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Sympatric Speciation 



Summary 

 
•  Speciation mechanisms: allopatry x sympatry  
 
•  The model of Dieckmann & Doebeli 

•  Sex 
 



Charles Darwin 
1809-1882 

Alfred R. Wallace 
1823-1913 

Seleção Natural 



Evolution by natural selection 



Evolution versus Speciation 



Speciation 





Allopatry: the basic mechanism of speciation 

Geographic isolation leads to Reproductive isolation. 



Classic example: Darwin finches on the Galápagos islands 

T=ground, A=tree, V=vegetarian, C=singer 

Sato et al, PNAS 1998 



Example: cichlid fishes in lake Victoria (Tanzania, Africa) 

There are approximately 400 
species of cichlids with a common  
ancestral that lived about  
14 thousand years ago. 

No evident geographic separation. 



Is speciation possible without geographic isolation? 





Competition and Disruptive 
Selection 

z = trait associated with resources → beak size 
 
resources are seeds, whose quantity depends on seed size 
 
birds with similar beak size compete for seeds  



Resources are finite and its distribution dictates how many birds of  
 
each beak size are possible: 

K(z) = K0 exp −
z2
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z=0 is the beak size corresponding to the most aboundant seed 



Competition: individuals with similar phenotypes compete. The strength 
 
of competition is modeled by a Gaussian function: 

C(z,w) = exp −
z−w( )2
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birds with beak sizes in the interval z-σc --- z+σc  compete significantly with z 



Single population with beak size z: 

dN (z,t)
dt

= rN (z,t) 1− N (z,t)
K (z)
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N (z,t) = N (z,0)K (z)
N (z,0)+ K (z)− P(z,0)!" #$e

−rt
→ K (z)



What happens if a mutant with beak size  w = z + δz appears? 

dN (w,t)
dt

= rN (w,t) 1−C(z,w)K (z)
K (w)
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C(z,w) = exp −
z−w( )2
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R ≈ r 1− K (z)
K (w)
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As expected, if K(w) > K(z) the effective growth rate is R > 0 and 
the mutant grows and invades the population. 
 
 
If K(w) < K(z) then R < 0 and the population of mutants decreases. 
 
 
The result is that a small mutation rate makes the population evolve 
towards the maximum carrying capacity z=0, where more food is 
available.   
 
 
What happens when the population gets there? 
 
z = 0 
 
w = 0 + δz =  δz 



R = r 1−C(0,δz) K (0)
K (δz)
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Therefore, if 
 
 
 
R > 0 and the mutants  w = 0 + δz  AND w = 0 - δz  both grow and  
invade the z = 0 phenotype! 

σ k >σ c



If competition is too strong, it might be advantageous to have a more 
 
extreme phenotype, where there are less resources, but also 
 
less competition: 



Asexual Individual Based Model 

•  each individual has phenotype   -1 < x  +1 
•  reproduction occurs at rate r 
•  death rate is 

•  offspring inherit the parent phenotype, but mutations 
occur with probability µ. In that case x is chosen from a 
normal distribution with average x and variance 
σµ=0.05.  
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r=1, K0=500, σk=1, µ=0.001 





Sexual Model 

Ecological character (beak size) is attributed according to 5 diploid biallelic loic 

+  +  -  +  + 
-   +  -  +  +      x = (7-3)/10  =  4/10 = 0.4 

+  -  -  +  + 
-   -  -  +  +       x = (5-5)/10  =  0 

-  -  -  +  - 
-  -  -  +  +        x = (3-7)/10  =  - 4/10 = - 0.4 



Reproduction: 

+  +  -  +  + 
-   +  -  +  +      

+  -  -  +  + 
-   -  -  +  +     

+  +  -  +  + 
-   -   -  +  +      

-  +  -  +  + 
-   -  -  +  +      

mutation 

Result from simulations: population does not branch. 
 
Intermediate phenotypes keep showing up. 



Sexual Model with assortative 
mating 

Besides the ecological character, two other genetic traits are attributed to 
the individual, each with 5 diploid  biallelic loci: 

+  +  -  +  + 
-   +  -  +  +      x = ecological trait 

+  -  -  +  +                                                          -1 = mate with opposite 
-  -  -  +  +      m = mating preference trait:         0 = no preference 
                                                                           +1= mate with similar 

-  -  -  +  - 
-  -  -  +  +      n = neutral trait (color of feathers) 



If mating preference refers to the ecological trait, the dynamics leads to 
the fixation of m close to +1, i.e., to the evolution of positive assortativity for 
individuals with similar ecological character. This avoids the mixture of 
extreme phenotypes and results in disruptive selection as in the asexual model. 



If preference is with respect to the neutral character (color of feathers), 
the dynamics still leads to the evolution of positive assortativity, mating 
with individuals with similar neutral character. 
 
The population splits in two groups according to the neutral character. 
However, each group also has a different ecological character: blue feathers 
go with small beak and red feathers with large beak (or vice versa). The time 
it takes for splitting, however, is almost 10 times larger. 



Speciation in spatially extended 
populations



Allopatry: the basic mechanism of speciation:

Geographic isolation leads to Reproductive isolation.



Classic example: Darwin finches on the Galápagos islands

T=ground, A=tree, V=vegetarian, C=singer

Sato et al, PNAS 1998



Another example: Cichlid fishes in lake Victoria (Tanzania, Africa)

There are approximately 400 species of cichlids with a 
common ancestral that lived only 14 thousand years ago.

Super fast speciation.
No geographic barriers.
No evidence of strong competition.



Geography and Genetics work together in Evolution

Dramatic examples of their intertwined roles are provides by RING SPECIES,

where the population is restricted by partial geographic barriers 



Greenish Warblers Birds in the Tibetan Plateau 



Salamander, Ensatina (California)



Hering Gull (polar circle)



Euphrobia Tithymaloides  (plant) 



Trumpetfish around the world



Summary

• Speciation without barriers

• Partial barriers and Ring species 

• Future directions



1. Speciation without barriers 



a) finite population with initially identical individuals randomly distributed in space

L periodic boundary conditions

L



b)  haploid and hemafroditic individuals with genome represented by a 
sequence of B loci with two alleles 



(c)   sexual reproduction occurs only if:

• individuals are not too different genetically (G)

• individuals are not too distant from each other (S)

Genetic distance:

0 + 1 + 0 + ... +

-

=

…

0 + 1 + 1  = 12



(c)   sexual reproduction with recombination and mutation occurs if:

• individuals are not too different genetically (G)

• individuals are not too distant from each other (S)

0 0 0 0 0011 1 1

S

1 0 0 0 1011 0 1

< G



Recombination and Mutation
         (diploid phase)

S = spatial restriction on mating

G = genetic restriction on mating

µ= mutation rate



(d) The total number of individuals in the population is kept constant.

(e) Initial condition: population of genetically identical individuals

0 0 0 0 0000 0 0



(f)  at each generation every individual tries to reproduce, but there is a 
probability Q that it will not make it. In this case a neighbor is chosen 
to reproduce in its place. The total number of individuals in the 
population is kept constant.

(g) Offspring can be placed exactly at position of the dying individual with 
probability (1-D) or somewhere nearby with probability D.



Time Evolution Measured in Number of Generations

S=6  G=20  L=128  N=2000
Q=0.3   µ=0.001   D=0.01



Number of Species as a function of time





Genetic distance from individuals of the same species
as measured from the center of population





red circles
trees (BCI)

black points
G=20  S=5

Trees in Panama Tropical Forest (BCI)



red - trees in Panama



2. Partial barriers and Ring Species

Ayana B. Martins IB-USP
Yaneer Bar-Yam – NECSI – Boston
Marcus A.M. de Aguiar



Greenish Warblers Birds in the Tibetan Plateau 

Irwin et al
Science (2005)

Genetic distances and
geographic distances are
strongly correlated.

We conclude that there is 
no break in gene flow
through the ring of
populations.

Genetic continuum seems
to be unstable and ring 
might soon break down into
separate species.



N=4000   S=8   G=20   L=128   Q=0.3   D=0.01















Principal Component Analysis
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