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R E F E R E E D  R E S E A R C H  A R T I C L E

he loss of biological diversity has been measured tra-
ditionally by frequency of species extinctions. How-
ever, not only does genetic diversity underlie species

diversity, being concomitantly lost with species extinctions,
but also genetic diversity has been recognized in its own right
as one of three levels of biological diversity recommended for
conservation by the World Conservation Union (IUCN)
(McNeely and others 1990). There is urgency associated with
the current rate of species loss. In fact, the term “sixth extinc-
tion” has been coined to convey the serious scale of the prob-
lem, and to equate it in magnitude to the previous 5 mass
extinctions that are known from the geological record. Species
currently are being lost at a rate that far exceeds the origin of
new species, and, unlike the previous mass extinctions, this is
primarily the result of human activities (Frankham and others
2004). Similarly, the seriousness of recent and ongoing losses
of genetic diversity—in particular, locally adapted gene com-
plexes—has been recognized with the term “secret extinc-
tions” (Ledig 1991). As suggested by this term, however, it is
difficult to sense the urgency of taking measures to mitigate
genetic losses, as such losses are often cryptic.

In many instances, the genetic resource may be severely
degraded without an immediate loss in census number. For
example, there are few tree species in Canada or the US that
are so diminished in presence that they have been federally
listed as “endangered” or “threatened.” There is serious con-
cern about genetic erosion in forest tree species, however, as
expressed at a 1995 international workshop on the status of
temperate North American forest genetic resources (Rogers
and Ledig 1996). In general, genetic erosion is loss of genetic
diversity within a species. It can represent the loss of entire
populations genetically differentiated from others, the loss or
change in frequency of specific alleles (that is, different forms
of a gene) within populations or over the species as a whole, or
the loss of allele combinations.

The first well-publicized use of the term “genetic erosion” was
in reference to the loss of the primitive races and varieties of cul-
tivated plants as they were gradually replaced in agriculture with
newer and more productive crop varieties. Genetic erosion was a
topic of discussion in the international agricultural community
in the mid-1900s and received prominence with the twin cata-
strophic outbreaks in 1970 of southern corn-leaf blight in the US
and of coffee rust in Brazil. These events illuminated the conse-
quences of genetic erosion, stimulated international discussions,
and provided a major focus at the United Nations Conference on
Human Environment in Stockholm in 1972. The lesson was that
“genetic uniformity is the basis of vulnerability to epidemics and,
more generally, to biotic and abiotic stresses” (Scarascia-Mug-
nozza and Perrino 2002). Concerns about genetic erosion
resulted in the initiation of a global network of gene banks to
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Figure 1. Management practices have affected genetic diversity in Mead’s
milkweed (Asclepias meadii), a threatened species. Photo by Jessie M Harris
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Genetic considerations pertaining to planting projects usu-
ally emphasize locally adapted source material. However,
the amount of genetic diversity in the plant materials is
important as well. Genetic erosion is the loss of genetic
diversity—often magnified or accelerated by human activi-
ties. In native plant populations, genetic erosion results
from habitat loss and fragmentation, but it also can result
from a narrow genetic base in the original collections or by
practices that reduce genetic diversity. Although species-
specific guidelines are not available, managers can mini-
mize the risk of genetic erosion by being familiar with the
biology of the affected species (including breeding system,
mode of reproduction, and pattern of genetic diversity).
Narrowly based genetic collections should be avoided,
providers of plant materials for revegetation projects should
offer information on their collection methods, and nursery
managers should endeavor to minimize diversity losses at
all stages of nursery culture. 
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conserve agriculturally important genetic resources. In the agri-
cultural sphere, there is ongoing concern and attention at all lev-
els, including the Food and Agriculture Organization of the
United Nations. “Genetic erosion, or the steady loss of genetic
diversity in on-farm agriculture, is perhaps the key ‘pressure’ on
the sustainable management of domesticated plant genetic
resources” (Brown and Brubaker 2002).

The term “genetic erosion” is now more generally applied to
loss of genetic diversity, including the loss of diversity in native
plant species. But just as the term “climate change” is more
commonly understood to represent an accelerated change in
climate patterns, which reflects human influences rather than
simply natural cycles, “genetic erosion” is more often used in
the context of human-driven or -related losses in genetic diver-
sity that are faster in rate or larger in scale than would be
expected under natural processes alone. Here, we will  focus on
the anthropogenically related loss of genetic diversity in native
plant populations within a restoration context.

A R T I C L E  C O N T E X T  A N D  O B J E C T I V E S

There is a diverse array of objectives associated with natural
areas management including maintaining diversity and ecosys-
tem functioning in natural areas, revegetating after fires or har-
vests, rehabilitating mine sites or other degraded areas,
improving habitat for wildlife, restoring threatened or degraded
populations, and providing access and infrastructure for recre-
ation and other activities. The context for this article is natural
areas conservation and restoration. If one’s objectives differ
from maintaining or recreating natural types and levels of
genetic diversity in native plant populations, then the discussion
and recommendations provided here are not entirely relevant.
Furthermore, if the objectives include rehabilitation of degraded
sites, then the environment may no longer be completely natu-
ral, and the relationship with natural patterns of genetic diver-
sity will have been altered. In those cases, what is “genetically
appropriate” for the sites, at least in the short term, is less clear.
Indeed, even the use of non-native species may be appropriate,
at least as a nurse crop to help restore soil stability or quality.

Within the topic of genetic erosion in natural plant commu-
nities, one could address maintaining genetic diversity within
the populations, re-introducing appropriate levels of genetic
diversity in projects involving planting or seeding of native plant
species, or monitoring plant populations to detect decreases in
genetic diversity—each a broad topic in its own right. Here, we
focus on explaining the importance of genetic diversity and the
problems associated with genetic erosion in native plant popula-
tions and on suggesting some means to maintain genetic diver-
sity within the context of restoration efforts.

Throughout this brief review of genetic erosion and its con-
sequences, it is important to remember the dynamic nature of

genetic diversity. Genetic diversity is always changing—over space
and time. Spatially, it sometimes reflects patterns in the environ-
ment (such as elevation, soil moisture gradients, or climatic pat-
terns), suggesting adaptation of plants to their conditions. But
whether the genetic diversity is adaptive or not, it is constantly in
motion over the landscape, moving through pollen and seeds and
other propagules and being lost through mortality—random and
selective. The general arena in which much of reproductive activ-
ity and genetic movement occurs is called the “population”—
which, for many plant species, is a “virtual entity” and difficult to
identify in the field. Genetic diversity also changes over time as a
result of random factors. Whether a particular seed—with its
inherent genetic diversity—germinates and survives depends, to
some extent, not only on its suitability for its environment but also
the fortuity of being in the right place at the right time. And
whether it passes on its genetic heritage to the next generation
depends not only on its reproductive output but also on chance
events that influence its mating and survival of its progeny. With
each generation, genes are reshuffled and recombined, to greater
or lesser extents depending on the breeding system of the species.
The longevity and life form of the  species (for example, annual,
perennial, long-lived woody species), the ploidy level (for exam-
ple, diploid or tetraploid), the mode of reproduction (for exam-
ple, asexual, sexual, or some combination; dioecious or
monoecious), and the breeding system (for example, outbreeding,
inbreeding, or various combinations) all weigh heavily in deter-
mining the movement of genes and the natural amounts of
genetic diversity. It is against this dynamic landscape of genetic
change, and within the important context of individual species’
biology, that we consider the issue of genetic erosion.

H O W  C A N  G E N E T I C  D I V E R S I T Y  B E  L O S T  A N D

W H Y  I S  I T  A  P R O B L E M ?

Genetic diversity is lost in much the same manner as species
become extinct. Habitat loss and habitat fragmentation can
reduce the size of plant populations (Figure 2). If the habitat and
not just the plants are removed (such as in land conversion), and
there is no subsequent regeneration from seedbanks or previ-
ously collected seeds, then loss of genetic diversity can occur
immediately, assuming that there is some diversity in the
removed plants that is not contained elsewhere. The link
between habitat fragmentation and loss of genetic diversity has
been well established, both theoretically and empirically, partic-
ularly in forest tree species (for example, Templeton and others
1990; Ledig 1992).

But even if genetic diversity is not lost immediately, it is often
reduced gradually in the resulting smaller populations (for exam-
ple, Lacy 1987). This loss is presumably the result of genetic drift,
a random process, which can result in inbreeding. When plants
reproduce (for simplicity, let us consider a sexually reproducing
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diploid species), the seeds that result do not necessarily contain all
of the genetic diversity from the parental generation because they
represent only a sample of that diversity. The genes from some
potential parent plants may not be represented in the seeds
because of random factors such as phenological differences, dis-
tance from other plants, weather patterns that influence pollen
dispersal, random mortality of plants, random abortion of em-
bryos, and others. In particular, alleles that are rare in a plant pop-
ulation may not persist into the next generation so that the next
generation represents a “sample” of the genetic diversity in the
parental population. Therefore, rare alleles, present in only a few
individuals, may by chance, not be passed to the next generation.

The relationship between population size and loss of genetic
diversity has been well established and quantified, with Wright’s
(1931) work being seminal. Generally, smaller populations tend to
lose genetic variation by genetic drift much more quickly than
larger populations. And the shorter the generation length (that is,
time to reproductive maturity), the more rapid the diversity loss
in absolute time (for example, Frankham and others 2004). There
is considerable theory and empirical research on the relationship
between population size and genetic diversity. A review of that lit-
erature is beyond the scope of this paper but see, for example, Falk
and Holsinger (1991) and Ellstrand and Elam (1993). This rela-
tionship has also been examined at the species level, and various
reviews have found restricted or rare species generally less geneti-
cally diverse than more common plant species (for example, Kar-
ron 1987, 1991; Hamrick and Godt 1990; Gitzendanner and Soltis
2000; Cole 2003). It is important to note, however, that there may
be different processes underlying the relationship between genetic
diversity and size in populations versus species.

Genetic drift has a second consequence that negatively
impacts genetic diversity. Simply put, smaller populations are
more likely to have higher rates of inbreeding. Again, consider-
ing a sexually reproducing diploid species that is mainly an

outbreeder, mating among relatives (inbreeding) is more likely
in smaller populations. And the process is cumulative, so that
over time matings between unrelated individuals become
impossible (for example, Frankham and others 2004).
Inbreeding also occurs in larger populations, but it occurs less
frequently and its impacts take longer to manifest. An increase
in the level of inbreeding (in plants that are mainly outbreed-
ers in nature) has profound consequences for the population.
This increases the level of homozygosity in the population
(that is, in an individual [diploid] plant, there are 2 copies of
the same allele rather than 2 different alleles for a given locus).
In general, increased homozygosity also leads to reduced
reproduction and survival (that is, lower reproductive fitness)
and ultimately to increased risk of extinction. This cascade of
events that results from increased inbreeding is termed
“inbreeding depression.”

Plant populations that are less genetically diverse may be
more susceptible to pathogens (for example, Schmid 1994) or
other environmental stresses. Natural selection acts on genetic
diversity; the more fit individuals survive and reproduce. Loss
of genetic diversity reduces the ability of the plant population
to genetically respond to a changing environment over time,
reduces evolutionary potential, and lowers reproductive fit-
ness. In fact, one of the basic tenets of evolutionary biology is
that the rate of evolutionary change is proportional to the
amount of genetic variability in a species (Futuyma 1979).

Some loss of genetic diversity is natural. Genetic diversity is
a dynamic entity, changing over time. Natural selection
removes some genetic diversity (at least at the population, if
not the species, level). But too rapid a loss, or losses that aren’t
associated with natural processes such as natural selection, can
cause problems in a conservation or restoration context.

In addition to habitat loss and fragmentation, other less obvi-
ous influences can also cause genetic erosion. For example, there
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Figure 2. Genetic erosion often results when native vegetation is removed or fragmented by development, as shown here in Lake
County, California. Left: Vinyard development. Right: Native vegetation fragmentation on Mt Konockti.
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is the potential to inadvertently reduce genetic diversity through
planting or reseeding activities associated with restoration, reha-
bilitation, or reforestation, particularly in large-scale projects. In
such projects, the genetically appropriate decision is often
framed as “planting local”—which is a proxy for planting or
seeding with a genetic source that is locally adapted. However,
using genetically appropriate planting materials is not only a
matter of using the correct source but also of how the source was
sampled. That is, “genetically appropriate” planting material
should be appropriate in both the nature and amount of genetic
diversity relative to the scale of the project. As noted by
Kitzmiller (1990), the ceiling on genetic diversity is established
by the seed collected. But that level of genetic diversity can be
seriously eroded by subsequent events.

Two major examples of how genetic diversity can be
reduced in a planting project are outlined below.

Inadequate sampling of genetic diversity in the seed (bulb,
ramet, or other propagule) collection: This can result from making
genetic collections from too few parent plants or from plants that
are very close to one another, therefore more likely to be related.
For example, a collection consisting of seeds from 10 closely
related parent plants would likely have less genetic diversity than
one composed of 10 unrelated or more distantly related plants.
This applies to plant populations that are strictly or primarily
outbreeding. If a species reproduces asexually, reductions in
genetic diversity in the genetic collection can occur through inad-
vertently taking multiple samples (cuttings or other plant part)
from the same individual. Depending upon the spatial genetic
structure of the plant species, reductions in genetic diversity can
also occur by sampling too few populations (relative to what is
appropriate for the restoration site). Some references on genetic
sampling guidelines include CPC (1991), Guarino and others
(1995), and Guerrant (1992, 1996).

Narrowing of the genetic base through nursery practices: Some
loss of seed or seedlings in the window between original collec-
tions and planting or seeding on the project site is not necessarily
a problem. If the losses are random (that is, not linked to partic-
ular genes or gene combinations), then they will not change the
original genetic composition of the sample significantly. High
levels of mortality, however, can cause genetic erosion. And any
nursery practices that favor some seeds or seedlings over others
(that is, that constitute a “selection” of some individuals) can
change the genetic composition of the original collection. In tra-
ditional plant improvement programs, such artificial selection is
appropriate and, if successful, results in plants that are better
suited to particular goals such as ornamental quality, palatability,
productivity, or desirable site-specific characteristics. In restora-
tion projects where the goals include restoration of genetic diver-
sity, however, artificial selection may be less desirable, although it
can still occur inadvertently (for example, Meyer and Monsen
1993). Nursery practices that select for uniformity in individuals
(for example, in seed weight, germination time, or early height

growth) can decrease genetic diversity (Kitzmiller 1990; Elkass-
aby and Thomson 1996). This phenomenon is known as “genetic
shift.” For example, a shift toward a more uniform germination
response in garden-grown versus wild collections of blue flax
(Linum perenne L. [Linaceae]) provided some evidence of inad-
vertent selection for nondormant, rapidly germinating seeds
under conditions of greenhouse propagation (Meyer and
Kitchen 1994). This possible reduction in genetic variability
related to germination response could be problematic for
restored populations if it represented a critical mechanism
whereby seedbank persistence was ensured under widely differ-
ent weather patterns. Improper handling or storage can shift the
genetic base if the conditions are such that the more drought-tol-
erant or cold-tolerant individuals, for example, survive and oth-
ers die. Some losses during the storage, nursery, or handling
activities may simply be early elimination of plants that would
die on-site in any event. However, if the selection pressures that
we exert on the collections are not identical to those experienced
in the natural condition, then some valuable genetic diversity
may be lost. When seeds are not just grown but produced in the
nursery, the layout of parental plants (if open-pollination is used)
will also be important in determining the genetic composition of
the seeds (for example, Reinartz 1995).

E X A M P L E S  O F  G E N E T I C  E R O S I O N  

I N  N AT I V E  P L A N T  S P E C I E S

For species that have lost large amounts of habitat and census
number, it would be expected that considerable genetic diver-
sity would also have been lost. This can be particularly serious
for self-incompatible species (Figure 3). For example, loss of
variation at loci controlling self-incompatibility in the remain-
ing plants of an Ohio population of lakeside daisy or eastern
fournerved daisy; (Tetraneuris herbacea Greene [Asteraceae];
formerly Hymenoxys acaulis (Pursh) Parker var. glabra (Gray)
Parker) made it difficult for them to mate with one another to
the extent that the population had produced no seeds for more
than 15 y (Demauro 1993). This is because different self-
incompatibility alleles are necessary to mate, and many of
these had been lost from the population. In theory, polyploid
species may be less susceptible to genetic erosion than diploid
species (for example, Bever and Felber 1992; Glendinning
1989). However, an endangered tetraploid herb endemic to
grasslands of southeastern Australia, Swainsona recta Lee
(Fabaceae), suffered considerable genetic erosion despite its
polyploid condition (Buza and others 2000).

Loss of genetic diversity can occur in restoration or reintro-
duction projects in which the propagule source includes only a
small number of parent plants or a small amount of genetic diver-
sity. This change in genetic composition of a population caused by
an origin consisting of a small number of individuals has been
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called the “founder effect.” Such effects often include, in addition
to lower genetic diversity, an increase in genetic drift and inbreed-
ing, as described earlier.We are aware of founder effects in nature,
such as those that occur when a few individuals found new pop-
ulations as species migrate, over long periods of time, in response
to climate change (for example, Ledig 1987). But founder effects
can occur as a result of human activities, and over a much shorter
period of time. For example, in a restoration effort for eelgrass
(Zostera marina L. [Zosteraceae]), genetic analyses revealed that
the transplanted eelbeds had significantly lower genetic diversity
than natural undisturbed beds (Williams and Davis 1996). More-
over, subsequent studies showed that the loss of genetic diversity
in the restored populations corresponded to lower rates of seed
germination and fewer reproductive shoots, suggesting negative
consequences for the restored populations (Williams 2001).

Some management practices may contribute to loss of genetic
diversity. The perennial herb, Mead’s milkweed (Asclepias meadii
Torr. ex Gray [Asclepiadaceae]), is a species federally listed as
threatened, occurring primarily in prairie hay meadows in Kansas
and Missouri, with a few small populations in Iowa and Illinois.
The species can reproduce both sexually (and is self-incompati-
ble) and asexually (through rhizomes). Over much of its remain-
ing habitat, annual mowing has been common practice for more
than a century. Some remaining habitat has been fire-managed
since the mid-1950s, fire being a natural disturbance, historically,
in these tallgrass prairie ecosystems. A comparison of genetic
diversity between the 2 management methods provided evidence
of much lower genetic diversity in the mowed sites than in the
burned sites. Mowing usually removed the milkweed pods, pre-
venting seed dispersal and sexual reproduction, and led to
increased rhizomatous growth (Tecic and others 1998). Thus,
genetic diversity was quickly lowered per unit area because of
fewer and larger genetically distinct individuals. Over time,
genetic diversity in the mowed area would likely continue to
decline, as selection removed additional clones, and  no new clones
(from sexual reproduction) were recruited. Thus the continuing
trend would be one of fewer, larger clones and less genetic diversity.

S O U R C E S  O F  N E W  G E N E T I C  D I V E R S I T Y

New diversity is added to plant populations through muta-
tion—the origin of all genetic diversity—and migration of
genes from other populations. New combinations of alleles are
formed through recombination. Mutations add genetic diver-
sity to populations very slowly and generally spread slowly
through the population and to other populations. The rate of
spread is influenced by the reproductive rate, the nature of seed
and pollen dispersal, and whether the mutation is affected by
selection (for example, whether or not it has adaptive value). In
any event, it can take many generations to have an appreciable
frequency of the mutation, and this translates into extremely

long time periods if the regeneration times are long. Given the
potentially long times to introduce meaningful levels of new
genetic diversity, any influences that increase the rate of other-
wise natural losses of genetic diversity (for example, through
natural selection) can cause a net loss of genetic diversity.

Mutations can have positive, neutral, or deleterious effects
for individuals and populations. Beneficial mutations are those
that in some way improve survival or reproductive fitness.
Plant species that are largely outbreeding have some—usually
low—level of deleterious alleles. The sum of the fitness-reduc-
ing effects from these deleterious mutations is called the
genetic or mutation load (for example, Crow 1993). So even in
natural conditions, there is some genetic diversity that is unde-
sirable, or at least not beneficial to the species.

Although the ultimate source of genetic diversity is mutation,
new genetic diversity can be introduced to a population through
natural means, such as seed dispersal and pollination, or
through artificial introductions, such as transplanting. The for-
mer usually occur slowly and new alleles would normally be in
low frequency, at least initially. The latter can occur quickly and
can dramatically change genetic composition. Whether intro-
duced genetic diversity in plant populations is beneficial or
detrimental will depend on the context. Some determining fac-
tors are the amount of genetic diversity remaining in the resi-
dent population, genetic differences between the resident and
introduced plants, and breeding system (of both populations, if
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Figure 3. Loss of genetic diversity in a population of lakeside daisy (Tetra-
neuris herbacea) left them unable to reproduce.
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different). Models have recently been developed in an attempt to
predict when introducing new genetic diversity (and subsequent
hybridizations) will be beneficial or detrimental. Key inputs to
the models that affect the outcome include: 1) divergence
between populations; 2) the genetic basis of outbreeding depres-
sion (disruption of local adaptation versus intrinsic coadapta-
tion); 3) population parameters such as mutation rate and
recombination rate; and 4) alternative management schemes
(for example, 50:50 mixture versus one migrant per generation
[Edmands and Timmerman 2003]).

Hybridization between populations may cause either
increased fitness (hybrid vigor) or decreased fitness (outbreed-
ing depression). Translocation between populations may there-
fore in some cases be a successful means of combating genetic
erosion and preserving evolutionary potential (Edmands and
Timmerman 2003). For example, supplementing genetic diver-
sity in cases of high environmental variability or uncertainty
(for example, Kitchen and McArthur 2001), or on altered sites,
may be advantageous. In other cases, it could make the situation
worse. If introduced plants are not well adapted in the long
term but do survive to reproductive maturity, then the
hybridization between the introduced and resident (or adja-
cent) plants can lower the fitness of subsequent generations
(outbreeding depression) (for example, Hufford and Mazer
2003). But again, outbreeding depression is context depend-
ent—more likely in cases where the parental populations are
outcrossing and genetically distinct. Also, plants are notorious
for variability in breeding systems, even within the same
species. So uninformed mixing of plant populations—if the
species is known to have population variability in its breeding
system—could mean that plants with perhaps maladapted
breeding systems could become established and disrupt locally
developed, specific features of genetic recombination (Linhart
1995). Depending on the breeding system of the populations
and the genetic basis of plant characteristics, it is also possible
that the specific impacts will vary over time or over generations.
So the negative impacts from either inbreeding or outbreeding
depression might not occur in the first generation, but rather in
subsequent ones. Alternatively, the negative effects might
decrease over time, perhaps the result of natural selection.

I S  L O S S  O F  G E N E T I C  D I V E R S I T Y  

E V E R  A  G O O D  T H I N G ?

Although reductions in genetic diversity are generally consid-
ered detrimental, there may be exceptions, such as reduction in
the genetic load. For inbreeding plant species, these detrimen-
tal alleles are rather quickly removed from the population
because they are exposed even when recessive, and the result-
ing individuals usually don’t last long, or contribute much, if
anything, to future generations. For largely outcrossing species,

the process takes longer because recessive alleles are more likely
to be paired with more favorable dominant alleles and it takes
longer for their exposure. The “uncloaking” and expression of
these deleterious alleles  is probably the explanation for much
of the inbreeding depression observed when plant species
experience higher-than-natural levels of inbreeding. The level
of inbreeding depression depends on the nature of the delete-
rious mutations, the breeding system of the species, and the
size of the populations (for example, Charlesworth and
Charlesworth 1987; Lynch and Gabriel 1990). The efficacy of
purging deleterious alleles is related to population size, the
dominance level of the mutation (for example, mildly or
highly  recessive), and the type of purging process (that is, drift
or selection, or their interaction) (Glémin 2003).

Other than the obvious example of the benefit of losing
deleterious alleles, one other context in which loss of genetic
diversity is not necessarily disadvantageous is that of exotic
invasive plant species. When exotic plant species are intro-
duced to a new environment, they often experience what is
called a “genetic bottleneck” as the introduced plants just rep-
resent a sample—perhaps a very small sample—of the entire
range of genetic diversity of the species. Although in theory the
loss of genetic diversity could serve the invasion potential of
plant invaders, this remains largely unconfirmed by conclusive
experimental evidence. Some studies have revealed low levels
of genetic diversity within populations of some invasive
species including Phragmites australis (Cav.) Trin. ex Steud.
(Poaceae) (Pellegrin and Hauber 1999), Bromus tectorum L.
(Poaceae) (Bartlett and others 2002), and Setaria viridis (L.)
Beauv. (Poaceae) (Wang and others 1995), although this is not
a consistent feature among invasive species or populations (for
example, Pappert and others 2000). A genetic study of the com-
mon reed (Phragmites australis) provided an example of loss of
genetic diversity within native plant populations by invasion of
exotic genotypes of the same species. More specifically, compar-
isons among historical and extant samples of native populations
of common reed in the US showed that certain historical haplo-
types (the genetic diversity was measured with alleles of closely
linked loci in chloroplast DNA) seem to have disappeared and
that one haplotype is now very widespread and invasive in the
US, probably a more recent introduction to the US and possibly
of Eurasian origin (Saltonstall 2002). In this case, the species is
also clonal—a trait that could be beneficial to the invasive hap-
lotype. So although the direct advantage of the narrow genetic
base of the invader was not demonstrated in this study, the hap-
lotype is highly successful and apparently outcompeting conspe-
cific locals despite little genetic diversity. One direct and elegant
example of loss of genetic diversity increasing invasive potential
is the invasive Argentine ant (Linepithema humile Mayr
[Hymenoptera: Formicidae]). A recent genetic study revealed
that the Argentine ant has substantially less genetic variation in
its introduced populations—even though they occur over a
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wide geographic area—than in its native range, and that the loss
of diversity is associated directly with a behavioral change that
allows the introduced ants to have widespread ecological success
(Tsutsui and others 2000).

H O W  C A N  G E N E T I C  E R O S I O N  B E  M A N A G E D ?

For agricultural crops, solutions or mitigations have focused
on ex situ conservation—seedbanks, genebanks, and others.
This approach allows genetic diversity to be maintained even if
it is not currently represented in agricultural practice. In addi-
tion, genetic research on some agriculturally important crops
is comparing genetic diversity between modern and historic
cultivars and even with the progenitor wild plant species,
where possible. This information helps to illuminate current or
to predict future problems of genetic erosion, allowing an
appropriate management response.

For native plant species, we focus on conservation of genetic
diversity in situ, although ex situ conservation methods are cer-
tainly an appropriate parallel conservation strategy, particularly
for rare or endangered species or those experiencing high mor-
tality or rapid loss of habitat. (See, for example, Brown and
Briggs [1991] and Guerrant and others [2004] for information
on genetically appropriate collection procedures for ex situ
genetic collections.) However, ex situ conservation is not an
effective or reasonable substitute for in situ conservation. These
are complementary, rather than alternative, conservation strate-
gies (for example, Falk 1987; Given 1987). Ex situ collections, for
example, are only a sample of the natural range of genetic diver-
sity in the species and are removed from the influence of natural
selection and thus cannot accrue new adaptations over time.
They are also vulnerable to financial constraints or downsizing,
chronic losses in diversity depending on storage methods, cata-
strophic losses from equipment failures or fires, among other
issues (for example, McGuire and Qualset 1990).

Avoiding losses of habitat or fragmentation of habitat (that
can interrupt sharing of genes between populations, for example)
are important management practices. But this level of steward-
ship is often beyond the control of natural areas managers and
those other professionals associated with restoration projects. At
the level of specific revegetation or restoration projects, there are
some actions that can be taken to lessen the risk of genetic ero-
sion. All of the following recommendations are provided within
the context of native ecosystem (or species) conservation—
which could include projects that are considered revegetation,
restoration, mitigation, or other. If that is not the primary goal of
a planting project, these points will be less relevant.

Review the basic biology of the restoration species (in
particular, the breeding system, asexual or sexual repro-
duction, dioecious or monoecious, and general life

form—such as annual, perennial, or shrub). A good deal
of common sense can be derived from these life-history
features that can be applied to genetic collections. For
example, if the species is dioecious (for example, poplar
and willow), genetic collections need to consider a bal-
ance of males and females if collecting vegetative mate-
rial rather than seeds (see Landis and others 2003). If
collecting from conifers that have serotinous cones held
on the trees for years, collecting from cones at different
levels in the canopy will sample seeds from different
cone crops, and probably reflect more genetic diversity
than collecting from one cone crop only. If the plant
species is known to reproduce asexually, be particularly
careful not to collect seeds or vegetative propagules from
just one or a few clones.

When purchasing plants for conservation-related proj-
ects, check with the nursery as to source, collection
methods, and conditions for growing out the plants.
Even if appropriate (for your project) genetic sources or
genetic data are unavailable, it is important to fully por-
tray your needs and expectations to those who provide
revegetation materials. As noted by Buis (2000), “They
may not know, but if customers keep asking, eventually
the nurseries will start answering.” Create a need; express
an expectation.

Seed (or other propagule) collection methods should
consider not just the locale of the collections but the
number of parent plants in the collection and their dis-
tance from one another. For outbreeding plant popula-
tions, if there is no evidence to the contrary, assume that
plants close to one another may be more genetically sim-
ilar than those farther apart. As such, collecting from
many adjacent plants would sample less genetic diversity
than spacing the collections more widely (for example,
Millar and Libby 1989).

If using cultivars of native species, avoid excessive use of
one or a few cultivars unless there is reason to believe
they contain appropriate levels of genetic diversity for
the project site.

Nursery activities should aim to maximize the propor-
tion of seeds that become healthy plantable seedlings
(Kitzmiller 1990). Good nursery management, based on
awareness of possible genetic variation in seed character-
istics, germination requirements, and growth patterns,
can take measures to avoid inadvertent selection and
minimize the impact on the genetic diversity of the orig-
inal collection (Campbell and Sorensen 1984; Meyer and
Monsen 1993).
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General common-sense measures such as these can dramati-
cally decrease the risk or severity of genetic erosion in native-
plant populations. Such improvements in the conservation of
the genetic diversity of plant populations are not conditional on
the development of more quantitative or specific guidelines.
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