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BIOL2007 - EVOLUTION OF  QUANTITATIVE CHARACTERS

How do evolutionary biologists measure variation in a typical quantitative character? Let’s use
beak size in birds as a typical example.

Phenotypic variation (Vp) in a quantitative character
Some of the variation in beak size is caused by environmental factors (VE). Some of
the variation is caused by genetic factors (VG). If there was no variation in genotype
between birds then individuals would differ in beak size only because of different
rearing environments.

Quantitative geneticists think in terms of how the value of a character in an individual
compares to the mean value of the character in the population. The population mean is
taken to be a neutral measure and then particular phenotypes are increases or
decreases from that value.

AT LEVEL OF INDIVIDUAL
Phenotype = genotype + environment

P = G + E
AT LEVEL OF POPULATION

Phenotypic variance = genotypic variance + environmental variance
VP = VG + VE

Genotypic variance is divided into additive, dominance and interaction components
VG = VA + VD + V I

VA = Additive effects – due to the effects of individual alleles (inherited)
VD = Dominance effects - reflect the combinations of alleles at each locus (homo-

versus (homozygotes versus hetero-zygotes) in any given generation but are
not inherited by offspring. An intra-locus effect.

VI = Interaction/epistatic effects - reflect epistatic interactions between alleles at
different loci. Again not passed onto offspring; they depend on particular
combinations of genes in a given generation and are not inherited by offspring.
An inter-locus effect.

___________________________________________________________
The following section (typed in red and italicised) provides the alebgra to backup
my assertion that VD and VI are not inherited by offspring. It is background
information - read it only if you want to know more. IN THE BIOL2007 EXAM.
YOU WON’T BE EXPECTED TOREPROUCE THIS LOGIC.

1) Dominance effects
Look at a simple case where the environment has no effect

Beak lengths let frequencies of A and a be 0.5
AA 1
Aa 1
aa 0.5
Population mean = 0.875
so phenotype of AA and Aa = +0.125
and phenotype of aa = -0.375

Imagine that AA bird mates to a randomly selected bird from the population.
The random bird is AA with chance 0.25, Aa with chance 0.5, aa with chance 0.25 but
whatever the mate’s genotype all the offspring will have beak phenotype = +0.125
because A is dominant

Now imagine that Aa bird is mated randomly
25% of the time to AA

      gives AA and Aa so that all beaks = 1.0 i.e. +0.125
      so 25% x 0.125 = +0.03125

50% of the time to Aa
      gives AA and Aa and aa so average beak is 0.875 i.e. +0
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      so 50% x 0 = +0
25% of the time to aa

      gives Aa and aa so that average beak is 0.75 i.e. -0.125
      so 25% x -0.125 = -0.03125
The net effect is ZERO compared to the population mean

For two genotypes with the same beak size (+0.125); one produces offspring
with beaks like their parent, the other produces offspring with beaks like the rest of
the population.

We conclude that the proportion of the genotypic effects that is due to
dominance is not inherited by the offspring

2) Interaction/epistatic effects
There can be effects due to interactions between the many loci that influence a
character. The combination of alleles, A1 B2 may show a different deviation from the
population mean than the combined average deviations of A1 and B2. The difference in
the deviation values is due to interaction. But like the case for dominance effects these
effects will not be passed on from parents to offspring.
___________________________________________________________
Let’s return to HERITABILITY (symbolized as h2). It is defined as the proportion of the total
phenotypic variance in a character that is additive genetic variance; Va/Vp.

One way of estimating heritabilities of traits is to examine the RESEMBLANCE BETWEEN
RELATIVES. Relatives have genes in common and this will produce some kind of correlation
between their phenotypes. We can quantify this resemblance for different pairs of relatives by
calculating the degree to which their values of the character co-vary.

We expect parents and offspring to covary to some extent; more distant relatives to a lesser
extent and so on. Ridley (Chapter 9) goes through some algebra to deduce the expected
correlation between any two classes of relatives. Here we summarise the logic for a particular
pair of relatives; mid-parent and offspring value.

FROM STATISTICS (see e.g. handout from previous lecture);
the regression of any variable y on another variable x =
covariance between x and y divided by the variance of x.
FROM QUANTITATIVE GENETIC THEORY:
the covariance of offspring and mid-parental values = 1/2(VA);
the variance of mid-parent values = 1/2(VP).

Therefore we can rewrite the regression slope as VA / VP; i.e, the slope of the plot of offspring on
mid-parental value estimates the heritability of the character. If other relatives are measured, the
coefficients of the covariance and variance terms change, but the statistical logic underpinning
quantitative genetic theory remains valid.

Heritability varies from 0 to 1. Many quantitative characters have high and significant
heritabilities. This is also true for characters measured under field or ecological conditions.

How does selection act on these quantitative characters?

1) DIRECTIONAL SELECTION - selection that causes a directed change in a character.
In the case of 2 alleles at a single locus this looks like
genotype                + +          + -         - -
fitness                      1          1 - s       1 - s

where s = selection coefficient etc. This form of directional selection will lead to
an increase in frequency of the + allele and a decrease in the frequency of the - allele in a
population where both are segregating initially.

For a quantitative character, the overhead shows the effects of directional selection for increased
values of a trait. Directional selection pushes the mean value of the character to the right, by the
same type of selection as you’ve seen before but now acting at many loci simultaneously.
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The next overhead gives a formal description of the effects of directional selection. A
quantitative character with the midparent and offspring mean values plotted against one another.
The best-fitting regression line here has a positive slope i.e. the character is heritable.

Upper diagram: Suppose that a population undergoes directional selection on parents (black
spots). Only individuals with these high values of the character are allowed to breed. The
offspring have the values shown on their axis. Key features are: 1) slope of the line, estimating
the heritability, 2) difference between the mean phenotype of the selected parents and the
mean of the whole population of parents. This is the Selection Differential (symbol S), 3)
difference between the mean of the offspring and the mean that would have occurred in the
absence of selection. This is the Response to selection (symbol R). There is an important
equation that ties together this trio. It is R = h2S.

Note in the lower diagram, the selection differential is the same as in the top diagram but
because the slope of the line is more shallow, then the response to selection is smaller.

This reveals a new way of estimating heritability of a trait. Instead of examining the resemblance
between relatives (plotting parental values against offspring values etc) we could perform an
ARTIFICIAL SELECTION experiment. An estimate of heritability is given by dividing the
Response to selection by the imposed Selection differential: h2 = R / S

This type of directional selection on quantitative characters may be quite common in the field;
especially in changeable environments. Classic e.g. SELECTION ON BILL SIZE IN
DARWIN'S FINCHES. The Medium Ground Finch, Geospiza fortis, lives on one of the small
Galapagos Islands. A colour marked population has been studied. These birds eat seeds. During a
drought year (1977), there was very strong directional selection for large birds with large bills.
The reason was that the average size of the seeds increased (drought-resistant plants tend to have
big seeds). Then there was quite a large increase in bill size in the next generation, because the
character was heritable in the population (heritability was 0.7).

The pattern of directional selection changed from year to year tracking climatic changes. The
overhead shows selection differentials for various traits in this population (size, weights, wing
lengths etc). The picture shows 1977, the drought year; 1982, another dry year and1985 - a very
wet year. In 1985 note that the characters are all being selected down. There was an excess of
small soft seeds, which the large-billed individuals were not good at breaking open.

This may be quite common. Naturally occurring directional selection on quantitative characters
has been detected in the field, but in general it is not long sustained in one direction, and it can
reverse in sign from time to time. In the long term this type of fluctuating selection is likely to
maintain genetic variability for the trait, because different character values are favoured at
different times. This means that alleles that decrease and those that increase trait value will
undergo periods of favourable selection and can persist in a population. Perhaps this could
explain why so many characters are observed to have high heritabilities.

2) STABILIZING SELECTION. The key features are that there is a fitness peak at an
intermediate value of the character, which SELECTS AGAINST THE EXTREMES and
produces a NARROWER CHARACTER DISTRIBUTION AFTER SELECTION.

Classic e.g. human birth weight (overhead). Large survey, Birmingham hospitals (1952).
Looked at the distribution of weights of full-term births and at the death rate among the neonates
over the next 3 months. Note that the fitness plot here is that of MORTALITY, that is, a high
value (at each extreme) is equivalent to a LOW SCORE FOR FITNESS.

Stabilizing selection has been demonstrated for ecologically important characters,. Example of
SELECTION ON CLUTCH SIZE (numbers of eggs laid) in birds. How does selection act on
clutch size? Think about the conflicting pressures on birds feeding their young in the nest. 1) the
more eggs that are laid, the more potential surviving offspring are produced by the female 2)
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however the more eggs she lays, the more mouths there are to feed when they hatch. There is a
limit on the amount of food the parents can bring back, and predict that for larger broods, the
amount of food per offspring will start to decline. Could reduce parent's success at producing
recruits to the breeding population. Number of net breeding recruits is what matters.

Example: the Collared Flycatcher, Fidecula albicollis, studied on an island in the Baltic Sea.
Clutch size known to be heritable in this population (~ 0.32). Researchers manipulated clutch
size. They removed or added eggs to the clutches that the females had laid. They did this so as
to minimize environmental effects that could have confounded the effect of natural variation in
clutch size. For example, there could have been variation in the quality of the parents themselves
or of their breeding territory, affecting their ability to look after their young, and the size of the
natural clutch that they laid.

Results (Handout): The X-axis shows the manipulation - ZERO is the natural clutch size that the
female laid, MINUSES means that eggs were removed; PLUSES means that eggs were added.

More eggs produced more fledglings (1st GRAPH). However, also a steady reduction in the
weight and in the size of the fledglings as the manipulation became positive. So there was
evidence that they had been less well fed while they were in the nest. Also there was a steady
decrease in the probability of them turning up as recruits to the breeding population.

Taken together, these factors produced an overall relationship between clutch size and number
of recruits produced by the whole clutch that peaked at the original natural clutch size (2nd

GRAPH). Evidence of stabilising selection with the favoured phenotype of intermediate value.

An important feature of stabilizing selection is that the mean value that is favoured may vary
from place to place. So there can be LOCAL VARIATION in the pattern of stabilizing selection.
There is evidence that this is true for clutch size in birds. This has been shown in Europe for the
blue tit and the great tit for spatial variation. Smaller clutch sizes are favoured in poor habitats
(suburban gardens) than in good habitats (mature deciduous woodland). May also be
TEMPORAL VARIATION in stabilizing selection so that low and high values of trait favoured
at different times in the same population. These processes could explain why there is so much
genetic variability for these quantitative characters.

3) DISRUPTIVE SELECTION. Well-documented in several field studies. The key features are
that extreme character values are favoured, while intermediate ones between the fitness peaks are
less fit. This can mean that there is more than one fitness peak. Selection favours the extremes.
The consequences are that individuals with intermediate character values suffer, so that in the
survivors the character distribution can become broad and low, or even start to develop “bumps”.

Disruptive selection, provided the original variation is in part heritable, INCREASES GENETIC
VARIABILITY. Alleles that increase and those that decrease the character value are both
favoured and kept segregating in the population. Therefore, disruptive selection can act to
maintain genetic polymorphism.

This type of selection can be common in populations that are RESOURCE-LIMITED - different
phenotypes are specialised for different resources. The frequency of different resources in the
environment then determines the exact fitness curve for the different character values. One
resource is FOOD. If look within populations for variation in traits to do with food-gathering,
often find two or more distinct morphological variants, with different feeding structures and diet.

Overhead: shows frequency distributions of Lower Bill Widths for both sexes in a study
population in Cameroon of an African Finch (Pyrenestes ostrinus), the black-bellied seed-
cracker. There is a significant difference in the mean of the distributions for the two sexes; an
example of SEXUAL DIMORPHISM; with males slightly larger than females.

Interesting aspect of these distributions is that there is enormous variation within each sex, and a
BI-MODAL distribution, with many birds having narrow bills, in a narrow frequency band, and
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a rather more variable, less numerous group having broad bills. It does not extend to all parts
of the body - just this trait and other bill characters associated with it.

Note that the difference between the pair of bill morphs is as great as the difference in bill size
between coexisting species of Darwin's Galapagos finches. Originally, the bill morphs were
thought to be different species but in fact, these morphs interbreed in the wild. BREEDING
OCCURS AT RANDOM WITH RESPECT TO BILL SIZE; no evidence of reproductive
isolation between the morphs. Morphs don’t segregate by habitat; they occur in flocks together.
Not phenotypic plasticity; the bill morphology of a young finch is clear before it starts feeding,
and once the bill is grown at four months of age, it changes very little in terms of size and shape.

Why the dimorphism? Is selection on the character disruptive? Looked at survivorship of
juveniles with different lower bill widths, by mark, release, recapture of juveniles. The statistics
of this are relatively complex and only the basic results are on the overhead.

Six characters (X-axis), three plots per character; 1) Distribution of survivors, 2)
Distribution of non-survivors, 3) ESTIMATED FITNESS PROFILES (in the centre).

Lower Bill Width: Note that THE SURVIVORS ARE BI-MODAL - FITNESS FUNCTION IS
DISRUPTIVE. Note also that the fitness function closely follows the character distribution in the
general population; fitness peaks at the mean values for the two bill morphs.

Other characters?; the three bill traits (on the right) appear to show stabilising selection (don't
know why); the weight character (on the left) looks FLAT; and the wing character (far left) looks
like directional selection for higher character values.

Why is selection disruptive? These birds are seed feeders, and the hardness of the seeds that
they can crack is determined by the width and depth of their bills. Feed on two species of sedge
seeds, one hard-seeded species, the other soft-seeded. There is no overlap in the hardness of the
two types of seed as measured by objective seed smashing measurements, and the hard seeds
are larger. Outside the breeding season, large billed birds specialise on and feed more
efficiently on the large seeds, while the small billed morph is better on smaller soft seeds.

Interesting case - different from Darwin's finches, where directional selection associated with
weather changes and stabilizing selection associated with mean seed size, seem to be important.
Here = a stable double peak and much more stable climate year to year than on the Galapagos.


