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Smolt age and size of Atlantic salmon Salmo salar L.
and sea trout Salmo trutta L. in a Norwegian river
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This paper gives data on smolt age and length of Atlantic salmon and sea trout in the Orkla
river in the period 1979—1981. The smolt age of the salmon was significantly higher in
1979 (4.1 years) as opposed to 3.4 and 3.3 years in 1980 and 1981, respectively. However,
the average length of the salmon smolts did not differ during the study period. Sea trout
smolts showed a significantly lower average length in 1979 compared to that found in the
two preceding years. No such difference could be detected in the smolt age which ranged be-
tween 3.3—3.6 years during the study period. Smolts of both species showed a heterogene-
ous length distribution with a variation between 100— 170 mm for salmon and 110—200
mm for sea trout. It is concluded that growth rate is more important than the mere attain-
ment of a critical length for initiating smolt descent.

Trygve Hesthagen!) & Erik Garnas, Directorate for Wildlife and Freshwaterfish, Tungas-
letta 2, N-7000 Trondheim, Norway.

INTRODUCTION

Already in the early 1900’s Dahl (1910) was
aware of the fact that older salmon smolts were
produced in Norwegian rivers at higher latitu-
des. Bagliniére (1976) also pointed out this lati-
tude effect by comparing smolt age from diffe-
rent North American and European rivers.

According to Jones (1959) the smolt age is de-
termined by factors as day-length, river tempe-
rature and available food. However, conside-
rable variations in the smolt age between diffe-
rent years have been recorded (Nott 1973, Bjerk-
nes 1978, Toivonen & Jutila 1982). Nott (op.cit.)
related such differences to prevailing tempera-
ture conditions. Later Symons (1979) estimated
an average smolt age based on the temperature
conditions in the rearing area.

The present paper will focus on this subject
based on data from the Orkla river, situtated in
central Norway (63°N, 10°E). The river is about
50 m in width, with an average discharge of
about 30 m3/s before regulation. The salmon
and sea trout can travel some 92 km up the river
to spawn. ' .

METHODS

The study lasted in a three years period from
1979 to 1981. The migrating smolt were captu-

1) Present address: Directorate for Wildlife and Fresh-
water Fish, P.O. Box 63, N-1432 As - NLH, Norway.
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red by a trap of 1 x 1 m with a net pouch of 10.5
mm r-esh size (Hesthagen & Garnas 1980). The
age of the smolt was determined by the use of
otoliths. The fish length was defined as total
length and measured to the nearest mm. Over-
lapping of sizes between parr and smolt was ob-
served. However, there was no silvery colora-
tion on fish of sea-running stock of less than
about 10 cm for Atlantic salmon and about 11
cm for sea trout (cf. Elson 1957).

RESULTS

In 1979 the mean smolt age of salmon was 4.0
years, which was significantly higher (p <0.05)
than that found in the two following years (3.4
and 3.3 years, Table 1). In 1979, three years old
specimens contributed only 6.4% of the smolt
compared to 66.3 and 60.5% in 1980 and 1981,
respectively. Mean smolt length during the
study (131 —133 mm) was not significantly dif-
ferent (p > 0.05) between years. However, the
salmon smolt showed very heterogeneous
lengths with individual variation between
100—170 mm (Fig. 1). Based on data from
1980, the average smolt length during the run
was not significantly different (p > 0.05).

For sea trout smolts, four years old specimens
dominated in the 1979 run, while the average
age was 3.6 years. In the two following years,
the smolt age was somewhat lower (3.4 and 3.3
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Table 1. Age composition and average length (XL) of Atlantic salmon and sea trout smolts in the Orkla river in
the period 1979—1981. C.I. = Confidence interval, P = 0.05.

Salmon 1979 1980 1981

Age N XL (Cl) N XL (Cl) N xL (CL)

2+ 5 114 (110—118)

3+ 3 106 (91—112) 114 128  (126—130) 92 130 (128—132)

4+ ) 39 134 (131—137) 53 135 (132—138) 55 140 (136—144)

5+ 5 137 (125—149) 5 148  (148—159)

Average 4.0 133 (130—136) 3.4 131 (129—133) 3.3 133 (131—135)

Sea trout

2+ 2 g ¢ = ) 5 125  (116—134)

3+ 13 124  (118—130) 26 141 (136—146) 33 146  (141—151)

4+ 19 142 (136—148) 11 166 (157—175) 24 165 (158—172)

5+ 1 170 ( — ) 3 192 (167—217)

Average 3.6 135 (129—141) 3.4 150 (143—157) 3.3 151 (146—156)
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years), but not significantly different from that
registered in 1979 (p > 0.05). However, the sea
trout smolts from 1980 and 1981 were signifi-
cantly (p < 0.05) bigger than those produced in
1979 (Table 1). As for salmon the length-frequ-
ency distribution for sea trout smolts also revea-
led a very distinct individual variation ranging
between 110—200 mm (Fig. 1). The length dis-
tribution of sea trout smolts from 1979 is not gi-
ven because few specimens were caught.

DISCUSSION

The smolt age and length of Atlantic salmon in
the Orkla river average some 3.6 years and 130
mm, respectively. Based on scale analysis of sal-
mon caught in the sea at Kristiansand (S. Nor-
way), Trendelag (C. Norway) and East Finn-
mark (N. Norway), Dahl (1910) found a range
in smolt age from 2 to 5 years. The latitude ef-
fect of producing older smolts in Norwegian sal-
mon rivers at higher latitudes has later been ve-
rified through studies in different areas (e.g.
Semme 1942, Flo 1965, Power 1973, Johnsen
1976, Nordeng 1977, Bjerknes 1978, Hansen &
Senstad 1982). The smolt age of Atlantic salmon
found in the Orkla river is in good conformity to
the general geographic variation described for
this life parameter.

The differences in smolt age and size become
even more conspicuous when we compare po-
pulations from the extreme southern and north-
ern parts of the area distribution of the Atlantic
salmon. The smolt age and length in rivers in
Southern France are one year old and 12—13
cm (Bagliniére 1976). In arctic rivers flowing
into Ungava Bay in North Canada, the smolt
age is 5—6 years and the dominating length
about 20—21 cm (Power 1969). Smolt age also
decreases from northern to southern rivers on
the Kola peninsula, arctic Russia (Jakovenko
1977). The production of older smolts in north-
ern rivers is thus verified through different stu-
dies. Further, Bagliniére (1976) has pointed out
that smolt age is higher in North-American ri-
vers than in European rivers at the same lati-
tude. He equated a higher smolt age with lower
temperature in the rearing environment. The in-
creased smolt age found by Nott (1973) during
the study period was also connected to the pre-
vailing temperatures in winters prior to the
smoltification.

Bagliniére (op.cit.) found a correlation bet-
ween a strong year class and favourable water
temperature through enhanced growth rate. Sy-
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mons (1979) found that average smolt age in
any particular river, with exception of Ungava
rivers, can be estimated from the number of
days per year on which water temperature
reached or exceeded 7°C. Jensen & Johnsen
(1982) found a very good correlation between
growth rate of yearlings of Atlantic salmon and
brown trout expressed through formation of
scales and the number of days per year with a
water temperature above 6.5°C. Within a limi-
ted geographic area like Finnmark county in
Northern Norway, there are also great varia-
tions in smolt age between different rivers (cf.
Semme 1942, Bjerknes 1978). This is also
thought to reflect differences in the water tempe-
rature of these rivers.

The smolt age of Atlantic salmon in the Orkla
river was significantly higher in 1979 (4.0 years)
as opposed to 3.4—3.3 years in 1980 and 1981,
respectively. The sea trout also showed a higher
smolt age in 1979. For both species, both num-
ber and size of three-years old smolt were lower
that year, compared to that in the two following
years. It is thought that this was caused by unfa-
vourable water temperatures during their first
year of life, i.e. 1976. That year the number of
days with maximum water temperature above
6.5°C was only 94 as opposed to 104 and 115
days the following years (Table 2).

Based on these results we conclude that the
transformation to smolt is connected to the
growth rate of the fish. The great variation in
smolt length does also indicate that the time of
migration depends on the individual growth rate
during the life cycle. But the smoltification pro-

cess is also to some extent connected to size. As

correctly pointed out by Elson (1957), most sal-
mon smolts exceed 10 cm in length. The marine
osmoregulatory mechanisms do not function be-
fore the fish exceeds a length of 12— 13 cm (Far-
mer et al. 1978). Thus a certain minimum size is
necessary because of physiological adaptations
to the sea. It is concluded that the smolt age is
dependent on the time it takes for the parr to

Table 2. Number of days per year with a maximum
water temperature above 6.5°C (D 6.5°C) in the
Orkla river in the period 1975—1980. (Data from the
first 8 days in June 1975 is lacking and D 6.5°C is ba-
sed on the temperature conditions in June 1976,
which was similar). Data from NVE-Hydrological
division.

Year 1975 1976 1977 1978 1979 1980
D
6.5°C 116 94 104 115 121 126




reach a certain minimum length at which smol-
tification can occur. The time it takes to reach
this length is dependent of the individual growth
rate, which varies from river to river as a result
of factors as water temperature, fish density and
food supply.
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