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Restoring species through reintroductions: strategies
for source population selection
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Only a quarter of reintroduction programs succeed in restoring a self-sustaining population of an extirpated species.
Optimal source population selection for restoration efforts can increase the fitness of translocated individuals and improve
reintroduction success. Here, we describe the support for two strategies for selecting source populations: pre-existing
adaptation and adaptive potential. The pre-existing adaptation strategy focuses on source populations with a high frequency
of genotypes that confer adaptations, and within this strategy we detail the ancestry matching approach and environment
matching approach. The adaptive potential strategy focuses on source populations with high heritable genetic variation that
confer the potential to adapt, and within this strategy we detail the single source population approach and multiple source
population approach. We review empirical tests of the different approaches, and find stronger support for the pre-existing
adaptation strategy than the adaptive potential strategy. We provide a framework for source population selection based on the
two strategies, highlighting the importance of gathering information on key environment features in the source and restoration
locations, as well as detail the knowledge gaps. Filling these knowledge gaps is important for validating and potentially revising
our proposed framework, and ultimately improving the success rate of restoring extirpated populations.
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Implications for Practice

• Explicitly incorporating evolutionary and ecological con-
siderations into source population selection for reintro-
duction programs could greatly improve their success at
restoring self-sustaining populations.

• Both shared ancestry and environmental similarity
are useful for improving restoration program suc-
cess, although the benefits of adaptive potential remain
unconfirmed.

• Measuring the population growth rate (intrinsic r) of
multiple source populations across gradients of genetic
similarity, environment similarity, and heritable genetic
variation will help clarify the effectiveness of the source
population selection approaches.

Introduction

Restoration ecology has a focus on improving degraded ecosys-
tems by restoring fundamental processes and habitat features
(Seddon et al. 2007). This restoration often emphasizes the
physical habitat and assumes that extirpated species will recol-
onize by natural dispersal (Lipsey & Child 2007). However, in
the event of a barrier to natural dispersal, the ecosystem func-
tions provided by native species may be unfulfilled, resulting
in incomplete restoration of ecosystem services and integrity
(Worm et al. 2006; Lipsey & Child 2007).

Reintroduction programs, in which conspecific individuals
are translocated into formerly occupied locations, have emerged

as an important tool for reversing extirpations and restoring
ecosystem function (Lipsey & Child 2007; Seddon et al. 2007;
Armstrong & Seddon 2008; Seddon 2010; IUCN 2013). These
programs are intuitively appealing as a means of restoring popu-
lations and communities toward an historical baseline, and have
been practiced for over a century (Kleiman 1989). In particular,
there has been a pronounced increase in the number of reintro-
duction programs, rising from 124 species in the early 1990s
to 424 species in 2005 (Seddon et al. 2014). However, even in
the absence of obvious barriers to population restoration, only
25–30% of reintroduction programs are successful at restora-
tion (Fischer & Lindenmayer 2000; Godefroid et al. 2011). To
increase success, a better understanding of the factors contribut-
ing to the outcome of reintroduction programs is needed.

A number of guidelines and best practices for reintroduc-
tion programs have emerged, which largely focus on habitat
restoration and the demographics and logistics of transloca-
tion (Montalvo et al. 1997; Armstrong & Seddon 2008). For
example, these guidelines indicate that population restoration
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should be considered only if the original causes of the extirpa-
tion have been addressed and the habitat has been restored to
a state that should again be capable of supporting the species
(Dobson et al. 1997; Palmer et al. 1997; Cochran-Biederman
et al. 2015). Other guidelines suggest avoiding source pop-
ulations that could suffer from deleterious genetic effects
such as low heritable genetic variation, inbreeding depression,
or domestication (Montalvo et al. 1997; Weeks et al. 2011).
Adequate heritable genetic variation might be important for
adaptation to environment changes, such as those associated
with global climate change and anthropogenic disturbance
(Jones 2003, 2013; Broadhurst et al. 2008; Sgrò et al. 2011;
Weeks et al. 2011; Breed et al. 2013; Kettenring et al. 2014;
Jahnke et al. 2015). Inbreeding depression may occur in source
populations when fitness-related traits (e.g. survival and repro-
ductive traits) are reduced by inbreeding, and typically results
from either the expression of deleterious recessive alleles or the
loss of diversity at loci where heterozygosity is advantageous
(Allendorf et al. 2013). Small, declining, or fragmented popula-
tions should thus be avoided as source populations because they
may have low adaptability due to low heritable genetic variation
and may also suffer from inbreeding depression (Breed et al.
2013). Source populations may also be impaired by domesti-
cation selection that can result in the accumulation of alleles
that are deleterious to individuals released into the wild (Allen-
dorf et al. 2013). Domestication selection may be especially
problematic when a population has had multiple generations
of captive breeding (Lynch & O’Hely 2001; Araki et al. 2007).
These recommendations on the genetics of source populations
have largely been incorporated into reintroduction programs
(Armstrong & Seddon 2008; Vander Mijnsbrugge et al. 2010;
Weeks et al. 2011; IUCN 2013; Mijangos et al. 2015).

Despite potentially major effects on the outcome of pop-
ulation restoration efforts, few clear guidelines exist on
how to optimally select source populations for transloca-
tion (Cochran-Biederman et al. 2015). Based on case studies
reviewed by the World Conservation Union (Soorae 2008,
2011), reintroduction programs typically select one source
population for restoration based on: (1) the only remaining
source population; (2) a source population of sufficient size
that it should not have a reduction in viability if individuals are
removed for translocation; or (3) the closest geographic source
population to the restoration location. However, we propose
that source population selection based on an evolutionary and
ecological perspective could greatly improve the success of
reintroduction programs, and the strategies for identifying these
source populations are the focus of this review. Previous work
on source population selection can be broadly categorized
into the pre-existing adaptation strategy, which focuses on
populations with a high frequency of genotypes that confer
adaptations (i.e. high fitness) in the restoration location, or
the adaptive potential strategy, which focuses on populations
with high heritable genetic variation that confer the potential
to adapt (i.e. respond to selection pressures) in the restoration
location. Here, we review the theoretical and empirical support
for these two strategies and develop needed recommendations
for selecting source populations.

Pre-Existing Adaptation Strategy

Source populations may differ in their viability in the restoration
location because of genetically based differences in individual
fitness resulting from local adaptation. Local adaptation is
a genotype by environment pattern in which the genotypes
of local individuals have higher fitness in their local envi-
ronment than they do in a foreign environment (Kawecki
& Ebert 2004). Local adaptation is both taxonomically and
geographically widespread, with fitness advantages of local
populations observed in 71% of reciprocally translocated plants
and animals (Hereford 2009). Knowledge of local adapta-
tion could therefore serve as a basis for identifying source
populations with adaptations to the key environment features
of the restoration location. The fitness advantage of local
adaptation tends to be positively correlated with the genetic
similarity and environment similarity between the source and
foreign locations (Raabová et al. 2007; Hereford 2009; Fraser
et al. 2011). Identifying source populations with adaptations
to the key environment features of the restoration location
can therefore be accomplished using genetic or environment
similarity. We term these two approaches (1) ancestry match-
ing and (2) environment matching, which are not mutually
exclusive.

Ancestry Matching Approach. Using an ancestry matching
approach, a source population is selected for translocation based
on genetic similarity to the extirpated population. This approach
is based on the premise that close genetic relatives could share
genes that confer adaptations to the key environment features of
the restoration location. The same genes may occur in both the
source and extirpated populations because they were present
in a recent common ancestor or were transferred between
populations through gene flow (Moritz 1999). Reintroduction
programs could use historical samples of the extirpated popula-
tion, if available, and collect samples from source populations
to directly measure genetic similarity. Similarity is typically
estimated from phylogenetic relationships or historical gene
flow calculated using genetic markers (for methods see Holder
& Lewis 2003; San Mauro & Agorreta 2010; Marko & Hart
2011). Typically, several unlinked genetic markers, such as
microsatellite loci or single nucleotide polymorphisms (SNPs),
need to be used to provide sufficient resolution for estimating the
genetic similarity between populations (Beaumont & Nichols
1996; Parker et al. 1998; Williams et al. 2014). Genetic simi-
larity at neutral markers can also be examined in concert with
similarity at functional markers to confirm that close genetic
relatives share genes underlying adaptations (for methods see
Krauss et al. 2013; Stingemore & Krauss 2013). Alternatively,
geographic distance between the source and foreign locations
can be used as a proxy for genetic similarity as there is often
a correlation between the two variables (e.g. r = 0.22–0.52 for
two studies on plants, Montalvo & Ellstrand 2000; Raabová
et al. 2007); albeit, direct estimates of genetic similarity
had a stronger relationship with the fitness-related traits of
translocated populations than geographic distance in these two
studies.
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Environment Matching Approach. Using an environment
matching approach, a source population is selected for translo-
cation based on environment similarity between the source and
restoration locations. Locations containing similar key environ-
ment features tend to produce individuals with similar pheno-
types, either through selection on the same genes (e.g. Campbell
& Bernatchez 2004; Turner et al. 2010; Schumer et al. 2011) or
on different genes that produce similar phenotypes (e.g. Nach-
man et al. 2003; Campbell & Bernatchez 2004; Hoekstra et al.
2006). Regardless of the underlying mechanism, reintroduc-
tion programs could measure the similarity of key environ-
ment features between source and restoration locations. Analy-
sis of similarity is typically accomplished using distance matri-
ces constructed of measurements of the key environment fea-
tures (for methods see Montalvo & Ellstrand 2000; Raabová
et al. 2007; Lawrence & Kaye 2011). Environment similarity
can also be examined in concert with similarity at functional
markers or quantitative traits to confirm that candidate envi-
ronment matches possess adaptations for the restoration loca-
tion (for methods see Garnier-Géré & Ades 2001; Krauss et al.
2013; Stingemore & Krauss 2013). Alternatively, geographic
distance between the source and foreign locations can be used
as a proxy for environment similarity as there is often a correla-
tion between the two variables (e.g. r = 0.22–0.75 in Montalvo
& Ellstrand 2000; Raabová et al. 2007); albeit, direct estimates
of environment similarity had a stronger relationship with the
fitness-related traits of translocated populations than geographic
distance in these two studies (also see Lawrence & Kaye 2011).

Adaptive Potential Strategy

The second strategy for selecting source populations is to
emphasize the potential to adapt to the key environment features
of the restoration location. This strategy favors the transloca-
tion of source populations with high heritable genetic variation.
Fisher’s fundamental theorem of natural selection predicts that
the rate of change in mean individual fitness should be equal
to the heritable genetic variation in individual fitness of a pop-
ulation (Fisher 1930). Similarly, using the breeder’s equation,
the evolutionary response (R) to selection is based on the selec-
tion pressure (S) and the amount of heritable genetic variation
(h2) underlying the phenotype (R= Sh2; Falconer & Mackay
1996). That is, for a given selection pressure, such as that exerted
by a key environment feature, there is a stronger evolution-
ary response (genetically induced change in phenotype) when
there is a greater amount of heritable genetic variation under-
lying phenotypes. An association between the amount of her-
itable genetic variation and the potential to adapt is supported
by laboratory populations of Drosophila melanogaster (Reed
et al. 2003). The amount of heritable genetic variation is also
associated with local persistence in metapopulations of butter-
flies (Melitaea cinxia) (Saccheri et al. 1998). Two approaches
that provide high heritable genetic variation are translocations of
individuals from (1) a single source population that has high her-
itable genetic variation and (2) multiple source populations that
are genetically or environmentally dissimilar from each other.

Single Source Population Approach. Using a single source
population approach, a source population is selected for translo-
cation because it possesses a high amount of heritable genetic
variation. The amount of within-population genetic variation is
typically estimated using neutral markers and indices such as
heterozygosity, allelic richness, or the proportion of polymor-
phic loci (for methods see Excoffier & Heckel 2006; Williams
et al. 2014). This approach assumes that heritable genetic vari-
ation scales with neutral genetic variation, which is supported
in laboratory populations of Drosophila (Briscoe et al. 1992).
Alternatively, population size can be used as a proxy for the
amount of neutral genetic variation because of a correlation
between the two variables (r = 0.7 for animal populations,
reviewed by Frankham 1996). However, a concern with these
methods is that neutral genetic markers do not always cor-
rectly predict the amount of heritable genetic variation (Reed
& Frankham 2001; McKay & Latta 2002). Quantitative genetic
methods can instead be used to directly estimate the amount
of heritable genetic variation for survival and fitness-related
traits through parent–offspring correlation or breeding designs
that examine variance among sibling groups (for methods see
Falconer & Mackay 1996; Lynch & Walsh 1998). Although
such analyses are often costly and infrastructure intensive, they
have an advantage of being able to target specific traits that are
thought to be important for fitness (e.g. Puurtinen et al. 2009).

Multiple Source Population Approach. Using a multiple
source population approach, two or more source populations
with distinctive genetic or environmental backgrounds are
selected for translocation, which combined as a mixed-source
group should produce a high amount of heritable genetic vari-
ation (Breed et al. 2013). Distinctive source populations can
be identified based on genetic and environment dissimilarity,
using methods similar to those described for identifying ances-
try and environment matches. However, some caution is war-
ranted when using the multiple source population approach
because of two major concerns.

First, translocations from multiple source populations may
result in interpopulation breeding, which can lead to outbreed-
ing depression or hybrid breakdown (Lesica & Allendorf 1999;
Weeks et al. 2011; IUCN 2013; Cochran-Biederman et al.
2015), especially with increasing genetic or environmental
distance between the source populations (Montalvo & Ellstrand
2001; Frankham et al. 2011; Hufford et al. 2012). Outbreeding
depression may arise in hybrids because of genetic incompati-
bilities between populations (Lynch 1991; Neff et al. 2011) and
may not be detected until the second generation of interpop-
ulation breeding (Edmands 2007). For example, outbreeding
depression led to reduced growth of second-generation inter-
population hybrids when multiple source populations of Slimy
sculpin (Cottus cognatus) were translocated into Minnesota
as part of a reintroduction program (Huff et al. 2011). In gen-
eral, outbreeding depression is predicted for hybrids produced
from populations that have fixed chromosomal differences,
exchanged no genes in the last 500 years, or inhabit different
environments (Frankham et al. 2011).
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Second, the multiple source population approach is essen-
tially a bet-hedging strategy (Kettenring et al. 2014), and may
delay the identification of a best source population. For example,
a mixed-source group might by chance contain an ances-
try or environment match, which has high fitness because of
pre-existing adaptation and not because of adaptive potential.
Post-translocation monitoring could identify the source popu-
lation with highest fitness and direct subsequent translocations.
However, if the best population was selected using a priori cri-
teria, then the initial fitness of translocated individuals would be
higher than for the multiple source population approach.

Empirical Evaluation of the Approaches

Using the Web of Science, we conducted a literature search
for studies that examined the fitness of different source groups
translocated into foreign locations previously occupied by the
target species or into locations containing small numbers of
conspecifics. We included studies if they provided a coeffi-
cient of determination (r2 or a Pearson correlation, r) between
fitness-related traits from different source groups and the genetic
similarity to the group at the foreign location, the environ-
ment similarity between the source and foreign locations, or
the amount of heritable genetic variation within the translocated
groups. We also included studies that compared fitness-related
traits among different source groups. For the multiple popula-
tions approach, we included studies that examined the contri-
butions of each source population to the restored population.
Correlations between fitness-related traits and the genetic sim-
ilarity and environment similarity are tests of the usefulness
of the two approaches within the pre-existing adaptation strat-
egy. Similarly, correlations between fitness-related traits and the
amount of heritable genetic variation of the translocated groups
are tests of the usefulness of the two approaches within the
adaptive potential strategy. We identified 26 studies that met
these criteria, including 18 studies that provided coefficients of
determination (Table S1 in Appendix S1, Supporting Informa-
tion) and eight studies that compared the relative fitness-related
traits among different source groups. A detailed summary of the
empirical support of the strategies is provided in Table S2 in
Appendix S1.

Empirical Tests of the Pre-Existing Adaptation Strategy

There was no significant difference between the effect sizes for
the ancestry matching approach and the environment match-
ing approach (Wilcoxon rank sum, W = 128, p= 0.58), albeit
there was a large range of effect sizes (mean= 24%, range
0–87%, Table S1 in Appendix S1). Ancestry matching by
genetic similarity was supported by nine studies that detected
positive correlations with fitness-related traits (mean= 21%,
range= 0–56%, Table S1 in Appendix S1). Similarly, envi-
ronment matching was supported by 12 studies that detected
positive correlations with fitness-related traits (mean= 26%,
range= 0.4–87%, Table S1 in Appendix S1). Three additional
studies found support for environment matching but did not

provide a coefficient of determination between fitness-related
traits and environment similarity (Appendix S1).

Only five studies directly compared the effects of ancestry
matching and environment matching on fitness-related traits
(Appendix S1). The degree of environment alteration relative to
historical conditions was not reported. In all five studies, envi-
ronment matching was a better predictor of fitness than ancestry
matching; albeit, the single best population was sometimes an
ancestry match and sometimes an environment match.

Empirical Tests of the Adaptive Potential Strategy

Seven studies examined fitness-related traits as a function of
the number of alleles, heterozygosity, or the percentage of poly-
morphic loci using neutral genetic markers. There were gener-
ally, but not always, positive correlations between these markers
and fitness-related traits (Appendix S1). Three studies examined
fitness-related traits as a function of source population size—a
proxy of within-population genetic variation—and found that
larger populations had greater fitness than smaller populations
following translocation (Appendix S1). One potential caveat
with the interpretation of these studies is that none directly esti-
mated the amount of within-population heritable genetic vari-
ation for fitness-related traits or the response to selection, so
fitness differences could not be directly linked to adaptation fol-
lowing translocation.

Three studies examined translocations using multiple source
populations (Appendix S1). None of the studies provided a
coefficient of determination between fitness-related traits and
a measure of the amount of heritable genetic variation within
the translocated mixed-source group, although high heritable
genetic variation was inferred because of the distinctive genetic
and environmental backgrounds of each source. For all three
studies, selection in the restoration location removed certain
source groups, resulting in a single source group that dispropor-
tionally contributed to the restored population. However, it is not
clear if this result was due to adaptation following translocation
because there was no fitness comparison between the restored
population and its translocated group.

Source Population Selection Framework

Building upon previous recommendations (Seddon & Soorae
1999; McKay et al. 2005; Weeks et al. 2011; IUCN 2013;
Kettenring et al. 2014; Cochran-Biederman et al. 2015), we
constructed a novel source population selection framework
(Fig. 1). Our framework has an a priori expectation that the
habitat can support the target species; otherwise habitat restora-
tion is recommended before considering a reintroduction (Dob-
son et al. 1997; Palmer et al. 1997; Cochran-Biederman et al.
2015). The assessment of local and regional genetic structure is
also recommended to identify and characterize candidate source
populations (i.e. for ancestry matching and adaptive potential)
and to define relevant management units (Olsen et al. 2014). The
framework is presented as a guide to selecting source popula-
tions with the highest probability of possessing adaptations to
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Figure 1. A framework for selecting source populations for reintroduction. Steps may be skipped due to cost, difficulty, or time constraints; however,
skipping steps is likely to reduce the probability of a successful reintroduction.

the key environment features of the restoration location. Cost,
difficulty, and time constraints may be issues for certain steps
and such steps can be skipped; however, skipping steps may
lower the probability that the source populations possess adap-
tations needed for successful restoration. Our framework offers
three key advantages and clarifications to previous recommen-
dations: (1) it offers guidelines for choosing between ancestry
and environment matching; (2) it highlights the importance of
identifying and measuring key environment features between
the source and restoration locations; and (3) it prioritizes the
pre-existing adaptation strategy above the adaptive potential
strategy.

The placement of ancestry matching and environment match-
ing is dependent on the state of the habitat relative to historical
conditions (e.g. no major change in soil conditions and no abun-
dant exotic species). If the habitat is largely unchanged and an
ancestry match is available, then the ancestry match should be
translocated into the restoration location (Lesica & Allendorf
1999; O’Brien & Krauss 2008). The ancestry match may pos-
sess adaptations to unidentified (cryptic) environment features
that may be absent in a source population chosen using environ-
ment matching (Garcia de Leaniz et al. 2007; Fraser 2008). In
addition, ancestry matching has the greatest potential to restore
an extirpated population to its near-original state, which may
be particularly valuable when restoring populations of cultural
or evolutionary significance (Moritz 1999). If there is no ances-
try match or the habitat differs from historic conditions, then
key environment features including temperature, competitors,
predators, prey type, parasites, and pathogens should be used
to identify an environment match. If an environment match to
all key environment features at the restoration location can be
identified, then the environment match should be translocated

(Lesica & Allendorf 1999; Jones 2003, 2013; Weeks et al. 2011;
Kettenring et al. 2014).

If there is no environment match to current conditions, or
high uncertainty in the key environment features, then multiple
source populations should be translocated as a bet-hedging strat-
egy, preferably source populations with high heritable genetic
variation or source populations from diverse genetic and envi-
ronmental backgrounds. The fitness of the translocated individ-
uals should then be monitored to determine whether a single
source population (or group of individuals) has higher fitness.
That source population (or group of individuals) should then be
the focus of future restoration efforts if further translocations are
necessary.

Across all approaches, post-translocation monitoring (e.g.
survival, body size, and population size) for at least 10 years
is recommended for measuring restoration success (Fischer &
Lindenmayer 2000; Menges 2008; Godefroid et al. 2011). In
addition, models suggest that an effective size of at least 1,000
can improve the capacity of a population to respond to additional
selection pressures, such as global climate change (Willi &
Hoffmann 2009; Sgrò et al. 2011). To achieve this effective
population size in a few generations, sustained translocations
may be required at the restoration location (Weeks et al. 2011).

If translocations do not re-establish a self-sustaining pop-
ulation, additional effort may be needed to determine if
unidentified features of the environment are preventing a
successful reintroduction and if additional habitat restoration
is required. Trying another source population is cautioned
unless a cause of the initial reintroduction failure is identified
because there is a high likelihood that a new source population
will also fail to re-establish a self-sustaining population (e.g.
Cochran-Biederman et al. 2015).
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Table 1. Summary of knowledge gaps and the benefit of the knowledge for selecting source populations.

Knowledge Gap Details Benefit of the Knowledge

(1) Can fitness-related traits predict
reintroduction outcome?

Measure per capita growth rate instead of
fitness-related traits

Per capita growth rate is a better predictor of
population growth in the restoration location

(2) What are the key environment
features for environment matching?

Determine the features that have major
influences on fitness, which should be used
for the environment matching criteria

A better understanding of key features may
enhance the implementation of the
environment matching approach

(3) Does the adaptive potential strategy
affect the outcome of translocations?

Compare the fitness of the reintroduced
population and its translocated group in the
new location to identify adaptation
following translocation

Will determine if high heritable genetic variation
is beneficial because of adaptive potential

Knowledge Gaps and Research Needs

By examining the empirical literature on translocations, we have
identified three major knowledge gaps (Table 1). Filling these
gaps is critical to validate, and potentially revise, our source
population selection framework. First, most studies have not
measured fitness as per capita growth rate or intrinsic r but have
measured fitness-related traits that do not necessarily capture
population growth rate (Hendry & Gonzalez 2008). For rein-
troduction programs, there is a large interest in re-establishing
a self-sustaining population with a growing (r > 0) or sta-
ble (r = 0) population size in the restoration location (Menges
2008). Thus, per capita growth rate is a more useful measure
than fitness-related traits and should be estimated in transloca-
tion studies. In addition, there may be benefits to comparing
different candidate source populations in experimental settings
prior to large-scale restoration efforts. For example, experiments
could measure the relative fitness of different candidate source
populations exposed to key environmental features in laboratory
settings (e.g. van Katwijk et al. 1998, 2009) or small-scale nat-
ural settings of the restoration location (e.g. Houde et al. 2015).

Second, environment matching is a challenging source pop-
ulation selection approach to implement because identifying
key environment features can be difficult, time consuming, and
costly. Most of the studies that examined environment matching
in our analysis were on plants, possibly because of the better
understanding of the key environment features for these taxa
(e.g. competitors and temperature), as well as a general empha-
sis on plants over animals in restoration ecology (Mijangos et al.
2015). A better understanding of the key environment features
for other taxa, such as animals, would increase the usefulness
of environment matching. Overall, an improved understanding
of key environment features would also allow the fitness effects
of environmental changes from historical conditions to be better
predicted, which would help inform the choice between ances-
try and environment matching. Identifying key environment
features can be accomplished using local adaptation methods,
e.g. common garden and reciprocal translocation experiments
(Kawecki & Ebert 2004), or assessing the influence of select
features on the fitness of individuals in natural populations.

Third, it is not yet clear if the adaptive potential strategy is of
practical benefit in reintroduction programs. This strategy aims
to translocate a group with high heritable genetic variation, with
the goal of facilitating adaptation from this variation through

evolutionary processes. However, even when this strategy works
as intended, many individuals from the translocated group will
likely have low fitness in the restoration location (Lande &
Shannon 1996; Newman & Pilson 1997; Rice & Emery 2003;
Breed et al. 2013). Consequently, the benefits of the adaptive
potential strategy will be fully realized only after multiple gen-
erations, once selection has acted on the translocated group to
remove individuals with genotypes that confer low fitness in the
restoration location. No studies have directly compared the fit-
ness of a restored population and its translocated group, so it is
difficult to estimate the magnitude of the fitness benefits result-
ing from the adaptive capacity strategy (i.e. adaptation following
translocation). Further research is needed to determine the role
of adaptive capacity in translocation outcome and whether pop-
ulations with high heritable genetic variation are more likely to
re-establish a population in the restoration location than popu-
lations with low heritable genetic variation. At this time, there
is limited evidence that the adaptive potential strategy affects
translocation outcome.

Summary and Conclusion

We have discussed the theoretical and empirical underpinnings
for source population selection and used this research to produce
a framework based on the pre-existing adaptation and adap-
tive potential strategies. We have argued that the pre-existing
adaptation strategy should be considered prior to the adaptive
potential strategy. Our source population selection framework
is based largely on evolutionary and ecological theory, as our
search of the primary literature revealed few empirical studies
that spoke to the effectiveness of these strategies. This paucity
of data highlights the need for further research assessing the
relationships between reintroduction outcomes and gradients of
genetic similarity, environment similarity, and heritable genetic
variation. Filling three critical knowledge gaps will increase
our understanding of how best to select source populations
for reintroduction programs and ultimately help improve the
success rate of restoring self-sustaining populations.
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