
Langridge et al. Environ Evid           (2021) 10:29  
https://doi.org/10.1186/s13750-021-00236-w

SYSTEMATIC MAP

Existing evidence on the outcomes 
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Abstract 

Background: Ecosystem degradation, mainly through overexploitation and destruction of natural habitats, is a well-
known threat to the viability and persistence of many species’ populations worldwide. The use of translocations as a 
viable conservation tool in conjunction with protected areas has been rapidly increasing over the last few decades. 
Protected areas such as strict nature reserves, national parks, and species management areas continue to be central 
tools for biodiversity conservation as they provide vital habitats set aside from various human pressures. Because 
action consistently runs ahead of policy, the need for a clearer evidence base on the outcomes of wildlife transloca-
tions undertaken at a global scale is becoming increasingly urgent for scientific and decision-making communities, 
in order to build clear strategy frameworks around conservation translocations. We therefore conducted a systematic 
mapping exercise to provide an overview of the existing evidence on the outcomes of wildlife translocations in pro-
tected areas.

Methods: We searched two bibliographic databases, four web-based search engines with search-by-key-words 
capacity, 5 specialist websites, and conducted a grey literature call through two project stakeholders. We screened 
articles by title, abstract, and full text using pre-defined inclusion criteria all the while assessing the consistency of the 
reviewers. All relevant translocations were coded from retained publications. Key variables of interest were extracted 
and coded for each translocation event. The quantity and characteristics of the available evidence and knowledge 
gaps/clusters are summarised. The distribution and frequency of translocations are presented in heat- and geographi-
cal maps.

Review findings: A total of 613 articles were considered eligible for coding bibliometric data. Metapopulation 
management and review articles were not coded for quantitative and qualitative variables. Linked data (duplicated 
translocations) were also excluded. Finally, 841 studies of different translocation events were fully coded from 498 
articles. Most of these translocations were carried out in North America and Oceania. The most commonly under-
taken intervention types were one-off supplementations and “supplemented reintroductions”. Mammals were by far 
the most transferred group among animals. Magnoliopsida was the most translocated plant group. Survival, space use, 
and demography metrics were the most studied outcomes on translocated species.

Conclusions: This systematic map provides an up-to-date global catalogue of the available evidence on wildlife 
translocations to, from, or within protected areas. It should enable protected area managers to better understand 
their role in the global network of protected areas, regarding translocation practice, both as suppliers or recipients of 
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Background
Ecosystem degradation, mainly through overexploi-
tation and destruction of natural habitats, is a well-
known threat to the viability and persistence of many 
species’ populations worldwide [1–5]. According to the 
IUCN’s Global Species Programme, more than 35,000 
species across the globe are currently threatened with 
extinction [6]. Today, species extinction rates are 100 
to 1000 times greater than the natural background 
level, with populations of wild species declining at a 
rate of 0.5 to 1% per annum on average [7–11]. Indeed, 
the major causes of this global biodiversity crisis are 
anthropogenic in nature, and exacerbated by ongoing 
climate changes [10]. However, protected areas (i.e. “a 
clearly defined geographical space, recognised, dedi-
cated and managed, through legal or other effective 
means, to achieve the long-term conservation of nature 
[…]” [12]) such as wilderness areas, national parks, 
and habitat or species management areas continue to 
be central tools for biodiversity conservation as they 
provide vital habitats, set aside from various human 
pressures for the safeguard of species [13–15]. Further-
more, especially in fragmented environments, the role 
of protected areas is paramount as they provide higher 
quality habitat often maintaining higher species popu-
lation levels than other management strategies [13, 16, 
17].

Historically, the intentional movement and release 
of species has occurred for millennia [18, 19], but the 
use of translocations to address species-focused con-
servation objectives is a more recent intervention. With 
several authors advocating the importance of release 
site habitat quality [e.g. 20–23], the implementation 
of “intentional movements of organisms from one site 
for release in another” [18] in conjunction with pro-
tected areas may be an increasingly essential conserva-
tion strategy. With the overriding pressure of climate 
change expected to alter habitat suitability for spe-
cies confined within current protected areas—effec-
tively stranding them as habitat becomes increasingly 
unfavourable [24]—several authors suggest intention-
ally moving species between protected areas to where 
appropriate habitats are currently, or predicted to per-
sist [24–26].

Indeed, different forms of conservation transloca-
tions exist, all of which are increasingly recognised as 
viable means to enhance the resilience of threatened 
species, improve ecosystem integrity, and assist migra-
tion to favourable habitats [25, 27–30]. Firstly, “rein-
troductions”: aim to re-establish viable populations of 
a focal species within their historical range but from 
which they have become extirpated or extinct [15]. Sec-
ondly, “supplementations”: aim to enhance and rein-
force population viability by increasing population size 
and genetic diversity of existing resident populations 
[18]. Thirdly, “assisted migration”: occurs if the per-
sistence of a species in its indigenous range is threat-
ened from current or future impacts than at alternative 
sites outside of its historical range [15]. In addition, the 
concept of rewilding has been discussed in the context 
of climate change [19, 31, 32]. The concept was origi-
nally based on the keystone role of apex predators and 
their ability to maintain ecosystem equilibrium through 
top-down trophic interactions [19]. However, it now 
includes the role of species reintroductions in order to 
specifically restore ecological processes or to reestab-
lish an ecological function lost through extinction by 
means of introducing a suitable related taxa capable of 
performing a similar ecological role [19]. Further, by 
reintroducing ecosystem engineers, it has been sug-
gested that this in turn can enhance the albedo effect 
and contribute to a greater carbon capture and overall 
negative feedback to global warming [32].

As the above mentioned conservation transloca-
tions are being increasingly employed in both terres-
trial and marine environments [22, 33, 34], especially 
reintroductions of threatened species [35–38], the 
need to summarise this profuse information is ever 
more apparent for management purposes. In addition, 
because national and regional protected areas are fre-
quent sites of population restoration action, given that 
long-term protection from diverse anthropogenic pres-
sures have maintained relatively high-quality habitat 
[39–42], reserve and wildlife managers alike may be 
increasingly confronted with the challenges associated 
with such interventions, i.e. as donor or recipient site 
managers.

Despite the growing number of these interven-
tions, implementation remains complex and different 

translocated species. It may help managers and practitioners make their own choices by comparing previous experi-
ences, regarding both the species concerned and the precise translocation modalities (number of individuals, etc.). 
Finally, it constitutes a decision-making tool for managers as well as for policy makers for future translocations.

Keywords: Managed relocations, Reintroduction, Reinforcement, Supplementation, Ecological replacements, 
Assisted migration, Rewilding, Conservation areas
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programs have had varying outcomes, which is notably 
due to the different factors that influence success. From 
a biological perspective, this may include the level of 
habitat quality (or protection) at recipient sites [7, 22, 
33, 43, 44], the number of translocated individuals 
[45–48], the distances involved [49], whether acclima-
tisation measures are used etc. [50, 51]. From a social 
perspective, cost, feasibility, and political acceptabil-
ity are commonly cited [52]. Translocation can also be 
used to reduce human-wildlife conflicts because some 
interaction between humans and fauna and the result-
ant retaliatory killings can endanger the populations 
of these animals (felids, bears, snakes, etc.) [53, 54]. 
For all these reasons, it is essential to assess effective-
ness of translocations in order to aid decision making. 
However, even before being able to perform concrete 
quantitative reviews (e.g. meta-analyses) on the effi-
cacy of wildlife translocations, there is an equal need to 
extensively catalogue all types of wildlife translocation 
operations in relation to such factors providing a pre-
liminary evidence base or a ‘landscape of knowledge’, 
hence the scope of this map.

Although previous overviews exist [45, 51, 55, 56], 
to our knowledge there are a distinct lack of litera-
ture reviews of the systematic-map nature aiming to 
catalogue the number of different interventions imple-
mented to, from, and within protected areas. We ana-
lysed publications dealing with all kinds of animal and 
plant species translocations, worldwide. The key aims 
of the systematic map were to identify (1) where all 
types of translocations take place; (2) what the pur-
poses and motivations are behind translocations; (3) 
what taxonomic groups are involved across all types 
of translocations; (4) what the most common direction 
of movement is in terms of protected areas (and what 
level of protection they have); (5) what distances are 
involved for the associated taxonomic groups; (6) how 
many individuals are translocated; and (7), what types 
of outcomes are assessed. Lastly, the financial costs of 
the translocations were summarised if these data were 
available.

Stakeholder engagement
Given the mounting evidence on the negative effects 
of climate change on species viability and ecosystem 
integrity, there is an emerging consensus within the sci-
entific and policy communities that conservation trans-
location may be a necessary means to boost declining 
species’ populations, restore ecological processes [25], 
and assist species migration to favourable habitats [57]. 
However, more research on translocations and its risks 
are needed [58]. Making decisions on such a complex 
subject—as reserve managers may have to do—is an 

arduous task because there remain uncertainties due to 
many different programs experiencing variable results 
[59]. The current work was integrated into the project 
“Natur’Adapt”, a European LIFE programme coordi-
nated by the French Nature Reserves Network (RNF). 
Among the first actions of this LIFE, several evidence 
syntheses have been planned, to inform future deci-
sion-making by reserve managers. These reviews will 
help the reserve managers build their adaptation plan, 
transferring scientific knowledge in an accessible and 
summarized form. The selection of the evidence syn-
thesis subjects was made in cooperation with RNF, The 
Natural History Museum (MNHN), and the reserve 
managers through dialogue and meetings. In particu-
lar, reserve managers were asked to propose the most 
relevant conservation/management measures in the 
context of climate change, of which they were most 
expecting information. Then, during the opening meet-
ing of the LIFE program, a workshop was carried out 
with the reserve managers to select, among all propo-
sitions put forward, those that would be definitively 
chosen for evidence synthesis. Translocation was con-
sidered a necessary future conservation action plan in 
order to help align conservation efforts in protected 
areas to the challenges associated with climate change, 
in France and across Europe. A systematic map was 
subsequently chosen as a central reference tool that 
reserves managers could use as a systematised log of 
interventions undertaken to date.

Indeed, before being able to perform concrete quan-
titative syntheses on the effectiveness of wildlife trans-
locations, RNF requested a comprehensive catalogue of 
existing literature describing the links between differ-
ent types of wildlife translocation interventions and the 
factors that may be important to consider before imple-
mentation. Several further meetings were held, (refer to 
protocol [60] for full details), providing reserve manag-
ers the opportunity to contribute to the coding and data 
extraction decisions/procedures (notably the definition 
of variables). Following the acceptance of the protocol, 
further dialogue with managers enabled decisions to be 
made on the form and content of a practitioner brief, 
which will provide a summary of key results in an oper-
ational manner in order to aid decision-making.

Objective of the review
The proposed systematic map is intended to provide a 
thorough overview of the existing literature catalogu-
ing the outcomes of wildlife translocations carried out 
in the context of protected areas (i.e. translocations 
where the individuals have been transferred between 
different protected areas, come from non-protected 
sites, or relocated within the same reserve). Our 
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primary research question was: what is the type, extent, 
and distribution of existing evidence on the outcomes 
of such wildlife translocations? The aim of this system-
atic map was to describe the different types of trans-
location conservation interventions and several factors 
that could be important to consider for planning (e.g., 
IUCN protection category, intervention type, outcomes 
measured, distances between capture and release 
sites, and taxonomic groups studied). Also, identify-
ing knowledge gaps and knowledge clusters, which are 
sufficiently covered by existing studies to allow for full 
systematic reviewing. The systematic map was based on 
the following study components (see Table 1).

Methods
This systematic map followed the detailed methods 
described in the a priori systematic map protocol [60]. 
It was performed in strict concordance with the guide-
lines provided by The Collaboration for Environmental 
Evidence [61], and conforms to the ROSES reporting 
standards (see Additional file 1).

Deviations from the protocol
In the systematic map protocol, we had committed to 
performing Kappa tests on 10% of the eligible articles 
to assess the consistency of the reviewers during the 
screening process. We were able to respect these sam-
ples for titles and abstracts. Unfortunately, due to a lack 
of time and means, we were only able to perform our 
full-text Kappa test on 5% of retained articles.

Regarding the coding step (extraction of the meta-
data), the systematic map protocol provided, as a first 
option, an independent coding for each article by two 
reviewers. But, in case of time constraints, it provided 
as a second option that an a posteriori cross-check 
could be carried out with discussion between the cod-
ers on potential disagreements. Indeed, due to the lack 
of project resources, we had to choose this alternative 
option.

Search for articles
Languages
Only English terms were included in the searches and, 
from the returned articles, those in either English and 
French were assessed and read, due to limited resources 
and the languages understood by the map team.

Search strings
The following search string was built during a scoping 
exercise in Web of Science, described in the systematic 
map protocol [60], for use in bibliographic databases 
(see section below):

TS=((“protected area$” OR “protected landscape$” 
OR “protected site$” OR “receptor site$” OR “rein-
troduction site$” OR “natur* reserve$” OR “national 
park$” OR “regional park$” OR “national reserve$” 
OR “biological reserve$” OR “biosphere reserve$” OR 
“regional reserve$” OR “wilderness area$” OR “natural 
monument$” OR “management area$” OR sanctuar*) 
AND TS=(“assisted colonization” OR “assisted popu-
lation migration” OR “assisted migration” OR “assisted 
gene flow” OR “managed relocation$” OR transloc* OR 
reintroduc* OR reinforc* OR “assisted range expan-
sion$” OR “assisted long-distance migration$” OR 
rewilding OR “wild release”)). Search strings for all the 
databases and searches engines are listed in Additional 
file 2.

Bibliographic databases
Two online bibliographic databases were searched 
using the search string described above:

• ‘Web of science Core Collection’ (WOSCC) acces-
sible on the Web of Science platform (Clarivate), 
using the right access from the MNHN (French 
National Museum of Natural History). The search 
covered the entire database (i.e. all the citations 
indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, 
CPCI-SSH, BKCI-S, BKCI-SSH, ESCI and CCREX-
PANDED). It returned 2322 citations.

• Scopus (Elsevier), using the access from the CNRS 
(National Centre of Scientific Research). It returned 
2563 citations.

For both the databases, the requests were run on 5 
August 2020, targeting the topic (TS for WOSCC; 
TITLE-ABS-KEY for Scopus) and without any restric-
tion (timespan, search area, etc.).

Web‑based search engines
A supplementary retrieval of articles was undertaken 
using these web-based search engines:

• Google Scholar (https:// schol ar. google. com/). We 
used the software programme “Publish or perish 
(version 6)”. Given the conditions of this software 
(characters limit allowed), we could not use the 
search string described above and a selection of 
keywords had to be made (see Additional file  2—
search strings). The software’s use of Boolean char-
acters also differs; as a result, the search string was 
broken down into 10 separate sub-searches in order 
to achieve a similar comprehensiveness to WOSCC 

https://scholar.google.com/
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Table 1 Components of the systematic map

a Concerning context, this will equate to all interventions from, to, or within these types of protected areas

Population 
(P)

All plant and animal species of wild or captive source

Interven-
tion (I)

Type of interven-
tions

Definition of interventions Conservation aim of intervention

Introduction This refers to the intentional manual 
transfer/movement and release of an 
organism outside of its indigenous 
range/historical distribution [13]

(i) Assisted migration: this refers to the 
intentional manual transfer/movement 
and release outside of the indigenous 
range, to primarily avoid extinction of 
populations of the focal species [13]

This occurs if the persistence of a species 
in its indigenous range is threatened from 
current or future impacts than at alterna-
tive sites [13]

(ii) Ecological replacement: this refers 
to the intentional manual transfer/
movement and release of an organism 
outside its indigenous range/histori-
cal distribution, to perform a specific 
ecological function [13]

This is used to re-establish an ecological 
function lost through extinction; involving 
the most suitable existing sub-species, or 
a close relative of the extinct species [13]

Reintroduction This refers to the intentional manual transfer/movement and release of an 
organism inside its indigenous range/historical distribution but from which it has 
disappeared or become extinct locally, regionally, or otherwise. (No conspecifics 
are present in situ) [13]

The conservation aim is to re-establish 
a viable population of the focal species 
within its historical range [13]

Supplementa-
tion

This refers to the intentional manual transfer/movement and release of an organ-
ism into the existing distribution of a population of conspecifics [13]

The aim is to enhance and reinforce 
population viability e.g. by increasing 
population size, or by increasing genetic 
diversity [13]

Comparator 
(C)

No comparator will be required stricto sensu. Although in certain cases the study design may translate as a time series comparison (before 
and after translocation)

Outcomes (O) Outcome category Outcome description

Space use Studies measuring all movement/dispersal of translocated individuals. This will include notably home range measure-
ments, or Euclidean distance travelled

Demography Studies outlining the changes in number of individuals, males/females, of the translocated population i.e. population 
growth overtime

Survival Studies illustrating precisely the proportion of individuals alive or level of mortality since translocation

Reproduction Any impacts on reproduction, expressed by number of young born since translocation, or specifically the survival rate of 
offspring

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

Behaviour Studies measuring changes in terms of communication (e.g. vocal), social structure, or anti-predator behaviour i.e. stress/
vigilance levels, of translocated individuals

Behaviour Studies measuring changes in terms of communication (e.g. vocal), social structure, or anti-predator behaviour i.e. stress/
vigilance levels, of translocated individuals

Physiology All biological or physiological impacts measured at the molecular, cellular or organic level (e.g. hormone activity)

Context 
(C)a

Type of protected areas Definitions of protected areas

Strict reserves for the protection of 
nature (Ia)

Areas set aside to strictly protect biodiversity where human visitation, use, and impacts are strongly limited [31]

Wilderness areas (Ib) Areas that are largely unmodified, retaining their natural character, and free of inappropriate or excessive 
human use or presence [31]

National Parks (II) Protected areas of large natural or near natural areas set aside to protect large-scale ecological processes [31]

Natural monuments (III) Protected areas set aside to protect a specific natural feature in the landscape [31]

Management areas (IV) Specific protected areas that aim to safeguard a particular species or habitat. Consequently, the management 
reflects this priority [31]

Protected landscapes (V) A protected area where humans and nature together over time have produced an area of significant ecologi-
cal, biological, cultural and scenic value [31]

Protected areas with sustainable 
use of natural resources (VI)

Protected areas which conserve ecosystems and habitats together with associated cultural values and tradi-
tional natural resource management and use [31]
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and Scopus. Each sub-search was limited to the 
first 200 search hits, in line with recommendations 
[62].

• UK Theses and Dissertations (https:// ethos. bl. 
uk). We used the “Advanced search” mode and five 
intervention key words: reintroduction OR rein-
forcement OR introduction OR translocation OR 
rewilding. We archived the first 200 titles in an 
excel spreadsheet.

• Conservation Evidence (https:// www. conse rvati 
onevi dence. com/). We searched for primary 
research papers within Journal’s “Advanced search” 
mode targeting individual studies only with the use 
of the same five key words: reintroduction, rein-
forcement, introduction, translocation, rewilding. 
Only one key word can be used at a time; we thus 
extracted the first 40 hits per keyword search (200 
hits in total).

• US Federal Science database (https:// www. scien ce. 
gov/). We searched all literature using the topic tab 
“Text”, which returns reports, conference papers, 
and other textual information. A basic string can 
be used with Boolean characters. Likewise for the 
retrieval of theses, the string used for this organi-
zational website was: reintroduction OR reinforce-
ment OR introduction OR translocation OR rewil-
ding. The First 200 hits were archived and managed 
in excel.

Searches on all the web-based search engines were 
performed on 7 July 2020 (see Additional file  2 for 
details about search on web-based search engines).

Specialist websites
On 27 July 2020, we conducted hand searching for rel-
evant articles on the following six specialist websites:

• 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/ docum ent- 
repos itory).

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

• Rewilding Europe (https:// rewil dinge urope. com/).

These websites do not allow a standardised litera-
ture search. Thus, the bibliographic sections of these 
different websites were manually navigated to look for 

relevant documents. Indeed, due to time restraints, 
we restricted our manual research on specialist web-
sites to available documents and reports only. There-
fore, we did not include webpages or videos, which are 
often equally available. As it is commonplace that key 
method details are too summarised on webpages, we 
took the decision to only analyse ‘downloadable’ docu-
ments and reports enabling in-depth reading of texts.

Supplementary searches
A call for literature was conducted via two stakehold-
ers: RNF and EuroParc. Specifically, a request for grey 
literature (scientific articles excluded) was undertaken 
through their mailing lists and professional networks. 
This allowed the mapping team to acquire 42 additional 
bibliographic documents (including technical reports, 
syntheses, and Master’s theses).

Testing the comprehensiveness of the search results
A test list of 40 scientific articles was used to assess 
the comprehensiveness of the search string on litera-
ture databases. The test list was composed of relevant 
scientific articles including a range of conservation 
translocation interventions, study populations, and 
publication years thought to be representative of the 
literature base and appropriate for answering the pri-
mary question. The review team identified these arti-
cles prior to the mapping process. Of the 40 articles 
38 were retrieved by the search string (either in WOS, 
Google, or Scopus). Firstly, we checked if the search 
string retrieved articles in WOSCC. If an article was 
not retrieved by the search string in WOSCC, we 
checked for its retrieval in Google. If not retrieved in 
Google, we checked for its retrieval in Scopus. (If an 
article in question was indeed indexed in WOSCC, we 
did not check if indexed Scopus.) WOSCC retrieved 32 
out of a total of 35 indexed articles. After checking for 
the remaining articles in Google and Scopus, an addi-
tional 2 were retrieved by Google, and 4 by Scopus (38 
in total). Thus, the combined sub-comprehensiveness 
was 100% (38/38) if not including the 2 articles that 
were not indexed at all. But, the global comprehensive-
ness of our search strategy was 95% (38/40) as 2 arti-
cles not indexed in either WOSCC nor Scopus were not 
found either by Google. More details (including the two 
unretrieved articles) are provided in Additional file 3.

Article screening and study eligibility criteria
Screening process
All citations were extracted and archived in a bespoke 
excel spreadsheet. Screening and management of 

https://ethos.bl.uk
https://ethos.bl.uk
https://www.conservationevidence.com/
https://www.conservationevidence.com/
https://www.science.gov/
https://www.science.gov/
https://www.fws.gov/
https://www.fws.gov/
http://www.oncfs.gouv.fr/
http://www.cpsg.org/document-repository
http://www.cpsg.org/document-repository
https://www.aza.org/
https://www.aza.org/
https://www.eaza.net/
https://rewildingeurope.com/
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bibliographic information was subsequently under-
taken in excel. Three distinct screening stages were car-
ried out successively for all articles (including articles 
coming from the call for literature and the specialist 
websites): (1) titles, (2) abstracts, (3) full-texts. Arti-
cles found by means of hand searching specialist web-
sites were only assessed at the full-text stage. During 
the title and abstract screening process, in case of any 
doubt over the presence of a relevant inclusion crite-
rion (or if the information was absent) the article was 
passed, by default, to the next screening stage.

The three screening stages were performed by two 
reviewers (JL and RS). In order to check that consist-
ent and repeatable decisions were made, adherence to 
the eligibility criteria was assessed between the two 
reviewers using a Kappa test at the start of each screen-
ing stage. To that end, a set of articles was randomly 
selected: 10% for titles after duplicates were removed 
(463/4632), 10% of retained abstracts (193/1786), and 
5% of retained full texts (59/1182). Kappa statistics 
were calculated at each stage, scores greater than 0.7 
were deemed successful i.e. agreement attained. Any 
remaining disagreements were discussed and resolved 
between the two reviewers before commencing screen-
ing of literature. During the screening process, review-
ers did not screen any articles that they had authored 
themselves.

Eligibility criteria
Article eligibility was based on the list of PICO criteria 
detailed in Table 2, with no deviation from the a priori 
systematic map protocol.

No study design types were excluded during the 
screening stages. This was done in order to achieve a 
comprehensive overview of the different kind of evi-
dence existing on wildlife translocations in protected 
areas.

Regarding language, we included only publications 
written in English or in French. This criterion was con-
sidered at the full-text screening stage. This meant that 
if an article had an abstract written in a language other 
than French or English, it was still not excluded and it 
was transferred to the full-text screening stage.

No publication types (e.g. books, conference proceed-
ings, peer-reviewed journal articles, theses, technical 
reports, etc.) nor contents (e.g. field studies, reviews, 
meta-analyses, discussion papers, etc.) were excluded 
during the screening process. However, reviews and 
syntheses (e.g. systematic reviews and maps, and meta-
analyses) were not coded because these evidence syn-
theses often summarise findings across an overlapping 
set of multiple articles.

Study validity assessment
No critical appraisal was undertaken on retained 
articles because the intention of the map was not to 
examine the robustness of the study designs. Critical 
appraisals of study validity is not essential for system-
atic maps but we coded study design to provide a pre-
liminary overview of internal validity [61].

Data coding strategy
Metadata were coded for all the articles passing the 
three screening stages. For this coding, the “study unit” 
was defined as “a unique translocation operation”. Thus, 
if multiple studies were reported within one article they 
were entered as an independent line in the systematic 
map database. In addition, one translocation operation 
was distinguished from another if the populations were 
different and/or if release site localities were unique 
geographical locations (cf. “Data mapping method”).

The key variables of interest were coded in terms of: 
(1) bibliographic information (the document type, and 
type of bibliographic content), (2) study characteristics 
(the study country, release and capture coordinates, 
climate zones of capture and release sites, distance 
(km) between each, source and destination e.g. captive 
site to wild release, protected area context and IUCN 
protection category, the release site’s biome, and pro-
gramme’s motive, period of time, costs), (3) population 
characteristics (the taxonomic group, sample size, age 
of released individuals), (4) intervention characteristics 
(whether a reintroduction, supplementation, introduc-
tion, or a combination of two), and (5) outcome char-
acteristics (whether related to physiology, feeding, 
behaviour, space use, reproduction, survival, demogra-
phy, or genetics). Full details are given in the systematic 
map protocol, with no deviations (a codebook is pro-
vided along with example coding formats). When the 
data was not sufficiently detailed or simply unknown, 
we coded as such (using “Unknown” when necessary).

The coding stage was performed by three coders (JL, 
RS and HM) who shared the eligible articles between 
them and coded all variables for their respective sam-
ples. Due to resource and time limitations, an inde-
pendent dual coding of the entire database was indeed 
not feasible. However, in order to guarantee that infor-
mation was coded and extracted in a consistent and 
repeatable way, a four-step process was undertaken.

• Step 1 “discussion session”: discussions were held 
between the three coders, before the extraction of 
metadata commenced, to ensure any doubts prior 
to coding were clarified: JL gave thorough explana-
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tions regarding coding rules to RS and HM for all 
the characteristics of the Map.

• Step 2 “practice and re-discussion session”: imme-
diately following the first discussion session, 5 arti-
cles were randomly selected to be practice coded 
by RS and HM. This coding step was monitored by 
JL who gave further explanations to the two other 
coders in cases of doubt. Indeed, any disagree-
ments were re-discussed. This was a pre-pilot test-
ing phase, purely for practice purposes.

• Step 3 “pilot-testing”: a pilot extraction phase was 
undertaken by JL, RS, and HM on an identical sam-
ple of 10 articles. This was undertaken to ensure all 
characteristics were coded consistently by all three 
reviewers, discussing any potential disagreements. 
Before starting the actual coding process, this pilot-
testing step was repeated until no disagreements 
occurred. We required two tries until all coded 
characteristics were homogenous. 20 articles were 
therefore coded in total.

• Step 4 “post-coding crosscheck”: once coding had 
been completed, an a posteriori crosscheck was 
carried out by JL on the entire database to identify 
any errors and homogenize all coded terminology. 
All disagreements were discussed until a consensus 
was reached for the concerned articles. (N.B., dur-
ing the coding process the reviewers were in con-
tact and could question each other in case of any 
doubt).

Data mapping method
All the coded metadata for all the studies were 
included in a systematic map database: a bespoke 

Microsoft excel spreadsheet. By cross-tabulating 
the data, summary figures and tables were produced 
for this Map report to identify knowledge gaps (i.e., 
subtopics requiring further primary research) and 
knowledge clusters (i.e., subtopics that are sufficiently 
covered by existing studies to allow for full system-
atic reviewing). The distribution and frequency of 
translocation operations was presented with heat-
maps, or geographical maps illustrating the number 
of interventions by country. Based on these results, 
recommendations were made on priorities for policy 
makers, practitioners, and research.

Because our aim was to not only code the literature 
base in terms of number of publications (hereafter 
referred to as “Bibliometric synthesis”) but also extract 
information on specific translocation events within 
these retained publications (hereafter referred to as 
“Translocation synthesis”), we underwent a three-step 
mapping process:

 i. Firstly, we permitted a coding of “unclear context” 
due to the complexity of many publications. If 
publications did not explicitly describe the name 
of a protected area in the given translocation 
event but gave sufficient information to assume 
our PICO criteria were otherwise respected, dur-
ing the screening process, these articles were 
coded but consequently not included in the sys-
tematic database. A brief narrative summary is 
given without tables (cf. “Unclear cases” section, 
in Review findings).

Table 2 Inclusion/exclusion criteria for the three-stage screening process

Eligible population(s) All terrestrial, marine, or aquatic plant or animal populations from any country across the globe that were of wild or captive 
source. Wild populations included any free-ranging species from natural environments; not domesticated or cultivated. Captive 
populations included species born in captive setting (e.g. zoos, nurseries, or breeding pens)

Eligible intervention(s) All conservation-based translocation interventions occurring either (1) between two different protected areas; (2) from a 
non-protected area to a protected area; (3) from a protected area to a non-protected; or (4) within the same protected area 
where the aim is improving the viability and persistence of the translocated population (i.e. reintroduction, supplementation, 
or assisted migration (see Table 1 for definitions). Ecological replacement was also included as an eligible intervention where 
the goal is to re-establish an ecological function lost through extinction, which involved the translocation of the most suitable 
existing sub-species, or a close relative of the extinct species

Eligible comparator(s) With regard to a systematic map, comparator was not a screening criterion

Eligible outcome(s) Any outcome-related effects on the translocated populations. This included (1) Space use i.e. studies measuring all movement/
dispersal of translocated individuals, notably home range measurements or Euclidean distance travelled. (2) Demography i.e. 
studies outlining the changes in number of individuals (males and/or females) of the translocated population. (3) Survival i.e. 
studies illustrating precisely the proportion of individuals alive or level of mortality since translocation. (4) Reproduction i.e. 
number of young born since translocation, or specifically the survival rate of offspring. (5) Feeding i.e. all effects specifically 
on diet and feeding of translocated individuals. (6) Behaviour i.e. studies measuring changes in terms of communication (e.g. 
vocal), social structure, or anti-predator behaviour e.g. stress/vigilance levels, of translocated individuals. (7) Genetics i.e. studies 
relating to the genetic structure of the translocated species. Finally, (8) Physiology i.e. biological or physiological impacts meas-
ured at the molecular, cellular or organic level of translocated population (e.g. hormone activity)
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 We divided the Map’s narrative synthesis into two 
parts, a “Bibliometric synthesis” and a “Translo-
cation synthesis”.

 ii. Concerning the Bibliometric synthesis: this part 
of the synthesis included all retained literature 
coded by document type i.e. one line in the Excel 
datasheet corresponding to a single publication 
(i.e. either a Book, conference object, journal arti-
cle, report, technical documentation, or thesis). 
For each document type, we coded bibliographic 
content (i.e. either a discussion paper, modelling, 
overview, review, or study). Study in this instance 
was regarded as a field-based study where data 
was acquired in the field. Equally, “programme 
motivation” was coded except for reviews and 
overviews because these documents may them-
selves summarise a number of operations with a 
number of different motives. Thus, reviews and 
“metapopulation management” (one of six coded 
programme motivations) articles were coded only 
for the bibliometric variables mentioned above. 
Concerning the latter, these were considered 
inappropriate and too time consuming to code in 
the translocation synthesis as the same individu-
als may be repeatedly transferred back-and-forth 
between fenced reserves in order to cope with the 
particular problem of lack of gene flow between 
enclosed populations.

 iii. Concerning the “Translocation synthesis”: from all 
the remaining publications this part of the syn-
thesis involved coding the specific translocation 
events consistent with the IUCN definitions. Two 
key variables (method and location) were used as 
cut-offs to define a study unit [63], i.e. a translo-
cation. Therefore, a translocation was coded as 
a unique data line in the Excel datasheet if: (1) a 
different species was translocated, and/or (2) the 
release site was a unique geographical location. If 
the same species were translocated to clearly dif-
ferent release sites, these were presumed not to 
be the same individuals under movement thus 
coded as unique data entries. Time duration was 
not considered as a cut-off when distinguishing 
translocations events. Consequently, some trans-
location interventions, coded as for example, 
“Reintroduction + supplementation” may have 
particularly long time periods if the supplementa-
tion part of the intervention followed the initial 
reintroduction several years later.

 iv. From this, a search for linked data (cf. “Linked data” 
section) eliminated duplicated translocations 
from the evidence base.

Linked data
Once all the studies had been coded, we undertook 
a search for linked data. This was done in order to 
locate articles, published by either the same or differ-
ent authors, referring to the same translocation event. 
Indeed, we wanted our Map to be able to isolate single 
translocation events, without duplicates i.e. multiple 
publications referring to the same event. Therefore, if: 
(i) the same species, (ii) the same capture site, (iii) the 
same release site, (iv) the same intervention type, (v) 
the same number of individuals reported, and (vi) for 
the same translocation period, we subsequently tagged 
such translocations as “linked data”. We assumed that 
if these 6 factors matched, the likelihood was high that 
two different publications were reporting the same 
transfer of individuals. When a single translocation 
was coded multiple times, we retained the publication 
providing the more detailed description. In the case 
where a single event was described in a thesis and a 
corresponding scientific article, we retained the peer-
reviewed article.

Review findings
Literature searches and screening process
The ROSES flow diagram for systematic maps illus-
trates the screening process (Fig.  1). Our literature 
search yielded 4981 hits from WOSCC and Scopus. 
A further 1373 hits from various other sources were 
retrieved: Google Scholar, organisational websites, a 
grey literature call and hand search on specialist web-
sites. This resulted in a total of 6354 records and 4617 
unique records after removal of duplicates. At title 
screening, 2841 titles were excluded, leaving 1776 
for abstract screening. During the abstract screening 
stage, 510 references were excluded, leaving 1266 for 
full-text screening. However, 78 articles (6.2%) were 
unobtainable (Additional file 4) i.e. authors were not 
able to locate the articles in question through the 
internet or French National history Museum or the 
CNRS (National Scientific Research Centre) subscrip-
tions. Thus, 1188 articles were submitted to full-text 
screening. A total of 498 articles were rejected at 
full-text mostly due to irrelevant interventions (i.e., 
articles in question did not describe a translocation 
operation in the context of a protected areas), irrel-
evant outcomes (i.e., article did not evaluate effects 
on translocated population), or irrelevant popula-
tion (i.e., article reported data for invasive species, 
or species manually relocated for non-conservation 
purposes such as hunting). Finally, a total of 690 pub-
lications were accepted for coding [Additional file  6 
sheet “Full List of articles (690)”]. Additional file  5 
outlines all information on the three screening stages 
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(inclusion/exclusion screening process, dates, screen-
ers, reasons for exclusion, etc.) (sheet “List of all arti-
cles”). The list of articles excluded at full-text stage 
along with reasons for their exclusion can be found 
more easily in a specific sheet of the Additional file 5 
(sheet “List of excluded articles FT”).

From the 690 articles accepted as eligible for the 
review after the three screening stages,

 i. 42 publications (65 translocations) were coded as 
“unclear context” not sufficiently describing the 
role of the protected area in the given translo-
cation event despite these articles meeting our 
PICO during the screening process. These arti-
cles were consequently not included in the sys-
tematic database but in a specific Additional file 6 
(sheet “Unclear contexts”) and described briefly 
in “Unclear cases” section in Review findings.

 ii. 58 linked translocations (35 publications) were 
detected and eliminated from both parts of the 
narrative synthesis (see Additional file  7, sheet 
“Linked data”).

 iii. Concerning the Bibliometric synthesis [Additional 
file  7—sheet “4. Full database (613)”]: 613 pub-
lications in all were coded for the following bib-
liometric variables: document type, bibliographic 
content, and programme motivation). Except 
programme motivation was not coded for 90 
reviews (cf. “Data mapping method”).

 iv. Concerning the “Translocation synthesis”: 841 
translocations (i.e., intentional movements of 
any organism from one site to another) were fully 
coded in respect to all descriptors [see Additional 
file  7, sheet “Translocation database (498)”]. 
These translocation events were extracted from 
498 different publications (having not extracted 
translocation events from 115 publications: 90 
review articles and 25 “metapopulation manage-
ment” articles).

Bibliometric synthesis
The total number of publications summarised in this 
section is 613—after eliminating “unclear contexts” and 
“linked data”—including reviews, programme motiva-
tion, and translocation studies. (cf. sheet 4 “Full data-
base (613)” in Additional file 7).

Publication type and content
Figure  2 shows the distribution of publication types. 
The systematic map is mainly composed of journal arti-
cles (85%). The second highest proportion (5%) of pub-
lication type in the systematic map are book chapters. 

Ph.D. theses accounted for 3% of included publications. 
This equated to 15 different theses reporting trans-
locations in the context of protected areas. Figure  3, 
shows the distribution of publication contents. Indeed, 
the majority of translocations in the contexts of pro-
tected areas were published from field studies i.e. data 
acquired from on-the-ground studies. Then, reviews 
(9%), and then other (8%, comprising of various pub-
lication formats such as short communications). Over-
views made up 5% of the systematic map, followed by 
modelling publications (3%) where field data was not 
necessarily collected.

Publication motivation
In terms of programme motivation by publication 
(Fig. 4)—not including the 90 review papers—the vast 
majority of articles published documented aims to 
restore and improve the conservation status of the focal 
species: 353 publications in total, which represented 
57% of all publications. Secondly, 9% (56) of publica-
tions did not detail the motivations for translocat-
ing wildlife (“Unknown”). 8% of publications were for 
documenting a trial transfer prior to a translocation 
operation. 25 publications were specifically on meta-
population management, 18 on wild-human conflicts, 
18 on wildlife rescue, with only a very small number of 
articles on rewilding (1%).

Publications by year
Publication dates ranged from 1969 to 2020, with the 
majority after 1998 (93%) (Fig.  5). The period 1969 to 
1997 equated to 7% of publications. Grey literature 
made up a larger proportion of the total studies in more 
recent years. Indeed, the grey literature included in the 
systematic map were all published from 1994 onwards.

Translocation synthesis
The number of publications summarised is 498, from 
which 841 unique translocations were coded. (cf. sheet 
5 “Translocation synthesis” in Additional file  7). 115 
publications (Reviews and “metapopulation manage-
ment” papers) are excluded from the translocation syn-
thesis section.

Translocation motivation: reasons for moving wildlife
We coded 622 translocations, equating to 78% of all 
coded interventions in the evidence base as undertaken 
in order to improve a focal species’ status. Second to 
conservation purposes, were wildlife rescue operations, 
this equated to 58 of all translocations carried out in 
the context of protected areas. Surprisingly 56 trans-
locations comprised of trial or experimental transfers 
of wildlife to protected areas pre-dating conservation 
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programmes. Human-wildlife rescue operations 
accounted for 33 translocations, unsurprisingly only 
animals are concerned, of which 17 transfers did not 
document if individuals were released into resident 
populations or not (Table  3). Regarding rewilding, 
which was considered in the context of reintroducing a 
species to restore lost ecological functions, equated to 
only 8 translocations (4 in Argentina, 2 in Brazil and 2 

in Germany), and in each case the relocation of a 
mammal. One study, in Brazil, aimed at reintroducing 
the red-humped agouti and the brown howler mon-
key, in Tijuca National Park, Rio de Janeiro; two spe-
cies that are important seed dispersers, which may be 
particularly effective at restoring such ecological pro-
cesses [64]. Finally, 64 translocations had completely 

Fig. 1 ROSES flow diagram for systematic maps, outlining the overall screening and organisation process
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unknown motives, even if their intervention type was 
detailed (Table 3).

Translocations by year
In terms of actual translocations by year (Fig. 6), we can 
observe a similar trend to that of Fig. 5. Over time, the 
number of translocation operations have accelerated. 
Overall, from 1997 to 2020, on average 22.6(± 20.9) 
translocations (all combined) per year were under-
taken. But since 2018, an average of 54 per year have 
been published. From the current evidence base, the 
year with the highest number of published transloca-
tions was that of 2018 (85/841). Further still, only 6% 
of coded translocations were undertaken before 1997. 
This increase in research output may be an indirect 
response to the increasing pressures currently facing 
many animal and plant populations [65], in that in the 
number of performed conservation translocations are 
increasing because it is seen as a viable way of enhanc-
ing the resilience of threatened species [25, 27, 66], and 
thus publications have increased by consequence.

Study locations and climate zones
Translocations included in the systematic map spanned 
the globe (Fig. 7). Most translocations were performed 
in North America, Oceania, and Europe. There was a 
clear lack of information on translocations in North-
ern Africa and the Sahel region, and Central Asia. Of 
the 68 included countries, the most translocations were 

undertaken in the USA (22%), Australia (16%), New 
Zealand (10%), and Canada (4%). In accordance with 
this geographical distribution, the majority of trans-
locations were released in oceanic/maritime climates 
(Cfb: 234), followed by warm temperate climate (Cfa: 
84), Tropical savanna climate (Aw: 65), humid conti-
nental climates (Dfb: 59), desert or arid climate (BWh: 
50), equatorial climate (Af: 40), and semi-arid climates 
(BSk: 37) (Figs.  8 and 9). Less than half of transloca-
tions gave sufficient information in order to code the 
capture and release site climates (44%). Of the known 
climates zones (358 translocations), 11% of translo-
cations changed climate zones between capture and 
release sites.

Study population: which taxonomic groups are 
translocated?
Translocations that were included in the systematic 
map mainly involved animal species (686). Although, 
148 translocations of plants were also included, and 7 
translocations of fungi. Of the animal translocations, 
mammals were the most translocated group (Fig.  10), 
almost 400 (equating to 56%) of reported transloca-
tions between 1969 and 2020 from 45 different taxo-
nomic families, and 158 different species (Additional 
file  7). Over 170 (25%) translocations involved birds, 
followed by reptiles (42), fishes (28), insects (21), and 
amphibians (15 translocations). From mammals, the 
most commonly translocated taxonomic orders were 
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Artiodactyla (of which Bovidae, and Cervidae were 
the most translocated families), Carnivora (of which 
Canidae and Felidae were the most translocated), 
Perissodactyla (of which Equidae were most trans-
ferred), Diprotodontia (of which Macropodidae), Pri-
mates (of which Hominidae), and Rodentia (of which 
Castoridae was the most relocated). Although marine 
fauna are also catalogued—Bivalvia, Anthozoa, and 
Hexanauplia—it would appear that they receive much 
less attention  (Fig.  10). Several plant groups were also 
translocated (Fig.  11). However, a large bias towards 
Magnoliopsida is evident, followed by Liliopsida, and 
Lecanoromycetes. Among translocated Magnoliopsida, 
Asteraceae were by far the most translocated fam-
ily. However, a distinct lack of literature concerning 
non-vascular plants such as bryophytes is highlighted. 
These knowledge gaps are likely to be associated with 
the complexity of transferring such taxa. The num-
ber of individuals translocated, by age class and taxo-
nomic groups, are provided in Table  4  for Animalia 
and Table  5  for Flora, for all studies and in average 
(± standard deviation).

Study interventions: what type of translocations exist, 
how many individuals are translocated, to where, 
and over what distances?
Tables 6 and 7 illustrate the distribution of the number 
of translocation operations by intervention type, taxo-
nomic class and age at release, for animals and plants/
fungi respectively. Concerning animal translocations 
(Table  6), 686 were coded in total. 12 different taxo-
nomic classes (332 species) were subject to conserva-
tion translocations. The most common intervention 
was that of “reintroduction + supplementation” (176) 
i.e. a founder group of a species previously extinct or 
extirpated reintroduced into its historical range and 
later reinforced. 158 translocations were of one-off 
reintroductions (the founder group not being rein-
forced at a later date) and supplementations. Note that 
182 interventions were coded as “Unknown” as infor-
mation was lacking in their methods. The most trans-
located taxonomic group were mammals and birds. Of 
these translocations, adults only or a combination of 
adults and juveniles was most often the chosen strat-
egy. For instance, adults were transferred alone in 104 
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Table 3 Heat-map showing the distribution of the number of translocation operations in terms of programme motivation and 
taxonomic kingdom. Conservation = any attempt to restore or improve the status of the translocated species; Experimental or trial 
= a trial relocation prior to the main event; Human-wildlife conflict = any interaction between humans and fauna resulting in the 
relocation of the individual(s) in question; Rewilding = reintroduction or introduction to restore a lost ecological function; Wildlife 
rescue = a relocation in order to save the individuals from human activity; Unknown = no information (or not detailed enough) 
provided by the authors to class motive

Taxonomic kingdom X Programme mo�va�on Interven�on type 
Intro+suppl Introduc�on Reintro+suppl Reintroduc�on Supplementa�on Unknown Total

Animalia 6 6 176 158 158 182   686
Conserva�on (improving status of focal species) 6 4 158 123 110 88   489

Experimental or trial transloca�ons   1 4 12 13 16   46

tcilfnocefildliw-namuH 5 11 17   33

Rewilding (restoring natural func�ons)     3 3   2   8

nwonknU 1 9 11 9 33   63

noitarepoeucserefildliW 2 4 15 26   47

Fungi 4 3     7
noitarepoeucserefildliW 4 3     7

Plantae 4 10 11 41 82 148
Conserva�on (improving status of focal species)   3 10 9 39 72   133

Experimental or trial transloca�ons   1   2 2 5   10

nwonknU 1   1

noitarepoeucserefildliW 4   4

Total 6 10 186 173 202 264 841

“Intro + suppl”: the movement of individuals to a habitat outside of their historical range, and subsequently followed up by a supplementation event

Introduction: a one-off transfer of individuals to a habitat outside of their historical range

“Reintro + suppl”: the movement of individuals that were otherwise extinct or extirpated to a habitat within their known historical range, and subsequently 
followed-up by a supplementation event

Reintroduction: a one-off transfer of individuals that were otherwise extinct or extirpated  to a habitat within their historical range

Supplementation: a one-off transfer of individuals to reinforce an existing resident population

Unknown: refers to all movements that were not detailed sufficiently by the authors in order to code the type of intervention with high confidence

N.B., white space equates to no available data. Red colours equate to a few number of translocations, green colours represent a greater number

1 1 2 4 1 4 2 1 2 1 2 4
8 8 8 1010

58

11 9
1517

21

34

20

31

19
24

4647

69

39

24

3942
45

85

46

31

0

10

20

30

40

50

60

70

80

90

100

19
69

19
77

19
81

19
87

19
89

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

N
o.

 o
f t

ra
ns

lo
ca

�o
ns

Year
Fig. 6 Number of translocations per year



Page 16 of 31Langridge et al. Environ Evid           (2021) 10:29 

mammal translocation operations vs. 10 transloca-
tions where only juveniles were transferred. The least 
translocated groups were marine taxa, the logistical 
complexity of such interventions and the specialised 
equipment such as protective cages [69] needed to 
increase the chances of success likely, to some extent, 
explain the lack of literature.

Concerning translocation of plants or fungi (Table 7), 
155 translocations, spanning at least 5 different taxo-
nomic groups and 1 fungi taxon in total were docu-
mented. The most common intervention type was 
“supplementation” (44). However, similarly to animal 
translocations, a large number were uncodable inter-
ventions arose due to a lack of information in meth-
ods (82). A diversity of plant development stages were 
translocated. However, contrary to animal translo-
cation, a single development stage (i.e. ‘age group’) 
was most commonly selected for translocation. For 
instance, concerning Magnoliopsida, only one trans-
location operation attempted to transfer adult plants, 

seedlings and seeds vs. 23 operations which chose to 
transfer seeds only.

Further, in terms of the number of individuals trans-
ferred per translocation, Tables  4  and  5  summarise 
this profuse information across the years (1969–2020) 
in terms of age by taxonomic groups, respectively for 
animals and plants/fungi. Indeed, concerning animal 
translocations, over time the number of individuals 
involved in mammal translocations has been far higher 
than other taxonomic groups (> 71,000 individuals 
translocated since 1969). Indeed, the average number 
of individuals transferred per translocation was 529, 
with a median number of individuals transferred per 
translocation equating to 20. Interestingly, concerning 
amphibians, few translocations (15) have been carried 
out, but large numbers of individuals (17,801) were 
used across operations. Indeed, it is often the case that 
large numbers of amphibians are needed to ensure that 
a viable proportion of the founder population persists 
[70].

Fig. 7 Number of translocations by country. From available information, release sites are plotted (red points). N.B., The release site coordinates are 
not a comprehensive illustration because not all publications gave geographic coordinates and/or sufficiently described release locations. “No 
information” equates to no existing publications in our Map’s evidence-base
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Regarding plant translocations, the highest number 
of individuals per translocation operation was highest 
for Magnoliopsida sp. followed by Pinopsida, and then 
Liliopsida. Interestingly 7 translocations attempted the 
transfer of thallus fragments of fungi groups (Lecano-
romycetes). Concerning Magnoliopsida translocations, 
the median number of seeds transferred per translo-
cation was > 3000, where as if adult plants only were 
chosen for transfer, the median number was 35 per 
translocation.

In terms of direction of transfer (Fig. 12), the majority 
(592 translocations) involved a transfer of individuals 
from non-protected sites to protected sites (illustrated 
by the “To” category, in Fig.  12). However, of these 
transfers, 64 had unknown source sites. Secondly, 196 
transfers of species were from one protected area to 
another (“From-To”), 47 translocations occurred within 
the same protected area (“Within same”), and in 27 rare 
cases, species were translocated from a protected area 
and release into non protected sites (“From”).

Concerning translocated animals only from non-
protected to protected sites (“To”), 204 of these trans-
locations included the procuration of individuals from 
either captive or breeding sites subsequently released 
into protected wild areas. 209 involved the transfer of 
animals from wild sites to another wild site. Further-
more, these translocations had diverse motives from 
rescue operations and human-wildlife conflicts, to pure 
conservation purposes. In two specific examples, a 
conservation-motivated reintroduction of Ursus arctos, 
where ten adults were transferred from the “Slovenian 
alps” to Adamello Brenta Nature Park in Italy [71] was 
coded as wild site to wild site. In another example of 
a conservation-orientated reintroduction, 43 passer-
ine birds were transferred from a wild site (verified by 
given coordinates) to Mulligans Flat Nature Reserve in 
Australia [72].

Concerning habitat protection, of animal transloca-
tions, 20 (13 mammals, 4 insects, 3 birds) were known 
to be translocated to a protected area with a lower 
IUCN protected status than the source site, according 

Fig. 8 Capture sites (white stars) and release sites (red points) from available information plotted against Köppen-Geiger climate classification 
zones. N.B., The release site coordinates are not a comprehensive illustration because not all publications gave geographic coordinates and/or 
sufficiently described release locations. Köppen-Geiger climate zones are detailed here in [67, 68]: https:// doi. org/ 10. 1127/ 0941- 2948/ 2006/ 0130 or 
https:// doi. org/ 10. 1038/ sdata. 2018. 214

https://doi.org/10.1127/0941-2948/2006/0130
https://doi.org/10.1038/sdata.2018.214
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to Protected Planet (https:// www. prote ctedp lanet. net/ 
en). In one instance [73], this involved the relocation of 
201 Cervus canadensis from Elk island, Alberta (IUCN 
protection status: II) to a protected landscape (V) over 
4000  km away: the “Tennessee Cumberland moun-
tains”. In another [74], 687 Deinacrida mahoenui were 
transferred from an “scientific reserve” (Ia) to a “sce-
nic reserve” (III), in New Zealand. Comparatively, 38 
species were moved to a protected area with a higher 
protection status. 62 translocations did not experience 
change in protection status. For 567 translocations of 
animal species, the protection status’ were not reported 
thus protection status change was Unknown. Concern-
ing the 155 plants and fungi translocations, very lit-
tle information was reported in respect to protection 
status: six translocations where no protection status 

change occurred. The rest of the events were coded as 
Unknown.

Concerning distances, the map team were able to 
code up to 358 translocations where geographic coor-
dinates were retrievable for both capture and release 
sites (representing approximately a third of the “trans-
location synthesis”). Additional file 8 shows the meth-
ods used to calculate distances for these translocations. 
Indeed, we used the standard Mercator projection. 
A diverse number of distances are evident for animal 
translocations. Indeed, the majority of cases were short 
distance translocations i.e. 0–100 km. However, we can 
also observe that 54 animal translocations carried out 
involved distances of over a 1000  km (Fig.  13). Con-
cerning plants, only 3 translocations involved distances 
greater than 100 km.

Study outcomes: which impacts are measured?
Reported outcome measures largely concentrated on: 
space use, survival, demography, reproduction, feeding, 
behavior, genetics, and physiology (Fig.  14). Outcome 
metrics related mostly to the survival of individu-
als translocated (367). Secondly, space use was largely 
studied in order to determine all movement/dispersal 
of translocated individuals. This included notably home 
range measurements, or straight-line distance trav-
elled for animals. There were also a number of studies 
that focused on demography metrics (220 transloca-
tions) i.e. changes in the number of individuals, males/
females, of the translocated population overtime. 
Reproduction was the fourth most studied outcome 
metric (165 translocation studied reproduction in the 
following months or years). This included any study 
expressing findings on the number of young born since 
translocation. Comparatively, few studies focused on 
physiology (72), behaviour (83), genetics (68), and feed-
ing (57). These are still important aspects to take into 
account especially when attempting to define if a pro-
ject is a success or not. In the case of behaviour, social 
structure and cohesion, social roles and social learning 
may all be important to consider in building popula-
tions that are resilient and likely to persist in the long 
term [75]. Also, understanding the physiology and 
wellbeing of individuals either before or after release 
are also important factors to consider [76], and may 
be particularly useful in predicting long term survival 
rates for future interventions.

Financial costs
Financial costs were reported in only 23 translocations. 
Large differences in costs were reported. This was nota-
bly due to a choice of expenditure details expressed 
by authors. Some articles reported total project costs, 

Fig. 9 Number of translocation release sites by climate zone. Cfb: 
temperate without dry season, warm summer (oceanic climate); 
Cfa: temperate without dry season, hot summer (humid subtropical 
climate); Aw: equatorial savannah with dry winter; Dfb: snow 
climate without dry season (humid continental climate); BWh: 
hot desert climate; Af: equatorial rainforest, fully humid; BSk: cold 
semi-arid climates; Csb: temperate with dry summer (cool-summer 
Mediterranean climate); Csa: temperate with dry summer 
(hot-summer Mediterranean climate); BSh: Arid hot climates (steppe); 
Dfc: cold without dry season cold-summer (sub-arctic climate); 
Cwa: warm temperate climate with dry winter Hot summer (humid 
subtropical climate); BWk: cold desert climates; Am: equatorial 
monsoon; Cwb: temperate dry winter warm summer (subtropical 
highland climate); Dfa: Cold Without dry season Hot summer (humid 
continental climate); Cfc: temperate without dry season, cold 
summer (oceanic climate); As: equatorial savannah with dry summer; 
ET: tundra climates; Dwa: cold dry winter hot summer (humid 
continental climate); Dsb: snow climate with dry-warm summer 
(humid continental climate); Dsc: snow climate with dry, cold 
summer (sub-Arctic climate)

https://www.protectedplanet.net/en
https://www.protectedplanet.net/en
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while others, for instance, only reported transfer 
modality costs excluding salaries or other expenditures 
commonly associated with translocation programmes. 
For example, Kenup et  al. [77], reported total costs 
of $6300 which included monitoring, captivity and 
release of Dasyprocta leporina. Whereas Bennett et al. 
[78] reported total expenditures of up to $185,000 for 
a reintroduction project of Climacteris picumnus. 
Baker et al. 2012 supplementation efforts including 50 
individuals of Dasyornis brachypterus cost upwards of 
AU$200,000 [79], which included total expenditures 
from financing Ph.D. students to capture and release 
modalities. Muths et  al. [80], an intervention includ-
ing the transfer of eggs (Bufo boreas), equated to $700 
(excluding salaries).

A guide for managers
Finally, due to the complexity, and quantity of data 
available in this map, we realise that not all data was 
able to be summarised. Thus, we provide a ‘guide’ for 
managers to navigate through the evidence base of 
Additional file  7 (Fig.  15), in order to gather data that 
they may perceive necessary and access the references 
of the original studies utilised for any aspect of the 
map that is of interest. Among other information, this 
should allow users of the map to extract information 
on the factors of success. However, attention must be 
applied to the term “success”, we have not attempted 
to code if a study was successful or not because from 
a biological point of view this depends on many fac-
tors. Hence, we have only coded the factors that affect 
success (e.g. number of individuals translocated, the 

quality of release habitat which is indirectly illustrated 
by the IUCN protection status, the distances involved, 
whether acclimatisation measures are used). The evi-
dence base provides an overview of existing manage-
ment interventions, summarised in association with 
such important factors that must be considered when 
engaging in translocations.

Unclear cases
Our mapping methods were conservative in nature, 
this meant that a total of 65 translocations (39 animals, 
26 plants) were excluded from the descriptive statistics 
due to lack of sufficient confirming evidence specifically 
on protected area context. However, there was also 
a lack of confirming information to outright exclude 
such publications during the full text screening stage. 
Authors conclude that these instances probably should, 
in truth, have been included in the map description but 
did not want to risk potential ‘error bias’. Indeed, the 
authors of the map team feel that these cases merited 
coding for the rest of the variables and inclusion into 
an additional file (cf. sheet 5 of Additional file  7). Of 
these 65 translocations: two were introductions of ani-
mals (one bird, one fish species); 5 were one-off rein-
troductions (2 species of Mammalia, 1 species each of 
Aves, Mollusca, and Magnoliopsida); 11 reintroductions 
followed by supplementing the same species (concern-
ing animals: 3 mammals, 1 fish, 1 bird, 1 amphibian, 1 
Bivalvia. Plants: 3 Magnoliopsida, and 1 Liliopsida). 36 
interventions were coded as Unknown due to lack of 
confirming information on intervention type.

Fig. 10 Distribution of different animal taxonomic groups involved in translocations
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Comparison to other reviews
Relating our current findings to others evidence syn-
theses may be useful for managers and policy mak-
ers. To our knowledge no other systematic map exists 
on wildlife translocations. However, map-like reviews 
(hereafter referred to as ‘overviews’) do exist provid-
ing some state of knowledge. But given the large dif-
ferences in terms of methodology, topic scope, and 
volume of literature exposed in Table 8, it was deemed 
difficult to make legitimate graphical comparisons. 
For instance, of the 4 overviews compared to our map, 
none included all biodiversity (terrestrial and marine 
animals, plants and fungi), or else their exclusion cri-
teria was difficult to ascertain. Concerning three over-
views of which only animals were the scope, mammals 
and birds were consistently the most translocated 
groups. Fischer and Lindenmayer [45], found that over 

50% of studies considered were performed with mam-
mals and approximately 43% with birds. In an over-
view on key-stone species, 54% of publications focused 
solely on mammals [55]. Further, in a recent overview 
by Rescendre et al. [56], Diprotodontia was the highest 
represented mammal order, although in our map it was 
Artiodactyla (notably, but not exclusively, Bovidae, and 
Cervidae). Concerning supplementations, Fischer and 
Lindenmayer [45] showed that only birds and mammals 
were involved, although our map synthesises informa-
tion from 8 different animal taxonomic classes, 3 plant 
classes and 1 fungi class in respect to supplementa-
tions. In terms of release strategies, birds were most 
commonly soft released [51, 56], our map also adheres 
to their findings: 67/175 bird translocations used soft 
release measures. Although in our map, release meas-
ures for 95/175 were unknown. Despite the diversity of 

Table 4 Illustrating the total sum of individuals (Animalia) translocated across all years (1969–2020) by taxonomic class

In parentheses: average ± standard deviation. Figures in bold represent the median number of individuals translocated. ‘–’ no available data. “Unknown” signifies that 
for the given translocation events exact numbers of individuals are not known
a Denotes a single translocation event, thus no median, mean or standard deviation are calculated

Animal 
taxonomic 
class

Age class as stated by authors Total ind 
translocated

Total number 
of coded 
translocation 
operations

Adults only Juveniles 
only

Adult and 
Juveniles

Adult, 
Juveniles, 
and Larva

Instar only Larva only Unknown 
age class

Mammalia 55,094 
(529 ± 5129)
20

310 (31 ± 61)
38

6147 
(81 ± 165)
51

– – – 10,159 
(64 ± 127)
29

71,710 383

Aves 910 (43 ± 35)
18

4637 
(122 ± 160)
46

1327 (60 ± 39)
56

– – – 6160 
(87 ± 189)
29

13,034 175

Reptilia 296 (27 ± 16)
23

149 (75 ± 100)
38

1081 (77 ± 82)
51

– – – 4684 
(335 ± 673)
65

6210 42

Actinop-
terygii

– 1955a 6516 
(2172 ± 1811)
69

– – – 6420 
(279 ± 550)
30

14,891 28

Insecta 5995 
(545 ± 983)
20

644 (161 ± 57)
36

– – 1010a 220a 1350 
(337 ± 261)
26

9219 21

Amphibia 6031 
(2010 ± 3378)
21

12,424 
(3106 ± 5264)
38

1594a 3783a – – – 23,832 15

Anthozoa – – – – – – 65 (5 ± 6)
22

65 13

Gastropoda – – 765 
(383 ± 388)
45

– – – 192 
(96 ± 20)
31

957 4

Bivalvia – – – – – – 200 
(100 ± 71)
27

200 2

Athropoda – – – – – – 60a 60 1

Hexanauplia – – – – – – – Unknown 1

Malacosraca 62a – – – – – – 62 1

Total ind 
translocated

68,388 20,119 17,430 3783 1010 220 29,290 140,240 686
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methods, we are able to demonstrate some consistency 
with previous overviews. However, the differences jus-
tify the need to have undertaken a systematic search of 
the existing literature in order to provide a clearer and 
more comprehensive state of knowledge.

Limitations of the systematic map
Search string
The search strategy used to generate this systematic 
map was designed to capture a large breadth of rele-
vant literature, not only on wildlife translocations but 
specifically in the context of protected areas. However, 
there does exist a certain diversity of terminology used 
on the subject of translocations (i.e., some terms may 
have been missed that could result in bias in our evi-
dence map). For example, in general there were fewer 
studies evaluating plant translocations. In our search 
string, we did not use specific terms such as trans-
plantation or transplant* which may have otherwise 
retrieved more studies on plant species. However, we 
did carefully scope our search string for intervention 
terms by including several synonyms (e.g. “assisted 
colonization”, “assisted migration”, etc.). In addition, 
our comprehensiveness was very high (see “Testing the 
comprehensiveness of the search results” section).

Language
Translocation is often carried out by managers of natu-
ral areas or communities. It is therefore possible that 
the reintroduction experiences are largely recounted in 
grey literature because these actors are less used to pro-
ducing academic literature. Also, this type of document 

is often published in the language of each country 
rather than in English like scientific articles. Our search 
strategy included several sources of grey literature (4 
web-based search engines, 5 specialist websites and 
an explicit call for grey literature). However, the fact 
that only English terms were used for our searches and 
that the call for literature was broadcast in French may 
have limited the recovery of grey literature written in 
a native languages other than English and French. In 
addition, 28 articles retrieved by our English search 
terms were not written in English and were excluded 
during the full-text screening stage in accordance with 
our screening criteria (Additional file  9): Spanish, 8; 
German, 7; Chinese 5; other languages, 8. However, it 
is unclear how many of these articles would have met 
all the inclusion criteria. Finally, our systematic map is 
likely to have underestimated the reality of the trans-
location cases regarding these language limitations due 
to a lack of time and skills.

Consistency
As explained in “Deviation from the protocol” section, 
we were not able to perform our Kappa test on 10% of 
retained eligible full-texts. Due to time constraints, we 
based our kappa test on 5% of the eligible corpus. We 
are aware that the assessment of our consistency at the 
full-text screening stage is therefore necessarily lower 
than expected. Nevertheless, 5% of all the full-texts 
to be screened (1182) represented 59 articles; this is 
already a large enough sample to meet different types 
of publications and to highlight possible disagree-
ments. Moreover, the result of this full-text Kappa test 

0 20 40 60 80 100 120 140

Lycopodiopsida

Bryophyta

Pinopsida

Syntaxa

Lecanoromycetes

Liliopsida

Magnoliopsida

Conference object Journal ar�cle
Fig. 11 Distribution of the different plant taxonomic groups involved in translocations



Page 22 of 31Langridge et al. Environ Evid           (2021) 10:29 

Ta
bl

e 
5 

Ill
us

tr
at

in
g 

th
e 

to
ta

l s
um

 o
f i

nd
iv

id
ua

ls
 (p

la
nt

ae
 a

nd
 F

un
gi

) t
ra

ns
lo

ca
te

d 
ac

ro
ss

 a
ll 

ye
ar

s 
(1

96
9–

20
20

) b
y 

ta
xo

no
m

ic
 c

la
ss

In
 p

ar
en

th
es

es
: a

ve
ra

ge
 ±

 st
an

da
rd

 d
ev

ia
tio

n.
 F

ig
ur

es
 in

 b
ol

d 
re

pr
es

en
t m

ed
ia

n 
nu

m
be

r o
f i

nd
iv

id
ua

ls
 tr

an
sl

oc
at

ed

‘–
’ n

o 
co

de
d 

fig
ur

es
. “

U
nk

no
w

n”
 s

ig
ni

fie
s 

th
at

 fo
r t

he
 g

iv
en

 tr
an

sl
oc

at
io

n 
ev

en
ts

 e
xa

ct
 n

um
be

rs
 o

f i
nd

iv
id

ua
ls

 a
re

 n
ot

 k
no

w
n

a  D
en

ot
es

 a
 s

in
gl

e 
tr

an
sl

oc
at

io
n 

ev
en

t, 
th

us
 n

o 
m

ed
ia

n,
 m

ea
n 

or
 s

ta
nd

ar
d 

de
vi

at
io

n 
ar

e 
ca

lc
ul

at
ed

Pl
an

t 
ta

xo
no

m
ic

 
cl

as
s

A
ge

 c
la

ss
 a

s 
st

at
ed

 b
y 

au
th

or
s

To
ta

l i
nd

 
tr

an
sl

oc
at

ed
To

ta
l n

um
be

r 
of

 c
od

ed
 

tr
an

sl
oc

at
io

n 
op

er
at

io
ns

A
du

lt 
pl

an
ts

 
on

ly

A
du

lt 
pl

an
ts

 
an

d 
cu

tt
in

gs

A
du

lt 
pl

an
ts

, 
se

ed
lin

g,
 

an
d 

se
ed

s

Bu
lb

s 
on

ly
Cu

tt
in

gs
 

on
ly

Pl
an

tle
ts

 
on

ly
Rh

iz
om

es
 

on
ly

Se
ed

s 
on

ly
Se

ed
s 

an
d 

se
ed

lin
gs

Se
ed

lin
gs

 
on

ly
Th

al
lu

s 
fr

ag
m

en
ts

U
nk

no
w

n

M
ag

no
lio

p-
si

da
10

90
 

(6
8 
±

 6
2)

35

13
0a

–
–

57
0a

30
0a

–
67

50
 

(3
37

5 
±

 2
01

5)
33

75

48
0a

45
,9

12
 

(5
34

 ±
 1

69
7)

10
6

–
6 

(3
 ±

 3
)

5
55

,2
38

12
5

Li
lio

ps
id

a
34

0 
(6

8 
±

 9
7)

35

–
–

U
nk

no
w

n
–

–
–

–
–

21
70

 
(2

71
 ±

 2
33

)
10

6

–
10

 (5
 ±

 0
)

5
25

20
16

Le
ca

no
ro

m
y-

ce
te

s
–

–
–

–
–

–
–

–
–

–
47

5 
(6

8 
±

 6
0)

25
–

47
5

7

Sy
nt

ax
a

–
–

–
–

–
–

–
–

–
–

–
–

U
nk

no
w

n
3

Pi
no

ps
id

a
–

–
–

–
–

–
–

–
–

27
20

 
(1

36
0 
±

 9
05

)
10

6

–
–

27
20

2

Br
yo

ph
yt

a
–

–
–

–
–

–
–

–
–

–
–

–
U

nk
no

w
n

1

Ly
co

po
di

op
-

si
da

20
a

–
–

–
–

–
–

–
–

–
–

–
20

1

To
ta

l i
nd

 
tr

an
sl

oc
at

ed
14

50
13

0
–

–
57

0
30

0
–

67
50

48
0

50
,8

02
47

5
16

60
,9

73
15

5



Page 23 of 31Langridge et al. Environ Evid           (2021) 10:29  

Table 6 Number of translocation events (whether reintroduction, supplementation or introduction or a combination) for animals, by 
taxonomic class and age at release

Taxonomic class X age 
Intervenon type. 

Intro+suppl Introducon Reintro+suppl Reintroducon Supplementaon Unknown
Ac�nopterygii 4 2 10 12
Adults + Juveniles     3       
Juveniles only     1       
Unknown       2 10 12
Amphibia 1   2 3 2 7
Adults only       1 1 1
Adults + Juveniles           1
Adults + Juveniles + Larva     1       
Eggs only           1
Juveniles only 1   1 1 1   
Unknown           5
Anthozoa 13
Unknown         13   
Athropoda 1
Unknown           1
Aves 2 2 54 43 40 34
Adults only   2 6 8 3 2
Adults + Juveniles     11 2 6 3
Juveniles only 1   12 6 13 6
Unknown 1   25 27 18 23
Bivalvia 2
Unknown           2
Gastropoda 1 3   
Adults + Juvenile         2   
Unknown       1 1   
Hexanauplia 1
Unknown           1
Insecta 1 2 5 4 4 5
Adults only 1 2 2 1 3 2
Instar       1     
Juveniles only     1 1 1 1
Larva only     1       
Unknown     1 1   2
Malacosraca 1     
Adults only       1     
Mammalia 2 2 101 94 75 109
Adults only   1 23 19 32 29
Adults + Juveniles     25 13 17 22
Juveniles only     1 3 5 1
Unknown 2 1 52 59 21 57
Rep�lia 10 10 11 11
Adults only     5 2 3 1
Adults + Juveniles     4 4   6
Juveniles only         2 1
Unknown     1 4 6 3
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was excellent (0.93) with disagreements only on two 
full-texts. This confirmed that carrying out the full-text 
Kappa test on 5% was not detrimental to the rigour of 
the systematic map.

Regarding the coding step (extraction of the meta-
data), the systematic map protocol provided, as a first 
option, a real double coding for each article. In case of 
time constraints, it provided as a second option, that 
an a posteriori cross-check could be carried out with 
discussion between the coders on potential disagree-
ments. Concerning the current project, due to the lack 
of means, we had to choose this alternative. We think 
that our approach did not affect coding consistency 
because (1) the coders followed the same rules, (2) 
a test of consistency was carried out before starting, 
with discussions on the potential disagreements, (3) all 
the reviewers were in contact throughout the coding 

process, and (4) an a posteriori check was undertaken 
at the end of the coding step (see “Data coding strat-
egy” section for more details).

Conclusions
This systematic map provides an up-to-date global 
catalogue of the available evidence on wildlife translo-
cations to, from, or within protected areas. From the 
translocation synthesis, we identified a total of 498 pub-
lications equating to 841 translocations. Documented 
translocations were a result of various motivations but 
mainly driven by an aim to improve the conservation 
status of the focal species (it should also be noted that 
a large number of translocations did not mention any 
information on motivation). Translocation operations 
spanned a range of north and southern hemisphere 
regions (69 countries worldwide). Most studies aimed 

Table 7 Number of translocation events (whether reintroduction, supplementation or introduction or a combination) for plants and 
fungi, by taxonomic class and age at release

Taxonomic class X age 
Intervenon type 
Introducon Reintro+Suppl. Reintroducon Supplementaon Unknown 

Fungi 4 3
Lecanoromycetes 4 3   
Thallus fragments     4 3   

Plantae 4 10 11 41 82
Bryophyta 1   
Adult plant     1     
Liliopsida 3 1 9 3
Adult plants only       4 1
Bulbs only   1       
Seedlings only   2 1 3 2
Unknown       2   

 Lycopodiopsida 1     
Adult plants     1     
Magnoliopsida 4 7 8 31 75
Adult plants only     5 5 6
Adult plants + Cu�ng     1     
Adult Plants + Seedling + Seed   1       
Cu�ngs only       2 1
Plantlets only   3     1
Rhizome only   1       
Seeds only 1       1
Seeds + Seedlings       1   
Seedlings only 1 2 1 23 63
Unknown 2   1   3
Pinopsida 1 1
Seedlings only       1 1
Syntaxa 3

  Seeds only         3

“Syntaxa” refers to where more than one class were translocated at the same time
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at assessing the survival, space use, demography, and 
reproduction of translocated species. To a lesser extent, 
the impacts on feeding habitats, behaviour, genetics, 
and physiology were also studied. The most translo-
cated animal groups included mammals, birds, and 
reptiles, while the most translocated plant groups were 
Magnoliopsida and Liliopsida. The majority of species 

are translocated to protected areas from non-protected 
sites.

Implications for policy/management
Given the map focused on translocations related to pro-
tected areas, the results are addressed primarily to their 
managers. The map database provides an estimate of the 
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extent of conservation translocations carried out world-
wide, in which protected areas are involved, concerning 
all biodiversity (fauna, flora, fungi). In this respect, it 
should enable protected area managers to better perceive 
their role, in the global network of protected areas, both 
as suppliers or recipients of translocated organisms. Also, 
it could aid managers and practitioners in making their 
own choices by comparing previous experiences, regard-
ing both the species concerned and the precise translo-
cation modalities (number of individuals, etc.) (cf. Fig. 15 
for a ‘walkthrough’ on how to navigate the database). 
Thus, at a time where reserve managers may be increas-
ingly questioning whether to take such ‘risk-based’ 
actions, a detailed view of such interventions is clearly 
needed. As a consequence, the systematic map database 
provides valuable information to support decision mak-
ing for future translocations. It may also be of interest to 
institutions and NGOs alike (i.e. Ministries, IUCN, etc.). 
If certain questions emerge from managers and deci-
sion makers, the map could also be used to develop one 
or more systematic reviews (for example to quantify the 
success factors involved in the survival of translocated 
individuals), which would further help guide decisions on 
future translocations.

Implications for research
The results of the current systematic map clearly iden-
tify that the evidence of translocations is skewed towards 
assessing survival (i.e. proportion of individuals alive or 

level of mortality since translocation), demography (i.e. 
population growth overtime), and space use (i.e. the dis-
persal and home range distances). However, the impacts 
on the behavior, genetics, and physiology of translocated 
individuals will undoubtedly contribute to the long-
term success of such interventions. Thus, we encourage 
researchers to study translocations using these outcomes 
to diversify the results. As a second point, this map iden-
tifies a number of groups that were associated with a few 
number of publications, such as Anthozoa, Gastropoda, 
Bivalvia, Athropoda, Hexanauplia, Malacosraca. This 
could be a lack of publications on existing translocations 
or a real absence of translocations for these species in 
question. It might be interesting to carry out further work 
to check whether certain translocations exist of which 
this map would therefore be unaware because they have 
not been published (which is in line with the limitations 
mentioned above on language restrictions, for example).

Lastly, concerning intervention type, 264/841 trans-
locations were coded as Unknown. Indeed, the authors 
were unable to code with sufficient confidence whether 
the concerned translocations consisted of a true rein-
troduction, supplementation, or introduction. This was 
mainly due to either a lack of consistency or miss use of 
translocation vocabulary, or missing confirming informa-
tion on in situ resident populations, or historical species’ 
distributions. We therefore underline the importance of 
using correct vocabulary and encourage future research 
to systematically publish details in the “Materials and 
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Fig. 15 illustrates how to navigate through the evidence base. Three walkthroughs are provided based on searching for information on mammal 
translocations. N.B., these example questions are adapted from real operational inquiries addressed to the review team during workshops
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methods” section of articles the exact context of a trans-
location intervention so that future map and review pro-
jects can incorporate as much metadata as possible.
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