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[bookmark: _Toc131095771]Introduction
The world is facing an unprecedented crisis of biodiversity loss, which has far-reaching implications for not only nature but also human well-being (WWF, 2020). The scale and speed of destruction of nature demands a coordinated global effort to maintain and restore habitats and halt anthropogenic extinction of species (CBD, 2022). 
Zoos and aquariums have evolved significantly since their historical place as menageries of exotic animals to being centres of research, education and conservation programmes (Bostock, 1993). Globally, zoos play an increasing role in conservation, from captive breeding programmes, to supporting efforts to maintain and restore habitats, to providing educational and financial resources, but ensuring that these roles are effective demands coordination between institutions, associations and governments.
Although it is recognised that there are many organisations that breed or house animals for public exhibition, this report will focus on institutions that meet the criteria for membership (even if not an existing member) of the World Association of Zoos and Aquariums (WAZA), being publicly accessible zoos, aquariums or similar institutions established primarily for cultural, educational, scientific, and conservation purposes (WAZA, 2023).
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[bookmark: _Toc131095773]Captive breeding as saviour to species loss
Wildlife conservation has been widely included in the objectives of zoos at least since the 1960s (Kendall and Bergl, 2019), but as the awareness of the threat to global biodiversity has increased, the role of zoos has expanded to meet conservation goals. The World Conservation Union policy statement on captive breeding (IUCN, 1987) recognised the need to establish sustainable captive populations to mitigate species loss in declining habitats, with a view to reintroducing individuals into the wild when habitat conditions were suitable. Zoos were encouraged to take an active role in maintaining populations of at-risk species, given that they already had the facilities and expertise to do so (Brichieri‐Colombi et al., 2019).
18 (out of 71) terrestrial vertebrate species downgraded on the IUCN Red List across 10 years were downgraded due to ex situ management efforts, most commonly as a result of reintroducing individuals to the wild (Gant, Mair and McGowan, 2021). Even today, there are 20 animals native to the British Isles that would be threatened with significant declines or extinction without BIAZA zoos (BIAZA, 2022).
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[bookmark: _Ref131089518][bookmark: _Ref131089513][bookmark: _Toc131095789]Figure 2.1: a) Black-footed ferret (Photo: J. Michael Lockhart / USFWS, 2010); b) Scimitar oryx (Photo: Waddey, 2009)
There have been several notable examples of species brought back from the brink of extinction due to the involvement of zoos. The entire wild population of black-footed ferrets (Mustela nigripes) (Figure 2.1(a)) were taken into captivity (Dobson and Lyles, 2000) and a breeding program resulted in 4,100 animals being reintroduced to the wild by 2014 (Santymire et al., 2014). The flagship species scimitar-horned oryx (Oryx dammah) was saved from extinction in the wild through artificial insemination and reintroductions (Soorae, 2018) (Figure 2.1(b)).
However, despite these case studies being heralded as conservation success stories, there remains challenges to the long-term success of the wild population. Reintroductions are successful in the long-term only where breeding meets the needs of the wild population and where there is suitable habitat for release.
[bookmark: _Toc131095774]The challenges of reintroduction
Zoos have been crucial at providing a temporary sanctuary where there has been a sudden change in the environment, such as the introduction of a non-native predator. The population of Chatham Island black robins (Petroica traversi) (Figure 2.2a)) remained on only a single island after the introduction of mammal predators (NZ Department of Conservation, 2020). Interventions in egg-hatching boosted the population to 250 while the mammals were removed from the islands (Forsdick, et al., 2017). By contrast, intensive management of the wild population of California condors (Gymnogyps californianus) (Figure 2.2b)) is still required  following their reintroduction from a zoo-bred population (USFWS, 2021) because the main threat to the species from poisoning remains inadequately addressed (SDZWA, 2023).
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[bookmark: _Ref131089933][bookmark: _Toc131095790]Figure 2.2: a) Chatham Island robin (Photo: Frances Schmechel, 2004); b) Californian condor (Photo: Phil Armitage, 2007)
In these examples, although it is difficult to argue that the populations would be better off without the interventions led by zoos, it is clear that captive breeding programmes are insufficient without the simultaneous support of in situ efforts. They also represent limited circumstances in which captive breeding will be justifiable in ensuring the long-term survival of a species, i.e. where extirpation has happened or is likely and where the external threats to the population have been addressed. While it is acknowledged that dozens of species would not exist without conservation action that relied on the participation of zoos (Conde et al., 2011), they represent a drop in the ocean of global biodiversity loss.
[bookmark: _Toc131095775]Charisma over conservation need
The need to attract visitors creates pressure on zoos to focus on the most charismatic species, often large terrestrial mammals (Bowkett, 2009). As a result, zoos will not necessarily focus on species most at risk of extinction. The proportion of terrestrial species in zoos that are threatened represents a lower proportion than the number of threatened species overall (Conde et al., 2013).
Some authors encourage a shift towards smaller species that are more threatened, such as amphibians, and a fewer number of species to ensure the best use of limited space (Spooner et al., 2023). However, moving away from flagship large vertebrates is likely to reduce attendance (Carr, 2016; Mooney et al., 2020). There is therefore likely to be a trade-off between helping species at greatest conservation need and maintaining a sustainable income.
[bookmark: _Toc131095776]The problem of genetics
This trade-off also affects zoos’ capacity to house a sufficient number of individuals at a low enough density to replicate near-natural conditions while mitigating the deleterious effects of captivity on a population’s genetics (Powell, 2019). In one review, 23% of taxa were not being sustainably managed to avoid genetic inbreeding (Farhadinia et al., 2020). Although captive populations can occasionally help to bolster genetic variability in the wild, as in the case of the bearded vulture (Gypaetus barbatus) (Gautschi, et al., 2003), wild populations supplemented by captive breeding have frequently suffered from deleterious genetic effects that can be directly linked back to the methods used in captivity (Gilbert et al., 2017).
To preserve genetic diversity, zoos should aim to maintain around 90% genetic diversity for at least 100 years, which requires a target population of at least 50 individuals (Conde et al., 2013; Powell, 2019). This target will often be impractical for a single zoo with limited space, particularly with larger vertebrates that require more space, although this challenge can be overcome by coordination at a regional level to maintain a sustainable metapopulation (Conde et al., 2013).
Failing to maintain sufficient genetic diversity in captive populations can reduce fitness and ultimately result in population declines following reintroductions, even where there are only small reductions in fitness (Willoughby and Christie, 2019). Species with shorter life spans and higher replacement rates can demonstrate significant physical and behavioural changes over a few generations (Wilcox & Martin, 2006). 
Zoos can mitigate the negative effects on genetic variability by taking steps to avoid captive adaptation through naturalistic enclosures, using knowledge of genetics to inform breeding outcomes, and reducing the frequency of release into the wild (Klimova et al., 2022; Siciliano‐Martina et al., 2022). However, these pose challenges of increasing costs and limited space (Willoughby and Christie, 2019).
[bookmark: _Toc131095777]Ensuring animal welfare
There has been an encouraging emphasis on animal welfare in policy and standards set by associations (Binding et al., 2020). EAZA and BIAZA both support and assess their members in welfare standards, and in the UK, the Secretary of State’s Standards of Modern Zoo Practice (DEFRA, 2012), currently under consultation, are expected to gain a statutory footing in the Animal Welfare (Kept Animals) Bill 2021.
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[bookmark: _Ref131090709][bookmark: _Toc131095791]Figure 2.3: Images taken during an investigation at South Lakes Safari Zoo (Photos: Born Free Foundation, 2022)
However, real-world practice does not necessarily always reflect these standards and even today there continues to be examples of poor treatment of animals in captivity, even within licenced zoos (Born Free Foundation, 2012). Poor treatment of animals is reportedly continuing at a Cumbrian zoo (Figure 2.3), following the temporary loss of its licence in 2017 following the death of animals from emaciation and hypothermia (Born Free Foundation, 2022).
Even reputable zoos are reported to fall short of the welfare standards that are imposed by legislation and industry standards (Kaplan, 2021). This understandably has raised criticism of the ethics of taking animals from the wild to raise them in captivity, even where it is to meet conservation objectives (Keulartz, 2015). The translocation of animals from the wild into countries outside their range (particularly those countries which may have greater financial resources) has been regarded at its extreme as a neocolonial exploitation that diverts funds from in situ efforts (Hayward et al., 2018).
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The challenges of captive breeding and the limitations to its effectiveness, from the reliance on ex situ conditions and the limited number of species that it is applicable to, has driven a shift towards a more holistic approach to conservation in zoos, where the primary focus is on protecting species within their native habitats. The next section will explore how the role of zoos in conservation has so widened.
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[bookmark: _Toc131095780]A more integrated approach
As the trend for prioritising captive-breeding programmes has come and gone (Bowkett, 2009), there has been increasing pressure on zoos to give greater support to in situ conservation efforts (Conde et al., 2011; Pritchard et al., 2012). As exemplified by the “One Plan” approach championed by WAZA (Barongi et al., 2015), there has been a shift towards seeing captive breeding and reintroduction as part only of a more holistic approach to conservation in zoos, where zoos take on a multi-functional role including research, education and financial support, which addresses the many factors in the decline of biodiversity  (Keulartz, 2015; Spooner et al., 2023).
This has followed an evolution in understanding of our thinking about conservation from the perspective of a single species to species as elements within an interdependent ecosystem. The decline of species has not happened in a vacuum, but because of anthropogenic threats such as habitat degradation and climate change. Failing to address these threats would mean that zoos would only be addressing a fraction of the whole problem. 
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The presence of a consistent and easily accessible population of animals provides unique opportunities to monitor species behaviour and genetics, and, as research in zoos is often based on practical needs, it tends to be interdisciplinary and with immediate practical application (Spooner et al., 2023). Their contribution goes beyond the purely industry-applicable: more than two thirds of EAZA members publish articles in peer-reviewed journals (Hvilsom et al., 2020).
There remain limitations to the impact of zoos on conservation research. For example, certain taxa are underrepresented because of the limited number of species held in zoos, in particular reptiles, amphibians, and invertebrates (Hutchins, Wiese and Smith, 2019). Furthermore, the behaviour or physiology of captive animals is not necessarily reflective of the population in the wild, even if enclosures are made to be naturalistic. Nonetheless, even some information may be better than none, if species are near impossible to study in their natural setting, and wild environments are variable, so studies of a particular population in a particular location are not always applicable more widely
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WAZA and national associations have taken a lead in encouraging zoos to provide education that meets a range of conservation objectives, including promoting animal welfare and motivating behavioural change (Thomas, 2020). With a large global audience, zoos have a unique opportunity to provide information alongside memorable experiences with animals. Zoos can help to connect young people with nature, particularly where their access to nature may be limited (Kleespies et al., 2020).
Although some studies have found that visitors to zoos ranked education lower than the animal-viewing experience as factors that attracted them to the zoo (Lee, 2015; Knežević and Ljuština, 2016), there are signs that visitors increasingly expect zoos to provide a level of education and information about conservation (Fraser and Sickler, 2008; AZA, unpublished data, cited in Kendall and Bergl, 2019).
Where zoos provide good educational facilities, visits can increase understanding of biodiversity (Moss, Jensen and Gusset, 2014; Counsell et al., 2020), and there is evidence that this can also result in behavioural change. A targeted educational campaign on palm oil at Melbourne Zoo brought about positive change in self-reported purchasing behaviour (Pearson et al., 2014).
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It has been argued that zoos should dedicate the majority of its budget towards providing funding and technical support of in situ conservation activities (Kendall and Bergl, 2019). Zoos are already major financers of global conservation programmes. In 2011, zoos (mainly in North America and Europe) were the third largest funder of species conservation (Gusset and Dick, 2011).
However, dedicating a portion of budgets creates a tension between 1) maximising the visitor experience to attract ticket sales and 2) ensuring animal welfare and the species and population numbers that best contribute to species conservation. The funding provided from any one institution may be relatively small and could be uncertain because of commercial pressures. Zoos faced a financial crisis from a drop in visitor income during the Covid pandemic and funds from conservation and education projects were diverted towards maintaining the zoos core facilities (BIAZA, 2022).
Although there could be an argument for zoos to receive finance from other sources, whether from other grant-giving bodies or the government, that would place them in competition with other conservation organisations for a very limited funding pool, where zoos are already uniquely placed in their ability to raise funds from commercial activities. 
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While the multi-functional role of zoos can open new opportunities in other areas, there are likely to be trade-offs as zoos attempt to function as sustainable businesses, educational institutions and also conservation organisations. The ability of zoos to meet pressures from policy objectives and public demands will depend on ensuring that these roles are complementary rather than conflicting.
With different zoos having different species, facilities, expertise, and budgets, greater coordination between zoos will improve each institution’s ability to make a meaningful impact. Enabling zoos to operate as a network allows for more stable funding, knowledge transfer and species management at a metapopulation level. Associations and governments therefore need to ensure that they encourage cooperation wherever possible.

[bookmark: _Toc131095785]A coordinated approach
In the last few years there has been acknowledgement that coordination and standards are needed at a regional, national and international level to ensure that action taken is effective. Zoo associations and governments have begun to institute frameworks for more strategic conservation programmes, with conservation being held up as the key role of zoos in the 21st century (Barongi et al., 2015; EAZA, 2017; BIAZA, 2022).
The One Plan approach has encouraged a view of zoos as participants in a global network, where there is a coordinated effort to conserve species both inside and outside their natural habitat (Conde et al., 2013). The UK has also taken steps to raising standards in British zoos and encouraging positive steps towards a more strategic approach to conservation. The Animal Welfare (Kept Animals) Bill 2021 will require zoos to contribute meaningfully to conservation, including participating in species management plans and in situ projects (DEFRA, 2021). However, this move to improve collaboration at a network level has been stymied by new regulatory barriers between the UK and the EU (Tapper, 2022).

[bookmark: _Toc131095786]Conclusion
The contribution of zoos to conservation is greatly strengthened by their multi-functional role in conservation, where each activity, from captive breeding, to education, to research, is bolstered by the other. This is reflected in the shift away from viewing zoos as “Noah’s Ark”, with a misplaced emphasis on protecting any one species in a vacuum, to one important player in the global effort to preserve whole habitats and ecosystems, both as a direct supporter of in situ programmes, to educating and inspiring the next generation of conservationists. 
Individual zoos, and national and global associations have taken promising steps to put conservation at the forefront of zoos’ activities. Although good practice in welfare and genetically-informed breeding is not shared amongst all zoos globally, the UK is showing encouraging leadership in codifying high standards of welfare and conservation in legislation.
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