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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.
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Resource availability

What is the process by which adaptive

radiation occurs?

Resource availability

A species finds itself ina Speciation occurs

resource-rich environment Resources become scarce
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Species partition resources to minimize
interactions
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Resource availability

Species adapt to new “niches”
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The result 1s a set of species
specialized to use different parts of
the resource base (the resource
competition hypothesis).
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Geographic distribution
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Adaptive radiation of Anolis lizards in the Greater Antilles
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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

B Widespread
104 [] Locally established

3. ] Failed

Number of successes
and failures

Ecologically similar No ecologically similar
species present species present



Resource competition hypothesis

Prediction 1: Sympatric species interact ecologically

Evidence from introductions

Number of successes

and failures

Il |

[ Widespread
[] Locally established

[ ] Failed
The priority

effect

Ecologically similar
species present

No ecologically similar
species present

Anolis sagrei
(the Cuban Brown Anole,
a “trunk-ground” ecomorph)

Losos et al. 1993



Prediction 1: Sympatric species interact ecologically

Experimental evidence

Introduction of Anolis evermannii
green “trunk-crown” ecomorph)
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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
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Prediction 2: specles alter their resource use

Evidence from introductions

Perch Height (cm)
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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.



Perch Height (cm)

Prediction 3: Species evolve appropriate adaptations.
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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

Oxtord Seris i Ecclogy snd Evelion

Schluter 2001



Adaptive radiations — wrinkles

The important aspect of adaptive radiation is the extent of
ecological disparity exhibited by a clade; whether this disparity arises
rapidly or gradually 1s an empirical question to be tested, not subsumed in

the definition. Givnish 1997
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“Adaptive radiation 1s what
happened on Earth over the past
four billion years.

But this view is so broad that it
converts a useful concept into a
truism, as airy and dizzying as vodka.
I recommend the narrow view,
which is focused and pungent, like

Y]
(0}
bln .

Quammon, 1996.




Adaptive radiations — wrinkles

* Key innovation

A species finds itself in a

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

A

Resource availability

Resource spectrum



Pollen feeding in Heliconius — a “key innovation™?
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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
* /5 spectes

* 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”

Albinaria (Albinaria) schuchii

(ROSSMASSLER, 1836)




Speciation and adaptive radiations

Either
Or.

Allopatric speciation
J Seed eaters
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< Speciation happens as a

consequence of ecological
divergence

Species come into secondary (speciation and phenotypic

contact . o
differentiation happen
simultaneously).
common ancestor = Ecological Speciation

Phenotypic divergence due to
competition



Ecological speciation 1s the process by which barriers to gene tlow 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 ditference
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Prediction: reproductive 1solation ~ ecological ditference

willow

O

Sl =0.86
mIDNA = 0.37%

. maple

Sl=0.64
mtDNA = 1.00%

Sl=0.15
miDNA = 1.00% SI = sexual isolation

I.e. assortative mating

maple Funk (1998)



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”)
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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 LLD).
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Characterizing fitness landscapes associated with polymorphic adaptive
traits enables investigation of mechanisms allowing transitions between fitness
peaks. Here, we explore how natural selection can promote genetic mechan-
isms preventing heterozygous phenotypes from falling into non-adaptive
valleys. Polymorphic mimicry is an ideal system to investigate such fitness
landscapes, because the direction of selection acting on complex mimetic
colour patterns can be predicted by the local mimetic community composition.
Using more than 5000 artificial butterflies displaying colour patterns exhibited
by the polymorphic Miillerian mimic Heliconius numata, we directly tested the
role of wild predators in shaping fitness landscapes. We compared predation
rates on mimetic phenotypes (homozygotes at the supergene controlling
colour pattern), intermediate phenotypes (heterozygotes), exotic morphs
(absent from the local community) and palatable cryptic phenotypes. Exotic
morphs were significantly more attacked than local morphs, highlighting pre-
dators” discriminatory capacities. Overall, intermediates were attacked twice
as much as local homozygotes, suggesting the existence of deep fitness valleys
promoting strict dominance and reduced recombination between supergene
alleles. By including information on predators’ colour perception, we also
showed that protection on intermediates strongly depends on their phenotypic
similarity to homozygous phenotypes and that ridges exist between similar
phenotypes, which may facilitate divergence in colour patterns.

1. Background

The origin and persistence of adaptive polymorphisms is a puzzling question
for evolutionary biologists [1-4]. Adaptive polymorphisms can be defined as
several coexisting phenotypes within a population, which correspond to fitness
peaks in an adaptive landscape. Such landscapes may comprise one or many
dimensions, depending on the complexity of the adaptive trait. Understanding
the evolution of adaptive polymorphism in a complex trait is especially challen-
ging, because natural selection can act on different features of the trait and thus
on multiple dimensions of the fitness landscape. Therefore, the exploration of
new adaptive peaks in such a landscape usually requires coordinated changes
in multiple axes to cross fitness valleys [5]. Gradual changes alone are thought
to be generally unable to bridge such fitness valleys [6]. Mechanisms such as
epistasis (i.e. when several neutral or deleterious mutations produce fitness
benefits when they co-occur) [7] or large size mutation followed by gradual
fine-tuning [8] are more likely to allow shifts to new adaptive peaks.

© 2016 The Authors. Published by the Royal Sodiety under the terms of the Creative Commons Attribution
License http:/creati lic y/4.0/, which permits unrestricted use, provided the original
author and source are credited.
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The 3 components of ecological speciation in H.

melpomene and H. cydno

1) Divergent selection for mimicry by birds.

2) 2 torms 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 1s linked male

preference for that color pattern



And finally...

When 1s 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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