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Onaglobal basis . . . the two great destroyers of biodiversity
are, first, habitat destruction and, second, invasion by exotic

species.

E. O. Wilson (1997) in Strangers in Paradise

mong the global perspectives gained by Darwin
A during his 5-year circumnavigation aboard the
Beagle, those afforded by witnessing the preva-
lence and impact of introduced plants and animals
were probably seminal to the transformation of
his worldview. Exploring the continents of the
southern hemisphere and the remote outposts of
midoceanic islands, he saw biota replaced, natu-
ral economies disrupted, and species deeply altered
from their original states. The first volume of Sir
Charles Lyell’s new Principles of Geology series
(1830), an embarkation gift from Fitzroy, the Bea-
gle’s captain, had convinced Darwin that the natural
forces he observed linked directly back to those
that shaped the world prehistorically. And now
he viewed landscapes that appeared as if painted
over and repopulated with the familiar characters
of the European countryside. Such cataclysms of
biotic replacement, following closely on the modest
actions of agrarian settlers, could be likened to the
first colonizations of new lands, in which the fitting
of life forms to the environment, and the assembly
of living communities, could be closely inferred.
Since then, human-altered environments have
yielded some of evolution’s key lessons. The
cases of industrial melanism in moths (Kettlewell,
1956), adaptations to toxic waste (Antonovics
et al.,, 1971) and fertilization treatment (Snay-
don, 19705 reviewed in Silvertown et al., 2006) in

plants, responses to resource extinctions in birds
(Smith et al., 1995), the appearance of antibiotic
and pesticide resistance (Palumbi, 2001a), and
introduced pathogens, pests, and hosts in numerous
systems have all helped biologists comprehend the
environmental, economic, and social importance
of contemporary evolution—evolution occurring on
ecological timescales of days to years rather than on
timescales of centuries to millennia (Carroll et al.,
2007). We now realize that contemporary evolution
is commonplace (see, for example, Palumbi, 2001a)
and that it can have substantial ecological con-
sequences and conservation implications (Carroll
et al., 2007).

Among the human agents altering earth’s habi-
tats, species introductions offer particularly infor-
mative accidental experiments because they mimic
natural events important in structuring natural com-
munities (Vermeij, this volume). The movements of
species and the peregrinations of continents have
shaped the earth’s terrestrial and marine biogeo-
graphy throughout the history of life. During the
past few centuries in particular, human transport
has augmented rates of biotic exchange among
the earth’s realms far beyond preindustrial norms
(Elton, 1958). As we similarly alter other planet-
level processes, including climate and nutrient
cycling, the resulting disruption of established pat-
terns of community dynamics may create greater
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ecological opportunities for invaders (Dukes &
Mooney, 1999) while simultaneous recasting the
adaptive landscape for all species (see, for example,
Réale et al., 2003; Ward et al., 2000). For example,
disturbance events should favor stress-tolerant indi-
viduals, and Kneitel and Perrault (2006) suggested
that if stress tolerance trades off with competitive
ability, a prevalence of less competitive pheno-
types may render communities more vulnerable to
invasion during postdisturbance conditions.

Invasive species provide a tool to study the
ecological and evolutionary processes that produce
communities (Strauss et al., 2006b). A biotic
community is an aggregation of different species
living and interacting within an abiotic realm. Con-
stituent members may be largely independent and
their associations happenstance, or they may be
closely interdependent over vast periods of time,
their histories inextricably linked. Each species has
characters that are independent of their grouping,
and others that depend directly on it and that will
change if different species are assembled or if abiotic
conditions change. These sorts of variation mean
that what we call a community is somewhat arbi-
trary, and that its meaning will differ among taxa
as well as within taxa at different places and times.
Many of the factors that broadly determine com-
munity assemblage, including range expansions,
occur naturally and have been common throughout
earth’s history. However, most of the species move-
ments responsible for generating current patterns
of species and community diversity were prehis-
toric. Thus, the process producing current diversity
can only be inferred, largely from modern pat-
terns. To the extent that anthropogenic species
introductions are accidental experiments in com-
munity ecology, they may offer insights into how
communities assemble and function.

Species invasions are unique among the anthro-
pogenic disturbances in that they are naturally
dynamic without continued disturbance; organ-
isms interact, but these interactions evolve. In
terms of their ecological consequences, this makes
species introductions a particularly unpredictable
form of environmental perturbation (Pimentel et al.,
2000). What will biotic communities look like in
1,000 years or in 10,000 years, and how will
they function? What is the role of genetic change
in the transition from the colonization of a new
habitat to the biotic integration of a population
into a new community, and do the effects of an
invader change over time? In the face of ongoing
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evolution, what would creating sustainable con-
servation management involve? These questions
address temporal change on scales from seconds
to millennia. Although it is common to think of
biotic invasions mainly in ecological or manage-
ment terms, only with an evolutionary perspective
do we have the potential of ultimately linking such
questions into an integrated framework.

The Consequences of Species
Invasions

According to the principles so well laid down
by Mr. Lyell, few countries have under-
gone more remarkable changes, since the
year 1535, when the first colonist of La
Plata landed with seventy-two horses. . .. The
countless herds of horses, cattle, and sheep,
not only have altered the whole aspect of the
vegetation, but they have almost banished the
guanaco, deer, and ostrich [rhea]. Number-
less other changes must likewise have taken
place; the wild pig in some parts probably
replaces the pecarri; packs of wild dogs may
be heard bowling on the wooded banks of the
less frequented streams; and the common cat,
altered into a large and fierce animal, inhabits

rocky bills.
Charles Darwin (1860,

p. 120) reflecting on, the
landscapes of southern
South America that he
encountered in 1832,
three centuries after
Spanish settlement

Not all introduced, alien, species become inva-
sive when introduced to new environments. Indeed,
most alien species fair poorly, or at best main-
tain small population sizes in their new commu-
nities, and some would quickly go locally extinct
without continued human intervention. Although
these species may be ecologically significant in cer-
tain contexts, it is the invasive species—those with
populations that grow rapidly, spread geographi-
cally, and integrate into and frequently dominate
native communities—that are of major conservation
significance and are thus the focus of this chapter.
By definition, invasive species are new actors
within biotic communities, and necessarily play
many roles in ecological webs—as predators,
pathogens, parasites, competitors, mutualists, or
hosts (Mitchell et al., 2006). They have important






