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Masu salmon Oncorhynchus masou masou is an important fish not only for the coastal fisheries off the northern part of Japan,
but also for recreational fishing in inland waters and the coastal waters off northern Japan. On the other hand, masu salmon stocks
have been decreasing since the 1980s. Although the main reason is loss of the riverine habitat due to human activity, another
cause is the lack of information on the biological features of wild populations for the improvement of masu salmon stocks.
Objectives of this study are to examine the movement and growth of wild masu salmon juveniles, to define the ecological and
physiological process of the smoltification of wild populations, to show the effect of external factors (water temperature and
daylength) and internal factors (genetics) on the smoltification and to discuss the mechanism of smoltification, and to develop
smolt release technology for stocking.

Eighteen stream populations from Hokkaido and Honshu in Japan, and one strain from the domesticated masu salmon were
used for the field examination and rearing experiment from 1981 to 1996.

The diel behavior of emerging fry from the experimental incubator showed greater activity at nighttime than in the daytime
during the early period of emergence. Fry from the eyed egg deposition under the three stream beds distributed mainly at 1 km
downstream and were dispersed to 8 km downstream.

Individual marking release-recapture surveys were conducted to investigate the Specific Growth Rate (SGR) for body length of
wild juveniles. The SGRs held at high levels in the first spring to summer and decreased in autumn, and rapidly increased in the
following spring.

Wild juveniles with an individual tag in the upper and middle reaches of the Atsuta River showed that the middle reach group
were larger in size, and had a higher SGR and a low remaining ratio in autumn. The middle reach group was considered to be
the main component of smolt. Comparing the large parr group with the small group in the SGRs from the two populations, there
was a significant difference in SGRs in the Shimonaehutoro River in autumn but not in the Yobetsu River in summer. The peak of
smolt migration was earlier in the southern streams from May to early June than in the northern streams in June.

The developmental process of smoltification in wild juveniles was morphologically classified into six stages: the yellowish
parr in winter and early spring, the silvery parr in autumn and spring, the presmolt, the midsmolt, the fullsmolt and the small parr
in spring. Biological features of the smoltification, SGR, serum thyroid hormone (T4) concentration and seawater adaptability
were tested on wild juveniles in smolting. The SGRs increased from the beginning of smoltification at the stage of the presmolt.
Although serum T4 levels were at a high level during the smoltification, seawater adaptability showed a high quality at the
stages of the midsmolt and the fullsmolt. The number of chloride cells on gill lamellae from the southern wild population

histologically began to increase in March but the height of the follicle cells in the thyroid gland increased from April. The peak
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of seawater adaptability coincided with the peak of the seaward migration of smolt. Although there was no clear tendency in the
deal fluctuations of serum T4 from migrating smolt, the surge of serum T4 was observed in one stream after rainfall. The surge
was considered to depend on the turbidity from the rainfall. Annual fluctuations in the composition of the smolting stage were
observed in one stream and showed that water temperature affected the development of smoltification of wild juveniles.

The SGR, smolt timing, smolting ratio, seawater adaptability and serum T4 were examined under artificial conditions to show
the effect of water temperature, daylength (photoperiod) and population genetics on the smoltification of masu salmon. The
results showed that a high water temperature (8°C ) promoted smolting but a low water temperature (2°C ) inhibited smolting in
the wintering wild juveniles. A short term daylength (8L16D; daytime for 8 hours and nighttime for 16 hours) treatment did not
inhibit smolting in this season. The two siblings of juveniles under the three constant daylengths (16L8D, 8L16D, 4L20D) at 8°C
WT from emergence to smolting showed that the long term daylength (16L8D) treatment inhibited smolting. On the other hand,
the modified three daylength experiments (14L10D, 12L12D, 10L14D) under an 8°C WT with transferring on a differential season
(July, August, September, October, December and January) indicated that the 14L10D treatment in July, August and September
inhibited smolting, and although the 12L10D and 10L14D treatments in July, August and September were 100% smoltfied (except
10L14D on July), the smolting ratio decreased thereafter. Therefore, the juvenile response for daylength had changed between
September and October, and the critical daylength for the response was located between 14L (daytime for 14 hours) and 12L
(daytime for 12 hours). It is strongly suggested that the critical point might be the autumnal equinox.

Because the juveniles from the three stream populations indicated the inherent change of smolting features under the same
rearing conditions, it was shown that the smoltification of the population was genetically controlled. Moreover, it was confirmed
that the F1 hybrid had an intermediate peak of smolt timing between the two offspring from each parent.

The results indicate that the smoltification of wild masu salmon is controlled by the following smolting process and mechanism.
Underyearing juveniles are inhibited from smolting due to a long daylength (more than 14L) in summer and they arrive at the
critical point in daylength between 14L and 12L in autumn. It is likely that the autumnal equinox turns on a genetic switch of
smoltification. The low water temperature (less than 2°C ) inhibits the advance of smolting in winter and the juveniles develop
the smoltification with genetic smolt run timing due to the rising water temperature and the increasing daylength in the following
spring. On the other hand, the southern populations in Honshu and Kyushu, Japan, which consist of only the riverine form, are
considered to have turned on the maturation switch regardless of smolting at the autumnal equinox.

The experimental smolt release with large (13.6cm, 27.6g) and small (12.9cm, 21.0g) smolt groups and the ecological coastal
research showed the effect of large smolt on survival and the difference in feeding ecology between the large and small smolt.
The large smolt group had a higher survival (0.165%) from the release to adult return in the river than the small group (0.067%).
Although the two smolt groups fed on sand lance Ammodytes personatus larvae in coastal waters, oceanic zooplankton was
mainly available for the large smolt. It was confirmed that the large smolt release was better than the small smolt among the same
populations.

This study showed the high growth rate at the presmolt stage in smolting and the surge of serum T4 of migrating smolt
after the rainfall. These are considered useful indicators of the evaluation for smolt quality and release timing. Therefore, it is
important that we monitor not only coastal environments, but also the growth rate of juveniles and stream conditions. And careful
monitoring of the relationship between the smolt and other organisms in coastal waters is also required in order to observe the

influence of smolt cannibalism.
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Schematic diagram of life history of masu salmon, Oncorhynchus masou masou showing the three forms. The lacustrine

form is not spontaneous in Japan. The form is artificially produced due to dam constraction or seeding planting in lakes.



60  {AIAS fdE

TS ORI E T, EHFET 1EMORNREE
IEEfT-1%, AL LTCENOHEET TINEHET
Do AT CEGRIT AN HEL, TR O FERTE K % F]
A LN B 5 I sGfic Bk, =2 THEIIL
T 5, 20X )AL TRREN) CERSND,
—J7, AR | £ H O RO—5T, WIE6 A%
TIZ—EERI A R E LTBRD, 2 OFEFKIT R L
Tl EBAROBEINIIND D 2 & RHE ST D (FHE,
1976, 1977), Zi o O REAEEEMIZ, [TAIGRER) &
FEEAL D (APR, 1980), TJIFRRAALIEET 5 2 & 72
HEHAIZ DT I TRET S (KEF, 1933),

AKRFEDF ML, EARMIZIEMTH D (Mayama,
1990), 7272L, VJNATES 145 H O s,
ARATE TIZ—E DR A RIZE LR -8R, =5
2 1AL, BT ATE 28 TR 2 (AR, 1980),
ABEEALE O T, 7 bk 2 LI E ORI AE 2%
ToShfa 3 et 2 ATREME b A STV % (Hayano er
al., 2003),

s CIE, Bl (RELN) ZREY N,
TR RS L O — 2 v~ R LR, ZE/L MME
B | 2 AL PR K R E R RIS L v R S v T
2o

ZOEHICAEREIC AT A YT T~ AOATGH T
FEREROZNE —ET 50, dEsMAERET 532
T AOQERIE TR D, i GikIc AR T AR
FEOAIGHIX, FEARICHERE & &)1 Toefs i, B
NI S L2, ZOFEMITEARANIZIFETYv A L
BEEAL, FOATGSIE IR EFrE 45 (Kimura,
1989),

Y7 T ADEFRICIE, ZOENIEH D VIEE
LW & DWAT 2 ATEOY & T AN H 5 (F
M, 1982), L LEEMEIY 27 T~ 21%, BRDAMNZ
NETHRSNTE LT, L O AR
HETITREDO RN R N ~DOBHBIRE LT b
DEZZHNTNWD (K - ZRE, 19325 BN, 1982),

ALREPEY 7 T~ A DAL % B4 ks L O E ik H>
-GN S B LA (1980) 1%, AFEDAE
THS B 2, MM, Shfadl, JhRBRER, A RE
BIOWEHICRYT 5 L L b, SalokEm -
JNFRREAL I B~ w2 40k EALiE ST 72, &5
V2, Btk O ShHEf O A RE - AR FHA 2> S EL L (1992) 1,
ACHREFEY 7 T~ ADOFERB 2R IAEIGRERZ P S0\ L
7o MRHUN S A9 DRI Y 7 Z ~ A OWEATRIE,
FAR—Y 7R L O H AR BB TH AN
(Tanaka, 1965), A 7hR— 7 EidEEifEshf « KA DAL
BLTHDOIZR LT, A ARWEO Tk 2 Ak &

LTHHENSD Z &0, WEIESAT - FHliia CH O
/MZ &7z (Machidori and Kato, 1984 ; &4 K, 1988 ;
Kato, 1991), i), ALHFEFEY 7 T~ A DAk,
PRI E T 3 L OB E IR T I R T D 2 & AN
L ENTWD (N, 1998 ; |EIL S, 2005), 7=
VU T~ AMHEAETEIIHIN LR TH 2 2 &3, St
FERHT » BB DR STV D (EIL, 1992),
Uz e, 7 T~ AOAETE R ITEEH L)l
BOEG 2 AR 2 &, Y7 BAHO T T HIMIINHK
FT DA RN &, WS W oo Al 55EEL 723 5k
SIRHENTND Z ENFME S 2D,

AEL ME

Y r @134 V7 )& (Genus Salvelinus) 25 /L€ J& (Genus
Salmo) &R U X 21z, FUNATEMIZEEEIZHES B
FEITHO 2 ENMOENTWD (Godin, 1981), 72& %
VAR D PEIRER > B Ak~ D &, ShHEFR O EETNIG T
HHT LWAETESG T~ OB #1558, O PEINIGET~D
BEie % iP5t TE D5, V7T~ AT, £l
Gt 2 W) DURESBATT 572, S DR &) )
HHALTWS (AFR, 1976 ; Kato, 1991 ; FLil, 1992),
V7 T~ AL BN SN o TR IZ IS L7
REZE, AEER 200, TTE 0 72— O 2 k234 U 5 (Hoar,
1976 ; Wedemeyer et al., 1980), = OZALIEFEIZAE /L
b BR{bZhe), 2 L@z A€ b Rbsh#)
LEFREND (UKW - miE, 1987 ; “FEF, 1994),

AR (1974) 1%, ALHEEREY 27 7~ ADETERL I %
ML EER L TORBRREZEHE L, Zhicks LA
E/L MUIBRROEITIZMEY, EROE AL & AN B
INDHA—v—7 DIEKR, HONSHS L R EEN
o BB LOEMEOR T RO Hb, Ziuh st
EERERVE M OB T EAIC L Y, AT AT/ MEDKA
F VD LEEE O T~ 2w, T —) (&
KO LB SNIEDT- 2 F L MERFEED BRI
boohf), TRIIAENL b (A€ MEDJETH 5
KERORAR IR EN D0, HhERIED BN DT
Honsgf), THHAEL M (S 5IEFEOHREAL
DHEED BAL H ABRIC A D B —~ — 7 BB END
i) B, [HBEAEL N (REL MERFER LT
TR O S —~— 7 1B SR D 4 B X
gy Uiz, AREFFETIE, AR (1974, 1980) DIEHEPEA
LT, [BMATELN % [ZAREL N (T
HO7-w D (Tablel), TOHMAIE, B AT/ FART
TIZAEN MU 20 X - BpECh D & Okt x5 %
HZEMD, AE)L MEEAE LV RRIORTHEES L
TINAEN R E LT, ATV MuE 2 & 72 BRE o



WU TG ADAE)N MUIZEET 20150 & S E~DI0H 61

Table 1 Classification and the criteria of smolting stages for wild masu salmon, Oncorhynchus masou

masou juveniles.

Smoltification commenced morphologically at the stage of presmolt and completed at the fullsmolt
stage. Small parr is unable to smolt in this season.

Blacking the edge of

Stage Season body color Parr mark dorsal and caudal fins Condition factor
Yellowish parr ~ Winter and early spring Back is black, body is yellowish Distinct Invisible High
. . Body is bright white, - .. .

Silvery parr Autumn and spring somewhat silvering Distinct Invisible High
Presmolt Spring Body is silvering Distinct Somewhat blacking Decreasing
Midsmolt Spring Advanced silvering Somewhat visible ~ Advanced blacking Low
Fullsmolt Spring Completely silvering Disappear Completely blacking Low
Small parr Spring Body is bright white Distinct Invisible High
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Fig.2 Schematic diagram of the experimental incubator used to examine the diel fluctuations in the number of emergent fry of
masu salmon. The incubator is 23cm (L) by 23cm (W) by 33.5cm (H) and supplied with water (23-30ml/sec) from the
bottom. Two hundred eyed eggs were deposited under gravel in the incubator on 13 October, 1981.
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Fig.3 Map showing sampling sites (open circles) to examine the dispersal movement of masu salmon from the egg deposition.
Eyed eggs were deposited in the stream beds close to the most upstream sampling site from 1990 to 1992.
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Table 2 Outline of planting masu salmon eyed eggs under
the stream beds from 1990 to 1992.

Water
temperature ‘C

Number of
deposition sites

Number of eyed eggs

Streams
(ten thousands)

Month on deposition

Horikappu River October, 1990 10 1 6.2
Yoichi River October, 1991 10 1 6
Sugawara River October, 1992 0.6 1 9.2
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Table 3 Outline and recapture of the individual marked release survey to show growth rates among wild
masu salmon populations in Hokkaido, Japan from October 1986 to October 1987.

Streams Date on releasing Number O.f individual Date on recapturing Number of marking
marking fish fish recaptured
Shimonaehutoro River 10, Sep., 1986 100 29, Oct., 1986 37
13, Nov., 1986 22
22, May, 1987 1
S, Jun., 1987 1
16, Jun., 1987 1
22, May, 1987 60 5, Jun., 1987 12
16, Jun., 1987 12
25, Jun., 1987 12
7, Jul., 1987 2
16, Jul., 1987 4
13, Aug., 1987 1
14, Sep., 1987 1
12, Oct., 1987 1
16, Jun., 1987 168 25, Jun., 1987 82
7, Jul., 1987 31
16, Jul., 1987 17
13, Aug., 1987 12
14, Sep., 1987 3
12, Oct., 1987 1
17, Nov., 1987 1
Total 326 254
Masuhoro River 7, Jun., 1987 53 17, Jun., 1987 9
26, Jun., 1987 6
4, Jul., 1987 3
17, Jul., 1987 5
4, Aug., 1987 3
26, Jun., 1987 45 4, Jul., 1987 2
17, Jul., 1987 5
4, Aug., 1987 2
18, Sep., 1987 1
15, Oct., 1987 2
6, Jul., 1987 42 17, Jul., 1987 22
4, Aug., 1987 14
18, Sep., 1987 6
15, Oct., 1987 1
Tatal 140 81
Toshibetsu River 11, Apr., 1987 10 14, May, 1987 1
10, Jun., 1987 2
10, Jun., 1987 23 7, Aug., 1987 8
1, Oct., 1987 3
8, Aug., 1987 11 1, Oct., 1987 1
24, Oct., 1987 1

Total 44 16
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Fig.5 Map showing sampling areas and sections in the Atsuta River of Hokkaido, 1994. The upper part is the sampling area
consisting of three areas in the upper reach (St1, St2 and St3) and an area in the middle reach (St4). The lower part shows
a schematic diagram of the section in each area. Sections are composed of various units (pool, riffle and calm riffle).
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Fig. 8 Downstream dispersal movement of masu salmon fry
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Fig. 10 Fork length distributions of wild masu salmon juveniles from the northern river group (the Shimonaehutoro River and
the Masuhoro River) and the southern river group (the Yobetsu River and the Toshibetsu River) in the first growing
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Fig. 12 Seasonal changes in the Specific Growth Rate (SGR) of wild masu salmon juveniles among various stream populations.
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Table 4 Environmental units in the sampling section in the Atsuta River, 1994.
Composition of the stream bed was classified on the basis of the size in long diameter of
streambed materials, as follows; sand (sa): 0.3mm>, small gravel (sg): 0.3~30mm, gravel (gr):

31~100mm and stone (st): 100mm<.

Reach Arca Section Unit Distance ~ Width Square Composition of  Cover above the
(m) (m) (m2) stream bed surface (%)

Upper Reach Stl Stl calm riffle 16 1.4~2.8 41.2 sa, gr 41
St2 St21 pool 10 4.3~5 26.3  sa, sg, woody debris 29

St22 riffle 7 2~33 233 sg, gr 15

St23 calm riffle 16 2.4~43 39.1 sa, sg, woody debris 29

St24 pool, calm riffle 27 2.5~4.5 56.1 gr, st 27

St3 St31 pool 9 0.7~3.3 14.8 sa, sg, st 25

St32 riffle, calm riffle 9 22~2.5 23.2 sg, gr 20

St33 pool 10 3~3.2 279 sa, sg 74

St34 riffle 11 1.9~2.8 23.1 sa, sg 63

St35 3 riffles 12 1.8~2.2 22.1 sa, sg 31

St36 pool 8 2~2.9 222 sa, sg, gr 69

St37 calm riffle 21 24~29 50.6 sa, sg, gr 54

Middle Reach ~ St4 St41 calm riffle 31 5.2~6.8 173.1 sg, gr, st 29
St42 pool 40 2~8.4 219.3 sa, sg, st 65
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Fig. 14 Periodical changes in the growth rate (SGR) of underyearing parr (left part) and overyearing fish (right part) of wild
masu salmon in the upper and middle reaches of the Atsuta River, 1994. Bars show SEM. Overyearing fish include one

year parr and resident male fish.
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Fig. 15 Monthly fluctuations in the number of captured masu
salmon in the upper and middle reach areas of the
Atsuta River in 1994.
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Fig. 16 Changes in density (individuals per square meter) of wild masu salmon at each section consisting of different units in the

Atsuta River from July to October, 1994.

Table 5 Result of the individual marked release and recapture examination to show movement and growth of
wild masu salmon in the Atsuta River from July to September,1994.

Underyearing parr released

Overyearing fish released

Reach Area July August  September  Total (n) Reach Area July August  September  Total (n)
Upper R. Stl 10 0 5 15 Upper R. Stl 11 4 7 22
St2 14 4 18 36 St2 23 25 0 48
St3 7 4 3 14 St3 46 16 0 62
Middle R. St4 53 13 10 76 Middle R. St4 37 25 17 79
Underyearing parr recaptured Overyearing fish recaptured
Reach Area August  Septenber  October  Total (n) Reach Area August  Septenber  October  Total (n)
Upper R. Stl 3 3 1 7 Upper R. Stl 4 2 0 6
St2 2 4 4 10 St2 1 15 8 24
St3 1 3 1 5 St3 17 10 5 32
Middle R. St4 7 7 0 14 Middle R. St4 5 6 0 11
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Fig. 17 Changes in the remaining ratio of wild masu salmon
inhabiting the upper and middle reach areas of the
Atsuta River from July to October, 1994. The upper
part is underyearing parr and the lower part shows
overyearing fish. Remaining ratios were calculated
due to the individual marked-recapture method.
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Fig. 19 Periodical fluctuations in the number of wild masu salmon smolt derived from the different stream populations in
Hokkaido, Japan from 1985 to 1987.

Table 6 Comparison of the fork length of smolt among wild masu salmon populations in
Hokkaido, Japan from 1983 to 1987.

Population Age Individuals 11::;;1 i(c)rrll:) SD 1:2[:;;1;}111;;
Shimonaehutoro River 2+ 32 11 0.9 June, 1987
1+ 57 10.6 0.7 June, 1987

Masuhoro River 2+ 52 12.1 1 June, 1987
1+ 50 10.9 0.9 June, 1987

Yobetsu River 1+ 31 13.5 0.7 May, 1985

1+ 104 13.3 0.9 May, 1986

Sukki River 1+ 14 12.8 0.6 May, 1983
Toshibetsu River 1+ 15 13.5 0.7 May, 1984

1+ 24 12.6 0.6 May, 1985
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Fig. 20 Changes in the serum chloride concentration of masu
salmon smolt kept in 33 per mil seawater for various
durations. 0 hour shows the concentration of serum
chloride in fresh water. Bars indicate SEM.
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Fig. 22 Diel fluctuations in the serum thyroid hormone (T4) level of the wild masu salmon smolt moving downstream in the
Furuu River. Smolt was captured by a castnet from 27 May to 28 May, 1992 (solid circle) and from 15 June to 16 June,
1993 (solid triangle). Vertical bars show SEM and horizontal black bars indicate a nocturnal duration.
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Fig. 23 Histological photographs of the follicle cells and the colloid in the thyroid gland from wild juvenile masu salmon
captured in the Yobetsu River from autumn, 1985 through spring, 1986. A: September, B: October, C: November, D:

March, E: April and F: May.
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through spring,1986. A: September, B: October, C: November, D: March, E: April and F: May.
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Fig. 25 Histological photographs of the chloride cells (arrow) on gill lamella from wild juvenile masu salmon captured in the
Yobetsu River from autumn, 1985 through spring, 1986. A: September, B: October, C: November, D: March, E: April

and F: May.
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Fig. 26 The upper part shows changes in height of the follicle cell layer in the thyroid gland and the lower part indicates
fluctuations in the number of the chloride cells on gill lamella from wild juvenile masu salmon captured in the Yobetsu
River from autumn through spring.
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Fig. 27 Development of seawater adaptability of wild masu salmon juveniles on the various smolting stages in the Yobetsu River
from autumn, 1986 through spring, 1987. Seawater adaptability indicates the serum chloride level kept in 33 per mil SW
for 24 hours. Bars denote SEM.
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Fig. 29 Diel fluctuations in serum T4 concentration of wild masu salmon smolt and water temperature at the lower reach site of
the Furuu River in 1990. The upper part shows T4 and the lower part demonstrates water temperature. The vertical bar is
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at 23:00 on 19 June, 1990 after rainfall.
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Fig. 30 Fluctuations in water temperature, atmosphere temperature and flow level in the Yobetsu River in 1985 and 1986. The
solid circle is that of 1985 and the open triangle shows that of 1986.
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Fig. 31 Development of the smolting stage in the 1985 and
1986 year groups of wild masu salmon juveniles
in the Yobetsu River. The upper part is 1985 and
the lower part shows 1987. The 1985 year group
developed a smoltification earlier than the 1986

group.
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Table 7 Experimentl-1 shows the effect of a high water temperature on smoltification of wild masu salmon juveniles in
wintering
Wild masu salmon juveniles were captured in the Yobetsu River in December (2.2°C ), 1988, and in March
(3.6°C ) and April (4°C ), 1989. They were reared under a natural daylength at 8°C water temperature during
the examination.

Experimental group Population Individuals Mean fork SD Date on Date on completion
length (cm) (cm) commencement
December Yobetsu River 15 11.9 0.5 8 Dec., 1988 17 Apr., 1989
March Yobetsu River 16 10.1 1.0 21 Mar., 1989 13 May, 1989
April Yobetsu River 11 10.6 1.0 12 Apr., 1989 31 May, 1989

Table 8 Experimentl-2 shows the effect of a high water temperature and modified daylength on
smoltification of wild masu salmon juveniles in winter
Wild masu salmon juveniles were captured in the Yobetsu River on 7 December (2.2°C ).
They were kept in a 250L tank under a natural daylength at 2°C water temperature, and
transferred to the experimental regime under long daylength (16L8D) or short daylength
(8L16D) at 8°C water temperature on 10 December, 1988 and on 6 February, 1989.

1. Treatment on 10 December in 1988

Experimental . . Mean fork SD Date on Date on
Population Individuals .
group length (cm) (cm)  commencement completion

N group
(natural ~ Yobetsu River 15 11.9 1.0 10 Dec., 1988 17 Apr., 1989

daylength)

LD growp ¢ petsu River 15 12.0 0.7  10Dec., 1988 28 Feb., 1989
(16L8D) ' ' " "
SDEIOUP v hersu River 15 11.8 08  10Dec, 1988 31 May, 1989
(8L16D) : : N Y

2. Treatment on 6 February in 1989

Experimental . .. Mean fork SD Date on Date on
Population Individuals .
group length (cm) (cm) departure completion

LF group .

(16L8D) Yobetsu River 19 11.8 1.0 6 Feb., 1989 30 Mar., 1989

SF group .

(SL16D) Yobetsu River 18 11.8 1.0 2 Feb., 1989 17 Apr., 1989
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Table 9 Experimentl-3 shows the effect of low temperatures on smoltification of masu salmon
Wintering wild masu salmon juveniles were captured in the Yobetsu River in December. They
were kept in a 250L tank under a natural daylength at 2°C water temperature. They were
transferred to the two temperature regime, under a natural daylength at 4°C water temperature
(N4C group) and under a long daylength at 2°C water temperature (L2C group). The control
was under a natural daylength at natural water temperature (N group) on 16 March, 1990.

Experimental . .. Mean fork length SD Date on Date on
Population  Individuals .
group (cm) (cm)  commencement completion
N group Yobetsu River 30 12.1 1.2 16 Mar., 1990 31 May, 1990
N4C group  Yobetsu River 26 11.8 0.8 16 Mar., 1990 31 May, 1990
L2C group  Yobetsu River 20 11.7 0.9 16 Mar., 1990 31 May, 1990
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Fig. 32 Changes in rearing water temperature under the low
temperature experiment (Experimentl-3). The L2C
group is at a low temperature (2°C ) with a long term
daylength (16L8D), N4C indicates the regime at a
4 °C temperature with a natural daylength, and the
N group shows a natural water temperature with a
natural daylength as a control. Bars show SEM.
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Fig. 33 Map showing rivers in Honshu and Hokkaido, Japan to produce the eggs for experiments. The left part includes the
Shiribetsu River (Hokkaido), the Ken-ichi River (Hokkaido), the Hazama River (Branch of the Kitakami River, Honshu)
and the Zinzu River (Honshu). The right part shows the Furuu River (A), the Furen River (B) and the Sugawara River (C)
in Hokkaido. The Sugawara River flowed into Lake Toya (arrow). The solid circle is the former Makkari Branch of the
Hokkaido Fish Hatchery that reared the eggs and juveniles for experiments.

1080

1020 - L group (16L8D)
960
900
840
780
720 +
660
600
540 S group (8L16D)
480 >
420
360
300 SS group (4L.20D)

240 >

180 T T T T T T T T T
& & o~ o%%ﬁoe s & ‘rﬁ
@esxw $\@ ‘v@@@@@@@ @ *\
Month

N group (natural daylength)

Day Length (min)

Fig. 34 Constant daylength experiment diagram (Experimentl-4) at 8 “C water temperature. SS group: 4L20D (daytime for 4
hours and nighttime for 20 hours), S group: 8L16D, L group: 16L8D and N group: natural daylength as a control. The
Shiribetsu River and the Zinzu River population juveniles were reared under constant daylength regimes from emergence
in January, 1991 to smolt in May, 1992.
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Table 10 Experimentl-4 shows the effect of the constant daylength on smoltification of masu salmon
Siblings from two masu salmon populations (the Shiribetsu River and the Zinzu River) were reared
under the three constant daylength regimes at 8°C water temperature from emergence (January, 1991)
to smoltification (May, 1992). L group: 16L8D, S group: 8L16D and SS group: 4L20D. The N group
(Control) is under a natural daylength at 8 “C water temperature. Each of the thirty juveniles had an
individual tag to examine the growth rate on 18 October, 1991.

The ShiribetsuRiver population

Experimental Population  Individuals Mean fork length SD Date on marking Date on completion
group (cm) (cm)
L group .. .
(16L8D) Shiribetsu River 30 12.0 0.6 18 Oct., 1991 31 May, 1992
S group .. .
(SL16D) Shiribetsu River 30 12.1 0.7 18 Oct., 1991 31 May, 1992
SS group . .
(4120D) Shiribetsu River 30 12.0 0.6 18 Oct., 1991 31 May, 1992
NEroup g ibetsu River 30 11.8 0.6  180ct,1991 31 May, 1992
(natural)
The Zinzu River population
Experimental Population  Individuals Mean fork length SD Date on marking Date on completion
group (cm) (cm)
S group . .
(SL16D) Zinzu River 30 10.6 0.8 18 Oct., 1991 31 May, 1992
SS group . .
(41.20D) Zinzu River 30 10.4 0.6 18 Oct., 1991 31 May, 1992
N group Zinzu River 30 10.4 0.7  180ct, 1991 31 May, 1992
(natural)

W, 2|0 MESR, HED BN, TARREL, ¥EAKE IS HEZ i,
TE A 2L MEIZRIETRELH O L,
HED BT HERE DA I L0 BT L7,

EER 1.5 XFAHOEFELXEIL ME
EE 1-5-a MEESLIUVEZXZOXAHOER

19924F 2 A5 kiE 8 CHO BB ET250LY > 7 & 1
HLWTHEE L2 AH)IREB X OB aEE NK) 2
5, 1992459 A19H B L TUN9934 1 A26H 12, $hfas50~
60MEIRZELY 72 L, T D 5 BIOERIZ Y R & ZHE# L,
£ A AMZE (16L8D) 5 XL UVE A YA HIZ & (SL16D)
FEBRICHE L 7= (Tablel13s X OVFig.35), fER{AaIX150L~
VU TR O FIECHRE Lz, EBREKIL, 9 AB4T (NL9
X (EH)NSOX (JiH)) B3LU1 AT NLI X (E
H)-NSI X (fHR)) & Lz, MBEITAKRBECTEHE L,
N[X& Lz, ZE/L MuFk & LTSGR, AE/L MEEK
W, AEN MBS, T4RE, WKESEZ R,

EER1-5-b BEFE~XZFOREAHOESE

19924F 9 HIZHFI)INCHW L L=V 27 T~ AD—ffF%
HAWT, KESCTHARREME LIYfaE, EFEND
AZDORI HFFEICHAMALET LT, A€/ MLtk

ETINE LR, EREEAME LT, BROEWED
5, L1(10L14D), L2(12L12D), L3 (14L10D) %% & L 7=,
19934~ 7 A14H, 8 A 7H, 9 A2 H, 108 8 H, 12H
5H, TLTI44E 1 HI12B 112, HARABEMBSL L,
L1B L UL2, L3 AERDI50LY > 7 1Zf1T L7z (Tablel2
B I UFig36), EHRX L LT, LI AEETIE, LITX (7
A®¥AT), LIAX (8 AME), LISK (9 AFE), L1O X
(10 HED, LID X (12 AlED, LlJa X (1 HIFE) & L7z,
BRI L2 AL PR AR 13 L2) X, L2A X, L2S X, L20 X,
L2D K3 L OVL2Ja K12, L3 ALELREIE L3T X, L3A X,
L3S X, L3O X, L3D KB LU L3Ja XK & Lz, #ER
XDI1S0LY v 7 1Z60fE R 2N L, & D 5 H30fEEIC
VARV Z 7R LT, 199445 A £ CHE L1z, XX
IZHARHECRBRICETE LZ, AT/ MektE LT,
SGR, AE/V MU, AE/L MEFE, T4IRE, WK
I E A AT,

X%2 EEREICEHYTLIER

RH 21 BREESIUVEHEBEERADOIEIL M
—EBREESE T CREER IS K ORI 0> B /e 2 Mt g
M2 E1 MEFHEZ e U7e, i, BRile L
TigR (bgiE) (AT 2 EI, Bl LTl



90 AT

Table 11 Experimentl-5a shows the effect of the modified daylength in autumn and winter on smoltification of
masu salmon
Siblings from two masu salmon populations (the Ken-ichi River and the Hazama River) were reared
under a natural daylength and at 8 °C water temperature from February, 1992 to May, 1993. Each of
the thirty juveniles with a tag from the two populations were transferred to the two modified daylength
regimes, under a long daylength (16L8D) and a short daylength (8L16D) at 8°C water temperature in
September, 1992 (NL9 group, NS9 group) and a long daylength at 8°C water temperature in January,
1993 (NL1 group). The control is under a natural daylength at 8°C water temperature (N group).

The Ken-ichi River population

Experimental . .. Mean fork length SD Date on .
Population  Individuals Date on completion
oroup (cm) (cm) commencement
NL9 group L
(16L8D) Ken-ici River 30 9.7 0.4 19 Sep., 1992 31 May, 1993
NS9 group R
(SL16D) Ken-ici River 30 9.6 0.4 19 Sep., 1992 31 May, 1993
NL1 group A
(16L8D) Ken-ici River 30 11.2 0.7 26 Jan., 1993 31 May, 1993
N group Ken-ici River 30 10.1 0.5 19 Sep., 1992 31 May, 1993
(natural)
The Hazama River population
Experimental Population  Individuals Mean fork length SD Date on Date on completion
oroup (cm) (cm) commencement
NL9 group .
(16L8D) Hazama River 30 9.3 0.4 19 Sep., 1992 31 May, 1993
NS9 group .
(SL16D) Hazama River 30 9.3 0.4 19 Sep., 1992 31 May, 1993
NL1 group .
(16L8D) Hazama River 30 11.9 0.5 26 Jan., 1993 31 May, 1993
N group Hazama River 30 10.4 0.7 19 Sep., 1992 31 May, 1993
(natural)
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Fig. 35 Modified daylength experiment diagram (Experimentl-5a) at 8°C water temperature from autumn to winter. The Ken-
ichi River and the Hazama River population juveniles were reared under a natural daylength and shifted to a long day
treatment (16L8D) and a short day treatment (8L16D) in September, 1992 (NL9 group and NS9 group) and in January,
1993 (NL1 group and NS1 group).
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Table 12 Experimentl-5b shows the effect of the seasonal modified daylength from summer to winter on

smoltification of masu salmon

Siblings from wild masu salmon of the Furuu River population were reared under a natural daylength at
8°C water temperature from January, 1993 to May, 1994. Each of sixty fish were transferred to the three
daylength regimes, L1 regime (10L14D), L2 regime (12L12D) and L3 regime (14L10D) at 8°C water
temperature from summer to winter, on 14 July, 7 August, 2 September, 8 October, 5 December, 1993
and 12 January, 1994. Thirty of the sixty fish had individual tags.

L1 regime (10L14D) L2 regime (12L12D) L3 regime (14L10D)
Date on trancefer Individuales Mean (f(c)rrrli)length (zﬁ) Individuales Mean (fgrrlll()length (Ez) Individuales Mean ler:)length (EE)
14 July, 1993 (J) 60 7.0 0.2 60 7.0 0.2 60 7.0 0.9
7 August, 1993 (A) 60 8.1 0.5 60 8.0 0.5 60 8.1 0.4
2 Seotember, 1993 (S) 60 8.4 0.3 60 83 0.4 60 8.5 0.3
8 October, 1993 (O) 60 9.1 0.3 60 9.2 0.4 60 9.1 0.3
5 December, 1993 (D) 60 9.6 0.3 60 9.6 0.3 60 9.7 0.3
12 January, 1994 (Ja) 60 9.5 0.2 60 9.5 0.3 60 9.5 0.3
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Fig. 36

Modified daylength experiment diagram (Experimentl-5b) at 8°C water temperature from summer to winter. The

Furuu River population juveniles were reared under a natural daylength and shifted to three daylength treatments,
10L14D (L1 regime), 12L12D (L2 regime) and 14L10D (L3 regime) from summer, 1993 to winter, 1994. Thirty
juveniles were marked with individual tags and transferred to the three regimes on 14 July, 7 August, 2 September, 8

October, 5 December and 12 January, respectively.
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Table 13 Experiment2-1 shows the inherence of smoltification among wild masu salmon populations in

Hokkaido, Japan

Sibling from wild masu salmon of the Furuu River and the Sugawara River, and juveniles from the

Furen River were reared under a natural daylength at 8

°C water temperature from January, 1993

to May or June, 1994. Thirty of them were tagged individually on 15 July in 1993 to examine the
growth rate. The Furuu River and the Furen River populations were the anadromous form and the
Sugawara River populations belonged to the lacustrine form.

Population Individuals Mean fork length SD Date on Date on completion
(cm) (cm) commencement
Furuu River 30 7.1 0.3 15 Jul., 1993 31 May, 1994
Sugawara River 30 8.3 0.4 15 Jul., 1993 31 May, 1994
Furen River 30 7.0 0.4 15 Jul., 1993 31 May, 1994
EER2.2 REELREIME 100 %
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Fig. 37 Effects of a high temperature and timing of transfer
on the smolting features of wild masu salmon
juveniles in wintering. The upper part is the smolting
ratio, the middle part shows the growth rate (SGR)
and the lower part demonstrates seawater adaptability
(serum chloride concentrations in SW for 24 hours).
The solid square is the shifting in the December
group, the open square shows the shifting in the
March group and the solid triangle demonstrates the
shifting in the April group. Bars indicate SEM.
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treatments on the smolting features of wild masu
salmon juveniles in wintering. The Yobetsu River
population juveniles were captured in December
(WT:2.2 °C ) and reared at 8 ‘C water temperature
with natural daylength for the experiment, and the
two daylength treatments, 8L16D and 16L8D at 8°C
water temperature were conducted in December and
February. The upper part is the smolting ratio, the
middle part shows the growth rate (SGR) and the
lower part demonstrates seawater adaptability (serum
chloride concentrations in SW for 24 hours). The
solid square is control (natural daylength); the solid
circle and solid triangle show the long daylength
treatment and the short daylength in December,
respectively. The open circle and open triangle
demonstrate the long daylength treatment and the
short daylength in February, respectively. Bars
indicate SEM.

Fig. 39 Effects of a low temperature treatment on the

smolting features of wild masu salmon juveniles. The
Yobetsu River population juveniles were captured in
February (WT: 2.4°C ) and reared at low temperature
(2 C ) with natural daylength for the experiment in
mid March. The two experimental groups were the
L2C group at 2°C WT with 16L8D daylength and the
N4C group at 4 ‘C WT with natural daylength. The
N group was the control at natural WT with natural
daylength. The upper part is the smolting ratio, the
middle part shows the growth rate (SGR) and the
lower part demonstrates seawater adaptability (serum
chloride concentrations in SW for 24 hours). The
solid square is the control, the solid triangle shows
the N4C group and the solid circle demonstrates the
L2C group. Bars indicate SEM.
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Fig. 40 Effects of the constant daylength at 8°C water temperature treatment (Experimentl-4) on the smolting features of masu
salmon juveniles. The left part is the appearance of smolt individuals and the right part shows the number of maturing
male parr. N group (control): natural daylength, L group: 16L8D daylength, S group: 8L16D daylength and SS group:
4L20D daylength. Eggs were derived from the Shiribetsu River and the Zinzu River populations; however, the L group
is only the Shiribetsu River. The solid column is the Shiribetsu River and the open column shows the Zinzu River.
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Fig. 41 Changes in the mean growth rate (SGR) of masu
salmon juveniles that received three constant
daylength treatments (Experiment1-4). The upper
part is the Shiribetsu River population and the lower
part shows that of the Zinzu River. The solid square
is the N group (natural daylength), the open square
shows the L group (16L8D daylength treatment), and
the solid triangle and open triangle demonstrate the
S group (8L16D treatment) and SS group (4L16D
treatment), respectively.
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Fig. 42 Fluctuations in the serum thyroid hormone (T4)
concentration of masu salmon juveniles in the
second year that received three constant daylength
treatments (Experiment1-4). The upper part is the
Shiribetsu River population and the lower part
shows that of the Zinzu River. The solid column is
the N group, the open column shows the L group,
and the column with horizontal lines and that with
dotted lines demonstrate the S group and SS group,
respectively. Bars indicate SEM.
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Fig. 43 Fluctuations in seawater adaptability of masu salmon
juveniles in the following spring (May) that received

three constant daylength treatments (Experiment1-4).

N group: natural daylength, L group: 16L8D
daylength, S group: 8L16D daylength and SS group:

4L20D daylength treatments. The solid column is

the Shiribetsu River population and the open column
shows that of the Zinzu River. Bars indicate SEM.
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Fig. 44 Fluctuations in the smolting ratio of masu salmon
juveniles in the following spring that received the
modified daylength treatments in September and
January (Experimentl-5a). The upper part is the
Ken-ichi River population and the lower part shows
that of the Hazama River. Juveniles were shifted to
the long day treatment (16L8D) and the short day
treatment (8L16D) in September, 1992 (NL9 group
and NS9 group) and in January, 1993 (NL1 group
and NS1 group). The control is the N group under a
natural daylength. The solid column is the N group,
the open column shows the NS9 group, the dotted
column demonstrates the NL9 group and the column
with horizontal lines indicates the NL1 group. The
NL9 group of the Kenichi River had no smolt. The
NS1 group is removed due to the poor feeding
condition.
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Fig. 45 Changes in the mean growth rate (SGR) of masu
salmon juveniles that received the modified
daylength treatments (Experimentl-5a). The upper
part is the Ken-ichi River population and the lower
part shows that of the Hazama River. The solid
square is the N group, the solid triangle shows the
NL9 group, and the solid circle and open triangle
demonstrate the NS9 group and NL1 group,
respectively. The NS1 group is removed due to the
poor feeding condition.
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Fluctuations in the serum thyroid hormone (T4)
concentration of masu salmon juveniles in the second
year that received the modified daylength treatments
(Experiment1-5a). The upper part is the control
groups (solid square: the Ken-ichi River population
and open square: the Hazama River population), the
middle part shows the Ken-ichi River population
and the lower part demonstrates that of the Hazama
River. The solid column is the N group, the open
column shows the NS9 group, the dotted column
demonstrates the NL9 group and the column with
horizontal lines indicates the NL1 group. Bars
indicate SEM. The NS1 group is removed due to the
poor feeding condition.
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Fig. 47 Fluctuations in seawater adaptability of masu salmon
juveniles in the second year that received the
modified daylength treatments (Experimentl-5a).
The upper part is the Ken-ichi River population and
the lower part shows that of the Hazama River. The
solid column is the N group, the open column shows
the NS9 group, the dotted column demonstrates
the NL9 group and the column with horizontal
lines indicates the NL1 group. Bar indicates SEM.
The NS1 group is removed due to the poor feeding
condition.
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Fig. 48 Fluctuations in the smolting rate of masu salmon juveniles that received the modified daylength treatment from summer
to winter (Experiment1-5b). Juveniles were reared under a natural daylength at 8 °C water temperature and shifted to
three daylength treatments, 10L14D (L1 regime), 12L12D (L2 regime) and 14L10D (L3 regime) from summer, 1993
to winter, 1994. Thirty juveniles were marked with individual tags and transferred to the three regimes on 14 July (L1J,
L2J and L3J groups), 7 August (L1A, L2A and L3A groups), 2 September (L1S, L2S and L3S groups), 8 October (L10,
L20 and L3O groups), 5 December (L1D, L2D and L3D groups) and 12 January (L1Ja, L2Ja and L3Ja groups). The
upper part is the L1 regime, the middle part shows the L2 regime and the lower part demonstrates the L3 regime.



100 JTkS fE

107 (L30KX) o T LEENRAEL MELTZIZE &
F o, TRTOERRX TAENL MU LUTAABEE L &
L21%, 7AS 9 A F TRENL MEENIZFIZ100% & <
L7223, 108 LAME AEL MEsITEd L7 (Figds),

AEV MEAEHE, EREE L1 & L2 THIUEL L -
s Liz, T7bb, 7H (LIIX, L2JX) & 8 A (L1IA
X, L2A X) 1%, ®HX LD R REL MEEH 2R
L7=—FT, 9 AL, L2SKAEBRWT, EBRX
TOE—Z7 3R LY 1wk, AERE L3 T,
T EFIIZ 9 AR L2 A EBRK O X E /L MBI
BE o, LJa XDV —7 (IR & —E L7 (Fig49),

SGROZEALIE, MEHELI L L2 D78 HFERKT,
AT 1 APBHEM L, ZOIENDOERKXOSGR
I, R EHEE LA AR R L, — )7, ALBRREL3
® SGRZEALIZI 72 o7z, FT7ebh, 7TANG 9 ADFEER
KIESGRME T L TIRW L~ THER L7272, 12H B kL
1 ADOEBRK, SGRIE, MK LV R 1T ABLD?2
AP L7z, 107 EREDOSGRITFELHIZHD LT
HLOD, @V EHMERE LT (Fig.50),

T4 ¥EFEIL, WM LL & L2 0K ERIXTIE, 5 HHh
WL OERKCTRHBX LR L~V aMERELZ, 4 A
FAROLITX I L VLXK O T4 i, RomVMEE = L
Too ALERRE L3 TIE, 4 H BAOLIDREB LS5 A F4a)
DL3JaX Z RN T, T4IXEWEICE EE -7 (Figsl).,

HEKHEISHENE, ABRRELL & L2 TIE, 9 A LB ERK
DAEIN N OWAKP CLENIS0mEq/1Z 2 TEY, =
O OB T AR LTz, —J, AERRELL & L2
DTABLUS AERKDZAENL M, X 6ITAEEEL3
D108, 128, 1 AEBRKX DA E/L N OWEAKEMS TS
maEmr L7 (Figs2).

PLEORERD G, HERMI14L (L3 AEEE) TiE, 7
A5 9 HFETAEN MEEERITHHE L & A S
no, —J7, BEFFMI2L (L2 LR ) BX 10l (L1
JLEREE) TlX, AT/ MEAIHl SN o=, 7o T
HEREEI4L & 12LO RIS, A E L Mb &5 T
T 5, R AERMAGFET D EHREND,

L1 ALERRE & L2 ALEEHIC BV, 7 A~ 8 AERX T
ZEV MEMEREST D — 57 C, 10 LR FERX Tld A€
b MEDSEIE LTz, 9 H EBRIETIX, LISKTAENL b
EMEHET 25— C, L2SKOZIIERRKX E —K L,
BELIINEE RS holz, TNHDOZ EE, Y77
~ ADJAINSED 7 VT 4 AN 9 BICIFET S 2
LEIRIBRT B,

100

L1 regime

[+-3
o

Smolt ratio (%)
[=2]
o

20

Mar L

AprM AprLL. MayM MayL

L2 regime

Smolt ratio (%)
D
o

20

0 T T
MarL AprM AprL MayM MayL

Smolt ratio (%)

20

0 T T
MarL AprM AprL MayM MayL

Mont

Fig. 49 Fluctuations in the periodical smolting ratio of masu
salmon juveniles in the second year that received
the modified daylength treatments (Experiment]-
5b). The upper part is the L1 regime, the middle part
shows the L2 regime and the lower part demonstrates
the L3 regime. The horizontal bar is the N group
(control). Solid and open squares are July (L1J, L2J
and L3J groups) and August (L1A, L2A and L3A
groups), respectively. Solid and open triangles show
September (L1S, L2S and L3S groups) and October
(L10, L20 and L3O groups), respectively. Solid
and open circles demonstrate December (L1D, L2D
and L3D groups) and January (L1Ja, L2Ja and L3Ja
groups), respectively.
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Fig. 50 Changes in the mean growth rate (SGR) of masu salmon juveniles that received the modified daylength treatments
(Experiment1-5b). The upper part is the L1 regime, the middle part shows the L2 regime and the lower part demonstrates
the L3 regime. See Fig.49 for the legend.
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Fig. 51 Fluctuations in the serum thyroid hormone (T4) concentration of masu salmon juveniles in the second year that received
the modified daylength treatments (Experimentl-5b). The upper part is the L1 regime, the middle part shows the L2
regime and the lower part demonstrates the L3 regime. Columns show the N group, July treatment, August, September,
October, December and January treatments from left to right. Bars indicate SEM.
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Fig. 52 Fluctuations in seawater adaptability of masu
salmon smolt derived from the modified daylength
treatments (Experiment1-5b). The solid square is the
L1 regime, the open triangle shows the L2 regime
and the solid circle demonstrates the L3 regime.
Bars indicate SEM.
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Fig. 53 Results of the rearing experiment under a natural
daylength at 8°C water temperature (Experiment2-1).
Three wild masu salmon populations, those of the
Sugawara River, the Furuu River and the Furen
River were examined for smolting features. The
upper part is the periodical smolting ratio in the
second year (dotted column: the Sugawara River,
solid column: the Furuu River and open column: the
Furen River) and the lower part shows the growth
rate (SGR) of juveniles (triangle: the Sugawara
River, solid square: the Furuu River and open
square: the Furen River). Bars indicate SEM.
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Fig. 54 Results of the rearing experiment under a natural
daylength at 8°C water temperature (Experiment2-1).
The upper part is the serum thyroid hormone (T4)
concentrations in the second year (dotted column:
the Sugawara River, solid column: the Furuu River
and open column: the Furen River) and the lower
part shows seawater adaptability in the second
year (triangle: the Sugawara River, solid square:
the Furuu River, open square: the Furen River and
open circle: control group). The control group was
transferred to fresh water and kept for 24 hours. Bars
indicate SEM.
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Fig. 55 Results of the cross mating experiment between
the Mori strain (domesticated masu salmon)
and the Shyokanbetsu River population with
different smoltification timings. The upper part
is the periodical smolting ratio in the second year
(dotted column: Mori strain, solid column: F1
hybrid obtained by mating the Mori strain and the
Shyokanbetsu River population and open column:
the Shyokanbetsu River population). The lower part
shows the mean growth rate (SGR) of masu salmon
juveniles (solid square: the Shyokanbetsu River,
open square: F1 hybrid and solid triangle: Mori
strain).
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Fig. 56 Results of the cross mating experiment between the
Mori strain and the Shyokanbetsu River population
with different smoltification timings. The upper part
is the serum thyroid hormone (T4) concentrations
in May in the second year. The lower part shows
seawater adaptability of smolt. The open column is
the Shyokanbetsu River, the solid column shows the
hybrid, the dotted column demonstrates the Mori
strain and the column with horizontal lines illustrates
the control. The control was kept in fresh water for
24hours. Bars indicate SEM.
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Fig. 57 Map showing sampling sites in coastal waters off Mashike in the Sea of Japan off northern Hokkaido, Japan. Masu
salmon smolt were captured by a Sayori net from 22 May to 27 July, 1996. Marked smolt with two different body size
groups (large group: mean 13.6cm in fork length and smalle group: mean 12.9cm in fork length) were released in the
Nobusha River from 25 May to 3 June, 1996. Adult masu salmon returned to the Nobusha River and were examined for

the survival rate from May to October, 1997.
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Fig. 58 Fluctuations in the surface sea water temperature off Mashike from January to July, 1990 to 1996. (From data of the

Hokkaido Aquaculture Promotion Corporation)
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Fig. 59 Comparison of mean stomach content weight
between the large smolt group and the small smolt
group captured in coastal waters off Mashike in
June, 1996. Bar is SD.
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Fig. 60 Comparison of mean stomach content index (SCI)
between the large smolt group and the small smolt
group captured in coastal waters off Mashike in
June, 1996. Bar is SD.



~ 50
£
g % B Insect
£ 40 |
v
é. B Fish
S 30 |
< ODecapoda
£
20 ;
S m Amphipod
= a
2
g 10
S
7]

0 ‘
Large group  Small group
Size of smolt released

Fig. 61 Comparison of stomach content composition (in
number) per one fish between the large smolt group
and the small smolt group captured simultaneously
at station D in coastal waters off Mashike in June,
1996.
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Fig. 62 Comparison of the ratio of stomach content
composition (in number) per one fish between
the large smolt group and the small smolt group
captured simultaneously at station D in coastal
waters off Mashike in June, 1996.
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