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20 Questions on Adaptive 
Dynamics



And the commentaries...



And some background 
reading...



Historical background

Merico, A Pers. Comm.



Modelling approaches to 
evolutionary dynamics

Dercole, F. and Rinaldi S. (2008), Analysis of evolutionary processes PSTCB



Q1 What is adaptive dynamics?

●  Adaptive dynamics describes the long-term evolutionary dynamics of continuously varying 
traits, by explicitly taking into account the resident-mutant demographic interactions 
underlying the process of selection.

● The theorem of adaptive dynamics has been proved under the following technical 
conditions:

– Spatial heterogeneity and physiological structures (age, stage etc) of resident and mutant 
populations are not described, so that the resident-mutant model is composed of one 
equation for each population.

– Stationary coexistence of the resident populations

– The community is composed of a single resident population characterized by mutations 
with effects on many traits, or of many resident populations characterized by 
mutations which only influence a single scalar trait.

● In short:
– Mutations occur rarely and cause very small changes in existing phenotypic values.
– Assumes phenotypic evolution under clonal reproduction (i.e., no genes, no sex).
– Separation of ecological and evolutionary time scales.
– Small initial mutant frequency in a large resident population.



The AD modeller's tool kit!

● Invasion fitness

● Pairwise invasibility plots

● The canonical equation of adaptive 
dynamics



Q2 How are fitness functions 
derived in adaptive dynamics?

● Basic population genetics models use fitness functions 
that depend only on the phenotypic trait values under 
selection.

● In reality, fitness is dependent upon (from ecology):
– The frequencies of individuals with different trait 

values
– The density of the population (e.g., ind. per unit area)
– The absolute number of individuals in the population.

● Adaptive Dynamics attempts to combine the two

Waxman and Gavrilets, J. Evol. Biol. (2005)



Q3 What is invasion fitness?

● The fitness function of very rare mutants with phenotype 'y', in an 
(almost monomorphic) resident population with phenotype 'x' is typically 
written as s(y,x), or S

x
(y). NB often y is replaced by x'

● Its precise form depends on the biological situation under consideration.

● S is defined as the long-term per capita growth rate of a rare variant in 
an environment 
determined by one or 
more residents.

● With s(x,x)=0, the mutant 
population will typically 
grow exponentially if 
s(y,x) >0, or decay 
exponentially if s(y,x) <0.

Waxman and Gavrilets, J. Evol. Biol. (2005); Meric, A Pers. Comm.



Q4 What is an invasion fitness 
landscape?

● If fitness depends only on 
the trait values of an 
individual, the fitness 
landscape remains rigid 
and unchanging.

● If fitness is density or 
frequency dependent, the 
fitness landscape heaves 
and bulges as the 
population moves over it

Waxman and Gavrilets, J. Evol. Biol. (2005)

Fitness landscape



Q4 What is an invasion fitness 
landscape?

● An invasion fitness landscape 
is a fixed landscape (even 
when fitnesses are 
density/frequency dependent), 
and is thus fundamentally 
different to a traditional fitness 
landscape.

● In addition, instead of moving 
uphill over the landscape, the 
population tracks a path 
among the hills, where 
s(y,x)=0.

Waxman and Gavrilets, J. Evol. Biol. (2005)

Invasion fitness landscape

● x-axis: resident phenotype (x)

● y-axis: mutant phenotype (y)

● z-axis: s(y,x) 



Q5 How does the population move 
on the invasion fitness landscape?

● Assume |x-y| is small, i.e., most 
mutations are of small effect.

● Then, for a resident population 
with phenotype x (point p), a 
mutant, with phenotype y (point 
q) will invade and replace the 
resident if s(y,x)>0.

● The resident phenotype is then 
reset to y, i.e., x=y (point r).

● For mutations with a small effect, 
the population will roughly track 
along the line y=x.

Waxman and Gavrilets, J. Evol. Biol. (2005)

Invasion fitness landscape

● x-axis: resident phenotype (x)

● y-axis: mutant phenotype (y)

● z-axis: s(y,x) 



Q7 What are pair-wise 
invasibility plots?

● A horizontal slice taken 
through the invasion fitness 
landscape at s(y,x)=0.

● In regions marked with '+' 
signs, mutants have a fitness 
greater than that of the 
resident and can invade.

● As |y-x| is assumed to be 
small, attention falls on the 
region around the line y=x.

● Can be pictured as a 'stair 
climbing process'

Waxman and Gavrilets, J. Evol. Biol. (2005); Meric, A Pers. Comm.



Q8 Evolutionary singular 
strategies

● Here it is assumed there is a 
second curve (in addition to 
y=x) on which s(y,x) - s(x,x) = 
0.

● The intersection point is x*, at 
which D(x) = 0.

● This is termed an 
'Evolutionary Singular 
strategy'

● The point x* shown here in 
fact corresponds to the point q 
on the fitness landscape.

Waxman and Gavrilets, J. Evol. Biol. (2005); Meric, A Pers. Comm.



Q8 What evolutionary singular 
strategies are possible?

● At x*, the first-order 
derivative of s(y,x) wrt to 
both x and y vanishes.

● Different types of 
evolutionary singular 
strategies may be identified 
by the first non-vanishing 
derivatives (generically 
second order).

● There are 8 different 
possible types of ESS.

A B



Q9 What are evolutionary 
branching points?

● An evolutionary singlular 
strategy is an evolutionary 
branching point if:

– It is invasible
– Is able, when rare, to

invade another nearby
strategy

– Is convergence stable
– Has protected

polymorphisms

● May occur when a population 
is evolving toward x*, then a 
mutant is introduced with a 
trait y on the opposite side of 
x* to the resident.



The canonical equation of 
adaptive dyamics

● Where
– s_i denotes adaptive trait values in a community
– W(s'_i,s) are measures of fitness of individuals with trait value 

s'_i in an environment determined by resident trait values s.
– k_i(s) are non-negative coefficients that scale the rate of 

evolutionary change.

● The canonical equations describes the long-term evolution of 
reproductively isolated monomorphic populations, a description 
that fits with the case of a-sexual reproduction, or non-
interbreeding sexual populations.



For easy examples, see...



Further reading...
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