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[bookmark: _Toc131096036]Introduction
Environmental changes resulting from human activity are proceeding at an increasing rate including climate change, increased land use, deforestation and desertification, causing wild animals to abandon their natural habitat or face extinction (Keulartz, 2015). Ongoing efforts are being made to conserve species and their habitats, and this report examines the role that can zoos fulfil.
A zoo, under current UK licensing legislation is defined as ‘an establishment where wild animals …… are kept for exhibition to the public otherwise than for purposes of a circus ……. and otherwise than in a pet shop ’ (Zoo Licensing Act, 1981). For the purpose of this report, a zoo will also include aquariums.
Zoos have existed since 2500 B.C., (Britannica, 2023) usually a collection of animals belonging to royalty or the wealthy, with most cities acquiring collections for public entertainment or scientific study. Modern zoo-keeping is considered to have started in the 16th century, many in the charge of zoological societies with the purpose of advancing studies, such as London Zoo. However, by the mid-19th century, zoos, or menageries, had spread worldwide, many of which were more concerned with entertaining the public and making a profit (Britannica, 2023).
During the 20th century the purpose of zoos came under greater scrutiny and were questioned as to whether they were necessary (Benjamin and Moses, 2016) particularly when the viewing of animals is available  in high quality television programmes such as those delivered by David Attenborough.
Issues such as lack of space, where often more was provided for the visitors than the animals, and poor conditions resulting in stereotypical behaviour, as highlighted by Liz Bonnin (Horizon, 2016) has given rise to concerns about the morality of keeping wild animals in captivity (figure 1).
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[bookmark: _Toc130218789][bookmark: _Toc130219617]Figure 1: Anti-zoo sentiment
Ongoing conflict between animal activists/ethicists and environmental ethicists also adds to the complexity of the argument regarding the role of zoos and how appropriate it is to keep wild animals in captivity (Keulartz, 2015). Animal ethicists question the point in preserving an animal if it is going to experience stress or misery in its living conditions, dismissing the importance of the species in relation to the individual animal (Keulartz, 2015).
To legitimise their role and responsibilities, zoos have now turned towards scientific research, wildlife conservation, public recreation and education (Roe et al., 2014). A major landmark contribution towards this was the Convention on Biodiversity, signed at the Earth Summit in Rio de Janeiro in 1992, following which the first World Zoo Conservation Strategy was launched in 1993. 

[bookmark: _Toc130218555][bookmark: _Toc130218813][bookmark: _Toc131096037]Standards and legislation
[bookmark: _Hlk129789148]While zoos can be found worldwide, the standards of animal welfare are not consistently applied and statutory systems to enforce standards may be absent (Universities Federation for Animal Welfare, n.d.).
Created in 1935, the World Association of Zoos and Aquariums (WAZA) formed an alliance including associations, zoos, aquariums, leading experts, and academics dedicated to the care and conservation of animals and their habitats. It provides support, encourages cooperation to maintain exacting standards, and is represented at levels including Britain and Ireland (BIAZA) and Europe (EAZA). Membership of the organisation requires participation in conservation practices and compliance with WAZA’s policies and guidance.
[bookmark: _Hlk129619736]In 2015 the European Commission created the Zoos Directive (Directive 1999/22/EC). This was transposed into UK legislation as the Zoo Licensing Act 1981 with the accompanying Secretary of State’s standards of modern zoo practice (about to be updated), which provides further detail, incorporating the requirement to participate in at least one of its specified conservation measures (Department for Food, Environment and Rural Affairs, 2012). The Animal Welfare (Kept Animals) Bill 2021-22, which aims to strengthen the requirements for zoos’ responsibilities regarding conservation, is currently going through the Parliamentary process, and the recent Animal Welfare (Sentience) Act 2022 could influence future legislation and guidance. 
[bookmark: _Hlk130041687]Central to the monitoring and conservation of wildlife and habitat is the International Union for Conservation of Nature (IUCN) which has produced a Red List assigning the level of threat to known species so that conservation efforts can be prioritised (figure 2). Of particular note are those that now only exist in captivity. 
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[bookmark: _Toc130218790][bookmark: _Toc130219618]Figure 2: Structure of the IUCN Red List of Ecosystems categories (George, 2016)
Zoos are also subject to the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) and are considered to play an important role in managing the welfare of wild animals including the trading and transporting of animals, alerting the relevant authorities to suspected illegal trading, and contributing towards best practise for in situ conservation, particularly those animals most exposed to overexploitation (CITES, 2022).

[bookmark: _Toc130218556][bookmark: _Toc130218814][bookmark: _Toc131096038]The contribution of zoos to conservation

[bookmark: _Toc131096039]Captive breeding programmes

An apparently lesser-known activity of zoos (Roe et al., 2014) is the research conducted to manage animal welfare, paramount if zoos are to be successful in contributing towards the conservation of animals, both ex situ and in situ. Animals will not survive, let alone breed, in captivity, if conditions are not conducive. An example are stereotypical or repetitive behaviours considered to result when:
 
exposed to an ecologically relevant problem that they are incapable of solving within their enclosure.
(Troxell-Smith, 2017, p188)

Zoos therefore aim to provide environmental enrichment to enclosures to replicate, for example, the amount of time an animal would normally spend foraging (Troxel-Smith, 2017). 

However, this can also have problematic outcomes. For example, rather than providing contraception to manage captive population numbers, which can reduce fertility (Horizon, 2016), many zoos will encourage breeding. However, this can result in surplus numbers of animals which require culling, if unable to be moved elsewhere, when there is sufficient genetic variability. This can be contentious to the public, as demonstrated when Copenhagen Zoo decided to be transparent with this practice in 2014 (Horizon, 2016). At this point the question should be asked is the purpose to preserve a species for captivity or for reintroduction to the wild. The latter has sometimes been argued against due to issues including lack of habitat and the risk of introducing disease (Horton, 2021).

Some zoos have contributed to successful captive breeding programs using systematic methods such as the European Endangered Species Programmes (EEP), European Studbooks (ESB), and by working with in-country partners and communities to reintroduce for example, the Partula snail (Partula) (ZSL, 2023). Research and expertise is also considered highly exportable, particularly as habitats in the wild become reduced in size having more in common with more restricted ex situ spaces (Keulartz, 2015). 

Conversely, Dr Sarah Bexell, a conservation scientist involved in captive breeding programmes including the golden lion tamarin (Leontopithecus rosalia) and the less successful Giant panda (Ailuropoda melanoleuca), feels they are not a ‘panacea,’ cautioning that science may be giving false hope to humanity, thinking it can continue to lead a consumptive lifestyle while selecting which species will be saved (Horizon, 2016).

As the space available to zoos is limited, it would not be possible for all threatened animals on the IUCN Red List to be housed in line with the Noah’s Ark concept (Keulartz, 2015). Also, to aim for 90% genetic variability of a population for 100 years, the required size of the captive breeding population, may not always be practicable. In order to optimise the success of a program and to avoid the demise of a collection by random events such as disease, it is recommended that endangered species are kept in several different appropriate institutions (Smith et al, 2023). This begs the question why animals not considered to be endangered, are kept in captivity taking up valuable space. This is often claimed to be due to the assumed expectations of the public (Keulartz, 2015) who, according to Dr Jane Goodall, require education (Horizon, 2016). 

Maynard et. al (2020) have also questioned whether zoos and aquariums are working collaboratively for conservation, or more competitively as businesses. During the pandemic, the effects of closures on funding were apparent with zoos considering culling of animals (Ingram, 2020). Given the threat to biodiversity, should not additional funding be provided to enable co-ordinated partnerships between zoos and in situ programmes?

The argument for in situ versus ex situ conservation is on-going, particularly where programmes are unsuccessful, such as the recent failure of the Asiatic cheetah (Acinonyx jubatus venaticus) cubs (figure 3) in Iran (Ziabari, 2023). Ex situ breeding programmes such as this are criticised where they do not consider factors such as poor facilities, politics, general attitudes of the government towards the environment, and unwillingness to collaborate with expertise from outside the country. 

[image: ]
[bookmark: _Toc130218791][bookmark: _Toc130219619]Figure 3: Death of Pirouz, Asiatic cheetah cub (Ziabari, 2023)

While some species might face imminent extinction requiring direct action to rescue and revitalise, with appropriate monitoring to ensure timely intervention, resources might be better directed at in situ conservation. For example, Flora and Fauna International’s conservation project for the Asian elephant (Elephus maximus) in Vietnam (No author, 2023) which pays for monitoring equipment, and rangers, who also work with local communities to manage animal-human conflict. 

One might argue that while the human population continues to increase, with estimates of it peaking at 10.4 billion in the 2080’s (United Nations, 2022), without definitive action to prevent habitat degradation, the accompanying threat to wildlife will continue and ex situ conservation will become even more important. As previously mentioned, if the capacity of zoos to accommodate animals is limited, the prioritisation as to which animals to conserve will become more challenging, particularly when having to consider the need to preserve ecosystems. Programmes such as Nature’s SAFE at Chester Zoo (Chester Zoo, n.d.) are being developed, focusing on cryopreservation, however, the extent to which these scientific solutions will be a remedy will depend upon our ability to address the reasons for the disappearance of our wildlife.

Population viability analysis (PVA) uses models to estimate the anticipated extirpation of endangered species populations in relation to recovery plans. Coulson et al. (2001) state that high quality data is required, and Morris et al. (2002) were critical of the fact that PVAs were not being used sufficiently in recovery plans. Similarly, Dolman et al. (2015) complained about the lack of use of modelling of alternative options, for which PVAs are beneficial (Coulson et al., 2001). This would help to ensure that the most appropriate plan is adopted, particularly where ex situ plans might detract from the resourcing of in situ ones.

Again, Dolman et al. (2015) add that ex situ plans are futile without ensuring that conditions are in place to optimise the sustainability of animals released from captive breeding programmes. For example, the reintroduction of the Arabian oryx (Oryx leucoryx) (figure 4) was successful within Saudi Arabia and Israel, however the population declined in Oman due to poaching and degradation of habitat when opened to petroleum prospecting (No author, 2009). 

This Photo by Unknown Author is licensed under CC BY

[bookmark: _Toc130218792][bookmark: _Toc130219620]Figure 4: Reintroduction of Arabian  oryx (Oryx leucoryx)

Such plans require considerable investment of finances and resources, for example, the California condor (Gymnogyps californianus) (figure 5) reintroduction programme cost over 35 million dollars (No author, 2009). Legislation was also introduced to prohibit the use of lead ammunition which was poisoning the birds. This demonstrates that as well as increasing the population numbers, conditions need to be optimised for their chances of survival, including government, public and financial support (No author, 2009).
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[bookmark: _Toc130218793][bookmark: _Toc130219621]Figure 5: Reintroduction of California Condor (Gymnogyps californianus)

The IUCN (2018) encourages organisations to share information on the success of schemes so that lessons are learned. It publishes this information, highlighting important factors, also identified by ZSL (2023), such as ethics, welfare, social/cultural issues, and cost when making decisions about the rescue, release and reinforcement of species.

[bookmark: _Toc130218557][bookmark: _Toc130218815][bookmark: _Toc131096040]Climate change

As well as contributing to conservation efforts linked to the effects of climate change, Barbosa (2009) suggests that zoos have a role in researching the effects of climate change on species, including the incidence of pathogens and parasites, particularly where it would not be possible in situ.  As zoos have historical data for animal health and are able to manipulate the environment, they are able to provide valuable information regarding how species are affected by climate change and subsequently their conservation. 
Similarly, Parrott et al (2021) describe the role in emergency management and wildlife recovery played by zoos in the Australian bushfires in 2019 and 2020 (figure 6). They highlight the need for organisations including zoos to share their expertise to develop resilience for these increasingly likely events, and their role in the rehabilitation and captive breeding of indigenous species.
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[bookmark: _Toc130218794][bookmark: _Toc130219622]Figure 6: Rescued koala from Australian bushfire

[bookmark: _Toc130218558][bookmark: _Toc130218816][bookmark: _Toc131096041]Increasing awareness and education

Zoos are adopting a more educational role, increasing the public’s awareness of the plight of species and efforts to conserve them, as the children who visit today will become tomorrow’s conservationists (Gould, 2023). Roe et al (2014) confirm that visitors now expect to receive education, particularly with regard to conservation, but as Keulartz (2015) points out, this must be done while making sure that the visitor is not overcome with helplessness which could be counter-productive and providing a means to take action. An example includes bringing awareness to the degradation of orangutan habitat by palm oil plantations, which is something everyone could action by the way they shop (Roe et al., 2014).
Roe et al. (2014) in their comparison of the priorities of zoos with those of their visitors, highlight that visitors place significant importance on being able to view native species, and being informed of the conservation issues that affect them such as pesticides and poor water quality. Advice on how visitors can have a direct effect is likely to develop a more lasting connection to the natural world, and observing native species reduces psychological distance, important when attempting pro-environmental behaviour change (Maiella et al., 2020).
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[bookmark: _Toc131096042]Conclusion and recommendations

The role of zoos in conservation have both positive and negative aspects. However, the current state of animal populations and their habitat requires effort that addresses a variety of situations, from species that are threatened to those that are extinct in the wild. Zoos are well placed to contribute to this, however the complexity of this ‘wicked’ situation, requires a coordinated approach using limited resources appropriately, rather than a relative ‘free-for-all.’

The following recommendations recognise that some already exist but are made to ensure consistency:
1. All zoos should take up membership of the AZA and publicise the fact. This would require them to comply with current guidance and ethical considerations, but also enable them to collaborate more easily and lobby for funding and policy change.

2. Regular evaluation of zoo programmes, research, and in the case of captive breeding to ensure animals are reintroduced to their natural habitat as soon as practicable. Programmes should be conducted according to guidelines, fulfil their purpose, or altered/ceased as appropriate.

3. Ensure research and conservation programmes are well publicised within the zoo, and through outreach e.g., to schools, and social media. Many people are unaware of these roles and have anti-zoo sentiment, sometimes for out-dated reasons. 


4. Allocate areas of the zoo for native species, providing accurate information, for example in the UK on badgers (Meles meles) and TB, reintroduction of species, and action that can be taken locally. 

5. Zoos should be objective and clear regarding the gravity of the current situation in relation to climate change and biodiversity loss, adopting appropriate cognitive-behavioural approaches to maximise human behaviour change. The IUCN status of the animal should be provided including any actions the visitor can take to assist.

Word count: 2,508 (not including figures and captions)
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