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Abstract

Owing to climate change and other anthropogenic environmental changes, the suitability of locations is
changing for many biota that consequently have to adapt in situ or to move to other areas. To mitigate the
effects of such pressures, assisted colonization is a conservation tool developed to reduce extinction risks
by intentionally moving and releasing an organism outside its native range, and thus, to facilitate tracking
changing environmental conditions. This conservation tool has been proposed for threatened animals or
plants that presumably cannot adapt in situ or follow environmental changes by dispersal or migration.
However, there have been contentious debates about the shortcomings and risks of implementing assisted
colonization. For this reason, we evaluated the specific opinions of global experts for assisted coloniza-
tion on potential risks and opportunities that this approach offers. For this purpose, we used an online
survey targeted at authors of scientific publications on assisted colonization. The majority (82%) of the 48
respondents were in favor of applying assisted colonization for species that are at risk of global extinction
due to anthropogenic environmental change. Most respondents agreed that assisted colonization should
be considered only when other conservation tools are not available and that certain preconditions must be
met. Some of these were already highlighted in the IUCN guidelines for assisted colonization and include
a completed risk assessment, clearly defined management plans and secured political as well as financial
support. The advocacy of assisted colonization in response to anthropogenic global environmental chang-
es was only weakly dependent on the geographic origin of the experts and their working background.
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Regarding possible risks, most of the respondents were concerned about consequences like failure of the
long-term establishment of the translocated species and the transmission of diseases and invasiveness
potentially endangering native biota. To keep these risks as low as possible most of the experts agreed
that a target area must have a reasonable carrying capacity to sustain a minimum viable population and
that adaptive management should be implemented. Careful evaluation of assisted colonization projects
is required to generate further evidence that needs to be considered for further developing conservation
tools for the Anthropocene.
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Introduction

Climate change is rapidly becoming an increasingly pervasive pressure on species dis-
tributions (Dawson et al. 2011; Urban 2015). This novel pressure acts on top of other
anthropogenic impacts such as habitat loss, water extraction, toxic pollutants, and
invasive alien species (Grimm et al. 2013), which are already threatening the survival
of roughly a quarter of extant species (Ma et al. 2018; Diaz et al. 2019). In response to
all these unprecedented environmental changes, species are increasingly shifting their
ranges (Parmesan and Yohe 2003; Root et al. 2003). Thus, climate change and other
anthropogenic pressures create a huge challenge for species conservation and call for
the identification of novel tools for ensuring species survival in the Anthropocene (Loss
etal. 2011; Wessely et al. 2017; Genovesi and Simberloff 2020).

In general, the survival of species under rapid environmental change will depend
on the interplay of in situ adaptation and the capacity of species to track environmen-
tal changes in space, i.e. to colonize regions that have become newly suitable (McLa-
chlan et al. 2005; Semenchuk et al. 2021). In situations where in situ adaptation is
unlikely, translocation of organisms by assisted colonization may represent an option
— at least for some species — (Hillfors et al. 2017; Lloyd et al. 2019) and has been
proposed as a novel conservation tool to complement current conservation strategies
(Hillfors et al. 2014).

Assisted colonization, also known as assisted migration, managed relocation or be-
nign introduction, is commonly understood as the intentional movement and release
of an organism to regions outside its native range (IUCN/SSC 2013). Originally, this
conservation tool has been proposed for species whose suitable climatic space is pro-
jected to disappear entirely during the next decades in their current range (Hallfors et
al. 2017), but for which suitable climatic conditions probably will exist outside their
current range. In these cases, future survival may critically depend on species ability
to colonize newly suitable climatic space (Minteer and Collins 2010; Ste-Marie et al.
2011). Assisted colonization thus aims to actively support range shifts towards newly
suitable regions (Hillfors et al. 2014), and it has been proposed to represent an effec-
tive climate change adaptation strategy (Thomas 2011).
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Some of the earliest assisted colonization projects were implemented to resolve
human-animal conflicts, to increase game populations, and for conservation purposes
(Fischer and Lindenmayer 2000). In recent years, an increasing number of assisted
colonization events have been implemented worldwide. Examples are the relocation of
swamp tortoise (Pseudemydura umbrina) in Australia (Seddon et al. 2015), the intro-
duction of the conifer Zorreya taxifolia in regions north of its current range the USA
(McLachlan et al. 2007), and the introduction of two butterfly species (Melanargia
galathea, Thymelicus sylvestris) north of their current range in the United Kingdom (Wil-
lis et al. 2009). All these species are assumed to become threatened by climate change in
their current range, and thus assisted colonization was deemed to be a useful conserva-
tion strategy.

In 2013, the IUCN published official guidelines for conservation translocations of
species. There, assisted colonization is defined as the intentional movement and release
of an organism outside its indigenous range to avoid extinction of populations of the
focal species. It is stated that assisted colonization should be carried out primarily where
protection from current or likely future threats in the current range is deemed less fea-
sible than at alternative sites. The term assisted colonization includes a wide spectrum
of activities, from those involving the movement of organisms to areas that are both
distant from the current range and separated by unsuitable areas to those involving
small range extensions into areas adjacent to the current range. A recommended feasi-
bility assessment should include a balance of expected conservation benefits against the
costs and risks of both the translocation and alternative conservation actions (IUCN/
SSC 2013).

Assisted colonization has become a subject of substantial controversy in the conser-
vation community. Contested issues are, for instance, the potential scope and feasibility
of this conservation tool, the risks associated with the likelihood of translocated spe-
cies negatively affecting the biotic environment in their new range, e.g. by becoming
invasive, carrying diseases or parasites, and the risk of disrupting historical evolutionary
and ecological processes (Hoegh-Guldberg et al. 2008; Ricciardi and Simberloff 2009;
Schwartz et al. 2009; Seddon et al. 2009; Minteer and Collins 2010; Loss et al. 2011;
Probert et al. 2019). Besides, even if assisted colonization is implemented following a
careful risk assessment, it is possible that there are unintended and unpredictable con-
sequences (Ricciardi and Simberloff 2009, 2014), mainly because the impacts of intro-
duced species are highly context-specific and thus substantially vary spatio-temporarily
(Ricciardi and Simberloff 2009; Gray et al. 2011). Therefore, some conservationists rec-
ommend focusing on traditional conservation tools such as expanding protected areas
or improving habitat connectivity (Hunter 2007; Vitt et al. 2009; Javeline et al. 2015).

However, other conservationists argue that assisted colonization involves risks that
can be identified ex ante and successfully contained (Sax et al. 2009). For example, it has
been argued that adverse effects on native species in the recipient region can be avoided
when the focal species is translocated within the same biogeographic region and the target
region has no local endemics (Thomas 2011). Another line of argument is that “the conse-
quences of doing nothing would be far worse” than applying a species conservation strat-
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egy that has certain limitations (Minteer and Collins 2010). Assisted colonization is also
considered as a management tool that fills the gap between species migration capability
and the expected velocity of climate change (Ste-Marie et al. 2011). Additionally, assisted
colonization is an approach that also encapsulates societal and normative issues (Aubin et
al. 2011; Burbidge et al. 2011). Further, solutions for financial, logistical and legal aspects
are crucial for successful implementation (Hunter 2007; Hoegh-Guldberg et al. 2008).
Given the diversity of aspects to be considered and the diversity of opinions ap-
pearing in the published literature, we evaluated in this study the views of conserva-
tion experts on assisted colonization via an online survey. Specifically, experts who had
authored scientific articles on assisted colonization in scientific journals were invited to
participate in the survey, because the views of scientists working on assisted colonization
on different aspects of usefulness and risks of this management strategy are particularly
relevant, because they should have the deepest insights and have experienced particular
obstacles or risks to be highly important. The questions were dealing with four themes,
i.e. usefulness, risks, acceptance, and implementation and a combination of closed and
open questions were used in order to obtain both, (i) differences in the proportion of
experts agreeing to specific questions and suggested options for answers, and (ii) ad-
ditional clarifications and recommendations on the aspects addressed. We argue that
expert opinions regarding assisted colonization should be influenced by the disciplinary
background of experts and their region of origin, because environmental conditions as
well as the culture of nature conservation are strongly context-specific. For this reason,
we also investigated the role of different backgrounds of respondents (e.g. countries of
origin, focal study species) on the attitude towards assisted colonization. Finally, we
provide a synthesis of the expert views expressed in this survey and we provide recom-
mendations to take into consideration for future application of assisted colonization.

Methods

Surveying expert opinions

To assess opinions held on specific issues of environmental management, surveys of ex-
pert target groups have been proven effective (Donlan et al. 2010; Javeline et al. 2015;
Braun et al. 2016; Pe’er et al. 2017, 2019). Such surveys allow the collection of current
knowledge and opinions on specific issues, and if directed towards experts, they facili-
tate the provision of a synthesis of views held by this target group.

Identifying the target audience

For this study, we considered authors of publications on assisted colonization in inter-
national scientific journals. Thus, we collected all scientific publications that have dealt
with assisted colonization and collected the contact details of the authors. For this pur-
pose, first we researched and evaluated scientific articles in Scopus (www.scopus.com)



Risks and opportunities of assisted colonization 67

using the term “assisted colonization” and the related search terms “assisted migration”,
“conservation strategies”, “relocation”, “moving species”, “translocation of species”,
“climate change and threats to species”, “benign introduction”, “risks climate change
species”, “reintroduction species”, “climate change impacts on species”.

Secondly, a further selection was made based on titles and abstract, i.e. only articles
that dealt with the topic assisted colonization were selected. In addition, “snowballing”
was used (Wohlin 2014). Based on the reference lists of the selected articles, additional
articles were identified that corresponded with the research criteria mentioned above.
Finally, the e-mail addresses of the lead authors and all co-authors and their afliliations
were extracted from the articles or researched on the internet.

Overall, the final sample consisted of 264 authors (incl. co-authors) of articles on
assisted colonization. They authored 89 articles that were affiliated with 23 countries.
Most of these countries lie in the geographical regions of North America, Europe and
Oceania. Researchers from these three regions made up 95% of the total sample (Suppl.
material 1: Fig. S1a).

Survey design and analysis

In April and May 2019, a web-based survey (www.soscisurvey.de) of expert views on
assisted colonization was conducted. The 254 authors were informed by email with an
invitation link to participate in the survey. The survey questions were based on pre-
vious original research on assisted colonization. For the individual survey questions,
Likert-style survey items (Likert 1932) were used — i.e. statements or questions that
respondents evaluate from a provided bipolar response scale. Additionally, participat-
ing experts could provide open answers and suggestions to some questions.

Overall, the questionnaire contained nine questions with several answer options.
The survey questions were divided into five different sections: usefulness, risks and risk
mitigation, acceptance, implementation, and summary statements. At the end of the
questionnaire, several personal questions were asked to retrieve relevant characteristics
of the population of responding experts. In the original survey the term “assisted mi-
gration” was used instead of “assisted colonization”. However, throughout this manu-
script, we finally applied the term assisted colonization to achieve consistency with the
terminology in the IUCN guidelines. The entire questionnaire can be found in the
Suppl. material 2.

Data analyses

First, a descriptive analysis of the collected data was carried out to illustrate the re-
sponses to the survey questions. Therefore, the response behavior of the respondents is
presented in percentage distributions for the Likert-scale categories.

For assessing whether scientists from different parts of the world had differing
opinions, the participating experts were assigned according to their affiliations to
continents. We tested for significant differences (p-value < 0.05) among the medi-
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ans of the different groups using a Kruskal-Wallis one-way ANOVA (McKight and
Najab 2010). In the event that a significant difference could be identified among
groups, Mann-Whitney U post hoc tests were performed to determine which of the
groups differed significantly from the others (Wolf and Best 2010; Bortz and Schus-
ter 2010). Resulting test statistics were converted into Cohen’s d to assess the size of
the detected effects.

For assessing whether working background affected the view of experts on as-
sisted colonization, we used the proportions of respondents’ work time allocated for
each of the five activities (i) research on assisted colonization, (ii) climate change im-
pacts, (iii) biodiversity, (iv) applied conservation management and (v) conservation
policy (see Suppl. material 2) as predictors and the answers to two questions selected
from the summary statements (i.e. (i) “Assisted colonization should be recognized
as an effective tool for species conservation but with potential risks that need to be
carefully addressed” and (ii) “Assisted colonization should only be implemented if
exhaustive assessments are made that conclude that it will not cause a decline in the
conservation status of any species native to the target area”) as criteria by conducting
correlation analyses using the Spearman rank correlation coefficient. Resulting test
statistics were converted into Cohen’s d to enable comparisons of effect sizes with the
other statistical tests.

Results

Respondents and their main work fields

Of 264 invited experts on assisted colonization, 48 (18.2%) participated in the online
survey and were assigned according to their place of research to continents (Suppl. ma-
terial 1: Fig. S1B). Of these, 33 were male, 11 were female, and four respondents gave
no information about their gender. The participating experts used an average of 13.2%
(+17.0 SD) of their work time in the past five years to conduct research on implementa-
tion of assisted colonization. A further 17.4% (£17.2 SD) used to conduct other kinds
of research on climate change impacts on biodiversity, and a further 26.9% (£23.3 SD)
on yet other kinds of research on biodiversity and nature conservation. The respondents
dedicated a further 18.3% (£20.1 SD) of their work time for applied conservation man-
agement and 9.2% (+13.3 SD) to conservation policy. A majority of the experts worked
on several ecosystems, 59% stated that they worked in forests, 33% worked in grasslands,
26% in mountains, 10% in marine and in urban ecosystems, respectively, 8% in coastal,
freshwater and tundra ecosystems, respectively, and 6% in agricultural ecosystems.

Usefulness of assisted colonization

The vast majority (85%) of the respondents strongly agreed or agreed that assisted
colonization should be considered to be applied when a focal species is threatened
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by global extinction caused by climate change and 79% of the respondents strong-
ly agreed or agreed on considering AC when threats are related to anthropogenic
pressures other than climate change (e.g. fragmentation, habitat loss, competi-
tion, predation, pathogens) (Fig. 1A). There was little agreement for applying as-
sisted colonization for preventing global (27%) species extinction caused by natu-
ral causes (e.g. rarity, endemism). For all kinds of threats (climate change, other
anthropogenic threats, natural causes), lower agreement values were obtained for
preventing regional instead of global species extinction (Fig. 1A).

When asked to select criteria to identify species for assisted colonization, 91%
of the experts strongly agreed or agreed that suitable species are those “whose
extinction risk could not be reduced despite the implementation of conserva-
tion strategies other than assisted colonization” (Fig. 1B). A further 79% strongly
agreed or agreed with the application of the criterion extinction risk, expressed
e.g. by the Red List status of a species (cf. IUCN 2021). The criteria related to
small climatic niches, long generation time when compared to the velocity of cli-
mate change, being a keystone species or a species that is relevant for ecosystem
functions and for ecosystem service provision received > 67% agreement among
respondents. Low genetic variation and phylogenetic uniqueness were considered
least relevant (37% and 41% agreement).

A Prevention of global species extinction caused by
oo [

. . L m strongly agr
Prevention of global species extinction caused by strongly agree
anthropogenic influence other than CC

agree
Prevention of regional (e.g. national) species 3
extinction caused by CC _ nelthe_n‘ agree
nor disagree
Prevention of regional (e.g. national) species _ m disagree
extinction caused by anthropogenic influence. ..

. . L = strongly
Prevention gf glo:;?l species r:xttllnctmn not caused _ disagree
y anthropogenic influence 1 do not know
Prevention of regional (e.g. national) species _
extinction not caused by anthropogenic influence
T T T T T 1
0 20 40 60 80 100
Experts (%)
B Species whose extinction risk could not be reduced despite the ‘-
implementation of conservation strategies other than AC
Extinction risk (i.e. Red List status) of species [ | = strongly agree
Species with a long generation tinée when compared to the velocity of . agree
Keystone species or other specie§ that are relevant for ecosy stem . = neither agree nor
functions disagree
Species with small ecological amplitudes related to climatic conditions oM = disagree
Species that are relevant for ecosystem service provision [ | =strongly disagree
Species of high phylogenetic uniqueness R i | 1 donot know
Species with low genetic variability |
[ 20 40 60 80 100

Experts (%)

Figure 1. Answers (n = 48) to the questions A “For which kinds of threats to species, assisted coloniza-
tion (AC) should be applied?, and B “Which should be the criteria to identify species for assisted colo-

nization?”.
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Risks and risk mitigation of assisted colonization

More than half of the experts considered the three risks of failure, i.e. biotic con-
straints, abiotic constraints, and human impacts, to be important or very important
with only marginal differences among the risks (Fig. 2A). Likewise, the majority of
experts estimated specified risks for the native biota of the target area to be of high im-
portance (Fig. 2B); in particular, there was strong agreement on the high importance of
transmission of diseases (71%), increased competition with native species (60%), and
displacement of native species (58%).

On reducing the risks of failure, 75% of the participating experts held the
opinion that selecting a target area with a carrying capacity to sustain a minimum
viable population is very important (Fig. 3A), closely followed by measures to im-
plement adaptive management to minimize the risk of failing to establish in the
target area (70%) and identifying and protecting climate change refugia for the
target species (62%).

When it comes to risk mitigation for native biota in the recipient region, 74% of
the respondents stated that the most important aspect was monitoring of the target
region and areas adjacent to timely detect negative impacts (Fig. 3B). Other measures,
i.e. implementation of adaptive management to minimize the risk for the biota of the

A Risk of failure of the long-term establishment of the
migrated species due to biotic constraints

® very high importance
high importance

Risk of failure of the long-term establishment of the medium importance
migrated species due to abiotic constraints

m little importance
M no importance

Risk of failure of the long-term establishment of the 1 do not know
migrated species due to human impacts

0 20 40 60 80 100

Experts (%)

B Transmission of diseases
Increased competition with native mvery high
species importance
Displacement of native species high importance
Changes in ecosy stem functioning .
) o . medium
Changes in species interactions and food importance

webs. P
= little importance

Increased herbivory Hno importance

Hybridization risk for native species I do not know

|

 E—

|
. n
o n

Increased predation [ |
|

|

]

Changes in ecosystem service provision

0 20 4 60 80 100

Experts (%)
Figure 2. Answers (n = 48) to the questions A “How would you consider the importance of the follow-
ing potential risks of failure for implementing assisted colonization?”, and B “How would you consider
the importance of the following potential risks of assisted colonization for native biota of the target area?”.
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Figure 3. Answers (n = 48) to the questions A “How would you consider the importance of the fol-
lowing measures to reduce the risk of failure”, and B “How would you consider the importance of the

following measures to avoid risks for native biota and ecosystems?”.

target area and comprehensive and standardized assessment of the potential risks to the
biological community of the target area before implementation also received support
from a majority of experts (66% and 62%, respectively).

Acceptance and implementation of assisted colonization

A total of 81% of the respondents strongly agreed or agreed that long-term financial
and political commitment in the target area is required for assisted colonization pro-
jects to be successful (Fig. 4A). A high level of agreement (72%) was also shown for the
statement that the political stance including relevant laws and regulation on assisted
colonization projects should be assessed. The other three statements (“full authoriza-
tion by government agencies”, “assessment of citizen attitudes”, “socio-economic im-
pact studies”) were more controversial, but still a majority of respondents (> 56%)
agreed or strongly agreed with them (Fig. 4A).

On responsibility for the implementation and related decisions of assisted colo-
nization projects, 83% of the respondents strongly agreed or agreed that government
agencies (national to sub-national) should be in charge (Fig. 4B), while it was also
widely stated that inter-governmental and multi-national agencies (e.g. IUCN) should
take responsibilities (77%). Other stakeholders mentioned by the participating experts
were scientists, sub-national government land managers, indigenous peoples, farmers,
other landholders, and miners (in the case of restoration sites).
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Figure 4. Answers (n = 48) to the questions (A) “Please specify the level of agreement with the following
statements regarding acceptance of assisted colonization and socio-economic, societal and legal require-
ment’, and (B) “Who should be responsible for the implementation of assisted colonization projects and

related decisions?”.

Summary statements on assisted colonization

A total of 82% of the respondents strongly agreed or agreed that assisted colonization
should be recognized as an effective tool for species conservation but with potential
risks that need to be carefully addressed (Fig. 5). In contrast, the overwhelming ma-
jority of experts (83%) denied that assisted colonization is ethically questionable and

should be avoided altogether.

Impact of origin on the perception of usefulness and risks of assisted
colonization

We found a statistically significant difference among the answers from respondents
of different continents on the usefulness of assisted colonization for (i) the pre-
vention of global species extinction caused by anthropogenic pressures other than
climate change (Kruskal-Wallis test: n = 48; df = 4; Cohen’s d = 0.78; p = 0.046),
and (ii) for the prevention of regional species extinction caused by climate change
(Kruskal-Wallis test: n = 48; df = 4; Cohen’s d = 0.85; p = 0.032). The subsequent
post hoc-tests showed that (i) South Americans (median Likert = 2) agreed signifi-



Risks and opportunities of assisted colonization 73

AC should be recognized as an effective tool for species conservation -
but with potential risks that need to be carefully addressed
AC should only be implemented if exhaustive assessments are made that u strongly agree
conclude that it will not cause a decline in the conservation status of any
species native to the target area agree
Negative impacts on the environment caused by migrated species in the
target region can intensify the expected negative ecological - neither agree
consequences of CC nor disagree
Efficiency (best results at lowest costs) should be a very important - = disagree
criterion for providing AC
In case of probable failure despite conservation management measures u st_rongly
an AC project should be abandoned in favour of repatriation or - disagree
continuation in alternative areas Idonot know
AC is ethically questionable (since it is a human intervention into _
historical evolutionary and ecological processes) and should be avoided
0 20 40 60 80 100

Experts (%)

Figure 5. Answers (n = 48) to the question “Please specify the level of agreement with the following
statements’.

cantly less than North Americans (Mann-Whitney U test: n = 19; Cohen’s d = 0.12;
p = 0.043) and Oceanians (Mann-Whitney U test: n = 14; Cohen’s d = 1.44; p =
0.032) (median Likert = 4 in both cases) that assisted colonization is useful when
globally endangered species are threatened by anthropogenic pressures other than
climate change. On question (ii), the post hoc test showed that Oceanians (median
Likert = 4.5) agreed significantly more than Europeans (median Likert = 3.5) that
assisted colonization should also be considered for the prevention of regional extinc-
tions (Mann-Whitney U test: n = 26; Cohen’s d = 1.92; p = 0.007).

The role of respondents’ working area on the perception of usefulness and
risks of assisted colonization

Regarding the dependence of favoring assisted colonization on working time spent on
related topics, only one of the ten analyzed correlations was statistically significant.
Working time in “research on biodiversity and nature conservation (excluding time for
research on assisted colonization and climate change impact on biodiversity)” was nega-
tively correlated (Spearman Rho = -0.32; Cohen’s d = 0.68; p = 0.029) to the agreement
with the statement “Assisted colonization should be recognized as an effective tool for
species conservation but with potential risks that need to be carefully addressed”.

Discussion

General views on the usefulness of assisted colonization

The expert survey conducted in this study provides a synthesis of the views of world
leading experts on assisted colonization. Building on their knowledge, pros and cons of
assisted colonization were highlighted. It has to be noted that other target groups (e.g.
conservation scientists working in other fields, general public, human populations in
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target regions considered for assisted colonization) might have different views on as-
sisted colonization, which are not considered in this study.

Opverall, a substantial majority of participating experts in the present survey were
in favor of this conservation strategy and considered assisted colonization as a useful
strategy to prevent global species extinction caused by climate change and other an-
thropogenic pressures. With the publication of the IUCN guidelines on conservation
translocations (IUCN/SSC 2013), guidelines regarding risk assessment, regulatory
compliance, release strategy, monitoring and management are provided which help to
mitigate many of the downsides of assisted colonization. The experts were aware of these
possible risks, such as translocated species not being able to establish or threaten native
biota. Clearly, assisted colonization should only be applied under certain circumstances.
There was a clear difference in the appropriateness of assisted colonization for mitigating
natural versus anthropogenic pressures on species. Respondents agreed that to prevent
the failure of a translocation, it is crucial that certain precautions are met such as a
completed risk assessment, the creation of an adaptive management plan, and detailed
monitoring of the target area. Likewise, long-term financial and political support in the
target area, as well as relevant legislation are considered essential to successfully imple-
ment assisted colonization projects. In view of this, the majority of experts believe that
these should be best decided by government- and inter-governmental agencies.

This survey showed that ethical aspects about assisted colonization are considered
of modest importance, most likely because protecting threatened species from extinc-
tion is considered to be of paramount importance. Nevertheless, ethical considerations
in biodiversity conservation in general and assisted colonization in particular require
a broad discourse (Minteer and Collins 2005a, 2005b, 2008) with many stakeholders
from various part of the society. Taking into account the views of other societal groups
might lead to different outcomes but will certainly be necessary when evaluating ethi-
cal aspects of assisted colonization. Even among subgroups of the surveyed experts,
opinions on assisted colonization differed, with conservation biologists who mainly
work on conservation strategies other than assisted colonization being more likely to
disagree with assisted colonization. This indicates that perceptions in a broader set of
society groups may vary to an even larger degree.

Opportunities of assisted colonization

Most of the respondents stated that assisted colonization is an appropriate conserva-
tion measure to prevent global species extinction caused by climate change and other
anthropogenic pressures (e.g. fragmentation, habitat loss, pathogens). The prevention
of global species extinction threatened by climate change seems to be the main justifi-
cation of the respondents of this survey for applying assisted colonization. In the first
two decades of the 21* century, the impacts of unfolding climate change on biodiver-
sity have become an urgent global concern (Williams et al. 2003; Deb et al. 2018).
However, the experts in the present survey considered assisted colonization not only
as a means to overcome barriers that hinder range shifts required to match climatic re-
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quirements of populations (Javeline et al. 2015), but also to prevent extinction caused
by other anthropogenic pressures than climate change. This finding reflects the insight
that the unfolding global extinction crisis is caused by several interacting pressures
(IPBES 2019; Otero et al. 2020).

Previous studies have shown that other conservation strategies (e.g. expanding pro-
tected areas, the establishment of corridors, ex situ conservation) are preferred to assisted
colonization (Javeline et al. 2015). This view is generally supported by the respondents
of this survey, in particular when dealing with threats that are not related to anthropo-
genic influence or with extinctions at regional level. However, these conservation strate-
gies might not be effective enough to cope with climate change in strongly fragmented
landscapes (Wessely et al. 2017). Thus, there is an urgent need to assess critically all
potentially applicable conservation strategies (Genovesi and Simberloff 2020).

The analysis showed that most respondents (79%) considered the use of assisted
colonization only appropriate for highly threatened species. In another question, 91%
of respondents viewed assisted colonization only appropriate in cases that cannot be
effectively solved by other conservation strategies. Clearly, assisted colonization should
be used as the method of last resort. An example could be the Pyrenean desman Gale-
mys pyrenaicus, a semi-aquatic mammal of the family Talpidae inhabiting a small range
in northern Spain and Portugal. Climate modelling indicates that this species, already
threatened by several pressures, might not survive climate change in its current range
(Morueta-Holme et al. 2010). However, streams in western Britain might be suitable
habitats for the species (Thomas 2011).

According to the results, the protection status of a species seems not to be the only
relevant criterion. Other criteria that were considered relevant such as small climatic
niches, poor dispersal capacity compared to the velocity of climate change (Loarie et
al. 2009), being a keystone species or a species that is relevant for ecosystem service
provision should be taken into account in decisions as to whether a species is suitable
for assisted colonization (Hallfors et al. 2017). The importance of species values and
the importance of ecological functional properties indicate that different and some-
times competing motivational goals exist to select a species for assisted colonization
(Aubin et al. 2011; Hagerman and Satterfield 2014). Thus, fundamental perspectives
on nature and causes of its endangerment seem to influence the opinions of experts on
assisted colonization (Aubin et al. 2011; Burbidge et al. 2011; Ste-Marie et al. 2011).

Oceanian experts were strongest in favor of applying assisted colonization for the
prevention of regional (i.e. as opposed to global) species extinctions. This is probably
related to Oceania’s distinct insular biogeography, which results in a particularly large
number of highly threatened species and the related urgency for applying and testing
novel conservation measures (Short 2009; Burbidge et al. 2011; Seddon et al. 2015).

Risks of assisted colonization

Experts were most concerned about failure of the long-term establishment of the trans-
located species caused by biotic constraints (e.g. competition, predation, parasitism) in
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the target region. This reflects the difficulty of assessing certain crucial parameters that
are essential for planning and implementing assisted colonization projects such as (i)
species-specific sensitivity to climate change, dispersal abilities, habitat requirements,
habitat availability, (ii) information pertaining to the target region (e.g. biotic interac-
tions among species, land ownership), and (iii) uncertainty about future environmen-
tal and climate change trajectories (Hillfors et al. 2017). Each candidate species should
be evaluated carefully to judge the balance between potential benefits of helping to save
a species from extinction and potential risks to native biota within the recipient area
(Thomas 2011). Several systematic processes are suggested for identifying potentially
suitable sites for translocation. For instance, multiple criteria analysis (MCA) facilitates
the assessment on whether (i) assisted colonization is well planned and monitored, (ii)
could be a possible contribution to achieve conservation goals and (iii) will ultimately
result in the establishment of long-term sustainable populations (Carroll et al. 2009;
Miller et al. 2012; Dade et al. 2014).

The results of our survey showed that a rather high percentage of experts were con-
cerned about the transmission of diseases and, more generally, the emergence of inva-
sive behavior in the recipient region potentially threating native biota. For instance, the
potential invasive spread of the target species and unforeseen pathogen transmission
to native species in the recipient region are plausible and potentially highly impactful
scenarios (Aubin et al. 2011; Pedlar et al. 2012; Ferrarini et al. 2016). From invasion
science it is well-known that the transport of animals and plants by humans spreads
disease-causing pathogens (Collins and Crump 2009; Rabitsch et al. 2017) and pro-
motes the spillover to new host species (Slippers et al. 2005). Assisted colonization
may entail similar risks. An example is the introduction of the American red squirrel
Tamiasciurus hudsonicusto into Newfoundland. Assisted colonization was done partly
to improve the diet of the pine marten (Martes americana), a declining species. How-
ever, a previously unexpected competition with birds for black spruce cones as a food
resource developed, which might have resulted in the decline of the Newfoundland
red crossbill (Loxia curvirostra percna) (Schwartz 2005). Several respondents expressed
concerns over the potential impacts of translocated species on cultural and aesthetic
values of the recipient region particularly if they potentially become conspicuous or
abundant (Palmer and Larson 2014). On the other side, the loss of a species in its
original range also may affect cultural values (Sandler 2013; Palmer and Larson 2014).
Assisted colonization cannot fully restore such context-specific values, but preserving a
species offers the opportunity to preserve the values attached to the species in question.

Reducing risks of assisted colonization projects

This study showed that the following measures are considered most relevant by the re-
spondents to enable successful assisted colonization: (i) selecting a target area with a car-
rying capacity large enough to sustain a minimum viable population, (ii) identification
and protection of climate change refugia, and (iii) implementation of adaptive manage-
ment to minimize the risk that the migrant population fails to establish in the target area.
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As a necessity to justify assisted colonization as an effective conservation tool, care-
ful study, risk management, and supported implementation are essential (Mueller and
Hellmann 2008). Of particular importance for the success of assisted colonization pro-
jects is assessing habitat suitability and availability to the needs of the candidate species
(IUCN/SSC 2013). The determination of carrying capacity and estimates on climate
change refugia are additional crucial criteria for identifying suitable regions for the
translocated species and to ensure successful establishment (Hallfors et al. 2017). For
instance, climate models that show future climate changes in relation to the tolerance
limits of species could be a useful tool to obtain appropriate information (IUCN/SSC
2013). Further, in the case of translocation by assisted colonization, the implementa-
tion of management measures is essential and depends on monitoring results, which
create the basis for progressive or adaptive management measures.

In order to minimize negative effects on native biota, a majority of the respond-
ents considered that one of the most relevant activities should be monitoring of the
target region and adjacent areas to identify potential negative impacts. The IUCN/
SSC (2013) guidelines highlight that monitoring in the course of a translocation is
essential. Thus, before the implementation of an assisted colonization project, it is
important to evaluate the effects of future climate scenarios on ecological and hydro-
logical processes of the recipient ecosystem (Carroll etal. 2009), to monitor target
species and their social environment (Schwartz and Martin 2013) and to evaluate
the predictions through species distribution models (Hillfors et al. 2017). This also
includes monitoring to identify new threats to the translocated population which
were not part of translocation design to minimize the risk that the translocated popu-
lation fails to establish in the target area (IUCN/SSC 2013). Finally, assessing and
monitoring demography, behavior, ecological functions, genetics, health conditions
and mortality, social, cultural, and economic interest of the translocated species are

important (IUCN/SSC 2013).

Acceptance and implementation of assisted colonization

Evidently, assisted colonization has to comply with laws and international regulations,
e. g. with the World Organisation for Animal Health standards for animal movement
and those of the International Plant Protection Convention (IUCN/SSC 2013). Com-
patibility with logistic constraints on land use in the target regions need to be taken
into account (IUCN/SSC 2013). But beyond logistic aspects, further implementation
criteria need to be considered.

A large majority of experts considered secured financial and political commitment
and appropriate regulatory frameworks as necessary preconditions for implementing
assisted colonization. Costs for implementing assisted colonization are highly context-
specific and can result from a wide array of measures such as captive breeding of the
target species, monitoring, and land purchase (Pedlar et al. 2012). The IUCN/SSC
(2013) guidelines highlight that there should be awareness of possible needs for fund-
ing from any damage caused by the translocated species. Furthermore, flexible budget
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plans should be available to allow for adaptive changes to an assisted colonization
project during implementation.

In terms of responsibility for the implementation and related decisions of assisted
colonization projects, most of the respondents held the opinion that this should be the
task of government agencies and inter-governmental and multi-national agencies (e.g.
IUCN). Government agencies and multinational agencies should not only assume
responsibility but should also collaborate intensively with conservation science to iden-
tify potential benefits and risks that could become important contributions for advanc-
ing the development standards and guidelines for assisted colonization (Javeline at al.
2015). Further, cooperation between the various stakeholders is needed to minimize
the risk of poor implementation of assisted colonization projects (Javeline at al. 2015).

Conclusions

While it is clear that assisted colonization is a conservation tool that can only be ap-
plied to a rather limited number of species, this study reveals substantial backing from
the surveyed conservation experts for improving the survival prospects of threatened
species by assisted colonization as a useful conservation strategy under rapid environ-
mental change, when other conservation strategies are not an available option. Experts
most strongly support assisted colonization for pressures related to climate change, but
also are in favor of assisted colonization as a management option for other anthropo-
genic threats. However, experts clearly expressed concerns on possible risks and nega-
tive consequences that are inherent to assisted colonization. Therefore, the approval of
this conservation method is bound by several requirements such as (i) a collection of
precise species-specific data of needs and conditions, (ii) a completed exhaustive risk
assessment, (iii) a clarification of any legal or financial obstacles, (iv) implementation of
previously defined management measures, and (v) further monitoring of target areas to
successfully establish the translocated species while protecting native biota. Accordingly,
reducing the risks caused by possible disease and pathogen transmissions, potential in-
vasiveness of the translocated species and failure of long establishment are required.
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