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Summary

Currently, there are few bio-economic studies applied to genetic programs of Atlantic salmon.
The goal of this study was to estimate the economic weights and relative importance of the
most important traits associated with Atlantic salmon production: harvest weight, Salmon
Rickettsial Syndrome (SRS) resistance, fillet pigment content, infestation rate (sea lice day-1)
and fillet yield. First, to estimate these values, a bio-economic model was constructed.
Historical seawater productive data (≈90,000) were used to develop the model. The model
included the effect of temperature and individual weight. A production system of 24 cages
with a maximum capacity of 4,500 tonnes cycle-1 was assumed. Then, through a Monte Carlo
analysis, 2,000 observations were simulated by trait and discounted economic profits. Each
simulated observation was used within a regression model to predict the discounted economic
profits. The partial derivative of this function applied by trait allowed estimates the economic
weights. The relative importance was estimated using the economic weights and the genetic
standard deviation of each trait. Results indicates that harvest weight was the most important
trait. By fish and cycle, this represented 62.7% (USD 1.00) of the total discounted economic
profits (USD 1.60), followed by Fillet yield and SRS resistance, with values of 26.9% (USD
0.43) and 8.09% (USD 0.13), respectively. The Sea lice day-1 and Fillet pigment content
added up only 2.32 % of the total discounting economic profit (USD 1.60). These results will
be useful to set up a composite multi-trait economic index, with which the best candidates of
a genetic program of Atlantic salmon can be selected to produce the best economic impact for
Chilean rearing conditions
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Introduction

Genetic improvement is crucial for the development of a more efficient aquaculture
industry. By volume and value of product, Atlantic salmon (Salmo salar) is one of the most
important species. Worldwide, there are thirteen breeding programs for this species (Rye et
al., 2010). Usually, the traits included in the improvement objectives are growth rate, disease
resistance, carcass quality and sexual maturation (Yañez et al., 2016). Making the selection of
different traits means that these should be prioritized and weighted according to their relative
importance. The application of an economic selection index (Hazel, 1943) is the method of
choice when selecting for more than one character. So far in Atlantic salmon there is a lack of
economic analysis for genetic programs. Normally breeding goals are defined and
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phenotypically measured, without formally knowing the economic weights of each trait. An
alternative to address this point is the use of bio-economic models (Hietala et al., 2014). Bio-
economic models consist of a set of equations that simulate technical-productive situations
and determine the economic efficiency of the production system. An advantage over other
methods is its precision, because it allows incorporating sources of uncertainty that require
stochastic analysis (Anderson and Seijo, 2010). In this case, the economic values of traits are
obtained by simulating the effect of increasing genetic merit over the production function.
The objective of this work was to estimate the economic weight and the relative importance
of the five most important traits associated with the profitability of Atlantic salmon
production in Chile: (i) Harvest weight (g), (ii) SRS resistance (%M), iii) Fillet pigment
content (mg), iv) Infestation rate (sea lice day-1) and v) Fillet yield (%), using a bio-
economic-stochastic modeling approach.

Material and methods

Bioeconomic model description.

The bio-economic model was constructed with historical farming seawater data of Atlantic
salmon (≈90,000 observations). This included a biological, technological and economic sub-
model (Bjørndal et al., 2004). Each sub-model was implemented in a spreadsheet (Excel©).
The unit of time for the simulation was one day. At the technical-biological level, the model
dynamically simulated the operation of a commercial on growing phase unit considering a
system of 24 marine cages with a capacity of 4,500 tons per cycle. The smolt weight at t=0
was 0.189 kg. Harvest weight () at time t=th was 5.0 kg. The growth model included the
effect of temperature (ɵ) and individual weight (w), in a specific representative Chilean
farming location. Survival was explained by the percentage of mortality caused by the
presence of Salmon Rickettsial Syndrome (SRS). The economic benefit function was
explained by the following equation

(1)

Where describes at time th, the discounted economic profit; is the fillet weight (TRIM-D).
This weight was obtained through the equation, , where %YT and %Lg represent the percent
of fillet yield (TRIM-D) and loss of weight due to fasting required by harvest operation,
respectively. The unit revenue per wf was estimated from the subtraction between selling price
pv and process cost cpr. Then, with wf and the number of pieces processed , total revenues
were estimated. CO represented operational costs such as; food (cf), diet pigment (cd), smolt
(cs), labor (mo), medicines (vb), sanitary baths (cb), depreciation (cd) and other costs (cc); N0
represented the smolt number. The cost function was integrated numerically. This same
function and income was discounted according to a discount rate (i = 6% annual) from t=0
until the time of harvest t=th. This procedure was performed by incorporating an e-it update
factor. The aim was to obtain the discounted economic profit.

Estimation of economic weight and relative importance

To study variation by trait and its effect on, productive data (phenotypes), feed cost, diet
pigment cost and smolt cost were recorded and adjusted to a probabilistic distribution.
Through a Monte Carlo iterative method, 2,000 samples of were calculated. Subsequently,
each n-observation per trait was used in a regression model to estimate the discounted
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economic profit fish-1 by cycle-year-1 . Therefore, for each trait y, the economic weights (ewy)
were estimated applying the partial derivative of this function (equation 2)

(2)

To compare the relative importance of traits (ewry), economic weights were standardized,
multiplying these values by genetic standard deviation () previously estimated in an Atlantic
salmon breeding program, where ewsy and σy are the standardized economic weight and
genetic standard deviation per trait y, respectively. Then, to compare the economic
importance of the different traits y, the following equation was used (Komlósi et al., 2009).

(3)

Results and Discussion

The regression model showed that the traits were statistically significant (p<0.05) over
discounted economic profit. The coefficient of determination (R2), explained above 86% of
the economic results . Table 1 shows the economic weights for each trait (ewy). The negative
ewy in SRS resistance and sea lice day-1 showed that an increase in their mean values, resulted
in a lower economic benefit. On the other hand, the positive values of ewy in harvest weight,
fillet yield and fillet pigment content had an increase in income and cost savings respectively.
For example, the higher retention of pigment in the fillet implies less use of pigment in the
diet.

Table 1. Values (ewy), standard error (S.E.), t statistic and level of significance for
the multiple regression model

Traits (Unit) Values (ewy)
Standard
Error

Statistic-t p-value

Constant -33.56 0.4873 -68.87 0.0000
Harvest weight (g) 0.0039 0.00004 97.03 0.0000
SRS Resistance (%M) -16.76 0.9913 -16.90 0.0000
Infestation rate (sea lice day-1) -1.25 0.4117 -3.03 0.0024
Fillet pigment (mg) 0.099 0.0367 2.70 0.0069
Fillet yield (%) 36.97 0.6867 53.82 0,0000

Harvest weight was the most important trait with 62.7% (1.00 USD fish-1 cycle-year-1) of
discounted economic profit, followed by fillet yield and SRS resistance, with 26.9% (0.43
USD fish-1 cycle-year-1) and 8.1% (0.13 USD fish-1 cycle-year-1), respectively (Figure 1). This
result is in accordance with those found by Janssen et al. (2017). Achieving the Harvest
weight in a shorter time has the greatest impact, because leads to lower accumulated cost (e.g.
food) and higher profitability (lower mortality and biomass increase). In second place, Fillet
yield results in better economic results compared to the other traits, because its result does not
generate an additional cost in plant process, rather an improvement in a percentage unit only
affects the income function and therefore, the profitability. Finally, infestation rate (sea lice
day-1) and Fillet pigment content accounted for only 1.30% (0.021 USD fish-1 cycle-year-1)
and 1.02% (0.016 USD fish-1 cycle-year-1) of the total, respectively.
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Figure 1. Relative standardized economic weights (ewry) in USD by unit of the trait and by
fish by cycle-year

Conclusion

This is the first study aimed at estimate economic weights in traits of commercial interest in
Atlantic salmon in Chile. The bio-economic approach and subsequent calculation of relative
importance showed that harvest weight was the most economically important trait, followed
by Fillet yield and SRS resistance. These results will be useful for the development of a
multi-trait index, with which the best candidates for a genetic program of Atlantic salmon in
Chilean production conditions could be selected.
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