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1  Piggy litters.  The parental mean is 11 and the variance is 1.2.  The offspring mean is 10.5 and the variance is 
1.05.  The selection differential S is 9.67 - 11 = -1.33 and the response to selection R is 10.5 - 11 = -0.5, so the 
heritability h2 is -0.5/-1.33 = 0.375.  This is narrow-sense heritability, so we can estimate the additive variance as VA 
= h2*VP = 0.375*1.2 = 0.45. 
 
2  Sluggy fecundity.  Please see "The Parable of the Slugs", on the other side of this sheet. 
 
3  Mousy cholesterol.  The response was (2.01 - 2.15)/5 = -0.14/5 = -0.028 mg/100 ml.  The selection differential 
was -0.07.  So the realized heritability was -0.028/-0.07 = 0.4. 
 
4  Tobacco leaves.  The F1 plants are genetically homogeneous, so their variance for leaf number (1.5) is a direct 
estimate of the environmental variance VE.  In the F2 generation, the phenotypic variance (6.0) includes both genetic 
and environmental components, so we can estimate VG as 6.0 - 1.5 = 4.5 and the broad-sense heritability as 4.5/6.0 
= 0.75. 
 
5  Flour beetle pupal weights.  The heritability is 100/400 = 0.25.  The phenotypic standard deviation is the square 
root of 400 = 20, so the selected parents are 2*20 = 40 µg above the mean.  The response to selection will therefore 
be 0.25*40 = 10 µg, so the offspring mean will be 2000+10 = 2010 µg. 
 
6  Chicky yearly eggs.  With a selection differential of 20 eggs per year and a heritability of 0.20, we will increase 
egg production by 4 eggs per generation.  To get an increase of 220 - 180 = 40, we will therefore need to select for 
40/4 = 10 generations. 
 
7  Poppy flower size.  A bimodal distribution could be caused by selection against plants with mid-sized flowers, 
but this seems unlikely here because you got a similar distribution when you raised plants from seed in the 
greenhouse, where there should be little if any selection. 

Given this fact, the simplest hypothesis would seem to be that there is a locus with two alleles that make a very 
large difference to petal length.  (For example, AA and Aa might make larger flowers, while aa makes smaller 
flowers.)  Several or many other loci might have smaller effects on flower size, and of course there is likely to be 
some environmental variance as well.  The result would be two overlapping normal distributions, one centered on 
the average flower size of AA/Aa genotypes, and one centered on the average flower size of aa individuals. 

An alternative hypothesis would be that the large-flower mode and the small-flower mode arise from a 
developmental switch that sends individual plants (more or less at random) down one developmental pathway or 
another.  In this case the modes would represent environmental variation, not genetic variation. 

You could test these alternatives by breeding from the extreme lower and extreme upper tails of the distribution.  
On the major-locus hypothesis, the offspring would come out as almost pure lower-mode and pure upper-mode 
populations.  But on the environmental-variation hypothesis, each set of offspring would include roughly equal 
numbers of lower-mode and upper-mode plants. 
 
8  Eensy populations.  Small populations tend to have less genetic variation than large ones, because drift is much 
stronger in small population, and variation is therefore lost at higher rates.  If there is less genetic variation, there 
will tend to be less genetic variance (including additive genetic variance) for most quantitative traits.  The 
environmental variance should be roughly as great in small populations as in large ones, however.  So the total 
phenotypic variance will be less in small populations, but a larger fraction is likely to be environmental, resulting in 
lower heritability.  At least that seems like the most straightforward argument.  But to be contrary, you could argue 
that there will be less environmental variance in small populations because they will tend to have simpler (less 
complex, hence less variable) environments, hence just as much or even more heritability, despite lower levels of 
genetic variation. 
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