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The focus of this review is on how selection might act on phenotypic plasticity in
response to changes in temperature, which represents the one of the most

widespread forms of plasticity. We also include consideration of other measures of
plasticity, such as plasticity of flowering time and of growth rates, and report

estimates of selection, when these have been available. Our review considered
studies from the wild, but excludes data on industrial or agricultural populations, as

these populations may be subject to different selection regimes from natural
populations, and so are likely to have different responses to the same selection

regimes. We place the question of adaptive or non-adaptive plasticity in the context
of climate change, however we emphasize that our review focuses on the

implications of plasticity for natural populations, and not on biotechnological
breeding of crops for desired traits. Given the disparate methods employed in the

studies reviewed, we conclude with a number of considerations for future research.
We show how a quantitative method, which can be applied to most forms of

plasticity, can be used to estimate selection on plasticity. The term “plasticity” is
used in many contexts and is applied differently in different studies. In this review,

we use the term “plasticity” to refer to phenotypic change in response to an
environmental change, within an organism’s genotype, such that the expression of
a phenotype varies across environments. When used with the prefix “non-”, “non-
plasticity” refers to phenotypic differences not caused by environmental change,

such as differences between castes or generations. When used with the prefix
“adaptive”, “adaptive plasticity” refers to plasticity that improves fitness across

environments. We define “non-adaptive plasticity” as plasticity that does not
improve fitness. This categorization is not the only possible one, and it is possible

that non-adaptive plasticity could be adaptive, and vice versa, but we do not
consider these issues here. With the caveat that plasticity may always be an
adaptive trait of evolutionary significance when the context of plasticity and

selection is understood, we take it that “non-adaptive” denotes lack of fitness
advantage in one environment and “adaptive” denotes fitness advantage in at least

one environment, and that both concepts must be applied cautiously. The net
advantage of plasticity could be zero when: a) non-adaptive plasticity reduces
fitness in one environment but increases fitness in another; or b) when non-

adaptive plasticity reduces fitness in both environments.
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Previous studies of plasticity
have frequently focused on a
single environment or a small
range of conditions, often in a

laboratory setting and
typically under uniform

selection regimes. Our aim
here is to produce a review of
the evidence for selection on

plasticity across a wider range
of environmental conditions

(including temporally varying
environments, as well as

varying selection regimes) and
to integrate this evidence into

a broader picture of the
circumstances where plasticity
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is likely to be adaptive. We
found that there is evidence
for selection on plasticity in

many different environments,
and sometimes selection is
very strong, but a frequent
pattern was weak selection,
without plasticity increasing

fitness in any environment. In
theory, selection on plasticity

requires plasticity to be
adaptive in at least one of the

environments being
compared. However, most of
the studies we included were
for single or small numbers of

environments. In order to
address this, we used an

approach that allowed us to
estimate selection on plasticity
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across a wide range of
environments. Assortative
mating is the tendency for

sexual reproduction to favour
the pairing of genetically

similar individuals [ 80 ]. It is
thought to be driven by a

variety of factors, including
the benefits of high-quality

offspring, and the benefits of
maintaining close genetic and

physical relatedness [ 81 ].
Under some circumstances,
assortative mating can allow

previously genetically isolated
individuals to create new

genetic variation in a
population [ 82 ]. Accordingly,
if assortative mating increases

among-population genetic
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variance, it might be expected
to increase rates of adaptation

(as described in [ 83 ]).
Nonetheless, the importance

of assortative mating for
adaptation has long been

debated [ 84 ]. One potential
consequence of assortative
mating is the clumping of

alleles that are favoured by
selection, and thus result in
groups of genotypes with

higher allele frequencies in
any given environment than
would be expected from the
distributions of fitnesses of

genotypes in that environment
(as described in [ 85 ]). The

high frequency of rare alleles
could potentially be
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maintained by selection when
the environment changes,

which would be expected to
generate many rare cases of
assortative mating with rare
homozygotes. In contrast,

clumped selection could allow
the maintenance of useful (for
the environment) rare alleles
(such as potentially beneficial
alleles) in a population, while
maintaining genetic variation

in other loci that were not
under selection in the current
environment. Alleles that are

favoured in a particular
environment, but for which
selection ceases could be

maintained in populations if
assortative mating occurs
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between these individuals that
are then selected to be

inbreeding (as described in [
86 ]). 5ec8ef588b
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