Coevolution In multidimensional trait space favors escape from pathogens and parasites
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Introduction

Virtually all species are subject to continuous
attack by pathogens and parasites. Pathogens and parasites
tend to have shorter generation times! and to experience
stronger selection due to interaction than do their victims2.
Thus, it is frequently argued that they should evolve more
rapidly, and so maintain an advantage in the evolutionary
race between defense and counter-defense!3. This
prediction generates an apparent paradox — how do victim
species survive and even thrive in the face of a continuous
onslaught of more rapidly evolving enemies3?

Here, we show that victim species can achieve an
evolutionary advantage over their exploiters when
species-species interaction rates are mediated by multiple
traits in each species. This helps to level the playing field
between victims and their exploiters. While our study is
motivated by host-parasite interactions, our results are
general to any victim-exploiter system. Thus, coevolution
In highly dimensional trait space may help to explain why
the world is green.

Figure 1. Parasites often
have shorter generation times
and experience stronger
selection due to interaction
than do their hosts.

Results

Victim species are more likely to evolve low Interaction rates with their
exploiters when the number of traits that mediates the interaction rate Is large and
when correlations between those traits are strong.

Methods

Most models of coevolution have focused on cases
In which species-species interaction rates are governed by
one trait in each species. Here, we allow species-species
Interactions to depend on multiple, potentially correlated
traits.

We consider two types of traits. In difference
traits, the interaction rate is maximized when the
exploiter’s trait value exceeds that of the victim. In
matching traits, the interaction rate is maximized when the
exploiter’s trait value matches that of the victim.

We used numerical simulations* and analytical
models® to investigate the conditions under which the
victim species is most likely to evolve a low interaction
rate with its exploiter, and thus to win the evolutionary
contest.

Figure 2. The pericarp thickness
of the Japanese camellia and the
rostrum length of its seed parasitic
weevil Curculio camelliae
comprise a difference trait pair.
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Figure 3. In analytical models, the probability that a victim
evolutionarily escapes from its exploiter increases with the
number of traits and the strength of correlation between traits.

Expected magnitude of correlations due to

Number pleiotropy in the absence of selection (r,)

of traits r,=1.00 r,=0.26 r,=0.08 r,=0.00
n=2 0.072 -0.780 -0.780 -0.810
n=4 0.023 -0.235 -0.250 -0.256
n=8 0.016 -0.079 -0.086 -0.089

Table 1. Observed correlations between victim traits in
numerical simulations. Selection due to species-species
Interactions generates negative correlations between victim
traits. Negative correlations inhibit evolution, and reduce the
chance of evolutionary escape. Negative correlations dissipate
as the number of traits increases, relaxing constraints on
evolution by the victim species.

Figure 4. The oviposition
phenology of the seed parasitic
moth Greya politella and the
flowering phenology of its
saxifrage host comprise a
matching trait pair.
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Figure 5. As in the difference trait case, the victim is more
likely to escape from its exploiter when the number of traits is
large and the correlation between traits Is strong.

Expected magnitude of correlations due to

Conclusions

Multiple traits and strong correlations between traits
that govern species-species interactions favor victim
species in evolutionary contests. Two mechanisms drive
this effect:

1. Victims avoid exploitation if any one of their
defense mechanisms overcomes the exploiter’s
attack. Multiple traits offer victims multiple
opportunities for evolutionary escape.

2. When the number of traits is large, G-matrices
evolve to favor victim species (Tables 1 and 2).

In nature, correlations between traits are ubiquitous and
often strong®. Such correlations may play an important
role in the evolution of victim species in response to
exploitation.

Number pleiotropy in the absence of selection (r)

of traits r,=1.00 r,=0.26 r,=0.08 r,=0.00
n=1 - - - 2.015
n=2 3.270 2.609 2.472 2.444
n=4 6.802 3.876 3.521 3.484
n=8 14.388 7.229 6.535 6.848

Table 2. Genetic variance in victim traits relative to that in
exploiter traits in numerical simulations. Species-species
Interactions generate disruptive selection on victim traits. This
effect is strongest when the number of traits is large. Disruptive
selection increases the genetic variance in victim traits relative
to exploiter traits. Greater genetic variance allows victim
species to evolve faster, and so to evolutionarily escape their
exploiters.
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WwWWw.nimbios.org/products/presentations.

Acknowledgments: This work was conducted with funding from the National Institute for Mathematical and Biological Synthesis, an Institute sponsored by the National Science Foundation, the U.S. (§} N | M B|QS
®e

Department of Homeland Security, and the U.S. Department of Agriculture through NSF Award #EF-0832858, with additional support from The University of Tennessee, Knoxville.

National Institute for Mathematical
and Biological Synthesis



mailto:rtgilman@nimbios.org
http://www.nimbios.org/products/presentationsr

