
7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

QUANTITATIVE GENETIC PARAMETERS FOR APPEARANCE OF  
RAINBOW TROUT 

 
 

A. Kause1, O. Ritola2, T. Paananen2, U. Eskelinen2 and E.A. Mäntysaari1 
 

1 MTT Agrifood Research Finland, Animal Production Research, 31600 Jokioinen, Finland 
2 Finnish Game and Fisheries Research Institute, Finland 

 
INTRODUCTION 
External appearance, such as skin colour and body shape, influences trade value of fish. In 
Finland, there is a need to breed rainbow trout Oncorhynchus mykiss to be more slender and 
with more silver-shining and less spotted skin. In particular, there are fish with rotund body 
shape. These fish have reduced demand to be marketed as whole carcasses for further use. 
Another factor motivating the breeding of appearance is related to the maturation-induced 
changes in appearance and fillet quality. At maturity, salmonids cease feeding and proteins and 
lipids are mobilised from muscle and utilised in constructing gonads, leading to a deterioration 
of fillet quality and colour. In addition to changes in fillet quality, secondary sexual characters 
used in display are also expressed during maturation. Skin colour darkens, spots become more 
intense, red colour is induced on the sides of the body, and males obtain hooked snouts. 
Consequently, spotty appearance and dark skin colour can be considered as indicators of low 
fillet quality, and thus many fish farmers do not prefer these characteristics even in immature 
fish with high fillet quality. 
 
In this paper, we examined quantitative genetics of body shape, skin colour and skin spottiness 
in a rainbow trout population belonging to the Finnish national breeding program. Salmonid 
farming is practised in both fresh and sea water, and thus breeders need to ensure that genetic 
improvement is realised in both environments. To examine the extent to which genotype-by-
environment interactions constrain the improvement of appearance simultaneously in sea and 
fresh water (for theory see Falconer, 1952), environment-specific heritabilities and genetic 
correlations between the expression of each trait in two environments were estimated. In large-
trout production, fish are marketed at the ages of two (at 1 kg) and three years (at 3 kg). Hence, 
to explore the persistence of individual and family differences in appearance during growth, we 
also estimated correlations between 2 and 3-year-old fish for their appearance. 
 
MATERIAL AND METHODS 
A total of 5822 individuals from the examined generation born in 1999 were included into the 
data with measurements. Their pedigree was traced back three generations (born in 1990, 1993 
and 1996). The generation studied was established in spring 1999 at the Tervo fresh-water 
station (breeding station) by mating 47 sires and 108 dams in a nested paternal half-sib design, 
producing 108 full-sib families. Each sire was mated with an average of 2.25 dam, the range 
being 1-4. The fish grew during the first eight months in family tanks, and half of the families 
were split and replicated using two tanks per family, allowing the analysis of tanks effects. 
After eight months of growing in the family tanks, an average of 73 individually PIT-tagged 

Session 06. Fish and shellfish breeding Communication N° 06-03 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

fish per family were split into three groups to be reared either at the Tervo fresh-water station 
(the breeding candidates) or to be transported to two sea-test stations located at the Baltic Sea. 
 
Recording of the appearance scores. The sea-test fish (n = 2513 individuals) were recorded 
for their body shape (sea body shape2), skin colour (sea skin colour2), and skin spots (sea skin 
spots2) at the age of two years. Thereafter they were slaughtered, and their sex and maturity 
were recorded. The breeding candidates held at the fresh-water station were recorded at the age 
of two (n = 3309 individuals) and three years (n = 1872) for their body shape (body  
shape2 or 3), skin colour (skin colour2 or 3), skin spots (skin spots2 or 3), sex and maturity. 
 
Body shape, skin colour and its spottiness were each visually classified into three categories:  
1 = exceptionally good appearance, 2 = normal appearance, and 3 = unacceptable appearance. 
Exceptionally good appearance stands for slender body shape and silver-shining skin colour 
with few, small spots (Table 1). 
 
Table 1. Construction of the appearance scores 
 

 
Trait 

1: Exceptionally 
good appearance 

2: Acceptable and 
normal appearance 

3: Unacceptable 
appearance 

Body shape slender medium rotund 
Skin colour silver shining dark silver dark 
Skin spots few, little medium plenty, large 

 
Statistical models. The genetic parameters were estimated by fitting linear models using the 
DMUAI software (Jensen and Madsen, 2000). The full animal model used in the analysis was: 
yijkl = ai + TANKj + MATSEXk + STATl + eijkl, where a is a random additive genetic effect of an 
individual i (i = 1, 2, ... no of individuals), TANKj is a random tank effect (j = 1, 2, ... no of 
tanks), MATSEXk is a fixed effect for the different sex and maturity classes (2-year-old mature 
males, 3-year-old mature male, 3-year-old mature female, 3-year-old immature female, 
individuals with unknown sex and maturity age), STATl is a fixed effect of the two sea-test 
stations, and eijkl is a residual of an observation yijkl. The STAT factor was removed from the 
model when analysing traits measured at the fresh-water station. To examine whether common 
environment effects during early life inflate heritability values of appearance traits, all traits 
were further analysed with the reduced model with the TANK effect removed. It should be 
noted that the analysis of categorical data using linear model, instead of multithreshold model, 
will likely result in underestimates of heritability values. 
 
RESULTS AND DISCUSSION 
Heritabilities and tank effects. Quantitative genetic studies on farmed fish species have so far 
focused on growth rate, body size, age at maturity, and to a lesser extent, on fillet quality. 
There are only few detailed studies on the genetics of external appearance traits. The results 
showed that when the tank effect was included into the model, heritabilities were 0.09-0.37 for 
body shape, 0.10-0.28 for skin colour, and 0.33-0.53 for skin spots (Table 2 ; model A). The 
moderate to high heritabilities of skin colour and its spottiness indicate that large genetic 
changes can be obtained using selective breeding. 
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For all traits, the proportion of phenotypic variance explained by the tank effect was low (Table 
2). The tank effect was largest for body shape in fresh water (6-8%) and skin spots  
(4-6%), whereas the environmental conditions during the first months of growth had a minor 
influence on skin colour of the 2 and 3-year-old fish (≤3%). When tank effect was removed 
from the model, there was a 2-3-fold increase in the heritabilities of body shape at the fresh-
water station and a 1.2-1.3 fold increase in the heritabilities of skin spots (model B). 
Consequently, a tank effect needs to be included into the statistical models when analysing 
genetic parameters. Heritabilities of skin colour measured at age 2 and 3 in fresh water, the 
traits with very weak tank effects, remained nearly unchanged after the removal of the tank 
effect. 
 
Table 2. Proportion of phenotypic variance (VP) explained by the tank (c2= VEc/VP) and 
genetic effects (h2 = VA/VP). Two models were used: the model A included random animal 
and tank effects, and the fixed effects. The tank effect was excluded from the model B 
 

 Model A:  
animal + tank +  fixed effects 

 Model B:  
animal + fixed effects 

Trait VEc  VA c2 ± s.e. h2 ± s.e. 
 

VA  h2 ± s.e. 
Body shape2 0.0188 0.0254 0.08 ± 0.03 0.11 ± 0.06  0.0865 0.34 ± 0.06 
Body shape3 0.0164 0.0219 0.06 ± 0.03 0.09 ± 0.07  0.0664 0.25 ± 0.06 
Sea body 
shape2 

0.0009 0.1417 0.00 ± 0.02 0.37 ± 0.08  0.1448 0.38 ± 0.06 

Skin colour2 0.0012 0.0514 0.01 ± 0.02 0.28 ± 0.07  0.0556 0.30 ± 0.05 
Skin colour3 0.0000 0.0540 0.00 ± 0.02 0.27 ± 0.09  0.0540 0.27 ± 0.05 
Sea skin 
colour2 

0.0056 0.0203 0.03 ± 0.02 0.10 ± 0.04  0.0316 0.15 ± 0.04 

Skin spots2 0.0189 0.2248 0.04 ± 0.03 0.51 ± 0.11  0.2983 0.65 ± 0.07 
Skin spots3 0.0250 0.2400 0.06 ± 0.04 0.53 ± 0.14  0.3374 0.71 ± 0.08 
Sea skin spots2 0.0147 0.1352 0.04 ± 0.03 0.33 ± 0.08  0.1701 0.41 ± 0.06 

 
Genotype-by-environment interactions. Because rainbow trout are produced both in fresh 
water lakes and at the sea, we tested whether or not genotype-by-environment interactions exist 
in the traits. Our analysis showed that the genetic cross-environment correlations, i.e. a 
correlation between an expression of a trait measured in two environments, for body shape  
(rA  = 0.96 ± 0.10) and skin spots (rA  = 0.97 ± 0.05) were close to unity. This indicates that the 
ranking of genotypes does not exhibit profound changes in the two environments studied. 
There is thus no need to measure body shape and skin spots at the sea-test station. When 
selection is practised only at the fresh-water breeding station, high advantageous correlated 
responses are expected at the sea. The environment-dependent expression of genetic variance 
(Table 2), in turn, indicates a scaling effect, and thus the magnitude of the genetic response will 
be environment specific. 
 
In contrast to body shape and skin spots, skin colour exhibited only a moderate positive 
correlation between the two environments (rA  = 0.75 ± 0.09). This suggests that skin colour 
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displays weak to moderate genotype-by-environment interactions, and the ranking of the 
genotypes is not similar in the two environments. Consequently, recording skin colour in both 
environments might be advisable in order to be able to accurately estimate breeding values. 
 
Expression of appearance during growth. For large-trout production, fish are marketed at 
the age of two and three years. The phenotypic and genetic correlations between the 2 and 3 
year-old fish were high and positive for body shape (rA  = 0.93 ± 0.10, rP = 0.50) and skin spots 
(rA  = 0.98 ± 0.02, rP = 0.73). These genetic correlations close to unity show that the same set of 
genes, or tightly linked genes, are involved in the expression of a trait at the two ages. Hence 
body shape and skin spots need to be evaluated only at one time point during growth, relieving 
resources for the measurement of other traits. For skin colour, the correlations between the 2 
and 3-year old fish were lower (rA  = 0.80 ± 0.08, rP = 0.25) than for the other two traits. Thus 
skin colour needs to be recorded at both ages in order to effectively improve skin colour.  
 
Skin colour has been shown to be influenced by environmental factors, such as light treatments 
and background coloration (Donnelly and Whoriskey, 1991). Our study reveals that individual 
and family differences in its expression are not persistent during growth and across 
environments. Body shape, whenever determined by the underlying bone structure, as well as 
the amount of skin spots, are likely to be more fixed in their expression. Once a fish obtains 
plenty of spots or a round skeleton structure, the appearance of the fish remain more or less 
unchanged during growth and across environments. 
 
CONCLUSION 
Appearance of farmed rainbow can be efficiently improved using selective breeding, as 
indicated by the strong positive correlations for appearance measured in two environments and 
at two different ages. In contrast to the sophisticated analyses based on computerised image 
analysis, the visual method applied here is cheap in terms of equipment and time needed for 
recording. Thus the method can be easily applied, in addition to the genetic evaluations with 
large number of fish, by private fry producers practising mass selection. 
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