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Evolutionary response of plant populations depends on 1)
the presence of genetic variation in traits relevant to
climate change and 2) the magnitude and direction of
natural selection in future environments. This chapter
reviews recent studies on the genetics and evolution of
plant populations and outlines the variety of methods that
can be used to assess possible evolutionary responses of
arctic plants to climate change.

There is considerable evidence that arctic plant
populations harbor high levels of genetic variation rel-
evant to climate change (review in McGraw and Fetcher
1992). Ecotypic variation has been observed in a surpris-
ing number of arctic plant species, and genotypic variation
in metric traits (morphology, phenology, life history, etc)
is generally characteristic of plant species that rely heavily
on clonal reproduction. In contrast, several recent studies
of metric variation in sexual plant populations suggest that
the heritability of many traits may often be near the
threshold of experimental detectability (Mitchell-Olds
1986, Schwaegerle and Levin 1991, Stratton 1992,
Platenkamp and Shaw 1992). These studies suggest that
plant populations may often harbor little or no variation at
genetic loci influencing morphological and life-history
traits. This is particularly true for fitness traits (Platenkamp
and Shaw 1992) such as those relevant to climate change.
The apparent disparity in levels of heritable variation
between plants with predominantly sexual reproduction
and plants with significant clonal reproduction may reflect
several problems. First, there are good theoretical reasons
to expect higher levels of genetic variation in late succes-
sional, long-lived species than in early successional spe-
cies (Odum 1969, Loveless and Hamrick 1984). Second,
genetic analysis of quantitative traits has been performed
almost exclusively on annual plant species; little is known
about narrow-sense heritability of metric traits in clonal
species. And third, little is known about the persistence of
environmental effects in clonal plant material (Hume and
Cavers 1981, Foster et al. 1984, Schwaegerle 1996) that
would upwardly bias estimates of genotypic variation in
populations of clonal species.

1. Genetic variation within and among
populations

Perhaps the best method for determining the capacity of
arctic plants to adapt to future environments is to examine
the types of evolutionary changes that have occurred in the
past. Conditions vary widely in the range of most arctic
plant species so that plants experience a broad range of
selective regimes. The extent to which these populations
have adapted to local conditions may be our best indicator
of their capacity for future evolutionary change. Recipro-

cal transplant and common garden experiments can be
used to measure divergence among populations from con-
trasting environments (e.g. Shaver et al. 1986, Matyas
1994, Schmidtling 1994, Stettler et al. 1994). These stud-
ies can focus on growth (see Sultan 1992, Sultan and
Bazzaz 1993) and/or physiological response (e.g. Chapin
and Oechel 1983, Blais and Lechowicz 1989, but also see
Chapin and Shaver 1996). Reciprocal transplant experi-
ments uniquely can provide a measure of how critical these
evolutionary differences are to the persistence of a popu-
lation at a site (see McGraw and Antonovics 1983).

Evolutionary response to selection is a direct func-
tion of genetic variation within populations. In long-lived
plant species immediate evolutionary response to environ-
mental change may depend upon genetically based differ-
ences among extant genotypes. Individual plants in the
field may vary in phenological, physiological, and mor-
phological traits that differentially influence their success
in alternate environments. Common garden experiments
using clonal propagation of individual genotypes can be
used to assess genetic differences in traits relevant to
environmental change. These methods are described by
Platenkamp and Shaw (1992), Sultan and Bazzaz (1994),
and Schwaegerle (1996). In contrast, long term response to
selection depends upon sexual recombination among ex-
tant clones and hence the narrow-sense heritability of
traits. Estimation of narrow- sense heritabilities is more
involved than assessing genotypic variation. Falconer
(1989; Chapter 6-11) provides an introduction to these
methods (also see Mitchell-Olds and Rutledge 1986).

Although evolution of arctic plant populations de-
pends on genetic variation in quantitative, polygenic traits
(morphology, phenology, physiology, etc), a variety of
molecular techniques may also shed light on the capacity
of these populations to adapt to future environments.
Phylogenies constructed from DNA sequence data or
restriction fragment length polymorphisms can reveal
biogeographic affinities and the evolutionary history of a
species. Alternatively, allozyme electrophoresis can pro-
vide information on breeding systems and/or gene flow
within and among populations. In contrast with the trans-
plant and common garden experiments described above,
these methods often involve considerable time and ex-
pense and only indirectly address the problem of evolu-
tionary response to climate change.

2. Change in the selective regime

The evolution of arctic plant populations depends on the
direction and magnitude of natural selection in future
environments. The extent to which experimental warming
results in a shift in the selective regime and the similarity
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of this selective regime among ITEX sites can be assessed
using methods developed by Lande and Arnold (1983) and
others (Wade and Kalisz 1990, Rausher 1992, and refer-
ences therein). These methods can reveal morphological
and life-history traits (or combinations of traits) that are
favored by natural selection. Field manipulations such as
ITEX chambers can provide estimates of the force of
natural selection on arctic plant populations in future
environments. Most importantly, these analyses can be
conducted with only the plant response data prescribed by
Molau and Edlund in the ITEX Manual.
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