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The world faces a biodiversity crisis and efforts are
needed to protect species from extinction. Reintroductions using source populations from zoos and aquariums offer a technique to re-establish species in the
wild following extinction or population depletion
beyond sustainable limits. Ex situ populations are a
potential source for reintroduction projects but many
zoos and aquariums do not necessarily maintain globally rare species. We aimed to quantify the contribution zoos and aquariums make to reintroductions, and
evaluate how European Association of Zoos and Aquaria (EAZA) members have contributed to reintroduction projects. Data on the contribution zoos and
aquariums make to reintroductions were extracted from
the Global Re-introduction Perspectives publications,
and the EAZA membership was surveyed on historical
reintroduction projects. This information was augmented with data from The IUCN Red List of Threatened Species and Species360 Zoological Information
Management System (ZIMS). The majority of species
in EAZA-member institutions were not globally threatened but more than half of the 156 reintroduced species and 260 projects supported by EAZA members
concerned species that were threatened (i.e. Critically
Endangered, Endangered or Vulnerable), Near Threatened or Extinct in the Wild. Most species that were
not of global conservation concern were locally rare.
EAZA members provided animals for release, but their
greatest contributions to reintroduction projects were
funds, staff, expertise and equipment, and project coordination. Zoos and aquariums have an important role
to play in reintroductions especially as emphasis shifts
away from the in situ–ex situ dichotomy and towards
integrated conservation management of species.
Key-words: aquariums; conservation translocation;
EAZA-member institutions; reintroduction; species
conservation; zoos.

INTRODUCTION
At the time of writing, the world is facing
an unprecedented loss of biodiversity. Hundreds of species have already been driven
to extinction by anthropogenic change and
thousands more are imperilled (Pereira
et al., 2010; Pimm et al., 2014; WWF,
2016). Decisive conservation action is
needed to mitigate threats to species causing local, regional or complete extinctions
in the wild.
Conservation translocations, including
reintroductions, have a role in re-establishing or reinforcing wild populations where
partial or complete extirpation has occurred.
This requires sufﬁcient areas of natural
habitat and that the threats leading to extirpation have been removed or sufﬁciently
reduced (Stuart, 1991; Gusset, 2012; IUCN/
SSC, 2013). Therefore, opportunities to reestablish wild populations through reintroduction are rare. Nonetheless, the number
of species that have been reintroduced and
the number of reintroduction projects under
way have increased substantially in recent
years (Stanley Price et al., 2004; Seddon
et al., 2007; Conway, 2011).
Conservation translocations may be more
successful using wild-caught rather than
captive-bred individuals (Grifﬁth et al.,
1989). Captivity potentially causes loss of
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genetic diversity and may alter life-history
traits underpinning species integrity (Lacy,
1994, 2013; Frankham, 1995; Philippart,
1995; Balmford et al., 1996; Snyder et al.,
1996; McPhee, 2004). Consequential
impacts on post-release survival may also
reduce reintroduction success (Kleiman
et al., 1994; Snyder et al., 1996; Bowkett,
2009). However, there is an increasing scarcity of suitable wild source populations,
along with concerns about their regional
appropriateness. While not ideal, an
increasing number of reintroduction projects
release captive-bred animals (Seddon et al.,
2007). Such reintroductions have made a
fundamental contribution to the conservation of some iconic species (Stanley Price
et al., 2004; Seddon et al., 2007; Conde
et al., 2011), notably the Arabian oryx
Oryx leucoryx (Mesochina et al., 2003),
Black-footed ferret Mustela nigripes (Dobson & Lyles, 2000), Przewalski’s horse
Equus ferus przewalskii (Van Dierendonck
& de Vries, 1996) and Golden lion tamarin
Leontopithecus rosalia (Kierulff et al.,
2012). Hoffmann et al. (2010) found that
ex situ conservation breeding contributed to
species recovery for one-quarter of those
vertebrate species whose extinction risk
was reduced, and captive breeding and reintroduction were the most frequently cited
conservation actions leading to improvements in the International Union for Conservation of Nature (IUCN) Red List status
(Hoffmann et al., 2010; Conde et al., 2011;
Gusset & Dick, 2012). For birds, captive
breeding and reintroduction efforts were
instrumental in preventing the extinction of
six out of 16 species that would probably
have gone extinct in the absence of conservation action (Butchart et al., 2006). In
some cases, captive breeding and reintroduction can be more effective in conserving
mammals than other conservation measures
(Hayward, 2011), and have contributed to
the genuine improvement in IUCN Red List
status of nine mammal species (Hoffmann
et al., 2011). One such species is the
Greater stick-nest rat Leporillus conditor
whose reintroduction to Australia resulted

in a change in IUCN Red List status from
Endangered (EN) to Vulnerable (VU) (Hayward, 2011; Woinarski & Burbidge, 2016).
Species in zoos and aquariums are often
viewed as a potential source of animals for
reintroduction projects by both the institutions and the public (Stanley Price, 1991;
Stanley Price & Fa, 2007; Niekisch, 2010).
The idea of returning animals to their
‘home’ in the wild is compelling and has a
strong emotional appeal (Stanley Price &
Fa, 2007).
Zoos and aquariums are traditionally associated with the ‘Ark’ paradigm where individuals of a species are distributed over
numerous organizations with the aim of creating a closed genetically and demographically sustainable insurance population.
These closed insurance populations are
cooperatively managed to retain the maximum amount of genetic diversity, often 90%
of wild gene diversity for 100–200 years, to
enable future reintroduction should it be feasible and appropriate for the species (Soule
et al., 1986). In essence, the aim of these
insurance populations is to ‘buy time’ for
species that are under threat in the wild by
providing a source population if and when
reintroductions are needed in the future.
Additionally, important non-threatened education or exhibit species are managed in the
same way to remove the need for importation of animals from the wild and to provide
an insurance population should those species
become threatened in the future (IUCN/
SSC, 2014). The zoo community chooses to
apply the ‘insurance populations’ model to
all managed species, and the goal of the
average breeding programme under the
‘Ark’ paradigm is insurance rather than
‘breed for release’ within a speciﬁed time
frame. Despite this, reintroduction is often
assumed to be the automatic purpose of a
breeding programme (Jakob-Hoff et al.,
2015). This has led to the expectation that
zoos and aquariums hold populations specifically for reintroduction, and are thus
involved in many reintroduction projects.
Zoos and aquariums have recognized that
the ‘insurance population’ management
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model may not always be the best approach
for ex situ conservation. Ideally, the conservation needs of a threatened species should
be assessed and a programme developed to
deliver ex situ help if it is required (de Man
et al., 2016). This shift away from the traditional ‘Ark’ paradigm to a more integrated approach to conservation (Keulartz,
2015) is reﬂected in the changing emphasis
of the World Association of Zoos and
Aquariums (WAZA) conservation strategies, from the ﬁrst published in 1993
through to the latest in 2015 (IUDZG/
CBSG, 1993; WAZA, 2005; Barongi et al.,
2015). The historical emphasis on captive
breeding and reintroduction (IUDZG/CBSG,
1993) has evolved into a more holistic
approach to biodiversity conservation
enshrined in the One Plan Approach promoted by the IUCN Species Survival Commission (SSC) Conservation Breeding
Specialist Group (CBSG) (CBSG, 2011;
Traylor-Holzer et al., in press). The One
Plan Approach ‘supports integrated species
conservation planning through the joint
development of management strategies and
conservation actions by all responsible parties to produce one comprehensive conservation plan for the species’ (Byers et al.,
2013). Reintroductions should therefore be
one component of wider conservation action
for a species rather than isolated projects.
Here, we seek to understand the value of
zoo and aquarium populations for conservation translocations and evaluate how European Association of Zoos and Aquaria
(EAZA)-member institutions have contributed to reintroduction projects. Throughout the rest of the paper, the term
‘reintroduction’ will include both reintroductions and reinforcements as deﬁned in
IUCN/SSC (2013). The reintroduction of
animals bred in zoos and aquariums is ‘the
intentional movement and release of an
organism inside its indigenous range from
which it has disappeared’ with the aim of
re-establishing a viable population (IUCN/
SSC, 2013). We have also included reinforcements using animals bred in zoos and
aquariums, deﬁned as ‘the intentional
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movement and release of an organism into
an existing population of conspeciﬁcs’
(IUCN/SSC, 2013).

METHODS
The contribution of zoos and aquariums
to reintroductions
The contribution that zoos and aquariums
made to reintroductions was evaluated
using two methods. First, a systematic literature review was performed on all editions
of Global Re-introduction Perspectives
(GRP) published by IUCN/SSC Reintroduction Specialist Group and the Environment
Agency-Abu Dhabi (Soorae, 2008, 2010,
2011, 2013, 2016) to assess the role of
reintroductions, and global zoos and aquariums, in conservation translocations. In total,
243 articles were searched and data
extracted on: the total number of conservation-translocation projects per taxa (mammals, birds, reptiles, amphibians, ﬁshes,
insects, molluscs, crustaceans, corals, arachnids and ‘other invertebrates’); the number
of projects that had involvement from any
global zoo/aquarium identiﬁed by author
afﬁliation or speciﬁed in the article; the
number of projects that released captivebred animals; the number of projects where
zoos and aquariums provided animals for
release.
The second method of evaluation was a
direct e-mail survey of EAZA-member zoos
and aquariums, targeted at speciﬁc individuals, including: the nominated conservation
contact at all full, temporary and associate
EAZA-member
institutions
(n = 337);
attendees of the September 2013 EAZA
Reintroduction and Translocation Group
(RTG) meeting (n = 51); core RTG members (n = 11); EAZA Taxon Advisory
Group (TAG) chairs (n = 39); institutions
that had registered projects in the EAZA
Conservation Database (http://www.eazacon
servation.org) (n = 56). The survey was
sent to a total of 443 contacts, once duplicates were removed. Information was
requested for reintroduction projects that
involved animals bred at zoos and
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aquariums, and excluded plant reintroductions, wild-to-wild translocations (including
problem animals), and rehabilitation and
release.
Information was requested on the institution’s involvement in reintroduction projects using animals bred in zoos and
aquariums, specifying (1) the species concerned, (2) the year(s) in which the project
took place and (3) the type of involvement
by the institution (e.g. animals, staff, expertise, equipment, funding, coordination or
‘other’ to be speciﬁed). The initial request
was sent on 17 April 2014, followed by a
reminder e-mail 5 weeks later.
Additional data sources
The Species360 (formerly International
Species Information System) Zoological
Information Management System (ZIMS)
database was explored on 28 August 2016
to access the Taxon Advisory Group
(TAG) Export Reports for each class of
Animalia held by EAZA-member institutions. A species list was compiled, removing subspecies and genus-only data.
Threat-status categories were extracted
from the IUCN Red List website on 28
August 2016 (IUCN, 2016). For each reintroduced species reported by EAZA-member institutions, data were compiled on: the
Red List status in 2016, population trend
(2016) and geographic range (countries of
occurrence).
The species reintroduced were also compared with the Annexes of the European
Union (EU) Council Directive 92/43/EEC
on the conservation of natural habitats of
wild fauna and ﬂora (EU Habitats) (Council
Directive, 1992), and in Annex I of the
Directive 2009/147/EC on the conservation
of wild birds (EU Birds) to identify European priority species (Council Directive,
2010).

RESULTS
At the time of reporting, EAZA-member
institutions collectively held a total of 5708

species, of which 4852 (85%) were vertebrates, representing c. 7% of the estimated
67 050 described vertebrate species globally (IUCN, 2016) (Table 1). The IUCN
Red List designated 7967 vertebrate species
to the ‘threatened’ categories of Critically
Endangered (CR), Endangered (EN) and
Vulnerable (VU), and EAZA members held
683 (9%) threatened species accounting for
c. 16%, 11%, 13%, 2% and 7% of all
threatened mammal, bird, reptile, amphibian
and ﬁsh species, respectively. Only 1% of
all threatened invertebrates were reported to
be held in EAZA-member institutions
(Table 1). When accounting for all species
of conservation concern [i.e. threatened categories plus Extinct in the Wild (EW) and
Near Threatened (NT)], the number of species held by EAZA-member institutions
increased to 945 (19%) vertebrates and 84
(10%) invertebrates. At the time of writing,
only 3947 of the vertebrate species and 184
of the invertebrate species in EAZA-member institutions have been evaluated for the
IUCN Red List, including those in the Data
Deﬁcient (DD) category (Table 1).
Literature review: GRP
The systematic review of GRP yielded a total
of 243 conservation translocation projects, of
which 85 (35%) had zoo or aquarium
involvement (Fig. 1). Amphibian projects
had the greatest involvement, with 16 out of
17 (94%) projects, and seven out of 14
(50%) insect projects had some contribution
from a zoo or aquarium. The sole arachnid
project (the Fen raft spider Dolomedes plantarius in the UK) released individuals bred
in zoos. Of four mollusc projects, none
reported the involvement of zoos or aquariums, and zoos or aquariums were only
involved in two out of 31 (6%) ﬁsh-reintroduction projects. Of the projects involving
mammals, birds and reptiles, 30 out of 82
(37%), 16 out of 59 (27%) and 13 out of 32
(41%) projects, respectively, reported the
involvement of zoos and aquariums (Fig. 1).
Zoos and aquariums provided captivebred animals for release for 49 (20%)
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Table 1. Data from the International Union for Conservation of Species (IUCN) Red List (IUCN, 2016) and Species360 on the number and distribution of
threatened taxa globally, those held in European Association of Zoos and Aquaria (EAZA)-member institutions, and for reintroductions using animals from
EAZA-member collections [i.e. animals supplied for reintroductions but not including any other involvement or support (e.g. staff, expertise, funds)]. Date
span for EAZA reintroductions is 1981–2014: 1Fishes comprises the classes Actinopterygii, Cephalaspidomorphi, Chondrichthyes, Myxini and Sarcopterygii;
2
Molluscs comprises the classes of Bivalvia, Cephalopoda and Gastropoda; 3Crustaceans comprises the classes of Branchiopoda, Malacostraca, Maxillopoda,
Merostomata and Ostracoda; 4Corals are mostly in the classes of Anthozoa (excluding jellyﬁsh and anemones) and Hydrozoa; 5Others incorporates the
following classes: Anthozoa (excluding corals), Asteroidea, Cestoda, Chilopoda, Diplopoda, Echinoidea, Enopla, Entognatha, Holothuroidea, Monogenea,
Onychophora, Secernentea, Staurozoa, Tentaculata and Turbellaria; 6Provision of animals only. Other contributions to reintroductions for additional species
are not included. Threatened species relate to the IUCN threat categories: CR, Critically Endangered; EN, Endangered; VU, Vulnerable; other threat
categories: DD, Data Deﬁcient; EW, Extinct in the Wild; NT, Near Threatened.
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Fig. 1. Involvement of global zoos and aquariums in reintroductions based on published articles in ﬁve editions of Global Re-introduction Perspectives (Soorae, 2008, 2010, 2011, 2013, 2016). Of the 243 projects
described, two coral projects and one ‘other invertebrate’ did not have any zoo or aquarium involvement
and the projects did not utilize captive-bred stocks. Consequently, these projects are not included in this ﬁgure. There were no projects involving crustaceans. ‘Captive bred’, refers to animals bred in any type of
ex situ institution; ‘zoo animals’, refers to the release of animals from global zoos or aquariums; ‘zoo involvement’, refers to any involvement from global zoos or aquariums.

projects. Of 243 projects, 102 (68% of projects utilizing captive-bred stock) released
captive-bred animals from non-zoo/aquarium sources, including 23 of 31 (74%)
ﬁsh-reintroduction projects (Fig. 1). Projects for other taxa released animals bred at
zoos and aquariums for 13 of 82 (16%)
mammal reintroductions, 11 of 59 (19%)
bird reintroductions, eight of 32 (25%) reptile reintroductions, ten of 17 (59%)
amphibian reintroductions and six of 14
(43%) insect reintroductions (Fig. 1).
Survey: EAZA-member institutions
Replies were received from 105 EAZAmember institutions, representing 31% of
the 337 institutions sent the survey. Of
these, 15 (14% of respondents) EAZA institutions reported no involvement in reintroduction projects, and 90 (86% of
respondents) institutions reported involvement in 284 reintroduction projects carried
out between 1956 and 2014 (Fig. 2).
Twenty-four of these projects were

disregarded because they either provided no
further details (n = 5), were plant reintroduction projects (n = 7) or did not meet the
IUCN deﬁnition of a reintroduction project
using captive-bred individuals (n = 12).
This left 84 institutions involved in 260
reintroduction projects following the criteria
provided.
Most of the species reintroduced were
birds [n = 62 (397%)] or mammals
[n = 58 (372%)], accounting for 77%
(n = 120) of the 156 species reintroduced
(Fig. 3a) and 80% (n = 207) of the 260
reported reintroduction projects (Fig. 3c;
Table 2). When total contributions were
considered (i.e. one institution reporting a
contribution to one project for one species),
83% [n = 278 (of 337)] of contributions
were for bird [n = 122 (of 337)] or mammal [n = 156 (of 337)] species. This represents projects for 4% [n = 62 (of 1455)] of
bird species and 9% [n = 58 (of 678)] of
mammal species at EAZA-member institutions (Tables 1 and 2). [Note. Data in
Table 1 refers to actual animals provided
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Fig. 2. Contribution of European Association of Zoos and Aquaria (EAZA)-member institutions per year to
reintroduction projects (n = 1687). A contribution is recorded as the year that an EAZA-member institution
reported involvement in a reintroduction project. A count was included in each speciﬁed year when an institution reported involvement over a date range.

by EAZA-member institutions, whereas
Table 2 and Fig. 3 include all reintroduction projects where an EAZA-member institution made a contribution.] Other
vertebrates (i.e. reptiles, amphibians and
ﬁshes) accounted for 16% of species reintroduced (n = 25 of 156 spp reintroduced;
Fig. 3a; Table 2) and 15% of projects
(n = 40 of 260 projects; Fig. 3c; Table 2).
Invertebrate reintroductions (i.e. arachnids,
crustaceans, insects and molluscs) were
reported for 7% (n = 11) of 156 species in
EAZA collections and 5% (n = 13) of 260
projects (Fig. 3a,c; Table 2).
EAZA-member institutions contributed to
reintroductions for seven species of ﬁsh,
representing 041% of the 1705 ﬁsh species
held
by
EAZA-member
institutions
(Table 2). Of 231 amphibian species at
EAZA-member institutions, 35% (n = 8)
were reintroduced (Table 2). Similarly,
there were comparatively few reptile (13%
of n = 783) and invertebrate (11% of
n = 856) reintroductions in relation to the
number of species held for each taxa
(Table 2).

When considering the supply of animals to
reintroduction projects, 46% of mammals,
21% of birds, 08% of reptiles, 17% of
amphibians, 04% of ﬁshes and 11% of invertebrate species at EAZA-member institutions
have been released as part of a reintroduction
project (Table 1). However, 32% (n = 28 of
87) of reintroduced species released by
EAZA-member institutions had an associated
coordinated captive-breeding programme.
EAZA institutions have been involved in
reintroductions of 32 species not held by
EAZA-member institutions at the time of
writing. Of those, 18 (56%) species have
no historical EAZA populations recorded in
ZIMS, such as the Reddish buff moth Acosmetia caliginosa reintroduced to the Isle of
Wight, UK, between 1996 and 1998. Survey respondents reported that nine of the
18 species included the provision of animals to reintroduction projects.
Native conservation
Many zoos and aquariums have exotic species as part of their living collections but
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A

B

C

D

Fig. 3. Involvement of European Association of Zoos and Aquaria (EAZA) members in reintroductions: a,
taxonomic representation by species (n = 156); b, International Union for Conservation of Nature (IUCN)
Red List status by species (n = 156); c, taxonomic representation by project (n = 260); d, IUCN Red List status by project (n = 260). IUCN Red List status: CR, Critically Endangered; EN, Endangered; EW, Extinct in
the Wild; LC, Least Concern; NE, Not Evaluated; NT, Near Threatened; VU, Vulnerable.

survey respondents reported that 90 (58%)
species (n = 156) and 179 (69%) projects
(n = 260) concerned native European species. The EAZA region extends beyond

Europe and into Asia, and EAZA-member
institutions reported 190 (56%) (n = 337)
contributions for species native to the same
country as the institution.
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TAXONOMY

NO.
SPECIES

%

NO.
PROJECTS

%

58
62
10
8
7

372
397
64
51
45

110
97
21
8
11

423
373
81
31
42

7
2
1
1

45
13
06
06

8
3
1
1

31
12
04
04
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VERTEBRATES

Mammals
Birds
Reptiles
Amphibians
Fishes
INVERTEBRATES

Insects
Molluscs
Crustaceans
Arachnids
TOTAL

156

260

Table 2. Data collected from an e-mail survey sent
to European Association of Zoos and Aquaria
(EAZA)-member institutions (n = 84 institutions).
The number of species in each class and the
number of projects for each class are also given as
percentages of the total number of species
reintroduced (n = 156) and the total number of
reintroduction projects (n = 260) in which EAZAmember institutions were involved.

Conservation status
Of the species reintroduced with the
involvement of EAZA-member institutions,
82 out of 156 species (53%) were assessed
as threatened (i.e. CR, EN and VU), 100
(64%) were of conservation concern (i.e.
CR, EN and VU, plus EW and NT) and 47
(30%) were assessed as LC (Fig. 3b). Of
the 47 LC species reintroduced by EAZAmember institutions, 45% (n = 21) had
declining wild-population trends, while
19% (n = 9) had increasing trends, 28%
(n = 13) had stable populations and the status was unknown for 8% (n = 4) (Fig. 4).
From the survey, 55 of the species reintroduced with the collaboration of EAZAmember institutions were listed in the
appendixes of the two Council Directives
(1992, 2010). Of the 47 reintroduced species
that were considered LC (IUCN, 2016), 35
appeared in the two Council Directives, of
which 14 [30% (total n = 47)] were listed in
Annex II, IV or V of the EU Habitats Directive, while 21 (45%) were listed in Annex 1
of the EU Bird Directive. There were also

Fig. 4. The International Union for Conservation of
Nature (IUCN) wild-population trends for the 47
species assessed as Least Concern that were reintroduced with the involvement of European Association
of Zoos and Aquaria (EAZA)-member institutions.

eight (17%) unlisted EU species and four
(9%) non-EU species reported (Fig. 5).
Contributions to reintroduction
In total, EAZA-member institutions made
637 contributions to reintroduction projects.
While supplying animals for release was the
single biggest contribution made to reintroduction projects [n = 225 contributions
(35%)], involvement also included funding
[n = 96 contributions (15%)], staff [n = 89
contributions (14%)], expertise [n = 85 contributions (13%)], equipment [n = 51 contributions (8%)] and project coordination
[n = 37 contributions (6%)] (Fig. 6).
Respondents also itemized ‘other’ contributions [n = 54 contributions (9%)] in an
unspeciﬁed ﬁeld on the survey questionnaire
(Fig. 6). EAZA-member institutions advised
that their ‘other’ contributions to reintroductions included providing resources for education (n = 3), research (n = 3), food (n = 2),
training (n = 3), habitat management and
restoration (n = 2), animal husbandry
(n = 10), infrastructure (n = 13), press and
public relations (n = 2), transportation
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Fig. 5. Least Concern species reintroduced with the involvement of European Association of Zoos and Aquaria (EAZA)-member institutions (n = 47). In total, 14 of these species are listed in Annex II, IV or V of Council Directive 92/43/EEC on the Conservation of Natural Habitats of Wild Fauna and Flora (EU Habitats)
(Council Directive, 1992), and 21 species appear in Annex I of Directive 2009/147/EC on the Conservation of
Wild Birds (EU Birds) (Council Directive, 2010). Species with an EU distribution not listed in the annexes of
either Council Directive [i.e. unlisted EU species (n = 8)], and species with distributions outside the EU [i.e.
non-EU species (n = 4)], were also included.

Fig. 6. Total contribution of European Association
of Zoos and Aquaria (EAZA)-member institutions
to reintroductions (n = 637).

(n = 3) and veterinary support (n = 13). The
phrasing of the question means this is likely
to be an incomplete list of activities in support of reintroduction projects.

DISCUSSION
The case studies in all ﬁve GRP publications reveal a continued taxonomic bias

(Seddon et al., 2005) towards vertebrates
in general, but speciﬁcally towards birds
and mammals, both in terms of the number
of projects carried out, and the number of
projects to which zoos and aquariums contributed (Fig. 1). The survey responses
from EAZA-member institutions also indicated a taxonomic bias towards bird and
mammal reintroductions (Fig. 3). Vertebrate reintroductions, in particular birds
and mammals, are over-represented with
respect to their prevalence in nature, and
this bias is not related to vulnerability to
threat (Seddon et al., 2005; Conway, 2011)
(Table 1). The bias towards birds and
mammals is equally apparent in other conservation projects supported by zoos and
aquariums (Gusset & Dick, 2010). The
bias can be partially explained because
ﬂagship or umbrella species are often used
for reintroduction projects on the assumption that they confer protection on other
fauna and ﬂora in the habitat, as well as
stimulate conservation awareness (Sarrazin
& Barbault, 1996; Seddon et al., 2005).
The predominance of vertebrate reintroductions may also reﬂect the bias towards
large, charismatic and iconic species in the
living collections of zoos and aquariums,
which favour vertebrate species over
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invertebrates because of their perceived
public appeal.
However, some zoos and aquariums have
put resources into priority areas that run
counter to previous ideas of public appeal.
For example, 94% (n = 17) of amphibian
projects had zoo and aquarium involvement, with projects sourcing amphibians
from zoos/aquariums 59% (n = 10) of the
time (Fig. 1). This may be explained in
light of the recent response to the amphibian crisis and the production of an Amphibian Conservation Action Plan (ACAP)
(Gascon et al., 2007), with the formation of
an ‘Amphibian Ark’ designed to unite the
ex situ conservation community and deliver
the captive components of the ACAP
(McGregor Reid & Zippel, 2008; Zippel
et al., 2011).
Furthermore, the relative involvement of
zoos and aquariums with insect, reptile,
amphibian and arachnid conservation
translocation projects was proportionally
greater than those for birds and mammals,
although still small. This suggests that zoos
and aquariums are realigning reintroduction
efforts onto the less charismatic species
that are under-represented in their collections, in response to conservation priorities.
Furthermore, over two-thirds of EAZA
projects concerned European species, indicating a shift towards regional priorities
(Fig. 5).
The provision of animals is often considered an important role for zoos and aquariums in reintroductions. EAZA members
hold only a small proportion of globally
threatened species, which because of their
rarity are the most likely candidates for
reintroduction (Stanley Price et al., 2004;
Stanley Price & Fa, 2007). However, some
globally non-threatened species may be
locally rare, or of regional or national conservation concern, making them suitable for
reintroduction. Available space within institutions, as well as the public appeal of larger, more-charismatic species, is a
restricting factor (Stanley Price et al.,
2004), although Conde et al. (2011) noted
that the number of threatened species in
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Species360-registered
institutions
had
increased over the past 20 years to the
point where 691 (175%) of the 3955 terrestrial vertebrate species in Species360registered institutions are threatened (Conde
et al., 2013). What is more, it is not always
possible to predict which species might
need to be given reintroduction support in
the future (Lees & Wilcken, 2009).
EAZA members have been involved in
the reintroduction of 32 species that, at the
time of writing, were not being held in
EAZA institutions. Some species were
managed as part of temporary ‘breed-forrelease’ populations and the institutions
stopped holding the species after the reintroductions had taken place. Zoos and
aquariums are well-placed to respond to
emergency conservation needs, such as
temporary rescue of a species in response
to an environmental disaster or conservation
breeding to provide individuals to a reintroduction programme (IUCN/SSC, 2014).
Zoos and aquariums provided animals to
one-ﬁfth of the conservation-translocation
projects reported in ﬁve Global Re-introduction Perspectives publications [i.e. zoo/
aquarium animals supplied in 49 of 243
projects (20%)], and were directly involved
with implementation of one-third of projects therein [i.e. zoo/aquarium involvement
in 85 of the 243 projects (35%)] (Fig. 1).
These ﬁgures accord with the survey results
from EAZA-member institutions, demonstrating that the contributions of global zoos
and aquariums extend beyond the provision
of animals to conservation translocations.
Nonetheless, releasing animals still constitutes the largest contribution (35%) to reintroduction projects by EAZA-member
institutions, but zoos and aquariums also
provide other resources to reintroductions
(Fig. 6). The experience of managing species within the environment of a zoo or
aquarium facilitates the development of
skills and expertise in animal handling, husbandry and veterinary care, as well as collection
and
conservation
planning,
education, public engagement and logistics,
all of which are valuable to reintroduction
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projects (Stanley Price et al., 2004; Stanley
Price & Fa, 2007; Conde et al., 2011).
These skills are applicable to ﬁeld situations, regardless of whether the institutions
provide animals for release or whether the
species has been held in an EAZA zoo or
aquarium at all. In some cases (6% of all
contributions), EAZA-member institutions
took a leading role and coordinated initiatives.
Ecosystems are becoming increasingly
fragmented with humans intervening in the
management of wild populations in numerous ways. Some populations are now found
only within fenced or protected areas, while
others are isolated by increasingly humandominated landscapes (Mallon & Stanley
Price, 2013). The traditional distinctions
between in situ and ex situ are being
replaced with a spectrum of interventions
required to support species conservation,
ranging from self-sustaining populations
that require little support to populations that
are entirely reliant on human care (Redford
et al., 2012). The decrease in both the size
and genetic diversity of wild populations
makes them increasingly comparable to
managed populations in zoos or aquariums.
Consequently, the tools and techniques in
conservation genetics and population management that have been developed for managed populations can be successfully
applied to the conservation of wild
metapopulations (Stanley Price et al., 2004;
Stanley Price & Fa, 2007; Gusset & Dick,
2013; Keulartz, 2015), and re-establishment
in their indigenous ranges.
Not all of the species reintroduced from
EAZA-member institutions were assessed
to be globally rare. Just over half of the
species (53%) were threatened (i.e. IUCN
Red List CR, EN and VU), increasing to
64% when all species of conservation concern (i.e. IUCN Red List CR, EN and VU,
plus NT and EW) were considered
(Fig. 3b). Nearly one-third (301%) of the
species reintroduced from EAZA institutions were LC (Fig. 3b), indicating that
threat status was not a prerequisite for reintroduction. This is reﬂected in the published

reintroduction literature where 493% of
reintroduction projects were for LC species
(Seddon et al., 2005). Seddon et al. (2005)
concluded that it was likely that the selection of reintroduction candidates was determined more by national priorities, funding
and the support of non-governmental organizations (NGOs) and local communities,
than purely by their global conservation status (Seddon et al., 2005).
Regional or local rarity appeared to inﬂuence the species selected for reintroduction
by EAZA zoos and aquariums. Most of the
LC European species reintroduced by
EAZA-member institutions were listed in
the annexes of the EU Birds and Habitats
Directives identifying them as priorities for
conservation (Council Directive, 1992,
2010). For example, the Sand lizard Lacerta agilis is classed LC and is widely distributed throughout Europe. However,
global populations are declining with
increasing fragmentation in the UK (Woodﬁne et al., 2017). The species is protected
at a national level throughout the EU and is
listed in Appendix II of the Bern Convention and Annex IV of EU Habitats Directive (Agasyan et al., 2010). Similarly, LC
species not covered by EU legislation (e.g.
non-European species) may be locally rare
or the reintroduced individuals may be from
a subspecies that has not been assessed at
the subspecies level. The Ostrich Struthio
camelus is a widespread and locally abundant species across eastern and southern
Africa, and is listed as LC on the IUCN
Red List (BirdLife International, 2014).
However, the distinctive North African or
Red-necked ostrich Struthio camelus camelus subspecies has not been assessed by the
Red List despite disappearing from most of
its former range and is now thought to be
restricted to a few fragmented populations
in Cameroon, Chad, Central African
Republic and Senegal (Sahara Conservation
Fund, 2014a). Reintroduction initiatives
have thus been put in place for the subspecies in Tunisia, Morocco and Niger
(Sahara Conservation Fund, 2014b; Woodﬁne et al., 2015).
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The number of species that have been
reintroduced is a small proportion of the
total number held by EAZA-member institutions, and the reintroduction of 156 species over 58 years from 337 surveyed
institutions might be considered a comparatively minor contribution to species conservation. However, this is an overly
simplistic view, and a number of questions
must be answered before we can determine
whether zoos and aquariums are fulﬁlling
their roles in support of species reintroductions. First, is reintroduction an appropriate
component of the conservation strategy for
a species and, if so, for how many of those
species that are maintained in EAZA institutions? Second, if reintroduction is appropriate, is it a realistic possibility at the
moment and, if so, is there a role for zoos
and aquariums to play in the reintroduction
of the species? At the time of writing there
is insufﬁcient information to answer these
questions for many species. To counter this,
a species-conservation plan (One Plan
Approach) should be developed by in situ
and ex situ experts with the use of the ex
situ guidelines (IUCN/SSC, 2014) for each
species. This would determine if ex situ
management is appropriate for the species
and, if so, what the role of zoos and aquariums might be. Once this has been accomplished, it will be possible to determine
whether zoos and aquariums are fulﬁlling
their potential with regard to conservation
and, in particular, reintroduction of species
back to their indigenous range.
Responses to our survey were received
from 31% of surveyed institutions, but it is
unknown whether this is representative of
the whole membership or if the responses
were biased towards those that had been
involved in reintroduction projects. The earliest project began in 1956 but the contributions
to
reintroductions
increased
substantially from the mid-1980s onwards,
reﬂecting the increase in published accounts
of reintroductions in the wider scientiﬁc literature (Seddon et al., 2007). Furthermore,
the exclusion of plant reintroductions, wildto-wild translocations, and rehabilitation
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and release projects from our analyses,
underestimates the total involvement of
EAZA-member institutions in conservation
translocations.
While the management of insurance populations and reintroductions have historically been the focus of many conservation
efforts by zoos and aquariums (IUDZG/
CBSG, 1993), it is clear that zoo and
aquarium conservation is shifting away
from the ‘Ark’ paradigm towards integrated
conservation management. While reintroductions may form a component of this, the
emphasis is on meeting the global conservation needs of species (Barongi et al.,
2015). Reintroductions form only a small
proportion of the conservation activities of
zoos and aquariums, many of which now
operate as conservation NGOs with a total
combined annual spend of more than US
$350 million on wildlife conservation
efforts (Gusset & Dick, 2011). When we
searched the EAZA Conservation Database
with the keyword ‘reintroduction’ entered
into the project-description ﬁeld on 18
September 2016, we found that 106 out of
1372 (8%) historical projects were species
reintroductions. The percentage increased to
11% (59 out of 537 projects) when we
searched for ongoing reintroduction projects. This is an underestimate of the conservation activities of EAZA-member
institutions because some have yet to enter
their data (M. Zimmermann, pers. comm.,
2016); however, it provides an indication
that most of the conservation activities carried out by EAZA-member institutions do
not relate to species reintroductions.
Reintroductions can be a useful tool as
part of the suite of conservation interventions that contribute to integrated conservation management (i.e. the One Plan
Approach: Byers et al., 2013) but should
be considered within the context of the conservation needs of the species. Zoos and
aquariums are well-positioned to use their
skills and expertise for the process of reestablishing species in the wild, and in
some cases provide short-term space and
resources to manage species for speciﬁc
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reintroduction projects, or to provide animals from insurance populations for
release.
The initial survey issued to EAZA-member institutions was deliberately short to
increase the likelihood that there would be
as many respondents as possible. However,
the limited information available on which
to assess the contribution of EAZA-member
institutions to reintroductions identiﬁed a
need for improved communication and
evaluation of conservation interventions.
The EAZA Conservation Database should
help to fulﬁl this function but it has not yet
reached its full potential.
There is a clear taxonomic bias in historical reintroduction efforts but this is shifting
in response to changing conservation needs.
As species conservation moves towards a
more integrated approach, zoos and aquariums have an opportunity to apply their
wealth of experience, expertise and
resources to species-conservation initiatives
across the management spectrum from
ex situ management with a variety of forms
and roles to the re-establishment or reinforcement of populations in the wild, and
on to the conservation of species in their
indigenous range. Zoos and aquariums have
a greater role to play in wider habitat and
ecosystem management, and species conservation will be enhanced by greater engagement by the zoo and aquarium community.
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