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Abstract. — Life history patterns of sockeye salmon (Oncorhiynchus nerka) are classified into
anadromous, lacustrine (lake resident), and kokanee types. Sockeye salmon inhabiting Lake Toya is
considered as a lacustrine type. Although life history studies of anadromous sockeye salmon are
numerous, those of lacustrine sockeye salmon are very limited. The present study was conducted to
develop the age determination method using scale analyses, and tried to determine factors responsible
for growth variation of different blood stocks of lacustrine sockeye salmon in Lake Toya. Checks
formed from April to June were defined as annuli. Formation of annuli on the scale was considered to
be irregularly because number of circuli between two checks was significantly different among indi-
viduals. Age of fish was determined by the following method after counting the number of circuli
between two checks. The fish which had a large number of circuli between two checks was added one
age as lacking an annulus. When fish had a few number of circuli between two checks, their age was
reduced one year as pseudoannulus. Growth patterns were different between the 1990 and the 1991
blood stocks. Growth rates of the 1990 blood stock were much higher until age 1+ and little lower after
age 2+ than those of the 1991 blood stock. For lacustrine sockeye salmon in Lake Toya, their growth
variation among brood stocks may be influenced by fluctuations of lacustrine environmental factors.
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NXZWr Oncorhynchus nerka V3, S B4 rFHZEL
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BUZZEL PO 4 X EER, B4 L LEmE D
STAEERICBET AMEICEESK O TE, FlxL,
NEHF T OBFEEEHOREIERREN 2 ERIZ LD
FHE XN (Rogers, 1980; Peterman, 1982) , fi4 »H < 55
FHBERFEROATIZ A, B )IIRO MAEER
e/ RTHIAILELZ 50 TS (Peterman,
1984), E£72, KV HF 0. kisutch T, WBHAERYHO
R & B OBIZBERAR 5 (Mathews, 1980) , X
L2, HAAOEEEE FOREICHHEBABERIAhT
35 (McGie, 1984). —F, Ricker (1981) (X, #F+ & D
TVF 42 -3 ET7HORZYrizb T, KE
FEOWMITBREOEABIZLZ L LTS,

WBICEE T2 X v 2ORKICBAL TIE, Btk 3
FMEBEEOBHRP LRI -V EBHTHZLI2XD,
FEHEREREEDBBRIZOVWTORE SRS 5 (Hik -
£ 4 K 1964; Bk 1965; fEIF 1988). —H, HEIZHL T
&, MR & BB BE X OIS A ZOBEFRIZDOWTOH
L2k 5 (DORE 1978; HIME 1980). K5I Ti3, MRHRA
O E 2OV 4 DICEOMEBR R, @tk ~
TEEKRFH AN REH A BER SR N5 (Rl 1991).
Rieman and Myers (1992) &, 22 =—Df B34 5%>
POERBMIZE T, FOXEHEEHIYA ZIZE
DB E VL, TOEENIVNEOWIEO T THE
BEBRGHSEEI RS L LTS, B ATRIE, £
DEENPEZELBE R TELX=YY (Koo, 1955;
Peterman, 1984; Kyle et al., 1988; Burgner, 1991) 2R T,
BOFRIFE L L TOBK, ftkHaE o8 s R
TEELONDIHELHRADFERBMER L Vo 22
BHIR 2 D0, 510, JHHM IR ATES 1893 FI2 M
WmENTERE, M ARAELLI A I TESET, 22
30 ERDOMWERL BRI L VOBRKTH S (KB - Lk
1932; &% - V¥ 1934; HHEE 1940; 52 1960). LA L,
AMOKEBFOMEIIHNCEFBR R EET B L H
5, RECH-DEBERBOMEOIRENTTETS 5
7%, BREOBRE, FREB L OHRROBY S
BTH N, MARDOZELYHEENE L UHEHBRIED
EVWHE AV ZIDREIIG A HHBELTARLOICHE L
MWHTthsELELZONS,

ZIT, KR T, ETHIHICL A7 ADEHRED
BPIZE ST, BOFRMBEE L COBEERITL 7=,
DELBRTEMHOBOREL KL, FHEROEKE
IR =V DECEHOMI U, U LEOBRH2S, b4
7 A OERFEREINITRICR S Z L OTE EVIEHE TR
AL, KRB/ Y — VOBEBA H =X LIZDNTEH
#HmL7-.

MR E B

#EA 199145 HA 5 1995 4F 10 A £ ToORIIZ, 1t
W KK BE - SR R AR M B AN TR (Fig. 1) 12
THMb LR EFEFERL, KR CHOERM 45
Bl ¥/, 19954F 6 A% 5 1995 4E 8 HE TR
TfmAaEG R A IR S h - R S L 2.

AR BRI HTE CORBOREIZIE, 1991 £ 5
H#»5 1994 4 9 HORBIZ, A4 15, 24, 57 5 XU 63
mm ORFIEAFINE, 1994 F 10 AA 5 1995 46 10 A% T
i3, HA 19 mm #5 82 mm (&M 1.44) FTONHEH
WM 1258 % vz, 28O, BEMICHEERIR
HELELLTHS (BA1993). BREZ, FEIC 1 4
Hiz 110, 1 ARBEET, # AT 2 L 2eHisHe
L7, 1994 £ 11 A» 5 I3FERAMEE 2 MR L 7.
TR OBMBOREIZIT, AWM EBRFAHIRED 55
T A8EPEEI NS IR XA #AL 2. 1991 4
5 A% 6 1995 F 10 HORMICERE L =R 08, &t
3059 [EthTH oA, kb, MRMAERERS IZHEAT X
I, TSRO WEE 2 H A 50 mm PO HIE
EFHOTHEEEL, YHOFRPIZERLZEDTH
5. Tho OBy SHIEL ZRNORIL, 196 ik
THoT.

F 72, 1992 FITHHE L 7= 1991 48#F 490,000 Ak 5
%, 50,000 [@EOIEEZE VIR U - CEFABEL /2.

EYRE WRBIESEBIANE CHRE L 2EKE,
EEEO S BICBXNEE (F7-38HEKE) % 1 mm HE
ET, hEE 0.0l g BEZTREL, EEEARIIXRT
BRERIZERLZ, LFTR, BEXAEL L UK
RPORDEN-EXBRERE CRESESEZ &ICT
3,

XK = 1.081 X 12HEfA R + 1.079 (r=0.97, P<0.01,
n=71)

7o, IR ERREMRA TIRE L 2@k, EXE®E
FlomiEEE T, AELSgHEETRATEL &,

TR R AR S L OHRSRERREE TR
XA OME»r CBAREL 7 (n=2432). ¥
S U - BRI O R IRESE TO MR L b Lo Th
b, AEE»SBROBERRL 2, Zho 0B Koo
(1955) 12ffvy, KEOBMRE 77 AF v 7 7L — MITH
FI§ 5 Fekh W CRIFIZERL 72,

BEREASIUERET RELABOBERIE, A
e & VT 50~100 f5I2iA L, SO &85 %
To7. AR THOZBOBMOLHE Fig. 2. ITRL
2. BiOFHEN R F 2 v /B LU —F 2 VETH
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Fig. 1. Map of sampling sites in Lake Toya.

Fig. 2. Photograph of scale of marked lacustrine sockeye
salmon (age 3+) in Lake Toya. This fork length and scale
radius were 29.9 ¢cm and 1.650 mm, respectively.

5. BHEIZOWTIE, 205 BEROLEBIL =, Frou
(Check) &, #—F 27 ZORBRBZL PR E -
EY—F 27 2OFRHGELBAE L, 2, EHED
KEBFIZ BV TBEIEITRROHICBREN S F = »
ZEFHEL, ThUAOF = v 2 B3RO FEIZ L
THERLES L2, ERALAOHIEIZ BT 5 E£H4F
BOOFPIZIE, FERAOERREEEERIZ B KB E
W (LGZ) OY—F 2 VKOS i A REET L I0@
BT3ZL2670, —F 2 VHAEZVEDIZONT
BEHPE BRI TOHARWERE, 3 —F 20 K84
ZOEHRIZE U TR S h 2Btk & L7,

FWMEEIR, BIRONITFHRON, FHEOY -+
A VBB IUCRRHB AT T2 2L 12k T-7. &
7=, Bt OFEIE, EWE (RIH) o¥EFE0 1 A1
BEEFBL L, ZOF%E 0, BFE ik, Dtk
2T o7, $habs, P EZEREh Tua Ok
R LT, i 1 ez, FEMEREh Ty
S{EECEAL T3 FHRERRE L7,

Back-calculation HEHFERROKEL, hE (L)
EV—-F 2V () EOBFELLKD 7. —AFIZ,
Back - calculation {d A & B ZOBEE KB S Tn
B0 (BAIE, 18 - il 1994) , R E Y —F 2 VK
BIUBEL Y - F 2 VR ORITEVEBRARE S s
7= (#F), hEEY-F L UBEOBEBEI»ORD BT
& &M, Ricker (1973) DOFMEIENG (GMR: geo-
metric mean regression) % SK¥, Fraser - Lee ¥ Ricker
(1992) 12k BZEHERL» S, FHEEEOERE L KD,
B EF ORI Koo (1955) (ZfEVy, 77U X FLED
NREFTOETH S 4em % GMRIZIKA L TR 7=,

5T, BREOERII S em THHERELT, &
T 5 1 AEHOEFHFBR Ehd & Tl FEHFBORK
g4 BERKEZE (SGR) & LTHK®D 7 (LeBrasseur
and Parker, 1964) .

T4 REEY-F LU, F—F L UKEE
HOROHEBEIZE, 7Yy oBBERE L k. -,
F—F 2 VEEMOTEHIZIMER L BIEE M, 28K
DOFBPUT, 2T 9 774 AFERO-ENR G %7
v, AF5FEIZ ANOVA TRELZ (HE - 2 1983).
MERER DR RO ILBIZ 1L, Mann - Whitney U - test% 4T -
72. von Bertalaffy DBERIBED 85 £ — 4 DHEEIZIT,
IBERN"REAHG, PLTY XA simplex ¥4
w7,
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ETBOBER  FRMIEARIES 84 m, #AKEEH
70.44 km?, AKE 179 m, FHAE 1163 m #HT 5
ALTZET, MBNLEREHTH 2 (ABHEAEN
IEFFRE S 1990). WFREIOEAKIE, 1939 £ bMhE -7
BEEOTREFGILHEKREECERINOKORAIZLD
pH B4 KT L, 1960 £ 65 pH7.0 2 TEHO#1%,
Z 0% 10 FRITERRIZIE T L 72, 1970 SFLEIZIEE pH 5.0
ERmBINME Y 57228, 1972 A 5 IR IR A BE
XRECEORMIZ pH 3ARIZ R L, BED pH 3k E
%70 TH5 (55 1988). F7=, 1977 FE8H7H
IR - ERECAIE T 5 HBRILOEATIE, 2RO
HRASIE IR Y, —REEMEEH 1 m DITIZET
U7z, A 10 HERICRBEL Tvw s,

(a) Lacustrine
5 140+, sockeye salmon

(b) Pond smelt

1930 1940 1950 1960

(c) Masu salmon

1990 1991 1992

Year
Fig. 3. Annual changes in catch weight (columns) and number of release (lines) of lacustrine sockeye salmon (a) and pond smelt (b),
and number of return of masu salmon (c) in Lake Toya.
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WFBIZIE, © A~ R, 793X Hypomesus transpaci-
ficus nipponensis ¥ XU 2 5 X 0. masou HIIFRH -
WHREXITWEY, 20 3B MmelizizERL <
B57, Bl ->THEBRTRL5Ik-7ATHS, k&
A2 AL 1893 TP EH A B S h, FOMEROE
{LITRRMEEBERAIZ LD 1930 FE1 0 LD N T
W35 (Fig. 3-2). ZOWEEBRICEHIE OGNS A, 1930
o 25 PUBTBRBEXNTED, 1950 FRIZABL &
ZOWERITHAL 100 b VATHREE I N ZTLH -7,
LA U, RBOBAKOENECEORER IR A% mD
L, ZORBEROBKIZZIE > Ty, £/, 75
HFIIDNTIRBERTbhAWVWFEL Roh22, 1966
FETIHN 10 25 20 b ViEESh, ¥t v2OEDH
Roh-#103, TORERIIRAL 1986 T3 50
FUASELS (Fig 3-b). 51T, 47 v RAIRHHmA
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Fig. 4. Seasonal changes in average and standard deviation of
surface water temperature in Lake Toya from 1988 to
1994.

NTW3 A, ThETrOWERID A  FFmBEER
RIS TEMEN B ETICH > Tk, L Ladrs,
HEY 7 72 A0~ ODNRBEELSEAL T3
(Fig. 3-c).

1988 -2 5 1994 £ T 7 EMIZ b 3 HBWOE
Bz 548 (Fig. 4) 12DoWTHRAE | 1-2 AIZRIK,
7-9 ALREER L, £, FHTHKER 1990 F&
1991 FFICE <, 1993 KA - 72 (9.1°C).

EMETLOWL BEL - 2432 ko, 1,899
OIS« v 7 AR5, 0D 509 ki F x
v O BRONEVEERTHY , X510 24 AFF MRS
FUOBPBIRENTF 2 v s BELSREhAEVED, &
FURE L -BETHBEEBOMEK TS - 7-.

1992 FFHBOROEHADO F = v 7 IO ERER O W
—F 2 VBOEE A2, EEFHEF v 7 LOH
fRiCOWTEIE L (Fig. 5). MARRBEO—F 2
Boe-FNMERAEKIZHEMLTHwWRZ LR Ehiz,
1992 47 9 AICREE N/ERIZENT, I EEA EDOfEK
ICF 2o 2R ERTHEWNIEELST, Fr v
AR ST SRS 1 KRR S N7, £, 1993 4F
5A»5 7 BT, BLALOMEIZFL v H 1
AR EhTA0IZH L, 5 Aok 1 ik, 6 Aiziz 3
Bk, 7 AiCiz 1 AROF 2 v 7 BB EN T
e (Fx v 2 IRNEE) BB h:

ZIZT, Fxy2BRIIEREOR L WAEDOF 2 v

AudEE S AKEE 5163, 1981, AERILME A OB L B R
WHEAORERALGH(1977—-1978F%).

S EFTOY —F 1) BB ZOMOKEAOBEAEL & DOk
R ERLLIZTEED, Fr o VETOY—F
2 VBOEE SR EBER L (Fig. 6). 1992 9 AICH
ShiFzo B 1 EFERIATCOLEEDS —F Y
BT 14EFTHY, thoF x o 2 PEHK S TOROHEE
DOHF—F, VREERE TS, ULAL, F2
v 2 REROL < OfEIE, Xoizy—F+ 1) BAm
U, Fxo2 1XBETOH—F 20 BIE1993F5 AL
BOXSEHEESGE LD D, 9 BizFx v 2 BIER
ENAKREZED 5 ABICF x v 7 BSER XN 5K
DF 29T EFTOV—-F 2V BIERE -7, 199345 H,
6 A XU 7 AR oh=F o v 7 IHBRMEKIZIE 2 18
WAFEL, F v 2 BREGKOY —F 2 ) BHRE T &
Ruaohuwifke, KEL TOHEHGE» 5N, S —
F 2 VEAE L SVARSR SR,

ZOREF—F 2V EOBCBEDLIIZE U S, %
BT 570, Y—F 2V EEkE, $Eb V02O
FOEHEOBFREHN (Table 1), $—F2 V¥
HEOBIZER TR EVEBIAE 5 (r=0.910, n = 286,
P<0.001), ¥—F 1 VELBEOMIZEFHHEEIES
7= (r=0907,n=286P<0.001). —F 5 ) KLAE
BLUBZREOBMKRE 2T v 77 4 k& AW/ - EEB
TCHENS L, hED LJUBESRHHERE L TR
AN (r=095n=286,P<0.001). F5E (R) 34—
F 2 UKEARETIZ0909, ¥ —F 2 VB EBEROM T
0823 THAHDIRL, hBELEHEARAVE L 0910 &2
0, =% VEHEMIGES LUBEROMMITL-T
FORLHEMEINB Z L Amahi,

Fiz, Y—F 2 VEIOMML, Fx v 280D
RERTWELEFRSL 0, EFZAOF -+ 2 VKO
A EBEE L (Fig. 7). E#HEOF = v 7 OAE
i 5 A»s 6 ADEICER IR Tz, —F, XM
(12 A~3 H) ok, $—F2VEHIEHEL s 2
EAREN, P —F 2 VBRSNS AR L o o
B Eha@EmhBRoN:, KBFOEREOF v
35 AEER I, ZOBBIIBREhLF =
s eiEa L Lz,

EREUNA DA OEREREAREET T 5720, &
BT XN EHLEO Y —F 2 ) OFS ERKRE
#) O —F 2 ) HESROEHENEBE L/ (Table
2), MEABERFOY - 2 VRO E - F 2RGS0
ARUAIET S AR EREIERINAL T 5L, £
ERHHEREES U ZThE TR E N 2F 2 v 2
Btk TR ST, 1991 FloRE Xk A7 A
i, Fxvr 2 ARB LU 3 KAR 7 AEIZFH AR
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Fig. 5. Frequency distribution of number of circuli in last
growth zone for 1991 brood stock of marked lacustrine
sockeye salmon in Lake Toya. Open and shaded columns
indicate no and one check on scale, respectively.

LT3 EZohaDIIHL, 1992 FlcREX R
ARATE, EFz v s s 5 AICEEHIERER
TWbEHELZOGRS, 1993 4, 1994 ¥ LU 1995 42
BEIN- 27 ZOMEKRBEFOH — % 2V ROHE
DAEICR AP ERAR OB IENHY, FHE
BEHCERSR OGN, LI, 199346 ADF x v
o8 2 ROFEMTIE I NEE ICA S R, T
BOERPRINS, /2, 4 A»S 6 AT TES
WERENZEZZ AR E B BRI/,
PEnZ ens, RFE#oOr 2w 2T, DTOEIE
FHOWTHREREEZTT o7, T4bd, ERAOF < v
WY —F 2V BFHEGM (mean + SD; 21.0+2.8,

Frequency
o
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1 (@ sep. 1992
N=22

(b) May 1993
N=17

{) Jun. 1993
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(d) Jul. 1993
N=259
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Fig. 6. Frequency distribution of number of circuli to first
check for 1991 brood stock of marked lacustrine sockeye
salmon in Lake Toya. Open and shaded columns indicate
no and one check on scale, respectively.

max =30, min =14, n=198) #5, Fx v 7lO¥—F
2 VEHHE P ITEOEE (P—F VB3I AR L) 1
FHEBR L &b - Mk (ERIEERMEE) 2L, 2
AR (B —F 2 ) 15 AR REEIER IR
-k RESEREL) & La 227, 5 Ao
B E B EFAH LR - Fimic, EHIFERMEIBEL
T 1 WEmA, BFEFBRMERICEL TE 1 EE5I<
itk THmekn. 262, DETHONSE
BT & BB REE S 2 5k E < X FhifEkic
BIL T, B oigstL .

BOBENS—L BTEHOBIALNE Y —F 5
VEOBNE 28T 5720, BOoY—F 1) BHOEH
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Table 1. Results of stepwise multiple regression among num-
ber of circuli, scale radius, and fork length of lacustrine
sockeye salmon.

Variables R®
Scale radius 0.823"
Fork length 0.909

Fork length and scale radius 0.910

R?, coefficient of determination; * P < 0.01.

MZEAL % 1990 FREFF & 1991 BB OV TEEL -

(Fig. 8). MIEAREEAIC, KBRNE Y — % 2 ) HORMm
BEAhTERICOLY — % 2 RO 5 hi-,
Lo, 2038 — 13— T3 <, 1990 FHHFIE 1
WTOH—F 2V EHEMEBNKEL, 5103 Wizhs
EH—F a2 VBOEIMIEH L TV A0 L, 1991 ik
HiZ I #ToBmEdbeng on 3 #Tidkx aism
ER LT\,

RNT, BEEBOREOBORERZ BT 2720,
FEHBOF—F 2 VBROHMME4+BEL 7~ (Fig. 9).
1990 FHRFEE 1991 FHBFOHMEIL, 1990 FHEEEH O
MBI U WMTE 2 BMTELIIELS BB DIIHL
1991 FFRREFIS O 6, 1" b LU 2 o mE R 2z
EEDbLLAN ST,

PEDZ s, BORRIIAMIIHERTSZ LR

70

4. 2]
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Fig. 7. Seasonal changes in average and standard deviation of
number of circuli for 1991 brood stock of marked lacus-
trine sockeye salmon in Lake Toya. Arrows indicate peri-
ods of annulus formation.

N, FOH - F 2 VEMMBIRFERCL > TRES
TWAHZEWRENT,

BEOEREZE BEEBHORE Y-V 2BHT 3
BRI, MBSk DRREFERETANENRDS. T2
T, 0 #, 'k LU 2 O HHiEEROSZHO
HERED R R4 AR L 72 (Table 3). 1992 44> 5 1995 4E42
HEIhZZL AV 2IZEWT, BEOKEZIT 0 &%, 1
MEBLEU 2 WMICBEVWTIELEAEED NG54,
1993 4F 8 HIZRRE S A 0 MICBVLTITAR A XSRS
iz (P<005). LAHL, O, 1 @BEXU 2 @icbk
S THREOHMHERII D8, DUSORIIIL, BEE
IR AT - .

FREMBBRRER SERBOREF -V 2T
5728, HEHEERIIDZ > TIREZ N TV 51990 F
BB K OF 1991 FARBEEIZ DV T, von Bertalanffy DB
Hh# % Y T3/ (Fig. 10). 1990 T4EEHT O fkFiZ R
BEAEOEMERL TWBDIZ L, 1901 RIS
R BRRER U, BERBTHE S — VU BRE S
=& B0, BERBEO/NF A — 2§ E D (1990 FEEEE
L =30.3,K=0.143, " =0.99, n = 357, AIC = 2,699, 1991 4F
#EE; L = 44.0, K = 0.023, 1* = 0.98, n = 1,465, AIC =
13,334}, 1990 FREFOBREH (K) 13, 1991 F@EHC
HARFUSKREL, HRRARE L) Whahro7k,

BREBEOFEIL 1990 FkH#FH &L O 1991 F%HE0
WENE -V OBENPNDEUC DN 0, BIF
WD von Bertalanffy DRI 6 REHE KD,
ZDFEHEAE Fig. 11 IR U7z, 1990 T 17 X
TOMIZ, PEOECRERESR LS, 1" BO%E
BB Z2ORAPEELL, 2HOBME TRBIHES L,
I RLRIC L B ERESEITIEE AL YL o Fe,
—J7, 1991 HHEEFIT 1990 FMBICHART, ¥ L Z
OREFEIZEERLIITEDY LT B, BRIz
DERRHRE T 1990 FFMBE L DS MEsRL -, MEDZ
LA 5, 1990 FEEE 1991 FRBFORE/ S X —- D&
Vid, 02 5 1 ORBIDBEREE IR E BESFEEL
727z ThbdeELLN:.

E 51T, BiNd LR EEORBEERD, EorFIC
ETEPENB D, BERBOWEERERY, £5#
EOBRBEREEL KD, REEY —F 2V HOBFR»
53K® 7z Ricker (1973) @ GMR Rid,

C=-389+197L
LB XN,

Az & O Ricker (1992) @ Fraser - Lee D IZEH Y
DHUEFOER (L, C) i3, (4,4.001) HH5h, ¥
Bk % Ricker (1992) @ Fraser - Lee HiDZEER L 6 3K
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Table 2. Frequency distribution of number of circuli in last growth zone-of lacustrine sockeye salmon.in Lake Toya during 1991-1995.

1991
Number of circuli
Months 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 +
Check number = 1
May 1 1 1
Jun. 1
Jul.
Check number = 2
May 1 3 313 66 9 6 1 1
Jun. 1 3 1 1 1 1 2
Jul. 36 48231111
Check number = 3
May 3
Jun. 3211
Jul. 11 2 3 1
1992
Number of circuli
Months @ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 +
Check number = 1
May 1 1 1 4 1
Jun. 11 2 1
Jul. 1 1102215 5 1 1 +
Check number = 2
May 1 1 5108 10176 4
Jun. 11 7 1
Jul. 6 9 9 3 12 4 1 1 1
Check number = 3
May 2275 9 6 3 1
Jun. 1 1 1
Jul. 1 56 2 9 4 4 3
1993
Number of circuli
Months O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 +
Check number = 1
Apr. 1
May 2 35 33
Jun. 1 39 6108 5 512 3 12 1 1 2 1
Jul. 21014 1221191810 13 2 4 1 1
Check number = 2
Apr. 1 2 11
May 2 1 814 13 6
Jun. 11 3 1
Jul. 3 7 4 11 1 4 1
Check number = 3
Apr 19 1 1 1 1
May 132 3 31 1 1
Jun 1
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Table 2 (continued).
1994
Number of circuli
Months 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 +
Check number = 1
Apr 1
May 1 4 2 6 2
Jun 1 1 1 2 6 3 1
Jul 1 1 1
Check number = 2
Apr. 1
May 2 1 1 3 2 3 1
Jun. 1 1 1
Jul. 4
Check number = 3
May 1 1
Jun. 1
1995
Number of circuli
Months 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 +
Check number = 1
Apr. 1 3 1 2 1 1
May 1 1
Jun. 1 1
Jul. 2 1 2 2 1 1 1 1
Check number = 2
May 1 1 1 2 4 4 1 1 1 1 1
Jun. 1 3 1 1 1
Jul. 361 1 2 7 41 1 1 2 1 1
Check number = 3
Jun. 3 4 3
Jul. 61014 9 8 9 3 4
Wiz, HEERAHAWT, THBE X UREN >S5 14 BEZRZRLZD, B, MBAGEH (0 @i L0 1 &)

HOEHSPBIKE N5 T TCORBREEL, SEMREFY
THH# L= (Fig. 12). 1990 FE5EF & 1991 FRar OB
WRAEENZL, BiEh L7 FRC, o S 1 b
T3 1990 FRMORRENG VN, 2 #ick S &
1991 SEFREED A EFEIIE Loz, RS 51 &
HOEHPERINSZT, Thabb, 00 MOROERH
BREFEIAERCRAD, 1989 FHRFNEEEL,
1990 fE#EF, 1991 FAREE, 1992 FIRBEDOIHIZE <,
1993 FEBESREEL 72, LALERS, 1" BOMD
REFIZ 0 /O &S Lfdm & 3R D, 1980 FHEFIR
HIEL | 1990 TH#EIE, 1991 AR, 1992 FFRAFOIEC
ot RIS O R ORRENE L,
e HICZOREFIWP LT, ZBFERBFOBRH

ZHENWTELL BB Z L RBEh/-
% B

ERAOBHIZRON IR ERREOY —F 2 UBORE
HFh o, WHEHICEIT S A2 AERBDOKTENTIE, 4
A»5 6 HORBOY —F 2V EORMU KD EFHIZF
Y BERTEI PRI 0, T OREIZEN
LEBF oo BRERSLEZELE, LL, 1B
HEBHEVBOD, EEADFTIZIEFERFERRT S
EAPER ZTBRETIZZ OEDORRBIZA 3 HE S 1
BL7. BEEERMETE, Foy s TOY—F2
YRPERERBEOEHETOY -F 2V Bk gD
ot =, FHEAERLEOEEOY -+ 2 U ¥
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Fig. 8. Seasonal changes in average and standard deviation of number of circuli for 1990 and 1991 brood stocks of lacustrine sockeye
salmon in Lake Toya. Horizontal bars indicate winter periods.

Table 3. Comparison of mean fork length between male and female lacustrine sockeye salmon in Lake Toya from 1992 to 1995.
Numbers in parentheses represent sample size.

Sampling Mann-Whitney
Age Year Month Male Female U-test
O&
1992 Sep. 10.9 () 10.4 (6) P=0.57
1993 Aug. 11.2 (20) 10.6 21) P=0.03
1994 Sep. 9.2(8) 102 (9) P=0.12
1995 Oct. 10.3 (12) 10.4 (12) P=0.64
1°
1992 Jul. 11.8 21) 113 (14) P=021
1993 Aug. 18.4 (83) 17.8 (65) P=0.14
1994 Oct. 16.9 (6) 18.0(3) P=057
1995 Sep. 153 (12) 14.2(6) P=0.32
24
1992 May 24.5 (32) 23937 P=0.11
1993 Aug. 27.9 (36) 27.5(34) P=0.48
1994 Oct. 24.1 (61) 24.0 (20) P=0.73
1995 Oct. 18.7 (17) 17.5(12) P=021
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1990 brood stock 1991 brood stock

25 ] (196) *

(352)
(744)

50 i (a23) (153)
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Number of circuli increment

Age

Fig. 9. Annual changes in average and standard deviation of circuli increments for 1990 and 1991 brood stocks of lacustrine sockeye
salmon in Lake Toya. Numbers in parentheses represent sample size.
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Fig. 10. Growth curves of 1990 and 1991 brood stocks of lacustrine sockeye salmon in Lake Toya. Growth curves were fitted into the
von Bertalanffy growth function.
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Fig. 11. Seasonal changes in growth rate of 1990 and 1991
brood stocks of lacustrine sockeye salmon. The growth
rate was calculated from the von Bertalanffy growth func-
tion (see Fig. 10).
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Fig. 12. Comparison of mean specific growth rate (SGR)
among 1989-1993 brood stocks of lacustrine sockeye
salmon in Lake Toya. Bars represent standard deviations.
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