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Coevolution
'Reciprocal genetic change in interacting species due to 
selection imposed on each other'

Selection through interactions among species

 - two or more species exert selection pressure on each 
other through inter-specific interactions

 - the species evolve as a result of this selection

E.g Insect pollination.



  

Interspecific interactions

True Interactions

Species 1 Species 2 Interaction

0 0 Neutralism

+ 0 Commensalism

- 0 Amensalism

+ - Predation, Herbivory, Parasitism, etc

- - Competition

+ + Mutualism

Co-evolution between two species can occur only when 
the interaction between them has a non-neutral effect on 
both of them (i.e. 'true' interactions)



Coadaptation

Mutualistic interactions can lead to 'coadaptations'

Coadaptations are reciprocal adaptations of two or 
more species

Photo: Charles Chien

E.g: Aphid-ant mutualism.

Aphids produce 'honeydew' 
that ants feed on. Ants, in 
turn, protect aphids from 
predation



Acacia cornigera (Bullhorn Acacia) has large and hollow thorns, which 
shelter a Pseudomyrmex spp ant. The plant also provides proteinaceous 
food bodies on the tips of the leaflets which serve as nutrition for the 
ants but are not known to have any value for the plants.

The ants deter predators, remove herbivorous caterpillars on leaves. 
They also remove vines and plants around the base of the tree, creating a 
bare patch on the soil. A. cornigera individuals not occupied by ant 
colonies are heavily attacked by herbivores and often have vines growing 
in the branches

Photo: D. L. Nickrent



  

Fig-wasp mutualism
         Fig trees (Ficus) 

~750 tropical species, all of which depend entirely on wasps for pollination

Slide by Robert Cox



  

Source: Nicolle Rager Fuller  https://www.sciencenews.org/pictures/073110/cheating_wasp_diagram_zoom.jpg



  

Fig wasps (Agaonidae) 

Males: suited only for boring holes and mating

Females: adapted for flying, burrowing into
                figs, and laying eggs 

Coadaptations 

- Receptive figs produce scents that are specific to a particular pollinator species
- Shape of ostiole specific to head shape of particular wasp species (lock-and-key)
- Morphology of individual flowers specialized to a particular wasp species

Male Female 

Female wasp 
enters via ostiole
and oviposits in
female flowers

Male flowers

Female flowers

Flower styles are
different lengths –
wasps only oviposit
in ones w/ short 
styles

Pollen

Adapted from slide by Robert Cox



  
Weiblen & Bush (2002) Mol. Ecol. 11:1573-1578 Modified from slide by Robert Cox

Cospeciation / concordant speciation
Speciation in one lineage results in speciation in another

Coevolution between 
figs and wasps has 
likely led to co-
speciation 



  

Coevolution due to parasitism

Achenbach & Foitzik. 2009. Evolution 63(4,):1068–1075

E.g: Colonies of Protomognathus 
americanus raid colonies of Temnothorax 
spp, and abduct their workers for use as 
slaves.

Hosts of these social parasites  have 
evolved strategies such as enemy 
recognition, adjustment of the 
recognition threshold, better fighting 
abilities, fast evacuation, escape from 
attacked host colonies, etc

Once enslaved, Temnothorax workers 
also kill upto two-thirds of the female 
pupae of the slave-maker

P. americanus

Source: shuttershock.com

Temnothorax longispinosus

Photo: A Modlmeier



  

Host-parasite co-speciation

Hafner, M.S. & Nadler, S.A. (1988)  Nature 332: 258-259 

Source: http://tolweb.org/notes/?note_id=456

Is this a strict coevolutionary scenario?

http://tolweb.org/notes/?note_id=456


  

Coevolutionary arms race

Frequent in antagonistic interactions such as 
predation, herbivory and parasitism. Can also occur 
in mutualistic interactions

● Each species is constantly evolving adaptations to 
increase fitness. If an adaptation in one species leads 
to a decrease in fitness of the interacting species, 
then the latter species may evolve an adaption of its 
own to counter this. 'Arms Race'.

● Eg. Passiflora plants have evolved chemical defenses 
against predators. Heliconius butterflies have 
evolved adaptions to feed on Passiflora. Passiflora 
has evolved an 'egg-mimcry' strategy. Will 
Heliconius evolve the ability to distinguish between 
real and mimic eggs?

Passiflora boenderi

Photo: J.M. MacDougal

Passiflora davidii

Source: flickr.com/user cpf1



  

Why are beetles so speciose?

Over half of all beetles are phytophagous (feed on plants), and a large number of
these herbivorous beetles feed on angiosperms (flowering plants)

Farrell (1998) hypothesized that specialization on different 
angiosperm species led to the radiation of beetle species

Farrell (1998) Science 281: 555-559

Escape and radiate

The increase in herbivorous 
beetle genera correlates with 
the exponential increase of 
angiosperms beginning in 
the Cretaceous

Radiation of 
angiosperms

Modified from Slide by Robert Cox

http://www.sciencemag.org/content/vol281/issue5376/images/large/se3086708001.jpeg


  

Phytophagous beetles are a monophyletic group, but specialized feeding on 
angiosperms has evolved multiple times within phytophagous beetles

Beetles feed on:

Cycads
Conifers
Angiosperms (dicots)
Angiosperms (monocots)

(A) Curculionoidea                       (B) Chrysomeloidea

Farrell (1998) Science 281: 555-559

Many more beetle 
genera occur in 
clades that feed 
on angiosperms

Modified from Slide by Robert Cox



  

Why are beetles so speciose?

Specialization on angiosperms leads to rapid beetle speciation via coevolution 

Radiation of 
angiosperms

Evolutionary changes in plant host 
lead to incredible beetle radiations

It is important to note that this same
pattern is observed in five different 
clades, indicating that the change in
host type is driving this pattern

Coevolution and radiation
Butterflies and plants: a study in coevolution (Ehrlich and Raven, 1964)

Farrell (1998) Science 281: 555-559
Modified from Slide by Robert Cox



  

The beetle example illustrates Guild or Diffuse 
coevolution, where groups of ecologically similar 
species interact with other groups of species.

Resulting evolutionary changes cannot be readily 
identified as that due to specific pairwise interspecific 
coevolution.



  

Even tight inter-specific interactions do not always 
lead to coevolution

● Batesian: parasitic

● Mullerian: mutualistic

Not in a strict sense!

Is mimicry a coevolutionary phenomenon?



Intraspecific coevolution

● E.g. Evolution of female sexual preferences and 
male secondary sexual traits

Sexual selection in Euplectes progne (Long-tailed Widowbird)

Photos: Ron Matson

FemaleMale



Summary of broad types of coevolution

● Specific or strict sense: due to tight interactions 
between two (or more) species

● Co-speciation 
● Guild or diffuse: among sets of ecologically similar 

species
● Escape-and-radiate
● Intraspecific
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