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Abstract

Host-parasite interactions can drive rapid, reciprocal genetic changes (coevolution), provided both
hosts and parasites have high heritabilities for resistance/infectivity. Similarly, the host’s mating
system should also affect the rate of coevolutionary change in host-parasite interactions. Using
experimental coevolution, we determined the effect of obligate outcrossing verses partial self-
fertilization (mixed mating) on the rate of evolutionary change in a nematode host
(Caenorhabditis elegans) and its bacterial parasite (Serratia marcescens). Bacterial populations
were derived from a common ancestor. We measured the effects of host mating system on host
adaptation to the parasite. We then determined the extent of parasite adaptation to their local host
populations. Obligately outcrossing hosts exhibited more rapid adaptation to parasites than did
mixed mating hosts. In addition, most of the parasites became adapted to infecting their “local”
hosts; but parasites from obligately outcrossing hosts showed a greater level of local adaptation.
These results suggest that host populations evolved along separate trajectories, and that
outcrossing host populations diverged further than partially selfing populations. Finally, parasites
“tracking” outcrossing host populations diverged further than parasites tracking the partially
selfing host populations. These results show that the evolutionary trajectories of both hosts and
parasites can be shaped by the host’s mating system.
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Coevolutionary interactions are thought to account for a significant amount of the
evolutionary change that occurs in nature (Thompson 1982; Thompson 1994; Thompson
2005). Antagonistic interactions between hosts and parasites, in particular, are thought to
generate strong selection capable of driving rapid change. The rate of change will depend on
the additive genetic variance for both resistance in hosts and infectivity in parasites (Fisher
1930), which may be maintained by frequency-dependent selection in both species (Haldane
1948; Hamilton 1980). The rate of change should also depend on the breeding system for the
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host and/or parasite (Wright 1921). Additionally, rapid reciprocal evolution could intensify
the coevolutionary arms race by increasing the strength of selection imposed upon the
antagonist population.

Parasites are generally expected evolve in response to changes in their sympatric host
populations, leading to greater infectivity on sympatric hosts than allopatric hosts (Ebert
1994; Gandon et al. 1998; Gandon and Michalakis 2002; Kawecki and Ebert 2004; Lively
1989; Price 1980). Such patterns of specialization, called local adaptation, are indicative of
divergent selection and reciprocal evolution between sympatric hosts and parasites
(Kawecki and Ebert 2004). Parasite local adaptation has also been interpreted to indicate
that the parasites are “ahead” in the coevolutionary race (Roth et al. 2012; Schulte et al.
2011). The term “ahead” is generally used to mean that the parasite population’s relative
fitness is greater than that of the hosts’ because the host population has not yet evolved a
counter adaptation. However, theoretical studies have shown that the sign for AW (_change in
mean fitness) oscillates over time from positive to negative, even in locally adapted parasite
populations (Lively 1999). Hence, local adaptation by parasites, as inferred from reciprocal
cross-infection experiments, may not be a good indicator of which of the antagonists is
ahead. Nonetheless, reciprocal cross-infection experiments can be very informative on the
nature of coevolution especially when combined with time-shift experiments (Koskella, this
volume), or when hosts and parasites were experimentally derived from the same stock
populations.

In the present study, we utilized the latter method. In a previous study, we experimentally
passaged populations of the bacterial parasite, Serratia marcescens, derived from a single
ancestral colony, with replicate host populations of a nematode host, Caenorhabditis elegans
(Morran et al. 2011). The host populations were either partially outcrossing (mixed mating)
or obligately outcrossing. We found that the mixed mating populations evolved greater
outcrossing rates in response to coevolving parasites (Morran et al. 2013). In addition, after
thirty host generations, both the mixed mating and obligately outcrossing hosts had evolved
greater levels of parasite avoidance and/or resistance, and they exhibited lower mortality
rates relative to their ancestors. The parasite populations, on the other hand, evolved greater
levels of infectivity relative to their ancestral strain (Morran et al. 2011). Thus both hosts
and parasites exhibited evolutionary change over the course of the experiment. However, the
degree of reciprocal evolutionary change exhibited by both antagonists was not clear.

In the present study, we evaluated the effects of the host mating system on the evolutionary
trajectories of both the hosts and parasites. We predicted that host populations with greater
rates of outcrossing would evolve more rapidly in response to the parasite, and that this

would feed back to generate faster rates of reciprocal evolution in the parasite. We assayed
the effect of the host mating system on the change in host fitness over the course of the

Morran et al. (2011) experiment. We then conducted reciprocal cross infection experiments
to determine whether the parasites became adapted to their individual, “local” replicates of
the host population, and whether the degree of adaptation depended on host mating system.

Am Nat. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Morran et al.

Page 3

Material and Methods

Host and parasite populations

In our previous experiment (Morran et al. 2011), five replicate populations of obligately
outcrossing C. elegans were passaged with populations of Serratia marcescens Sm2170 for
30 generations, thus allowing for coevolution. Five control populations of obligately
outcrossing C. elegans were similarly treated, but in the absence of live parasites. Similarly,
five replicate populations of partially outcrossing (mixed mating) C. elegans were allowed
to coevolve with Serratia marcescens Sm2170 for 30 generations, and five control
populations of the host were allowed to evolve in the absence of live parasites. All of the C.
elegans populations were derived from a highly inbred PX382 (a CB4856 derivative) strain;
but they were independently mutagenized with ethyl-methanesulfonate to infuse genetic
variation prior to selection (Morran et al. 2011). The obligately outcrossing C. elegans
populations were generated by backcrossing the fog-2 mutant allele into the PX382
background (Morran et al. 2009) prior to mutagenesis. The host and parasite populations
were frozen before selection and after generation 30 of coevolution.

Multiple samples from each host and parasite population (approximately 500 nematodes per
sample and several thousand bacterial cells per sample) were frozen after 30 generations of
passages (Morran et al. 2011). A sample of each population was later thawed for analyses,
mortality rates were approximately 50% in the nematode samples. After thawing, host
populations were maintained for two generations under standard laboratory conditions to
recover from the thawing process (i.e., 10cm Petri dishes filled with NGM Lite seeded with
30uL of OP50 stored at 20°C) (Nematode Growth Medium-Lite, US Biological,
Swampscott, MA, USA). Parasite populations were transferred from frozen stock to LB
(Luria Broth) and grown overnight at 28°C; they were then used to seed 10cm Petri dishes
filled with NGM-L.ite and grown at 28°C overnight.

Host adaptation

We measured rates of adaptation in the host populations using competitive fitness assays to
compare the relative levels of evolutionary change associated with host mating system. Host
fitness was evaluated by putting each coevolved host population in competition with a tester
strain of C. elegans. These assays were conducted in the presence of the experimental host’s
sympatric parasite population (the S. marcescens population that each nematode population
coevolved with during experimental coevolution) to determine each population’s relative
reproductive output, a product of survival and reproduction, in the context of the
experiment. Host competitive fitness assays were conducted as described in (Morran et al.
2009), using the highly inbred GFP-marked C. elegans strain JK2735 serving as the tester
strain. Here, the corresponding experimental, control, and ancestral hosts were exposed to
their sympatric parasite population that coevolved with the experimental host population for
thirty generations. The ancestral hosts are the progenitor population that was frozen prior to
experimental coevolution for each experimental and control host population.

Host and parasite populations that were frozen after thirty generations of coevolution were
thawed as described above. At least three replicate competitive fitness assays were
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conducted for each replicate population (ancestral, control, and coevolved populations).
Competitive fitness assays were carried out by mixing 100 hosts from the experimental
populations with 100 hosts from the GFP-marked tester strain. These hosts were then
exposed to the parasite under conditions that mimicked the selective environment of
experimental evolution. After four days of exposure (the same cycle as the experimental
regime), we calculated the frequency of offspring that carried the GFP-marker. Given that
the marker was introduced at 50%, deviations from 50% were indicative of greater relative
fitness in either the experimental hosts (a decrease in frequency) or the tester strain (an
increase in frequency). The tester strain carries a dominant marker, therefore hybrid
offspring between an experimental host population and the tester strain would express GFP
and be counted among the tester strain offspring. In this instance, the measures of host
competitive fitness are potentially underestimates of their fitness, with the obligately
outcrossing populations more susceptible to underestimate due to the greater frequency of
males and more potential outcrossing with the tester strain. Overall, this assay tests the
fitness of the experimental populations by requiring that they both survive and reproduce in
the environment in which they evolved. The same tester strain is used for each competition
assay; therefore each experimental population was measured against the same standard. We
present the change in fitness exhibited by the experimental populations relative to the
ancestral fitness in Figure (1) as a means of reporting evolutionary change. We also report
the experimental to GFP ratios of the populations that were directly obtained from the
fitness assays (Figure S1).

We performed an ANOVA in JMP 10 testing the effects of treatment (coevolved or control),
mating system (mixed mating or obligately outcrossing), replicate population, and the
interaction between treatment and mating system on the percent change in mean fitness
relative to the ancestor. Replicate population was nested within mating system and treated as
a random effect.

Local adaptation

Host mortality assays were conducted to measure parasite infectivity. Parasite infectivity, a
common proxy for parasite fitness (see Kaltz and Shykoff (1998)), was measured as the 24-
hour host mortality rate, which was a key component of parasite fitness in our previous
experimental coevolution regime (Morran et al. (2011). Within the context of the
experiment, the parasite had to kill a host in 24 hours to be passed to the next round of
selection. Therefore the parasite’s ability to infect and Kill the sympatric host in the allotted
time was paramount to parasite fitness.

Host mortality assays were conducted as described in (Morran et al. 2011). However, here
host mortality assays were conducted on host-parasite pairs that had coevolved together
(sympatric) in addition to those that did not (allopatric). Host-parasite pairings were only
done within each mating system group (obligately outcrossing or mixed mating), and each
of the five host populations was paired with each of the five parasite populations. For each
host population, ~200 L4 C. elegans individuals were suspended in M9 buffer and
transferred to a 10 cm Petri dish (NGM-Lite agar), which had been seeded with a lawn of S
mar cescens (approximately 6 cm in diameter). The estimated number of nematodes that
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were transferred to each plate was determined by plating aliquots of nematodes suspended in
M9 buffer. The mean of three separate aliquots was calculated for each host populations and
used as an estimate of the total number of hosts transferred. We exposed each host
population to each parasite population for a total of 24 hours, and then counted the total
number of dead nematodes. Twenty-four hour mortality rates were calculated by dividing
the number of dead nematodes by the total number of transferred nematodes. Each host-by-
parasite combination was replicated four times, with the exception of mixed mating host
population # 3 infected by its sympatric parasite # 3, which had only three replicates.

We first tested whether there was a significant interaction effect between our parasite and
host populations (Tables 1 and 2). We identified patterns of local adaptation in our parasite
populations by conducting the sympatric-versus-allopatic test for local adaptation (Blanquart
et al. 2013) on both the mixed mating and obligately outcrossing host populations (Table 3).
This is a linear contrast test within an ANOVA that compares the values for all sympatric
pairings to those of all allopatric pairings with no regard to the focal species. Host mortality
rate values from both data sets were log transformed to meet ANOVA assumptions of
normality. Then an ANOVA was performed for each group in JMP 10.0 (SAS Institute)
testing the main effects of host population, parasite population, and interaction between the
two main effects (Tables 1 and 2), then the subsequent linear contrast test were performed
(Tables 3 and 4).

We tested for local adaptation on a finer scale by then extending the sympatric vs. allopatric
test to level of specific host-parasite population pairs. We performed a least squared mean
linear contrast test for each host-parasite sympatric pairing against all possible allopatric
pairings for the given host and parasite population (Table 4). Specifically, the transformed
host mortality rates exhibited by the sympatric pair were contrasted with the transformed
mortality rates induced by the sympatric parasite on the allopatric hosts in addition to the
transformed mortality rates induced by allopatric parasites on the sympatric host. Therefore,
within the contrast matrix (with host populations as rows and parasite populations as
columns) these contrast tests compared the mean of the pairing on the diagonal to the global
mean of all the values in the corresponding row and column (Table 4). Given this similarity
to the sympatric versus allopatric test, we refer to the current test as the “fine scale sympatric
vs. allopatric” test (Table 4). This test is also a linear contrast test with an ANOVA, just like
the sympatric-versus-allopatric test. However, the fine scale approach involves performing
the analysis for each sympatric species pairing, rather than just analyzing all pairings at one
time. Further, we also conducted home versus away and local versus foreign tests (Kawecki
and Ebert 2004) for local adaptation on our transformed data (app. A).

We then evaluated the degree of local adaptation under both host-mating systems by
comparing the relative difference between sympatric and allopatric mortality rates. The
relative sympatric infectivity of parasites against their sympatric hosts versus allopatric hosts
was determined by calculating (x — y)/z for each sympatric host-parasite pair, where x is the
sympatric pair mean mortality rate, y is the allopatric (as defined above in terms of the
contrast tests) mean, and z is the mean of all mortality rates (both sympatric and allopatric)
for a sympatric host-parasite pair. Therefore, the relative sympatric infectivity of a parasite
population is the proportional change in the mean sympatric host mortality rate relative to
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the allopatric mortality rates, standardized by the overall mean mortality rate for a given pair
of populations. A sum-rank Wilcoxon test was performed in JMP 10.0 to test for difference
in the relative infectivity between the mixed mating and obligately outcrossing populations.

Results

Host adaptation

We evaluated the impact of the host mating system on the evolutionary trajectories of the
host populations. We assessed fitness by putting each experimental host population, in
addition to their respective controls and ancestral populations, in competition against a GFP-
marked tester C. elegans strain. These populations were assayed for competitive ability
when exposed to the experimental population’s sympatric parasite population to determine
relative fitness after thirty host generations of coevolution. The rate of adaptation for each
experimental and control host population was then measured by calculating the change in
mean fitness over time relative to the fitness of their ancestral population.

Overall, the experimental host populations exhibited a significantly greater rate of
adaptation than the control hosts (Fig. 1; F1 1o = 23.28, p < 0.0001), indicating that both the
mixed mating and obligately outcrossing experimental host populations adapted to the
parasite populations with which they coevolved. Further, the obligately outcrossing
experimental host populations became adapted to their coevolving parasites at a greater rate
than the mixed mating hosts (Fig. 1; F1 g = 10.35, p = 0.012). Although the competitive
fitness of the obligately outcrossing and mixed mating hosts was not significantly different
in direct comparison (Fig. S1; F1 16 = 1.91, p = 0.186), the obligately outcrossing
populations exhibited a greater magnitude of change relative to their ancestors and thus a
greater rate of adaptation (Fig. 1). Therefore, the host mating system influenced the
evolutionary trajectories of the host populations, with obligate outcrossing facilitating
greater rates of host adaptation.

Local adaptation

We then tested for parasite local adaptation within each host-mating type (mixed mating or
obligately outcrossing) to determine if host mating system had an effect on the evolutionary
trajectories of the parasite populations. Within a host mating group, we exposed each of the
five parasite populations to each of the five mixed mating host populations. These reciprocal
exposures generated one sympatric pairing (host-parasite populations that coevolved
together) and eight allopatric pairings (host-parasite populations that coevolved with a
different antagonistic population) per host-parasite sympatric combination. The eight
allopatric pairings were comprised of the focal parasite against the four allopatric host
populations and the focal host against the four allopatric parasite populations. We then
measured the twenty-four hour host mortality rates exhibited by each pair to identify local
adaptation, as indicated by greater sympatric host mortality rates. Host killing at twenty-four
hours of exposure was the parasite trait under selection during experimental evolution and a
proxy for parasite infectivity (Morran et al. 2011).
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We detected significant levels of local adaptation in both the mixed mating (Tables 1 and 3)
and obligately outcrossing populations (Tables 2 and 3) using the sympatric-vs-allopatric
test (Blanquart et al. 2013). Then, we extended the sympatric vs. allopatric test to the level
of population in order to assess local adaptation at a finer scale. We defined local adaptation
as the case for which the focal parasite population induced significantly greater host
mortality against its sympatric host population than its allopatric hosts combined with the
mortality rates for all allopatric parasites exposed to the focal host. Using this method, we
detected local adaptation in three-of-five parasite populations that coevolved with mixed
mating hosts (Fig. 2A and Table 4). In the parasite populations that did not exhibit local
adaptation, one population was roughly equally infective relative to the allopatric
populations in comparison to their sympatric hosts, while the other population induced
significantly lower mortality rates relative to allopatric populations (Fig. 2A and Table 4). In
the obligately outcrossing populations, we found that all five parasite populations exhibited
significant levels of local adaptation (Fig. 2B and Table 4).

Next, we compare the degree of parasite local adaptation in the mixed mating and obligately
outcrossing groups. The parasites that coevolved with obligately outcrossing hosts exhibited
a greater degree of local adaptation than those that coevolved with mixed mating hosts.
Specifically, parasites from sympatric host pairings in the obligately outcrossing group
exhibited proportionally greater increases in host mortality, measured as the difference
between the sympatric and allopatric mean mortality rates relative to the mean mortality rate
for a given host population, than the mixed mating group (Fig. 3; 21 = 5.77, p = 0.0163).
Therefore, the parasites that coevolved with the obligately outcrossing hosts exhibited a
greater degree of divergence in their evolutionary trajectories from their origin of a common
clonal ancestor.

Discussion

Our results illustrate the rapid rate of coevolutionary change that can be driven by host-
parasite interactions. Despite evolving from a single ancestral colony, eight-of-ten parasite
populations exhibited local adaptation as a result of reciprocal coevolution with their
respective host population over a span of just thirty host generations (Fig. 2). These parasites
rapidly evolved host specialization, indicating that natural selection generated by
coevolution was likely quite strong, and that the replicate parasite populations traveled
different evolutionary paths from a common ancestral starting point. The different
evolutionary trajectories of the parasite populations are presumably due to different
mutations that arose in each population throughout the experiment and subsequent reciprocal
evolution in response to different host populations that each followed their own unique
evolutionary path to resistance or parasite avoidance.

The coevolutionary dynamics of the host-parasite interactions were greatly affected by the
host’s mating system, which also exerted influence over the evolutionary trajectories of both
the host and parasite populations. Specifically, the obligately outcrossing hosts exhibited
more rapid adaptation than mixed mating hosts (Fig. 1), and coevolution with obligately
outcrossing hosts resulted in a greater degree of divergent evolution between parasite
populations (Fig. 3). Thus, it seems that obligate outcrossing indirectly stimulated a greater
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degree of divergent evolution between the parasite populations by facilitating more rapid
evolution on the part of the hosts. Greater rates of adaptation in obligately outcrossing hosts
likely increased the strength of selection against their coevolving parasites. Consequently,
the parasites coevolving with obligately outcrossing host populations exhibited greater rates
of divergent evolution and more rapid host specialization than parasites that coevolved with
mixed mating hosts (Fig. 2 and Fig. 3). We suggest that, compared to mixed mating,
obligate outcrossing facilitated more rapid host evolution, leading to greater divergence
among replicate populations. Parasite tracking of these host populations then led to greater
divergence among the replicate parasite populations, producing a stronger signal of local
adaptiation.

Mating systems are particularly influential traits from an evolutionary perspective. They
have the potential to shape the distribution of genetic variation within populations and
therefore alter evolutionary trajectories in response to natural selection (Bell 1982;
Charlesworth and Charlesworth 1987; Fisher 1930; Lande and Schemske 1985; Stebbins
1957). Obligate outcrossing has previously been shown to facilitate more rapid adaptation to
a fixed parasite population and to reduce rates of host infection more rapidly than mixed
mating in this C. elegans-S. marcescens host-parasite system (Morran et al. 2009). Here, we
demonstrated that obligate outcrossing also facilitated more rapid adaptation to coevolving
parasites than mixed mating (Fig. 1).

Given that our host populations were subjected to mutagenesis prior to experimental
evolution (Morran et al. 2011), it is possible that a portion of this adaptive response is due to
the purging of deleterious mutations, rather than selection for specific beneficial alleles
(Glemin 2003; Roze and Rousset 2004; Whitlock 2002). However, the lack of significant
change in the fitness of control hosts over the course of the experiment (Fig. 1) indicates that
a large portion of any such purging had to be parasite-mediated. If the parasites facilitated
purging, then the hosts adapted to coevolving parasites and the change in host fitness is still
indicative of the rate of evolutionary change in the hosts. Nonetheless, we believe that the
adaptation we observed (Fig. 1) was largely due to the assembly of novel beneficial
genotypes for two reasons. First, the mixed mating populations should be capable of purging
at a much greater rate than the obligately outcrossing populations (Charlesworth and
Charlesworth 1987; Charlesworth et al. 1993; Lande and Schemske 1985). The results (Fig.
1) are not consistent with this expectation because the obligately outcrossing populations
exhibited a greater increase in fitness. Second, the mixed mating populations showed
elevated levels of avoidance/resistance against S. marcescens relative to a non-mutated
strain with the same genetic background (CB4856) (L. Morran, pers. observation, 2013).
Overall, these results further demonstrate the advantage of outcrossing relative to self-
fertilization under host-parasite coevolution. These results may also have broad implications
for explaining patterns of host and parasite local adaptation.

Many factors, both biotic and abiotic, are known to influence parasite local adaptation.
However, patterns of local adaptation, or the lack thereof, have proven difficult to predict in
many cases. Spatial structure (Forde et al. 2004; King et al. 2009; Koskella et al. 2011;
Laine 2005; Lively 1999; Lively and Jokela 1996; Thrall et al. 2012; Vogwill et al. 2008;
Vogwill et al. 2010), temporal dynamics (Berenos et al. 2012; Forde et al. 2004; Lively
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1999; Thrall et al. 2012), host-parasite infection dynamics (Berenos et al. 2012; Koskella et
al. 2012; Koskella et al. 2011; Lively 1999; Lively and Dybdahl 2000; Schulte et al. 2011;
Thrall et al. 2012), temperature (Laine 2008), nutrient levels (Lopez Pascua et al. 2012), and
even the lab environment (Laine 2007) can play a role in determining the extent of parasite
local adaptation. Each of these factors plays a role in either determining the consistency and
strength of divergent selection and/or the ability of host or parasite populations to respond to
divergent selection. Our study indicates that the host mating system, and consequently the
rate of host adaptation, is a key factor in establishing parasite local adaptation. Specifically,
we find that the host mating system acts as a biotic factor that both determines the strength
of selection on the parasite and also influences the ability of the host to respond to reciprocal
selection. Although the host’s mating system itself may not always be a predictor of local
adaptation, the rate of adaptation in the host population could be quite influential.

Some degree of coevolutionary change is certainly necessary before patterns of local
adaptation can emerge. But, highly asymmetrical rates of evolution between hosts and
parasites are not conducive for local adaptation (Morgan and Buckling 2006). When hosts
are under weaker selection relative to their coevolving parasites, the rate of adaptation in the
host population might often be the limiting factor for reciprocal coevolution and the
establishment of local adaptation. In that case, any factors that might increase the rate of
reciprocal evolution on the part of the host could enhance the degree of local adaptation
exhibited by parasites by simply driving divergent evolution between allopatric parasite
populations. As sympatric hosts and parasites travel farther along their unique evolutionary
trajectories they are likely develop greater levels of specificity towards their sympatric
antagonists, potentially at the cost of the ability to infect generally. Parasites are capable of
enhancing the rate of divergent evolution between allopatric host populations (Buckling and
Rainey 2002), which should ultimately serve to reinforce parasite local adaptation no matter
their standing in the coevolutionary arms race.

Parasite local adaptation has been interpreted to mean that the parasites are ahead of their
hosts in their coevolutionary arms race (Roth et al. 2012; Schulte et al. 2011). However, we
found that the parasites that coevolved with the obligately outcrossing hosts induced lower
rates of mortality in their contemporary hosts after thirty generations of coevolution than the
ancestral parasites did against their ancestral hosts (Morran et al. 2013; Morran et al. 2011).
This means that the hosts evolved greater resistance and/or avoidance faster than the
parasites evolved greater infectivity and virulence. We interpret this to mean the hosts were
ahead of their coevolving parasites after thirty generations of experimental coevolution.
Despite the host’s apparent advantage, the parasite populations consistently exhibited local
adaptation (Fig. 2B) and a high degree of specificity (Fig. 3). Conversely the mixed mating
hosts exhibited approximately equal mean susceptibility to their coevolving parasites after
thirty generations of coevolution relative to their ancestral starting points (Morran et al.
2013; Morran et al. 2011), and exhibited a mix of local adaptation and no local specificity or
susceptibility (Fig. 2A), while exhibiting a lesser overall degree of specificity relative to the
obligately outcrossing hosts (Fig. 3). Similar results were observed in an experimental study
in which the bacterial hosts adapted more rapidly than their phage parasites, yet they also
observed parasite local adaptation (Gomez and Buckling 2011). Lopez Pascua et al. (2012)
also observed this lack of congruence between local adaptation and changes in fitness over
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time. Therefore, parasites can exhibit local adaptation even though their hosts are “ahead,”
meaning hosts are evolving resistance at a greater rate than the parasites are evolving
infectivity, in the coevolutionary arms race. Thus, caution should be exercised when
interpreting local adaptation as an indicator of a host or parasite population’s standing in a
coevolutionary arms race.

In conclusion, our results demonstrate the ability of host-parasite coevolution to generate
rapid evolutionary change. Additionally, we found that a specific host trait, mating system,
influenced the evolutionary trajectories of both the hosts and parasites, altering the rate of
reciprocal adaptation in the host-parasite interaction. And, although patterns of local
adaptation are often difficult to predict, the rate of adaptation in the host population may be
a key factor in determining the rate and degree of reciprocal evolution in host-parasite
interactions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Host adaptation. Obligately outcrossing hosts adapted more rapidly than mixed mating hosts
(F1,8=10.35, p = 0.012). The relative fitness of control and coevolved host populations was
determined through competitive fitness assays with a GFP-marked tester strain under
exposure to the parasite population that coevolved with the host population. The change in
fitness over the course of the experiment was calculated relative to the ancestral host
population. Error bars indicate + 1 S.E.M.
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Parasite local adaptation. (A) Three of the five parasite populations that coevolved with
mixed mating hosts exhibited local adaptation, while one of the populations was locally
maladapted (Tables 1 and Al). (B) Each of the five parasite populations that coevolved with
obligately outcrossing hosts exhibited local adaptation (Tables 1 and A2). * indicates local
adaptation and # indicates significantly greater mortality in allopatric pairs.
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Relative infectivity. Parasites that coevolved with obligately outcrossing hosts induced
proportionally greater mortality rates against sympatric hosts than parasites that coevolved
with mixed mating hosts (x21 = 5.77, p = 0.0163). The relative increase in mortality rate was
determined by standardizing the difference between the sympatric and mean allopatric
mortality rate by the overall mean for each host-parasite pair. Error bars indicate £ 1 S.E.M.
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