
Coevolution of predators and prey1) Evolution of predator­prey interactions2) Arms race analogy3) Examples of predator­prey coevolution?4) Steady­state theory5) Geographic variation in predator­prey coevolution6) Evolution of aposematic coloration7) Example exam questions



Predation: One species kills and consumes members of another species(Host­parasite coevolution will be dealt with separately)Coevolution (strictly): Reciprocal evolutionary change of interacting species

1) Evolution of predator­prey interactionsDefinitions



1) Evolution of predator­prey interactions
Flocking and herding in prey; predator strategies to isolate individualsPrey toxicity, aposematic coloration; predator resistanceHard seed coats; large beaks
Camouflage of prey; visual acuity of predators

Prey mimicry; ?
Prey escape speed; predator pursuit speed



Greene et al (1987) Science 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Evolution of 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interactions
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Greene et al (1987) Science 



“The five fastest runners among mammal species are the cheetah, the pronghorn ..., the gnu ..., the lion, and the Thompsons’s gazelle. Note that these top­ranked runners are a mixture of hunted and hunters, and my point is that this is no accident”­ Dawkins (2009; The greatest show on earth)

2) Arms race analogy



Is the anology apt? 2) Arms race analogy



Bakker, R. T. 1983. 

Running speed of carnivores and herbivores through the fossil record

http://en.wikipedia.org/wiki/Mesonychid

Mesonychinds: an extinct order of medium to large­sized carnivorous mammals that were closely related to artiodactyls (even­toed ungulates), and to cetaceans
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3) Examples of predator­prey coevolution?
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Savage (1977)

Jerison (1973)

0.66EQ = (brain mass)/k(body mass)  Relative brain sizes of carnivores and herbivores through the fossil record
28­70 mya  4­28 mya    < 3 mya (lived 35­55 mya)

3) Examples of predator­prey coevolution?



Endler, J. A. 1991.

Escalation of predators and prey through the fossil record
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3) Examples of predator­prey coevolution?



4) Steady­state theory of predator­prey coevolutionAlternative to the arms race model (Abrams 1986)Based on the assumption that adaptation by predators and by prey entails significant costs (not an explicit component of the arms race model).Also incorporates effects that predators might have on the numerical abundance of prey (and hence their encounter rate by predators).Main prediction: a steady state (evolutionary equilibrium) is reached in which costs and benefits are balanced in both the predator and the prey.This is distinct from the continuous escalation that is presumed to occur under the arms race scenario.Which idea is more realistic?



Q1. Once a steady state (evolutionary equilibrium) is reached, what is the predicted outcome in the prey population if we allow the predator to evolve an even greater investment in catching prey (in theory)?
Abrams took the theoretical inquiry one step further, to investigate whether his cost/benefit type of model might predict outcomes consistent with an arms race:
4) Steady­state theory of predator­prey coevolution



Abrams took the theoretical inquiry one step further, to investigate whether his cost/benefit type of model might predict outcomes consistent with an arms race:Q1. Once a steady state (evolutionary equilibrium) is reached, what is the predicted outcome in the prey population if we allow the predator to evolve an even greater investment in catching prey?A1: Under most of the theoretical conditions explored, the model predicted that prey should respond by evolving a greater investment in evading predators. This is what we would expect under an arms race.

4) Steady­state theory of predator­prey coevolution



Q2. Once a steady state (evolutionary equilibrium) is reached, what is the predicted outcome in the predator population if we allow the prey to evolve an even greater investment in evading capture?
4) Steady­state theory of predator­prey coevolution



Q2. Once a steady state (evolutionary equilibrium) is reached, what is the predicted outcome in the predator population if we allow the prey to evolve an even greater investment in evading capture?A2: The model did not always predict that predators should respond by evolving a greater investment in capturing prey.This is not what an arms race would predict.

4) Steady­state theory of predator­prey coevolution



Why not? One reason is that evolution of greater investment by prey might lead to an increase in prey abundance, diminishing selection for greater investment by predators.Abrams argues that the arms race analogy fails to take such features as population size into account, and therefore is not a satisfactory model for predator­prey coevolution.

4) Steady­state theory of predator­prey coevolution



A prediction of the Abrams model is that the outcome of predator­prey coevolution should vary with the costs and benefits of adaptations and counter­adaptations.I’m not aware of a convincing test of this prediction in the literature.
It is challenging to think of observations or experiments that could distinguish explanations based on an arms race vs steady­state coevolution.4) Steady­state theory of predator­prey coevolution



http://news­service.stanford.edu/ news/2008/march12/newts­031208.htmlPhoto: E. D. Brodie III

Rough­skinned newt & garter snake5) Geographic variation in predator­prey coevolution
TTX binds to sodium channels and prevents transmission between neurons, causing paralysis.Newts have multiple mutations in binding sites of sodium channel genes that protect them against TTX.Garter snakes eat newts.

Rough­skinned newts, like pufferfish, contain tetrodotoxin (TTX). TTX is synthesized by at least 4 different genera of bacteria of the newt’s skin microbiome. (wash your hands after you play with them!)



The dose of CI required to reduce crawl speed to 50% is shown with 95% confidence interval.  Representative dose­response curves and estimated 50% doses (with 95% TTX) are shown for five representative garter snake populations (from left to right: Lofton Lake, Inland Lake, Gilroy, Benton, San Mateo).
Brodie et al. (2002) Evolution

Population variation in garter snake resistance to tetradotoxin5) Geographic variation in predator­prey coevolution



Hanifin et al. (2008) Plos Biol

Correlated geographic variation in newt toxicity and garter snake resistance
5) Geographic variation in predator­prey coevolution



TTX resistance relative to sympatric newt toxicity. TTX resistance (50% dose) for five populations of snakes is plotted against newt toxicity (mg TTX/g skin; Hanifin et al. 1999) from the same localities. Resistance is tightly predicted by toxicity of newts as shown by regression line (model: 50% dose  3.8  28.03[mg TTX/g skin of newts]).

Correlation between garter snake resistance and newt toxicity

Brodie et al. (2002) Evolution

5) Geographic variation in predator­prey coevolution



Geographic variation in newt toxicity and garter snake resistanceThe mismatches represent geographical locations in which the difference in toxicity and resistance are greater than the average.These locations might provide an opportunity to investigate the dynamics of predator­prey coevolution, and perhaps answer basic questions about the costs and benefits of toxicity and resistance.

5) Geographic variation in predator­prey coevolution



6) Evolution of aposematic coloration
Rough skinned newtTaricha granulosa Defensive posture showingcolorful belly

http://blogs.scientificamerican.com/guest­blog/2012/08/21/poisonous­snakes­cant­resist­toxic­toad­tucker­or­can­they/http://simple.wikipedia.org/wiki/File:Rough­skinned_newt.jpg

The evolution of conspicuous coloration by prey as advertisement of noxious properties to predators.



This leads to frequency­dependent selection in favor of common warning color phenotypes in prey populationsBirds have some degree of unlearned aversion to prey with certain color patterns, but this is thought not to be sufficient to explain the evolution of warning coloration.
Experiments show:Predators are capable of learning rapidly to associate noxious prey with bright colors

http://animals.nationalgeographic.com/animals/bugs/monarch­butterfly/

6) Evolution of aposematic coloration



How did aposematic coloration evolve?H1: Conspicuousness evolved first (e.g., by sexual selection), favoring the evolution of unpalatability. This is not considered likely.H2: Palatability evolved first. Warning color evolved in cryptic, unpalatable prey populations. Under this scenario, how would a new mutation fare that produced the first brightly colored individual? Probably not well. H3: The first mutation causing conspicuousness caused a whole brood to be brightly colored. Such a mutation might be ill­fated unless the offspring were in close proximity: local predators would learn the warning coloration by testing a few individuals, protecting the rest of the family. This thinking led the expectation that warning coloration should be more likely to evolve in species whose offspring live in family groups (”gregarious”). There is an association, although warning coloration is exhibited by many solitary species too. 

6) Evolution of aposematic coloration



Sillen­Tullberg (1988) Evolution

Phylogeny of gregariousness and warning colorationin swallowtail butterfly larvae

http://upload.wikimedia.org/wikipedia/commons/ 7/77/Papilio_machaon_caterpillar.jpg

6) Evolution of aposematic coloration
Problem: the ancestral states cannot be estimated reliably when evolution is repeatable.



Alatalo & Mappes (1996) Nature

Warning signal experiment6) Evolution of aposematic coloration



6) Evolution of aposematic colorationWarning signal experiment

Alatalo & Mappes (1996) Nature



Initially, unpalatable prey survived better when aggregated than when solitary, unlike palatable prey (this weakened but persisted as birds learned).Thus: unpalatability favors aggregation / gregariousness
6) Evolution of aposematic colorationWarning signal experiment

Alatalo & Mappes (1996) Nature



Initially, aposematic prey survived better when aggregated than when solitary (though in time aposematic was advantageous even when prey solitary).Thus: aggregation / gregariousness favors aposematic coloration right from the start.
6) Evolution of aposematic colorationWarning signal experiment

Alatalo & Mappes (1996) Nature



But when presented with new prey types partly resembling those in the first trial, there was no longer an effect of aggregation vs solitary on mortality.Thus: once aposematic coloration is “established”, it can evolve in other prey types independent of a gregarious lifestyle.
6) Evolution of aposematic colorationWarning signal experiment

Alatalo & Mappes (1996) Nature



7) Example exam questionsWhat criteria do you think would need to be fulfilled before you were convinced that a case of adaptation of prey to predator, and predator to prey, represented coevolution in the strict sense?Abrams recognized two general models or hypotheses to explain coevolution between predators and prey (or parasites and hosts). The first is the arms race model, and the second is the steady model. Explain the differences between these two hypotheses and their expected outcomes.Which model do you regard as the better explanation for coevolution of running speed between carnivorous mammals and their ungulate prey? Explain your reasoning. How might kin selection be involved in the evolution of aposematic coloration?
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