam sections being greater
than those in the latter, suggesting that a higher growth rate as a result of low den-
sity had lead to landlocking of the above-dam population. There was no difference
between above- and below-dam sections in the frequency of over threshold size for
smoltification (10cm FL. in autumn). However, the frequencies of smolts in the
below-dam sections were higher than those in the above-dam sections. suggesting
that the inhibition of smoltification had promoted maturation as parr in the above-
dam sections. The mechanisms of landlocking based on the threshold sizes of mat-
uration and smoltification are discussed.

* Corresponding author: Hokkaido Fish Hatchery, 3-373 Eniwashi, Hokkaido
061-1433, Japan (e-mail: shimodak@fishexp.pref-hokkaido.jp)
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cote, 1981; Jonsson, 1982; Vuorinen and Berg, 1989;
Maekawa et al., 1993). fiE#R, BEHEVEAREDEK
i, BARBERICIZ2ETHELEEI EEZON
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DOWFFED TN ALIEEREE O 7 A <~ AEREES
MEE & D IZEER EAINBRERORNFRA LN
(IUAIZ A, 1996; Yamamoto et al., 1999), % 42
L BREFHLITANIFRE B OBBEEEDO LRIZ L -
TER SN EEZ LN TWE (Morita et al.,
2000). —75, ALiEEILERDO T A < AEAEEIT M
IRy 8 M Bl O AEE R 2R L, WIFRE RO
HEDFRD LN\ Z & A5 (Yamamoto et al., 1999),
Be$f b 7 0 4 R 13 Morita et al. (2000) 257R L72 b
DERGDURESEZONS.

T BEEH OB B I LB O
HREREY A XHPERTLIEFMLN TS
(Thorpe, 1986; Thorpe, 1989). /Il B #A R 4REAL
DREBICIIDNBIHOH HREHIC—FDKRY 4 X
(BEFRY 1 X, threshold size) |ETAHZENEHE
T& ) (Skilbrei, 1991; FEF - HiJll, 1994; Yamamoto
and Nakano, 1996; Yamamoto et al., 1999), —f&iZ
WINARRIIEFIZ, FELEEETLSHFEOE
BLURBIZZENZENETTHI LM ON TN S
(P& - /1)l 1994). F7:, ZNENOEERT A
RIFEEB L EANOEERERTEEN A O,
ENDIFHES A ZIIEREREREIE LY (6
Z ¥, Nicieza et al., 1991; @kland et al., 1993; Ya-
mamoto et al., 1999; Jonsson et al., 2001). Yamamoto
etal. (1999) I3 7 A~ AD R O BHEE A 04
DERMIH TERNZ L 2 L, BEHOEMAFEREZ
EHREADBERT A A0KE ERAIREDS
W BIRE TR L.

¥ 5 ERTOREEALIZE L THE - Bl (1994)
%, BEEICED o THELLEREIZL - THJI
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bz, B b 7ot A E4REAL LA
BUCHED IR A XICEE L TEET .

WESAT EFE
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Fig. 1. Map showing location of the study areas. KA
and KB are above- and below-dam sections of the Ki-
tousu River, and OA and OB are those of the Osawa
River, respectively.

HOYLADBFET L. SEOMETIE, TD5 L
5 B 1.0km # AEX KA, TitE1.0km %
FERXKB & L7, KRNI EES.6km, L
2.1% OFNIT, "WO» 6 EiifI2km £ TIEZBbHE
(FATIR, 1971) omIEEEZRL, £0 BiEid
Aa®l (FTIR, 1971) omIEEZRT. KR
IO 5/3.5km DM AT, 1963 FLIE1F
DEUKF D 7 L & 2 DR 5 2 258 L Tk
Ens. SEIOFETIE, ThonFLEPLE
Jil1.5km % FAEX OA, Tt 1.5km % FEX
OB & L7:. BERANDY LIIEZEHSOMTY LA
DFREDPRAKREBKT DHEELE ZoTWV5S.
KFRNDT LD ) HEERLFHADDIIEEN2.5mT
FLATHRAIOBRAKEIHINTHS., wFhdf
BIIBREINTWERWED, TRo5DFLET A
VAWM ETH I L IRETHLELEEZOND.
EB, REYES, Ero#MEL-EEIZOND
EfARIE S 2 TiROREX 72T TR I N7,
IXBICEBT AT AV RAIESICRE LKE
\ZB#A 9 % (Yamamoto and Nakano, 1996). ZAfJf5E
T, EFOBREY (19920482987 55H
5H), BEFE (19240 7A5H75787H) B
T UOKEORAI (1992FED9F4B8H»59 A 11
HBXCIA28»511A7H) I2ZhEFhf%E
*EBL, FHEXTZLZ M)y s T ay
H— (RIA - V=, ETNVI12) ZHVWTT
AT AERFREL. B 5N/ AEARIL Hoar (1976) %
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BE MRG58~ (parr) LEEMEE (RBiBEEK,
smolt) 247z, /S— 3B H & AKAAHEE THEE
BB, LHETH L. /S—DFENZIESED, S
12 E OBAG T D /13— < — &7 Hif N B D/NIEASEL
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{LMEMAR (immature parr) & L72. $REMEKIZSE A
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JIIAEHTH L. PERAEOTEE L RIEDTEL
BEALZETS. ERIZ10% PRIV VKE
WCEE L2k, BEXROBIES L UG & ik
HOHEETV, IUARITH (1992) DFEICTEVE
AzHCTEEEOEREZHE L7
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To72. 0PBLP1I"NN—DfEkH 4 X2 ¥ L ETD
REXE BT IEIE, BXREEMEERL
TAEIZ DWW AN -REFR 4T o 72, )I15%%E
BEDOET A X2 RER B CTHET LB, B
HEFMPHERLIEIIOWTY 2O LT 2EE
HF, mWxEERTFE LAREED 2 TEES
B ait o7,

WXBOT A~ AMEKEETIX, BFBIZBEXEI10
em (Z3E LB BERENT LSRN T
V% (Yamamoto and Nakano, 1996). F7-, —f%(Z
TR AETITINNERR L EEREBEITEA
ESREA L2V E STV (Thorpe, 1986). 7D
CEnn, AR TIIRAIICIRE SN EED
VBRI EI10cm U ETh ok EE%EE
BREAE EZ L. 29 LKLY~ v
WCEDLLHELTR, FLOETORERXMT
BREFHOTEFOHEER LB L.

N—DEEHEZHET L7290, 19924745
H»57H7HFTOHMIZ, SHAEXTIL Y b
Vw7 - ayh—%HWTPeterseniE 2 L A 1E
HB-PRERAEET o CORARIE, FAERIC
HE LR 153 m A 5 434 m OIEH; — FHHH
BB TIT o 72, B —FHAEKE I, %k
DEERY Y 7VOREIFTo Tz v, /-,
WINAEFEHOT rREBEIEEEIT BN 95
(Nakano et. al., 1990), FBiEHIOTEDL SEBBE
FAETI TOMICEEYT ~ TVREKE L Ei - F
HWRAEKEE DB TT AT ZADOBEAITED) -7
bDEALR LT

BHEENE L2058 VN OHEERIZLT O
WY THE (AE, 1986). 727 L MIZE#RAD
WAL, o IEHEROEMARE, mIIEHESH
ERAEOBAETH L. b, BIEEIIERK
MOBBFI T 7.

N=Mn/m
V(N)=Mn(M—m)(n—m)/m®

AW ZE TIE G B DK EE % 5k - B AKX
HOHEBE TR L CEEREL Lo, Zik- BN
FEABOEREILREE & FYIEORFE Lz, I
W (AR Ak — F AR AT K38 2 30 BT A & 42 AR
el L7c, Ed-BHREKEoERE (BLY
FI)NNE) I EFAEX KA T570.6m? (2.09m), FAE
X KB T260.1m? (1.70m), #AZEX OA T1124.1m?
(2.59m), FAEZX OBTI9354m? (2.96m)TdH - 7.
FAEXEIZBIT A HEERBREDEDREIZL -
#E (AEF, 1986) *Hw/iz, TR TRkoOLNE
EAEEME (p<0.057% 5 1.96, p<0.01 7% 52.58)
IO REVHEIZOEIAEZLHE L. 127
LN BLOUNZELFEDHEME, V,BLUY,
BEHEEBEOTHTH S,

Z=(N,—N,)/[V;+V,

i F
BRI A 5T

B i PR S M EMA D R R 53 A % Fig. 2
IZRL7C, A TROBEECIIEER/BEOREL
REAN—XIDHFEIIKREL (E, £EA,
i, =858, p<0.001; & & I, #H, r=7.94.
p<0.001; KiRJIl, M, r=12.21, p<0.001; KiRJIl,
1, t=1041, p<0.001), ¥ ATHROMIEKEIL/ —
ORI NERBIXRED/NS VRRIE L SEERE
POHBRINLIEXROKREVWARIBE L (CXK 5 &
nrz. —7%, ¥ o EROEREIZSEEBREOT
TVEG LR, TNLDORBTIIERMEEKE
W=D A XO/BIETTE d o7, BEEREE
DERNEXRIMETI1.7cm, H#T112cmTHh -
7. ZOHA X x Bz AEESBEEECED ST
Re L ETOREXETREKELAZLZA, ki
DY A X &2 BRI > TIHIs 55 HE
BHEHEE S 54 LRORAER THEEIZE» o 724"
(e, d=1. £ZFHAN, M, ¥ L.
82.5%, ¥ LT, 46.2%., x*=12.67, p<0.001; #2
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Fig. 2. Fork length distributions of white-spotted charr in the above-dam and below-dam sections

during the smolting season. W, parr; [J, smolt.

Kitousu River
20

Osawa River

Above-dam Above-dam Above—-dam Above-dam
15 | Females Males Females |  Males
n=103 n=100 n=100 n=103
<10
i
5 -
[Te
o0
. 30
[ Below-dam Below-dam Below—-dam Below—-dam
2
525 3 Females Males Females Males
3 n=115 n=136 n=87 n=130
Z90 |}
15 f
10
5 F s
5 10 15 20 5 10 15 20 5 10 15 20 5
Fork length (cm)

Fig. 3. Fork length distributions of white-spotted charr in the above-dam and below-dam sections
during the breeding season. B, mature parr; [J, immature parr.

BAN, #, ¥ALE, 90.0%, ¥ATR, 65.4%,
x?=10.03, p=0.002; KR, M, % & Bk,
87.5%, ¥ LT, 55.7%. x*=13.82, p<0.001; K
W, M, ¥ AL, 77.6%, AT, 57.5%,
x’=5.67, p=0.017), T LEBFEEDO LD 5
BRI F L EROFEX THEEIEL o7 (2R
&, BB, M, ¥abi, 152%, ¥ ATk,
87.5%, x?=29.32, p<0.001; ¥=EFI, H, &L
L, 18%, ¥ ATk, 559%, x°=36.68, p<

0.001; KR, M, ¥4 Lk, 24%, ¥ LTI,
90.9%, x>=67.51, p<<0.001; KRJI, H, ¥4k
W, 2.6%, ¥ LT, 74.1%, x*=73.07, p<0.001).
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£ (M, 14.1cm, H#, 10.7cm) L EDO@EED
L, WINERZEEEOLREIEEZETIIHT
71.8%, HE T 83.1%, KR TiLif T 54.9%, T
5% CTHolz. —F, FLATimOMBERFETIE,
KB IR EO@ED S B, m)IFREE S
D LFERITEEAN O M T 31.2%, KRN DT
57.4% TH Y, HEOMIFRLEHOLEILIS L E
HOBERBETEEIIE P72 (P*RE, BEH
NI, x*=38.40, p<0.001; KiRJIl, x?=441, p=
0.036). 7, HOWIFBEROEXRIZSY 4L
TOREBERBTHEEIIFTO SN %D o7 (Table
1.
FKOALEE R IR EEHEED GO B LRI,
MTIZF A L TOREXBTEEEVROLNT
(*#E, BEAN, ¥FuaLbif, 61.3%, ¥ AT,
64.3%, x*=0.12, p=0.674; KRN, ¥ & ki,
70.8%, ¥ LT, 75.9%, x*=0.51, p=0.474), H#T
B LATHROPMER TELo 72 (P2BE, BEH
N, &4k, 32.6%, LTk, 57.1%, x*=17.85,
p=0.005; KRNI, % & EFE, 50.1%, ¥ 4 TFif,

69.4%, x2=3.97, p=0.046) .

SREAARS KO I FHBIERDEES

5 AT OBEAREEICB T 2 HEEROFEEIL2Y
Mo 5TOEBETH o 72 (Fig. 4). SEEEAEKOEE
BRICOWTIRANEIRO LN (P KRE, I,
x}=14.45, p=0.002; ##, x*=17.70, p=0.001), #
BANTIRITOEEIE DS, RRIITIE2T
DEEI TR D Eh o7z, WAl e b REERD
60% L LT3 LT Th o 7C.
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Fig. 4. Age composition of smolt in the below-dam
sections.
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below symbols are sample sizes of males and females, respectively. Kendall’s correlation coefficients

(7) and observed significance levels (p) are shown.
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Fig. 6. Population density of white-spotted charr
parr in the Kitousu (a) and Osawa Rivers (b). KA and
OA, above-dam sections; KB and OB, below-dam sec-
tions. Vertical bars represent 95% confidence inter-
vals. Figures indicate z-test results (Kuno, 1986) be-
tween the above- and below-dam sections.

NRE RO RRRAFR ST, T3
THh o7 (Fig. 5). RARIIERHE L DIIEL LD
fEEERL, BRAEIS0%%B2 HERL, HT
33 A5 5%, WTIIY L EROAEX T2, ¥
LATHORAEX T3 54t TH o7z,

N—DEBEES KO 1 XD

N—DHEEBFEIIWA)IE b ¥ LDTHIC
METAHEX CHEEIIE -7 (Fig.6). 0B &
PP R—ORIE* Fig. TWRL. N—0DRX
EIZ2oWTIZ0T D7 AIZIFRER B CHEEILR

Table 1. Mixed-model two-way ANOVA of
the effect of section (fixed), river (random) and
their interaction on fork length of mature parr
males of white-spotted charr during
the maturation season.

df Mean square F-value P

Section 1 0.014 108.00 0.061
River 1 0.070 550.90 0.027
Section XRiver 1 <0.001 0.04 0.853
Error 190 0.004

14
12 | (a)
o 34
}74
8 1 o % £=8.60
—~ 6 L P<0.001
5 6 & $2
I &7 £=5.12
£ =177 P<0.001
B 2 P=0.100
29
14
£i2 | (b) 223
10 F i59
¢=5.50
8 r 44§§22 P<0.001
6 ¢=0.53
4 b 50}5 P=0.952
| ¢=0.70
2 P=0517
0 T = T
0 July 0 Sep, 1" Sep.,
Nov. Nov.

Fig. 7. Mean fork lengths of white-spotted charr
parr in the Kitousu (a) and Osawa Rivers (b). O,
above-dam sections; @, below-dam sections. Vertical
bars represent standard deviations. Figures with sym-
bols indicate sample sizes. Figures below symbols are
results of t-test between the above- and below-dam
sections.

D HNGD o725, BEEITIEO FKF L 17 #EFE
12, KIRNTRITKEICENREFNEEEN RO S
n, ¥4LfOFEXTREVERIBD SN
(Fig. 7).
Z =

KIFZED#ERD S, ¥ AT HROEEEIIMEHED
BB AR & O IR ER D> BRI N D L&
Zbh, ZruddeiEEdbEic BT 5 i oE R o
7 A< AME K EE OB (Yamamoto and Nakano,
1996; Yamamoto et al., 1999) & B —&H T 5 Z &A%
TEN. —F, YL LEoBERETIEY T
FZ G0 D REBEOE G IZEAS o 72, HEMEK
DENBIXEIEL TWAEKOEE LS A LR
DEFETEL o TWAEI LR, ¥4 KD
AR CIXEREAL T 2 EERDOEE PRV EHEE S
N5, FAEXEIERE SN Y LIEREREEDOH
FERESHTALD, ¥4 LEROERORIEIL
WNEREEEAOAI L > TRrENELEEZ LR,
IS IIEHBOAFEEICHLTLIINEERDL
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N5, ARFZFELCHAEXRIIFLEZBICBELT
BY, RSB YHEABREOEV D EFER
BB RIFLTWAB L IEIFELHEN. Lzdo
T, FLDLETOREXBIIAHA LN/ AFLEDE
WIS LERBICTER SN LR INS,

5 L T OEAREE TR B O MR 5
NenZenrh, FLEFZICILERLOTO L
AEHPT HI21E, ¥ o ERBIZBIT50)IES
RO ISR LT HO 2T ALENH L. T
BHEFEOM N ANRBU LB OKEED IR
52 ENHLN, GEEOD HEHIZ—EDHR
YA ZNE LRSI TRAT L EEZ S
LTV 5% (Thorpe, 1986). Bl 2 (X4 2 7~ A On-
corhynchus masou D TIL, BFEORERENE <
B E CICBXETom (23E L7 BKASH )| R 7
LLTH#AT D (FE, 1976). 7 ATADMTIE
5 BITARR 11 em (33E L 72 BEDT% DEDFKIZ R
THIENHONT VS (FE - Jill, 1994). F
7o, TATADMEIZOWTS, IIARIEA (1996)
AN 5 S T e oD BB T AR T A o0 R S R AR
T5ZExEHE LTS, Morita et al. (2000)1Z,
¥ L EROEEEETROMEEEE L LRXTEER
MR- ONBORES R ko TWVEI L%
AL, TOZENT A LEROEEREIZBTAEV
WINNRARICERT L EEE LTS, A%
DIERED ZOHRELIZIZT-HL, ¥4 LEHEOEK
HIIREERENTS VD, MEEDS HFEEIC
ERBAANDEEFRY A ZIEL, BEITHK LT
HHDLHERZINSD.

—%, HrEaEIIB Y TIISAHOBREITE
FEREDEBRT A I LML N T A (Thorpe,
1986; Hirata et. al., 1988; Yamamoto and Nakano,
1996). AHFE Tl Yamamoto and Nakano (1996) @
WEICHES, RAMICRESNIEED ) BRI
£ 10cm Ll ETH ORI L B 1K % REMERHE K
CEFELL. BOBEBEMBEEAOEEIZS LD L
THRETEIIBD SN b o72h, REOHIHE
X5 A EROPAEXR THEIEL 72, 2D
IS L EROBERETIIRBIADERY 4 X
WELTOE L OBEEDPEEILL VT & FRIE
5. ¥ LT iROERETIEREHEREED 60% L
DEED 3T DFEETIREAT LD L, T4
LR DOMED B EL A BT S EEIE 3T DORKLURET
Hole., TOZENS, FhEFROMIIEEL
SN Lo THNINTRESE#E 2D,
B % BRG S 5 BE AR A4 XI2E L1 R RIS
ST HLDEEZOND, LA 5T, YLE

I X BREFR LYY L LR OBEEICBITLEE
bl % b 7-oF L HfEINS.

ARIF7E % £l L7210 5 A Tl LB
#3777 1] (Yamamoto and Nakano. 1996) T3] J11 7554
BASHER I N TRV A5, ER{EOME
IZBWT Y L BB CEAE © 17 o 7 E R 0 3
BRI TH A, PE - J31Jll (1994) (T 5 L D5
REZIT Y & EROBEFREET S BB E G B
BHL7-0EBFEEIELIETL, Z0#RY
BOREEENE T, TGRSR
AHILAEHRN LTS, 512, T L
JIFREE BN 12 X B AR ) (B S AR, Mk
BT AR A X9V~ 7 L, &
DINS R A X THRAT AL LHITRD, Yk
DRFERED Y LEZDEE FREIEKTLTD
Z L OEEIANATHEATHEFELTNS
(FREF - B/, 1994). REFFETHT LD LFIBOH
EXTH L NI E B O K/ AR X R
14.1ecm TH -7z, ZOMEIZILAIZ D (1996) AL i
EHEOBMAEBICOWTIRE L2 (12.7cm) & 1t
NS E o7, HEZODWTHIMIFERE RO
EXERYLOLETHETEEZIRDOLNE
Mol TNHDOZLrs, FE - Gl (1994) °
FRLEH %, BRICELAERT A XD/NE
LIZERIIFRE TRV EATRIE SN,

5 L B OMBEEETIE, HERE L EEIE
T A EIE Ve, BERIOBLFIEEICHE
BanTaeEzonD, T RHEEOERE
S DREICEEHERIPEG T LI ENTTY
> &7 7} Salmo trutta (Jonsson, 1982), B L
v % a3y 47 Salvelinus alpinus (Nordeng, 1983)
THILNTWE, DI Ehs, ¥Futbfofk
HCTIISEB b RET2ECTHESKTL, Z
DFEFRE L TREADSHF S NAWTREESE Z 5
N5, Gk, FLERIHE)TATAOERLLS
Ot 2 %@BAT L0203, FEREERILE D
£, SREAOHHIEES L VEFROEEMEICD
WCTHLNITEULEDNDS.

il 23

JeiEE K F K F Bt ER R R S e R o /NI A
AR IR ORI D) HigE L W2
7o, BHERAEICE L CIIEFEREERFEEGOHH
HUKICELL DMV Pwi, Z2IELS
FLEL LT3,
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Appendix 1. Mark-release-recapture data for white-
spotted charr in the Kitousu (KA and KB) Osawa
Rivers (OA and OB) in July 1992.

KA KB OA OB

M 131 134 240 298
n 115 120 235 308
m 53 55 112 131

KA and OA, Above-dam sections; KB and OB, below
dam sections. M, number of marked fish; n, number of
fish at recapture; m, number of marked fish at recap-
ture.



