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Abstract

Background: Conversion, fragmentation, and loss of natural habitats are among the main causes of declining spe-
cies'populations worldwide. Protected areas are therefore crucial for biodiversity as they provide refuge and ensure
key ecological processes. Wildlife translocations, defined as “the deliberate movement of organisms from one site for
release in another’, have been used in conjunction as a conservation tool for a number of decades as wild popula-
tions become increasingly fragmented and endangered. Not only are translocations used to bolster the viability of
imperiled species but are also recommended for improving population resilience and adapting species’ ranges in
response to climate change. Despite translocation being a recognised conservation tool, it remains complex with
variable results due to the different factors that can determine its success. Accordingly, the Map will investigate the
existing evidence on the links between different types of wildlife translocation interventions and factors that may be
important to consider for planning. This will provide an overview of relevant studies for possible future syntheses, and
may help to inform management decisions.

Method: We will perform a thorough search of peer-reviewed journal articles and grey literature sources document-
ing the occurrence of translocations in the context of protected areas. Two databases will be used: Web of science
core collection and Scopus, with a supplementary search in Google Scholar. Multiple key specialized websites will also
be used. All bibliographic data will be extracted, managed, and screened in Microsoft excel. Three screening stages
will be undertaken (title, then abstract, then full texts) against predefined inclusion criteria. The retained relevant
literature will be subjected to coding and meta-data extraction. No formal validity appraisal will be undertaken. The
Map will particularly highlight translocation operations in terms of origin and destination (i.e. translocating from one
protected area to another, within the same area, and from and to non-protected areas) by taxonomic group, among
other important factors (e.g. number of individuals, age class, release strategy, distance between capture and release
sites etc.). Finally, a database will be provided along with a Map narratively describing the evidence with summary
figures and tables of pertinent study characteristics.
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Background

Modification, fragmentation, and loss of natural habitats

are among the main causes of declining species’ popula-

tions worldwide [1-4]. In the face of such threats, extinc-

tion rates have been accelerating and biological diversity
*Correspondence: joseph langridgel@mnhn.fr diminishing for the last several decades [5-7]. Accord-
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biosphere reserves play vital roles in maintaining refuge
and ensuring fundamental ecological mechanisms such
as dispersal and gene exchange [5, 8—11]. Further, not
only do they provide key habitat and conserve biodiver-
sity from various human pressures [8, 10] but they are
able to maintain higher species population levels, includ-
ing threatened species, better than other management
approaches [10, 11].

Translocation is an umbrella term referring to the
“deliberate movement of organisms from one site for
release in another” [12]. Indeed, it may occur in different
contexts such as reintroduction in which organisms are
transported and released into their historical native range
but from which they have become extirpated or extinct,
or supplementation (also known as reinforcement),
which refers to the addition of individuals to an existing
population of conspecifics [12]. Thirdly, introduction,
which from a conservation perspective is often referred
to as assisted colonization [12-14], attempts to establish
a species outside of its recorded historical distribution
but within appropriate habitat and biogeographical area.
Each strategy sharing the ultimate goal of population per-
sistence [14].

Historically, the intentional movement and release of
species has occurred for millennia [12, 15], but the use
of translocations to address species-focused conserva-
tion objectives is more recent [15]. For example, between
1973 and 1989 more than 700 translocations were esti-
mated to have taken place per year across the USA, Aus-
tralia, and New Zealand in order to restore and enhance
populations [5]. Latterly, interest in assisted colonization
has been driven by predicted habitat and climate changes
[13, 15]. In 1985, Peters and Darling [16] suggested that
climate change might alter habitat suitability for species
confined within protected areas, effectively stranding
them as habitat becomes increasingly unfavourable [15].
They proposed the translocation of individuals into new
reserves encompassing habitat that was or would become
appropriate [16], therefore potentially compensating for
the fixed nature of perimeters [17, 18]. More recently,
the concept of rewilding has emerged [15, 19]. Origi-
nally based on the keystone role played by wide-ranging
predators and their ability to maintain ecosystem equi-
librium through top-down trophic interactions [15], the
concept has since harmonized with the current conserva-
tion translocation framework to include the role of spe-
cies reintroduction to restore ecological processes [15,
19], and to a broader extent, the restoration of ecosystem
functions by means of introducing ecological replace-
ments [15].

In the current context of the biodiversity crisis, trans-
locations and particularly reintroductions of threatened
species are more numerous [20]. They are also used in
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conjunction with conservation areas more regularly as
populations become progressively more fragmented
and endangered [21]. Even though past efforts have
not been entirely uniform with a notably marked tax-
onomic bias towards birds and mammals (e.g. [5, 22])
and an apparent prioritization for larger more charis-
matic species [15, 22, 23], attention being paid to other
groups has rapidly increased since the early 2000s (e.g.
English Nature’s Species Recovery Programme involv-
ing 62 species, of which only 11 were birds or mam-
mals) [22]. Thus, for management purposes, the need to
synthesize this profuse information is apparent. More-
over, concerning success, studies regularly identify the
value of habitat quality at recipient sites and the impor-
tance of species being relocated to non-degraded habi-
tats [5, 20, 24, 25]. Indeed, in a previous review on plant
reintroductions, Godefroid et al. [26] confirmed that
reintroducing species to protected areas significantly
increased survival rate. Equally, regarding vertebrate
translocations, several papers highlight the positive
effects of protected habitat (e.g. [27]), and in a number
of canid translocations protected areas were regularly
chosen as release sites [28—30]. With the overarching
pressure of climate change, several authors have con-
tinued to propose translocations as a viable means to
enhance the resilience of threatened species, improve
ecosystem integrity, and assist migration to favourable
habitats [9, 14, 24, 31, 32].

Despite the number of translocations rapidly growing
and it increasingly being recognized as a key conserva-
tion measure, implementation is often complex and
different programs have had varying results. From a bio-
logical perspective, this is notably due to the numerous
different factors that influence its success [33, 34] such as
the number of translocated individuals [35], the distances
involved [36], whether acclimatisation strategies (e.g.
protective enclosures or supplemental feeding) are used
[37], and what levels of habitat quality individuals are
faced with at release sites [25, 26]. From a social perspec-
tive, interventions are still considered controversial: cost,
feasibility, and political acceptability remain the principal
influencing factors [38].

Although previous overviews exist (e.g. [23, 34]), and
while others have explored the effectiveness of anti-pred-
ator training and conditioning interventions (e.g. [37]),
there appears to be a deficit in terms of systematic litera-
ture assessments on the role of protected areas. Hence,
our aim is to map evidence of translocation operations
carried out in the context of protected areas detailing the
distribution and abundance of relevant studies in relation
to key factors that influence success. This will provide
an evidence base for possible future reviews, and should
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help to inform eventual management and stakeholder
decisions.

Stakeholder engagement

The current systematic map will be conducted as part
of a wider European LIFE programme (the EU’s fund-
ing instrument for environment and climate action). The
LIFE project, entitled “Natur’Adapt’, is coordinated by the
French Nature Reserves Network (Les Réserves Naturelles
de France (RNF)), and co-financed by the French Min-
istry of Ecology and the French Office of Biodiversity
(OFB). RNF is accompanied by nine other beneficiaries,
including The French National Natural History Museum
(Muséum National d’Histoire Naturelle (MNHN)), who
will be responsible for the mapping process.

The project’s principal aim is to align conservation
efforts in protected areas to the challenges associated
with climate change, in France and across Europe. Sub-
sequently, the progressive development of an adaptation
plan will be undertaken based, firstly, on six “experimen-
tal” nature reserves then progressively made adaptable
to all protected areas in France and Europe. The MNHN
is responsible for a key LIFE action: to provide evidence
syntheses. This will help reserve managers build their
adaptation plan by transferring scientific knowledge to
them in an accessible and summarized form. As a first
step, several working groups were conducted between
RNEF, MNHN, and reserve managers. This was an oppor-
tunity for reserve managers to define all relevant con-
servation strategies, in the context of climate change,
of which they were most in need of scientific evidence
to support decision-making. At the end of this process,
translocation, among other measures, was retained as it
was considered a necessary conservation action plan. As
a result of numerous discussions, a systematic map was
chosen as a central reference tool. Further workshops
were held to specifically learn the stakeholders’ needs
and involve them in the definition of the Map’s meta-data
variables.

Objectives of the review

The main objective is to systematically map transloca-
tion operations within the context of protected areas
(i.e. operations from, to or within a protected area).
The IUCN protected area management categories will
be used for this as they represent a global standard for
defining conservation areas. In agreement with the spe-
cific aims of the LIFE project, this Map will consider
translocations for species conservation—where the pri-
mary goal is to improve the status of the focal species
through supplementation, reintroduction, or assisted
migration. Translocation for rewilding—where the initial
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motive is to restore natural ecosystem functions will be
included. In accordance with Seddon et al. [15], translo-
cation rewilding will only entail (i) population restoration
through reintroduction, where release within the indig-
enous range aims at reestablishing some ecological func-
tion, or (ii) in the form of a conservation introduction
through ecological replacement [15, 19]. Neither invasive
species nor historical introductions for hunting purposes
will be included. We will aim to provide a comprehen-
sive overview of the distribution of studies by taxonomic
group and type of translocation, in conjunction with
other key drivers (e.g. age class, release strategy, distance
between capture and release sites, number of individu-
als initially translocated etc.) that may influence various
biological outcomes i.e. success of wildlife translocation
operations.

Therefore, the primary question for this Map protocol
is as follows: What type, extent, and distribution of evi-
dence exists on the outcomes of wildlife translocations
carried out in protected areas?

Components of the primary question in Table 1.

Methods

Searching for articles

Our search strategy has been designed in order to
retrieve a broad range of articles covering the topic of
wildlife translocations in protected areas. Indeed, the
systematic map will follow the Environmental Evidence
Guidelines and conforms to the ROSES standards (see
Additional file 1 for our declaration and checklist of
adherence to the ROSES guidelines).

Search terms and languages

All searches will be performed using English terms only.
Hence, all relevant studies published in English will be
included in this systematic map. This will include diverse
bibliographic documents (e.g. books conference proceed-
ings, journal articles, theses, technical reports etc.)

Search strings
Firstly, a scoping exercise was conducted in the Web of
Science Core Collection database to explore the effi-
ciency of chosen words and the number of articles
returned. In accordance with our main objective, we
combined all search terms relating to protected areas and
wildlife translocations. Concerning protected areas, the
chosen key words represent synonyms of the different
types of reserves and management categories that exist.
Thus, the search string that produced the highest effi-
ciency is presented below (see Additional file 2 for test
list details and Additional file 3 for information of the
building process of the search string).
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TS=(“protected area$” OR “protected landscape$”
OR “protected site$” OR “receptor site$” OR “reintro-
duction site$” OR “natur* reserve$” OR “national park$”
OR “regional park$” OR “national reserve$” OR “bio-
logical reserve$” OR “biosphere reserve$” OR “regional
reserve$” OR “wilderness area$” OR “natural monu-
ment$” OR “management area$” OR sanctuar*) AND
TS=(“assisted colonization” OR “assisted population
migration” OR “assisted migration” OR “assisted gene
flow” OR “managed relocation$” OR transloc* OR rein-
troduc* OR reinforc* OR “assisted range expansion$” OR
“assisted long-distance migration$” OR rewilding OR
“wild release”).

Estimating the comprehensiveness of the search

A test list of 40 scientific articles was established and
used to assess the comprehensiveness of the search
string. The test list was composed of relevant scientific
articles identified by the review team prior to the map-
ping process. The overall comprehensiveness was 100%.
[Two additional files provide further details (see Addi-
tional files 2 and 3)].

Publication databases to be searched
All published material will be collected from the follow-
ing databases (and managed in excel).

« Web of Science (WOS) core collection. The entire
database i.e. all citation indexes will be searched by
Topic i.e. using the “TS” field tag, which searches for
key words in the title, abstract and key-words of pub-
lished documents (see Additional file 4 for Web of
Science subscription details).

+ Scopus. We will equally search for all published doc-
uments. We will use the field tag “TITLE-ABS-KEY’,
which operates in the same way as the “TS” tag in
WOS.

These databases were chosen as they provide compre-
hensive citation data for numerous different academic
disciplines. The English search string detailed above will
be used for both literature sources. The search string will
be adapted as necessary to account for the differences in
the use of field tags and Boolean characters [an additional
file provides details on number of search hits and dates of
searches (see Additional file 5)].

Internet searches to be conducted
A supplementary retrieval of publications will be under-
taken using web-based search engines.
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+ Google Scholar (https://scholar.google.com/). We
used the same key words in the software programme
Publish or perish (version 6) to retrieve all academic
citations. The software’s use of Boolean characters
differs from WOS and Scopus. As a result, the search
string was broken down into eight separate searches,
in order to achieve a similar comprehensiveness, as
only a single term can be included in the field “all of
the words” Consequently, each sub-search was lim-
ited to the first 200 search hits, in line with recom-
mendations [40]. (Refer to Additional file 5.)

o A retrieval of theses will also be done using UK
Theses and Dissertations (https://ethos.bl.uk). We
will search for theses using the intervention key
words only. We will search using five key words:
“reintroduction” OR “reinforcement” OR “introduc-
tion” OR “translocation” OR “rewilding” Hits lim-
ited to 200.

+ Conservation Evidence (https://www.conse
rvationevidence.com/)—we will collect primary
research using the Journal’s “Advanced search” Use
of five key words: “reintroduction’, “reinforcement’,
“introduction”, “translocation’, or “rewilding” will
be used for collecting individual studies. We will
extract the first 40 hits per keyword search (total
hits: 200).

Specialist searches

The following specialist organisations will be searched
for reports which contain translocations to, from and
within protected areas.

o US Federal Science database (https://www.scien
ce.gov/).

« US Fish and wildlife service (https://www.fws.gov/).

» Office National de la Chasse et de la Faune Sauvage
(http://www.oncfs.gouv.fr/).

+ IUCN Conservation Planning Specialist Group’s
document library (http://www.cpsg.org/document-
repository).

« Association of Zoos & Aquariums (https://www.
aza.org/). Including the European Association
(https://www.eaza.net/).

+ Rewilding Europe (https://rewildingeurope.com/).

Supplementary searches

A call for literature will be made through the pro-
fessional networks of Les Réserves Naturelles de
France (RNF) and EuroParc. An advert will be
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published in the monthly newsletter of RNF. Euro-
Parc, who act as a federation of protected areas at the
European continental scale will also solicit their net-
work. Since translocations programs are often carried
out without being published in the form of scientific
articles this will provide further opportunity to gather
additional grey literature such as PhD and MSc theses,
various technical reports, and other documentation.
AirTable, which works like a database will be the spe-
cific software used to acquire the documents sent via
the stakeholders’ contacts.

Article screening and study eligibility criteria
Screening process

In accordance with the pre-defined screening and study
eligibility criteria (detailed in “Eligibility criteria” section),
study selection will follow a three-stage filtering process
carried out by two members of the mapping team. Firstly,
all titles will be screened, followed by abstracts and
thirdly full texts. During screening, we will choose to take
a conservative approach. Hence, if the qualifying infor-
mation is not detailed sufficiently to reject or to retain
with certainty, then the article in question will be kept for
assessment at the next eligibility stage in the overall fil-
tering process. In addition, articles or grey literature that
qualify after title screening but do not contain an abstract
will pass by default to the full-text screening stage. Lastly,
should our search string retrieve, in addition, any rel-
evant published material in French it will also be incor-
porated into the mapping process because these are the
two languages spoken and understood by all members of
the map team.

Consistency checking

To fully assess whether both reviewers adhere to the
eligibility criteria, a Kappa test will be performed at the
start of each filtering stage. Accordingly, 10% of retained
titles, 10% of retained abstracts, and 10% of retained full
texts will be pre-screened to check for agreement. Kappa
scores should be equal to or greater than 0.6. If differ-
ences of opinion occur, the process will be repeated with
new samples until a score of 0.6 or greater is reached.
Even if statistical agreement is reached, all (if any)
remaining disagreements will be discussed before begin-
ning the screening process. A consistency check for
meta-data extraction will also be undertaken based on
training articles representing 10% of the retained corpus.
All eventual disagreements will be discussed between the
reviewers.

Page 6 of 11

Eligibility criteria

Different eligibility criteria will be applied at each filter-
ing stage. Table 2 describes a summary description of the
eligibility criterion.

Title
Inclusion criteria Firstly, all titles will be retained if pres-
ence of the terms reintroduction, supplementation (and
its common synonyms i.e. reinforcement, augmenta-
tion, re-stocking, enhancement) and introduction (and
its common synonyms i.e. assisted migration, managed
relocation etc.). Secondly, any title containing compat-
ible synonyms such as, re-wilding, release, range-shifts,
transfer, restoration etc., will also be retained. In cases
where none of the above words are present, a title would
still meet eligibility if it strongly implies a translocation
event (i.e. reference to captive of wild stock) or meta-
population management. Nb. At title screening stage, all
types of literature (including review, meta-analyses and
relevant discussion and opinion articles) will be retained.
Exclusion criteria clear absence of the above key words.
Translocation in a genetic context, e.g. chromosomal
translocation, will also be excluded.

Abstract
Inclusion criteria Presence of words related to survival,
mortality, space use, genetics and all other relevant bio-
logical outcomes (cf. Table 3). The abstract will also be
retained if it contains words confirming a transloca-
tion event to, from, within or away from protected area
perimeters. Additionally, for the purpose of the Map, if
the translocation event has occurred to solve human-
wildlife conflicts then this will also satisfy the inclusion
criteria.

Exclusion criteria If no obvious description of interven-
tion exists.

Full text
Inclusion criteria Primarily but not exclusively, if the
outcome has been obtained from field studies (e.g. indi-
viduals equipped with radio-collars at time of release,
reported number of individuals surviving after a pre-
determined time-scale). However, discussion and review
articles will be retained if presence of PICO elements is
sufficiently described. Also, if the article presents evi-
dence of comparison of release strategies. All articles that
clearly state that population/individuals (plants or ani-
mals) are of captive or wild stock and have been trans-
ferred to, from, or within protected areas.

Exclusion criteria Similar to those applied for title
or abstract screening, or information informing that
the translocated population is invasive or introduced
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Table 3 Outcome categories and corresponding descriptions

Page 8 of 11

Outcome category Description

Example references
(from test list or scoping
exercise)

Space use Studies measuring all movement/dispersal of translocated individuals. This will include notably [43]
home range measurements, or euclidean distance travelled

Demography Studies outlining the changes in number of individuals, males/females, of the translocated popula-  [44, 45]
tion i.e. population growth overtime

Survival Studies illustrating precisely the proportion of individuals alive or level of mortality since transloca-  [46]
tion

Reproduction Any impacts on reproduction, expressed by number of young born since translocation, or specifi- ~ [47]
cally the survival rate of offspring

Feeding All impacts specifically on diet and feeding of translocated individuals. (Nb. cascade effects will not ~ [48, 49]
be included as an outcome)

Behaviour Studies measuring changes in terms of communication (e.g. vocal), social structure, or anti-preda- ~ [50, 51]
tor behaviour i.e. stress/vigilance levels, of translocated individuals

Genetics Studies relating to the genetic structure of the translocated species [52]

Physiology All biological or physiological impacts measured at the molecular, cellular or organic level (e.g. [53]

hormone activity)

for hunting purposes. We will provide a list of articles
excluded at full text with reasons for exclusion.

Study validity assessment

No formal validity appraisal of included studies will be
performed. All studies that are deemed eligible at the
full text stage based on the Population, Intervention,
Outcomes, and Context criteria/screening stages will be
included in the Map. Thus, this Systematic Map will be
considered a thorough narrative synthesis ahead of any
review providing a comprehensive and robust overview
of the existing evidence.

Data coding strategy

A thorough meta-data extraction for the Map will be per-
formed by the same two members of the mapping team.
Each selected article will be double coded. If, due to
resource limitations, true double coding is not possible,
a posteriori cross-check will be carried out and poten-
tial disagreements will be discussed until a consensus
is reached. Concerning missing data, if data is not suf-
ficiently detailed or simply unknown, it will be coded as
such. The following meta-data will be extracted from all
articles retained after completion of the screening pro-
cess [an additional file is provided with full explanations
(see Additional file 6)]:

Bibliographic information
+ Authors of article.

+ Title and abstract.
+ Year of publication.

« Publication source (name of journal).

+ Full-text language (English, French or other).

+ Document type (journal article, book, conference
object, thesis (Phd, or Msc), technical documenta-
tion, or other).

+ Study content (study, review, meta-analysis, discus-
sion paper, modelling, or other).

Study characteristics

+ Study country.

+ Capture and release site locality coded as two sepa-
rate fields (name and geographic coordinates will be
recorded if given).

+ Capture and release site climate types coded as two
separate fields (under the Koppen-Geiger Climate
Classification).

« TUCN protected area management categories coded
for each protected area. (This will be achieved by
accessing the ITUCN PAs database via http://www.
protectedplanet.net, and then matching each PA with
the PAs in the database based on NAME).

» Protected area (this will be coded in order to deci-
pher if individuals are translocated from-to different
protected areas, to, from, or within same protected
area).

i. From-to: transfer from one protected area (PA)
to another.

ii. To: transfer from a non-protected habitat i.e.
outside of PA perimeter to a PA.


http://www.protectedplanet.net
http://www.protectedplanet.net
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iii. From: transfer from a PA to a non-protected
habitat i.e. outside of PA perimeter.

iv. Within same: transfer occurring within the
same PA perimeter.

+ Study area biome (as stated by article authors). But

regrouped into 6 broad categories (Additional file 6
gives explanations on chosen habitat classes):

i. Forest/wooded.
ii. Savannah.
ili. Open habitats.
iv. Wetland/humid.
v. Marine.
vi. Aquatic.

« Study release strategy. Two release strategies will be

coded as follows:

i. Soft release: studies having sufficiently
described methods to acclimatize individu-
als at the recipient site. Two key methods will
define soft release: use of protective enclo-
sures, and use of supplemental feeding [41, 42].

ii. Hard release: immediate release (no acclimati-
zation and no supplementary food) [41].

+ Study cost (in the rare case that such information

is reported, we will record figures stated by article
authors).

Distance between capture and release site (coded 4
posteriori with recorded geographic coordinates and
use of geographic software).

Population characteristics

The lowest taxonomic rank will be recorded if suffi-
ciently detailed i.e. species name. Otherwise, higher
taxonomic classification will be used e.g. genus, fam-
ily or Order.

Source and destination (wild-to-wild, captive-to-
wild, breeding-to-wild). If transferred individuals are
bred at specific sites, then released to wild this will be
coded as “breeding-to-wild”.

Study sample size (number of individuals initially
translocated, as stated by article authors).

Study age class at release (adult, juveniles or both, as
stated by authors). However, concerning plant trans-
locations it will be appropriate to detail life stage at
translocation e.g. seed, seedling, and adult plant.
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Intervention characteristics

+ Study interventions (supplementation, reintroduc-

tion, or introduction). 5 possible intervention catego-
ries will be coded as follows:

i. Introduction—if a study is based on a single
one-off intervention i.e. assisting the migration
of a given species to suitable habitat outside of
its historical distribution.

ii. Intro+Suppl—an introduction intervention
followed for the supplementation of the same
introduced population.

iii. Reintroduction—a single one-off reintroduc-
tion event (not followed by supplementation).

iv. Reintro+ Suppl—a reintroduction followed by
the supplementation of the same reintroduced
population.

v. Supplementation—where a given study only
reports on the supplementation of an already
threatened species.

Duration of intervention i.e. “translocation period”
(number of years). This will be relevant for cases
where an initial reintroduction event is followed by
several supplementations.

If translocation is climate motivated or not.
Programme motivation (this will outline the overall
motive of the manual transfer/movement of the spe-
cies in question).

i. Conservation (improving status of focal spe-

cies).

ii. Rewilding (restoring natural functions).

iii. Experimental or trial translocations.

iv. Human-wildlife conflict.

v. Wildlife rescue operations (from human devel-
opment projects/urbanisation).

vi. Metapopulation management.

Outcome characteristics

+ The following biological outcomes will be recorded:

space use, demography, survival, reproduction, feed-
ing, behaviour, genetics, and physiology (¢f. Table 3
for full descriptions).

Study mapping and presentation
A systematic map database will be provided, detailing all
included articles from the full text screening stage. The
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systematic map will include all the metadata coded for
each article. For the cases where more than one study is
reported in the same article, each study will be recorded
as a unique entry in the excel database with its corre-
sponding geographical coordinates, if given, and a unique
study ID. This database will be available as an open access
excel spreadsheet and included as an appendix to the sys-
tematic map publication.

The map database will be described in the map publi-
cation with summary figures and tables of the relevant
study characteristics. A geographic map will present
the location of each translocation event/study. Possible
knowledge gaps (under-represented subtopics that war-
rant further primary research) and knowledge clusters
(well-represented subtopics for full synthesis by a sys-
tematic review) will be identified by cross-tabulating
key meta-data variables (e.g. biological groups and out-
comes). Based on these results, recommendations will be
made on priorities for future research concerning trans-
location and protected areas. Recommendations will also
be made to inform management. To this end, regarding
the specific objectives of the LIFE project, all Map results
will be transferred to reserve managers. In addition, a
practitioner brief will be provided to reserve managers
with the aim of summarizing key results in an operational
manner in order to aid decision making. Workshops are
already planned for this.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/513750-020-00199-4.

Additional file 1. Our declaration and checklist of adherence to the
ROSES guidelines.

Additional file 2. Test list and overall comprehensiveness of search string.
Additional file 3. lllustrating the building process of the search string.

Additional file 4. Web of Science Core Collection database subscription
details.

Additional file 5. Corresponding number of Search hits from Web of Sci-
ence core collection, Scopus, and supplementary search in google scholar
and organisation websites.

Additional file 6. A Codebook outlining the meta-data extraction
methods.

Acknowledgements

We would like to thank the reserve managers of Les Réserves Naturelles de
France for their contribution during the round-tables. We thank Francois Sar-
razin of the Sorbonne University and Bruno Colas of the University of Paris-Sud
for their expertise on the subject. We would also like to thank Dakis-Yaoba
Ouédraogo for her invaluable feedback.

Authors’ contributions

JL and RS wrote the protocol. JL, RS and YR conceived the literature search
strategy including the key word equation. RS contributed to the initial round-
table and integration of the systematic review methods into the LIFE project,
and provided overall assistance concerning methods and CEE guidelines. YR

Page 10 of 11

provided overall scientific expertise and proof-reading. All authors read and
approved the final manuscript.

Funding

This work will be undertaken within the framework of the LIFE program
entitled “Natur’Adapt”. The project is co-financed by the LIFE programme
(European commission), The French Ministry of Ecology and the French Office
of Biodiversity.

Availability of data and materials

Data sharing is not applicable to the publication of the review protocol. All
datasets associated with the Systematic Map will be made available as open
access files (Additional file 6).

Ethics approval and consent to participate
No ethics agreement was required.

Consent for publication
No consent for publication was required.

Competing interests
Authors declare having no competing interests.

Received: 29 January 2020 Accepted: 17 July 2020
Published online: 29 July 2020

References

1. Murphy SE, Greenaway F, Hill DA. Patterns of habitat use by female brown
long-eared bats presage negative impacts of woodland conservation
management. J Zool. 2012,288:177-83.

2. Ceballos G, Ehrlich PR, Barnosky AD, Garcfa A, Pringle RM, Palmer TM.
Accelerated modern human-induced species losses: entering the sixth
mass extinction. Sci Adv. 2015;1:1400253.

3. Nowakowski AJ, Thompson ME, Donnelly MA, Todd BD. Amphibian sen-
sitivity to habitat modification is associated with population trends and
species traits. Glob Ecol Biogeogr. 2017,26:700-12.

4. Newbold T, Hudson LN, Hill SLL, Contu S, Lysenko |, Senior RA, et al.
Global effects of land use on local terrestrial biodiversity. Nature.
2015;520:45-50.

5. Griffith B, Scott J, Carpenter J, Reed C. Translocation as a species conser-
vation tool: status and strategy. Science. 1989,;245:477-80.

6. Caizergues A, Ratti O, Helle P, Rotelli L, Ellison L, Rasplus J-Y. Population
genetic structure of male black grouse (Tetrao tetrix L) in fragmented vs.
continuous landscapes. Mol Ecol. 2003;12:2297-305.

7. Rivera-Ortiz FA, Aguilar R, Arizmendi MDC, Quesada M, Oyama K. Habitat
fragmentation and genetic variability of tetrapod populations. Anim
Conserv. 2015;18:249-58.

8. Cantu-Salazar L, Gaston KJ. Very large protected areas and their contribu-
tion to terrestrial biological conservation. Bioscience. 2010;60:808-18.

9. LuntID, Byrne M, Hellmann JJ, Mitchell NJ, Garnett ST, Hayward MW, et al.
Using assisted colonisation to conserve biodiversity and restore ecosys-
tem function under climate change. Biol Cons. 2013;157:172-7.

10. Watson JEM, Dudley N, Segan DB, Hockings M. The performance and
potential of protected areas. Nature. 2014;515:67-73.

11. Gray CL, Hill SLL, Newbold T, Hudson LN, Bérger L, Contu S, et al. Local
biodiversity is higher inside than outside terrestrial protected areas
worldwide. Nat Commun. 2016;7:1-7.

12. IUCN. Guidelines for reintroductions and other conservation transloca-
tions. IUCN. 2013. https.//www.iucn.org/content/guidelines-reintroduc
tions-and-other-conservation-translocations. Accessed 31 Oct 2013.

13. Hoegh-Guldberg O, Hughes L, McIntyre S, Lindenmayer DB, Parmesan
C, Possingham HP, et al. Assisted colonization and rapid climate change.
Science. 2008;321:345-6.

14. Seddon PJ. From reintroduction to assisted colonization: moving along
the conservation translocation spectrum. Restor Ecol. 2010;18:796-802.

15. Seddon PJ, Griffiths CJ, Soorae PS, Armstrong DP. Reversing defaunation:
restoring species in a changing world. Science. 2014;345:406-12.


https://doi.org/10.1186/s13750-020-00199-4
https://doi.org/10.1186/s13750-020-00199-4
https://www.iucn.org/content/guidelines-reintroductions-and-other-conservation-translocations
https://www.iucn.org/content/guidelines-reintroductions-and-other-conservation-translocations

Langridge et al. Environ Evid

20.

21.

22.
23.
24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

(2020) 9:16

Peters RL, Darling JDS. The Greenhouse Effect and Nature Reserves.
Global warming would diminish biological diversity by causing extinc-
tions among reserve species. BioScience. 1985;35:707-17.

Mawdsley JR, O'Malley R, Ojima DS. A review of climate-change adapta-
tion strategies for wildlife management and biodiversity conservation.
Conserv Biol. 2009;23:1080-9.

McLachlan JS, Hellmann JJ, Schwartz MW. A framework for debate

of assisted migration in an era of climate change. Conserv Biol.
2007;21:297-302.

Sandom CJ, Dempsey B, Bullock D, Ely A, Jepson P, Jimenez-Wisler S,

et al. Rewilding in the English uplands: policy and practice. J Appl Ecol.
2019;56:266-73.

Sarrazin F, Barbault R. Reintroduction: challenges and lessons for basic
ecology. Trends Ecol Evol. 1996;11:474-8.

Evans K, Moore R, Harris S. The social and ecological integration of
captive-raised adolescent male African elephants (Loxodonta africana)
into a wild population. PLoS ONE. 2013;8:255933.

Hodder KH, Bullock JM. Translocations of native species in the UK: impli-
cations for biodiversity. J Appl Ecol. 1997,34:547-65.

Hale SL, Koprowski JL. Ecosystem-level effects of keystone species rein-
troduction: a literature review. Restor Ecol. 2018;26:439-45.

Seddon PJ, Armstrong DP, Maloney RF. Developing the science of reintro-
duction biology. Conserv Biol. 2007;21:303-12.

McCoy ED, Osman N, Hauch B, Emerick A, Mushinsky HR. Increasing the
chance of successful translocation of a threatened lizard. Anim Conserv.
2014;17:56-64.

Godefroid S, Piazza C, Rossi G, Buord S, Stevens A-D, Aguraiuja R,

et al. How successful are plant species reintroductions? Biol Cons.
2011;144:672-82.

Muller J, Wolfl M, WoIfl S, Miller DWH, Hothorn T, Heurich M. Protected
areas shape the spatial distribution of a European lynx population more
than 20 years after reintroduction. Biol Cons. 2014;177:210-7.
Moehrenschlager A, Somers M. Canid reintroductions and metapopula-
tion management. Cambridge: IUCN/SSC Canid Specialist Group, Gland;
2004. p. 289-97.

Vogel JT, Somers MJ, Venter JA. The foraging ecology of reintroduced
African wild dog in small protected areas. wbio. Nordic Board for Wildlife
Research; 2018. https://bioone.org/journals/Wildlife-Biology/volum
e-2018/issue-1/wlb.00424/The-foraging-ecology-of-reintroduced-Afric
an-wild-dog-in-small/10.2981/wlb.00424.full. Accessed 2 Aug 2020.
Ripple WJ, Beschta RL. Wolf reintroduction, predation risk, and cot-
tonwood recovery in Yellowstone National Park. For Ecol Manage.
2003;184:299-313.

Heller NE, Zavaleta ES. Biodiversity management in the face of

climate change: a review of 22 years of recommendations. Biol Cons.
2009;142:14-32.

Prober SM, Doerr VAJ, Broadhurst LM, Williams KJ, Dickson F. Shifting the
conservation paradigm: a synthesis of options for renovating nature
under climate change. Ecol Monogr. 2019;89:e01333.

Goldenberg SZ, Owen MA, Brown JL, Wittemyer G, Oo ZM, Leimgruber
P Increasing conservation translocation success by building social func-
tionality in released populations. Global Ecol Cons. 2019;18:e00604.
Fischer J, Lindenmayer DB. An assessment of the published results of
animal relocations. Biol Cons. 2000;,96:1-11.

Brambell MR. Reintroduction. Int Zool Yearbook. 1977;17:112-6.

Brown JR, Bishop CA, Brooks RJ. Effectiveness of short-distance
translocation and its effects on western rattlesnakes. J Wildlife Manag.
2009;73:419-25.

Tetzlaff SJ, Sperry JH, DeGregorio BA. Effects of antipredator training,
environmental enrichment, and soft release on wildlife translocations: a
review and meta-analysis. Biol Cons. 2019;236:324-31.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 11 of 11

Corlett RT. Restoration, reintroduction, and rewilding in a changing world.
Trends Ecol Evol. 2016;31:453-62.

Dudley N. Guidelines for applying protected area management catego-
ries. IUCN; 2008. https://portals.iucn.org/library/node/9243. Accessed 15
Jun 2020.

Haddaway NR, Collins AM, Coughlin D, Kirk S. The role of Google Scholar
in evidence reviews and its applicability to grey literature searching. PLoS
ONE. 2015;10:e0138237.

de Milliano J, Stefano JD, Courtney PR, Temple-Smith PD, Coulson G. Soft-
release versus hard-release for reintroduction of an endangered species:
an experimental comparison using eastern barred bandicoots (Perameles
gunnii). Wildl Res. 2016;43:12.

Broughton S, Dickman C. The effect of supplementary food on home
range of the southern brown bandicoot, Isoodon obesulus (Marsupialia:
Peramelidae). Aust J Ecol. 2006;16:71-8.

Fernando P, Leimgruber P, Prasad T, Pastorini J. Problem-elephant
translocation: translocating the problem and the elephant? PLoS ONE.
2012;7:e50917.

Hochkirch A, Agnes W, Anje T, Friedhelm N. Translocation of an endan-
gered insect species, the field cricket (Gryllus campestris Linnaeus, 1758)
in northern Germany. Biodivers Conserv. 2007;16:3597-607.

Willis SG, Hill JK, Thomas CD, Roy DB, Fox R, Blakeley DS, et al. Assisted
colonization in a changing climate: a test-study using two UK butterflies.
Cons Lett. 2009;2:46-52.

Islam MZ, Ismail K, Boug A. Restoration of the endangered Arabian Oryx
Oryx leucoryx, Pallas 1766 in Saudi Arabia lessons learnt from the twenty
years of re-introduction in arid fenced and unfenced protected areas.
Zool Middle East. 2011;54:125-40.

Bodinof CM, Briggler JT, Junge RE, Mong T, Beringer J, Wanner MD, et al.
Survival and body condition of captive-reared juvenile ozark hellbenders
(Cryptobranchus alleganiensis bishopi) following translocation to the
wild cope. Am Soc Ichthyol Herpetol. 2012;2012:150-9.

Clayton J, Pavey C, Vernes K, Jefferys E. Diet of mala (Lagorchestes
hirsutus) at Ulu-ru-Kata Tju-ta National Park and comparison with that of
historic free-ranging mala in the Tanami Desert: implications for manage-
ment and future reintroductions. Aust Mammal. 2015;37:201-11.
Stannard HJ, Caton W, Old JM. The diet of red-tailed phascogales in a trial
translocation at Alice Springs Desert Park, Northern Territory, Australia. J
Zool. 2010;280:326-31.

Renan S, Speyer E, Ben-Nun T, Ziv A, Greenbaum G, Templeton AR, et al.
Fission-fusion social structure of a reintroduced ungulate: implications for
conservation. Biol Cons. 2018;222:261-7.

Viljoen JJ, Ganswindt A, Reynecke C, Stoeger AS Jr.Vocal stress associated
with a translocation of a family herd of African elephants (Loxodonta
africana) in the Kruger National Park, South Africa. Bioacoustics.
2015;24:1-12.

Hicks JF, Rachlow JL, Rhodes OE, Williams CL, Waits LP. Reintroduction and
genetic structure: rocky Mountain Elk in Yellowstone and the Western
States. J Mammal. 2007;88:129-38.

Schultz D, Rich B, Rohrig W, McCarthy P, Mathews B, Corrigan A, et al.
Investigations into the health of brush-tailed rock wallabies (Petro-

gale penicillata) before and after reintroduction. Aust Mammal.
2011;33:152-61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://bioone.org/journals/Wildlife-Biology/volume-2018/issue-1/wlb.00424/The-foraging-ecology-of-reintroduced-African-wild-dog-in-small/10.2981/wlb.00424.full
https://bioone.org/journals/Wildlife-Biology/volume-2018/issue-1/wlb.00424/The-foraging-ecology-of-reintroduced-African-wild-dog-in-small/10.2981/wlb.00424.full
https://bioone.org/journals/Wildlife-Biology/volume-2018/issue-1/wlb.00424/The-foraging-ecology-of-reintroduced-African-wild-dog-in-small/10.2981/wlb.00424.full
https://portals.iucn.org/library/node/9243

	Outcomes of wildlife translocations in protected areas: what is the type and extent of existing evidence? A systematic map protocol
	Abstract 
	Background: 
	Method: 

	Background
	Stakeholder engagement

	Objectives of the review
	Methods
	Searching for articles
	Search terms and languages
	Search strings
	Estimating the comprehensiveness of the search
	Publication databases to be searched
	Internet searches to be conducted
	Specialist searches
	Supplementary searches


	Article screening and study eligibility criteria
	Screening process
	Consistency checking
	Eligibility criteria
	Title
	Abstract
	Full text

	Study validity assessment
	Data coding strategy
	Bibliographic information
	Study characteristics
	Population characteristics
	Intervention characteristics
	Outcome characteristics

	Study mapping and presentation

	Acknowledgements
	References




