
BIOL2007
FREQUENCY DEPENDENT SELECTION

So far in BIOL2007, we've tended to treat fitness as fixed (where a genotype is associated
with a selection coefficient and its performance is measured relative to the fittest morph).
Today we look at a new form of selection where the way in which selection acts upon a
particular morph depends upon the frequency of that morph in a population. So selection acts
in a frequency dependent manner - a genotype has a different fitness when common than
when rare.

Frequency-dependence can be positive or negative. Consider simple case of a population with
2 morphs (pictures on handout).

1) POSITIVE FREQUENCY-DEPENDENCE
Here each morph gets fitter as it gets commoner.

There is a point of neutrality where both types have same fitness. In theory, this is a
point of evolutionary equilibrium for a polymorphic population. But note that this
equilibrium point is UNSTABLE. If the population is perturbed in either direction by,
e.g. genetic drift, then it moves toward the axis and fixation.

Despite this, there are some interesting cases of positive FDS. Example: MULLERIAN
MIMICRY: butterflies are poisonous/distasteful and warningly coloured. Heliconius
butterflies (handout). Two species = H. erato and H. melpomene, are unpalatable to bird
predators, and have converged in appearance. Each species gains protection from its
similarity to the other one.

Within each geographical area there are paired races of each species. Note that a local
race of erato may resemble melpomene in its area even more closely than it does the
geographically adjacent race of its own species.

Example of predator learning: the more common a form is locally, the better the young
predators learn to avoid it. Positive FDS is the essence of Mullerian mimicry in Heliconius.

2) NEGATIVE FREQUENCY DEPENDENCE
Here the fitness of a genotype increases as it becomes less frequent.

Important difference with positive FDS is that the point of neutrality is a STABLE
EQUILBRIUM. If population is perturbed from this point, the fitness difference
operates to push it back to equilibrium.

Potentially, this provides another mechanism for the maintenance of genetic polymorphism
by selection. May be extremely widespread, e.g. in the context of parasite-host and other
competitive interactions.
 
Example: SEX-RATIO (define as the proportion of males in a population of males and
females).
Given key assumptions [e.g. diploidy, random mating and that males and females are equally
costly to produce.], every individual has 1 father and 1 mother so total male contribution must
equal total female contribution. If sex ratio anything other than 50:50, individual of minority
sex expects a greater share of the descendants.

This will drive selection to restore the sex ratio. Easiest to think in terms of strategic decisions
by parents about resource allocation – selection will favour parents who devote
proportionately more resources on offspring of the minority sex.



Look at this from the point of view of grandparents. What proportion of male and female
offspring should they each produce to maximise the number of their grandchildren?

Since every offspring has one father and one mother, the average number of offspring
per individual of a given sex is greater for the sex that is rare in a population.
Suppose the population of grandparents produces an excess of sons. Then, on average,
each female in the middle generation will have more offspring than each male.

Therefore those grandparents that produced females will have been the most successful.

In genetic terms; an allele that causes its bearers to "invest" equally in males and females will
consequently not be replaced by any allele that biases the sex ratio. The only sex-ratio that
cannot be bettered by a mutant individual producing a mutant individual producing a different
ratio is a ratio of half and half males and females.

The sex ratio at equilibrium is an example of an evolutionarily stable strategy (ESS). Such a
strategy when adopted by all of the population cannot be invaded by any alternative strategy
(ESS differs from an "OPTIMAL STRATEGY" because an ESS depends on what other
individuals do).

The concept of the ESS was central to an approach called EVOLUTIONARY GAME
THEORY - pioneered by John Maynard Smith. Why is it that, during animal contests over
resources, animals refrain in general from killing each other? They tend instead to perform
ritualised contests. Why? Why not "go for the jugular" and “fight dirty” to get the resource?
JMS used some simple games as an aid to gaining insights into this problem.

His first and simplest GAME was called the HAWK-DOVE GAME.

Stage 1 = Define strategies

HAWK and DOVE are called the strategy set for this game. Essentially this is the list of
options open to the individuals. Here HAWK and DOVE are 2 different behaviours that the
individuals within a single population can use during contests.

An animal playing HAWK fights until it wins (its opponent gives in or runs away) or until it
is so seriously injured itself that it cannot continue.

AN ANIMAL PLAYING DOVE, on the other hand, merely threatens. RUNS AWAY if
opponent shows any sign of real aggression, so that it never gets injured.

Two DOVES facing each other have a bit of a problem; they spend a lot of time displaying at
each other and so waste time before one wins the contest.

Stage 2 = Players meet and receive payoffs

The next stage in the game is that the players meet in pairs, at random in accordance with
their current frequencies in the population. Then they get their PAYOFFS ASSOCIATED
WITH VICTORY OR INJURY.



Stage 3 = Summarise outcomes in payoff matrix

There are values or payoffs assigned to each outcome. Here they are -20, +10, and -3 for
injury, victory and time-wasting.

These payoffs are related to fitness; they are not actual fitnesses because these are between 0
and 1; but they are units that contribute to fitness. They DETERMINE THE SUCCESS OF
THE PLAYER IN CONTRIBUTING PROGENY TO THE NEXT GENERATION OF THE
GAME.

See HANDOUT/OVERHEAD. You can see the matrix of the possible pairwise combinations,
and the final payoffs. THE PAYOFFS ARE TO THE PLAYER ON THE LEFT WHEN IT
MEETS THE PLAYER AT THE TOP.

Obtain AVERAGE PAYOFFS for each type of confrontation.
If hawk meets dove/dove meets hawk - dove quickly runs away, and so does not get hurt
(for this combination of players, hawks always win such contests): if hawk meets hawk -
they fight until one of them is seriously injured or dead (for this combination of players, a
hawk assumed to win half & lose half such contests): if dove meets dove - they posture at
each other for a long time until one of them tires or decides not to bother anymore, and
therefore backs down (for this combination of players, a dove assumed to win half & lose half
such contests).

Given these, what should the players do? We look for the ESS - the uninvadable strategy.

1) By inspection, neither strategy is a winner on its own.
IF ALL OPPONENTS ARE HAWKS, A DOVE STATEGY DOES BETTER (Its
average payoff is higher; 0 > -5).
IF ALL = DOVES, THEN HAWK WILL DO BETTER (Its average payoff is higher;
+10 > +2).

So either strategy can invade a pure population of the other.

2) SO SOLUTION IS A MIXTURE OF THE TWO STRATEGIES.
Proportions? See algebra on handout. ESS is to play 8/13 HAWK and 5/13 DOVE.

Note that there are 2 ways of achieving this:
a) if the behaviour of individuals is fixed (in the sense that an individual cannot

change stategies) then the ESS can be realised by a mixture of individuals in the appropriate
proportions with each playing its own pure strategy. In a population of 13 individuals: have 8
playing Hawk always and 5 playing Dove always.

b) if the behaviour of individuals is FLEXIBLE; then the ESS can be realised by each
individual playing the stable mixture of strategies (hawk for 8/13 of the time and dove for
5/13 of the time).



Is there any evidence that animals adjust their behaviour as the value of the resource or the
cost of injury is varied?

EXAMPLE: the value of the resource?

RED-SPOTTED NEWT. Males argue with each other for access to females. The females vary
in size and size is positively correlated with the number of eggs produced. In staged fights
between males over females of different sizes, there is a lot of ‘grabbing’ behaviour. The
duration of ‘wrestling’ matches is increased when the female was larger, that is, more
valuable. So MORE HAWKISH BEHAVIOUR IF THE RESOURCE HAS HIGHER
VALUE.

EXAMPLE: the cost of injury?

INJURY IS ONLY COSTLY AT ALL IF YOU WILL LIVE TO FIGHT ANOTHER DAY.
Atlantic Salmon.

The males return from the sea to breed. Their digestive system is about to atrophy,
their mouths are modified to be a fighting hook and are useless for feeding and so on.
They die immediately after the mating season. And there are intense FIGHTS…..

Fig Wasps.
Female lays eggs inside fig. In many species, when the young males hatch out, they
cannot leave and all the mating takes place in the fig fruit. Again see extremely
hawkish behaviour by males…..

 
Finally, look at a further modification of the hawk-dove game, to illustrate the consequences
of an ‘ownership convention’.
Here the rules have changed from the simpler hawk/dove game. Now:

1) Animals are either owners (and already have the food, female, territory etc) or are
intruders (lacking the resource). Also, this is unambiguously apparent to both parties

2) In addition to the basic hawk-dove strategies, there is a third strategy, BOURGEOIS.
This strategy respects ownership of a resource. It plays hawk when it is the owner and
dove when it is interloper.

3) Assume that a Bourgeois individual finds itself owner half the time and intruder half
the time.

What is the ESS in this new scenario? The basics of the matrix are as before but there are
some extra cells. Think about the interactions involving bourgeois. This forms part of the
exercise for Tutorial 2 so I won't give the answers here!

 HOW REALISTIC IS GAME THEORY?
The key is to introduce a sufficient number of more complicated strategies. ESS

models cannot tell us what strategies will evolve, only what will be stable given a defined set
of alternatives. If the chosen strategies closely mimic behaviour by animals in the real world
then we can obtain powerful insights into the likely evolution of animal interactions.


