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Population genetics: 4 evolutionary forces

random genomic processes

(mutation, duplication, recombination, gene conversion)

natural

selection

random demographic

process (drift)

random spatial

process (migration)

molecular diversity

Population genetics investigates the laws governing the genetic structure of  

populations, and changes in allele frequencies over time
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Color code

Color code:

Red = Important result or definition

Purple: exercise to do

Green: some bits of  maths 



Definition coevolution

Evolution = changes between generations of  frequency of  

characters, traits or alleles

Coevolution = reciprocal changes between generations of  

frequency of  characters, traits or alleles in hosts and 

parasites

coevolution is defined as evolution in two or more 

evolutionary entities brought about by reciprocal selective 

effects between the entities.



Definition coevolution

� coevolution can occur if  part of  the environment of  a species is shaped by a 
specific set of  genes of  one or several other species the intensity (i.e. the fitness 
effects) and frequency (i.e. the spatial and temporal patterns) of  the interaction are 
important parameters for coevolution

� only if  both parameters are high do we expect highly specialised

� interactions to coevolve
� otherwise the interactions can be quite diffuse (but they may nevertheless 

sometimes also lead to big effects)

� extended phenotype all effects of  a gene upon the world. As always, 'effect' of  a 
gene is understood as meaning in comparison with the other alleles

� the ‘conventional’ phenotype is a special case in which the effects are 
regarded as being confined to the individual body in which the gene sits
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Definition coevolution

� involved frequency dependent selection between two types of  players in an 
evolutionary "game". The "game theory" underlying this idea could be either 
between species (as in interspecific competition) or within species (different morphs 
of  the same species) competing for a resource

� coevolutionary interactions can be classified in the following types:

mutualism (+/+)
parasite-host, predator-prey (+/-)
competition (-/-)

commensalism (0/+)
by-product (0/-)

narrow-sense coevolution: both partners 

evolve in response to the other

broad-sense coevolution only one of  

the partner evolves in response to the 

other



Definition coevolution

Types of  coevolution

In specific coevolution, or coevolution in the narrow sense, in which one species 
interacts closely with another, and changes in one species induce adaptive changes in 
the other, and vice-versa. In some cases, this adaptation may be polygenic; in 

other cases, there may be gene-for-gene coevolution, in which the mutual 

interactions are between individual loci in the two species. 

Specific coevolution may of  course be short-lived, but if  the interaction is very close, 
as in many host-parasite systems, concordant speciation or cospeciation may result; 
where the speciation in one form causes speciation in another. Of  course, cospeciation 
doesn't necessarily require coevolution. For example, a very unimportant but highly 
host-restricted parasite may always speciate whenever its host speciates, without the 
parasite causing any evolutionary reaction in the host.



Definition coevolution

Cospeciation



Definition coevolution

Types of  coevolution

In diffuse coevolution, also called guild coevolution, whole groups of  species interact 

with other groups of  species, leading to changes that cannot really be identified as 

examples of  specific, pairwise coevolution between two species. For example, a group 

of  plant species may be fed on by a particular family of  insects, which may frequently 

(in evolutionary time) change hosts. The plants may evolve defensive adaptations, such 

as defensive chemistry, or physical defenses such as spines, which work against large 

numbers of  the species. In time, some of  the insects may be able to overcome the 

plant's defences, leading to further evolution by the plant, and so on.



Definition coevolution

� the costs and benefits of  the interactions between the partners can be difficult to 
measure and they may depend on the environment 

� the interactions may vary spatially and temporally
� a species may coevolve with another species over only part of  its range 

and/or
� only part of  the time
� complete spatial and temporal overlap is unlikely the condition at the origin 

of  an interaction and not the most frequent case

� similar life histories facilitate coevolution between partners

� the interactions may vary in symmetry

� understanding the signs and strengths of  coevolutionary interactions may require 
sampling over several populations

� and thus gene flow between these populations is important



Definition coevolution

� levels of  coevolution

� genetic elements within organisms

� ancient symbioses

� males and females

� parents and offspring

� coevolving species

� coevolving clades

� coevolution of  genes and culture

� coevolution can be inter- or intra-specific



Examples of coevolution
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Examples of coevolution

Batesian mimicry

� in Batesian mimicry an edible species (the mimic) evolves to resemble a warningly 

coloured noxious species (the model)

� selection on Batesian mimicry is mediated by predators that avoid mimics because they 

are trying to avoid the models

� the convergence of  the mimic to the model is limited by the sensory system of  the 

predator

� thus the fact that many mimics are quite accurate copies of  their models suggests 

that predators have sophisticated sensory systems

� the cost of  eating a model must be higher than be benefit of  eating a mimic

� may lead to the evolution of  learning in the predator

� the fitness advantages for the mimic are frequency-dependent

� has evolved many times independently



Examples of coevolution

Batesian mimicry



Examples of coevolution

� Predator-prey coevolution

� Predators have obviously evolved to exploit their prey, with hunting ability 
being at a premium. Mammalian predators, for example, must be fast, strong 
and cunning enough to be able to catch their prey. It is almost as obvious that 
prey have evolved to protect themselves from predators.

� They may have a variety of  defenses: 
� Large size and strength
� Protective coverings such as shells or hard bony plates
� Defensive weapons, such as stings or horns
� Defensive coloration (see mimicry lecture)
� Unpalatability and nastiness



Examples of coevolution

Two of  the most famous are figs and fig-wasps, and Yucca and Yucca moths 
(Tegeticula). 

In both cases, the larvae are seed/flower eaters, which reduce the fertility of  the 
flowers or inflorescences they infest. 

In both cases, the plant is completely dependent on its herbivore for 
pollination. The arrangement is therefore a tightly coevolved mutualism, in which 
the plant relies exclusively on the insect for pollination, and the insect relies 
exclusively on the plant for food. 

In the case of  the Yucca moth the mutualism has sometimes broken down, and 
some clades of  the moth have reverted to a parasitic mode of  life -- they oviposit 
in the plant, but do not pollinate -- the ancestral condition for the moths. 

These examples are interesting because they represent cases where mutualisms have 
become so specific that they almost rival the ancient prokaryotic mutualisms of  
mitochondria and chloroplasts with archaebacterial cells, to produce what we now 
know as eukaryotes



Examples of coevolution

Importance in agriculture  and for human health



Interactions host-parasites

� Examples of  new emergent diseases on animals and plants



Interactions host-parasites

� Examples of  plant-parasite coevolution

Stuckenbrock et al. 2011, Evolution of  Mycosphaerella graminicola pathogen of  wheat



Interactions host-parasites

� Horizontal gene transfer from one species to another: ex of  virulence factors in 

parasite to favor host-jump

Gardiner et al. 2012: horizontal gene transfer between fungal pathogens on wheat and 

barley



Interactions host-parasites

� Evolution of  human/animal parasites

Tanabe et al. 2010: Origin and population structure of  Plasmodium falciparum (malaria)



Interactions host-parasites

� Evolution of  human/animal parasites

Yalcindag et al. 2012: Origin and population structure of  

Plasmodium falciparum in South-America



Proof of coevolution

What constitutes evidence for coevolution?

� three criteria (in decreasing order of  stringency)
� the selection criterion

� the evolution of  the interaction is observed (or reciprocal trait evolution 
reconstructed on a phylogeny)

� the perturbation criterion

� an experimental perturbation leads to observable changes in the reproductive 
success of  the partners

� the functional criterion

� an interaction affects the reproductive success of  both partners and is 
beneficial for at least one (if  not, it does not occur)

� many classical examples of  coevolution only represent ‘adaptive story-
telling’
� in order show convincingly that an interaction has a coevolutionary

origin one must show that it has resulted from reciprocal 
evolutionary change


