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Executive Summary
The 20th Annual Sharjah International Conservation Forum for Arabia’s Biodiversity (SICFAB) was 
held at the Breeding Centre for Endangered Arabian Wildlife (BCEAW) in Sharjah, United Arab 
Emirates from 4-7 February 2019. This Forum brought together over 200 participants from Iraq, 
Jordan, Kuwait, Lebanon, Yemen, Bahrain, UAE, Saudi Arabia, Oman, and also from the UK, 
Germany, France, Greece, Russia, South Africa, Australia, the USA, and New Zealand. The Sharjah 
workshops are hosted by the Environment and Protected Areas Authority of the Government of 
Sharjah, under the patronage of His Highness Sheikh Dr Sultan bin Mohammed al Qasimi, Member 
of the Supreme Council and Ruler of Sharjah.

The 20th meeting had four themes. The species assessment theme looked at reintroductions and 
other conservation translocations. The protected areas theme applied the IUCN Key Biodiversity 
Area (KBA) Standard (IUCN, 2016) to endemic plants and freshwater habitats across the Arabian 
Peninsula. The veterinary theme looked at conservation medicine in zoo and wild animals. The 
technical session investigated the use of drones for mapping for conservation management, and 
will be available as a separate report. 

Delegates applied the IUCN Guidelines for Reintroductions and Other Conservation Translocations 
(IUCN, 2013) to regional case studies, including reintroductions of Arabian oryx, Arabian and 
sand gazelles, houbara bustard, spiny-tailed lizard, and mangroves. Projects were also classified 
along a spectrum of management intervention, and the challenges facing future conservation 
translocations, including the issue of illegal hunting and harvesting, were discussed. Taxonomic and 
regional working groups applied the IUCN KBA Standard to species of threatened Arabian plants 
and freshwater species, including fish, molluscs, and Odonata (dragonflies and damselflies), and 
identified sites meeting a KBA threshold.

Conservation Medicine was chosen as the veterinary theme as a culmination of all the work previously 
covered during the Sharjah meetings, and because it linked with the species theme of reintroductions 
and other conservation translocations. For veterinarians working with collections of animals, 
especially endangered ones, the prospect of using some or all of the animals for reintroductions 
requires thoughtful deliberation. Information on the role veterinarians have in pre-release site 
preparation, disease surveillance and risk analysis, transportation, off-loading, and the critical 
post-release monitoring period was presented.

In the technical session, a step-by-step process for using drones for mapping was presented, 
including hardware selection, software options, and data capture and analysis protocols. Delegates 
participated in a field demonstration using mission-planning software to map vegetation both inside 
and outside a protected area boundary. Delegates also received a lecture on the uses of drones rent 
technological limitations and prospects for the future from Dr David Gallacher of Zayed University. 

Literature Cited

IUCN (2013). Guidelines for Reintroductions and Other Conservation Translocations, Version 1.0. Gland, 
Switzerland: IUCN.

IUCN (2016). A Global Standard for the Identification of Key Biodiversity Areas, Version 1.0. First Edition. 
Gland, Switzerland: IUCN.
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Species Assessment Theme

Reintroductions and Other Conservation Translocations

Overview

The species assessment theme was held over the first two days and focused on reintroductions 

and other conservation translocations. Day one began with a review of the history of conservation 

translocations and the role of the IUCN Conservation Translocation Specialist Group (CTSG). Forum 

delegates were then provided with an opportunity to familiarise themselves with the definitions 

from the IUCN Guidelines for Reintroductions and Other Conservation Translocations (IUCN, 

2013) by applying them to sample case studies. Taxonomic working groups then pooled available 

information to identify 68 regional conservation translocation case studies, including reintroductions 

of Arabian oryx, Arabian and sand gazelles, houbara bustard, spiny-tailed lizard, and mangroves. 

After discussion of the difficult concept of wildness, delegates determined that a simple dichotomy of 

wild or not wild was too simplistic, and instead agreed on a framework for evaluating reintroduction 

projects along a spectrum of management interventions. Working groups applied this framework 

to classify their regional case studies. To close Day 1, sessions considered the effects of captivity 

on translocation candidates, including behavioural, genetic, and veterinary aspects. The veterinary 

aspects are covered in the veterinary theme section of this report on page 68.

Day 2 began with an examination of the need for, the aims of, and the methods for post-release 

monitoring. A series of presenters looked in detail at regional case studies applying both VHF and 

satellite telemetry to Asiatic houbara bustards (Yves Hingrat), spiny-tailed lizard (Declan O’Donovan), 

and a range of ungulate species (Zafur al Islam). The important role of plant restorations in the 

Arabian Peninsula was considered in two presentations, providing a comprehensive regional overview 

(Othman Llewellyn), and a detailed evaluation of the future translocation needs for the Dracaena, 

the iconic dragon blood trees (Aisha Ali Abakar Abdallah). Details of regional case studies may be 

obtained on request to the presenters concerned.

Day 2 continued with a session on the history and current applications of the emerging concept of 

rewilding. Delegates were then challenged to think aspirationally, and to identify the critical issues, 

needs, and possibilities relating to future conservation translocations in the Arabian Peninsula. 

Faunal working groups identified two key future, and somewhat linked, challenges: the restoration 

of carnivore populations in human-dominated landscapes, and the effective management of illegal 

hunting. A plant-working group identified similar challenges around the restoration of key plant 

species in the face of ongoing illegal harvesting. A final session introduced a theory of change 

model that introduced and challenged participants to consider alternative ways of engaging local 

communities in anti-poaching initiatives beyond the traditional approaches of increased enforcement 

and education.
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A history of reintroductions

One of the first conservation translocations in the world took place in New Zealand in the 1880s, 

when large numbers of flightless birds, kakapo (Strigops habroptilus) and kiwi (Apteryx australis), 

were moved to an offshore island by Richard Henry, marking the first attempt to protect New 

Zealand’s native species from exotic mammalian predators. Henry’s attempts failed because the 

offshore island release sites were within the swimming range of mainland stoats, also known as 

short-tailed weasels (Mustela ermine).

At about the same time, on the other side of the world, the Tabasco sauce manufacturer Edward 

(Ned) McIlhenny was conducting more successful translocations of captive-bred snowy egrets 

(Egretta thula), from eggs sourced from declining populations along the southern Gulf Coast of 

the United States. Egrets were released into Bird City, a private bird refuge McIlhenny established 

in 1895 on Avery Island, Louisiana, within the indigenous range of the species. This very early 

reintroduction likely saved the snowy egret from extinction.

Left - Richard Treacy Henry (1845-1929) outside his boatshed in Pigeon Island, Dusky Sound, New Zealand. Te Ara – 
the Encyclopaedia of NZ; www.TeAra.govt.nz). Right - kakapo. (https://zooaroundtheworld.wordpress.com).

Left - Edward Avery McIlhenny (1872-1949). (https://en.wikipedia.org/wiki/Edward_Avery_McIlhenny).
Right - Bird City Wildfowl Refuge, Avery Island.
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Reintroductions became an official and 

organised conservation action in 1907 when 15 

American bison (Bison bison) were moved from 

the Bronx Zoo and released into the Wichita 

Mountains Wildlife Preserve in Oklahoma. 

This was a program by the American Bison 

Society (ABS), which was founded in 1905 

to reintroduce bison into their former range 

following population declines from over 40 

million in 1830 to only ~1,000 animals by 1884. 

The release in Oklahoma was the first animal 

reintroduction in North America. There are now 

over 500,000 bison roaming the plains in the 

US and Canada. The 1907 reintroduction by 

the ABS was notable for its comprehensive 

planning and careful engagement of the public through available media. Since that time, the use 

and sophistication of animal reintroductions has increased. Part of the expansion of reintroduction 

as a species restoration tool followed the creation of the International Union for the Conservation 

of Nature Reintroduction Specialist Group (since November 2018 this group has been called the 

Conservation Translocation Specialist Group – CTSG), the development of reintroduction guidelines, 

and the maturation of the discipline of Reintroduction Biology. 

Early successes

Following the successes of bison reintroductions in the US there were 

several decades with few reintroduction attempts, but several high 

profile success stories in the 1960s to 1980s helped raise the profile 

of reintroduction as a viable population restoration tool. One of these 

was the reintroduction of Arabian oryx in the Arabian Peninsula. In 

October 1972, DS Henderson recorded evidence of the death of a 

small group of Arabian oryx (Oryx leucoryx) at the hands of hunters 

in the Jiddat al-Harasis in the Omani Central Desert – no free-ranging 

Arabian oryx were seen subsequently. However, the decline of the last 

population of wild oryx in the Arabian Peninsula had been noted a few 

years earlier, and an operation by the Phoenix Zoo and the Fauna and 

Flora Preservation Society succeeded in capturing four animals in 

Aden (Yemen) near the Oman border. These animals joined others from captive collections in the 

Middle East and London to form the nucleus of the World Herd at Phoenix Zoo. Phoenix Zoo sent 

oryx to other collections, including San Diego Wild Animal Park, from where the first Arabian oryx 

were released back into the wild in the Jiddat al-Harasis in 1982.

Development of the first guidelines

In contrast to the well-planned, well-monitored and well-documented reintroduction successes, 

there were many poorly planned releases of animals into unsuitable areas where their inevitable 

failure to survive, breed and establish a population was largely undocumented. The lack of post-

Early members of the American Bison Society, Bronx Zoo, 
1905 “The objects of this Society shall be the permanent 
preservation and increase of the American bison.” – 
Constitution of the ABS.
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release monitoring or reporting of unfavourable outcomes makes it impossible to summarise these 
undocumented failures.

It was principally a response to rising numbers of ill-conceived 
reintroduction attempts that led to the IUCN position statement 
on translocations in 1987 and formation of the IUCN/SSC 
Reintroduction Specialist Group (RSG) in 1988. The RSG was 
formed by Mark Stanley Price, the architect of the Arabian oryx 
reintroduction to Oman, and aimed to promote responsible 
reintroductions. The RSG’s first strategic planning workshop was 
held in 1992, and led to the formulation of a set of reintroduction 
guidelines in 1998. The 1998 Reintroduction Guidelines is a slim 
booklet of common-sense suggestions designed to encourage 
reintroduction practitioners to consider the various aspects of 
proposed projects, from biological, to social, legislative, and 
economic. They recognised that any reintroduction project 
is more than just a manipulation of a wildlife population, and 
success required the support of stakeholders and a long-term commitment of resources. These 
guidelines were informed by the first examination of translocation outcomes; in 1989 Brad Griffith 
and co-authors published a review of the factors associated with translocation success, looking 
at the reintroduction and reinforcement (the addition of individuals to an existing population) of 93 
species of native birds and mammals, and identifying habitat quality at the release site, release into 
the core of a species’ range, and total numbers released as determinants of success.

In no small part due to the work of the IUCN’s RSG and the unifying nature of the 1998 guidelines, 
the discipline of Reintroduction Biology started to develop from the early 1990s. Reintroduction 
Biology is broadly considered to be the study and associated practice of establishing populations of 
organisms using conservation translocation tools and maintaining them using ongoing management. 
Reintroduction projects increasingly were framed as more than just one-off management responses, 
as practitioners engaged with ecologists, geneticists, population modellers, veterinarians, and social 
scientists to enhance translocation success. 

Increasing post-release monitoring

Many calls for better post-release monitoring were made during the late 1980s, stemming from 
a frustration with reintroduction attempts from which nothing was being learned, either about the 
process of successful population establishment, or about the timing and causes of the all-too-frequent 
failures. In many cases even the rationale or the objectives of the project were unclear. Engagement 
of researchers as reintroduction partners seems to have changed the early management focus 
and, along with increasing requirements to document outcomes for project funders and other 
stakeholders, post-release monitoring is now emphasised in many projects.

Developing the science of reintroduction biology

By the 2000s there had been a marked increase in the number of reintroduction-related publications, 
facilitated by the generation of data from post-release monitoring. This wealth of information about 
reintroduction outcomes was used, formally and informally, in reviews seeking general principles 
and correlates of translocation success. However, it was apparent that much of the post-release 
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monitoring activity was unfocused, unguided by explicit monitoring objectives and therefore was 
an inefficient use of resources. 

Today there is a recognised discipline of Reintroduction Biology encompassing the science around 
all forms of conservation translocation. Improved translocation procedures, detailed post-release 
monitoring, and the framing of releases as explicit experimental tests are generating a growing 
literature that informs reintroduction attempts species globally.

The 2013 reintroduction guidelines

Although the first Reintroduction Guidelines provided a valuable framework for reintroduction 
planning, by 2010 it was evident the 1998 booklet was not sufficiently detailed or comprehensive. 
In particular, it did not fully consider the range of conservation translocation options needed to 
address the threats of habitat loss and the extinction of keystone species. The IUCN Species Survival 
Commission formed a task force, and because the new guidelines needed to deal with the complexity 
of translocations outside the indigenous range of species, the task force core membership was 
drawn from both the RSG and the Invasive Species Specialist Group. The fully revised and much 
more comprehensive Guidelines became official IUCN policy in 2013. Although this document 
reflects the tremendous progress made over the previous 20 years, it also emphasises significant 
challenges for the future. 

Assessing reintroduction success

With the rise of the discipline of Reintroduction Biology and the closer integration of science 
and management facilitated by the IUCN Conservation Translocation Specialist Group (CTSG), 
conservation translocation planning and implementation is improving. It is now standard for 
reintroduction projects to consider feasibility and risks as part of decision making around whether to 
proceed, prior to any implementation. Targeted post-release monitoring is now expected, generating 
vital information not only to evaluate species project outcomes, but also to inform the wider discipline 
in general. However, there remains an impression that many, or even most, reintroduction attempts 
fail, although this is based on project summaries that are now over two decades old, when success 
rates were influenced by poorly planned projects in the period before comprehensive guidelines 
were available. More recent project evaluations suggest 58% of 250 recent reintroduction projects 
across all taxa were considered fully successful by all project-specific criteria, and only 5% were 
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classified as complete failures. In addition, reintroduction practitioners are progressively taking on 
more difficult challenges, so substantial improvement in success rates is not guaranteed.

Any summary of reintroduction success rate should be viewed with caution, since there are no 
agreed definitive criteria for assessing outcomes as a simple success or failure. Three challenges 
remain: (i) any evaluation of project outcome is time-bound since ‘success’ at one period can 
become ‘failure’ in the future; (ii) species-specific post-release monitoring time-frames are required 
to assess project outcomes, dependent on generation times and life-history traits; (iii) the typical 
aspiration of a self-sustaining population is vague because this implies, unrealistically, an absence 
of any ongoing human interventions (see Wildness Spectrum). 

The most fruitful progress towards criteria for reintroduction success considers three stages: 
establishment, growth, and regulation (Figure 1). Any reintroduced population must first establish, 
overcoming post-release acclimation, and demographic variation; it must then grow and remain 
sufficiently large to be viable in the long-term. Success at these different stages is affected by 
different process and requires different monitoring and modelling methods. Increasing attention 
is also being given to assessing metrics of success that include wider ecological, social and even 
institutional factors.

Restoration targets

Reintroduction is a population restoration technique, so reintroduction practitioners are faced with 
the question: restore to what? What is the target historical state? In Australia and New Zealand, for 
example, historical restoration targets often relate to some state before European colonisation. In 
Europe, restoration targets tend to address more recent species declines. The challenge of setting 
restoration targets is common to both reintroduction biology and also to restoration ecology; both 
disciplines have acknowledged the arbitrary nature of trying to replicate some past condition in the 

Time / Number of generations
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Figure 1� Post-release monitoring time frame



7

face of a lack of accurate historical records, the dynamic nature of ecological systems, and the 
inevitability of environmental change.

A common assumption is that because a local extinction has occurred within historic times, 
reintroduction will focus only on sites within the indigenous range of a species, known or inferred 
within relatively recent time frames. However, documented records of species presence have some 
shortcomings. A given location might lack records for a given species for a number of reasons other 
than because it truly is absent, including simply because no one saw it, or that people saw it but 
never recorded its presence. This will be the case particularly for rare, secretive or cryptic species. 
Species distribution maps rely on occurrence records that might be of dubious reliability, and there 
might be errors of species identifications or locations, or issues with mislabelled specimens or 
even falsified records. Sampling effort is seldom uniform resulting in distribution maps that depict 
areas most frequently visited by observers rather than areas of a species’ presence. A reliance on 
historical species distributions to determine reintroduction sites also makes the assumption that 
environmental conditions have not changed since species extirpation.

Habitat is that complex of interacting physical and biotic components that favours persistence of 
a given species. Species ranges are dynamic and environments change over time, thus there are 
four critical consequences for reintroductions: (i) historical locations of a species’ presence might 
not indicate present-day habitat; (ii) present-day locations of a species’ presence might not indicate 
habitat that will allow persistence; (iii) present-day locations where a species is absent might not 
indicate lack of habitat, and (iv) present-day locations of a species’ presence might not indicate 
future habitat.

For the last point, an important factor is global climate change, which might significantly alter 
both the biotic and abiotic components of a given area. Climate change, in tandem with human-
facilitated species invasions and rapid changes in human land use, contribute to the creation of novel 
ecosystems, systems that differ in composition and function from past. Restoration and maintenance 
of species within their indigenous range will remain a core component of conservation efforts, but 
it is now widely understood that a return to some arbitrary and supposedly stable, pristine state is 
not feasible.

Assisted colonisation 

Since at least 1985, researchers have recognised that climate change might alter the suitability of 
habitats for species, and where adaptation or dispersal was not possible, species might become 
stranded in unsuitable areas. There is now global acknowledgement that action needs to be taken to 
address climate-induced changes in species’ habitats, particularly in the situation where individuals 
are unable to naturally colonise new areas as habitat shifts. In some cases, colonisation of new 
habitat might have to be assisted by translocation of species to sites outside their indigenous 
range. The 2013 IUCN Guidelines define assisted colonisation as “the intentional movement of an 
organism outside its indigenous range to avoid extinction of populations due to current or future 
threats”. Under this definition, assisted colonisation has been applied as a conservation tool for 
some time, for example through the marooning of kakapo on offshore islands to protect them from 
exotic mammalian predators. More recently, the creation of a disease-free ‘insurance population’ 
of Tasmanian devils (Sarcophilus harrisii) on an island outside the species’ indigenous range is 
compatible with the IUCN definition of assisted colonisation.

The 2013 IUCN Guidelines place great emphasis on the analysis of feasibility and risk analysis 
as essential components of any conservation translocation. Given the uncertainties involved in 
moving species outside their ranges, assisted colonisation is considered inherently more risky 
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than ‘traditional’ translocations such as reintroductions. New approaches for understanding and 
managing risk under uncertainty and with multiple stakeholders are being applied to conservation 
introduction planning, including quantitative risk analysis, structured decision making and active 
adaptive management. Where protection from threats in the indigenous range is unfeasible, and 
where appropriate habitat can be identified elsewhere, application of carefully planned assisted 
colonisation might become more acceptable. Although climate change is not the only driving factor, 
it might be the most compelling justification for assisted colonisation in the near future.

A key component in planning assisted colonisation is the identification of areas that match the biotic 
and abiotic needs of a focal species under future climate scenarios. Climate-envelope models are 
being used to determine species’ future habitat distributions to guide some of the first assisted 
colonisations of butterflies in the UK. But static bioclimatic envelope models might not adequately 
account for species’ ability to disperse, nor for changing demographic processes as habitat shifts, 
so more complex integrative climate suitability models will be required. New approaches are being 
developed that explicitly integrate species distribution data with population dynamics or physiology. 
Stochastic population modelling was combined with habitat suitability models to quantify how 
climate is predicted to influence the vital rates of the hihi (Notiomystis cincta), a New Zealand 
endemic passerine. Eco-energetic and hydrological models were integrated to evaluate the long-term 
suitability of habitat for western swamp tortoise (Psuedemydura umbrina), and extended to identify 
new regions that would meet the tortoise’s thermodynamic requirements. Future developments 
around assisted colonisation planning will see the application of fully integrated models, combining 
climatic and other aspects of habitat suitability, population dynamics and mechanistic movement 
models of dispersal, for single species or two or more interacting species.

Ecological replacements

It is understood that high levels of biodiversity can increase ecosystem stability by buffering the 
effects of environmental change, resisting species invasions, and preventing secondary extinctions 
following species losses. Reintroductions are a means to restore biodiversity and ecosystem functions 
where local extinctions have taken place within the indigenous range. With the global extinction of a 
species, however, restoration of functions might be achieved only through introduction of functionally 
equivalent exotic species.

The 2013 IUCN Guidelines define ecological replacement as a form of conservation introduction 
involving the release of an appropriate substitute species “to re-establish an ecological function lost 
through extinction” (Figure 2). This official recognition of ecological replacement, earlier discussed 
in the literature as subspecific substitution as a valid conservation tool marks the most significant 
expansion of the conservation translocation spectrum and attempts restoration of natural processes 
rather than addressing only extinction risk. An increasing stimulus for ecological replacements 
could be the reinstatement of some lost socio-economic function, for example, restoration of 
ecosystem services, resurrection of culturally important biological elements, or even replacement 
of harvestable species.

Ecological replacements have been used to restore herbivory and seed dispersal functions in island 
ecosystems. Giant tortoises pay an important ecosystem-engineering role as specialised herbivores 
or frugivores and as important dispersers of large seeded plants. Grazing and trampling by tortoises 
are critical processes in the maintenance of ‘tortoise turf’, the endemic vegetative community 
once common on Indian Ocean islands. Exotic Aldabra giant tortoises (Aldrabrachelys gigantean) 
have been introduced to Ile aux Aigrettes as an ecological replacement for the extinct Mauritian 
Cylindraspis species, in order to restore the seed dispersal of the endangered endemic ebony 
(Diospyros egrettarum), and there are plans to use ecologically similar species of giant tortoise 
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to reinstate missing processes in Madagascar and the islands of the Galapagos, Mascarenes, 

Seychelles, and Caribbean.

A future challenge is the identification of suitable replacements to perform desired ecosystem 

functions within a given system. The longer the time since the extinction of the original form, the 

greater the uncertainty there will be over selecting a suitable substitute, and because the most 

suitable replacements could also be at risk of extinction, concurrent ecosystem restoration and 

species conservation efforts might be necessary. The focus will be more on reinstatement of 

functions and processes to enhance ecosystem resilience, rather than on restoration to some 

arbitrary historical state. For any conservation introduction, the risk of unintended effects must be 

assessed against expected benefits (IUCN, 2013). A careful approach will not demand absence of 

any risks, but will address uncertainty through carefully designed replacements that can be readily 

monitored, and easily removed should there be unwanted ecological, social, or economic effects. 

Radical replacements, using substitutes that are not closely related taxa, could be warranted 

providing that risk and uncertainty are adequately evaluated.

Figure 2� The translocation spectrum decision framework (IUCN/SSC 2013).

Is release intentional?

Is the primary objective of the release to:
Improve status (of the focal species), or
Restore natural ecosystem functions or 

processes

Conservation translocation
Is the release within the indigenous range?

Yes

Yes

Population restoration
Are conspecifics present in the release area?

Yes

ReinforcementReintroduction

Yes No

No Accidental translocation

No

• Non-lethal control
• Rehabilitation release
• Commercial/recreational
• Biological control
• Religious
• Animal rights liberation
• Aesthetic
• Other

No Conservation Introduction

If the aim of the release is to:

1� Avoid population extinction of focal 
species at any scale

= Assisted colonisation

and/or

2� Preform an ecological function lost by 
extinction of an original form
= Ecological replacement
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Rewilding

In 1998 Michael Soulé and Reed Noss (1998) introduced the concept of rewilding, built around the 
keystone role played by wide-ranging, large animals able to maintain ecosystem structure, resilience 
and diversity through top-down trophic interactions. Decades later, the term rewilding is being widely 
used, or rather, mis-used, its original meaning having largely been lost. The rise in the popularity 
of rewilding, and the misapplication of the concept, has been due to controversy around North 
American ‘Pleistocene rewilding’, the proposed introduction of large wild vertebrates as proxies for 
megafauna lost 13,000 years ago. Pleistocene rewilding is at its core true to the original concept 
of rewilding, recognising the important ecosystem-shaping role of large vertebrates. However, it 
has come to be associated specifically with ecological replacement of long-extinct species rather 
than restoration of ecosystem function.

A modern interpretation of rewilding involves species translocations to restore ecosystem functioning. 
Translocation for rewilding could entail population restoration through reintroduction, where releases 
take place in the indigenous range of a species with the primary aim of restoring some ecological 
function. Alternatively, it could involve a conservation introduction through ecological replacement. 
The recovery of populations of large carnivores in Europe, for example, is viewed as a modern 
form of rewilding where the aim is not to restore to some arbitrary past state, but rather to reinstate 
ecological processes such a predator-prey interactions within landscapes shared by humans and 
wildlife.

De-extinction

Advances in techniques to manipulate genetic material have, amongst other things, raised the 
prospect of species de-extinction, the resurrection of proxies of once extinct species. The prospect 
of resurrecting equivalents of species, such as woolly mammoths (Mammuthus primigenius), 
Tasmanian tigers (Thylacinus cynocephalus), and passenger pigeons (Ectopistes migratorius) was 
not universally applauded, with many objections raised, including animal welfare, human health, 
and environmental, political, and moral issues. A nuanced view of de-extinction recognises that 
due to technological limitations no extinct species could truly be brought back in their genetic, 
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physiological, and behavioural entirety; therefore a realistic and achievable goal for de-extinction 

efforts might be the creation of some functional proxy for an extinct taxon.

One of the many questions is “which 

species are be the best de-extinction 

candidates?” The lists of candidates 

mooted to date tend to be dominated by 

iconic and charismatic species. The stated 

goal of de-extinction is ‘deep ecological 

enrichment’ and the enhancement of 

the resilience of ecosystems in the face 

of changing environments. Thus, the 

primary ethical argument in favour of 

de-extinction is the potential promotion of biodiversity. This requires restoration of free-ranging 

populations; thus, before resurrecting individuals that are a functional proxy of an extinct species it 

is essential to consider where to release them and the risks or uncertainties involved. De-extinction 

is a Conservation Translocation issue and any selection of candidate species must consider the 

feasibility and risks of releases, thus following the existing reintroduction guidelines is a precondition 

for ethical de-extinction.

Seddon and colleagues translated the relevant sections of the 2013 IUCN Reintroduction Guidelines 

into a framework of questions to identify any critical uncertainties or unacceptable risks relating to the 

release of resurrected species, therefore providing a first cut of unsuitable candidates to avoid wasted 

effort. This pre-selection process assumes that the technical requirements will be met, yielding 

an acceptable facsimile of the extinct species, and that a sufficient number of genetically diverse 

individuals can be made available for release. Once a species has been selected for resurrection, 

then the full 2013 IUCN Guidelines must be applied to match species to habitat and to consider 

ecological, ethical, social, economic, legislative and logistical requirements.

In 2016, the IUCN Species Survival Commission addressed the emerging issue of de-extinction with 

the production of Guiding Principles on Creating Proxies of Extinct Species for Conservation Benefit.
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Public support for reintroductions

Without public support, particularly local community support, the risk of reintroduction project failure 
will be increased. To a large extent, what we choose to conserve or to restore is the reflection of 
prevailing social attitudes, environmental awareness, and public support. This has resulted in a 
marked taxonomic bias in species that are the focus of reintroduction attempts. Unsurprisingly, the 
larger and more charismatic vertebrate species have been favoured, in large part because these 
are the species for which the necessary public and political support and resources can be obtained. 
But we are starting to see a shift away from restorations of single species chosen for their public 
appeal, toward multi-species and keystone species restorations that seek to restore ecosystem 
functions. By necessity this must include keystone species that are ecosystem engineers, species 
that modify, maintain, create or destroy structure in their physical environment, or predators that 
regulate the abundance of prey. But some keystone species have the potential to affect human 
health or livelihood in human-dominated landscapes where people have become accustomed to 
the absence of endemic elements. A future challenge will therefore be to engage an increasingly 
urbanised public more fully in local restoration projects, to reset public expectations of what the 
natural world around them should or could look like, and in so doing, seek to change attitudes and 
gain public support for the more challenging reintroductions of keystone species.
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Summary of regional translocations

West Asia Region

Data for the West Asia region, an area which comprises of 13 countries including Iraq, Jordan, 

Lebanon, Syrian Arab Republic, Yemen and the Gulf countries including Bahrain, Oman, Kuwait, 

Qatar, Kingdom of Saudi, and the United Arab Emirates, was compiled from the IUCN/SSC CTSG 

(formerly RSG) Global Re-introduction Perspectives series. Six issues have been published: 2008, 

2010, 2011, 2013, 2016, and 2018. The series consist of submitted project summaries in a 

standardised format.

In total they represent 349 case studies covering invertebrates, fish, amphibians, reptiles, birds, 

mammals, and plants. For the West Asia region there are summaries for 14 species from five 

countries, giving a total of 16 mammal, four bird, and two each of reptile, fish, and plant projects. 

As self-selected submissions, these are clearly not a comprehensive catalogue of regional projects, 

but do provide a standardised snapshot of regional activity. One of the standard reporting metrics 

requested from authors is an assessment of success against project-specific criteria. Projects are 

categorised as highly successful, successful, partially successful, or failure. Acknowledging the 

potential bias of this non-random selection of projects, and that success metrics might not all relate 



15

to demographic or ecological objectives, this nevertheless provides a useful overview of regional 
translocation efforts and outcomes.

Figure 3 indicates that over half of the projects were considered to be successful or highly successful 
at the time of summary. Only 4% were classified as failures.

Regional

At the 20th SICFAB, taxonomic themed working groups reviewed pre-prepared translocation projects 
summaries taken from the Global Reintroduction Perspectives series and other published sources. 
Working groups also pooled their regional knowledge to identify other, unpublished translocation 
projects. Using the IUCN Translocation Spectrum (Figure 2) the participants then classified each 
project.

A total of 68 projects were identified, and although this is not a comprehensive list of all animals and 
plant translocation activity in the Arabian Peninsula (including Jordan), it does provide a snapshot 
of the types of conservation translocations being undertaken in the region (Figure 4, Table 2).

Some general patterns are evident. Most of the translocations for oryx and gazelles can be classified 
as reintroductions under the IUCN definitions, but for other mammals, and for reptiles, there is a 
mix of reintroductions and non-conservation translocations. The non-conservation translocations 
are exclusively mitigation translocations in response to developments. It is possible some of these 
might be population reinforcements and thus classify as a conservation translocation, but it is 
unclear if the addition of released animals into populations of conspecifics had any conservation 
benefit as documentation is lacking. Projects for houbara bustards tend to be either reintroductions 
or reinforcements, whereas the releases of red-necked ostriches into Qatar and Saudi Arabia has 
been framed as an ecological replacement since the Arabian ostrich became globally extinct by 
the 1960s. The majority of the plant translocations were classified as reinforcements, including 

Failed

4%

Partially Successful

23%

Successful

38%

Highly
Successful

35%

Figure 3� Reintroduction project outcomes for the West Asia Region based on project summaries in the Global 
Reintroduction Perspectives series (Pritpal Soorae, unpubl. data).
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restoration projects for species including Rhizophora mucronata, Avicennia marina, Acacia gerrardii, 

Mimusops parvifolia, and the dragon blood tree Draceana spp.

Future summaries of conservation translocation activity in the Arabian Peninsula would be facilitated if 

more project summaries were submitted to the IUCN/SSC CTSG Global Reintroduction Perspectives 

series. Enquires and requests for a submission template should be sent to: psoorae@wildlife-

services.com. 

What is wild?

Introduction

We tend to make a distinction between animals which are domesticated for agriculture or which are 

pets, and those which we consider to be wild. But the term wild is never clearly defined, and everyone 

will have their own idea of what might constitute a wild animal. Clearly a non-domesticated animal 

in a cage will be thought of my most as not wild, whereas the same animal roaming unrestricted 

over natural habitats might be thought of as wild (Figure 5). But increasingly there are animals 

living within less natural settings that challenge any simple distinction between wild and non-wild.

This matters not only for the general public, but also for conservation planning and management. 

The term ‘wild’ is used in a wide range of policy and legislative documents but is seldom defined.

Figure 4� Translocation type by taxa for Arabian Peninsula projects.
The percentages are based on the following per taxa project totals: Arabian oryx (9); sand and Arabian mountain 
gazelles (22); other mammals (6); reptiles (5); birds (houbara bustard 9; ostrich 3); plants (14).
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For example:

Convention on Biological Diversity

“…populations of wild species…”

CITES

“… sustainable trade in wild animals and plants…”

Bonn Convention

“Convention on the Conservation of Migratory Species of Wild Animals”

IUCN Red List

“… facing a very high risk of extinction in the wild”

US Endangered Species Act

 “… the survival and recovery of the species in the wild…”

Canadian Species at Risk Act

“…wildlife species means a species, subspecies, variety or population of animal, plant or other 

organism, that is wild by nature…”

Figure 5� Conceptual distinctions between wild and non-wild.

Non-wild Wild
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A practical way of approaching the issue of ‘wildness’ in translocated populations is to consider 

the level and types of management interventions required for population persistence in the long 

term. Mallon and Stanley Price (2013) suggested at least seven types of intervention are possible.

Types of Intervention (Mallon & Stanley Price, 2013):

 • Habitat creation or manipulation

 • Supplementary food, water, or minerals

 • Veterinary care

 • Fencing, artificial breeding sites, shelter

 • Protection from human disturbance / hunting

 • Management of access to mates and breeding opportunities

 • Reinforcement, culling, or other population management

The question still remains however, how wild are populations that are subject to different intensities 

of intervention management? For instance, in the Arabian Peninsula many species, such as re-

introduced Arabian oryx, persist in highly managed, even fenced reserves. For example, the oryx 

in the Mahazat as-Sayd protected area in Saudi Arabia are contained within the 220 km2 area by 

a perimeter fence (Figure 6). Are they wild?

Figure 6� Arabian oryx in Mahazat-as-Sayd protected area: are they wild?

Mahazat-as-Sayd

Wild / Non-wild
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The management spectrum

Perhaps this terminology is not very useful for categorising a given population simplistically as wild 
or non-wild, and we should instead consider a spectrum of management intervention of decreasing 
intensity.

Kent Redford and colleagues proposed a useful spectrum of states, ranging from captive manage-
ment through to self-sustaining (Table 1).

This spectrum creates a useful framework for classifying different populations. Using the Arabian 
oryx example referred to above, there are fully captive populations in many countries in the Arabian 
Peninsula, populations in fenced reserves of different sizes, such as Shaumari in Jordan, and 
populations in large unfenced protected areas, such as Uruq Bani Ma’arid in Saudi Arabia (Figure 7).

Table 1� Relationship between states of conservation and attributes of fully conserved species (Redford et al, 2011).

Representative Replicated
Self-

sustaining Healthy
Genetically 

Robust Resilient

Self-
sustaining

Fully conserved
Fully 

conserved
Fully 

conserved
Fully 

conserved
Fully 

conserved
Fully 

conserved

Conservation 
Dependent

Fully conserved
Fully 

conserved
Partially 

Conserved
Fully 

conserved
Partially 

Conserved
Partially 

Conserved

Lightly 
Managed

Partially 
Conserved

Partially 
Conserved

Partially 
Conserved

Partially 
Conserved

Partially 
Conserved

Minimally or 
not conserved

Intensively 
Managed

Partially 
Conserved

Partially 
Conserved

Minimally or 
not conserved

Minimally or 
not conserved

Minimally or 
not conserved

Minimally or 
not conserved

Captive 
Managed

Minimally or not 
conserved

Minimally or 
not conserved

Minimally or 
not conserved

Minimally or 
not conserved

Minimally or 
not conserved

Minimally or 
not conserved

Figure 7� Arabian oryx live within protected areas of various sizes, which can determine the degree and intensity of 
management.

Taif Centre
0.05 km2

Mahazat as-Sayd
220 km2

Shaumari Reserve
22 km2

Uruq Bani Ma’arid
12,000 km2
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We can define each of the states of management intervention:

1. Captive Managed

 • In captivity, with food and care provided, and breeding, if any, managed.
 • Entirely reliant on humans.

2. Intensively Managed

 • In free-ranging enclosures with some natural feeding, but reliant on supplementary food and 
care.

 • Includes soft release prior to reintroduction.

3. Lightly Managed

 • Largely capable of longer-term persistence, with only a limited set of human interventions, 
such as habitat management to sustain resources.

4. Conservation Dependent

 • Self-sustaining demographically and ecologically.
 • Persistence depends on conservation action directed not at intrinsic aspects such as feeding 

or habitat management, but at extrinsic factors.
 • Could include protection from threat of poaching.

5. Self-sustaining

 • Able to persist without any human intervention or management.
 • Healthy, genetically robust, connected to other populations.
 • Expected to remain stable unless conditions change.

Management of translocated populations in the Arabian Peninsula

Working groups used the definitions above to classify conservation translocation projects by taxa 
within their regions. Projects were identified and classified as Intensively Managed, Lightly Managed, 
Conservation Dependent, or Self-sustaining. Where there was missing information on any project 
assessed by working groups, a determination of the state of management intervention was made 
after the workshop based on published (e.g., project accounts, Red List assessments) and other 
available information. A total of 68 translocation projects were classified across all taxa (Figure 8, 
Figure 9).

Less than a quarter of projects have resulted in populations that can be considered self-sustaining, 
and such projects tend to be on plants and smaller animal species. All translocated populations of 
gazelles and oryx are subject to some ongoing intervention management, ranging from continuous 
provision of food and water, through to sustained protection from poaching. More detailed information 
on type of translocation and management intervention is provided in Table 2. 

For many taxa in the region, with the possible exception of plants and some smaller species, 
translocated populations might be expected to persist in the medium to long term only with some 
level of ongoing intervention management. It appears that for larger, iconic, mammals, such as 
Arabian oryx and gazelles, their future persistence in the Arabian Peninsula will depend on the 
ongoing effective management of large protected areas. Sites focused on the protection of iconic 
mammals will inevitably provide an umbrella of protection also for smaller or less valued species, 
such as medium and small carnivores, and of course for the huge variety of plant species upon 
which functioning ecosystems depend.
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Figure 8� Management intervention category of translocated populations in the Arabian Peninsula.

Figure 9� Management intervention category by taxa.
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Table 2� Summary of species reintroductions and translocations in the region.

Site Country Type Management

Arabian oryx (9)

Al Marmoom Desert Conservation Reserve UAE Reintroduction Conservation Dependent

Al Wusta Wildlife Reserve Oman Reintroduction Intensively Managed

Arabian Oryx Sanctuary Oman Reintroduction Conservation Dependent

Dubai Desert Conservation Reserve UAE Reintroduction Intensively Managed

Hawar Islands Bahrain Conservation Introduction Intensively Managed

Mahazat as-Sayd KSA Assisted Colonisation Lightly Managed

Shaumari Nature Reserve Jordan Reintroduction Intensively Managed

Uruq Bani Ma’arid KSA Reintroduction Conservation Dependent

Wadi Rum Protected Area Jordan Reintroduction Conservation Dependent

Arabian sand gazelle (14)

Al Dhulaima Protected Area UAE Mitigation Intensively Managed

Al Marmoom Desert Conservation Reserve UAE Mitigation Intensively Managed

Al Oraiq Protected Area Qatar Reintroduction Lightly Managed

Al Qurum Protected Area UAE Mitigation Intensively Managed

Al Reem Protected Area Qatar Reintroduction Lightly Managed

Al Wusta Wildlife Reserve Oman Reintroduction Intensively Managed

Dubai Desert Conservation Reserve UAE Reintroduction Lightly Managed

Guwairia Qatar Reintroduction Lightly Managed

Ibex Reserve KSA Reintroduction Lightly Managed

Mahazat as-Sayd KSA Reintroduction Lightly Managed

Nasraniya Qatar Reintroduction Lightly Managed

Shaumari Nature Reserve Jordan Reintroduction Intensively Managed

Uruq Bani Ma’arid KSA Reintroduction Conservation Dependent

Arabian mountain gazelle (8)

Al Hefaiyah Protected Area UAE Mitigation Intensively Managed

Al Marmoom Desert Conservation Reserve UAE Mitigation Intensively Managed

Al Wusta Wildlife Reserve Oman Reintroduction Conservation Dependent

Dubai Desert Conservation Reserve UAE Reintroduction Lightly Managed

Ibex Reserve KSA Reintroduction Lightly Managed

Mahazat as-Sayd KSA Reintroduction Lightly Managed

Sir Bu’Nair UAE ? Lightly Managed

Uruq Bani Ma’arid KSA Reintroduction Conservation Dependent

Other Mammals (6)

Ajloun Nature Reserve1 Jordan Reintroduction Conservation Dependent

Al Marmoom Desert Conservation Reserve2 UAE Mitigation Self-sustaining

Jebel Hafeet3 UAE Mitigation Self-sustaining

Mahazat as-Sayd4 KSA Reintroduction Lightly Managed

Sir Bu’Nair Protected Area2 UAE Conservation Introduction? Self-sustaining

Wadi Rum Protected Area1 Jordan Reinforcement Conservation Dependent

1 Nubian ibex and roe deer
2 Arabian red fox, Ethiopian hedgehog, and Arabian hare
3 rock hyrax
4 Arabian hare
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Site Country Type Management

Houbara bustard (9)

? Bahrain Reinforcement Conservation Dependent

? Jordan Reinforcement Conservation Dependent

? Kuwait Reinforcement Conservation Dependent

? Qatar Reinforcement Conservation Dependent

? Yemen Reinforcement Conservation Dependent

Harrat al Harrah KSA Reintroduction Conservation Dependent

Mahazat as-Sayd KSA Reintroduction Conservation Dependent

Saha Umm Ar Rimth KSA Reintroduction Lightly Managed

Uruq Bani Ma’arid KSA Reintroduction Conservation Dependent

Red-necked ostrich (3)

Al Reem Protected Area Qatar Ecological Replacement Self-sustaining

Mahazat as-Sayd KSA Ecological Replacement Conservation Dependent

Uruq Bani Ma’arid KSA Ecological Replacement Conservation Dependent

Spiny-tailed lizard (Dhab) (2)

Al Marmoom Desert Conservation Reserve UAE Mitigation Self-sustaining

Sir Bu’Nair Reintroduction Self-sustaining

Hawksbill turtle (1)

Coastal UAE Reinforcement Self-sustaining

Monitor lizard (1)

Al Marmoom Desert Conservation Reserve UAE ? Self-sustaining

Wonder gecko (1)

? UAE ? Self-sustaining

Rhizophora mucronata (2) Asiatic mangrove

Ras Ghanda Island UAE Reintroduction Self-sustaining

Sir Bani Yas Island UAE Reintroduction Self-sustaining

Avicennia marina (3+)

Coastal Oman Reinforcement Self-sustaining

Coastal KSA Reinforcement/Assisted 
Colonisation

Self-sustaining

Saadiyat & Jubail Islands UAE Reintroduction/ Reinforcement Self-sustaining

Acacia gerrardii (1)

? KSA Reinforcement Self-sustaining

Junipers (2)

? Oman Reinforcement Conservation Dependent

? KSA Reinforcement Conservation Dependent

Mimusops parvifolia (1)

? KSA Reinforcement/Assisted 
Colonisation

Self-sustaining

Boswellia (2)

? Oman Assisted Colonisation Self-sustaining

Socotra Yemen Reinforcement Self-sustaining

Euphorbia (1)

? Oman Assisted Colonisation Self-sustaining

Dragon blood tree (2)

? Oman Assisted Colonisation Self-sustaining

Socotra Yemen Reinforcement Self-sustaining
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Managing Risks in the Reintroduction of Captive-Bred 
Animals

Philip J. Seddon & Helen Senn

Adapted from: Seddon, PJ & van Heezik, Y. 2014. Rearing to release: Managing risk in the 
reintroduction of captive-bred birds. In: MM Lamont (Ed). Conservation Through Aviculture: ISBBC 
2007. Proceedings of the IV International Symposium on Breeding Birds in Captivity. Hancock 
House Publishers, Surrey, B.C., Canada.

“It is not enough, anymore, simply to keep animals alive—or even alive and breeding… the ultimate 
aim is conservation, of which it is a condition that at some time the animals in captivity might return 
to the wild. Animals in zoos must be encouraged to retain enough of their natural behaviour to make 
it possible for them to go back to the wilderness; or enough at least of their native wit to enable 
them to relearn the necessary skills”. (Colin Tudge, 1992)

Introduction

One of the most intensive and expensive options in the conservationist’s toolkit is that of the 
restoration of extirpated populations through reintroduction from captivity. As conservation options 
run out for rapidly declining wildlife populations trapped in dwindling habitat patches, recourse to 
some form of captive management is seen as a necessary step. A review of 314 approved Recovery 
Plans for threatened and endangered wildlife in the US found that 70% recommended wild-to-wild 
translocation and >64% called for the establishment of a captive population (Tear et al, 1993). Zoos 
are increasingly seeking and finding a role as conservation partners (Sheppard, 1995; Stanley Price 
& Soorae, 2003). In 2006 the 216 accredited institutions of the Association of Zoos and Aquariums 
(AZA) reported on their participation in 1807 conservation projects, and over a five-year period 
AZA member institutions funded 3693 conservation projects in over 100 countries, an average 
spending on conservation of nearly US $70 million per annum (AZA, 2006). However, zoos will 
only ever house a small proportion of all threatened species (Magin et al, 1994) and increasingly 
the majority of animals for reintroduction will come from specialised facilities in their native country 
(Beck et al, 1994; Stanley Price & Soorae, 2003).

Clearly, captive management is a key and growing component in the restoration and conservation 
of threatened bird species. Despite its prevalence, however, few would naively embark on full-scale 
captive breeding and reintroduction projects as a sure-fire fix. The costs, logistic requirements 
and institutional commitment needs aside and assuming the technical expertise has been gained 
to hold, sustain and to breed a given species in captivity, there are a number of other challenges 
facing any captive management program that aims to produce enough animals that can be suitable 
reintroduction founders. The available evidence suggests that the success of restoration projects 
releasing captive-reared or captive bred animals is significantly less than for projects using wild-
caught founders (Griffith et al, 1989; Beck et al, 1994; Wolf et al, 1996). This paper seeks to examine 
what these challenges are and how the various risk factors may operate over different time scales 
across a spectrum of captive management ranging from short-term captivity involved in wild-to-wild 
translocations, through to multi-generation captive breeding. We explore some approaches that 
have been used to mitigate the effects of captivity-related risks to animals and make the point that 
the form of captive management applied must be appropriate to the ultimate goals of a project.



26

Types of captivity

Three broad categories of captive management in support of wildlife conservation efforts can be 
described.

1. Wild-to-wild translocation

This entails the live capture of wild free-ranging animals, their transportation to a release site under 
some form of restraint, and their release with or without some period of acclimation.

It has been suggested that the release of wild-caught animals has a greater likelihood of success 
as indicated by post-release survival, primarily due to the higher probability that wild animals will be 
better able to cope with finding food and shelter and avoiding predators than would captive animals 
that may have lost or never acquired the requisite skills (Griffith et al, 1989; Beck et al, 1994). While 
post-release survival may be higher, there are significant risks associated with the process of live 
capture and transport of wild animals (e.g., Leech et al, 2007), and levels of pre-release mortality 
should be carefully considered in any cost-benefit analysis.

Wild-to-wild translocations are the most cost-effective means of re-establishing populations where 
a suitable source of wild founders exists. In some cases, particular source populations may be 
harvested repeatedly to provide founders for reintroductions. In New Zealand, localised populations 
of South Island saddleback (Philesturnus carunculatus), North Island saddleback (P. rufusater), and 
stitchbird (Notiomystis cincta) have been harvested up to 12 times for wild-to-wild translocations 
(Lovegrove, 1996; Taylor et al, 2005; Hooson & Jamieson, 2003; Armstrong, 1999-2006). One 
critical consideration is whether the removal of founders for releases elsewhere will endanger the 
viability of the source population. In the past, this aspect has received little or inadequate attention, 
but recent work provides a good model for how such assessments can be undertaken with rigour 
(Dimond & Armstrong, 2006), and increasingly the need to estimate sustainable harvest levels for 
source populations are being considered (e.g., Greaves, 2007).

Wild-to-wild translocations may become an important component of a species restoration 
programme in the latter part of a project, enabling the establishment or reinforcement of new 
subpopulations, or the manipulation of existing populations to maximise productivity. For example, 
since the reintroduction of peregrine falcons (Falco peregrinus anatum) ceased in 1992 the focus 
of management has turned to the translocation of wild young away from sites with high fledgling 
mortality (Kauffmann et al, 2003).

2. Captive-rearing

In some cases, the high risk of mortality of young stages will justify the collection for raising in 
captivity, thereby markedly increasing early survival. Animals may then be released back into 
the population from where they were taken or used as reintroduction founders to establish a new 
population within vacant habitat elsewhere in the species’ distribution range.

An example of captive rearing for population restoration is provided by the black stilt or kaki 
(Himantopus novaezelandiae) a Critically Endangered New Zealand endemic. Black stilts are 
braided river specialists that, as a result of habitat loss, predation by introduced mammals and 
disturbance were reduced by 1983 to only 22 free-ranging adults within a single population in the 
central South Island of New Zealand (Pierce, 1996). High rates of egg and hatchling loss to exotic 
mammalian predators have been countered by the collection of eggs from the wild, for artificial 
incubation and rearing of hatchlings in a purpose-built facility (Keedwell et al, 2002). Captive-reared 
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kakis are released as juveniles (~3 months old) or sub-adults (~9 months old) to supplement the 
existing wild population. 

3. Captive-breeding

Captive-breeding entails the management of multiple generations and carries not only a greater 
cumulative risk of effects that may compromise future fitness, but also two basic challenges: (i) 
replication (or simulation) in captivity of the normal processes of mate selection, copulation, laying, 
hatching and rearing; and (ii) the selection and preparation of offspring derived from captive breeding 
to be released into the wild for population supplementation or reintroduction.

In some cases, it may not be possible, for a number of reasons, to induce captive animals to mate. 
For example, the breeding system of a given species may be incompatible with replication under 
captive conditions. The houbara bustard (Chlamydotis undulata), now also recognised as the 
separate species (Chlamydotis macqueenii), is a drab desert Otariid that has been driven close to 
extinction in parts of its range by the dubious virtue of being the premier quarry for Arab falconers 
(Seddon & van Heezik, 1996). As a consequence, over the last two decades a number of large-
scale captive-breeding facilities have been created, variously to provide animals for put-and-take 
hunting operations to relieve pressure on vulnerable wild populations, and/or to restore natural 
populations through releases of founder animals for reintroduction and supplementation projects 
(Seddon et al, 1995). The houbara breeding system is described as an exploded lek, whereby 
males make nuptial displays over a dispersed area that is visited by females who choose a mate, 
then withdraw to undertake all egg-tending and chick rearing duties alone. The large areas and 
the special social interactions involved have meant it is neither easy nor efficient, to try to replicate 
natural breeding conditions (van Heezik & Seddon, 2001). A system of sperm collection from males 
imprinted on their human handlers, and artificial insemination, incubation, and chick rearing was 
developed during the 1990s (Saint Jalme & van Heezik, 1996) and is now the basis for the annual 
captive production of thousands of houbara bustards from captive breeding facilities in Morocco, 
Saudi Arabia, and the UAE.

This completely artificial captive breeding process, while extremely labour intensive and heavily 
reliant on suitably tame sperm donors, enables aviculturists to have full control over all aspects of 
breeding, from the selection of genetically appropriate parents, through to the pre-release rearing 
environment of offspring.

Risk factors

Any period of captivity will impose a new set of risk factors on captive animals that may compromise 
both their survival in captivity and their future viability after release. We can group these into five 
categories: stress, trauma, disease, and behavioural and genetic effects.

The longer the period an animal spends in captivity, the greater the likelihood that there will be 
a deleterious effect. We can envisage that short-term capture and holding will carry some not 
insignificant risk of stress- or trauma-related mortality, but behavioural and certainly genetic effects 
will be negligible or absent. However, other sub-lethal effects of capture and transport of wild 
animals, such as weight loss (e.g., Wanless et al, 2002) could influence post-release survival and 
may necessitate some period of acclimation to allow improvement of body condition before release 
(see also Hard versus soft release protocols). Captive rearing may have a lower risk of stress-related 
impacts, retain risk of trauma, but in addition have potential impacts from disease and behavioural 
modification. Finally, the multi-generational management of captive breeding will carry an additional 
risk of deleterious genetic effects (Figure 10). 



28

The risk that a given animal will experience an event that will reduce its post-release fitness increases 
with time spent in captivity, so at one level the best thing to reduce the risk of captivity-related 
reduction in fitness would be to minimise the time spent in captivity. This is a sensible guiding 
principle for wild-to-wild translocations, and may even be a key factor in captive-rearing, where 
the longer an animal is held before release the greater the risk of trauma, disease, or behavioural 
adaptation to captive conditions. But reduction of the time in captivity seems an unhelpful suggestion 
for managers of captive-breeding facilities, where potentially the most serious fitness reductions 
for captive-born founders due for release may arise due to genetic selection of captive parents, 
and the absence of opportunities to learn appropriate behaviours, such as predator avoidance, or 
conversely, the presence of opportunities to acquire inappropriate behaviours, such as tameness to 
humans. However, a number of innovative techniques have been developed to ensure the captive 
production of the best possible candidates for release into the wild.

Trauma and stress

Causes of death of captive animals can be divided into those that occur almost entirely within a few 
months of hatching (neonatal, impactions and perforations, and congenital), and those that occur 
throughout the rest of the animal’s time in captivity. Of 457 recorded causes of death of captive 
houbara bustards, the single most significant was trauma (16%) (van Heezik & Ostrowski, 2001). 
Trauma was also the primary cause of mortality among adult, and sub-adult Black Stilts (van Heezik 
et al, 2005). Injuries incurred in captivity are primarily the result of collisions with built structures, 
particularly during capture operations or when animals respond to the proximity of predators.

Stress may result from short-term effects of capture and transport, or the physical characteristics of 
a captive environment, and can be a major factor limiting captive reproductive success. Increased 
heart rate is part of the stress response to stimuli that are perceived by an animal as being novel, 
challenging or threatening. Elevated heart rate can occur independently of any overt behavioural 
reaction to perturbation, and is one manifestation of the vertebrate stress response that is activated 

Figure 10� The cumulative risk of a deleterious effect due to behavioural or genetic changes with time spent in captivity.
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by the hypothalamic-pituitary-adrenal axis and mediated by an increase in glucocorticosteroids from 
the adrenocortical tissue—the adrenocortical stress response (Romero, 2004). Short-term increases 
in circulating levels of glucocorticosteroids enable individuals to escape from or cope with adverse 
conditions, however, the long-term elevation of stress hormones can be physiologically damaging 
to individuals resulting in higher susceptibility to disease, reduced fertility and lower life expectancy 
(e.g., Walker et al, 2005). Some of the most detailed recent work on quantifying the costs of human 
disturbance on animals has been conducted on wild penguins and has used experimental blood 
sampling protocols to measure changes in corticosterone (the glucocorticosteroid in animals) in 
response to standardised experimental disturbance. magellanic penguins (Spheniscus magellanicus) 
have significantly elevated levels of corticosterone in response to a person visible nearby for only 
5 minutes (Fowler, 1999), but can habituate to human disturbance as long as the stimulus is short, 
intense and consistent (Walker et al, 2006). 

Mitigation of trauma and stress

Reduction of traumatic injuries is most easily achieved through appropriate modification of the 
captive-breeding environment to lessen the likelihood of animals accidentally colliding with hard 
surfaces, for example through the use of soft-walled cages and seclusion from visitors (van Heezik & 
Ostrowski, 2001), and the development of appropriate capture techniques (van Heezik et al, 2005).

Environmental enrichment is one method to reduce captive stress through prevention of undesirable 
behaviours such as aggression (McDougall et al, 2006). In poultry extra handling and the introduction 
of novel objects in rearing-cages results in calmer birds, with faster growth rates and increased 
resistance to disease (James & Hughes, 1981; Gross & Seigel, 1982; Jones and Waddington, 
1992). Handling of orange-winged Amazon parrots (Amazona amazonica) increased tameness 
(Aengus & Millan, 1999), but extra handling and novel objects had no measurable effect on the 
tameness of captive-bred houbara bustards (van Heezik & Seddon, 2001). The stress-reduction 
benefits of extra handling as an environmental enrichment technique need to be balanced against 
an increased risk of animals imprinting on their human keepers and is therefore not likely to be 
appropriate for animals scheduled for release (see Behaviour, below).

Disease

The captive environment introduces two related disease risks: (i) risk of contagious disease spread 
through close contact with conspecifics, and (ii) risk of acquiring disease from wild animals coming 
into contact with the captive facility, or from other species in captivity, keepers and visitors. Infections 
and infectious diseases were the second most common cause of death among captive sub-adult and 
adult black stilts (van Heezik et al, 2005) and houbara bustards (van Heezik & Ostrowski, 2001).

While there is an extensive and well-established literature on the management of disease risks within 
a captive population, only in the last two decades has significant interest been focused on the disease 
risks associated with releases of captive-bred animals back into the wild, and in particular those 
releases of endangered species that aim to supplement or restore wild populations (Cunningham, 
1996). Again, two issues arise, (i) diseases present in wild populations at a release site that may 
compromise the survival of released animals, and (ii) diseases that may be transmitted by captive 
animals released into contact with extant wild populations.

Wild to captive disease transmission

Captive animals due for release may have failed to acquire immunity to the suite of relatively common 
pathogens they would encounter in the wild because of lack of exposure to low-level infection 
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during captivity (Mathews et al, 2006). In addition, captive-bred and wild-caught animals may have 
reduced immunocompetence and thus increased susceptibility to disease as a result of nutritional, 
social and other stress (Viggers et al, 1993; Mathews et al, 2006). Failure of the Hawaiian goose 
(Branta sandvicensis) reintroduction was due to their occupancy only at the higher altitudes of 
their historic range as a result of their exclusion from lower altitude breeding areas by infestations 
of introduced mosquitoes carrying avian pox virus (Kear, 1977). Exotic doves are believed to be 
reservoir hosts to trichomoniasis, leucocytozoonosis, and avian pox and thus posed a risk to the 
successful recovery of pink pigeons (Columba mayeri) and echo parakeets (Psittacula eques) in 
Mauritius (Swinnerton et al, 2005).

Captive to wild disease transmission

Animals bred in captivity will acquire local infections, possibly including alien parasites, and may 
become symptomless carriers of pathogens that may pose a risk to wild populations (Woodford & 
Rossiter, 1994), and risk causing even ecosystem-level effects (Cunningham 1996). It is insightful 
to consider a released captive-bred animal as not just a single species, but rather an assemblage 
of species, a “biological package containing a selection of viruses, bacteria, protozoa, Helminths, 
and arthropods” (Nettles, 1988, cited in Woodford & Rossiter, 1994). Captive conditions may bring 
endangered species into contact with new diseases that could pose a serious risk to populations 
of wild conspecifics. Sandhill cranes used to rear chicks of the endangered whooping crane (Grus 
americana) carried infections of visceral coccidiosis and it is believed that transmission of infection 
by foster parents resulted in this being a significant cause of whooping crane mortality Similarly, 
pink pigeons were infected by herpes virus via foster domestic pigeons (Columba livia), while avian 
malaria and avian pox co-introduced by other birds contributed to the reproductive failure and 
declines in the endangered Hawaiian crow (Corvus hawaiiensis) (Viggers et al, 1993). 

Mitigation of disease

Three processes can be applied to reduce the risk of disease transmission between captive founders 
and wild populations:

 • Evaluation of the release site would allow identification of the disease agents and their vectors 
present in wild populations, so that specific risks to founders can be anticipated and addressed.

 • Pre-release selection and health screening of founders will ensure that only healthy, pathogen-
free animals are scheduled for release (Black, 1991). Such screening should consider parasite 
and pathogen loads, but also include other health indices, such as haematological parameters, 
body conditions indices, and markers of immunocompetence (Mathews et al, 2006). Pathogen 
loads of captive animals can be minimised by strict rearing protocols, for example, captive-
bred masked bobwhite (Colinus virginianus ridgwayi) chicks are reared separately from the 
breeding flock to reduce potential disease exposure (Carpenter et al, 1991).

 • Pre-release preparation of founders may include ringing or other forms of individual marking 
to facilitate post-release analyses of survival against known pathogen loads and histories of 
veterinary treatments; reduction of parasite loads, e.g., de-worming; and possibly vaccination 
against specific pathogens. In 1984 seven of 39 Whooping Cranes died in a captive facility in 
Maryland, USA, due to infection by eastern equine encephalitis (EEE). Following identification of 
the causal agent, serological monitoring of both captive and wild animals was started, and an 
inactivated EEE virus was developed to protect susceptible birds (Woodford & Rossiter, 1994). 
Both captive-reared and wild-caught Campbell Island teal (Anas nesiotis), due for release 
back onto Campbell Island following the eradication of Norway rats (Rattus norvegicus), were 
vaccinated against Erysipelas after an outbreak of the disease amongst kakapo (Strigops 
habroptilus) on a holding island (McClelland, 2007).
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Timing of releases may be an additional factor affecting the likelihood of survival. For example, captive 
white-tailed sea-eagles (Haliaeetus albicilla) released in central Europe in mid-summer would come 
into contact with Clostridium botulinum, a common cause of mortality of wild waterbirds; releases 
delayed until autumn avoid the possibility of Sea-eagles feeding on infected carrion (Viggers et al, 
1993).

Finally, plans should be in place for more than standard captive and pre-release veterinary care 
and the feasibility of post-release necropsy should be considered in order to understand ongoing 
disease risks and their role in project success or failure.

Behaviour

One of the more complex captivity-related effects most applicable to captive rearing and especially 
captive breeding is the production of animals with behavioural traits that may reduce post-release 
fitness. Some inadvertent selection for tameness and adaptation to the captive environment is 
regarded as inevitable in captive populations (Frankham et al, 1986), e.g., the animals that are most 
likely to breeding in captivity are those that are behaviourally most suited to captive conditions, while 
trauma, stress, and failure to breed will select against individuals that are most flighty and least 
tameable. This form of selection will have a genetic basis and a behavioural phenotypic expression 
(Håkansson & Jensen, 2005), and may reduce post-release survival in offspring. In addition, for 
many species, some key behaviours are not innate and may need to be learned from parents or 
other conspecifics. Thus deleterious behaviours may result from two processes: (i) acquisition of 
inappropriate behaviours, and (ii) lack of opportunities to acquire appropriate behaviours.

Development of inappropriate behaviours

Close and regular contact with humans during captive management may result in the loss of wariness 
of people, both within and between generations that could compromise post-release survival or 
hinder normal social interactions with conspecifics. Hand-reared Mississippi sandhill cranes (Grus 
canadensis) proved to be unsuitable for reintroduction because of their reluctance to associate 
with wild conspecifics (Ellis et al, 2000).

In addition, the current understanding of the ontogeny of habitat selection suggests that the natal 
environment experienced by an individual may increase post-dispersal preference for comparable 
environmental cues (Stamps & Swaisgood, 2007). Thus captive-reared animals may develop specific 
habitat preferences related to their rearing environment and actively seek similar environments after 
release. Excessive tameness and curiosity of California condors (Gymnogyps californianus) towards 
humans and urbanised areas, drawing them particularly towards rectangular human structures and 
the sounds of civilisation familiar to them from their rearing environment, has contributed towards 
high post-release mortality rates during early releases (Meretsky et al, 2000).

Absence of appropriate behaviours

As a result of the predictable and controlled environment, captive animals may either lose or fail to 
acquire the appropriate range of behaviours that would enable them to respond to unpredictable 
events in the wild (McPhee, 2003). Post-release mortality of captive-reared or –bred founders 
is frequently due to behavioural deficiencies, affecting such things as locomotor skills, spatial 
orientation, the recognition of both natural foods, and appropriate responses to predators (Kleiman, 
1989; Miller et al, 1994; Biggins et al, 1999; van Heezik et al, 1999). The social environment in 
captivity will be important for the development by young of species-typical behaviour (Håkansson & 
Jensen, 2005). Captive-bred hacked Aplomado falcons (Falco femoralis septentrionalis) had lower 
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survival and recruitment rates than wild-reared falcons due to the inability of captive-bred animals 
to out-compete rivals for vacant territories (Brown et al, 2006).

Reintroduction failures resulting from behavioural deficiencies are most common in species that must 
learn most of their behavioural repertoire (Snyder et al, 1996). Attempts to reintroduce thick-billed 
parrots (Rhynchopsitta pachyrhyncha) failed, with high mortality rates due to poor food-processing 
ability, inability to avoid predators, and other “deficiencies in basic survival skills” (Snyder et al, 1994).

Mitigation of behaviour effects

Pre-release Behavioural Selection
Pre-release behaviour has been proposed as a means to select appropriate captive-bred animals for 
release, whereby the behaviour of wild-bred and captive-bred animals in identical novel environments 
is compared, using the wild-bred animals as a normal baseline from which to identify behavioural 
deficiencies in captive-bred animals and thereby rank potential candidates for release (Mathews 
et al, 2005). This approach has been further developed with the recognition that individual animals 
will express consistent behavioural types that respond differently to the same stimuli, and thus 
population resilience may be enhanced if not all members exhibit the same responses to changing 
selection pressures (Watters & Meehan, 2007).

Assessment and categorisation of potential reintroduction founders on the basis of behavioural 
responses measured in captivity is a potentially fruitful new area of investigation. For example, studies 
of domestic birds have shown consistent tonic immobility responses of individuals suggesting that 
each bird has a characteristic level of innate fearfulness (Jones et al, 1994), implying that perhaps 
tonic immobility could be used to select behavioural types and rank suitability for release. However, 
care needs to be taken to ensure that behaviours expressed to stimuli in captivity are relevant for 
post-release survival. Pre-release responses to a model predator and the degree of tonic immobility 
were not predictors of post-release survival in houbara bustards (van Heezik et al, 1999).

Predator recognition/avoidance training
In general hand-reared animals will show less appropriate responses to predators than do parent-
reared or wild animals (Robertson & Dowell, 1999; Zilletti et al, 1993; Anttila et al, 1995). Given 
the evidence that anti-predator behaviour in animals can be learned (Curio et al, 1978; Maloney & 
McLean, 1995; McLean et al, 1999) there is increasing attention on the use of pre-release training to 
increase the predator awareness and hence post-release survival of released captive-bred animals 
(Kleiman, 1989; Beck et al, 1994; Wallace, 1994; Holzer et al, 1996). Pre-release anti-predator 
training can take several forms, including the use of classical conditioning whereby animals learn 
that model predators are predictors of some aversive event (Griffin et al, 2000). 

Use of a model of a predator, while logistically easiest, may be ineffective in enhancing predator 
awareness in naïve captive-bred animals, and can even lead to habituation of responses. A more 
effective stimulus may be provided through the use of a live predator under a controlled, but an 
appropriately realistic situation. Captive-bred houbara bustards that were trained using a live red 
fox in the presence of wild conspecifics displaying appropriate alarm responses had increased 
post-release survival up to breeding age compared with untrained animals (van Heezik et al, 1999). 
Although providing a potentially richer stimulus, the use of a live predator in pre-release training 
carries a number of logistic and ethical concerns (Griffin et al, 2000). The challenge remains in 
understanding what the most appropriate anti-predator response will be in the wild, and to stimulate 
this response effectively in a captive environment.
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Other types of pre-release training
A wide variety of conditioning and learning experiences may be applied to overcome the limitations 
imposed by captive conditions. Environmental enrichment is a well–established technique for 
minimising chronic stress and maximising normal behavioural development in captive animals 
(Shepherdson, 1994). Enrichment can take the form of the introduction of novel objects into 
enclosures, but of more relevance in the preparation of animals for release would be to provide 
opportunities for captive animals to acquire future survival skills, such as predator avoidance (see 
above), and foraging skills to utilise natural food sources. For example, the enclosures for white-
winged guans (Penelope albipennis) include the native trees and bushes that are the natural food 
source of wild guans (Pratolongo, 2003); milky storks (Mycteria cincerea) are encouraged to catch 
live fish in ponds within their captive enclosures (Sebastian, 2005), and pre-release training for 
tarictic hornbills (Penelopides panini) included provision of bundles of fruit-laden branches so that 
they could exercise manoeuvring in dense foliage (Hembra et al, 2006).

Often more specific pre-release training may be necessary to compensate for the effects of captivity 
or to prepare animals for release procedures and for post-release conditions. Captive-bred Bali 
starlings (Leucospar rothschildi) were given a six-week pre-release training period to accustom 
them to transport boxes, to retain a fear of humans, and to develop foraging skills (Balen & Gepak, 
1994). Captive-reared Puerto Rican parrots (Amazona vittata) were fitted with dummy transmitters 
to acclimate them to wearing radio-transmitters, and subjected to flight conditioning to develop and 
maintain physical stamina before release (White et al, 2005).

Innovative techniques using micro-light aircraft have been used to teach directed migration 
movements or to establish new migration pathways, for example for captive-bred whooping cranes 
in the USA (Hartup et al, 2005), and for hand-reared northern bald (waldrapp) ibis (Geronticus 
eremita) moving between Austria and Italy (Fritz, 2007).

Rearing and release environment

Hand-reared versus hen-reared

Rearing techniques can influence the behavioural repertoires of released animals. One method, 
hand-rearing, was developed to supplement or to overcome the challenges of parent-rearing in 
captivity, however, hand-rearing methods have been criticised for developing abnormal post-release 
behaviours (Metetsky et al, 2000). Hazel grouse (Bonasia banasus) black grouse (Hyurus tetrix) 
and gray partridge (Perdix perdix) developed retarded crouching responses to aerial predators and 
failed to respond to conspecific alarm calls (Curio, 1998, cited in Kreger et al, 2005). Attempts 
to minimise human contact and the risks of sexual or filial imprinting during hand rearing have 
involved the use of costumes or puppets that resemble adult animals (Wallace 1994). Puppet-
reared common ravens (Corvus corax) (used as a surrogate for the endangered Hawaiian crow 
(Corvus hawaiiensis)) showed appropriate social and dispersal behaviours, and association with 
conspecifics after release, and were more vigilant and fearful pre-release (Valutis & Marzluff, 1999).

There is a concern that, although tameness towards humans may be avoided and association with 
conspecifics facilitated, hand rearing does not replicate the learning experience young animals 
would gain from their parents (Snyder et al, 1996). To address this need eastern loggerhead shrike 
(Lanius ludovicianus migrans) fledglings are reared in large enclosures with their parents to enable 
learning of anti-predator behaviour and hunting skills (Woolaver, 2005). However, the assumed 
advantage of parent-rearing has been challenged by recent work indicating that if hand-reared 
animals are provided with appropriate experience then post-release survival may be equivalent to 
that of parent-reared birds (van Heezik et al, 1999; Ellis et al, 2000). For example, the treatment 
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of parent-rearing, hand-rearing, and hand-rearing with exercise had very little long-term effect on 
the behaviour of whooping cranes released to the wild (Kreger et al, 2005).

The ultimate assessment of the performance of hand-reared birds will be in comparison with wild-
reared birds. There was no difference in breeding success between hand- versus wild-reared snowy 
plovers (Charadrius alexandricus) (Quinn, 1989), and hand-reared takahe (Porphyrio mantelli) raised 
with minimal human contact by keepers using glove puppets survived at least as well as wild-reared 
birds (Maxwell & Jamieson, 1997). Growth and behaviour of captive-reared and wild-reared piping 
plover chicks (Charadrius melodus) was similar, but fledging rates of captive-reared Plovers were 
actually higher than those of their wild-reared conspecifics (Powell et al, 1997).

Hard versus soft release protocols

The term soft release applies to any release strategy designed to ease the transition into a new habitat 
(Scott & Carpenter, 1987), including post-release support such as the provision of supplementary 
food. More commonly, however, it is used in specific reference to some form of delayed release, 
whereby animals are held captive at the release site for some period. Considerable management 
and research attention have been paid to the question of how or whether to ease the transition of 
founder animals to full independence at a release site. At its simplest a hard release protocol would 
entail transporting founder animals to the chosen site, releasing them on arrival and providing no 
subsequent interventive care or support. At the other extreme, a soft release protocol may require 
that founder animals are held at the release site in some form of captivity or semi-captivity for an 
extended time (days-months) during which they are provided to some extent with sustenance, shelter, 
and even veterinary care. This period of pre-release confinement is intended to allow acclimation to 
the new surroundings and thereby increase the probability of post-release survival and decrease the 
likelihood of post-release long-distance dispersal. Less intensive forms of soft release for animals 
include the post-release provision of supplementary food, veterinary care, shelter, or localised 
control of potential predators. Captive-bred Mauritius kestrel (Falco punctatus) chicks are fledged 
from nest boxes at the release site (hacked), with food provided until full independence (Nicol et 
al, 2004). Captive-reared yellow-shouldered Amazon parrots (Amazona barbadensis) are provided 
with supplemental food 1-2 times per day for up to one month before release (Sanz & Grajal, 1998). 
Wild-caught flightless Aldabra rails (Dryolimnas cuvieri aldabranus) were kept in enclosures at the 
release site and fed daily for between 6 and 14 days to enable compensation for weight loss that 
occurred during capture and transport; this soft release acclimation period is believed to have been 
instrumental in the high post-release survival rate (Wanless et al, 2002).

Probably as a result of published success stories there has been a tendency for reintroduction 
practitioners to assume that de facto a soft release protocol is preferable (Wanless et al, 2002), 
hence it tends to be the first option considered for improving reintroduction programs. However, 
there is increasing experimental evidence that indicates, for some species at least, a soft release may 
reduce survival or have no obvious effect (e.g., Fancy, 1997; Hardman & Moro, 2006). Decisions 
concerning the best type of release protocol should be made on a project-by-project basis, taking into 
account the duration, type and possible impacts of pre-release captive management and transport, 
and with reference to any relevant taxon-specific experience or guidelines that may be available.

Genetics

Loss of genetic diversity may increase the extinction risk for small populations (Frankham, 2005), 
especially when genetic factors (such as inbreeding depression) negatively impact population growth 
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rates and make populations more vulnerable to either deterministic (e.g., habitat loss) or stochastic 
(e.g., environmental variation or catastrophic events) factors (reviewed in Jamieson, 2007). 

Since captive populations of threatened species are often comprised of a small number of founders 
that may also be related, the genetic management of a captive population poses a number of 
challenges. Reduction in the fitness of individuals resulting from the mating of close genetic relatives 
has been shown in captive populations of several species (reviewed in Swinnerton et al, 2004). 
The concentrating of deleterious recessive alleles seems to be the main cause of this inbreeding 
depression. For example, a high frequency (9%) of the recessive allele causing chondrodystrophy (a 
lethal form of dwarfism) was found in the captive population of Californian condors due to a founder 
effect (Ralls et al, 2000). Similarly, low molecular diversity of pink pigeon (Streptopelia mayeri) 
founders, for reintroduction purposes, is causing inbreeding depression resulting in reduced egg 
fertility and survival of squab, juvenile, and adult pigeons, with the strongest effects in the most 
highly inbred animals (Swinnerton et al, 2004). Even if inbreeding depression is not an issue, the 
loss of genetic diversity may result in the loss of the potential for the population to adapt to future 
challenges upon release (e.g., disease).

Because most threatened species have not been subjected to detailed genetic study, it is often not 
possible to know which individual genes might be important to an individual’s survival in the wild. 
Maximising the genetic unrelatedness (or genetic diversity) of the founder population is the best 
strategy to ensure that the population has the greatest chance of survival. This requires the release 
of a large number of animals, to ensure a wide range of genetic diversity (and is also important for 
demographic reasons), but may also entail the collection of individuals from different populations 
or geographic areas across the species range. 

There is a chance that this will also introduce the possibility that adaptations to the local environment 
will disadvantage offspring if they are released into sufficiently different ecological regions. Such 
‘outbreeding depression’ needs to be assessed on a species by species basis. In general the risk of 
‘outbreeding depression’ tends to be overestimated and it is the risks of inbreeding depression (see 
above) that are much greater (Frankham et al, 2011). The founder captive population of peregrine 
falcons (Falco peregrinus), for example, was derived from individuals of widely differing genetic 
stocks, yet their mixed (or crossed) offspring have successfully re-established wild populations 
following releases in the Mid-Western United States (Tordoff & Redig, 2001). 

The ideal scenario is to take animals from a genetically diverse source that is also closely related 
to the original population. However, this is not always possible. The final choice must balance the 
need for genetic diversity against local adaptation and concerns about outbreeding (e.g., see the 
reintroduction of Eurasian beavers (Castor fiber) (Senn et al, 2014)). This is a dilemma that is faced 
in many reintroductions. Molecular genetic analysis can help guide these decisions. For examples, 
see Marshall & Spalton (2000), Alqamy et al (2012); Ochoa et al (2016) (Arabian oryx); Hardouin 
et al (2015) (houbara bustard); and Senn et al (2014) (dama gazelle (Nanger dama)). 

Selection of individuals from a captive population for reintroduction is effectively a harvest of that 
population that will inevitably alter the remaining genetic composition and structure of the captive 
population. Releases from a captive population can function as a second population bottleneck in 
reducing genetic diversity (Thévenon & Couvet, 2002). Thus, there is an inherent conflict between 
reintroduction and captive breeding programs that is not always well managed. Earnhardt (1999) 
sets out five demographic and genetic-based strategies for release founder selection, including 
the strategy of ‘genetic dumping’, which is the release of animals over-represented in the captive 
population. While genetic dumping is most beneficial for the captive population, this strategy would 
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provide the least genetic diversity for the reintroduced population. Earnhardt (1999) suggested 
that there is no one ideal strategy, but that evaluation and selection of appropriate individuals for 
release will depend on the type (reintroduction or supplementation) and phase (early versus late) 
of a program, and the availability of wild-caught founders to increase captive genetic diversity.

Mitigation of genetic effects

The advantage of a captive population is that managers are able to monitor each individual and to 
manage changes in genetic diversity, population size, and population structure by controlling the 
frequency and pairings of matings. Modern breeding programs avoid loss of genetic diversity, genetic 
drift and inbreeding depression by prioritizing the breeding of individuals with the lowest relatedness, 
prevention of breeding of individuals with a high mean coefficient of kinship, maximising founder 
representation, and maximising the size of the captive population (Kalinowski & Hedrick, 1999; 
Earnhardt et al, 2004). It is often the case that the full genetic variation of an original population is 
no longer available, and one approach to produce a locally adapted genotype has been to maximise 
genetic heterogeneity by facilitating hybridisation among populations or even subspecies; this 
approach has been used with varying success in the reintroduction of some mammals and lizards 
(reviewed in May 1991), but no avian examples are apparent in the literature. 

Genetic drift models are used to project predicted rates of loss of genetic diversity against the 
current operative standard for genetic objectives within captive breeding programs of retention of 
90% of expected heterozygosity for 100 years (Earnhardt et al, 2004). When these models indicate 
a decline in population heterozygosity below the standard, managers of captive breeding programs 

Figure 11� A simple illustration of genetic variation in different source populations of an antelope species planned for 
reintroduction. 
Each colour represents a different maternal lineage (haplotype). The height of the bar represents the number of 
animals in each source population. Different source populations can have very different genetic variation and utilising 
this genetic diversity effectively is important in reintroduction planning. A well-planned reintroduction might make use 
of animals from all four source populations to maximise the genetic diversity in the release herd.
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have three options: increase the effective population size; import additional founder lineages or phase 
out the captive program (Earnhardt et al, 2004). The costs, difficulty, and impacts on free-ranging 
populations of taking new animals from the wild, and the space limitations in captive facilities, will 
place restrictions on the feasible responses of managers to predicted losses of genetic diversity.

The best course of action will take place when captive management is being planned, to ensure that 
any reintroduction captive program is set up from the least inbred founder population possible, and 
that provisions are in place to maximise both the initial population size and the carrying capacity of 
the captive facility to overcome the possible deleterious effects of declining genetic diversity and 
any new bottleneck (Thévenon & Couvert, 2002).

Conclusions

The type of captive management used in the restoration of a given animals species will be dictated 
by the current status of wild populations and their habitats, risks to extant populations and habitats, 
technical expertise, availability of facilities, and funding. For populations that face a high risk of 
extinction in the wild, captive breeding may be the only appropriate action in order to sustain the 
species until the causal factors of their decline have been addressed. High rates of egg and chick 
losses may be avoided with egg collection and captive rearing, enabling the release of older, 
less vulnerable age classes. Lack of technical expertise or appropriate facilities for the captive 
management of a particular species may necessitate the use of only wild-to-wild translocations, 
provided suitable founder populations exist. Adequate funding underpins any restoration effort; 
funding not just for any captive component, but also to support post-release monitoring and 
assessment of the success of a release program.

Clearly, there are many reasons other than reintroduction why animals may be held in captivity: as 
pets, as private collections, for public awareness and education within zoological collections, for 
training for recreation and sport (e.g., falconry), as an insurance against the loss of wild populations, 
and even as surrogates for the development of husbandry techniques for rarer species. None of these 
objectives requires the selection of individual animals for release into the wild. Even programs that 
do focus on the release of captive animals may not necessarily be concerned with the restoration 
of free-ranging populations of native species. Motivations for releasing captive animals include 
introductions of species outside their natural distribution ranges (today thankfully rare, but a major 
undertaking early last century in countries such as New Zealand (Green, 1997)), put-and-take 
hunting, and restocking of hunted populations. Conservation projects requiring the release of animals 
after some, even brief, period of captivity fall into three categories: benign introductions (e.g., to 
restore a key ecosystem component through the release of the taxonomically closest extant form 
in the face of the extinction of the original species (Seddon & Soorae, 1999)), reinforcements, i.e., 
the supplementation of an existing population, and reintroduction.

The objectives of any captive management program must be clearly defined as a priori as this will 
determine the type of management that is appropriate and necessary. Projects using animals as 
pets and for advocacy may seek to promote tameness and even imprinting on human keepers, 
whereas wildness might be valued in put-and-take hunting operations but long-term survival and 
breeding in the wild would not be a focus. Management of insurance populations must keep one 
eye to the future possibility of using captive-bred founders to restore free-ranging wild populations. 
Reintroduction programs must place the emphasis on the post-release persistence of founders 
and their wild-hatched offspring. If the goal is to restore wild populations, then all stages of the 
captive-management process must be aimed at producing suitable founder animals for release. 
There is a danger that, given the necessary intensity of focus on captive management and captive 
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production, that the needs of the captive component of a given project overwhelm the ultimate aims 
of the program. The animals allocated for releases to support reintroductions should not be those 
that are genetically, physically or behaviourally unsuitable for, or surplus to the needs of captive 
breeding. The emphasis should be on the quality of release animals, not simply the quantity of animals 
released in the hope that this will overcome unsustainably high post-release mortality (Meretsky 
et al, 2001; Beres & Starfield, 2001). Animal ethics concerns are relevant in this regard also; just 
because unnecessary starvation, predation or other causes of mortality of naïve and ill-prepared 
individuals occurs out of sight once released animals are on their own does not mean it can be 
ignored or accepted in seeking population-level goals. The animal ethics of wildlife reintroductions 
warrant wider discussion.

Captive management of animals in support of population restoration programs is a challenging 
undertaking, with the overriding objective being the production of individuals with the best possible 
chance of post-release survival and successful breeding in the wild. The captive environment poses 
a number of risks, from the dangers of trauma and disease, through to detrimental behavioural and 
genetic changes, all of which will reduce individual fitness and lower the probability that releases 
will result in viable free-ranging populations. However, there are a number of innovative techniques 
to overcome many of the potentially deleterious effects of captivity and thereby better prepare 
animals for release into the wild. Refinement and wider application of such techniques will enable 
reintroduction practitioners to capitalise on the inherent advantages of releasing animals from 
captivity and will do much towards improving the success rates of conservation translocation 
programs worldwide.
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Poachers to Protectors: Engaging Local Communities in 
Anti-Poaching Initiatives

Introduction

The theme Reintroductions and other Conservation Translocations at the 20th SICFAB explored the 
efforts to translocate species (for conservation benefit) in the Arabian Peninsula region. Reasons 
attributed to hindering the success of regional reintroductions were varied, and included adverse 
environmental conditions and the inability of animals to adjust to release sites. Another common 
issue cited as undermining the success of reintroductions, especially for ungulates, was poaching. 

In response to this, one of the workshop sessions focused on the issue of poaching in the region – 
the severity of the problem and the drivers – and introduced a recently developed Theory of Change 
that allowed participants to consider ways to engage with local communities to reduce poaching 
instead of, or in addition to, the traditional approaches of education and increased enforcement. 

Poaching: A global perspective

Poaching – or wildlife crime – of plants and animals around the world is at the top of the 
international conservation agenda.

Millions of plants and animals are illegally taken – or poached1  – each year, and this is a significant 
and growing threat to the conservation of many wild species, undermining the efforts to conserve 
biodiversity. Most of us are familiar with high-profile species threatened by poaching, and the 
closely associated illegal wildlife trade (IWT), such as the killing of elephants for their ivory, rhinos 
for their horn, and tigers for various body parts. But this is just the tip of the iceberg. Poaching is 
also devastating populations of thousands of other species that we might be less familiar with, such 
as pangolins, certain species of lizards, birds, orchids and monkeys.

Some animals, such as birds, reptiles, and primates, are captured so that they can be kept or sold 
as exotic pets. Other animals are killed as they have commercial value as food, jewellery, decor, 
status, or traditional medicine; yet others are killed in retaliation from the damage they wreak to 
crops or livestock (i.e., human-wildlife conflict (HWC)).

This massive depletion of wild plants and animals due to poaching is not just pushing species towards 
extinction; it is eroding the global commons2  and robbing the livelihoods of local communities. In 
addition to the loss of resources, poaching affects people in other ways too. Poachers kill people 

1 Poaching refers to the illegal hunting and fishing or capturing of wild animals, and the illegal harvesting of wild 
plant species.

2 Global commons is a term typically used to describe international, and other global resource domains (such as 
the high seas and atmosphere) in which common-pool resources are found.

Tens of thousands of elephants are poached each year for their ivory; an African rhino is 
poached every eight hours, and more than 1 million pangolins have been traded illegally since 
2000, making pangolin the most trafficked wild mammal in the world (The World Bank, 2017).

The Illegal trade in wildlife is estimated to be worth between USD$7 to $23 billion
(TRAFFIC.org).
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who stand in their way, such as rangers, and local people can also suffer human rights abuses by 
authorities if suspected of poaching.

Who poaches?

People who poach fall into five general types, and with the exception of subsistence poachers, all 
consider wildlife as a valuable commodity for trade, including IWT.

1.  Subsistence poachers & farmers

Include people who live in rural areas that 
illegally hunt or harvest plants and animals to 
put food on their table or for other purposes, 
such as housing and traditional medicines 
(Poaching Facts, 2019). These people tend to 
poach out of need or tradition.

2.  Commercial poachers

Includes local people who make a living by killing 
animals for the bushmeat trade or harvesting 
timber and other plants, for local and regional 
markets. Commercial poachers also include 
those involved in the IWT and capture wildlife 
in demand for the international pet trade or 
for private zoos, such as the Arabian oryx. 
Commercial poachers are often at the bottom 
rung of large-scale poaching syndicates, doing 
the groundwork for international poaching rings 
(Poaching Facts, 2019).

3.  Organised crime & criminal syndicates

Criminal syndicates are the supply chains; 
moving and distributing illegally obtained plant 
and animals products (including live animals) 
purchased from low-level poachers to national 
and international markets (Poaching Facts 
2019). 

4.  Rebel & insurgent militias

In some parts of the world, particularly politically 
unstable areas in Africa, rebel and insurgent 
militias are increasingly funding conflict and 
supplementing their income by controlling and 
exploiting natural resources, which is devastating wildlife populations. For example, large-scale 
poaching undertaken by these groups is wiping out populations of species such as elephant and 
rhino in West and Central Africa (Poaching Facts, 2019).

Bushman © Survival International

Crocodile and antelope meat at Mountuka Nunene market 

in Lukolela, DRC © Ollivier Girard for CIFOR.
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5.  Military & corrupt officials

Throughout the world, there are military leaders, high-ranking officials, and state employees taking 

advantage of their position to exploit their country. Some choose the low-risk, high-reward IWT as 

their means of supplementing their income or currying favour with foreign governments (Poaching 

Facts, 2019).

This part of the workshop focused on local people and communities who live alongside and with 

wildlife, and although some might engage in wildlife crime (specifically type 1 and 2 above), they 

are also the first line of defence against poachers.

Why local people poach

Anti-poaching strategies most likely to succeed are those that are based on an understanding of 

the incentives and motivations that are driving people to poach in the first place, and these in turn 

will be influenced by the social, political and economic context in which individuals find themselves. 

Local peoples’ motives for poaching and engaging in IWT, are diverse, ranging from poverty or 

revenge for the damage done by wildlife, to thrill-seeking, or redressing former injustices.

For example, local communities have often borne the costs of conservation. Historically, local people 

have been dispossessed and excluded from traditional lands to make way for protected areas and 

in the process have lost access to natural resources and cultural sites (e.g., Pullin et al, 2013). 

This fortress style of conservation is the notion that wildlife conservation is deemed possible only 

when wildlife and communities are kept apart. It assumes that local people use natural resources in 

irrational and destructive ways, and as a result cause biodiversity loss and environmental degradation, 

and therefore must be removed and separated from the species and other natural values these 

areas are aiming to protect (e.g., Hubschle & Shearing, 2018).

Many of these communities are now very poor, lack access to employment and other opportunities 

to improve their circumstances, and poverty can drive people to poach. It can be for food or other 

resources needed to survive (i.e., subsistence poachers), or to generate, or supplement income 

and improve social standing by engaging in IWT (i.e., commercial poachers). However, poaching for 

Traditional hunters can become poachers overnight
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necessity (or any other reason) can be a vicious circle: poaching of wildlife by local people can also 
lead to further impoverishment as natural resources and potential for alternative livelihoods diminish.

Fortress conservation can also result in high levels of antagonism and resentment towards protected 
areas from local people, and they might consequently be less likely to support the protection of 
species and other conservation goals and fuels a desire to retaliate for their losses and perceived 
injustices: poaching can be a form of protest.

As long as local people remain on the margins of protected areas and are disadvantaged by 
conservation, we shouldn’t be surprised when they are indifferent, unsupportive or even antagonistic 
towards conservation initiatives, or even take to poaching.

Approaches to poachers

There is no simple solution to tackling wildlife crime. However, the way in which it is approached can 
have implications – positive or negative – for the local communities who live with wildlife in proximity 
to protected areas. In terms of addressing poaching in source countries – as distinct from demand 
in consumer states – there are two main approaches.

1. Strengthening law enforcement and penalties

The first and most common approach is to increase law enforcement and strengthen the criminal 
justice system, or, in other words, to increase policing efforts and penalties in a fines and fences 
approach. This is a negative incentive. However, although enforcement has a role to play, relying 
only on law enforcement to stop poaching is rarely effective and can have negative consequences 
for local communities. 

Today, in many countries, enforcement is 
becoming increasingly militarised in response 
to increasingly sophisticated poaching gangs. 
The escalating demand for, and thus value 
of wildlife products, makes enforcement 
increasingly costly, and for poorer nations the 
expense can be a huge impediment to counter 
poaching with enforcement.

Enforcement can also have negative social 
costs: it can take its toll on local relations by 
eroding trust between conservation authorities/ 
government and local people. For example, 
tensions can arise when local people are denied access to resources that have had an irreplaceable 
role in their lives for whatever reason, or because of the heavy-handed tactics that can be employed 
by enforcement officers, which can in extreme cases lead to human rights abuses.

2. Integrating local communities

The attitudes and buy-in of local communities who live in proximity to protected areas are crucial for 
the success of conservation on the ground. This second approach works with local communities 
and recognises that local people can be powerful and positive agents of change. It integrates local 
people into the management of natural resources and anti-poaching initiatives, and supports the 

Ranger training in DRC. © Pete Mueller/Magnum 
Foundation/Prime
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development of livelihoods in ways that not only tackle poaching, but also provide multiple benefits 

to local people and communities and, as such, provides positive incentives. 

Local communities have the power to conserve wildlife on their lands, can provide crucial intelligence 

and support to law enforcement, or develop and enforce their own rules for conservation. They know 

what is happening on the ground – and can be the eyes and ears of enforcement, they can also be 

highly motivated when they have stewardship rights or gain tangible benefits from conservation.

The challenge

The challenge, then, is not how to catch and punish poachers, but how to garner inclusive community 

support for wildlife conservation. Empowering communities and increasing the value of wildlife to 

them can have significant conservation benefits, and increasingly conservation practitioners and 

policymakers are recognising this and the need to engage effectively with local communities in 

conservation.

But how do we do this? There’s little practical guidance on how to most effectively partner with local 

communities in a way that benefits not just the wildlife, but the communities too. 

Theory of change: Pathways to reduce poaching

In an effort to address this gap, IUCN Sustainable Use and Livelihood Specialist Group (SULi) and 

its partners developed a theory of change (TOC) to guide policy makers, conservation practitioners 

and others in partnering with communities to stop poaching and IWT (Biggs et al, 2016). 

A theory of change is a decision-support tool that illustrates the causal links and sequences of 

events needed for an activity or intervention to lead to a desired outcome or impact, and articulates 

the assumptions underlying each step in the chain (Biggs et al, 2016). 

The conditions shaping the potential for community engagement to tackle poaching will vary from 

context to context, so thinking through pathways to change that can lead from different forms of 

community engagement to the overall objective of reduced poaching, and unpacking the assumptions 

that underpin the steps in each, can help identify which actions are likely to be the most effective.

There are four main pathways – that can be interlinked – for community-level involvement to reduce 

the incidence of poaching and build, or support, a sense of community ownership or stewardship 

over species (Figure 12). 

These are: 

1. Strengthening disincentives for illegal behaviour, such as poaching. 

2. Increasing incentives for wildlife stewardship.

3. Decreasing the costs of living with wildlife.

4. Improving livelihoods in other ways that are not dependent on wildlife.
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Each pathway has a number of actions or specific activities that lead to outputs (or the desired 
result from the actions), which lead to outcomes (i.e., changes in behaviour), resulting in the desired 
impact – a reduction in poaching.

A key element is making explicit the assumptions on which each step in the process is based. These 
assumptions influence the choices made (a more comprehensive list of assumptions is given in 
Appendix 1).

For these pathways to fully succeed and achieve meaningful outcomes the enabling conditions 
need to be strengthened; these are:

 • Increasing the perceived fairness of wildlife laws.
 • Strengthening laws for community management and benefit from wildlife.
 • Building community capacity.
 • Controlling corruption and strengthening governance.
 • Strengthening the institutional framework to enforce against wildlife crime.

Figure 12� Theory of Change: the 4 pathways to positively engage with local communities to counter poaching�
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The basic equation

The TOC presents four pathways that can enable communities to become stewards and protectors 
of wildlife, and rests on a straightforward premise: communities must benefit, or at least not be 
disadvantaged, from living with wildlife (Figure 13). In other words, the benefits must outweigh the 
costs of living with wildlife.

1. Strengthening disincentives for illegal behaviour 

Strengthening disincentives for illegal behaviour is a key element of the response to wildlife crime, 
which focuses on making it more difficult and/or costly to engage in poaching. Disincentives include 
increasing (community-based) law enforcement, strengthening penalties, and increasing the social 
stigma associated with poaching. 

Specific actions to achieve this include training, and equipping and recruiting local people as 
game guards, scouts, and informants (see Box 1). Payment can be in wages and might include 
performance-based payments/incentives, for example, offering a reward of some kind (that has 
value to the people) for notifying authorities of poachers. Payment can also be in-kind, for example, 
uniforms, food, and equipment. Community scouts/guards can also be volunteers. 

The output of this action would be better trained and equipped community rangers, and an outcome 
would be that stronger actions against poachers are now possible, leading to the related outcomes 
of stronger action taken against poachers, and ultimately reduced poaching.

An assumption here is that the local guards/rangers use the equipment and training provided to 
counter poaching, and not as a means of poaching more efficiently themselves (see Appendix 1 
for more assumptions).

Raising community awareness about wildlife crime and penalties is another way to strengthen 
disincentives for illegal behaviour, and involves education. If this strategy is to be effective, the 
penalties associated with wildlife crime need to be enforced. 

Strengthening and supporting traditional norms and sanctions against poaching/wildlife crime is 
also a way of strengthening disincentives to poach.

Figure 13� A conceptual framework for successful community-based anti-poaching initiatives: the basic equation 
(Cooney et al, 2016).
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Box 1. Leopard Guardians

The Future4Leopards Foundation is providing incentives and mechanisms to local rangers and 
local people to protect the Persian leopard (Panthera pardus tulliana) in Iran. This includes 
capacity building, establishing a network of informants, and employing ex-hunters to serve as 
Leopard Guardians.

For more information, go to https://www.peoplenotpoaching.org/leopard-shield.

© Future4Leopard Foundation

2. Increasing incentives for wildlife stewardship

Increasing incentives for wildlife stewardship can be thought of as sustainable wildlife use, or the 

if it pays, it stays incentive, or the use it or lose it philosophy. The actions in this pathway aim to 

develop or support initiatives that can generate local benefits from wildlife, and build individual and 

community capacity to benefit from these initiatives. 

For example:

1. Creating eco-tourism enterprises (often in partnership with government or private enterprise) 

that engage local people, e.g., as wildlife guides.

2. Regulated and sustainable trophy hunting – where some or all of the payments go back into 

the community. Local people can also be more directly involved, e.g., game scouts/guides.

3. Allowing local people to use wildlife sustainably to sustain or complement their livelihoods, 

and can include legal and regulated trade of wildlife products (see Box 2).
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The output is that the community is able to capture greater financial and non-financial benefits 
from wildlife.

The outcome is that the community will value wildlife more and have greater incentive to protect 
wildlife and not engage in poaching.

In terms of enabling factors, ownership and legislated rights to use wildlife greatly enhances the 
likelihood of success. Furthermore, any system of resource management by local communities 
must have the support of national governments, along with good monitoring and control of harvest 
levels and trade in animal and plant species.

An example of an assumption here is that the benefits are shared equitably amongst the community 
and don’t just fill the pockets of a few. In some cases, this has been a problem, but others have 
prevented this by building ways to ensure transparency and equitable sharing of benefits into 
the design of initiatives, and these are working very well in that regard (see Appendix 1 for more 
assumptions).

Box 2. ASOCAIMAN

ASOCAIMAN is a conservation strategy for an endangered species based on meeting (at least 
in part) the development needs of the local population. The initiative is combating poaching by 
improving the lives of local people by offering an alternative livelihood and greater capacity to 
generate income through the legal and sustainable use of the American crocodile (Crocodylus 
acuta).

For more information, go to https://www.peoplenotpoaching.org/asocaiman-community-
association.

© ASOCAIMAN
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3. Decreasing the costs of living with wildlife

Living alongside or with wildlife can incur a variety of costs including livestock predation, crop 

raiding, competition for pasture, and attacks on people. It can also result in opportunity costs if 

the potential for other land uses is restricted. All of these can result in resentment and antagonism 

towards wildlife, or in other words HWC and retaliatory killing of wildlife. So decreasing the cost of 

living with wildlife – or reducing the burdens of living with wildlife – is the third pathway. 

The types of actions used to decrease the costs of living with wildlife include:

1. Preventive measures to deter wildlife (e.g., fences, lion lights, whistles...)

2. Reactive measures to deal with problem animals (i.e., removal, culling...)

3. Financial mitigation measures (e.g., compensation)

The output is that the community loses less livestock so costs are reduced, and the outcome 

is decreased antagonism towards wildlife and therefore less incentive to engage in or facilitate 

poaching.

For this strategy to be successful one of the assumptions is that compensation for damage from 

wildlife doesn’t lead to actively trying to increase conflict with wildlife to receive payments (see 

Appendix 1 for more assumptions).

Bee fences deter elephants whilst creating alternative livelihoods. © www.bring-the-elephant-home.nl
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4. Improving livelihoods in other ways

Improving livelihoods in other ways that are not dependent on wildlife can also help to reduce illegal 
hunting, including the development of income-generating enterprises (see in Box 3) and providing 
other benefits that can be enjoyed by the whole community, such as clinics and schools.

The actions in this pathway are similar to those in Pathway B, except actions should focus on 
livelihood strategies that don’t depend on wildlife. 

The intended output is that the community has a greater diversity of livelihood options and the 
anticipated outcomes include less dependence by communities on wildlife as a source of revenue 
and so less need to poach. 

For the actions in this pathway to be successful, it is assumed that the value of wildlife products 
poached or traded in illegal markets is not so high that all other forms of income cannot compete 
(see Appendix 1 for more assumptions).

Box 3. Snow Leopard Enterprises 

The Snow Leopard Trust initiated Snow Leopard Enterprises (SLE), which has developed 
sustainable economic opportunities for communities living in snow leopard ranges in order to 
reduce the motivation to poach. Recognising that people and wildlife will continue to live together, 
the program was designed to help local communities prosper in exchange for a conservation 
commitment. This has been achieved through the development of local handicraft enterprises. 
All profits are invested back into conservation initiatives, which also encourage communities to 
safeguard the species, as they now need the snow leopard if their enterprise is to prosper.

For more information, go to https://www.peoplenotpoaching.org/snow-leopard-enterprises.

© Snow Leopard Trust



54

Education

Education and awareness-raising is almost always part of community-based anti-poaching initiatives, 
and definitely has a role to play, but on its own is unlikely to stop poaching. It is considered a 
complementary action in most cases.

For detailed examples of community-based anti-poaching initiatives visit the People Not Poaching 
website: https://www.peoplenotpoaching.org/.

There is no simple recipe for success. However, in general, to succeed in combatting poaching 
through community engagement all four pathways should be strengthened, and those employed 
are context dependent and should involve the local people from the outset.

Challenges to implementation of community-based anti-poaching 
strategies

There are a number of challenges for implementing community-based actions to tackle poaching 
and illegal wildlife crime, which need to be recognised and taken into account when developing a 
strategy. These fall into two categories: governance and community-based challenges.

1. Governance

 •  Adequate and effective levels of governance at all scales are required for actions to be 
effective.

 • Elite capture (where resources designated to benefit the larger population are hoarded by a 
few individuals, usually those of higher status) at the village through national levels is widely 
recognised as a particular challenge facing community-based conservation and interventions.

 • The tendency of some governments to resist decentralisation of authority and community 
ownership of wildlife. This can influence the pathway aimed at increasing incentives for 
wildlife stewardship, which ideally requires the devolution of use and ownership rights, and 
not surprisingly can be a serious challenge.

 • Corruption can be problematic and contributes to a lack of trust in law enforcement authorities. 
Effective enforcement against poaching and IWT requires that corruption be addressed so 
there is confidence that the law will be applied.

2. Communities

 • Communities are composed of individuals engaged in a variety of income-generating and 
livelihood-supporting activities, some of which might be illegal. For individuals to switch from 
engaging in poaching, especially for IWT, the alternatives on offer must generate comparable 
income if they are to be attractive, and this can be challenging to achieve in some places.

 • When community members become active in law enforcement against poaching and wildlife 
crime, other challenges can arise. 

 • First, there is the threat to personal security when armed poachers confront community 
members, who are generally unarmed. 

 • Secondly, when some community members are employed as game guards, while others 
continue to poach, there can be a breakdown in social cohesion; game guards can be perceived 
as part of external law enforcement agents rather than as members of the community.

 • Finally, if community-based enforcement against poaching is functioning well and a community 
is receiving benefits from wildlife conservation, there is a risk of immigration by outsiders 
wishing to share the benefits. Immigrants are less likely to feel attachment by a sense of 
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ownership or responsibility for the wildlife and may be more likely to engage in poaching and 

IWT as a source of additional income.

Poaching: A regional perspective 

Like elsewhere, poaching is a significant issue within the Arabian Peninsula region, and perhaps 

more so for animals than for plants. However, feedback from workshop participants indicated that 

overall, poaching is on the rise in throughout the region.

The following examples are intended to provide a snapshot of poaching in the region, illustrating 

the severity of the issue, but are not intended to be comprehensive. The following examples come 

from published material, and output from participants attending the workshop.

Ungulates – Arabian oryx, sand gazelle, Arabian gazelle, and Arabian tahr

Illegal hunting is a threat to many species of ungulates including reintroduced populations within the 

protected area network. For example, in Saudi Arabia, all ungulates are now completely dependent 

on conservation management within the Protected Area (PA) network, and even then, within the 

presumed safety of protected areas, poaching remains a threat (Table 3).

Today, in Saudi Arabia only the fenced protected area Mahazat as-Sayd has successfully conserved 

all three species of reintroduced ungulate, i.e., the Arabian oryx, sand gazelle and Arabian gazelle 

(Table 3). 

Table 3� Status of ungulate populations within protected areas in Saudi Arabia (Barichievy et al, 2018).

Protected Area Species Natural/Reintroduced Population Trend

Mahazat As-Sayd

Gazella marica Reintroduced Population persists

Oryx leucoryx Reintroduced Sustained

Gazella arabica Reintroduced Population persists

Uruq Bani Ma’arid

Gazella marica Reintroduced Population persists- 
unknown trend

Oryx leucoryx Reintroduced Declining

Gazella arabica Reintroduced Population persists- 
unknown trend

Ibex Reserve
Gazella arabica Reintroduced Declining

Capra nubiana Natural Declining

Al Khunfah Gazella marica Natural Extirpated

Harrat al-Harrah Gazella marica Natural Extirpated

Rhub al Khali/Omani 
border

Gazella marica Natural Extirpated

At Tubaq Capra nubiana Natural Extirpated

A similar situation exists in Oman: the Arabian gazelle – once widely distributed throughout suitable 

habitat – and Arabian tahr, are threatened by illegal hunting. Furthermore, efforts to curtail poaching 

by the government are seen to be ineffective: “…wildlife rangers are losing the battle to poaching” 

(Times of Oman, 2017). 
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The reintroduction of the Arabian oryx in Oman

The most well known example of the impact of poaching by local people on a species is the 
reintroduced population of Arabian oryx in Oman. Initially, this reintroduction was a resounding 
success: 14 years post-release, the number of oryx was estimated to be in the order of 400 – the 
population was thriving. 

Soon after, intense poaching by local tribes-people to supply a regional demand for oryx (primarily 
female animals for private collections and zoos) reduced the population to the extent it was considered 
no longer viable and the remaining animals had to be taken back into captivity.

Spalton et al, (1999) maintain that the poaching was triggered by the increase in the numbers of 
free-roaming oryx, and aided by easy access to the protected area, as it wasn’t fenced: the area was 
too large to be fenced or effectively monitored by anti-poaching patrols. This explanation suggests 
that the poaching might have been inevitable because the animals were relatively abundant and 
easy to hunt.

Chatty (2002) suggests that poaching wasn’t inevitable and sums the problem up as a “Failure to 
draw local people in into the conception, planning, and management of the project”. This failure 
to fully include local people and to ensure fair and equal distribution of benefits of living alongside 
made oryx poaching a tempting and viable option to earn a living. Reasons for the local people’s 
disillusionment and lack of willingness to protect the oryx and support the Oryx Sanctuary include:

1� Oryx were perceived as coming before people�
The area chosen for the reintroduction was also the best area for grazing livestock, especially in 
times of drought. It wasn’t conceived that livestock and oryx couldn’t co-exist, or that during harsh 
conditions needs of the oryx would take precedence. The declaration of the area as a UNESCO 
World Heritage Site imposed further restrictions.

2� Lack of ownership or stewardship�
Local people had little sense of ownership or stewardship of the oryx – especially the young who 
did not grow up with oryx as some of the older people had and so did not have the same sense of 
cultural oryx-related traditions.

3� Local people were disadvantaged by the presence of oryx� 
For example, the declaration of the area as a sanctuary brought with it restrictions on what could 
and could not be done on the land, including limiting the development of infrastructure, such as 
roads and wells.

4. Social benefits
Although some jobs were created, this was only for a few, and only a few of one tribe – leading to 
intra- and inter-tribal tensions and rivalry.

With a ready regional market for the animals, poaching – primarily by a neighbouring tribe – began 
in earnest.

Ultimately, irrespective of what the reasons were, local people had no sense of ownership, were 
not included in the management of the sanctuary and saw no benefit to themselves, their families 
or community: there was more to be gained from poaching than protecting the oryx.
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Predators – Arabian leopard, caracal

Across its remaining range (Yemen, Oman, UAE, Saudi Arabia), the Critically Endangered Arabian 
leopard (Panthera pardus nimr) is under threat. Threats include killings in response to HWC and 
more purposeful killing, or capture, for IWT. Body parts (e.g., skins) of animals killed due to HWC 
may be funnelled into IWT. Leopards are also targeted for live-capture for trade to send to other 
Arabian Peninsula countries and further afield (Al Jumaily et al, 2006; Spalton & Hikmani 2006).

Other predators, such as the caracal, are also at risk.

Birds – Asiatic houbara, migratory bird species

On the Arabian Peninsula, over-hunting has decimated naturally occurring populations of the Asiatic 
houbara, and reintroduced populations continue to be at risk from poaching to support falconry. In 
response, the locations of reintroduced birds often remain secret.

In the UAE, Qatar and elsewhere, poachers target migratory species, such as the stone-curlew 
(Burhinus grallarius), during their migration. Electronic devices that imitate the voice of the stone-
curlew are used to attract these birds in order to catch them easily.

Reptiles – dhab

Reptiles, such as the dhab (Uromastyx aegyptia), are also at risk from unsustainable hunting and 
poaching.

Plants

Although some plants may be threatened by illegal logging or other resource extraction, such as the 
Luban tree for frankincense, and the Dragon Blood tree, for its resin (referred to as dragon’s blood), 
workshop participants suggested that there are other more pressing threats for the conservation 
of plants in the region. 

“[Dhab] have been victims of wild hunting in the last few years, often in large quantities, and there are today regions 
where they can no longer be seen” (Abdullah Al Qhidani, 2014 in Toumi 2014).
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Who and why?

Understanding who the poachers are and the underlying motivations of poachers is necessary 
before identifying strategies to prevent poaching. 

In the region, local people, including shepherds, members of local communities and young people 
from larger townships and cities who are equipped with sophisticated 4WDs and guns, poach.

Identified motivations for poaching in the region include:

1. Fun and thrill-seeking; for example, news stories and YouTube videos depict youths equipped 
with high-powered rifles and 4WDs hunting endangered species within protected areas. In 
Syria, poachers have expressed their enjoyment of being hunted and that the fear of being 
imprisoned is part of the thrill (Sands, 2010).

2. Illegal Wildlife Trade: People poach to supply animals to a regional (and international) market 
that desires these species for their private collections, and for food and skins. For example, 
“[The Tahr] population has been declining [in Oman] with major threats being illegal hunting 
for meat and live capture for pets and private collections, particularly in Oman, Yemen and 
Saudi Arabia.” The reintroduction of the Arabian oryx, described above, is another example.

3. Traditional hunting. For example, the houbara bustard, a traditional game bird found across 
the entire Arabian Peninsula, is in demand from falconers. Hunting parties organised by elite 
hunters can bring considerable income to the local people. However, the houbara’s population 
has decreased drastically in recent decades and the bird is now rare (and are a focal species 
for reintroductions across the region, see Table 2). The advent of more sophisticated hunting 
technologies, such as radios/radars and off-road vehicles, and lack of effective management 
and law enforcement have contributed to this decline (Czudek 2006).

4. Food gathering.
5. Direct persecution in response to HWC (especially predators such as the Arabian leopard 

and caracal).
6. For medicinal and religious reasons, including witchcraft.

There was a general feeling amongst the workshop participants that public ignorance of the law and 
lack of understanding of the importance of biodiversity conservation facilitated poaching, and that 

this is further exacerbated by ineffectual implementation and enforcement of laws protecting wildlife.

YouTube image of a Saudi poacher displaying threatened 
gazelles he has illegally hunted, probably from the Uruq 
Bani Ma’arid Protected Area. The clip was titled ‘Defying 
the Nature Reserve’ (The Observers, 2017).
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Regional approach to tackling poaching 

Traditional measures for preventing poaching in the region include:

1. Increased law enforcement.
2. Increasing the effectiveness of law enforcement and protected area management.
3. Raising awareness through outreach programmes and education campaigns that focus on 

the importance of conservation or penalties for poaching, usually targeting local communities.
4. Reintroducing the traditional Hima system and Islamic values (this is being trialed in some 

countries, e.g., Lebanon).

Other strategies that have been suggested (but possibly not implemented), include:

1. Exploring options for ecotourism.
2. Establishment of socio-economic programmes.

Alternative or additional strategies that could be used, based on the TOC framework, include:

1. Ecotourism, such as bird watching and other wildlife tourists find appealing. Tourism enterprises 
based on wildlife watching could benefit communities in the vicinity of the reserves (e.g., 
provide employment and offer alternative livelihoods).

2. Game reserves, with regulated hunting of some species, could be developed. Game reserves 
could be stocked with surplus animals from other sources. 

3. Employing local people, including ex-poachers, as rangers/game guards.

Pilot projects at the community level could be undertaken to explore the potential for community-
based management or inclusion of community members in the management of protected areas, 
and the development of enterprises – such as ecotourism – that could provide livelihoods and have 
broader benefits to communities (including benefit-sharing), which would encourage conservation 
and sustainable development.

In addition to community engagement in anti-poaching strategies, it was clear that the regional 
demand and markets for poached wildlife need greater attention, including regulation and effective 
enforcement of laws and punishment for engaging in IWT, including high-status individuals and VIPs 
who are often overlooked/exempt from the law.

Conclusion

We have seen in the region and elsewhere around the world that the failure to engage local 
communities effectively in the protection of wildlife can quickly de-rail conservation efforts. The 
success of reintroductions and protection of wildlife within protected areas requires the support 
of local communities. However, traditional approaches to curbing poaching tend to exclude local 
people, and rest heavily on strengthening law enforcement and penalties for wildlife crime. On 
its own this approach is limited – requiring constant vigilance – and is rarely effective. It can also 
have unintended consequences, including driving the escalation of increasingly sophisticated and 
militarised operations of poaching gangs, along with human rights abuses.

Engaging local communities in conservation and anti-poaching initiatives in ways that not only benefit 
wildlife but people too, is increasingly proving to be an effective anti-poaching strategy. With the right 
incentives and investment in building capacity, local people can become stewards and guardians of 
wildlife, and their lives, in turn, might be improved; for example, by the development of sustainable 
livelihoods (wildlife or non-wildlife based) with greater economic returns. Reducing human-wildlife 
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conflict is another way that local people can secure their livelihoods and eases the pressure off 
‘problem’ animals, many of which are highly desired by the black market, such as leopards. 

However, given increasing wildlife commodity values, militarisation of poaching, and the infiltration 
of communities by sophisticated trafficking networks, local people on their own will not be able to 
reduce poaching-pressure on wildlife. Effective enforcement AND community engagement, both 
working cooperatively, will likely achieve greater success.
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Appendix 1: Baseline theory of change assumptions

The assumptions listed below are associated with each level of the baseline ToC, illustrated below 
(outlined in Section B of the ‘Guidance for implementing the FLoD methodology’). These assumptions 
have been developed from a wide range of contexts.

Code Assumption
Pathway A

A-I1 Local communities are willing to engage with formal law enforcement agencies on anti-IWT 
activities (e.g., as scouts and informants).

A-I2 Formal law enforcement agencies are willing to collaborate with communities on anti-IWT 
activities.

A-I3 Formal law enforcement agents are not involved in or linked to IWT.
A-I4 Better-trained, better-equipped community members do not use their more advanced 

equipment and training to engage in IWT.
A-I5 Community members are willing to enforce against IWT within their communities.
A-I6 Community members are willing to enforce against IWT outside their communities.
A-I7 Existing formal sanctions are fair.
A-I8 Existing formal sanctions are a deterrent.
A-I9 Social sanctions against IWT are in practice.
A-I10 Social sanctions against IWT can be revived. 
A-R1 Formal sanctions and social sanctions are mutually reinforcing.
A-R2 Collaboration between communities and formal enforcement agencies leads to stronger action 

against IWT and not stronger collusion in IWT.
A-P1 Community members that are more engaged in combating IWT deter/discourage other 

community members from taking part in IWT.
A-P2 Intimidation by poachers/traffickers does not deter community action against IWT.

Pathway A. Increase costs of 
participating in IWT

Pathway B. Increase 
incentives for  stewardship

Pathway C. Decrease costs of 
living with wildlife

Pathway D. Increase non-
wildlife-based livelihoods

Strengthen 
partnerships between 
community scouts and 

formal LE agencies

Support other activities 
to generate livelihoods 

and other benefits 
from wild plants and 

animals

Support practical approaches to 
deterring problem animals at the site 

level
Support interventions to generate 

livelihood options from non-wildlife-based 
activities

Stronger and more effective collaboration 
between well-capacitated community scouts 

and well-trained formal enforcement 
agencies

Communities recognise and access 
tangible and intangible benefits from 

wild plants and animals

Communities are more empowered 
to manage and benefit from wild 

plants and animals

Costs to communities imposed by 
presence of wildlife are reduced

Communities have a greater diversity of 
non-wildlife-based livelihood options

Communities can mitigate conflict 
better

Decreased antagonism toward wildlife

Reduced active or tacit community support for poaching/trafficking for IWT

Strengthened community action against internal or external poachers/traffickers engaged 
in IWT

Reduced poaching / trafficking for IWT by community

B-IA-I C-I D-I

B-RA-R

B-P C-P

C-R

A-P

E

INDICATIVE
ACTIONS 

(EXAMPLES)

RESULTS

OVERALL
OUTCOMES

LONG-TERM 
IMPACT

Viable non-wildlife-based livelihood 
strategies in place and generating  
enough income to substitute for 

poaching income

D-R

F

ENABLING
ACTIONS

D-P

Support development and implementation of legal and institutional frameworks for effective and fair wildlife protection and 
management 

Build community capacity and institutions

Fight corruption and strengthen governance

Analyse to better understand the differences in accrual of costs and benefits at the individual vs community level

PATHWAY
OUTCOMES

Formal and traditional disincentive 
mechanisms are strengthened, socially 

acceptable and applied

Social norms effectively imposed on 
individuals engaged in 

poaching/trafficking for IWT

Communities value wild plants and 
animals more as a result of increased 

benefits

Reduced recruitment of community members by poachers/traffickers engaged 
in IWT

Strengthen traditional 
sanctions protecting 

wild plants and animals

Recognise and profile 
effective community 
approaches against 

poaching/trafficking for 
IWT

Support insurance, 
compensation or offset 

schemes that reduce the 
cost of living with wildlife

CROSS-CUTTING
OUTCOMES

Train and equip 
community members to 

act as effective law 
enforcement (LE) 

partners

Train and equip formal 
LE agents to act as 

effective LE partners 
with communities

Support/reinvigorate 
traditional values 

around wild plants and 
animals

Reduced poaching / trafficking for IWT by outsiders

Support land use 
planning that reduces 

the human-wildlife 
interface

Generate/support paid 
jobs for local people as 

community scouts
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Code Assumption
Pathway B

B-I1 Communities have rights to benefit from managing and using wild plants and animals.
B-I2 Communities exercise their rights to benefit from managing and using wild plants and animals. 
B-I3 The community rights that are exercised are enough to foster wildlife stewardship. 
B-I4 There is enough financial investment to generate benefits.
B-I5 There are sustainable markets for products and services from wild plants and animals.
B-I6 Formal custodians of wild plants and animals are willing to share revenue with communities.
B-I7 Communities perceive some level of tangible benefit from wild plants and animals.
B-I8 Communities perceive some level of intangible benefit from wild plants and animals. 
B-I9 There is enough understanding of the link between the continued existence of wild plants and 

animals and the benefits they generate.
B-I10 Wildlife-based benefits are not inequitably distributed due to elite capture. 
B-I11 Inequitable distribution of wildlife-based benefits does not undermine support for wildlife 

stewardship.
B-I12 Third party interference does not undermine community interests.
B-R1 Communities that have rights to own, manage and/or benefit from wild plants and animals value 

them more.
B-R2 Benefits are distributed widely enough to ensure that the wider community, rather than just a 

few individuals, values wild plants and animals.
B-P1 The full suite of benefits (tangible and intangible) from wild plants and animals are enough to 

deter poaching.
B-P2 The full suite of benefits (tangible and intangible) from wild plants and animals are sustainable.

Pathway C
C-I1 The full costs of living with wildlife are known and can be quantified. 
C-I2 Resources and tools are available to mitigate human-wildlife conflict (HWC).
C-I3 Approaches to mitigating HWC are effective.
C-I4 Official policies and strategies are effective in reducing the cost of living with wildlife. 
C-R1 Communities with greater ability to mitigate HWC (resources, tools, policies) feel less 

antagonism towards wildlife. 
C-R2 Reduced costs from HWC result in lower antagonism towards wildlife. 
C-PK Communities with decreased antagonism towards wildlife have a decreased incentive to 

directly or indirectly support IWT.
Pathway D

D-I1 Adequate capacity exists to engage in non-wildlife-based livelihoods. 
D-I2 Adequate support is available to develop and maintain non-wildlife-based livelihoods. 
D-I3 People that are (or could be) involved in IWT can obtain benefits from non-wildlife based 

livelihoods.
D-I4 Non-wildlife-based benefits are not inequitably distributed due to elite capture. 
D-I5 Inequitable distribution of non-wildlife-based benefits doesn’t undermine support for wildlife 

stewardship.
D-I6 Non-wildlife-based livelihood schemes do not generate perverse incentives — eg, money 

earned is not reinvested in poaching or in other land uses that negatively affect conservation.
D-R1 Non-wildlife-based livelihoods have sustainable markets and supply chains. 
D-P1 Non-wildlife-based livelihoods generate enough income to substitute or remove the incentive 

for engaging in IWT, rather than acting as additional income to IWT.
D-P2 Support for non-wildlife-based livelihood schemes are conditional on reduced IWT. 

Outcomes
E1 Community actions can make a contribution to reduced IWT.
E2 The relative value of illegal wildlife products is not so high that corruption undermines 

community action against IWT.
E3 The relative risk of being apprehended, arrested or prosecuted is not so low that it undermines 

community action against IWT.
F Poaching/trafficking is reduced to within sustainable levels.
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Protected Areas Theme

1 IUCN (2016) A Global Standard for the identification of Key Biodiversity Areas Version 1.0. First edition. Gland, 
Switzerland: IUCN

2 Guidelines for using A Global Standard for the identification of Key Biodiversity Areas Version 1.0

Key Biodiversity Areas in the Arabian Peninsula – update 
from the second year of assessments

Overview

Key Biodiversity Areas (KBAs) are sites that make significant contributions to the global persistence 
of biodiversity. IUCN, in collaboration with other partners, has developed a global Standard for the 
identification of KBAs (IUCN, 2016). The KBA Standard includes formal definitions, site criteria 
and thresholds, and procedures for delineation. The KBA Standard is designed primarily for use at 
global level but may also be applied at regionally and nationally. 

The KBA Standard consists of five criteria (threatened biodiversity, geographically restricted 
biodiversity, ecological integrity, biological processes, and irreplaceability through quantitative 
analysis). The criteria are accompanied by thresholds and specified ways in which global population 
size or occupied habitat may be observed or inferred. The process of identifying KBAs has two 
main stages, firstly the application of the criteria and thresholds, followed by the delineation of site 
boundaries. 

One of the main themes of the 2018 Sharjah International Conservation Forum for Arabian 
Biodiversity was to use the global KBA Standard1 to identify a provisional set of KBA sites in the 
Arabian Peninsula. This was one of the first times that KBA Standard had been applied at such a 
large scale. The 2019 workshop saw us revisiting the global KBA Standard to assess the all of the 
threatened freshwater taxa and the Critically Endangered (CR) plants of the region. Since the first 
workshop in 2018, guidelines for applying the KBA standard have been produced2 .

The KBA workshop began on day 3 with a recap of the KBA Standard by given by Dr Penny 
Langhammer (Senior Director for Science at Global Wildlife Conservation, who co-led the 
development of the KBA standard) and an introduction to the new guidelines3. The criteria and the 
thresholds of the KBA standard are summarised in Table 4. The workshop then spilt into a freshwater 
and plant working groups. 

Lists of the 19 globally threatened freshwater taxa occurring in the region were compiled. These 
were then used as a starting point to apply KBA criterion A1 and B1 to identify the KBA elements. 
To build on the work from the trees and aloes to which the KBA criteria were applied in 2018, the 
plant group examined a further 28 endemic plant species including all of those that are classed 
as globally CR. 

The workshop did not attempt to apply all the KBA criteria. Criteria A2 and B4, relating to ecosystems, 
were not used pending agreement on ecosystem categorisation in the region; criterion C on 
ecological integrity was deemed inapplicable, mainly because the long history of human settlement 
in the region and level of development, made it unlikely that any parts of the region would qualify; 
criterion D was not applied since the biological processes relating to this criteria are largely not 
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relevant to the taxa examined and criterion E was also not applied because there are as yet no 

quantitative analyses available to assess irreplaceability. 

On the second day of the KBA workshop, Dr Langhammer presented an overview of the single 

species-based criteria (A1: Threatened species, B1: Individual geographically restricted species, 

D1: Demographic aggregations, D2: Ecological refugia, D3: Recruitment sources. See Table 4). 

The hierarchy of the threshold qualifying criteria was discussed. The preferred value to use is the 

number of mature individuals. However, if only an area-based measure is available, then they should 

be favoured in the following order: area of occupancy; extent of suitable habitat; range; number of 

localities (i.e., as given in Table 4 , see Figure 14 for illustration). The genetic diversity criteria are 

currently still under development and their potential application was discussed with respect to a 

number of species examined. 

The steps for approaching the delineation using single-species based criteria were also discussed 

(Figure 15). Later in the day the workshop split into three groups: The first group focused on applying 

the KBA standard to examples from around the world developed by the KBA partnership. This group 

worked through a number of steps to achieve the identification of KBAs including ascertainment of 

the relevant of thresholds and KBA delineation. The second group continued the work on plants, 

moving on from the CR species to a discussion of a how the criteria could be applied to a number of 

more difficult cases drawn from the Endangered plants. The third group focused on the delineation 

of sites for the freshwater species. Thorny issues such as those thrown up by species known only 

from old biological records or distributed in isolated patches in wadi systems were discussed, 

with discussion aided by the new KBA guidelines. By closure of the workshop, 55 provisional KBA 

elements were delineated for plant and freshwater species.

Figure 14� An illustration of the area-based parameters. (Penny Langhammer).
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Figure 15� Steps for identifying KBAs using the species-based criteria. Taken from the Guidelines for using A Global 
Standard for the identification of Key Biodiversity
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Next steps

The full results of workshop are being synthesised with those from the 2018 workshop. This will 
result in a document summarising the application of the KBA criteria to all threatened, bird, mammal, 
reptile, amphibian and freshwater taxa in the Arabian Peninsula and all of the CR plants. 

Table 4� KBA Criteria Summary3 .

A. Threatened biodiversity

A1 Threatened species

A1a ≥0.5% global population and ≥5 reproductive units (RU) of a CR/EN 
species

(i) # mature individuals
(ii) area of occupancy
(iii) extent of suitable habitat
(iv) range
(v) # localities
(vi) distinct genetic diversity

A1b ≥1.0% global population and ≥10 RU of a VU species

A1c ≥0.1% global population and ≥5 RU of CR/EN species due only to past 
or current decline [= Red List A1, A2, A4] 

A1d ≥0.2% global population and ≥10 RU of a VU species due only to past/
current decline [= Red list criteria A1, A2, A4]

A1e Effectively the entire population of a CR/EN species 

A2 Threatened ecosystem types (see IUCN 2016)

B. Geographically restricted biodiversity

B1 Individual 
geographically 
restricted species

≥10% of global population and ≥10 RU (i) # mature individuals
(ii) area of occupancy
(iii) extent of suitable habitat
(iv) range
(v) # localities
(vi) distinct genetic diversity

B2 Co-occurring 
geographically 
restricted species

≥1% of global population of ≥2 species in a taxonomic group or 0.02% 
of the global number of species in the taxon group, whichever larger

B3 Geographically restricted assemblages

B3a ≥0.5% global population of each of a number of ecoregion-restricted 
species in a taxonomic group: ≥5 species or ≥10% of the species, 
whichever larger.

(i) # mature individuals
(ii) area of occupancy
(iii) extent of suitable habitat
(iv) range
(v) # localities

B3b ≥5 RU of ≥5 bioregion-restricted species or 30% of the bioregion-
restricted known from the country, whichever is larger

B3c Site is part of the globally most important 5% of occupied habitat for ≥5 
species in the taxon group

(i) density of MI
(ii) relative abundance of MI

B4 Geographically restricted ecosystem types (see IUCN 2016)

C. Ecological integrity

Site is one of ≥2 per ecoregion with intact ecological communities Composition and abundance 
of species and interactions

D. Biological processes

D1 Demographic aggregations

D1a ≥1% of global population of a species, over a season / during ≥1 key 
stage in life cycle

# mature individuals

D1b Site is among largest 10 aggregations of the species) # mature individuals

D2 Ecological refugia Site holds a significant % of global population during environmental 
stress

# mature individuals

D3 Recruitment 
sources

Predictably produces larvae/juveniles that maintain ≥10% of the species # mature individuals

E. Irreplaceability through quantitative analysis (see IUCN 2016)

3  Adapted from IUCN (2016) A Global Standard for the identification of Key Biodiversity Areas Version 1.0. First 
edition. Gland, Switzerland: IUCN.
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Veterinary Theme 

Conservation Medicine 

Workshop Overview

The theme of Conservation Medicine is a culmination of all the topics previously discussed during 
the veterinary workshops. It also tied in well with the overarching workshop theme of Conservation 
Translocations. For veterinarians working with large collections of animals —especially endangered 
ones— the prospect of using some or all of the animals under their care for potential future 
reintroductions is a fascinating yet daunting prospect that requires collaborative planning and 
preparation. The first two days of the forum were spent together with all the other SICFAB participants 
learning about the processes of Conservation Translocation as described by the IUCN. 

During this joint group discussion, the various elements of successful conservation translocations 
were raised and discussed. However, it was beyond the scope of this discussion to evaluate each of 
the processes in depth from a veterinary and disease risk assessment perspective. These subthemes 
formed the basis for the following two days of discussions amongst the veterinary group and were 
discussed in conjunction with regional case studies. 

The veterinary stream was led by Dr Peter Buss, who works as a veterinarian with Veterinary Wildlife 
Services (VWS) at South African National Parks (SANParks) in South Africa and has extensive 
wildlife relocation and immobilisation experience. Dr Buss’ current areas of interest include the 
investigation of novel agents for use in the immobilisation of different wildlife species and investigating 
the epidemiology of bovine tuberculosis (BTB) in buffalo and lion, specifically determining prevalence 
in Kruger National Park and developing diagnostic tests for use in lion and rhino. 

Dr Buss presented lectures based on his experiences and also presented immunology lectures on 
behalf of Prof. Michelle Miller whose current research involves anaesthesia, physiology and infectious 
diseases of wildlife, with particular focus on rhino, elephant and lion. Prof. Miller is currently the 
National Research Foundation (NRF) South African Research Chair in Animal Tuberculosis. 

Case Study – Translocation of Captive Scimitar-horned Oryx to Chad

Representatives from the Environment Agency Abu Dhabi (EAD) were invited to present an overview 
of their successful translocation of scimitar horned oryx (Oryx dammah) from Abu Dhabi to Chad. 
This exercise highlighted areas where veterinary involvement was needed. In fact, inclusion of 
veterinary disease risk assessment and management from the outset of the project proved to be 
crucial, enabling the project to identify appropriate reintroduction areas, appropriate animals and 
herd demographics, appropriate pre-transfer screening and preparation, and supportive protocols 
during the relocation and adaptation/re-wilding phases. The careful implementation of appropriate 
veterinary intervention from start to finish strongly facilitated the success of this project. 

Pre-release screening and preparation

Clear goals should exist of why a certain translocation will take place. Human factors that have 
affected the loss of a species from an area or those that may impact new individuals coming to an 
area should clearly be defined and understood. Engagement with communities in the area of the 
planned translocation is often crucial to the success of such a movement. These social interactions 
should precede the translocation. This is often a key component when identifying and preparing 
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a site for the translocated animals. The recipient site should be of suitable size and appropriately 
protected (fence, patrols, etc.) before animals can be moved.

Choosing the right individuals in the correct demographic ratios is key to a successful translocation. 
Depending on whether the animals will be translocated in the same region/country/continent does 
bring significant challenges. Disease screening is often determined by the requirements of the 
recipient country and should be clearly established before any animal is immobilised. Collecting, 
storing and shipping of samples in the correct format cannot be over stressed. Translocated animals 
might be from captive collections going to a free ranging environment (captive-to-wild), from one 
free ranging environment to another (wild-to-wild) or a combination of the two scenarios (captive/
wild-to-wild). 

Disease screening is essential of both the founder populations as well as the recipient area. It was 
highlighted that genetic screening and constitution of the founder group should become mandatory 
in order to maximize the genetic diversity and adaptive ability of the translocated group. 

An important aspect of translocation, often overlooked, is the gradual habituation of animals to the 
circumstances to which they are expected to adapt. This may be needed to habituate animals to 
a certain diet from the new area or to a commercial diet that they may need for the duration of the 
journey. It may also be needed in order to habituate them to smaller/larger camps to which they 
will be introduced during pre-release processes. Finally, these animals may need to be in transport 
crates/boxes for hours/days and familiarising them with these structures will reduce stress levels 
which may ultimately reduce the risk of trauma and reduce the drug volumes needed to safely 
sedate/immobilize the animals en-route.

In all of this it was highlighted that the IUCN Guidelines for Reintroductions and Other Conservation 
Translocations is a valuable resource to help guide prospective projects.

Wildlife disease risk analysis

One of the most important aspects of any conservation translocation is to minimise the transfer of 
novel disease to naïve populations, be that from the re-introduced population to the wild population, 
or from the wild population to the re-introduced population. Conservation areas are often bordered 
by local people and their domestic animals that necessitates knowledge of disease prevalence, 
and rigorous disease screening before animals are relocated. This narrative is complicated though, 
through the use of invalidated tests as screening tools for a variety of diseases in wild animals.

The participants were exposed to a decision making tree, which is based on questions such as:

 • Does the disease occur in the area the animals will be transported to?
 • Does the pathogen cause disease in the translocated species?
 • Is the translocated species a natural host for the pathogen and may it, under the right 

conditions transmit the disease to livestock or humans?
 • Are the screening results based on antigen or antibody detection? And is that appropriate? 
 • Does the natural vector of the disease in question occur in the new environment?
 • How specific and sensitive is the test/s used for this disease/pathogen?
 • How many times have the animals been tested for this disease/pathogen?
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It was quite apparent that there were no easy answers to the questions for risk analysis. 

Appropriate laboratory support is crucial in order to accurately evaluate the disease risk. Sadly, it 
was stressed that this support was not readily available in the region. We see this as an opportunity 
for governments, in partnership with private concerns, to bridge this service delivery void. The key 
message however was that in many cases, the ultimate decision of translocation of an individual/
group never rests on the result of a single test.

Population oncology

As veterinarians we are all taught about the basic principles of oncology such as:

Tumour – Any swelling of the body

Cancer – This is a malignant tumour or growth of any part of the body. The growth or tumour usually 
develops from an uncontrolled division of cells.

Malignant – Malignancy of a tumour is often manifested by local invasion of underlying or surrounding 
tissue as well as the potential to spread (metastasise) to distant sites.

We are therefore always concerned with the individual and the prognosis which any of these 
neoplasms may have on the animal. However, when we deal with a whole population of animals, 
some examples already exist where populations may be at risk due to neoplasms.

Case Study 1: Fascial tumour disease in Tasmanian devils

Tasmanian devil (Sarcophilus harrisii) facial tumour disease is a malignant tumour of Tasmanian devils, 
first described in 1996 from the North-eastern part of the island. This sarcoma is fatal to almost all 
animals in which it occurs. Transmission is through biting, when tumour cells (the pathogen) are 
transmitted from one devil to another. Biting is common in devils due to food competition around 
carcasses or during mating and therefore the frequency of this disease in animals more than 2 years 
of age is extremely high. By 2015, the disease had decimated most of the devils on Tasmania, but 
a small group in the South-east seems to be resistant to the disease.

Several options have been suggested to help these individuals, such as:

 • Moving unaffected animals to areas where they have not been before
 • Culling affected animals
 • Creating a vaccine
 • Starting breeding trials with animals thought to be resistant

Case 2: Sarcoids of various wildlife species

Equine sarcoids are benign neoplasms that commonly occur in horses. Bovine papilloma virus 1, 
genetics and scars or open wounds appears to be important in the development of these tumours 
in individuals. Six different tumour types have been described and it seems the malevolent form acts 
more malignant than all the other forms. Sarcoids often occur on the head, lower limbs and the trunk, 
including the genital organs. Treatment with surgery alone or in combination with chemotherapy or 
even autogenus vaccine formation seems to be effective.

Papillomas have been identified on Cape mountain zebras (CMZ), an endangered equid in South 
Africa, and was seen in 2 separate populations. These were histologically described as sarcoids and 
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initially it was thought that since the CMZ had a small founder population, that they would be prone 
to sarcoids genetically. Sarcoids have however already now been described in Burchell’s zebra, 
giraffe, Somali ass and is also suspected in a variety of other antelope species in southern Africa.

Case 3: Poor reproductive fitness of non-breeding large herbivores

Large herbivores like elephants and rhinos have suffered from poor fecundity in captive environments. 
In rhino this has often been attributed to diet and behavioural problems. Recent research has shown 
that especially in rhino (Indian, Sumatran and white), early onset of breeding and continuous breeding 
of females are required to maintain reproductive health. Once breeding has been stopped or has 
been delayed for any reason, increased incidences of leiomyomas (benign tumours), mucometras, 
hydromucometras etc. occurs in the females with devastating consequences to their reproductive 
ability. It appears as if estrogen has a protective mechanism on these rhinos’ uteri. These tumours 
significantly shorten the breeding life of these females.

The thread that runs through these 3 very different studies is the fact that certain tumours, regardless 
if they are benign or not, may have serious consequences for a population. Veterinarians should 
therefore take this into consideration when they select individuals for the founder population.

Disease outbreak in a mixed population of valuable animals

During July to November 2015, Al Wabra Wildlife Preservation, Qatar, saw a disease outbreak of 
confirmed goat pox virus in 19 different wildlife species. It was previously thought that wildlife is 
more resistant to this virus, with only one previously reported case of goat pox in an Arabian oryx, 
which survived the infection. In total, 19 different species were affected in the outbreak reported 
here, including wild sheep and goat, and multiple gazelle and antelope species. The wild sheep 
and goat species had very high morbidity and mortality rates. The gazelles had lower morbidity and 
mortality rates and in the antelope species that were affected, these rates varied from low to high. 
The disease was diagnosed initially on clinical signs, then on histology and PCR. On necropsy, the 
gross findings were characteristic of capripox, as described in several textbooks. Treatment was 
generally unsuccessful. One herd of Laristan mouflon was vaccinated very early in the outbreak 
and no animals from this herd died. Several measures were implemented to get the disease under 
control, including vaccination, culling and increased biosecurity. The outbreak was confirmed to have 
been caused by goat pox virus. It is also highly suspected that Contagious Caprine Pleuropneumonia 
(CCPP) and Pestes Petits Ruminants (PPR) were also involved, but this is unconfirmed because the 
available labs were unable to test for it. Three species suffered 100% mortality, and 4 others were 
practically decimated with very high mortality rates. The source of the infection is still unknown, but 
there are many possibilities with many favouring factors that could have played a role. This disease 
is a threat to wildlife in their natural environments where the disease of domestic animals overlaps 
with susceptible wildlife species. But it is also a threat for wildlife collections. A lot of research is 
still needed on the effectiveness of the available vaccines. 

Identification and preparation of the recipient site

A key aspect of any successful translocation is to identify where the animals will be released, to 
ensure it is a suitable habitat and that they will have a safe entry into this new environment. Once 
a suitable area has been identified, the next phase is to determine whether the animals will be 
released directly to the veld (hard release) or into some kind of holding facility (soft release) first. If 
the latter all necessary construction should take place well in advance of the arrival of the animals in 
order to make sure they are disturbed as little as possible once released. The type of camps/cages/
enclosures will depend on the species to be introduced. Great care should be taken to minimize 
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any risk of trauma to the individuals while they are in these holding facilities and that food and water 

can be safely supplied as required. It may be necessary to bring food from the capture site (esp. 

herbivores) and feed this during this transition phase with the inclusion of some local plants. This 

will help with the gradual adaptation to the new area with a different diet. Furthermore, monitoring 

of the animals should also be possible on a daily basis. Various designs and structure types were 

discussed in order to make sure the participants understood the complexity of this topic.

Transportation of the animals during translocations

Movement of animals over long distances is becoming more common. In order to do this successfully 

and with minimal impact to the individual animals the team is faced with multiple decisions to make. 

These will be impacted by the type of animal/s to be moved, how many, how far, by road or by air, 

from captivity or the wild, crate/container trained or not, season of the year, time of day/night etc.

Container/crate design is key to the success of the transportation and IATA has published generous 

descriptions of container/crate design for a variety of species. These are guidelines and should be 

used as a minimum requirement for your specific needs.

The use of sedatives or immobilization drugs during the transport process was discussed and 

examples of how to use these given. It was noted that several of these drugs are not allowed/

available in the region, which may complicate the safe transport in some cases.

During the transport, and dependent on the distance, animals should be monitored. The provision 

of food and water should be evaluated on a case-by-case basis. Suitable offloading ramps/structure 

should be available at the end of the journey to make sure the animals can be safely transferred 

to the new environment.

Post release monitoring of translocated animals

The final session of the workshop dealt with the post release monitoring of the translocated animals. 

No formal lecture was presented but instead two case scenarios were given to the participants, 

who in small groups discussed them and gave feedback. The two scenarios were the reintroduction 

of 6 black rhinoceros and 6 cheetahs from Kruger National Park to Chiefs Island in the Northern 

part of Botswana.

Participants correctly followed all the steps discussed and made good decisions based on what 

was presented to them.

Everyone was unanimous that the success of a conservation translocation is not determined by 

the safe arrival of the animals at the destination. The adaptation of the animals to their new habitat, 

normal behaviour and feeding all needs to be evaluated. Once the animals have been released, 

reproduction is a key element of success. The long-term success and monitoring of a project will 

be determined by the conservation reason for the translocation, the species involved, the habitat, 

and the budget available. 
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