
Syst. Biol. 51(2):255 –275, 2002

Importance of Hybridization Between Indigenous
and Nonindigenous Freshwater Species: An Overlooked Threat

to North American Biodiversity

WILLIAM L. PERRY,1 DAVID M. LODGE,2 AND JEFFREY L. FEDER2

1Behavior, Ecology, Evolution, and Systematic Section, Department of Biological Sciences, Illinois State University,
Normal, Illinois 61790-4120 , USA; E-mail: wlperry@ilstu.edu

2Department of Biological Sciences, Notre Dame University, Notre Dame, Indiana 46556, USA; E-mail: lodge.1@nd.edu;
feder.2@nd.edu

Abstract.—Biodiversity of North American freshwaters is among the greatest in the world. However,
due to extensive habitat degradation, pollution, and introductions of nonindigenous species,this biodi-
versity is also among the most endangered. Unlike habitat degradation and pollution, nonindigenous
species represent a permanent loss of biodiversity because their removal or control is often impossi-
ble. Most species introduced into nonnative North American ranges, however, are not from Eurasia
but have been introduced from geographically isolated regions within North America. Although the
ecological effects of introduced species have been widely documented, the effects of hybridization,
especially between closely related species, represents an equally serious mechanism of extinction but
is much less studied. Identiécation of which species are likely to hybridize after contact is of critical
importance to prevent the further loss of native species. Molecular phylogenetics serves as a powerful
tool to identify freshwater species at risk of introgression, if we can assume that genetic distance is a
good predictor of the potential for hybridization. Although not a thorough review of all cases of hy-
bridization, this article documents the extent and effects of hybridization in éshes, crayéshes, mussels,
and other invertebrates in light of the currently accepted phylogenetic relationships. We suggest this
approach may be the érst step in addressing the potential threat of hybridization between many of the
closely related species in North American fresh waters. [Aquatic biodiversity; invasion; hybridization;
systematics.]

Proper classiécation and phylogenetic re-
construction provide a blueprint for life’s re-
lationships and history. Without this infor-
mation, building a solid understanding of the
evolutionary processes generating biological
diversity would be impossible. Equally im-
portant is that systematists also write bio-
diversity’s obituary. Extinction is the nat-
ural èip side of speciation. Both processes
tell life’s story, together determining patterns
and trends seen in the historical record and
on earth today. Until recently, the study of ex-
tinction has primarily been the domain of pa-
leontologists. However, heightened interest
in conservation stemming from the anthro-
pogenic homogenization and destruction of
Earth’s biota has changed this (Rahel, 2000).
Humans are currently causing the extinction
of taxa at a very high rate. Without rever-
sals of these trends, “modern” times will ri-
val the periods of mass extinction recorded at
the end of the Permian and Cretaceous eras
(Sala et al., 2000, 2001).

Many factors currently contribute to the
decline of global biodiversity, including
global climate change, pollution, habitat al-
teration, overharvesting, and interactions
with invading species (Sala et al., 2000).

Here, the negative consequences of human-
mediated species introductions on biodiver-
sity will be emphasized. We focus on fresh-
water streams and lakes in North America
because aquatic ecosystems appear to be the
most vulnerable to nonindigenous species
introductions (Miller, 1989; Williams et al.,
1993, 1996; Taylor et al., 1996; Kolar and
Lodge, 2000; Lodge, 2001). Indeed, one of
the greatest threats to freshwater fauna may
be the enemy within: Threats posed by the
movement of regional endemics within the
continent of North America may equal or
exceed that of nonindigenous species intro-
duced from outside North America.

Most studies of species invasions empha-
size the ecological effects of nonindigenous
taxa on natives, especially effects related
to competition, predation, and parasitism.
But hybridization associated with invasions
of nonindigenous species also poses a se-
rious threat to the integrity of endemic
gene pools (Rhymer and Simberloff, 1996).
Unfortunately, the magnitude of this dan-
ger to the conservation and management
of biodiversity is only now being recog-
nized (Rhymer and Simberloff, 1996; Haig,
1998). This review examines invasions in
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