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Studies on quantitative genetics in aquaculture are carried out 

by two institutions in Norway. The wai~1 purpose of these studies 

is to form the basis of a strategy fo:.t· genetic improvement of salrnonids 

for fish farming. In the present report an account of the experiments 

is given, including aim of the studies, size of experiments, prelimi

nary results and future objectives. All experiments are carried 

out on salmonids. 



INTRODUCriON 

Farming of-salmonids has become increasingly popular in Norway during 
the last 10-15 years, and in 1978 about 5000 tons were produced 
mostly in enclosures and net pens in the sea. The potential, however, 
is much greater than this, and a considerable increase in the 
quantities produced is expected. 

Studies on quantitative variation in traits of productive importance 
in fish farming were started in the late 60's. Experiments were 
conducted on rainbow trout, Salmo gairdneri, Atlantic salmon, 
Salmo salar, and occask11ally on sea trout, S. tru·tta, arctic char, 
Salveli!1US al_p~.nus. and on ·crosses of all the above. Most emphasis, 
however, has been laid upon Atlantic salmon. 

The main purpose of these studies was to form the basis of a strategy 
for g~netic improvement of farmed salmonids. A second aim was to learn 
more about genetic variation of quantitative characters in fish 
in general, and in this respect the salmonids were to be regarded 
as experimental fish. Most emphasis is laid upon characters of 
economic value. 

Experiments on selective breeding are carried out at two institutions 
in Norway; The Department of Animal Genetics and Breeding, 
Agricultural University of Norway, As and the Institute of Marine 
Research, Directorate of Fisheries, Bergen. The practical experiments 
are carried out at research stations and at commercial fish farms. 

In the present report accounts of the experimental work carried 
out by both institutions are given. Results of the experiments 
until_now are published elsewhere, and the main intention of the 
present report is to give a situation report of the experiments 
on quantitative genetics related to aquaculture in Norway. The 
research is supported by the Norwegian government, Agricultural 
Research Council and Fisheries Research Council. 
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DEPAHT1MENT OF ANIMl\.L GENErrrc:s AND BHEEDING 

Breeding experiments were started in the late 60's at the 

Research Station for Salmonids, l 1.ver(.by and Sunndals~bra ·units, 

Department of Animal Genetics and Breeding, A~ricultural Unive~sity 

of Norway, to evaluate the potential for selective breeding in 

salmonids. First it was necessary to study the genetic and phenotypic 

parameters for the characters of largest economic value. A series 

of papers has been published on this matter (Aulstad et al. 1972, 

Gjedrem and Aulstad 1974, Kanis et al. 1976, Refstie et al. 1977, 

Gjedrem and Gunnes 1978 1 Gunnes and Gjedrem 1978, Refstie and s-teine 

1978, Gunnes and Gjedrem 1979, Refstie 1979}. These results have 

demonstrated that, for Atlantic salmon and rainbo~ trout, there exists 

a· large genetic variation in growth rate and age at sexual maturatiL~l; 

a moderate amount of genetic variation in survival, resistance against 

disease, meat quality characters and digestibility of food; and a 

very low genetic variation in condition factor. 

Inbreeding and crossbreeding experiments have shown that there is 

some non-additive genetic variance in some characters (Aulstad and 

Kittelsen 1971, Aulstad et al. 1972 and Gunnes and Gjedrem 1979). 

However, it is not quite clear what emphasis should be put on cross

breeding in a future selection programme. 

An extensive selection programme is carried out in Atlantic salmon 

and rainbow trout at Sunndals~ra, Aver~y and in cooperation with 

several private farms. The base population of Atlantic salmon was 

sampled from 40 different Norwegian strains. Each year about 200 

full-sib families are tested from hatching to maturation. Selection 

is based on individual performance and records from full- and half-sib 

families. The following characters are taken into consideration: 

Growth rate prior to maturation, survival, meat quality and age at 

maturation. For rainbow trout, the selection programme is similar, 

and about 150 families are tested each year. The progress made 

during the first years of selection is very promising. 



·--3-

Reciprocal crosse~·; betv.;reen. a.ifferent. salmonid species have been 

made. The cross between Atlantic salmon and Arctic char shows 

good promise for conm1ercial cul-ture (Refst.ie and Gj edrem 1975). 

Several techniques, including manipulation of chromosome number, 

have b~en tried to produce sterile fish (Lincoln et al. 1974 and 

Refstie e·t al. 1977). E'inally, we succeeded in producing tetraploid 

rainbow trout (having four sets of chromosomes instead of the normal 

two), by treating newly-fertilized eggs with the drug cytochalasin B. 

By fertilizing esg·s of normal fish wit~h sperm fJ:om t.etraploids, 

we hope to be able to produce sterile triploids which could be 

grown larger than ordinary trout. 

In fish farming, survival frequency is very important economically. 

However, recording resistance to a disease, such as vibriosis, as 

dead or alive, is not satisfactory for selective purposes. An 

investigation has therefore been started at Sunndals~ra to study 

the genetic variation in vibrio antibody concentration in rainbow 

trout o 

In 1977, funds was made available to est.ablish a salmon es-g·-ban~. 

This has three objectives: 

® Production of eggs from selected salmon families and strains for 
commercial farming. 

~ Production of eggs of distinct salmon strains from individual 
rivers to supplement wild populations in those rivers. 

® ~reservation of salmon strains which are threatened with 
extinction .. 

Egg hatching and smolt production is carried out at Sunndals~ra, but 

production of brood fish for future supply of eggs is at Aver~y and 

Svan~y (Svan~y Foundation, Fish Farm). 

The members of the egg bank get annual delivery of an agreed amount 

of eggs of their local salmon strain. To establish a salmon strain 

in the egg bank, a small quantity of eggs from the river must be 

sent to Sunndals~ra for 3-4 ye~rs. 

~ ... 



lNS'I'ITUTE OF HlU~INE RESEAHCH 

Fertilized salmon eggs were collec·ted from B Norvvegian rivE~rs 

and a few fish farms each autumn from 1971 to 1975. In 1971 eggs 

from t.wo Canadian and one Swedish river were also sc-unpled" r:che 

year~-classes were narned according to tb.e year of h<xtching·. Part 

of the 1976 and the whole 1977 year class were based on selected 

p~rent fish from the 1972 and 1973 year-classes. 

Like\.,:r:Lse, fertilized eggs of rainbow ti-out: were collect.ed frorn. 

commercial farms each winter from 1972. The 1975, 1976 and 1977 

year-classes V\'ere ba~3cc1 on selected J_)arenl: fish from tb.e first 

t:.•.,;o year~·classes o 

Experiments in the fresh \'7a·ter st:a.ge are ca:r.'ried ou·t a·t the 

research stat1on Akvakulturstasjonen Matre, except from November 19. 

to Augus.t 197 8 ~;vhen par·t of t.he mctterial was kept at. a provisional 

field station because IPN (Infectuous Pancreatic Necrosis) virus 

was detected at Matre (see later). Expe£irnents in the scawater phase 

are carried out at commercial fish farms, and, from 1978, partly 

a·t the research s·tation Akvakulstu.rst.asjonen .l-... ustevoll. 

In aut1...1..rnn 1977 IPN virus was discovered among ·the research fish. 

IPN was until then not registered in Norway, and, in order to prevent 

further spreading of the virus. The experiments had to be. discontinued. 

The fish were not allowed, by the veterinary authorities, tb be 

used ·as brood stock for the new generations. 

However, the adolescent fish were allowed to be reared to normal 

slaughtering age at certain fish farms. These fish were the off

spring of selected parents, and thus they may give valuable data 

on the effect of selection so far. Thus despite the irrte~ruption, 

these experiments can be of value for future studies, although 

they cannot give practical results in form of improved brood stock. 

After the detection of IPN virus, the experiments were started agairi 

with new base material, which was kept at a provisional hatchery 

and reading station until the research station ~as disinfected 

and kept empty for one month. In Augus·t. 197 8 the new material 

was brought to Matre. 



Each year~~cla.ss con;3ists of about !JO full sib faJnilies of salmon 
and about 20 full sib families of rainbow trout. 

In addition to IPN (which in fact has caused very little mortality), 
vibriosis has been a common disease and has caused heavy mortality 
in some year-classes. Also, accidents with the water supply or 
quality have occasionally reduced numbers. A series of repor-ts 
on the results to date has been published (M~ller et al. 1976, 
N~vdal et al. 1975, a,b, 1976, 1977, 1978 a,b,c). Variation in 
growth rate and age at first sexual maturity have been most 

investigated, and in both these traits large genetic variation 
was found. r-t is a general impx:cc_:s~_;ion that. t~hc: brood stock of 
salmonids, used in·the Norwegian fish farming lndustry, vary wid0ly in 
value. In rainbow trout, a clear connection was found between age at 
maturation and size. Preliminary selection experiments with rainbow 
t.rout ·gave promising result.s, but: unfortunat.ely they had Jco be 

interrupted due to the IPN virus. 

Of the hybrids tested, crosses between Artic char and salmon, an~ 

possibly between salmon and brown trout, seemed promising, but the 
hybridization experiments had to be postponed due ·to a lack of 
capaci-ty. 

It was intended to study the variation in return rate after liberation 
of salmon smolt (sea ranching), starting with two year smolt of 
the 1976 year-class. However, due to the IPN virus, these experiments 
are still not under way. 
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