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ABSTRACT

Atlantic salmon smolts of Norwegian and Swedish (Baltic) origin
and rainbow trout fingerlings were stocked in floating pens at
several farms along the Norwegian coast. The fish were counted,
measured and weighed with approx. six months intervals, until

slaughtered. Temperature, salinity,food rations and mortality were

recorded at the farms.

Salmon and rainbow trout have the best growth rates at the farms
in southern part of Norway. Comparison of salmon of Norwegian
and Baltic origin favours the Norwegian. Reasons for the large

diversities in growth of fish at the different farms are discussed.
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INTRODUCTION

In cooperation with some commercial fish farmers we wanted
to study growth, mortality and "uncontrolled"loss of Atlantic

salmon (Salmo salar L.) and rainbow (Saliwo vulrdneri) trout

of the same origin but reared in different environments in
order to find factors of economical interest for the commercial
fish farming industry. Another aim of the study was to compare
the farm localities in the southern and northern part of Norway.
We were also interested in investigating whether salmon of
Baltic origin could be acclimatized to the North Atlantic
environment and whether they could compete with the Norwegian

salmon as a farm fish.

The study was started in 1973 by a shipment of fish to 5

fish farmers and continued with a new shipment of fish in 1974.
The results of the 1973 batch together with the results of the
first half year for the 1974 batch are presented in a pervious
report (Mgller and Bjerk 1975). Thuéronly the results of the
year class delivered to the farms in 1974 will be reported in

this paper.

MATERIAL AND METHODS

In May 1974 3000 each of rainbow trout fingerlings and Atlantic
salmon smolts of both Norwegian and Swedish (Baltic)

origin were delivered to ten commercial fish farms along the

coast (Fig. 1l). The Norwegian smolts came from the Mowi farm at
Sotra (A, Fig. 1), while the Baltic salmon came from Langhult,
Sweden. Unfortunately, two farms (no 6 and 10, Fig. 1) gave up
business in January 1975 and a third one (no 8) resigned at the
end of 1975. Thus only seven fish farms were represented through-

out the whole experimental period.



The fish were measured before transportation in May and then
counted, measured (fork length) and weighed again every six
months,in Oct. /Nov. and in May/June until they were slaughtered
atter 1% and 2 years (rainbow trout and salmon respectively).
In 1975, the fish at five farms (no 1, 3, 5, 7 and 9) were
measured in January, i.e. after 3/4 sea year. The final
measurements were made in March 1976 at all except two farms
where the fish were measured in mid. February and end of April
(farms no 4 and 2 respectively). All results concerning the
salmon are, however, transformed by extrapolation from the

growth curve to expected growth at March 15.

The means are based on samples of 100 fish of each population.
For calculation of total biomass and food conversion factor
at the farms,the Swedish and Norwegian salmon populations were

counted as one, otherwise they were treated separately.

The fish were given a profylactic terramycine treatment before

transportation to the farms.

Sexual maturation was, when possible to detect by external
inspection, recorded when measuring the fish in Oct/Nov 1975

(1% sea year).

After 1 sea year the number of salmon at two farms (no 1 and 2)
was reduced to~ 1000 fish/pen in order to faciliate handling
and after 1% sea year farm no 5 reduced their salmon to~ 1500

fish/pen.

A severe attack of disease reduced growth of the salmon at Hitra

(no 3) between the 1% and 2 years measurings. The results of the
2 years measurements were therefore not considered representative
and were omitted. At farm no 9 the Swedish and Norwegian

salmon were not separated at the two first measurements and later
on only Norwegian salmon were found in the pen, thus the results

are only presented as "mixed population”.



The fish farmers were to send feed samples each fortnight
to be analysed by the State Vitamin Laboratory. However,
the samples were sent very irregularily and the results

are therefore incomplete.

For further details c¢f. Mgller and Bjerk (1975).

RESULTS.

Environment

The temperatures were, with a few exceptions highest at the
southern farms (no 1 and 2) throughout the year (Table I).
In 1975 the summer temperatures were remarkably high at all
farms. The recorded temperatures at farms no 4 and 5 in
Jan./Febr. 1976 are unusually low.

The salinity has been stable. The monthly averages have

varied between 27 O/oo and 320/00 for all farms.

Salmon

There was a wide variation in the growth rate of the salmon at
the different farms (Table ITa, ¥ig. Z2a). The two southern
farms (no 1 and 2) had the hest growth although the ndrthﬁost
farm (no 9) also had a fairly good growth. Table IIb and
figures 2b and 3 show mean lengths and weights of the Swedish
and the Norwegian populations; with one exception (farm no 4)

the Norwegian salmon grows faster than the Swedish.

weight, (q)
length” (cm)
length and weight of the populations (Table IV). The Swedish

The condition factor K (K = x 100) is based on mean

salmon have in general somewhat higher condition factor than the

Norwegian.



Maturation was recorded when measuring the fish after 1% sea
Beneath (Table 1)

years.

mature fish found at the different farms,

is an account of the proportions of

The percentage of

mature fish was higher in the Swedish population although the

difference was not remarkably great.

lation onlv mature males were found.

In the Norwegian popu-

Table 1. Proportions of mature fish at the different farms.
Swedish salmon Norw. salmon
Farm 53 %0 59 % 9
Blomvag 10 2 1,3 0
Sotra 6 Q
Svangy 5 2 4 0
Hitra % * * *
Rgrvik 14 0 2 0
Halsa 10,3 0 0 0
Eidet 13,4 0 0 0
Lia 4,4 0 0 0
Kalfjord 0 0

The registered mortality was high during the first six months

in the sea, but during % - 1% sea year the reported

mortality was only 100 - 140 fish.

Rainbow trout

The growth rates of the rainbow trout are also very diverse
(Table III, 4 and 5). Two of the

(no 4 and 5) had an excellent growth during

at the different farms Pig.
farms in mid-Norway
the first half year after stocking. At slaughtering after
1% sea year one of the southern farms (no 2) had a mean weight
of 3570 g, which was almost 1400 grammes more than the farms

which had the lowest mean weight.

The condition factors for the rainbow trout are calculated in
the same way as for the salmop. The condition factors (Table IV)
are mostly lower in the autumn than in the spring which is some-

what unusual.



At the last measurement (l% sea vears) it was not possible to
detect any signs of maturation . without opening the fish, and

the figures are therefore lacking.

After the heavy losses the fivst half yeaxr, the mortality,
except at one,farm was less than 10 % during the last 12 months
(cf., Table ITI). At the farm where the highest number of fish
had "disappeared” (farm no 1) when counting the fish at 1%

sea year, 230 of the missing 285 fish were already reported
dead, thus giving an unregistered loss of 55 fish. At farm

no 3 most of the rainbow trout were stolen in summer 1975,

which should explain the low number at the last counting.,

Feed and conversion

Table V and Fig. 6 show a survey of the food conversion
factors at the farms based on monthly reports on feed con-
sumption sent by the cooperating fish farmers. Due to incomplete

reports some results are lacking.

Only two farms (nos 3 and 4) sent in food samples for analysing

of contest regularly for some time and these results are presented
in Table VI. Because analyses of the samples sent in sporadically
by the other farmers showed similar values the present values

can be considered representative.



DISCUSSION

On an average the growth rates of the salmon are good. Earlier
experiences of commercial fish farmers have proved the possibility
of producing salmon which have a mean weight of 5 - 6 kg after

2 years. The results of some of the farms, e.g. no 1 and 2

(Fig. 2a, 2b) must therefore be characterized as very good.

Since the origin of the fish is the same for all the farms, the
reason for the differences in growth rates must be in the environ-
ments as well as in the caretaking of the fish.

The environmental factors at the farms did not differ greatly
although the lower sea temperatures towards the north certainly
were causing slower growth at the northern farms. However, the
reduction of the density in the salmon pens at two of the southern
farms evidently has contributed to their good results, since
growth is known to be correlated with stocking density (Braaten
1974) .

Laboratory experiments have shown that also the light i.e. the
length of daylight,’is of importance to the growth of fish.
(Gross et al. 1965, Saunders 1970, Xnutsson and Grav 1976).
These experiments weremade with smolts and young fish, but one
might presume that differences in photoperiod directly or in-

directly influence also the adult fish.

Not only the environment but also the origin of the fish is
decisive for the growth. Among others, Nevdal et al. (1975)
found great variations in growth rate of Atlantic salmon
originating from different rivers. The Swedish (Baltic) salmon
might therefore have less ability for growth, but explanation
for the slower growth of the Swedish salmon might also be that
the fish from the Baltic are adapted to an environment with

much less salinity than the North Atlantic water.



The somewhat higher proportion of mature individuals in the
Swedish population used in this experiment is evidently due
to their genetic constitution, but whether early maturation
is common to all populations of Baltic salmon is difficult

to tell from the present experiment.

After the first six months mortality and loss of the fish
go down, which could be expected since the larger the fish
are, the more seldom they are taken by predators such as

birds and minks and the less susceptible they are to disease.

The growth of the rainbow trout has been satisfactory at most
of the farms, especially considering the small size of the fish
at start of experiment. The wide variation in growth rate of
the rainbow trout at the different farmg is, as for the salmon,

correlated with environmental factors.

The sea temperatures apparently count for some of the difference
in rainbow trout growth between the southern and the northern
farms. The effect of temperature seems to be emphasized by the
fact that the fish stocked in 1973 (c¢f Mgller and Bjerk 1975)
had somewhat better growth, presumably due to the fact that
temperatures were higher during their sojourn in the sea than
the temperatures were for the 1974 year class. However, it is

difficult to compare different yearclasses.

Mortality and loss of the rainbow trout are evidently of the
same reasons as for the salmon decreasing after the first months in

the sea.

The great divergence of the feed conversion factors among the
farms indicate that at some farms feed is wasted and that con-

siderable savings might be made by a more controlled feeding.
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Figure 1. Locality of fish farms.
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Fig. 5. Mean lengths of rainbow trout (stocked 1974) at cooperating
farms after %, 3/4, 1 and 1% sea years, Horisontal lines

represent standard deviation of mean,
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Fig. 6. Food conversion factors (=kg wet feed/kg weight increment)

of salmon and rainbow trout at cooperationg farms,





