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Preface

The world would be a wonderful place if our natural resources (e.g., forests,
fish, and wildlife) needed no management and conservation was not a concern.
In a world with a global human population approaching 7 billion and where
most developed nations overconsume these resources, however, conservation is
a concern and management is necessary for sustainable use. Historically, natural
resource management strategies were determined by the collection and interpre-
tation of basic field data. Today, as challenges to the sustainability and conser-
vation of our natural resources arise, managers often need data that cannot be
acquired using conventional methods. For example, a natural resource manager
might want to know the number of successful breeders in a population or if
genetic variation was being depleted because of a management practice. Tradi-
tional field craft alone cannot directly address such questions, but the answers
can be determined with some precision if the field work is coupled with modern
molecular genetic techniques.

Molecules can enlighten us about biological attributes that are virtually impos-
sible to observe in the field (Avise 2004). Parentage analysis is one such arena in
which genetic data can inform management practices (DeWoody 2005), but there
are a host of others. For example, molecular data have revealed deep evolutionary
splits in stocks at one time thought to be homogeneous. This finding has con-
comitant management implications (Hoffman et al. 2006). Similarly, molecules
can enlighten us about biologies that are virtually impossible to observe in the
field, such as pollen flow (Hamrick, this volume) or the physiology of migration
(Nichols et al. 2008).

Recent advances in molecular genetics and genomics have been embraced by
many scientists in natural resource conservation. Today, several major conser-
vation and management journals (e.g., Journal of Wildlife Management, North
American Journal of Fisheries Management, Plant Breeding Reviews) are now using
“genetics” editors to deal solely with the influx of manuscripts that employ
molecular data. We have attempted to synthesize some of the major uses of
molecular markers in natural resource management in a book targeted not only
at scientists but also at individuals actively making conservation and manage-
ment decisions. To that end, we have identified contributors who are major
figures in molecular ecology and evolution; many have published books of their
own. Our aim has been to direct and distill the thoughts of these outstanding

xv



xvi Preface

scientists by compiling compelling case histories in molecular ecology as they
apply to natural resource management.

Clearly, we hope this book will appeal to academics interested in conservation
genetics, molecular ecology, and the quantitative genetics of wild organisms. We
think this book could be used as an educational tool – as a text for graduate
ecology/genetics courses but also, perhaps, in advanced undergraduate courses.
Furthermore, we hope this book will be useful to audiences in natural resource
management, education, and research by clarifying how genetic approaches can
be used to answer resource-related questions.

ABOUT THE EDITORS

Our collective expertise spans from molecular population genetics in the wild
to genomics and quantitative genetics of managed or cultured species. We all
study the genetics of natural resources, however, and we find that similar issues
arise in wildlife, forestry, and fisheries. For example, when the forest geneticists
began asking how many sires contributed pollen to a nut-bearing hardwood tree,
it turns out that fisheries geneticists had already studied this problem from the
perspective of a male fish guarding a nest full of developing embryos, and they
had created computer programs to estimate the number of parents contributing
gametes to a nest (DeWoody et al. 2000). Another such intersection of research
across disciplines lies in the study of genetic processes in small populations; the
same conceptual and analytical approaches being used to elucidate the genetic
consequences of wildlife reintroductions (Latch & Rhodes 2005) are employed
to evaluate genetic diversity in hardwood tree species subjected to severe habitat
fragmentation (Victory et al. 2006). Our desire to produce a book stems from our
mutual interests in understanding how molecular genetics can be used to inform
and improve natural resource management.

In addition to our research interests, we teach several courses that directly
pertain to this book. These courses include Conservation Genetics (DeWoody),
Molecular Ecology and Evolution (DeWoody), and Evolutionary Quantitative Genetics
(Nichols). Furthermore, several of us (DeWoody, Michler, Rhodes) have served as
“genetics” editors for conservation and management journals, including Journal
of Wildlife Management, North American Journal of Fisheries Management, and Plant
Breeding Reviews.
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ters and/or boxes, we thank the following individuals for their invaluable feed-
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Preface xvii

Book contributors at an October 2008 meeting, held at the John S. Wright Forestry Center (Pur-
due University). Row 1: Krista Nichols, Kelly Zamudio, Charles Michler, Yousry El-Kassaby, Tom
Whitham, Jamie Ivy, Emily Latch, Lisette Waits, and Marjorie Matocq. Row 2: Lee Shugart, Dave
Neale, Dave Hillis, John Avise, Andrew DeWoody, Robin Waples, Rodney Honeycutt, Paul Leberg,
and John Bickham. Row 3: Kermit Ritland, Antoine Kremer, Stan Wullschleger, Keith Woeste, Peter
Waser, Jim Hamrick, Gene Rhodes, and John Patton. Photo credit: Caleb D. Phillips. See Color
Plate I.

individual chapters and boxes, and we trust that this book has been enhanced by
their efforts.

This volume was largely possible because of the financial and logistical support
of the Department of Forestry and Natural Resources at Purdue University. In
particular, the department sponsored an October 2008 meeting at Purdue where
many of the book contributors congregated for three days of scientific discourse
and fellowship before finalizing their respective chapters or boxes.

Our own research programs have been supported by a variety of organiza-
tions, including the National Science Foundation (DeWoody, Bickham, Mich-
ler, Nichols), the U.S. Department of Agriculture (DeWoody, Michler, Nichols,
Rhodes, Woeste), the State of Indiana (DeWoody, Michler, Rhodes), the National
Oceanic and Atmospheric Administration (Bickham), the Great Lakes Fishery
Trust (DeWoody, Nichols), and the U.S. Forest Service (Michler, Woeste). We
thank them all for investing in science.
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12 Wildlife reintroductions: The conceptual
development and application of theory

Olin E. Rhodes, Jr., and Emily K. Latch

Throughout the latter part of the nineteenth century and early portion of the
twentieth century, there were widespread declines in wildlife species in North
America due to unregulated harvest for commercial, regulatory, and private uses
as well as dramatic changes in land-use practices (Moulton & Sanderson 1999).
Despite recognition of the grave situation facing many of the most popular and
common wildlife species, resulting in the initiation of continent-wide conserva-
tion and management programs for both game and nongame species, many of
these species were critically imperiled by the time such programs were initiated
(Mackie 2000). The history of wildlife management and conservation programs
in the United States is intrinsically tied to this point in time, in that many of
the practices and values that are in existence today stem from the recognition
that wildlife resources are not inexhaustible and that active management and
protection efforts must be implemented to offset the negative impacts that our
species exerts on natural resources.

One of the most effective and widely used tools employed by wildlife manage-
ment and conservation organizations to recover and redistribute wildlife species
within suitable habitats is the practice of species translocation (International
Union for Conservation of Nature [IUCN] 1987). Indeed, species-translocation
programs targeted at reintroducing or introducing wildlife species to areas of suit-
able or reclaimed habitat were used extensively in attempts to recover decimated
species across North America beginning in the early portion of the twentieth cen-
tury (Griffith et al. 1989; Fischer & Lindenmayer 2000). Early in the development
of these translocation programs, most emphasis was placed on elucidating the
ecology of species targeted for recovery; locating potential source populations
from which to draw individuals for translocation; identifying areas of habitat
suitable for population establishment; and developing viable capture, handling,
and veterinary protocols for species targeted for translocation (IUCN 1998). As
the logistical considerations of translocation have been optimized for growing
numbers of species, the utilization of this tool has grown to encompass not
only species recovery and reintroduction programs but also numerous additional
applications, including population supplementation, population expansion, and
nuisance-animal management (Griffith et al. 1989; Linnell et al. 1997).

The widespread utilization of species translocation as a tool to recover popula-
tions of extirpated species in combination with the expanded application of this
tool in ongoing wildlife management and conservation programs has resulted in
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Wildlife reintroductions 297

the translocation of tens of thousands of individuals representing hundreds of
species throughout North America (Griffith et al. 1989; Wolf et al. 1996). Due
to the primary societal focus on game species early in the twentieth century and
the leading role that wildlife management agencies played in the development
of species-translocation programs in North America, many of the longest run-
ning and best known examples of species translocation involve the reintroduc-
tion of game species (Maehr et al. 2001). Although numerous examples of such
reintroduction programs exist, the majority of reintroduction programs involve
terrestrial game species, including large herbivores (primarily Order Artiodactyla;
e.g., Thomas & Toweill 1982; Maehr et al. 2001), furbearers (primarily Order Car-
nivora; e.g., Weckwerth & Wright 1968; Serfass et al. 1998), and upland game
birds (primarily Order Galliformes; e.g., Latch et al. 2006a).

Given the timing and overall goals of many of the reintroduction programs that
were conducted for game species, it is not surprising that genetic considerations
rarely were taken into account as these programs were planned and implemented.
Certainly, most of the biologists conducting large reintroduction programs prior
to the last few decades were primarily focused on establishing species back into
suitable habitats and lacked the training and technological tools that today allow
wildlife managers to quickly and efficiently assess levels of genetic diversity avail-
able in potential source populations (Morrison 2002). In addition to the lack of
genetic resources, many of the species that were reestablished through reintroduc-
tion programs at this point in history were severely limited in terms of potential
sources from which to draw founding individuals, thus making genetic consid-
erations (at least in the list of priorities for these programs) almost a moot issue
for many biologists. The lack of suitable source populations for reintroduction of
many game species created a situation that, regardless of genetic considerations,
led to a series of logistical problems for reintroduction programs, almost all of
which had significant genetic ramifications. For example, the limitation of source
populations for many species led to widespread dispersion of individuals among
geographically disparate regions, often ignoring evidence of historical and tax-
onomic isolation prior to the decline of the species or subspecies (Latch et al.
2006a,b). In addition, the limitations imposed by having limited source popula-
tions for many species led to the development of reintroduction practices that
likely compounded existing genetic problems for many species. Examples of such
practices include the use of severely limited numbers of founders for new popula-
tions and the use of serial reintroductions, a strategy that uses successful reintro-
ductions as source populations for future reintroductions and commonly mixes
individuals from multiple, successfully reintroduced populations as founders for
new populations (e.g., Mock et al. 2004; Lambert et al. 2005).

Due to the probabilistic nature of population genetics theory, it seems likely
that given the set of biological, demographic, and logistical circumstances associ-
ated with the reintroduction of a given species, one should be able to reconstruct
the set of events and model the likelihood of the genetic outcomes of those events
with some degree of statistical confidence (Sarrazin & Barbault 1996). Although
this is undoubtedly true in an ideal situation, where most if not all of the infor-
mation pertinent to the model is available, in practice, it often is impossible
to obtain the information needed to construct such models with any degree of
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accuracy or precision (Lacy 1987, 2000; Mills & Smouse 1994). Many factors con-
tribute to the difficulties encountered with the process of reconstructing the likely
genetic outcomes of reintroduction programs: Some have to do with the specific
parameters of the reintroduction events, and some have to do with the stochastic
nature of the variables that dictate the genetic processes associated with the event
(Hedrick & Miller 1992; Hedrick et al. 1996; Saccheri et al. 1998). From a logistical
perspective, reconstruction of reintroduction programs can be a nightmare with
a wide range of issues involving a complete or partial deficit of details regarding
any variables associated with reintroduction events, including variance in the age
and sex ratios of the founders among reintroduction sites, variance in the num-
bers and relatedness of founders used and the numbers of sources represented
among reintroduction sites, spatial and temporal variation in the placement of
founding individuals from geographically (and presumably genetically) disparate
locations, additional supplementations of individuals into previously established
populations, reintroductions of individuals into previously undocumented refu-
gial populations, mixing of putative subspecies within the same spatial context,
and a general lack of information on the demography and behavior of newly
founded populations during the immediate post-reintroduction period (Haig
et al. 1990, 1993; Minckley 1995).

Although the problems with reconstructing and modeling genetic parameters
associated with reintroduction programs mentioned earlier are daunting, they
are, in fact, tractable to some extent because they do provide a discrete set of ini-
tial conditions from which to project biological processes into the future while
accounting for the known sources of variance in the system (Gilpin & Soule
1986; Lacy 1987, 2000; Hedrick & Miller 1992; Haig et al. 1993; Mills & Smouse
1994). The more difficult challenge is to predict how variation associated with
sampling error and stochastic changes in genetic diversity at various stages of
a reintroduction program, including the initial sampling of founders and sub-
sequent population establishment, influence the overall genetic parameters of
reintroduced populations through their influence on the demographic parame-
ters of those populations. It is this temporal sequence of events associated with
species-reintroduction programs, each incurring combinations of deterministic
and stochastic sources of variance in gene frequencies, that we address in this
chapter. Our goal is to provide an overview of the sources of variation in gene
frequencies inherent to each stage of wildlife-reintroduction programs and to
associate these sources of variation with the underlying biological phenomena
that contribute to the magnitude of genetic changes that occur within reintro-
duced populations over time. We begin by providing a brief review of the lit-
erature pertaining to genetic consequences of species-reintroduction programs,
including results from both empirical and theoretical assessments of reintroduced
populations. We then define and discuss the temporal sequence of events associ-
ated with reintroduction programs that we feel are critical to the maintenance or
loss of genetic diversity within reintroduced populations and the individuals that
comprise those populations. In addition, we provide information on a variety of
biological processes that directly influence each of these events. We conclude
with 1) some general recommendations for how the effects of sampling error and
stochastic processes can be minimized in future reintroduction programs, and 2)
suggestions for future research.



Wildlife reintroductions 299

GENETIC CONSEQUENCES OF REINTRODUCTIONS

Population genetic theory predicts that most reintroductions should be accom-
panied by a decrease in genetic variability in the newly founded population as
compared to its source(s). This decrease occurs because the founders carry only
a subset of the genetic variability of their source(s) (Nei et al. 1975). Subsequent
to the establishment of the new population, changes in genetic variability will
be determined by those fundamental processes that govern the evolution of all
populations: mutation, gene flow, natural selection, and genetic drift. Most rein-
troduced populations involve a small number of founders, ensuring that the
effect of genetic drift is strong relative to other processes; thus, the evolution
of the new population often is stochastic in nature. As long as such popula-
tions remain small, drift will continue to play a critical role in the reduction of
genetic variation within them. Genetic drift also is expected to enhance diver-
gence of newly established populations from their source populations, an effect
that should be accelerated in populations that remain limited in size for many
generations (Crow & Kimura 1970; Lacy 1987).

Some of the earliest empirical investigations of the genetic consequences of
translocations were by George Gorman and colleagues on Anolis lizards in the
Caribbean (Taylor & Gorman 1975; Gorman et al. 1978). The authors used elec-
trophoretic techniques to examine levels of genetic diversity in seven introduced
populations relative to their source populations. They documented reductions,
relative to source populations, in the percentage of polymorphic loci for all seven
introduced populations and in heterozygosity for six of seven introduced popu-
lations. The results of these studies confirmed theoretical predictions and were
consistent with findings from contemporaneous research documenting reduced
variability in accidentally introduced populations of Drosophila (Prakash et al.
1969; Prakash 1972) and land snails (Selander & Kaufman 1973). During the same
time period, significant reductions in genetic diversity also were documented in
bottlenecked populations of elephant seals (Bonnell & Selander 1974), wherein
the bottleneck is an evolutionary process akin to reintroduction whereby a small
number of individuals re-establish a population.

Following these early studies, a wealth of research has confirmed much of what
was predicted concerning the genetic consequences of reintroductions; that is,
reintroductions typically result in a loss of genetic diversity within newly estab-
lished populations. Indeed, a large number of empirical studies now have been
published that demonstrate significant reductions in genetic diversity in reintro-
duced populations relative to their sources (Houlden et al. 1996; Fitzsimmmons
et al. 1997; Broders et al. 1999; Polziehn et al. 2000; Williams et al. 2000; Hedrick
et al. 2001; Latch & Rhodes 2005; Ewing et al. 2008). These empirical studies gen-
erally indicate that reductions in genetic diversity tend to be more pronounced in
reintroduced populations that are established from a limited number of founders
(Baker & Moeed 1987; Merila et al. 1996; Williams et al. 2003; Mock et al. 2004) or
which grow slowly after establishment (Maudet et al. 2002; Williams et al. 2002;
Wisely et al. 2008). Empirical data, however, also demonstrate that even when
reintroductions are undertaken with large numbers of founders or experience
rapid population growth after establishment (which would be expected to buffer
them from losses of genetic diversity to some extent), reintroduced populations
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Figure 12–1: Wild captured California bighorn sheep being prepared for transport and reintro-
duction in Oregon. Now numbering in the thousands, the California bighorn sheep population in
Oregon originated from a single transplant of twenty individuals from British Columbia, Canada.
Photo courtesy of Zach Olson.

still exhibit measurable losses of genetic variation in many instances (e.g., Stock-
well et al. 1996; Mock et al. 2004; Stephen et al. 2005; Witzenberger & Hochkirch
2008).

Both theoretical predictions and empirical data indicate that reductions in
allelic richness are a more common (and often more severe) consequence of rein-
troduction than are losses in heterozygosity as rare alleles are quickly removed
from newly established populations (Nei et al. 1975; Allendorf 1986; Baker &
Moeed 1987; Leberg 1992; Williams et al. 2000). Similarly, entire allele lineages
can be lost at rapid rates, particularly if they are underrepresented in reintro-
duced populations of mixed ancestry (Gompper et al. 1997; Tordoff & Redig
2001). This phenomenon is particularly common in populations founded from
limited numbers of individuals, a situation that will intensify the effects of genetic
drift following a reintroduction, often resulting in dramatic shifts in the allele
frequency distribution of a reintroduced population relative to its source (Fitzsim-
mons et al. 1997; Luikart et al. 1998; Rowe et al. 1998; Rhodes et al. 2001; Olech
& Perzanowski 2002; Williams et al. 2002; Mock et al. 2004), relative to other
native or reintroduced populations (Baker & Moeed 1987; Leberg 1991; Rhodes
et al. 1995; Perez et al. 1998; Stephen et al. 2005), or relative to theoretical
expectations (Scribner & Stuwe 1994; Fitzsimmons et al. 1997; Figure 12–1).
Depending on the numbers and relatedness of founders used and the magni-
tude of the stochastic processes influencing reintroduced populations, significant
genetic divergence from source populations can occur rapidly, over fewer than
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five generations in some situations (Rowe et al. 1998; Cardoso et al. 2009). At
one-fourth the effective population size of the nuclear genome, the mitochon-
drial genome in particular is at risk during reintroduction events as genetic drift
may act rapidly to change haplotypic frequencies in newly reintroduced popula-
tions (Stephen et al. 2005).

Not all empirical data support theoretical predictions regarding the loss of
genetic diversity in reintroduced populations. For instance, several studies have
failed to demonstrate any measurable decrease in genetic variation in reintro-
duced populations relative to their sources (Merila et al. 1996; Forbes & Boyd
1997; Vernesi et al. 2003; Drauch & Rhodes 2007; Hicks et al. 2007; Eldridge
& Killebrew 2008; LeGouar et al. 2008; Vonholdt et al. 2008) or relative to
other remnant populations (Rowe et al. 1998; Larson et al. 2002; DeYoung et
al. 2003; Williams et al. 2003). Such outcomes often have been attributed to
specific attributes of the reintroduction, such as the use of large founding popu-
lation sizes, mixtures of sources, or multiyear supplementation efforts. Inbreeding
avoidance also has been invoked as a mechanism whereby genetic variation could
be maintained within reintroduced populations well beyond the time frame pre-
dicted by traditional population genetics models (Vonholdt et al. 2008).

In addition, some investigations have demonstrated that although genetic
divergence clearly has occurred between reintroduced populations and their
sources, the genetic signature (or legacy) of the reintroduction event may per-
sist for many generations (Leberg et al. 1994; Leberg & Ellsworth 1999; Latch
& Rhodes 2005). Reasons suggested for the retention of a clear, multigener-
ational genetic signature from source populations within reintroduced popu-
lations include large numbers of founders and/or rapid population expansion
(Figure 12–2).

Gene flow among networks of reintroduced populations or into reintroduced
populations by naturally recolonizing individuals also has been documented
(DeYoung et al. 2003; Latch & Rhodes 2005; Hicks et al. 2007). Provided that
such gene-flow events do not represent unfit matings (e.g., hybridization between
species or subspecies; Latch et al. 2006a,b), these external genetic contributions
can buffer reintroduced populations from losses of genetic diversity. For exam-
ple, Vernesi and colleagues (2003) noted an atypically high level of genetic vari-
ation in a reintroduced population of wild boars. Further investigation revealed
that the genetic variation in this population represented a mixture of lineages
from both reintroduced and naturally recolonizing individuals. Despite the
potential ameliorating effects of gene flow on losses of genetic diversity within
reintroduced populations, dispersal events resulting in emigration of individ-
uals also may exacerbate losses of genetic variation by reducing the effective
number of breeders. Most species exhibit increased dispersal and limited site
fidelity following a translocation event (e.g., Linnell et al. 1997; Tuberville et al.
2005), and this behavior has been correlated with postrelease mortality (Miller
et al. 1999).

Perhaps the most challenging aspect of elucidating the processes that contri-
bute to the conservation or loss of genetic diversity associated with reintroduction
programs is the fact that the long-term establishment of such populations is the
result of a series of interdependent sampling events distributed through time.
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Figure 12–2: Eastern subspecies of the wild turkey being reintroduced in northern Indiana. At
one time reduced to approximately 30,000 individuals, reintroduction efforts on a massive scale
have brought wild turkey populations back to a population size exceeding 5 million in the United
States. Photo courtesy of Lee Humberg.

Although the fundamental processes that contribute to changes in gene fre-
quencies during each sampling event are well characterized from a theoretical
perspective (e.g., genetic drift, founder effect, bottleneck, inbreeding, and selec-
tion), the interactions of these processes within the context of these sampling
events are difficult to generalize. This same problem has been recognized within
captive breeding programs focused on reintroducing threatened and endangered
species to the wild (see Chapter 11 by Ivy & Lacy). For example, Lacy (1994)
outlined three distinct phases associated with captive breeding programs during
which genetic sampling processes are critical to the maintenance of genetic diver-
sity within populations: the founder phase, the growth phase, and the capacity
phase.

Whereas the distinctive nature and intensive management options associated
with captive populations make them quite different from reintroductions involv-
ing the translocation of wild individuals, the recognition that disparate elements
of the reestablishment process can interact over time to influence levels of genetic
diversity in reintroduced populations is critical to our efforts to understand
how management decisions can dictate genetic outcomes within reintroduc-
tion programs. Like captive breeding programs, reintroductions of wild species
also incorporate three distinct sampling periods, although the nature of these
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three phases are fundamentally different in these two management activities (see
Chapter 11). For the purposes of this chapter, we define these three phases as
1) the founding event phase (the founder event resulting from the initial sam-
pling of individuals from the source population); 2) the population establishment
phase (the bottleneck caused by the initial population establishment); and 3) the
population growth phase (the stochastic and deterministic factors influencing
long-term population growth).

The study of the temporal components of the wildlife-reintroduction process
has been largely absent from studies of the genetic consequences of reintro-
ductions yet likely is the key to reconciling the different outcomes observed in
empirical studies. Certainly, these phases of the reintroduction process are dif-
ficult to separate, in part because they are largely dependent on one another
in both space and time. By breaking down reintroduction into these distinct
temporal components and investigating the relative contributions of determin-
istic and stochastic processes to changes in gene diversity at each phase, we can
begin to characterize the relative importance of the demographic and evolution-
ary parameters that influence the overall reintroduction event. Ultimately, this
approach to the study of the genetic consequences of reintroduction programs
should yield improvements in our ability to predict the outcomes of competing
reintroduction strategies and, thus, to design and implement significantly more
efficient reintroduction programs.

THREE MAJOR SAMPLING PERIODS THAT DETERMINE GENETIC EFFECTS

Founding event phase

Species-reintroduction programs begin with an initial sampling event during
which founders for newly created populations are trapped and transferred to
unoccupied habitats. The efficiency of this initial sampling event, from the per-
spective of the capture and transfer of genetic information, varies as a function
of numerous factors associated with the logistical and biological attributes of the
actual capture occurrence. One of the first sources of variation in the extent of
genetic information that is captured during a reintroduction event is the num-
ber of and levels of genetic diversity in the populations from which founding
individuals were selected. Certainly, the genetic characteristics of each poten-
tial source population and the level of genetic differentiation exhibited among
source populations that are used in a reintroduction program greatly influence
the potential quantity of genetic diversity that can be transferred to any newly
established population, in the form of diversity sequestered both within and
among individuals.

It is interesting that the method and timing of capture of individuals from
source populations also can directly influence the levels of genetic diversity
sampled from those populations. For example, capture techniques that target
individuals when they are nonrandomly distributed either temporally or spa-
tially, relative to biological factors like sex, age, or degree of relatedness, can
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significantly affect the correlations of genes among individuals in the sample and
thus the representativeness of the sample in terms of genetic variation available
within the source population (Latch & Rhodes 2006). Capture techniques that
take advantage of spatial or temporal associations of individuals stemming from
social or family structure are not independent, random samples of the genetic
variation present within a source population and thus can bias samples of genetic
diversity represented in founding individuals used for reintroductions.

Another important consideration associated with the initial sampling event(s)
of any reintroduction program is the number of individuals used to found new
populations. Ultimately, the maximum extent of genetic diversity that can be
captured at any gene locus is 2N, where N is the number of founding individu-
als. Constraints on the numbers of founding individuals that are used to initiate
new populations often are encountered and can stem from limitations of an
economic and/or logistical nature. For example, the costs of translocating indi-
viduals, when weighed against the number of available sites targeted to receive
reintroduced individuals, may result in the movement of only a few individuals
to many locations rather than the movement of a large number of individuals
to one or a few sites. Alternatively, the availability of individuals for capture and
transplant to new habitats may be a limiting factor, thus resulting in a simple
logistical restriction on the numbers of individuals that can be used to populate
each new reintroduction site. Capture myopathy, resulting in the death of indi-
viduals during transport or immediately subsequent to release, is another aspect
of the initial sampling event of reintroduction programs that may decrease num-
bers of founders below desirable levels. Capture myopathy likely is elevated in
reintroduced populations as a result of increased stress associated with the han-
dling and transport of animals (McArthur et al. 1986; Letty et al. 2000).

The sex and age composition of founding cohorts also can introduce con-
straints on our ability to sample genetic diversity during reintroductions. The
implications of sex ratio, for example, are quite critical in terms of the potential
for transfer of genetic diversity in founders to subsequent generations (Ewens
1982; Caballero 1994). The number of females used to initiate a population dic-
tates the potential number of mitochondrial lineages that can be present in the
population as well as the potential numbers of offspring that can be generated
subsequent to the reintroduction event. From a genetic perspective, it is desirable
that founding females not be from the same maternal lineages (to allow for the
maximization of mitochondrial types that are transferred into newly established
populations) and, in an optimal situation, females would be pregnant at the time
of the translocation to allow for the capture of additional genetic diversity from
the source population (e.g., extending N beyond just the number of individuals
relocated) that otherwise might not be represented in the founding individuals.

The number of males used to found new populations also plays a vital role
in the efficiency with which genetic diversity is sampled and transferred to
reintroduced populations. For example, numbers of male founders often are
small (as compared to females) in reintroduction programs involving polygy-
nous species, whereas sex ratios are more evenly distributed in reintroductions
of species known to be monogamous. Although such an approach may seem to
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be biologically realistic, at least with regard to the mating tactics employed by
individual species, little is known about the actual effects of translocation events
on the mating structure of most species immediately subsequent to translocation
events. From a genetic perspective, it is advantageous to maximize the numbers
of males contributing genes in the population as quickly as possible to facili-
tate the capture of genetic diversity from founding individuals. In the absence of
active selection of more genetically variable mates by females, polygynous species
in particular may be vulnerable to severe reductions in the effective number of
founders if only a few founding males have the opportunity to pass along their
genes to future generations.

Age structure also may play a role in the transfer of genetic variation in a rein-
troduced population. For example, adult-founded populations, in which repro-
duction occurs immediately after release, may be more affected by mutation
accumulation than populations founded by juveniles. This has been hypothe-
sized to occur due to a delay in attainment of reproductive maturity by juve-
niles, allowing time for selection to purge deleterious recessive alleles, although
this phenomenon depends on the numbers of individuals released, generation
time, carrying capacity of the habitat, and so forth (Kleiman et al. 1991; Robert
et al. 2004b). For species that exhibit high variance in reproductive success as
a function of age (e.g., older, socially dominant males securing a vast majority
of matings or older females with higher offspring survival), the release of adults
may be a more logistically successful strategy (Sigg et al. 2005). Alternatively,
the idea that equalizing the age structure of individuals in reintroduction events
might lower the variance in reproductive contributions among males over time,
particularly for long-lived species, is an especially important concept to consider
when planning reintroduction programs.

Population establishment phase

A variety of factors can affect the maintenance and transfer of genetic varia-
tion during the initial generations subsequent to a reintroduction event. Newly
founded populations are extremely vulnerable to a suite of behavioral, environ-
mental, adaptive, and stochastic processes during the initial postrelease portion of
population establishment. The cumulative impact of these processes can reduce
genetic diversity within reintroduced populations to levels far below those that
might be expected based on the initial event (Williams et al. 2002). In particular,
processes that most significantly contribute to rates of loss of genetic diversity
during the population establishment phase of reintroductions are those that
influence population growth rates and variance in reproductive contributions
among individuals.

Most certainly, there is a large stochastic component to the loss of genetic
diversity during the initial generations of population establishment associated
with any reintroduction. Mortality of founding individuals as they encounter
new predators, new diseases, new habitat features, and so forth often is
observed within newly reintroduced populations. In turn, variance in reproduc-
tive contributions among founding individuals due to stochasticity in breeding
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opportunities, mortality of offspring, and physiological attributes of individu-
als also is a prominent feature of newly reintroduced populations. The impact
of these stochastic processes on species-specific rates of loss of genetic diversity
within reintroduced populations is confounded by a number of factors, such as
generation time, numbers of offspring, life span, and age at first reproduction, all
of which directly influence the number of opportunities each founder may have
for their genes to become incorporated into the population.

From a deterministic perspective, selection coefficients within reintroduced
populations also may change in response to new environmental pressures. Thus,
natural selection can increase variance in survival and/or reproductive success
among individuals in newly established populations, thereby eroding genetic
variation more quickly than would be expected if all individuals contributed
equally to the next generation (see Box 12 by Worthen et al). Captive breeding
programs exemplify the importance of minimizing reproductive variance to the
conservation of genetic diversity and use this principle to maximize retention of
genetic variability by equalizing the contribution of founder individuals (Ballou
& Lacy 1995). In a reintroduced population, where we have no control over mat-
ing, natural selection can readily result in a loss of genetic diversity by increasing
the variance in reproductive contributions among individuals. The genetic rami-
fications of natural selection can be particularly influential in small populations,
where each founder contains a large proportion of the total genetic variation
available for incorporation into future generations.

Environmental factors also play a critical role in determining the initial rates
of growth for newly founded populations, influencing factors such as survival,
reproductive potential, dispersion, degree of intra- and interspecific competition,
and individual health. Clearly, the quality and distribution of essential resources
within the environment can limit the reproductive success of individuals and
thus the potential growth rates of reintroduced populations. In turn, the distri-
bution of habitat elements within the environment can influence the dispersion
of individuals, creating opportunities for intra- and interspecific competition,
potentially limiting the survival and/or reproductive success of individuals due
to competition for critical resources such as food and cover (see Chapter 9 by
Leberg and colleagues). Another aspect of habitat quality, measured both as
a function of the availability of resources that are critical to the survival and
reproduction of individuals as well as of the actual physical space available for
individuals to occupy, is its influence on the movement behavior of individu-
als, most specifically the probability of dispersal. Dispersal of individuals from
newly established populations often can lead to the death of those individuals
due to increased risks of mortality and reduced chance of finding habitats that are
suitable for occupation (Miller et al. 1999). Clearly, the dispersal of founders or
their offspring during the initial generations of a reintroduction can lead to loss
of genetic potential within the population. When appropriate, reintroduction
programs often combat the hazards associated with dispersal of founders by con-
ducting what are commonly referred to as “soft” releases (Davis 1983; Bright &
Morris 1994; Carbyn et al. 1994). In these situations, the founding individuals
are kept within enclosures in their new habitats for a period of acclimation, the
length of which is dependent on the movement capabilities of the species being
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BOX 12: GENETIC RAMIFICATIONS OF RESTORATION
OF BLIGHT-RESISTANT AMERICAN CHESTNUT

Lisa Worthen, Charles H. Michler, and Keith E. Woeste

Reintroduction of a forest tree species presents some challenges unlike those
encountered by wildlife ecologists. In the case of chestnut, for example, breed-
ers seek to incorporate specific genetic changes (genes for resistance to chestnut
blight) into the genome of the organism that will be reintroduced. These changes
will be necessary but not sufficient to assure the survival of the reintroduced indi-
viduals. Although the goal of plant introduction is like that of animal introduc-
tion – the re-establishment of a healthy, adapted, and self-sustaining population –
it remains to be seen if this goal can be achieved in habitats that are permanently
altered by the presence of an invasive, exotic disease. Molecular tools offer conser-
vation geneticists the opportunity to monitor the ways in which exotic genes for
resistance to chestnut blight will interact with the genome of chestnut over space
and time. The dynamic coevolution of both host and pathogen will determine
the success of the reintroduction.

Trees are long-lived, perennial organisms, often with large populations and
continuous distributions; they present a persistent source of inoculum and oppor-
tunity for infection. Thus, trees are particularly susceptible to exotic pests and
epiphytotic disease. The most common method for managing plant species
threatened by new pests or diseases is backcross breeding. Resistance genes are
transferred from a donor species into germplasm of a recipient species through
a process of repetitive intermating and selection among the progeny for resis-
tant individuals, which are then deployed to replace or mate with the remaining
native population. The American chestnut (Castanea dentata) provides a com-
pelling example of management of a tree species in the face of chestnut blight,
a catastrophic disease that followed the introduction of the fungus Cryphonectria
parasitica probably in 1904 (Merkel 1906).

All Castanea species are diploid (2N = 2X = 24), monoecious, primarily wind
pollinated, and self-incompatible (McKay 1942). They freely hybridize with con-
geners and generally bear three heavy seeds per cupule, although offspring from
some combinations suffer from low vigor or male sterility ( Jaynes 1975). Because
C. parasitica usually only kills the aboveground parts of an infected American
chestnut, researchers used populations of root-crown collar sprouts to show that
American chestnuts maintained high levels of genetic variation, with most vari-
ation occurring within populations (Kubisiak & Roberds 2003).

Efforts to breed blight resistance into American chestnuts began in the 1940s,
when extirpation of the species was believed imminent, but the program was
abandoned when commercial phenotypes were not quickly recovered and blight
resistance in F1 hybrids proved insufficient (Clapper 1952; Jaynes 1974). The
American Chestnut Foundation (TACF), a nonprofit organization, took up the
monumental task and began breeding native American chestnuts to a BC1
[(Chinese × American) × American] chestnut tree from the early U.S. Depart-
ment of Agriculture breeding program that showed unusually good form and
blight resistance (Diller & Clapper 1969). Soon after its inception, TACF organized
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Box Figure 12–1: Expected mean length (cM) of intact donor chromosome (hitch-hiking) on one
side of an introgressed locus without marker-assisted selection (gray) or with selection for a
recipient genome marker at the indicated distance (cM) for backcross 1–10 (BC1–10; black dotted
lines). Number of backcross generations required to reduce donor segment length by the indicated
proportion (black solid lines) if a recipient genome marker at the indicated distance (cM) is used
to assist selection. Figure adapted from Hospital (2001).

into state chapters that sought surviving American chestnut trees for intermating
with resistant crosses with the goal of introducing locally adapted genotypes into
each state’s breeding population (Burnham et al. 1986).

An important issue for reintroduction genetics associated with catastrophic
disease outbreaks is the extent to which strong selection (a selective sweep in
which the genes for resistance to Cryphonectria become fixed) and linkage drag
will result in the retention of large sections of the genome of Chinese chestnut
within future American chestnut populations. Population geneticists call this
effect “hitch-hiking.” Although the length of a hitch-hiking chromosomal seg-
ment is expected to be large in early backcross generations (Box Fig. 12–1; Frisch &
Melchinger 2001), by screening segregating populations for markers from the
recipient genome, the proportion of donor genome retained can be minimized
(Hospital 2001). In the near term, the size of the chromosomal segment expected
to hitch-hike into American chestnut depends primarily on the selection pressure
(s, the relative advantage an allele from Chinese chestnut that confers resistance
to C. parasitica over the alleles found in American chestnut) and the recombi-
nation rate (r), such that hitch-hiking is efficient when r < s (Maynard Smith &
Haigh 1974). The extent to which genomic regions from Chinese chestnut (C.
mollissima, the donor species) will be retained in American chestnut over the
long term is difficult to predict. The models for linkage disequilibrium during
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hitch-hiking are complex, even for single, beneficial alleles (Eriksson et al. 2008),
and the breeding program for American chestnut includes the introgression of at
least three resistance genes, potentially with incomplete dominance and epistatic
interactions. It remains to be seen if gene flow from reintroduced populations of
American chestnut will rescue native American chestnut or initiate a separate
and evolutionarily distinct lineage.
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reintroduced. Soft releases have been demonstrated to reduce initial “prospect-
ing” behavior immediately after the reintroduction event (Davis 1983; Bright &
Morris 1994).

In addition to the influence of movement behavior on the retention of genetic
diversity within newly established populations, a variety of other species-specific
behavioral attributes can directly influence the rate of loss of genetic diversity
within reintroduced populations. For example, the mating tactics (e.g., polygyny,
monogamy, and assortative mating) of some species naturally introduce a large
degree of reproductive variance among individuals comprising a newly founded
population (Sigg et al. 2005). Polygyny, in particular, is a mating tactic that can
severely reduce mating opportunities among males and introduce a large variance
in male reproductive contributions to the next generation. Although variance
in mating opportunities is often age-related, with older males thought to have
more reproductive success than younger males, a variety of outcomes is com-
monly observed that can ameliorate this variance in reproductive contributions
within and among generations. For instance, even in highly structured mating
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systems with clear age-related reproductive variance, younger males often will
have some reproductive opportunities; of course, as individuals age, their repro-
ductive opportunities are expected to increase. Thus, time can serve as a means to
equalize reproductive contributions among males over rather than within genera-
tions in long-lived species. Unfortunately, the initial few generations subsequent
to a reintroduction are critical to the establishment of the genetic foundation
of the new population; polygyny can work against a species if many of the
founding males do not live long enough or are never allowed to contribute their
genes to subsequent generations. Thus, it is particularly important to include
adequate numbers of adult male founders in reintroductions involving species
that demonstrate strong patterns of age-related variance in male reproductive
success (Sigg et al. 2005). Although we do not discuss each individual instance
in detail, it should be noted that these same types of considerations also must be
taken into account with species that exhibit other reproductive strategies such as
monogamy, polyandry, and polygnyandry.

Likewise, social structure can play a large role in the transfer of genetic varia-
tion from one generation to the next (Sugg et al. 1996). Social hierarchies leading
to nonrandom associations of individuals, resulting in assortative mating of any
type, can influence rates of conservation or loss of genetic information within
newly created populations. For example, social structure that promotes positive
assortative mating may significantly reduce the reproductive contributions of dis-
similar pairs of founding individuals while enhancing the contributions of more
similar pairs. The effects of such a social system on newly founded populations,
which often are composed of individuals thrown together from a variety of social
groups, may result in the loss of considerable amounts of genetic diversity from
the population in the initial generations. Alternatively, a social structure that
promotes negative assortative mating may result in numerous individuals being
excluded from mating opportunities if founders exhibit high levels of relatedness,
even leading to the forced dispersal of some individuals from the core population.
From a spatial perspective, social structures that are associated with various forms
of territoriality also may limit breeding opportunities among founding individ-
uals and lead to the loss of genetic information from the population during the
initial generations. In contrast to the scenarios just mentioned, a breakdown of
social structure leading to hybridization between founding individuals and indi-
viduals of other subspecies or species also may have a devastating effect on the
genetic composition of a newly created population, ultimately leading to the
loss of significant portions of the genetic diversity of the founding individuals
and introgression of foreign genetic material into the core population (Storfer
1999).

Population growth phase

Subsequent to the initial few generations, the length of time over which a reintro-
duced population expands and reaches a local or regional equilibrium is a critical
component in determining the overall loss of genetic diversity associated with
population establishment. In other words, the length of the bottleneck associated
with population growth over time has a strong influence on the proportion of
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the genetic diversity that is retained within a reintroduced population. There
are a number of factors that contribute to the extent and length of bottlenecks
in reintroduced populations: biological, environmental, behavioral, and spatial
constraints on population growth. The interaction of these factors determines
the rate of growth or recovery of population stability within reintroduced pop-
ulations and, ultimately, the amount of genetic diversity that is retained within
these populations over time.

Biological constraints on population growth are related to the ecology of indi-
vidual species and thus vary widely among reintroduced species. Certainly, the
longevity, time to sexual maturation, and generation time of a species are critical
to its ability to pass on genetic information to future generations. In turn, the
opportunity to sample the genomes of the members of a population depends
greatly on numbers of offspring per individual and the survival of those offspring
to sexual maturity. For example, short-lived species that mature quickly, exhibit
fast generation times, and have large numbers of surviving offspring would be
expected to capture and transfer genetic information quite efficiently under ideal
conditions – thus allowing the species to rapidly recover in size with little addi-
tional loss of genetic diversity (e.g., Sigg et al. 2005; Witzenberger & Hochkirch
2008). Under less than ideal conditions – for instance, when offspring mortality
is high – the efficiency of sampling of the genomes of individuals within a rein-
troduced population is significantly lowered and, due to the short life span of the
adult population, accelerated losses of genetic diversity from the population and
increased levels of inbreeding would be expected to occur ( Jamieson et al. 2007).

Alternatively, in long-lived species that mature slowly and have long genera-
tion times and low numbers of offspring, sampling of the genomes of individuals
in a population can be highly inefficient and depends on the ability of mature
individuals to survive and reproduce over a long enough time span to capture
a significant portion of their genetic diversity in subsequent generations (e.g.,
Drauch & Rhodes 2007). Obviously, the potential for overlapping generations
within long-lived species is beneficial to the capture of genetic diversity from
individuals, but it depends profoundly on the survival rates of both adults and
their offspring. When mortality rates are high for any life-history stage of such
species, the rate of loss of genetic diversity and increases in levels of inbreeding
in the population can be substantial over time.

Environmental constraints on population growth rates include any external
factors that significantly restrict the growth of reintroduced populations and will
result in the loss of genetic diversity over time. In particular, newly reintroduced
populations must contend with issues pertaining to habitat quality, which in
turn dictate the capacity of the available habitat to sustain any population at
a given size. Diseases and parasites also may limit the growth of reintroduced
populations due to either infection transferred into the population by its founders
or the exposure of the reintroduced population to new diseases and parasites
to which a species has little or no innate defenses (e.g., Thorne & Williams
1988). Additional factors, such as competition for critical resources or predation,
also may play significant roles in limiting population growth in reintroduced
populations, especially in situations where populations have been re-established
into marginal habitats.
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Behavioral constraints, such as those discussed in the previous section on initial
population establishment, also may have profound consequences for population
growth rates and, thus, for the conservation or loss of genetic diversity over time.
Mating systems, social structure, territoriality, and dispersal all contribute to the
potential for interactions among individuals and to the ability of populations to
overcome the effects of genetic drift. Any behavioral mechanisms that restrict
breeding opportunities among individuals or that limit the rate of population
growth can accelerate the stochastic loss of genetic diversity over time, especially
within a population that was established from a limited pool of founding indi-
viduals. Ultimately, the same behavioral mechanisms that proximally influence
the loss of genetic diversity in a newly founded population also can ultimately
contribute to the gradual loss of genetic diversity from that same population over
subsequent generations.

Spatial constraints on population growth rates and the conservation of genetic
diversity have both physical and biological aspects. For example, some species
may be reintroduced to islands of habitat that have a limited carrying capac-
ity, due to either the actual properties of the habitat (e.g., islands, high altitude
habitats) or the influence of outside forces (e.g., poaching, urbanization). In such
cases, the actual asymptotic size of a population may be a function of the physical
properties of its surroundings and thus may limit population growth in a manner
that is detrimental to the maintenance of genetic diversity within the popula-
tion. Alternatively, reintroduced populations may be one component within a
network of spatially proximate populations, the persistence of which is depen-
dent on the connectivity among populations. Although in ideal conditions such
a scenario would be expected to slow the rate of loss of genetic diversity within
and among populations due to dispersal and gene flow (Polans & Allard 1989;
Latch & Rhodes 2005), the loss of populations within the matrix can lead to
the collapse of the system and the isolation of various components within the
network. Reintroduced populations in particular are vulnerable to the collapse
of the larger network of populations due to the fact that the network itself often
is composed of a series of reintroduced populations that have been reestablished
over a period of years. Both the failure of some of the reintroduced populations in
the network and the likelihood that many of the reintroduced populations share
much of the same genetic diversity can lead to situations where populations lose
genetic diversity over time even in the face of genetic rescue from neighboring
populations. Supplemental or progressive releases may help to alleviate some
of the losses of genetic variability caused by metapopulation processes (Robert
et al. 2004a; Drauch et al. 2008), particularly if founders are ill-adapted to the
environment or otherwise prone to failure.

All of the factors discussed in this section can influence the growth rate of
a reintroduced population, which, in turn, dictates the length of the popula-
tion bottleneck that is experienced by the population. In general, the shorter
the length of the bottleneck, the more genetic diversity is retained within the
reintroduced population as the opportunities for deterministic and stochastic
forces to reduce genetic diversity are limited. Of course, population recovery is
a continuous variable, and the time to asymptotic population size for reintro-
duced populations varies widely both within and between species (Bouzat et al.
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2009). The temporal component of the population-recovery process, which is
directly tied to the number of generations that a population experiences between
the initial reintroduction and the failure or stabilization of the population, is
governed by many of the biological, environmental, behavioral, and spatial con-
straints discussed earlier in text and often dictates the level of genetic diversity
that a reintroduced population will retain ( Jamieson et al. 2007; Witzenberger &
Hochkirch 2008).

It is interesting that although the length of the bottleneck alone is likely a good
predictor of the loss of genetic diversity that will be experienced by a reintroduced
population during the population growth phase, it is not always a good predictor
of the fate of the population. For example, a population that recovers quickly to
an asymptotic population size may ultimately suffer from inbreeding depression.
Rapid growth of a reintroduced population results in the conservation of much of
the genetic diversity in the population, including deleterious recessive alleles that
contribute to the lethal equivalent load of the population. In such a scenario, the
population may experience a decrease in effective population size, be susceptible
to the negative effects of inbreeding, and ultimately fail despite the fact that
much of the genetic diversity contained in the population subsequent to the
reintroduction was retained (although see Jamieson et al. 2007). Alternatively,
a population that survives a prolonged bottleneck may have gradually paid the
cost of inbreeding and purged itself of the majority of its detrimental genetic
burden (although empirical evidence for this phenomenon is limited; Leberg &
Firman 2008). Although the population may have lost a substantial portion
of its overall genetic diversity, its individuals are able to withstand inbreeding
and the population persists, despite the overall loss of variation. Obviously, the
scenarios listed earlier in the text represent only two of a multitude of possible
outcomes related to the length of the bottleneck associated with a reintroduction,
but they clearly demonstrate the complexities associated with this stage of the
reintroduction process.

CONCLUSION AND RECOMMENDATIONS

The primary impediment to understanding the genetic effects of reintroductions
of wildlife species is not demonstrating that change in gene frequencies has or
has not occurred over time, it is understanding the magnitude to which each
of the three phases of the reintroduction process has contributed to the conser-
vation or loss of genetic diversity within such populations. Of course, because
of our interest in the long-term viability of reintroduced populations, we are
most often concerned when there has been a loss of diversity within such pop-
ulations; and there are a plethora of examples demonstrating losses of genetic
diversity in reintroduced populations documented in the literature. Although
documented cases of the loss of genetic diversity in reintroduced populations
are empirically important and of direct interest to the wildlife managers of these
populations, studies demonstrating genetic losses in reintroduced populations do
not, by themselves, advance our understanding of the processes that lead to these
losses.



314 Olin E. Rhodes, Jr., and Emily K. Latch

What then, are the scientific contributions that have the best chance of inform-
ing our approaches to reintroduction programs for wildlife species? We return
here to the idea that the solid theoretical foundation of population genetics pro-
vides us with a diversity of opportunities to develop testable predictions concern-
ing the genetic consequences of species reintroductions. Using our understanding
of the ecology of species and the probabilistic nature of genetic processes, we can
devise and implement experimental reintroduction programs that test discrete
hypotheses concerning the factors that contribute most significantly to the con-
servation or loss of genetic diversity within reintroduced populations during their
various phases of establishment (see Chapter 10 by Waples and colleagues). Such
experimental approaches to the elucidation of genetic processes occurring within
reintroduction programs, using theoretical predictions evaluated with empirical
data, provide a powerful means of hypothesis testing that can be incorporated
directly into the framework of existing or proposed reintroduction events (Sar-
razin & Barbault 1996). Alternatively, the development of more refined, flexi-
ble, analytical tools and simulation models that allow researchers to reconstruct
existing reintroduction programs and evaluate competing scenarios that would
produce observed empirical outcomes would be useful in addressing this problem
and would allow us to take better advantage of the large quantities of genetic data
already collected for a number of reintroduced species.

Undeniably, we need a clearer understanding of how the various phases of
population establishment contribute to the conservation or loss of genetic diver-
sity in reintroduced populations. It also is clear that adequate post-translocation
monitoring of reintroduced populations is critical to any attempt to obtain this
understanding. Without such monitoring it is unlikely that we will progress
significantly in our efforts to improve the genetic outcomes associated with rein-
troduction programs involving wildlife species. In addition, there will be many
more contributions to the literature that document the loss of genetic diversity
in reintroduced populations, but without consideration of the genetic effects of
each of the three phases, it will be difficult to identify plausible explanations for
exactly how those losses occurred. With careful consideration of genetic effects
at each phase, it is likely that we can improve the genetic success of reintroduc-
tion programs, at least for some species, with proper planning and strategies that
incorporate mechanisms to ameliorate losses of genetic diversity across all three
phases of wildlife reintroduction.
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