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Reintroductions offer a powerful tool for reversing the effects of
species extirpation and have been increasingly used over recent
decades. However, this species-centered conservation approach
has been criticized for its strong biases toward charismatic birds
and mammals. Here, we investigated whether reintroduced
species can be representative of the phylogenetic diversity
within these two groups at a continental scale (i.e., Europe,
North and Central America). Using null models, we found that
reintroduced birds and mammals of the two subcontinents tend
to be more evolutionarily distinct than expected by chance,
despite strong taxonomic biases leading to low values of
phylogenetic diversity. While evolutionary considerations are
unlikely to have explicitly driven the allocation of reintroduction
efforts, our results illustrate an interest of reintroduction prac-
titioners toward species with fewer close relatives. We discuss
how this phylogenetic framework allows us to investigate the
contribution of reintroductions to the conservation of biodiver-
sity at multiple geographic scales. We argue that because
reintroductions rely on a parochial approach of conservation, it is
important to first understand how the motivations and constraints
at stake at a local context can induce phylogenetic biases before
trying to assess the relevance of the allocation of reintroduction
efforts at larger scales.

conservation translocations | conservation priorities | phylogenetic
diversity | evolutionary isolation

When looking at population declines and losses rather than
focusing only on species extinctions, Earth’s biological

diversity is under more severe threats than initially perceived (1).
Therefore, effective conservation actions are required to sustain
evolutionary trajectories in biological systems and to ensure
ecosystem functioning and services (2). In this context, pop-
ulation restoration offers a tool to mitigate or reverse the con-
sequences of local population extinctions; thus, population
restoration promotes species persistence and counters the dra-
matic shrinkage in a species’ geographical range (3).
Conservation translocations are human-mediated move-

ments and releases of organisms, where the primary objective is
to yield a measurable conservation benefit (4). Reintroductions
are part of the conservation translocation spectrum, and rein-
troductions aim to reestablish a population in the species’ in-
digenous range following local extinction or extirpation.
Reintroductions have been used for over a century, and the
number of programs, as well as the number of targeted species,
have increased over recent decades (3, 5, 6). Except for some
rare projects included in ecosystem restoration (7), reintro-
ductions are primarily case-by-case initiatives that are locally
designed population-centered conservation approaches. By
definition, reintroductions follow the local extinction of a
population, but they do not necessarily involve globally
threatened species (8). In fact, reintroduction implementations
are usually driven by national conservation targets, the ability
to garner public and political support, or the technical feasi-
bility of translocation releases. All of these factors are non-
neutral with respect to taxonomy, with studies showing that
mammals and birds are overrepresented in reintroduction

programs (5, 8). Reintroductions offer a powerful conservation
tool. However, the fact that conservation goals are being set at
the local scale should not hamper their ability to contribute to
the conservation of biodiversity at large scales. If a bias toward
birds and mammals is likely to persist, the focus of reintroductions
should be on, when possible and with respect to national priority
targets, species that are the most likely to contribute to the per-
sistence of the diversity of the Tree of Life (9).
With scarce resources available for conservation, the objec-

tive prioritization among taxa and regions is required to max-
imize conservation returns (10, 11). Since the 1990s, scientists
have promoted the incorporation of information on shared and
nonshared evolutionary history between species into conser-
vation prioritization. Based on the assumption that not all
species contribute equally to biodiversity, additional value
should be granted to evolutionarily distinct species, that is,
those that lack close relatives, because the loss of a species in
an old clade would result in a greater loss of biodiversity (9, 12).
Based on the assumption that closely related taxa are more
likely to share similar features, conservation strategies that aim
to preserve high levels of evolutionary diversity should capture
the value of biodiversity as variation (13) and potentially pro-
vide unanticipated benefits in the future (14–17). Some studies
suggest that the rate of loss of evolutionary information could
even be much higher than the rate of species loss, as the ex-
tinction threat is not randomly distributed in phylogeny (18).
Thus, the consideration of evolutionary history in conservation
decision making is a way to set relevant and objective conser-
vation goals while also using easily communicable metrics, such
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as the duration of species’ evolutionary histories in terms of
millions of years of evolution (19).
Methodological developments and the increasing amount of

phylogenetic data available should foster the implementation of
conservation projects based on evolutionary considerations (20–
23). However, it also remains necessary to assess whether current
management strategies are relevant to the conservation of evo-
lutionary diversity. While gap analyses have examined the effi-
ciency of current protected area networks on the protection
of evolutionary diversity (24–26), the contribution of species-
centered conservation measures [for example, translocations
(3)] on the preservation of broad-scale evolutionary diversity is
largely unknown.
Here, we investigated how the allocation of reintroduction

efforts could contribute to biodiversity conservation at a conti-
nental scale, focusing on the phylogenetic dimension of bio-
diversity rather than on taxonomy. We focused on reintroduced
terrestrial birds and mammals in Europe as well as in North and
Central America (including Mexico and the Caribbean, but
hereafter called North America) (Materials and Methods). We
investigated the phylogenetic richness (i.e., quantity of phyloge-
netic differences) (27) expected for our focal subsets of rein-
troduced species (e.g., reintroduced European mammals) given
the regional pool of species. First, we calculated the phylogenetic
diversity (PD) (14) of each subset of reintroduced species, that is,
their total amount of independent evolutionary history, to assess
whether a focal subset of reintroduced species is representative
of the regional phylogenetic diversity. Second, we quantified the
evolutionary isolation of reintroduced species using the evolu-
tionary distinctiveness (ED) index (20), which estimates the
conservation value of each individual species based on its unique
evolutionary history. We constructed null models to test the
deviation of our two metrics from the value expected when
species were randomly drawn in the associated regional phy-
logeny. Reintroduced species are not expected to collectively
contribute to high PD because they are taxonomically clumped,
but they might be more evolutionarily distinct than species drawn

at random if they come from less diverse clades (8). While our
results confirmed these general expectations on PD, they in-
dicated that the distribution of ED scores for reintroduced
species vary according to the region or group considered.
Overall, our work shows that the selection of species for rein-
troduction, which is mostly driven by conservation needs at local
scales, either contrasts or converges with broad-scale,
evolutionary-based conservation priorities depending on the
metric being considered.

Results and Discussion
Evolutionary Diversity and Reintroductions. Twenty-eight mamma-
lian species have been reintroduced at least once in Europe (i.e.,
14% of the 202 terrestrial mammalian species), and these species
are distributed among four orders: 10 rodents, 9 ungulates,
8 carnivores, and 1 lagomorph (Fig. 1). This taxonomic pattern is
consistent with the results of North America (28), with the only
difference being the reintroduction of two primates (Alouatta
pigra and Ateles geoffroyi) in Central America. More than 50% of
reintroduced mammals on both subcontinents are members of
the orders Carnivora or Artiodactyla (Fig. 2). Thirty-seven bird
species have been reintroduced at least once in Europe (i.e.,
10% of the 378 terrestrial breeding bird species). The order
Accipitriformes includes the highest number of reintroduced
species of birds in Europe, followed by the order Galliformes
(Fig. 3). We can see differences in the taxonomic distribution of
reintroduced bird species between the two subcontinents, with
the order Passeriformes accounting for 25% of the reintroduced
birds in North America (Fig. 4); in contrast, Passeriformes ac-
count for only 1% of the reintroduced birds in Europe. Our
results are consistent with previous studies showing that rein-
troduction efforts are strongly taxonomically biased within birds
and mammals (8). In both regions, avian and mammalian rein-
troductions seem to favor large charismatic species (e.g., Bison
bonasus, Lynx pardinus, Gypaetus barbatus), which easily garner
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Fig. 1. Taxonomic distribution of reintroduced species within the different
orders of the terrestrial mammals of Europe. Unshaded bars are the pro-
portions of mammals out of the 202 species of Europe, and shaded bars are
the proportions of mammals out of the 28 reintroduced species.
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Fig. 2. Taxonomic distribution of reintroduced species within the different
orders of the terrestrial mammals in North America (including Mexico,
Central America, and the Caribbean). Unshaded bars are proportions of
mammals out of the 838 species of North America, and shaded bars are the
proportions of mammals out of the 42 reintroduced species.
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public support and funds for conservation, or exploited species
(e.g., Cervus elaphus, Capra ibex, Tetrao urogallus), for which
overharvesting could have led to local extinction.
Because of this taxonomic clustering in the allocation of

reintroduction efforts, reintroduced birds and mammals in
Europe and North America are poorly representative of the
associated regional phylogenetic diversity. The PD measured for
reintroduced mammals in North America is significantly lower
than expected by chance (PDreint = 1,387.4 My; μ = 1,747.61 My;
SD = 145.36; P value = 0.015) (Table 1), and the three remaining
subsets of reintroduced species (i.e., European mammals, North
American birds, and European birds) showed PD values lower
than random expectations but did not significantly depart from
our null model (i.e., associated P values ranged from 0.063 to
0.114) (Table 1). Low PD values observed for reintroduction
target species might be caused by shared causes of extirpation, at
least for mammals. Within mammals, extinction threats caused
by hunting pressure are more strongly phylogenetically clumped
than threats caused by habitat loss or invasive species (29).
Reintroduction feasibility requires the identification and eradi-
cation of past threats and causes of extirpation (4); thus, the
possibility of both identification and eradication of these threats
may affect the selection of reintroduction candidate species.
Overexploitation is likely to be the easiest threat to identify in
the past extinction of vertebrates, and it is also likely to be easier
to mitigate through strict protection and hunting regulations
than the control of invasive species or the restoration of
degraded habitat.

The concept of evolutionary distinctiveness appears only once
in the International Union for Conservation of Nature (IUCN)
Guidelines for Reintroductions (4). Managers undertaking rein-
troductions face multiple decisions, which can rely on competing
objectives and uncertainty (30). Therefore, evolutionary consid-
erations are not expected to ultimately influence the allocation
of reintroduction efforts. However, our results show that there is
a significant trend in the reintroduction of mammals and birds
toward species with few close relative taxa at the continental
scale. When considering the median ED score of reintroduced
species, we found that reintroduced mammals in Europe and
North America are more evolutionarily distinct than expected by
chance, as the median ED is significantly higher than the random
expected value (median EDreint = 20.84 My and 13.46 My; P
value = 0.018 and P value < 0.001, respectively) (Table 2). In
Europe, the median ED score of reintroduced bird species is
higher than expected by chance (median EDreint = 19.81 My; P
value = 0.047), while the median ED of reintroduced birds in
North America is not significantly different from the random
expected value (median EDreint = 8.76 My; P value = 0.99)
(Table 2). Reintroduced birds with the highest ED value tend to
be large-bodied species from less diverse clades (Accipitriformes,
Strigiformes, Gruiformes) in both subcontinents. Because ED
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Fig. 3. Taxonomic distribution of reintroduced species within the different
orders of the terrestrial birds of Europe. Unshaded bars are proportions of
birds out of the 378 species of Europe, and shaded bars are the proportions
of birds out of the 37 reintroduced species.
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scores are negatively related to the size of a clade, the different
patterns observed between the two regions can be explained by
the prevalence of members of the order Passeriformes in North
American-reintroduced birds. Within mammals, while reintro-
duced species with the highest ED in North America come from
less diverse clades (as for birds), the high median ED observed
for reintroduced European mammals was largely driven by highly
evolutionarily distinct species of rodents (Table S3).
Overall, our results suggest that, while reintroduced species

tend to be more evolutionarily distinct, the overall contribution
of the focal subset of reintroduced species to the regional phy-
logenetic diversity is low because the species composing these
focal subsets are less phylogenetically complementary than
expected under a random model (see discussions in refs. 13 and
31).

Decision Processes and Phylogenetic Patterns of Reintroductions.
Our null model was built to evaluate the departure of the ob-
served process from a basic random process. Such a random
process implies that every terrestrial species in the regional as-
semblage has the same chance of being selected for reintro-
duction, which constitutes a reference model but not a realistic
expectation. Indeed, although it has been suggested that rein-
troductions of mammals and birds target a minority of globally
threatened species (8, 28), local extirpation biases may exist with
respect to phylogeny (32–34). Furthermore, logical decision
processes about which species to reintroduce not only necessarily
consider the priority of the species for recovery (of which evo-
lutionary history is only one component) but also consider the
probability that management will be successful and the likely
economic and ecological costs of the program (e.g., translocation
and ongoing management costs, demographic cost to the source
population) (22, 35, 36). While any locally extinct species can
benefit from a reintroduction effort, these competing interests
and practical limitations can impose constraints on the combi-
nations of traits of reintroduced species. For example, body size
can be hypothesized as a trait that influences the ability to garner
public and political support (e.g., large-bodied species are more
emblematic), the ability to successfully breed in captivity (e.g.,
facilitated with small-bodied species) or the ability to plan
translocations (e.g., large-bodied species require large home

ranges). In that context, reintroduced species could encompass a
nonrandom combination of traits, and characterizing the various
constraints imposed on the implementation of reintroduction
programs would allow researchers to build more relevant null
models to investigate the phylogenetic structure expected for
reintroduced species. This would be the first step required if we
want reintroduced species to be representative of the phyloge-
netic diversity within an assemblage.

Geographic Scales of Decisions. Identifying gaps between the op-
timized allocation of conservation resources and the current al-
location levels requires the consideration of the potential
mismatch between global priority setting and actual imple-
mentations of conservation actions that largely depend on local
practitioners and decision makers reaching consensus (37, 38).
This spatial implication of conducting conservation planning at
different scales has been well studied in the context of managing
protected areas under the systematic conservation planning
framework (10, 39, 40), but it remains relatively unexplored in
the context of population restorations. Evolutionary distinctive-
ness measures and PD approaches in conservation prioritization
differ conceptually, even if they both rely on information on
evolutionary relationship between species (41). Whether PD- or
ED-based approaches for conservation prioritization will ensure
the best preservation of the Tree of Life under current man-
agement practice is beyond the scope of our paper. However, it is
important to consider which prioritization scheme can be more
easily implemented at the management level. Reintroduction
practitioners designing species-specific programs are more likely
to integrate “evolutionary value” through evolutionary isolation
measures as these are more flexible and can be compared with
other individual measures of species value (e.g., cost of recovery
or probability of success) that might influence decision-making
processes. However, actual reintroduction practices rely on a
parochial approach to conserving species, and while opportuni-
ties to restore locally extirpated species should always merit our
concern and action, incentives for restoring local diversity will
not guarantee the preservation of overall regional/global di-
versity (13, 42). International coordination might operate at the
European level (e.g., the Life Program funded by the European
Commission) but is less likely to be achieved across North

Table 2. Median ED scores of each focal subset of reintroduced mammal and bird species in Europe and North
America

Group Subcontinent
No. of reintroduced

species
Median ED of reintroduced

species
Expected
median ED

SD of
median ED P value

Mammals Europe 28 20.84 16.6 1.74 0.018
North America 42 13.46 9.25 1.05 <0.0001

Birds Europe 37 19.81 15.48 1.9 0.047
North America 44 8.76 8.75 1.1 0.99

Expected median ED and SD were obtained after drawing 10,000 random sets of species of the same size from the associated
phylogeny. The deviation from the null model is presented as a P value, computed as 2*(Number of sampled median ED values >
Median ED of reintroduced species)/(Number of samples drawn). Bold values indicate P < 0.05.

Table 1. PD scores of reintroduced birds and mammals and the associated expected value and SD of PD for a
given subset size and a regional phylogenetic tree

Group Subcontinent
No. of native terrestrial

species
No. of reintroduced

species
PD of reintroduced

species
Expected

PD
SD of
PD P value

Mammals Europe 202 28 1,080.42 1,259.96 96.49 0.063
North America 838 42 1,387.4 1,741.61 145.36 0.015

Birds Europe 378 37 1,422.62 1,592.57 107.54 0.114
North America 1,748 44 1,592.11 1,818.95 131.98 0.086

Deviation from the null model is presented as a P value, which was computed using the pnorm function in R. Bold values indicate P < 0.05.
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America, Central America, and the Caribbean. Here, our aim
was not to advocate for a systematic allocation of reintroduction
efforts toward the broad-scale maximization of phylogenetic di-
versity. Rather, our objective was to emphasize how this phylo-
genetic framework can help evaluate the potential conservation
benefit of reintroductions at any spatial scale. This framework
simply relies on estimating the relative contribution of a single
species or a subset of species (e.g., reintroduced species) to the
diversity of features within any given assemblage (13); thus, the
framework can be applied at local, national, regional, or global
scales (43).
The development of reintroduction biology over recent de-

cades was built on the combination of knowledge from locally
implemented programs to produce insights that inform the
worldwide practice of reintroduction (6, 44, 45). In addition, the
recent exponential increase in the number of implemented
programs provides opportunities to assess the relevance of the
allocation of reintroduction efforts at different spatial scales.
Reintroduction is primarily an attempt to restore locally extir-
pated species and, in turn, contributes to limiting the loss of
feature diversity at local and global scales. Reintroduction can
also be used as a powerful tool to restore the spontaneous dy-
namics of genes and the functional traits of the focal species that
could shape community and ecosystem dynamics, thus support-
ing evolutionary processes. Incorporating evolutionary consid-
erations into reintroduction planning allows us to ponder the
type of diversity we are trying to restore and reminds us that
conservation translocations fundamentally aim to restore evo-
lutionary trajectories for the target species and its biotic envi-
ronment (2).

Materials and Methods
Study Area and Reintroduced Species. We focused on birds and mammals
because these groups benefit from the best coverage in the peer-reviewed
and gray reintroduction literature, leading to the substantial availability of
data (5, 46). Our study area covered the European peninsula and North
and Central America (including Mexico and the Caribbean, but hereafter
called North America), which are two regions where nearly 40% of
worldwide translocation programs have been implemented (3). In each
subcontinent, we considered the lists of terrestrial breeding bird species
established by BirdLife (i.e., Europe: 378 species; North America:
1,748 species; datazone.birdlife.org/species/search), and the IUCN lists of
terrestrial mammal species (i.e., Europe: 202 species; North America:
838 species; www.iucnredlist.org/). We built four regional phylogenetic
trees based on these lists and from global phylogenies of all extant birds
and mammals. We used updated phylogenies for mammals (47, 48), where
polytomies were resolved (49), and where the Carnivora clade was
replaced with a highly resolved supertree that was published more re-
cently (24, 50). For birds, we used the global bird phylogenies built and
published by Jetz et al. (51), available at www.birdtree.org.

Species were included in reintroduction efforts, and thereafter called
“reintroduced species,” if they had been involved in any past or ongoing
documented release of individuals that satisfies the reintroduction defini-
tion provided by the IUCN Guidelines for Reintroductions, which was pub-
lished in 2013 (4), regardless of the success of the reintroduction. Bird and
mammal species that have been reintroduced at least once in Europe were
identified through a comprehensive search of translocation-related publi-
cations. We conducted our research using both the ISI Web of Science da-
tabase and Google Scholar, as the latter can provide references from the
gray literature, which contains a substantial amount of information re-
garding reintroduction projects. We used the keywords “reintroduc*,”
“re-introduc*,” “translocat*,” and the species’ Latin name, and we checked
independently for each European bird and mammal species (Table S1). For
each query, we looked for at least one reference that would provide evi-
dence that the species had been involved in at least one movement-and-
release event that satisfied the IUCN definition of a reintroduction.
Although this is not a systematic review (52, 53), we applied the same
methods to locate and use information from scientific and nonscientific
sources and used a rigorous, transparent, and repeatable protocol. Our re-
sults provide a detailed picture of the taxonomic distribution of reintro-
duction efforts of terrestrial mammals and birds in Europe that can be
compared with other reviews on this topic (54). Acknowledging that we only

used English sources and that publication biases may exist (with respect
to taxa, country, etc.), our literature search might have led to an un-
derestimation of the number of reintroduced species in Europe. We
extracted the list of reintroduced terrestrial breeding birds and mammals in
North America from the review published by Brichieri-Colombi and
Moehrenschlager (28) on animal conservation translocations. We did not
consider subspecies separately in our analyses since our phylogenetic trees did
not provide relationships between taxa at the subspecies level. Consequently,
species were considered as reintroduced as long as one of their subspecies
had been reintroduced at least once. In our final analyses, we considered
67 reintroduced terrestrial mammals (i.e., 25 in Europe, 39 in North America,
3 in both) and 79 reintroduced terrestrial breeding birds (i.e., 35 in Europe,
42 in North America, 2 in both) (Table S2).

Phylogenetic Diversity of Reintroduced Species. The phylogenetic diversity
quantifies the cumulated amount of independent evolutionary histories of a
subset of species in a tree (14). Given one phylogenetic tree, the PD of a
subset of species is measured as the sum of the length of the branches in the
minimal subtree connecting all of the taxa of the subset:

PDðtreeÞ=
X

j

Lj ,

with Lj representing the length of branch j. For a given number of species,
the higher the value of PD for a subset of species, the more evolutionarily
distant the species are within the subset. For each taxonomic group in each
region, we calculated the total unrooted PD of the subset of reintroduced
species [PDreint] using the pd.query function from the package Phy-
loMeasures (55). We compared this value to the PD value expected for a
random subset of species of the same size in the associated regional spe-
cies pool (e.g., European birds, North American mammals). For that pur-
pose, we used the pd.moments function, which provides optimized
algorithms to compute the exact expressions of the expectation [μPD] and
the SD [sdPD] of the PD for a given number of species in a specific phy-
logenetic tree. A subset of reintroduced species can be considered as
representative of the regional phylogenetic diversity if the PDreint value
does not significantly depart from the associated 95% confidence interval
calculated as μPD ± 1.96*sdPD.

Evolutionary Distinctiveness of Reintroduced Species. We measured the evo-
lutionary isolation of individual species using the ED, which is based on the
fair-proportion index that quantifies how few relatives a species has and how
phylogenetically distant those relatives are (20). The ED score of species i is
the total branch length between each node connecting the tip (species) to
the root of the tree, each time divided by the number of species subtending
that branch:

EDi =
X

j   ∈  Pði, RootÞ

Lj
nj
,

with P(i, Root) being the set of branches connecting species i to the root of
the tree, and nj being the number of species subtending branch j. We used
the evol.distinct function from the ape package (56) to calculate the ED
scores for mammals and birds in each regional phylogeny. We assessed
whether reintroduced species were more or less evolutionarily distinct than
expected if species were randomly drawn from the regional pool. We used
the median ED of the subset of reintroduced species rather than the mean
given the skewness of the distribution of ED scores, and compared the
median ED to the 95% confidence interval of the null distribution obtained
by drawing 10,000 random samples of species of the same size in the asso-
ciated regional phylogeny. The departure from the expected median ED
produced by our null model was expressed as a P value and was calculated as
the number of random median ED values that were superior to the median ED
of reintroduced species and divided by the number of randomly drawn subsets.

We tested the deviation from our null model for bothmetrics of each set of
reintroduced species (i.e., terrestrial mammals or terrestrial breeding birds)
on each subcontinent (i.e., Europe or North America). In each case, the
analyses were run using 100 fully resolved regional phylogenetic trees. All
results provided are the median of the values taken across the 100 phylo-
genetic trees. All analyses were compiled with R 3.2.2.
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