
Diversity
Rapid Adaptation and Conservation
CRAIG A. STOCKWELL∗ AND MARY V. ASHLEY†
∗Department of Biological Sciences, Environmental and Conservation Sciences Graduate Program, Stevens Hall, North Dakota State
University, Fargo, ND 58105, U.S.A., email craig.stockwell@ndsu.nodak.edu
†Department of Biological Sciences, University of Illinois at Chicago, 845 West Taylor Street, Chicago, IL 60607, U.S.A.

Recent work has demonstrated that adaptive evolution
often occurs on contemporary time scales (years to
decades), making it of particular relevance to conserva-
tion planning (Ashley et al. 2003; Stockwell et al. 2003).
Reports of rapid evolution span a variety of species, traits,
and situations, suggesting that rapid adaptation is the
norm rather than the exception (Hendry & Kinnison
1999; Kinnison & Hendry 2001; Stockwell et al. 2003).
Furthermore, rapid adaptation is often associated with the
same anthropogenic factors responsible for the current
extinction crisis, including overharvest, habitat degrada-
tion, habitat fragmentation, and exotic species (Stockwell
et al. 2003) and thus has immediate relevance to conser-
vation biology. Here, we briefly consider the potential
importance of rapid adaptation to the conservation of ac-
tively managed species and to the spread and control of
exotic species.

Rapid adaptation is of particular concern for captive
populations (i.e., “domestication;” Fleming & Gross 1993;
Frankham 1995; Margan et al. 1998) as well as for “refuge”
populations established as a hedge against extinction
(Stockwell & Weeks 1999). Such actively managed pop-
ulations may rapidly diverge from their parental popula-
tions to the point that they are maladapted to their ances-
tral habitat. Similarly, recent genetic models suggest that
augmentation of native populations from captive stock
(“supportive breeding”) will likely reduce a wild popu-
lation’s fitness (Lynch & O’Hely 2001; Tufto 2001; Ford
2002). It is also possible that selection pressures may
change and thus limit the success of repatriation pro-
grams. For instance, natural selection at release sites may
be so strong that populations go extinct even in the pro-
cess of adapting to the “new” environment (Lynch 1996).
One solution would be to introduce populations to inter-
mediate environments. Another approach may be to “se-
lect” phenotypes most likely to succeed in the new envi-
ronment (Hendry et al. 2003).These observations suggest
that adaptive responses should be a major consideration
for actively managed species.
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Rapid adaptation is also relevant to one of the most
daunting problems facing conservation biologists, the
spread of nonindigenous species. The problem of exotic
species becomes even less tractable with the prospect
that such species may be rapidly adapting to their new
environments (Stockwell et al. 2003). In fact, the intro-
duction of populations into novel environments is the
most common factor associated with rapid adaptation
(Reznick & Ghalambor 2001). Exotic species often persist
at low numbers before becoming invasive (Schmitz et al.
1997). This pattern may reflect hybridization (Ellstrand
& Schierenbeck 2000) or directional selection, in which
a lag occurs as the population adapts before it can enter
a population growth phase. This “lag effect” may provide
the best opportunity for aggressive control, effectively
placing managers in a race with adaptive evolution to es-
tablish control over exotic species.

Finally, exotic species have the potential to evolve re-
sistance to various control measures. Over 500 arthropod
species have evolved pesticide resistance (Goerghiou &
Lagunes-Tejeda 1991). The control of exotic species is
also likely to be an uphill battle against rapid adaptation.
Therefore, control efforts should be considered in an evo-
lutionary context. For instance, gene flow between pop-
ulations at different adaptive peaks is expected to reduce
population fitness (Boulding & Hay 2001). Thus, inter-
population gene flow may be a potential control method
for exotic species that have diverged from their ancestral
population. Another approach would be to use multiple
control measures simultaneously to reduce the probabil-
ity of evolved resistance to any given control measure.
However, this approach may not work if resistance re-
sponses are not independent (Tabashnik et al. 1997).

We have briefly outlined a few contexts in which
species’ adaptive responses are relevant to conservation
biology. Adaptive responses are germane to other con-
texts such as overharvesting of populations (Conover
2000; Conover & Munch 2002). Why has the integration
of rapid adaptation into conservation biology been rela-
tively limited? First, the thinking that species are fixed en-
tities that only evolve over geological time is customary
in fields ranging from the biology of global change to
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population viability analysis (Ashley et al. 2003). Second,
conservation genetics research has been dominated by
the use of molecular markers that are presumed neutral.
While such markers may provide useful information about
historical gene flow patterns and evolutionary lineages,
they are not a good substitute for directly considering
important quantitative traits that may be responding to
changing environments (Lynch 1996; Bekessy et al. 2002).
Finally, measuring selective forces and predicting evolu-
tionary change is challenging and requires a substantial in-
vestment of resources, a retooling of established research
programs, and new training (and retraining) in evolution-
ary ecology. Despite these obstacles, we submit that con-
servation biology will become a more effective endeavor
if adaptive responses of organisms are more consistently
considered and creatively investigated.

The incorporation of adaptive evolution into conser-
vation plans can be pursued in both the short and long
term. In the short term, conservation and evolutionary bi-
ologists should collaborate to develop conservation plans
that directly address evolutionary concerns. Perhaps it is
time for a second joint meeting of the Society for Con-
servation Biology and the Society for the Study of Evo-
lution. In the long term, a re-evaluation of conservation
biology curricula may be in order. At the minimum, evolu-
tion should be a required course for all students majoring
in conservation biology. Such evolution courses should
cover adaptive evolution of quantitative traits and the ac-
tivities of humans as potent evolutionary forces that dras-
tically alter selection regimes. As more resources become
available, additional graduate-level courses can be devel-
oped in the interdisciplinary area of evolutionary con-
servation, which will lead to evolutionarily enlightened
management.
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