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Letter to the Editor

Adaptive potential in forest tree populations: what is it, and how can
we measure it?

Received 7 June 2010; accepted 11 July 2010

Keywords: environmental change / evolution / adaptability / evolvability / plasticity

One of the most elusive concepts in population and evolution-
ary biology is “adaptive potential” (AP); yet we need to under-
stand not only how organisms have adapted to extant environ-
mental conditions, but also whether they can adapt to future
changes. This issue has been discussed at the “Adaptive po-
tential” workshop of the “Knowledge-Based Management of
Tropical Rainforests” conference (Cayenne, French Guiana,
November 2009). I summarise here a few conclusions.

There is no universal definition of AP, but a convenient con-
sensus is “the ability of populations to maintain their viability
in spite of environmental variations in space and time”. This
broad definition can be declined as several sub-definitions:

• Plasticity in, and genotype × environment interactions for,
“key” traits, which can rapidly adjust so that survival
and reproduction are maintained in spite of environmen-
tal change (Nussey et al., 2007).
• Ability of populations to maintain residual pheno-

typic/genetic diversity (and thus residual potential for local
adaptation and for speciation) in spite of selection favour-
ing optimal phenotypes (Jump et al., 2008). This can be
realised by the capacity of populations and closely related
species to remain connected by gene flow.
• “Evolvability” (Pigliucci et al., 2008; Sniegowski et al.,

2006) i.e. the heritable potential for evolving new onto-
genic equilibria through one of several mechanisms pro-
ducing (and buffering) phenotypic variability.
• Capacity for a wide array of community-level interactions

(e.g. in the case of “generalist” species) and for the expres-
sion of novel phenotypes and interactions (especially in the
case of biological invasions) (Ghalambor et al., 2007).

These definitions do not indicate how to measure AP: the
main challenge is to define a parameter that may be eval-
uated in natural populations and analysed experimentally.
To get a precise definition of AP in forest trees, an oper-
ational definition of fitness, circumventing the long life cy-
cle of trees, has to be defined; an efficient way to map fit-
ness onto phenotypes, and phenotypes onto genotypes, in nat-
ural populations is required. AP can be realised through a
variety of biological processes, from ecological adjustments
to phylogenetic diversification: its characterisation belongs
to the field of integrative biology and should inspire a re-
search program involving the whole forest science commu-

nity. It is of course a matter of individual judgement to es-
tablish what the priorities of such a program should be, but
addressing the following topics seems inescapable: (a) which
ecophysiological, genetic, demographic factors, likely in in-
teraction (Savolainen et al., 2007), affect long-term viabil-
ity in tree populations? (b) Which environmental factors re-
ally matter when studying AP (Engelbrecht et al., 2007; John
et al., 2007)? (c) At which spatio-temporal scales do these
processes and factors matter most for the maintenance of AP
in forest tree populations (Hedrick, 2006)? (d) How can we
take advantage of increasingly high-throughput data collection
(González-Martínez et al., 2006) to draw genotype-phenotype
and phenotype-fitness maps? (e) Can we draw relevant evo-
lutionary information directly from natural populations, e.g.
by association mapping (Neale et al., 2008), in spite of the
potential noise introduced by historical demography, hidden
environmental variation and individual ontogeny?

Finding answers to these questions, and tackling the AP is-
sue, will be difficult and exciting at the same time, and is the
key to the success of actions to manage forests in the context
of global change. Only tight collaboration among different re-
search areas, and an effort to develop new analytical and theo-
retical frameworks, will make it possible.

Ivan Scotti1
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