
Adaptive 
Radiation & 
Ecological 
Speciation
Adapted from Neil Rosser
(OEB 140 2022)



Hawaiian Honeycreepers

Aquilegia (columbines)

African cichlid fishes



Why are adaptive 
radiations interesting?

The high phenotypic 
diversity coupled with high 
species richness make them 
ideal for studying adaptation 
and speciation

Some people think most 
biodiversity is the product of  
such adaptive radiations.



What is the process by which adaptive 
radiation occurs?

The result is a set of  species 
specialized to use different parts of  
the resource base (the resource 
competition hypothesis).



A classic case study - 
Anoles from Caribbean











Donihue et al. 
2018, Nature



Geographic distribution 
of  Anolis







Losos et al. 1998

Morphology (UPGMA – distance)

mtDNA (parsimony)

for each island separately

Adaptive radiation of  Anolis lizards in the Greater Antilles



The hypothesis of  resource competition as the driver of  adaptive radiation 
makes 3 testable predictions
1) Sympatric species interact ecologically (e.g. through competition)
2) Consequently, species alter their resource use
3) And then evolve appropriate adaptations.



Resource competition hypothesis
Prediction 1: Sympatric species interact ecologically
Evidence from introductions



Resource competition hypothesis
Prediction 1: Sympatric species interact ecologically
Evidence from introductions

Losos et al. 1993

The priority 
effect

Anolis sagrei 
(the Cuban Brown Anole,

a “trunk-ground” ecomorph)



Leal et al. 1998

● control
○ brown anole removed 

Prediction 1: Sympatric species interact ecologically
Experimental evidence

Anolis gundlachi,
a brown “trunk-

ground” ecomorph, 
present

Introduction of Anolis evermannii
green “trunk-crown” ecomorph)

Anolis gundlachi
absent



The hypothesis of  resource competition as the driver of  adaptive radiation 
makes 3 testable predictions
1) Sympatric species interact ecologically (e.g. through competition)
2) Consequently, species alter their resource use
3) And then evolve appropriate adaptations.



Prediction 2: species alter their resource use
Experimental evidence

A. gingivinus alone

A. gingivinus in presence of A. pogus

A. gingivinus A. pogus

presence of A. pogus

absence of A. pogus

Pacala and Roughgarden 1985



Prediction 2: species alter their resource use
Evidence from introductions

Campbell 2000
Stuart et al. 2014

Presence 
A. sagrei 

Absence 
A. sagrei 

Invasive Anolis sagrei 
(the Cuban Brown Anole,

a “trunk-ground” ecomorph)

Native Anolis carolinensis
Normally from ground to crown

Experiments done on small 
islands of coast of Florida



The hypothesis of  resource competition as the driver of  adaptive radiation 
makes 3 testable predictions
1) Sympatric species interact ecologically (e.g. through competition)
2) Consequently, species alter their resource use
3) And then evolve appropriate adaptations.



Prediction 3: Species evolve appropriate adaptations.

Stuart et al. 2014

Presence 
A. sagrei 

Absence 
A. sagrei 



Howell et al. (2022).



Resource competition seems a reasonable explanation for adaptive 
radiation in Anolis
1) Sympatric species interact ecologically (e.g. through competition)
2) Consequently, species alter their resource use
3) And then evolve appropriate adaptations.



Adaptive radiations – wrinkles



Adaptive radiations – wrinkles

Adaptive radiation is the 
evolution of  ecological and 
phenotypic diversity within a 
rapidly multiplying lineage. 

Schluter 2001

Adaptive radiations have 3 major 
characteristics:
1) Multiplication of  species 

from a common ancestor
2) Adaptation through natural 

selection
3) Extraordinary diversification

Glor 2010



Adaptive radiations – wrinkles

Rapid speciation is not well defined
4 possible criteria
• Periods of  time within a clade in which branching rates exceed those 

before and/or later
• Asymmetries between sister clades in number of  species
• Periods of  time or lineages where speciation exceeds extinction
• Periods of  time or lineages where reproductive isolation evolves 

“unusually” rapidly

Schluter 2001



The important aspect of  adaptive radiation is the extent of  
ecological disparity exhibited by a clade; whether this disparity arises 
rapidly or gradually is an empirical question to be tested, not subsumed in 
the definition. Givnish 1997

Adaptive radiations – wrinkles





Adaptive radiations – wrinkles

• Key innovation
A trait that allows a species to interact 
with the environment in novel ways, 
placing it in a resource-rich environment, 
and providing the conditions for adaptive 
radiation.



Pollen feeding in Heliconius – a “key innovation”?



Adaptive radiations – wrinkles

• What is a non-adaptive radiation, anyway?

Non-adaptive radiation is rapid proliferation of  species accompanied by 
negligible or infrequent ecological differentiation, or phenotypic 
differentiation unrelated to the environment. 
       Gittenberger, 1991.
       Brooks et al. 1985.
 



• Albinaria land snails from Greece
• 75 species
• Wide variety of  shell forms, but are 

apparently indistinguishable by 
environment. 

• But maybe researchers have missed 
something important?

According to Schluter (2000):
“Non-adaptive radiation is a logical 
null-hypothesis”



Speciation and adaptive radiations

Allopatric speciation

Species come into secondary 
contact

Phenotypic divergence due to 
competition

Speciation happens as a 
consequence of ecological 

divergence
(speciation and phenotypic 

differentiation happen 
simultaneously).

= Ecological Speciation

Either
Or..



Ecological speciation is the process by which barriers to gene flow evolve 
between populations as a result of  ecologically based, divergent selection 
between environments. 

In other words, do phenotypic and species diversity arise via the same 
process?

Darwin thought somewhat along these lines*, but the idea was side-lined 
until the late 1990s
*but I may disagree here; I think Darwin could be referring to the 
persistence of  species after forming somehow



Prediction: genetic divergence ~ ecological difference

Nosil et al. 2002Timema cristinae walking stick insects



SI = sexual isolation 
i.e. assortative mating

Funk (1998)

Neochlamisus bebbinae 

Prediction: reproductive isolation ~ ecological difference



Ecological speciation has 3 necessary components

1) A source of  divergent selection
2) A form of  reproductive isolation 
3) A genetic  mechanism linking selection to RI (pleiotropy or LD).
  (essentially, making it nearly a “magic trait”) 



Heliconius ~50 species, 350+ subspecies
Aposematic and mimetic
Feed on Passiflora (Passion vines)



Ecological speciation has 3 necessary components

1) A source of  divergent selection
2) A form of  reproductive isolation 
3) A genetic  mechanism linking selection to RI (pleiotropy or LD). 





Heliconius numata
Polymorphic mimic

Melinaea spp.
Models









Heliconius melpomene and Heliconius cydno
Diverged between 1-2 mya
Sympatric in central America and northern SA
Hybrids are rare: 1 in 1000.
Nonetheless, ~40% of the genome is admixed



ME
(H. melpomene)

CY
(H. cydno)

F1
hybrid

Merrill et al. 2012



Jiggins et al. 2012








The 3 components of  ecological speciation in H. 
melpomene and H. cydno

1) Divergent selection for mimicry by birds.
2) 2 forms of  reproductive isolation:

  Selection against non-mimetic intermediates in color patterns
  Assortative mating based on color pattern

3) A genetic  mechanism linking selection to RI
  A single locus codes for color pattern and there is linked male
    preference for that color pattern



And finally…

When is speciation not ecological?

Mutation-order speciation
Populations are subject to similar selection pressures, but (stochastically) 
evolve different solutions for adapting to them. These can then produce 
incompatibilities when the species come into contact.
Like non-adaptive radiations, it’s hard to know how common this is.
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