Review

Release site selection: reintroductions and the

habitat concept

Abstract Identifying release sites with good habitat quality
is one of the most important steps in any reintroduction
project. However, despite their wide application in legisla-
tion and research, the habitat concept and habitat-related
terms remain poorly defined and subject to confusion.
Reviewing a variety of definitions, we advocate for un-
derstanding habitat as an area with a species-specific set
of resources and environmental conditions that enable a
population to persist and reproduce. Using this understand-
ing we investigated release site selection as well as the usage
of the term habitat and other habitat-related terms in 324
reintroduction case studies and reintroduction policy docu-
ments published during January 1990-May 2016. Although
the use of the habitat concept in these publications remained
mostly unclear because of the lack of definitions provided,
we found an overall improvement in the quality of reintro-
duction site assessment, and a shift towards more systematic
approaches, such as habitat modelling and experimental
translocation. To further improve reporting on release site
selection, we recommend updating IUCN reintroduction
publications and encouraging practitioners to consider
the spatial and temporal heterogeneity of habitat, as well
as the multiple scales at which a species selects its habitat,
in the design of a release site assessment.

Keywords Conservation, ecology, habitat, IUCN, reintro-
duction biology, review, threatened species

Supplementary material for this article is available at
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Species reintroductions and habitat

Despite increased international commitment and the
expansion of conservation initiatives globally, we are
confronted with an ongoing environmental crisis. Habitat
degradation, climate change, invasive species and the spread
of pathogens are among a range of factors causing an unpre-
cedented loss of both species diversity and abundance
(Primack, 2014). Conservation translocations, the deliberate
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release of organisms into the wild to achieve some conserva-
tion benefit (IUCN/SSC, 1987, 2013), are an increasingly com-
mon tool to mitigate the effects of biodiversity loss and to
restore populations of threatened species (Seddon et al.,
2007, 2014). Reintroductions, the conservation translocation
of an organism to an area within its indigenous range from
which it has disappeared (IUCN/SSC, 2013), are complex
and high-risk projects. To improve the chances of success,
conservation managers need to address a complex matrix of
social, economic and ecological dimensions, and to identify re-
lease sites containing high-quality habitat (IUCN/SSC, 2013).

Sufficient knowledge of habitat quality (or the lack of it)
is understood to be one of the main factors affecting reintro-
duction outcomes (Griffith et al., 1989; Kleiman, 1989; Wolf
et al., 1996, 1998; Cheyne, 2006; Osborne & Seddon, 2012),
but this understanding does not translate well into practice.
For instance, Powell et al. (2012) evaluated the translocation
of marten species in the USA and found that although all
51 translocations of American martens Martes americana
occurred in what was supposed to be appropriate habitat,
only four of the projects reported in detail on the site selec-
tion process. Powell et al. (2012) argued that the failure of
some projects, in particular those in which the founder
animals had been predated, could have been averted if
individuals had been released into better quality areas.

In another example, Bennett et al. (2013) investigated the
failure of a brown tree creeper Climacteris picumnus release
in the Australian Capital Territory and found that, despite
experimental habitat restoration measures, the birds had
been exposed to predation because of lower foraging habitat
quality and lack of refugia, compared to the conditions
facing the source population. It is likely that the chances
of reintroduction success for this project would have been
higher if differences in quality between the release site and
the source population’s site had been considered in the
assessment of the release area.

The importance of habitat has been highlighted not only
for terrestrial reintroductions but also for releases in aquatic
or riparian ecosystems (e.g. Moorhouse et al., 2009). But
what exactly is habitat, and how should we use this term
in the context of reintroductions?

The habitat concept

Habitat is one of the most commonly used concepts in
ecology. However, numerous definitions of habitat exist.
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The following list, adapted from Dennis et al. (2003),
provides some examples:

(1) Place, living space in which an organism lives (Odlum,
1963)

(2) Type of environment in which an organism lives
(Collin, 1988)

(3) The locality, site and particular type of a local
environment occupied by an organism (Lincoln
et al.,, 1982)

(4) Place where a species normally lives, often described
in terms of physical factors such as topography, and
soil moisture and by associated dominant forms (e.g.
intertidal rock pools or mesquite woodland);
definitions in the ecological literature vary widely
but there is consensus for the following: key environ-
ment features related to a species; habitat and vege-
tation classifications may be concordant, but not
always so (Calow, 1999)

(5) A suite of resources and environmental conditions
that determine the presence, survival and reproduc-
tion of a population (Weddell, 2002)

(6) A zone (area) comprising a set of resources, consum-
ables and utilities for the maintenance of an organism
(Dennis & Shreeve, 1996)

(7) A set of resources and environmental conditions that
promote occupancy by a species and enable it to
persist and reproduce in numbers (Hall et al., 1997;
Mathewson & Morrison, 2013)

Scientists have repeatedly addressed how inconsistently
this term has been applied (Elton, 1966; Hall et al., 1997;
Dennis et al., 2003; Mathewson & Morrison, 2013). Calow
(1999) argued that linking key environmental features to
the distribution of a given species is an inherent part of
each definition. However, the existing range of habitat con-
cepts can be divided into two categories: ecological habitat
and species-specific habitat.

The term ecological habitat can be used for habitat con-
cepts that describe the features of an environment in which
an organism lives, such as geography or a certain vegetation
association (Daubenmire, 1968; Rountree & Able, 2007;
see also definitions 1-4 above). Hall et al. (1997) rejected eco-
logical habitat concepts for their confusion with other terms
such as biome, and defined habitat as the ‘resources and
conditions present in an area that produce occupancy—
including survival and reproduction—by a given organism’
(Hall et al., 1997). In this case, habitat is species-specific,
which implies more than a description of vegetation struc-
tures (e.g. Daubenmire, 1968) or topographical features.
Instead, the authors focus on the organism and the par-
ticular environmental characteristics and resources that it
requires to survive and reproduce.

The Hall definition of habitat is closely related to that of
the ecological niche (Grinnell, 1917; see also definitions 5-7

above). The niche concept is used to explain the distribution
of species, and has developed over time (Elton, 1927;
Hutchinson, 1957). Mathewson & Morrison (2013) empha-
sized considering the habitat concept in conjunction with
a species’ niche. The authors found that habitat alone pro-
vides only limited insight into biotic interactions and com-
ponents such as species survival, fitness, or a population’s
response to a changing environment.

Hall et al. (1997) recommended avoiding referring to
‘suitable habitat’, as habitat is a binary term in species-
specific definitions. In other words, an area either is or is
not habitat for a given species. If an area does not provide
the resources and conditions the species of interest requires,
then it is not habitat (Hall et al., 1997). However, a habitat
may be unoccupied for various reasons, thus species pres-
ence or absence alone is not a good indicator of habitat
(Osborne & Seddon, 2012). For instance, threatened organ-
isms could lack the numbers to colonize all the habitat that
is available to them. In the context of reintroduction sites,
we suggest using wording such as ‘unoccupied habitat’ or
‘prospective release site’ as alternatives.

Habitat and reintroductions

Before deciding on either a species-specific or ecological
habitat concept as a framework for a reintroduction site as-
sessment it is important to consider the way organisms se-
lect habitat. Johnson (1980) described this as a hierarchical
process with four levels:

(1) Selection of physical or geographical range of a
species (a species occupying any space it can reach
and survive in)

(2) Placement of home range within the species range

(3) Utilization of habitat components within home range
(e.g. identifying foraging sites, shelter)

(4) Micro-selection of resources from the available
resources (specific food selection at a foraging site)

Multi-scale models have proven to be effective in making
predictions about the habitat selection of a species (Storch,
2003; Store & Jokimaki, 2003; McGarigal et al.,, 2016). We
recommend adapting these approaches for reintroduction
planning to ensure that all levels are being addressed in a
release site assessment. However, the decision about the
underlying habitat concept can alter the approach for how
this might be done.

In an example of how an ecological habitat concept
performs under consideration of Johnson’s four levels of
selection, Prigioni (1995) developed a habitat suitability index
to assess the potential for river otter Lutra lutra reintroduc-
tions in the Ticino Valley, Italy. He identified 26 habitats in
the Ticino Valley and calculated for each a probability of use
by river otters. Although Prigioni did not define habitat
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explicitly, terms such as reed thicket and dairy farms, and
their identification as individual habitat types, clearly indi-
cate an ecological habitat concept based on vegetation asso-
ciations (Daubenmire, 1968; Hall et al., 1997). Prigioni did
not identify directly the resources within an area that river
otters would require (the species-specific approach) but in-
stead categorized structural types of landscape otters could
potentially inhabit.

Identifying land cover and vegetative structures that
constitute habitat for the species of interest is an impor-
tant step in a reintroduction site assessment. However, a
site assessment based on an ecological habitat definition
is coarser than that based on a species-specific approach,
and risks overlooking critical microhabitat selection
(Johnson’s 4th level). Such was the case in Prigioni’s
(1995) study, in which three levels of habitat selection
were addressed.

It is tempting to avoid what could be expensive fieldwork
and rather to complete an assessment of habitat only at the
third level of selection, using remote sensing and geograph-
ical information system tools. However, not all information
about a candidate release site can be derived from remote
imagery, in particular information about resource quality.
Coarse studies at landscape scale are likely to be insufficient
to assess a prospective release site fully. In the example of a
failed release of tree creepers in Australia (Bennett et al.,
2013), the translocation failed because of insufficient knowl-
edge about the release site’s microhabitat quality compared
to that of the source population. The risk of failure could
have been reduced if all levels of selection had been consid-
ered in the site assessment.

Including microhabitat in multi-scale habitat assessments
is an important reason why we recommend using a species-
specific definition of habitat, not only in general but particu-
larly in the context of reintroductions. Ecological habitat
concepts are too simplistic to address the complexities of
the biological world. They ignore the temporal and spatial
variation of resources and their contribution to population
development, rendering ecological habitat concepts essen-
tially useless for management purposes (Mitchell, 2005;
Mathewson & Morrison, 2013).

The species-specific definition of habitat used by Hall
et al. (1997) has already been applied in the context of rein-
troductions (Armstrong & Seddon, 2008) and integrates
well with the JUCN reintroduction guidelines, in which
the target species is already placed at the centre of planning
(TUCNY/SSC, 2013).

By creating a list of required resources and environmen-
tal conditions, planners can identify any gaps in the eco-
logical knowledge about the focal species before assessing
potential release sites. If there are too many unknowns, or
if the list of requirements is unclear, reliable selection of
release sites will not be possible until there is improved
understanding of the species-specific habitat features.

Release site selection

Review objectives and literature selection

The main objective of this review is to improve our
understanding of how reintroduction practitioners do and
should select quality release sites for threatened species.
We retrieved publications using three Web of Science
queries: (1) title = reintroduc*, (2) title = transloc* AND field =
conservation, (3) title = re-introduc*.

We reviewed all papers written in German, French and
English. The queries were made in May 2016. In total, 2,920
publications for 1990-2016 were shortlisted by abstract. Of
these, 977 were accessible for initial assessment. Based on
the abstracts of these publications we determined whether
the publication should be shortlisted for use in our review.
Three hundred and ninety four of the shortlisted publications
were available in full at that time, either as hard copies or for
download at the library of Otago University, New Zealand.
The availability of publications improved for more recent
years because of the increased availability of online re-
positories. Although it may have been possible to retrieve
more papers by contacting external libraries, individuals
and publishers, this would have required considerable time
and financial resources and would have been unlikely to
reveal any patterns or trends not apparent in the core search.

After reading the 394 full publications, we identified 324
items to include in this review. We only considered papers
on reintroduction case studies that required a site selection
process, and papers from the wider field of reintroduction
biology reporting on aspects of release site selection.
Seventy publications were disregarded because they did not
meet these requirements.

The review addressed two questions: (1) How was the re-
lease site selected? (2) How was the term habitat applied?
We adapted the 1-4 rating system from Hall et al. (1997):
1 = excellent, 2 = good, 3 = moderate, 4 = poor. A detailed
rating key that describes how we rated the publications is
provided in Fig. 2. Hall et al. (1997) used these grades to
rate the quality of how habitat and habitat-related terms
have been used in selected wildlife management publica-
tions. We use these grades to rate both the quality of the
release site selection process and the use of the habitat
concept. The results are presented as trends in mean rating
for 1990-2015. We used locally weighted scatterplot smooth-
ing (LOESS) to create trend lines (Cleveland, 1979), and
indicate the number of publications per year that were used
to create the trend graph. We performed a simple linear
regression to measure the strength and direction of any linear
relationship between quality of habitat definitions and year,
and quality of release site selection and year.

Number of studies per taxonomic group and region

We collected meta-information on target species and release
site region (Fig. 1). Although the number of studies per

Oryx, 2020, 54(5), 687-695 © 2018 Fauna & Flora International ~ doi:10.1017/50030605318001199

https://doi.org/10.1017/50030605318001199 Published online by Cambridge University Press

689


https://doi.org/10.1017/S0030605318001199

690

S. Stadtmann and P.J. Seddon

(a) Case studies by region (n = 324)
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(b) Case studies by taxonomic group (n = 324)
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Fic. 1. Number of case studies (a) by region and (b) by
taxonomic group, from a total of 324 articles on species
reintroductions.

taxonomic group or region was too small to explore trends,
the results indicate a taxonomic bias towards studies focus-
ing on birds (n =117) and mammals (n =106 species), with
both groups providing more case studies than plants,
invertebrates, fish, amphibians and reptiles combined
(n = 99). This confirms the previously observed bias towards
bird and mammal translocation (Seddon, et al., 200s5;
Bajomi et al., 2010).

The results also indicate a regional bias. The majority of
case studies were from more developed regions, such as
North America (n=108), Europe (n=73) and Australia/
Oceania (n = 68). Only a small number of studies were con-
ducted in regions that encompass developing or threshold
countries in Asia, Africa and South America (n = 67). This
confirms previous summaries of regional reintroduction
activities (Seddon et al., 2014).

Types of release site selection

In the studies reviewed, release sites were selected based on
systematic assessments, translocation experiments, expert
knowledge and the distribution of a species (Fig. 1).
Systematic site assessments include both the creation of
habitat models to investigate site quality, and surveys of
prospective sites using criteria deemed to be important to
the success of the release. For instance, Laws & Kesler
(2012) used Bayesian networks to identify reintroduction

(a) Habitatassessment approach and rating (n = 324)

Systematic assessment 2901%
(1-2/ excellent—-good) |
Translocation experiment
(1-2/ excellent-good)

Expert knowledge
(2-3/ good-moderate)

12.35%

Distribution of species
(4/ poor)

Unclear
(4/ poor) 29.94%
Policy paper

(not rated)

] 20 40 60 80 100 120

(b) Habitat definition and rating (n = 324)

Habitat clearly defined
(1/ excellent)

Habitat not defined/
use acceptable
(2/ good)

50.31%

Used “suitable habitat” or
concept somewhat unclear
(3/ moderate)

Strong inconsistencies or shift
between habitat definitions
(4/ poor)

Habitat concept not used
(not rated)

0 20 40 60 80 100 120 140 160 180

Number of case studies

FiG. 2. Number of case studies (a) by site assessment approach
and (b) by habitat concept, from a total of 324 papers on species
reintroductions. Both the site assessment approach and use of
the habitat concept were rated on a scale of 1-4.

sites for Micronesian kingfishers Todiramphus cinnamomi-
nus. Jachowski et al. (2011) investigated the success of
reintroduction of black-footed ferrets Mustela nigripes at
sites that were selected using habitat criteria including, but
not limited to, the density, colony size and number of
colonies of prairie dogs Cynomys spp., the ferret’s primary
prey. Jachowski et al. (2011) also investigated the commitment
to monitoring and management, as well as the socio-
political situation at each site.

Experimental translocations can be applied when eco-
logical knowledge of a species is limited. Rather than trying
to establish a persistent population, the main objective of
an experimental release is to improve understanding of the
habitat requirements of the focal species and its likely overall
post-release performance. The information gained can then
be used to inform a site selection process. For example,
Kuussaari et al. (2015) released clouded Apollo butterflies
Parnassius mnemosyne at two sites in Sipoo and Porvoo,
Finland, to investigate their ability to establish viable popula-
tions on semi-natural grasslands (areas that were previously
identified as potential habitat for the species). Lawes et al.
(2012) used radio-tagged pygmy rabbits Brachylagus idahoen-
sis at eight sites in southern Oregon to assess homing behav-
iour and survival (see Gordon, 1996 and Kennedy & Marra,
2010, for examples from plants and birds, respectively).

Expert knowledge refers to the selection of translocation
sites by professionals who have been working with the target
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species for extended periods. Experts usually have in-depth
knowledge of a particular conservation topic or species
(Store & Kangas, 2001; Martin et al., 2012) and will have de-
veloped a strong intuition for its habitat requirements. For
instance, ferruginous ducks Aythya nyroca have been reintro-
duced at Lake Steinhude (Steinhuder Meer), Germany, under
the guidance of experts. The species had been absent from the
area for 30 years, but after extensive ecological restoration
measures an expert-guided feasibility study identified the
area as being suitable for releases (Brandes & Melles, 2012).

Selection based on information about historical distribu-
tion is the simplest form of release site selection, and also
potentially the most inaccurate and hence risky. It is not
safe to assume that an area that was occupied by a species
at some point in the past remains adequate habitat for
that species (Osborne & Seddon, 2012). A change in the eco-
logical conditions of an area may have been a factor in the
extirpation of a species from a site. For instance, the South
Island takahé Porphyrio hochstetteri, an Endangered
New Zealand rail, was once abundant throughout the alpine
grasslands of New Zealand. The major cause of its decline
has been the introduction of invasive species, including
stoats Mustela erminea (Lee & Jamieson, 2001). The
South Island takahé&’s distribution is currently limited to
the Murchison Mountains, a secluded area within the
Southern Alps of New Zealand and one of the last places
to be invaded by mammalian predators. However, molecu-
lar analysis of fossils indicates that the birds were once com-
mon throughout most eastern coastal, as well as inland parts
of New Zealand’s South Island (Grueber & Jamieson, 2011),
with the Murchison Mountains becoming their final refuge.
These mountains are characterized by harsh climate and
rugged topography that cause high mortality rates as a result
of misadventure (A. Digby, pers. comm.). This factor sug-
gests their current range provides less than ideal conditions.
Hence, given the low quality of currently occupied areas and
a former range overrun by predators, choosing a release site
based solely on the takahé&’s past or present distribution is
problematic. A more systematic approach will be required.

Quality of release site selection

The rating system for the individual types of site assessment
is outlined in Fig. 2. The scores for systematic assessments,
experiments and expert knowledge could each vary by a
grade, depending on the way in which the release site assess-
ment was reported. If the information given was unclear, the
paper received the lower of the two ratings.

Although we recommend considering all four levels of an
organism’s habitat selection in any release site assessment,
we did not include in our rating whether a paper addressed
them all. Each case study had an individual set of objectives,
and we wished to avoid giving a study a lower rating if our

Release site selection

1] (@) Mean quality rating of release site selection

Rating

1] (b) Mean quality rating of habitat terms

Rating

e

(c) Publications per year (n = 324)
30

20

Count

10

1990 2000 2010

Fic. 3. Mean rating of the quality of (a) release site selection and
(b) the use of the term habitat and habitat-related terms in 324
papers on species reintroductions during 1990-2016, with grey
shading (from LOESS smoothing) indicating the variance of the
data, and (c) the number of publications.

critique was simply beyond the scope of the study. We did,
however, include in the rating whether providing additional
information on site selection would have been desirable in
the context of the publication. The number of studies per
assessment category is shown in Fig. 2.

More than half the studies (n = 141) received a poor rating
because the site selection process was not reported or was
based solely on the past distribution of the species.
However, the results show an overall improvement in the
quality of release site selection between 1990 and 2015.
Although the mean annual rating leaned more towards a
moderate grade in earlier years (3.1-2.8), overall, release
site selection has improved continuously, towards a good
rating of c. 2.0 (Fig. 3). Although a lot of unexplained vari-
ation remains, this trend is statistically significant (R* = 0.03;
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P < 0.01). However, although these results indicate a shift
towards more systematic assessments, translocation experi-
ments and an overall improvement in recent years, they can-
not be used to determine the quality of individual studies.

Use of the habitat concept

In only one paper was the habitat concept clearly defined
(Armstrong & McLean, 1995); the authors used an ecological
habitat definition. In the remaining cases the underlying
concept had to be derived from the usage of the word habitat
and habitat-related terms. Although in some cases we could
identify ecological habitat concepts from terms such as wet-
land habitats or alpine habitats, it was mostly not possible to
categorize the habitat concepts as clearly species-specific or
ecological. Without a clear understanding of how the
authors used the term habitat we were unable to determine
how much the underlying habitat concept might have influ-
enced release site selection. Instead, we focused on checking
for inconsistencies in the use of the word habitat and
habitat-related terms. Papers were rated as described in
Fig. 2 and were included if the authors used the term habitat
more than four times. The results do not indicate any
significant trend, with a mean rating of 2.4-2.8 during
1990-2015 (Fig. 3), and high variation (R* < 0.006, P = 0.28).

Discussion

The results of our review indicate a development towards
more systematic reintroduction site assessments and we en-
courage researchers and practitioners to further improve on
reporting release site selection. Species translocations
require addressing many unknowns (Osborne & Seddon,
2012), and selecting a release site with high habitat quality
will remain one of the most challenging tasks. A compre-
hensive documentation of these will help inform the design
of future translocations.

It is unclear how the use of various habitat concepts may
have influenced the site selection approach in the reviewed
studies. However, having discussed the shortcomings of
ecological habitat concepts, we strongly suggest, under con-
sideration of Johnson’s four levels of habitat selection, the
application of a species-specific understanding of habitat
in the context of reintroductions. A species-specific frame-
work would help researchers and practitioners to identify
better the habitat requirements of a species and make it
easier to translate these into criteria to investigate during a
release site assessment.

Although the IUCN publications such as the Guidelines
for Reintroductions and Other Conservation Translocations
(IUCNY/SSC, 2013) and Global Re-Introduction Perspectives
(Soorae, 2016) provide substantial support for the design
and implementation of translocation projects, we see

potential to include more information on the topic of release
site selection within publications, as well as the use of the
habitat concept. Therefore, we recommend the following
two actions:

(1) Add a section on release site selection to the ITUCN
Global Re-Introduction Perspectives template: this
series provides overviews of species reintroduction
projects following comprehensive reporting standards
(Soorae, 2016). Including a section on release site as-
sessments for each case study would be an opportunity
to provide additional insights into reintroduction
planning and feasibility studies for a wide audience
of researchers and practitioners.

(2) Define habitat in any future revisions of the TUCN/SSC
reintroduction guidelines: a possible source of confu-
sion about the term habitat could be that ecological
habitat concepts are commonly used by governmental
institutions in policy documents and legislation
(Mathewson & Morrison, 2013; see also Shears, 2007).
IUCN uses a habitats classification scheme for the
IUCN Red List to describe vegetation associations.
This has been partly adapted from the classification
scheme of the Ramsar Convention on Wetlands
(TUCN, 2012; The Ramsar Convention on Wetlands,
2018), which uses the ecological habitat concept.

The application of species-specific habitat concepts for
reintroductions has already been introduced (Armstrong
& Seddon, 2008; Osborne & Seddon, 2012) and the IUCN
reintroduction guidelines, although they do not provide a
clear definition of the terms, promote the use of a species-
specific habitat concept. This creates a potential conflict in
key definitions between IUCN policy outputs. We recom-
mend that any update of the IUCN reintroduction guide-
lines addresses this issue and includes a section on the
species-specific definition of habitat, outlining why this is
the preferred definition for reintroduction biology.

We invite researchers and practitioners to consider the
eight consequences for selecting release sites, introduced
by Osborne & Seddon (2012). In his seminal paper,
Southwood (1977) viewed habitat in a species-specific con-
text of spatial and temporal heterogeneity, finding that habi-
tat, as well as a species’ adaptation to habitat, can vary and
change over time. These are aspects that need to be consid-
ered during a release site assessment. Osborne & Seddon
(2012) translated Southwood’s findings into the following
eight consequences for reintroductions.

(1) Historical locations of a species’ presence may not
indicate present-day habitat.

(2) Present-day locations of a species’ presence may not
indicate habitat of good quality.

(3) Present-day locations where a species is absent may
not indicate habitat of low quality.
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(4) Present-day locations of a species’ presence may not
indicate a suitable future habitat.

(5) Not all quality habitat patches will be colonized be-
cause the landscape components may be missing.

(6) A habitat’s quality and its characteristics vary across
the species’ range.

(7) Individuals from across a species’ range may not all be
equally suited to the chosen release site.

(8) A habitat of good quality may need to be engineered
(restored or created) to aid colonization and then
managed to maintain its perceived value. The com-
plexity of doing this is often not appreciated.

These provide a framework for the design of site assess-
ments and are based on a simple maxim: release sites should
neither be selected just because the target species used to be
there, nor just because the site looks right (Osborne &
Seddon, 2012).

The first four consequences can be addressed simply by
avoiding the temptation to use the distribution of a species
as the sole criterion for release site selection. We have dis-
cussed the shortcomings of this method using the South
Island takahé as an example. However, that does not
mean the distribution of the species has no relevance or use-
fulness in the site selection process. For instance, Seidel et al.
(1998) used the historical range of lynx Lynx lynx popula-
tions in the southern Rocky Mountains as a deterministic
criterion for the identification of reintroduction sites by ex-
cluding all sites outside their former range within the Rocky
Mountains. However, the authors concluded that a survey
of both current vegetation associations, and the abundance
of snowshoe hare Lepus americanus populations as an
important part of the lynx’s diet, would be necessary to
identify good release sites within the species’ former range.

Regarding the sixth consequence (a habitat’s suitability
and its characteristics vary across the species range), a
species’ habitat is usually more diverse and less favourable
at its periphery, compared to the core range (Channell &
Lomolino, 2000). Consequently, individuals that utilize the
periphery of a range usually have lower survival rates and re-
duced reproductive success (Carrascal & Seoane, 2009). To
avoid overestimating the quality of a release site by compar-
ing it against low-quality peripheral parts of a range, we rec-
ommend developing an understanding of habitat as a
species-specific set of resources and environmental condi-
tions. In doing so, the most important question to be
asked would be: which individuals across the population
distribution have the highest productivity, and why? The an-
swer to this question could come from something as simple
as creating a list of the resources and environmental condi-
tions that are correlatives of high productivity. If the habitat
requirements were unclear, this would greatly increase
the risk for the reintroduction project and one should seek
to improve ecological knowledge before attempting the

Release site selection

reintroduction, or to design the translocation as an experi-
ment. The set of resources and environmental conditions
will ultimately inform how the species of interest selects habi-
tat, and should translate into the criteria that need to be con-
sidered in a multi-scale site assessment. Using this approach
the assessment addresses both species-specific habitat selec-
tion and the variability of a prospective release site.

The seventh consequence (individuals from across a spe-
cies range may not all be equally suited to the chosen release
site) concerns both the choice of the source population for
the translocation, and the selection of the release site.
Individuals derived from wild populations can be better
suited as founders at a new site, compared to captive-bred
conspecifics (Jule et al., 2008). However, a species can also
encompass a variety of genotypes and phenotypes (Blondel
et al,, 2006), and as a result there may be parts of its distri-
bution that cannot be utilized by all individuals. This can
also be a response to the variation in habitat quality across
a species’ range, as addressed in consequence 6. The release
site should therefore be compared only to the habitat of
those populations or individuals that are suitable founders
for the reintroduction.

Following from consequences 1-7, a release site may be
engineered, ecologically restored and managed continuously
to provide adequate habitat for a population to grow and
persist (Osborne & Seddon, 2012). For instance, the South
Island takahé population in the Murchison Mountains of
New Zealand is supported by intensive predator control
(Birmingham, 2018), which keeps the population of invasive
mammals at sufficiently low levels for takahé to persist.
However, the example of the brown tree creeper shows
that even ecological improvements (in this case the provi-
sion of tree holes) do not guarantee the survival of a reintro-
duced population if the importance of other habitat criteria
has been underestimated (Bennett et al., 2013).

Conclusion

In July 2018 the disastrous outcome of a translocation of black
rhinoceroses Diceros bicornis to Tsavo East National Park,
Kenya, was reported (The Guardian, 2018). It is now con-
firmed that all 11 individuals released in the Park have died,
and thus more rhinoceroses were killed in a single transloca-
tion than by poachers in the area in recent years. The cause of
death for at least nine individuals was found to be saltwater
poisoning (Save the Rhino, 2018): water quality appears to
have been overlooked in the habitat assessment.

This tragedy demonstrates the risks of species transloca-
tions and highlights our main point: there can be no com-
promise when investigating habitat quality. The best release
site assessments still bear a moderate risk of overlooking
important habitat criteria, whereas releasing wildlife in
an area that simply looks good is extremely risky. We

Oryx, 2020, 54(5), 687-695 © 2018 Fauna & Flora International ~ doi:10.1017/50030605318001199

https://doi.org/10.1017/50030605318001199 Published online by Cambridge University Press

693


https://doi.org/10.1017/S0030605318001199

694

S. Stadtmann and P.J. Seddon

are aware of the financial challenges facing many conser-
vation projects but we urge reintroduction practitioners to
consider qualitative and systematic habitat assessments
and to accept the high costs of these approaches, including
the necessity of extensive fieldwork before translocation,
as an essential part of any translocation project. These
investments are necessary to reduce the risk of the trans-
location and to ensure the best possible outcome. We hope
that this understanding will soon translate into reintro-
duction policy documents and the production of more
comprehensive habitat assessment protocols as part of
project and research outputs.

We sought here to improve the understanding of the re-
quirements for selecting quality reintroduction sites, and to
address some inconsistencies in the use of the habitat con-
cept as applied to reintroductions. We hope our findings
will be of use for researchers and practitioners alike, and
that the information provided can help reduce the number
of unknown factors in the design of systematic translocation
site assessments. We believe that putting the species and its
requirements at the centre of the site assessment is the most
effective way to address the many unknown aspects of a re-
introduction project. A full bibliography of the case studies
is available in Supplementary Material 1, and the raw data of
this study are available on request.

Acknowledgements We thank Martin Fisher and two anonymous
reviewers for their valuable comments.

Author contributions Study design, data collection and analysis, writ-
ing: SST; guidance and supervision of the research process, revision: PJS.

Conflicts of interest None.

Ethical standards This research complied with the Oryx Code of
Conduct for authors.

References

ARMSTRONG, D.P. & McLEAN, I. (1995) New Zealand translocations:
theory and practice. Pacific Conservation Biology, 2, 39-54.

ARMSTRONG, D.P. & SEDDON, P.J. (2008) Directions in reintroduction
biology. Trends in Ecology & Evolution, 23, 20-25.

BajoMmi, B, PULLIN, A.S., STEWART, G.B. & TAKACS-SANTA, A. (2010)
Bias and dispersal in the animal reintroduction literature. Oryx, 44,
358-365.

BENNETT, V.A., DOERR, V.A,, DOERR, E.D., MANNING, A.D.,,
LINDENMAYER, D.B. & YooN, H.-J. (2013) Causes of reintroduction
failure of the brown treecreeper: implications for ecosystem
restoration. Austral Ecology, 38, 700-712.

BIRMINGHAM, C. (2018) Department of Conservation, Murchison
Mountains Annual Report, Fiordland National Park 2016/201;.
Unpublished report. Department of Conservation NZ, Te Anau,
New Zealand.

BLONDEL, J., THOMAS, D.W., CHARMANTIER, A., PERRET, P.,
BOURGAULT, P. & LAMBRECHTS, M.M. (2006) A thirty-year study
of phenotypic and genetic variation of blue tits in Mediterranean
habitat mosaics. BioScience, 56, 661-773.

BRANDES, F. & MELLES, F. (2012) Wiederansiedlung der Moorente
am Steinhuder Meer—ein Beitrag zoologischer Einrichtungen
zum Artenschutz in Deutschland. Zeitschrift Des Kolner Zoos, 55,
155-163.

Carow, P.P. (1999) Blackwell’s Concise Encyclopedia of Ecology.
Wiley-Blackwell, Hoboken, USA.

Carrascat, LM. & SEOANE, J. (2009) Linking density, productivity
and trends of an endangered species: the Bonelli’s eagle in Spain.
Acta Oecologica, 35, 341-348.

CHANNELL, R. & LoMoLINO, M.V. (2000) Dynamic biogeography and
conservation of endangered species. Nature, 403, 84-86.

CHEYNE, S.M. (2006) Wildlife reintroduction: considerations of
habitat quality at the release site. BMC Ecology, 6, 5.

CLEVELAND, W.S. (1979) Robust locally weighted regression and
smoothing scatterplots. Journal of the American Statistical
Association, 74, 829-836.

CotLiN, P.H. (1988) Dictionary of Ecology and the Environment. Peter
Collin Publishing, Teddington, UK.

DAUBENMIRE, R. (1968) Plant Communities. Harper & Row,

New York, USA.

Dennis, RL.H. & SHREEVE, T.G. (1996) Butterflies on British and Irish
Offshore Islands. Gem Publishing Co., Phoenix, USA.

Dennis, RL.H., SHREEVE, T.G. & VAN Dyck, H. (2003) Towards a
functional resource-based concept for habitat: a butterfly biology
viewpoint. Oikos, 102, 417-426.

Erton, C.S. (1927) Animal Ecology. Macmillan, New York, USA.

ErtoN, C.S. (1966) The Pattern of Animal Communities. Elsevier,
Dordrecht, Netherlands.

GorpoN, D.R. (1996) Experimental translocation of the endangered
shrub Apalachicola rosemary Conradina glabra to the Apalachicola
Bluffs and Ravines Preserve, Florida. Biological Conservation, 77,
19—26.

GRIFFITH, B., ScoTT, J.M., CARPENTER, J.W. & REED, C. (1989)
Translocation as a species conservation tool: status and strategy.
Science, 245, 477-480.

GRINNELL, J. (1917) The niche-relationships of the California thrasher.
The Auk, 34, 427-433.

GRrUEBER, C.E. & JaMIESON, L.G. (2011) Low genetic diversity and
small population size of takahe Porphyrio hochstetteri on European
arrival in New Zealand. Ibis, 153, 384-394.

Harr, LS., KrausmaN, P.R. & MoRRISON, M.L. (1997) The habitat
concept and a plea for standard terminology. Wildlife Society
Bulletin, 25, 173-182.

HurcHinsoN, G.E. (1957) Concluding remarks. Cold Spring Harbor
Symposia on Quantitative Biology, 22, 415-427.

IUCN (2012) IUCN Habitats Classification Scheme. Version 3.1.
IUCN, Gland, Switzerland.

IUCN/SSC (1987) The IUCN Position Statement on Translocation of
Living Organisms. IUCN, Gland, Switzerland.

IUCN/SSC (2013) Guidelines for Reintroductions and Other
Conservation Translocations. Version 1.0. IUCN/SSC
Reintroduction Specialist Group, Gland, Switzerland.

Jacnowski, D.S., GiTzeN, R.A., GRENIER, M.B., HoLMES, B. &
MILLSPAUGH, J.J. (2011) The importance of thinking big: large-scale
prey conservation drives black-footed ferret reintroduction success.
Biological Conservation, 144, 1560-1566.

JounsoN, D.H. (1980) The comparison of usage and availability
measurements for evaluating resource preference. Ecology, 61, 65-71.

Jurg, KR, LEAVER, L.A. & LEA, S.E.G. (2008) The effects of captive
experience on reintroduction survival in carnivores: a review and
analysis. Biological Conservation, 141, 355-363.

KeNNEDY, C.M. & MARRA, P.P. (2010) Matrix mediates avian
movements in tropical forested landscapes: inference from
experimental translocations. Biological Conservation, 143, 2136-2145.

Oryx, 2020, 54(5), 687-695 © 2018 Fauna & Flora International ~ doi:10.1017/50030605318001199

https://doi.org/10.1017/50030605318001199 Published online by Cambridge University Press


https://doi.org/10.1017/S0030605318001199

KremmaN, D.G. (1989) Reintroduction of captive mammals for
conservation—guidelines for reintroducing endangered species into
the wild. BioScience, 39, 152-161.

Kuussaari, M., HEIKKINEN, R.K., HELIOLA, J., LuoTO, M., MAYER,

M., RYTTERI, S. & voN BaGH, P. (2015) Successful translocation of

the threatened clouded Apollo butterfly (Parnassius mnemosyne)
and metapopulation establishment in southern Finland. Biological
Conservation, 190, 51-59.

Lawes, T.J., ANTHONY, R.G., RoBIiNsoN, W.D., Forses, J.T. &
LorToN, G.A. (2012) Homing behavior and survival of pygmy
rabbits after experimental translocation. Western North American
Naturalist, 72, 569-581.

Laws, RJ. & KEsLER, D.C. (2012) A Bayesian network approach for
selecting translocation sites for endangered island birds. Biological
Conservation, 155, 178-185.

Leg, W.G. & JAMIESON, I.G. (2001) Introduction. In The Takahe (eds
W.G. Lee & I.G. Jamieson), pp. 11-17. University of Otago Press,
Dunedin, New Zealand.

LincoLN, RJ., BoxsHALL, G.A. & CLARK, P.F. (1982) A Dictionary of

Ecology, Evolution and Systematics. Cambridge University Press,
Cambridge, UK.

MaARTIN, T.G., BURGMAN, M.A,, FIDLER, F., KUHNERT, P.M,, Low-
CHoY, S., McBRIDE, M. & MENGERSEN, K. (2012) Eliciting expert
knowledge in conservation science. Conservation Biology, 26, 29-38.

MATHEWSON, H.A. & MORRISON, M.A. (2013) The misunderstanding
of habitat. In Wildlife Habitat Conservation (eds M.L. Morrison &
H.A. Mathewson), pp. 3-9. Johns Hopkins University Press,
Baltimore, USA.

McGARIGAL, K., WaN, HY.,, ZELLER, K.A., TiMmM, B.C. & CUSHMAN,
S.A. (2016) Multi-scale habitat selection modeling: a review and
outlook. Landscape Ecology, 31, 1161-1175.

MitcHELL, S.C. (2005) How useful is the concept of habitat? — a
critique. Oikos, 110, 634-638.

MoORHOUSE, T.P., GELLING, M. & MACDONALD, D.W. (2009) Effects of

habitat quality upon reintroduction success in water voles:
evidence from a replicated experiment. Biological Conservation, 142,
53-60.
OpLum, E.P. (1963) Ecology. Holt, Rinehart & Winston, New York, USA.
OsBORNE, P.E. & SEDDON, P.J. (2012) Selecting suitable habitats for
reintroductions: variation, change and the role of species
distribution modelling. In Reintroduction Biology (eds J.G. Ewen,

D.P. Armstrong, K.A. Parker & P.J. Seddon), pp. 73-104. John Wiley

& Sons, Ltd, Chichester, UK.

PowkLL, R.A., LEwis, J.C,, SLouGH, B.G., BRAINERD, S.M., JORDAN,
N.R.,, ABraMOV, A.V. et al. (2012) Evaluating translocations of
martens, sables and fishers: testing model predictions with field
data. In Biology and Conservation of Martens, Sables and Fishers
A New Synthesis (eds K.B. Aubry, W.J. Zielinski, M.G. Raphael,
G. Proulx & S.W. Buskirk), pp. 93-137. Cornell University Press,
Ithaca, USA.

Pr1GIONI, C. (1995) Guidelines for the feasibility study of
reintroduction of the otter Lutra lutra in Italy: the project of the
Ticino valley (north-western Italy). Hystrix, 7, 255-264.

PRrIMACK, R.B. (2014) Essentials of Conservation Biology. 4th edition.
Sinauer Associates, Sunderland, USA.

Release site selection 695

ROUNTREE, RA. & ABLE, K.-W. (2007) Spatial and temporal habitat
use patterns for salt marsh nekton: implications for ecological
functions. Aquatic Ecology, 41, 25-45.

SAVE THE RHINO (2018) All rhinos translocated to Tsavo East National
Park have died. Https://www.savetherhino.org/africa/kenya/all-
rhinos-translocated-to-tsavo-east-national-park-have-died/
[accessed 7 August 2018].

SEDDON, P.J.,, SOORAE, P.S. & LAUNAY, F. (2005) Taxonomic bias in
reintroduction projects. Animal Conservation, 8, 51-58.

SEDDON, P.J., ARMSTRONG, D.P. & MALONEY, R.F. (2007) Developing
the science of reintroduction biology. Conservation Biology, 21, 303-312.

SEDDON, P.J., GrirriTHS, C.J., SOORAE, P.S. & ARMSTRONG, D.P.
(2014) Reversing defaunation: restoring species in a changing world.
Science, 345, 406—412.

SEIDEL, J., ANDREE, B., BERLINGER, S., BUELL, K., BYRNE, G., GILL, B.
et al. (1998) Draft Strategy for the Conservation and Reestablishment
of Lynx and Wolverine in the Southern Rocky Mountains. USDA
Forest Service, Fort Collins, USA.

Suears, N.T. (2007) Biogeography, Community Structure and
Biological Habitat Types of Subtidal Reefs on the South Island West
Coast, New Zealand. Science & Technical Publishing, Department
of Conservation, Wellington, New Zealand.

SoORAE, P.S. (2016) Global Re-introduction Perspectives: 2016.
Case-Studies From around the Globe. TUCN/SSC Reintroduction
Specialist Group and Environment Agency-Abu Dhabi, Gland,
Switzerland and Abu Dhabi, United Arab Emirates.

SoutHWOOD, T.R. (1977) Habitat, the templet for ecological strategies?
Journal of Animal Ecology, 46, 337-365.

StorcH, L (2003) Linking a multiscale habitat concept to species
conservation. In Landscape Ecology and Resource Management (eds
J.A. Bissonette & I. Storch), pp. 303-320. Island Press, Washington,
DC, USA.

STORE, R. & JOKIMAKI, J. (2003) A GIS-based multi-scale approach to
habitat suitability modeling. Ecological Modelling, 169, 1-15.

STORE, R. & KANGas, J. (2001) Integrating spatial multi-criteria
evaluation and expert knowledge for GIS-based habitat suitability
modelling. Landscape and Urban Planning, 55, 79-93.

THE GUARDIAN (2018) Eight of 14 rhinos die after move to Kenyan
national park. Https://www.theguardian.com/world/2018/jul/13/
kenya-rhinos-die-after-being-moved-between-national-parks
[accessed 7 August 2018].

THE RAMSAR CONVENTION ON WETLANDS (2018) Draft Resolution
on Promoting the Conservation and Wise Use of Intertidal Wetlands
and Ecologically Associated Habitats. Https://www.ramsar.org/
document/sc54-2113-draft-resolution-on-promoting-the-
conservation-and-wise-use-of-intertidal [accessed 1 March 2018].

WEDDELL, B.J. (2002) Conserving Living Natural Resources.
Cambridge University Press, Cambridge, UK.

Worr, C.M., GRIFFITH, B., REED, C. & TEMPLE, S.A. (1996) Avian and
mammalian translocations: update and reanalysis of 1987 survey
data. Conservation Biology, 10, 1142-1154.

WoLr, C.M., GARLAND, Jr, T. & GRIFFITH, B. (1998) Predictors of
avian and mammalian translocation success: reanalysis with
phylogenetically independent contrasts. Biological Conservation, 86,
243-255.

Oryx, 2020, 54(5), 687-695 © 2018 Fauna & Flora International ~ doi:10.1017/50030605318001199

https://doi.org/10.1017/50030605318001199 Published online by Cambridge University Press


https://www.savetherhino.org/africa/kenya/all-rhinos-translocated-to-tsavo-east-national-park-have-died/
https://www.savetherhino.org/africa/kenya/all-rhinos-translocated-to-tsavo-east-national-park-have-died/
https://www.savetherhino.org/africa/kenya/all-rhinos-translocated-to-tsavo-east-national-park-have-died/
https://www.savetherhino.org/africa/kenya/all-rhinos-translocated-to-tsavo-east-national-park-have-died/
https://www.savetherhino.org/africa/kenya/all-rhinos-translocated-to-tsavo-east-national-park-have-died/
https://www.savetherhino.org/africa/kenya/all-rhinos-translocated-to-tsavo-east-national-park-have-died/
https://www.savetherhino.org/africa/kenya/all-rhinos-translocated-to-tsavo-east-national-park-have-died/
https://www.savetherhino.org/africa/kenya/all-rhinos-translocated-to-tsavo-east-national-park-have-died/
https://www.savetherhino.org/africa/kenya/all-rhinos-translocated-to-tsavo-east-national-park-have-died/
https://www.savetherhino.org/africa/kenya/all-rhinos-translocated-to-tsavo-east-national-park-have-died/
https://www.savetherhino.org/africa/kenya/all-rhinos-translocated-to-tsavo-east-national-park-have-died/
https://www.theguardian.com/world/2018/jul/13/kenya-rhinos-die-after-being-moved-between-national-parks
https://www.theguardian.com/world/2018/jul/13/kenya-rhinos-die-after-being-moved-between-national-parks
https://www.theguardian.com/world/2018/jul/13/kenya-rhinos-die-after-being-moved-between-national-parks
https://www.theguardian.com/world/2018/jul/13/kenya-rhinos-die-after-being-moved-between-national-parks
https://www.theguardian.com/world/2018/jul/13/kenya-rhinos-die-after-being-moved-between-national-parks
https://www.theguardian.com/world/2018/jul/13/kenya-rhinos-die-after-being-moved-between-national-parks
https://www.theguardian.com/world/2018/jul/13/kenya-rhinos-die-after-being-moved-between-national-parks
https://www.theguardian.com/world/2018/jul/13/kenya-rhinos-die-after-being-moved-between-national-parks
https://www.theguardian.com/world/2018/jul/13/kenya-rhinos-die-after-being-moved-between-national-parks
https://www.theguardian.com/world/2018/jul/13/kenya-rhinos-die-after-being-moved-between-national-parks
https://www.theguardian.com/world/2018/jul/13/kenya-rhinos-die-after-being-moved-between-national-parks
https://www.ramsar.org/document/sc54-2113-draft-resolution-on-promoting-the-conservation-and-wise-use-of-intertidal
https://www.ramsar.org/document/sc54-2113-draft-resolution-on-promoting-the-conservation-and-wise-use-of-intertidal
https://www.ramsar.org/document/sc54-2113-draft-resolution-on-promoting-the-conservation-and-wise-use-of-intertidal
https://www.ramsar.org/document/sc54-2113-draft-resolution-on-promoting-the-conservation-and-wise-use-of-intertidal
https://www.ramsar.org/document/sc54-2113-draft-resolution-on-promoting-the-conservation-and-wise-use-of-intertidal
https://doi.org/10.1017/S0030605318001199

	Release site selection: reintroductions and the habitat concept
	Abstract
	Species reintroductions and habitat
	The habitat concept
	Habitat and reintroductions
	Review objectives and literature selection
	Number of studies per taxonomic group and region
	Types of release site selection
	Quality of release site selection
	Use of the habitat concept
	Discussion
	Conclusion
	Acknowledgements
	References


