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By Roger W. Doyle, Ph.D.

Don’t guess: Add new data to statistical analysis

It is not hard to �nd out whether a breeding program actually increases farm production. If generations overlap in space
and time at a farm, production data can be used to determine results without controlled benchmark studies.

Fig. 1 illustrates the kind of overlap the analysis requires. The large farm providing the data in Figure 1 stocked each
successive generation over many months in many ponds, and usually had at least two generations growing
simultaneously.

Close examination of production data can help determine the results of
breeding programs without controlled benchmark studies.

https://www.aquaculturealliance.org/advocate/category/animal-health-welfare


4/3/2019 Measuring real-world benefits of breeding programs « Global Aquaculture Advocate

https://www.aquaculturealliance.org/advocate/measuring-real-world-benefits-breeding-programs/?headlessPrint=AAAAAPIA9c8r7gs82oWZBA

Given such overlapping data, it is possible to disentangle genetic and environmental effects on growth rate. The
disentangling can be done statistically and does not require experimental growout in controlled environments. Nor does it
require pedigree records, although each generation stocked in every pond must be identi�ed.

Fig. 2 illustrates a typical pattern of genetic gain at a large shrimp farm with many subfarms as it is expressed in different
seasons of the year. There is a large spread of successive generations in some months but not others. The growth rate of
shrimp harvested December through March appeared to increase almost 50 percent between generations 1 and 4. But the
growth rate of shrimp harvested in the July-September period increased very little. The bene�t from the breeding program
was more or less zero for part of the year. So what was the real rate of genetic improvement?

Fig. 1: Smoothed curves showing harvest dates of thousands of farm
ponds. Generation 1 (black line), for example, was �rst harvested in
January 2004. The last pond stocked with postlarvae from G1 was
harvested in mid-2006.
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Genetic improvement rate
There are two different answers, and both are correct. One says the genetic improvement varied 0-15 percent/generation
depending on the season. This is neither more nor less than what one sees. However, when you know which generation
was stocked in every pond, a more informative answer can be extracted: 11 percent/generation. This 11 percent is not an
average.

A simple average of raw data over all months and subfarms would be quite misleading for many reasons. A more accurate
estimate requires statistical adjustment for “nuisance” environmental and management effects such as month, farm,
region, pond bottom type, density and other variables. After adjustment, the growth rates shown in Fig. 2 increased
steadily every generation (Fig. 3). The 11 percent/generation slope of the line in Fig. 3 goes up straight as an arrow.

Fig. 2: Average weekly growth rate in ponds harvested at various months
of the year over four years. Most ponds were stocked with postlarvae
from two or more generations over this period, but ponds never
contained more than one generation at a time.
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It is a lamentable truth that controlled benchmark trials are worse than irrelevant if the spread between generations
depends on the farm environment, as in Fig. 2. Whenever farm environments are less favorable or more variable than the
benchmark – which is nearly always – the breeding program reports more rapid genetic gain than the farm.

Information transfer
Rather than benchmarking, it is more useful to put effort into a system of information transfer between the farm and
breeding program that allows both parties to keep track of which generation grows in every pond. Genetic gain can then be
estimated not by experimental �eld trials but by statistical analysis that disentangles the genetic and environmental
effects in farm production data.

The real-world message in Figs. 2 and 3 is that the breeding program contributes more to farm production in good months
than in bad. This observation can be generalized as the better the farm environment, the greater the bene�t from genetic
increases in growth rate.

In the absence of pedigree information, we cannot go beyond the simple observation that the spread of generations is
environment-dependent. The root cause could be that different genes affect growth in good and bad environments or that
genes with multiple effects are expressed differently in good and bad environments. Either way, disentangling genetic and
environmental effects in farm data will estimate genetic gain correctly. We don’t need pedigree data to get that far.

Not only unfavorable seasonal environments can affect the expression of genetic gain. The author has seen similar
reductions in the spread between generations when stocking density was so high it seriously reduced growth. Reduction in
generational spread was also suspected, so far without de�nite proof, on a shrimp farm where feed quality was
deliberately reduced as a cost-saving measure.

Fig. 3: Generational component of the average weekly growth data
shown in Figure 2, after statistical adjustment for harvest month,
geographical region, stocking density, pond area and bottom type. The
generational component is an indicator of the genetic improvement in
post-larvae supplied by the hatcheries over four years.
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So there is no single rate of improvement per generation if the growout environment varies in time or space. It is entirely
possible to see less genetic gain in farm ponds than in the breeding program and/or the selection environment and/or
benchmark trials. Furthermore, some farm environments are intrinsically better than others, so two farms with identical
genetics programs and starting broodstocks can have different rates of gain.

Other �ndings
The overlaps of generations, seasons, years, subfarms and ponds that allow us to disentangle genetic and environmental
effects may allow us to discover other things, as well. Some of these �ndings may not be popular. For instance, the data
may show that farm yield would fall every year if the breeding program were not continually improving the stock.

An example of this is seen in Fig. 4, where the observed growth rate at a large farm �uctuated around 1 gram per week
between 2004 and 2008. The raw data are represented by the blue bars. After statistical adjustment for density, harvest
month, etc., on-farm growth rate increased by 7.5 percent/year.

This doesn’t look too bad. Unfortunately, removing the contribution of all known environmental and management nuisance
variables and genetic gain, the adjusted growth rate decreased by around 3 percent annually (black line). The bene�t of the
breeding program appeared to be cancelled by some negative change in the environment.

Statistical interaction
What was the cause of the unexplained, non-genetic downward trend in growth rate in Fig. 4? On this particular farm, we
do not know. What we do know is that some important feature of the environment was missing from the factors and
interaction terms in the statistical analysis.

Fig. 4: Genetic and unknown environmental components of growth rate
variation. Raw data shown as blue bars. The genetic trend is shown in
red. The black line represents an unexplained, nongenetic loss trend that
persists after adjustment for all measured environmental factors and
interactions.
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What should be done if, upon disentangling generational and environmental effects, there seems to be a problem – a slow
or �uctuating genetic gain as in Fig. 2, a deteriorating environment as in Fig. 4, or both?

A slow or �uctuating rate of genetic improvement does not necessarily require several specialized broodstock lines, such
as summer and winter lines, or high- and low-density lines. Farm production data need to be associated with pedigree or
equivalent data to make technical decisions about that. At the very least, the breeding program should focus selection on
genes expressed favorably in the environment that most affect farm pro�t. If a bad environment or season is commercially
important, then select accordingly.

If the grow-out environment is not only bad, but deteriorating, don’t guess why. Add new kinds of data to the statistical
analysis. The factor that causes the problem is the one which, when included in the analysis, causes the disentangled,
non-genetic annual trend (the black line in Fig. 4) to be horizontal or positive. When you have identi�ed it in this way, you
can take action to solve the problem on the farm.

(Editor’s Note: This article was originally published in the May/June 2009 print edition of the Global Aquaculture
Advocate.)
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