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Summary

Stochastic simulation was used to simulate four strategies for the selection of blue fox for
front leg conformation. Two selection strategies, phenotypic and BLUP selection within farm,
were used to simulate current breeding strategies. Two other strategies, BLUP within farm
and BLUP across farms, were used to simulate alternative future selection strategies. In the
current strategies, traits in the selection objective were animal size, pelt quality, and litter size.
In future strategies, front leg conformation and feed efficiency were added to selection
objective. Highest total gain (EUR) was achieved with the future strategies (9.5 EUR for
within farm and 9.8 EUR for across farms). Current strategies resulted in the highest gain for
animal size (5.3. EUR). All strategies resulted positive genetic gain in feed efficiency (0.01
and 0.09 in current strategies and 4.92 and 4.86 in future strategies). All selection strategies
resulted in unfavourable genetic change in front leg conformation (-0.06 to -0.08 leg units)
when the economic value for front leg conformation was 0 EUR. Sensitivity test showed that
a minimum economic value of 6-6.5 EUR is needed to remain front leg conformation
unchanged or achieve favourable gain. This will lead a reduction in total genetic gain of
approximately 0.30 EUR (3-4 %). As conclusion, inclusion of BLUP selection and new traits
to selection goal improves total gain. However, economic weight of front leg conformation
need to be higher than 0 if it doesn’t want to be deteriorated.
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Introduction

Finland is globally the largest blue fox producer. The most important traits that affect the pelt
price are pelt quality and pelt size (Lohi 2005). However, according to Peura et al. (2016)
fertility traits and pelt quality have the highest economic value in a breeding program. Due to
the relatively high cost of increasing pelt size, its economic value is considerably lower than
that of fertility traits and pelt quality.

Pelt size has increased considerably during the last 20 years. At the same time, the
average weight at the pelting, the proportion of obese foxes, and the incidence of leg
problems have increased. Feed costs are approximately 70% of the production costs of blue
fox pelt but feed efficiency is currently not included in the blue fox breeding scheme. Kempe
et al. (2013) estimated the heritability of feed efficiency to be 0.25 and Peura et al. (2016) its
economic value to be 0.40 EUR per g growth / dry matter intake (kg). Kempe at al. (2010)
estimated that pelt size, animal live weight, and body condition score are genetically

mailto:Jussi.peura@slu.se


Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.906

positively correlated (0.56 to 0.57) but have antagonistic genetic correlations (-0.38 to -0.40)
with front leg conformation (Kempe et al. 2010). Front leg conformation is currently not
included in the Finnish blue fox breeding scheme.

Currently, approximately 40% of Finnish blue fox farms are doing BLUP EBV
selection based on pelt size, pelt quality, and fertility traits. About 60% of blue fox farmers do
breeding animal selection only based on phenotype (pelt size, pelt quality and fertility).
Moreover, currently both males and females are mainly selected and used within farm. There
is no information how these selection strategies affect front leg conformation of blue foxes.
Therefore, the goal of this study was to simulate what happens to front leg conformation in
alternative selection strategies.

Material and methods

Four alternative selection strategies were simulated (Table 1). All strategies included five farms
of equal herd size (1352 females and 140 males) and the same mating ratio of 25 females per
male. Litter size per female was 7 for 1st parity, 9 for parities 2-4 and 8 for parity 5. Strategies
3_phen_in and 3_BLUP_in simulated current phenotypic and BLUP selection strategies, where
breeding goal includes animal size, pelt quality and litter size and 5_BLUP_in simulated an
alternative future selection strategy, where front leg conformation and feed efficiency are also
included into breeding goal. In these three strategies, selection and use of males was within
farms; in strategy 5_BLUP_across, males were selected and used across farms. In all strategies
individuals were phenotyped prior to selection for all trait excluding litter size. Scale described
by Kempe et al. (2010) was used for front leg conformation.

Table 1. Alternative selection strategies simulated.

Strategy Selection method
No. traits under

selection
Selection and use of males

3_phen_in Phenotypic 31 within
3_BLUP_in BLUP3 31 within
5_BLUP_in BLUP3 52 within
5_BLUP_across BLUP3 52 across
1Animal size (scale 1-5, where 1 is smallest and 5 is largest), pelt quality (scale 1-5, where 1 is worst and 5 is
best quality), litter size at birth,
2Same as 1 + front leg conformation (scale 1-5, Kempe et al. (2010)) and feed efficiency (g growth / kg DM feed)
3Best linear unbiased prediction.

Table 2. Economic values (EUR/product unit), heritability (h2), and genetic correlations (off
diagonal) used in the simulation.

EUR
/unit1

h2 Pelt quality Litter
size

Front leg
conf.

Feed
efficiency

Animal size 8.43 0.324 0.174 -0.103 -0.513 -0.093

Pelt quality 26.08 0.284 -0.055 0.007 0.052

Litter size 14.91 0.126 0.007 0.007

Front leg conf. 0.00 0.223 -0.113

Feed efficiency 0.40 0.252
1Peura et al. 2016; 2Kempe et al. 2013; 3Kempe et al. 2010; 4Peura et al. 2005; 5Peura, Unpublished data; 6Peura
et al. 2007; 7Unknown
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There are no studies on the economic value of front leg conformation in blue fox. Therefore,
the economic value of front leg conformation was assumed to be 0. To see how an economic
value of front leg conformation affects results, additional values of 1, 5, 10, 15, 20 and 25
EUR / front leg unit were tested.

Stochastic simulation with the ADAM software (Pedersen et al. 2009) of 50 replicates of 10
years of selection was used to evaluate the four breeding strategies. Genetic parameters and
economic values used in the simulations are presented in table 2. Genetic evaluation was based
on a complete multi-trait animal model with the DMU software (Madsen et al. 2006) using true
variance components. In all strategies, total gain (EUR) and genetic gain in each trait between
years 6 to 10 were estimated.

Results

Total genetic gain (EUR) and genetic gain in each trait are presented in table 3. Total gain
was highest in the 5 trait strategies, especially when males were used across farms instead of
within each farm. Genetic gain in feed efficiency was positive for all strategies but clearly
highest when it was included in the breeding goal.

For all strategies, genetic gain in leg conformation was negative because of its antagonistic
genetic correlation with animal size and feed efficiency. Because of moderate heritability of
feed efficiency and negative genetic correlation between feed efficiency and front leg
conformation, the change in feed efficiency was highest when feed efficiency and front leg
conformation were included in the breeding goal. In figure 1, total genetic gain (excluding
gain in leg conformation) and genetic gain in leg conformation in scenario 5_BLUP_across,
when selecting on an index based on different economic values for leg conformation are
presented. Leg conformation did not decrease when its economic value was approximately
6.5 EUR. Compared to the scenario where the economic value of leg conformation is 0 EUR,
the total gain (EUR) was approximately 0.3 EUR lower when leg conformation was kept
unchanged.

Table 3. Genetic gain in traits per year for each strategy
Genetic gain per year

Selection
strategy

Total
(EUR)

Animal
size1

Pent
quality1

Litter
size2

Front leg
conf.4

Feed
efficiency3

3_phen_in 5.3 0.17 0.17 -0.04 -0.06 0.01
3_BLUP_in 8.5 0.13 0.15 0.23 -0.05 0.09
5_BLUP_in 9.5 0.10 0.14 0.21 -0.08 4.92
5_BLUP_across 9.8 0.10 0.14 0.22 -0.08 4.86
1 Scale 1 to 5, where 1 is worst and 5 is best
2Number of pups
3g growth / kg DM
4 Economic value 0
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Figure 5. Total genetic gain without including change in leg conformation (- - - -) and genetic
gain in leg conformation () with different economic values of leg conformation. 0, 1, 5, 10,
15, 20 and 25 EUR / unit was simulated in scenario 5_BLUP_across.

Discussion

Phenotypic selection, in particular, increases pelts size and pelt quality efficiently but this has
led to impaired front leg conformation. If economic value of front leg conformation is 0,
including front leg conformation and feed efficiency into the selection objective leads to even
worse leg conformation. The economic value of leg conformation needs to be at least 6.5
EUR for it to be improved or remain unchanged. This will result in a decrease in total genetic
gain by approximately 3-4% or more, depending upon the level of genetic gain desired in leg
conformation.
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