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1.6 Abstract & Word Count 
 

This study aimed to identify the key barriers to holding more globally threatened amphibian 

species in ex-situ collections and potential strategies to mitigate these. Online surveys were 

completed by 107 institutions worldwide, asking about primary barriers to keeping globally 

threatened amphibians, solutions, and the facilities at each collection.  Institutions with a 

collection plan which included amphibians held on average a significantly higher proportion 

of globally threatened amphibians (25.8%) than those without (12.4%) (F(1,96)=5.059, 

p=0.027).   A lack of resources (including budget, staffing and space) was the most frequently 

identified barrier to holding more globally threatened amphibians (38% of responses), 

followed by disease/biosecurity concerns (10% of responses), and a lack of staff 

expertise/knowledge (9% of responses).  9 key priority action areas were identified, with 

increasing interest and budget allocation from zoo management the most important (49% of 

suggested solutions), followed by increased interest of externals/increased external funding 

(17% of suggested solutions), and training of staff (14% of suggested solutions).  Innovative 

enclosure design and engaging guests differently were identified as a key mechanism to 

incentivise management investment by increasing financial return from, and visitor interest 

in, globally threatened amphibians.  Space and staffing were primary resources which require 

further investment in order to hold more globally threatened amphibians (32% and 26% of 

resources identified as lacking respectively).  For collections unable to mitigate the barriers to 

holding more globally threatened amphibians, partnerships with range country facilities was 

suggested as a meaningful way to contribute to amphibian conservation. 
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2 Introduction 

2.1 Problem statement 
Amphibians are currently the most threatened taxonomic group, with more than 40% of 

species threatened with extinction (IUCN, 2014), compared to 22% for mammals (IUCN, 

2008), and 13% for birds (BirdLife International, 2014).  Habitat loss is amphibians’ primary 

threat (Reid & Zippel, 2008) whilst the highly transmissible, virulent disease chytridiomycosis 

has contributed to the extinction or decline of 200 frog species (Skerrat et al., 2007).  

Concurrent changes in climate and land-use further threaten amphibians, and may lead to 

increased extinction rates throughout the 21st century (Hof et al., 2011).   Research suggests 

we are experiencing or approaching the sixth mass extinction event – when the Earth loses 

more than 75% of species in a short geological interval (Wake & Vredenburg, 2008; Barnosky 

et al., 2011).  Amphibians are experiencing extinction rates higher than any other vertebrate 

group (McCallum, 2007), and in 115 years have undergone extinctions that would have taken 

between 2,000 and 10,000 years at the background rate (Ceballos et al., 2015). 

Amphibians play valuable roles to both humans and ecosystems and their extinction would 

represent a significant loss to global biodiversity (Halliday, 2008).  Amphibians are valued for 

the pet trade and for human consumption (Carpenter et al., 2014; Hocking & Babbitt, 2014) 

and produce novel compounds on and within their skin, useful for medicinal drugs including 

antibiotics and analgesics (Tyler et al., 2007). They further function as model organisms for 

research in areas such as experimental embryology (Tyler et al., 2007), with 25% - 33% of 

research on invertebrates and lower vertebrates conducted on amphibians (Burggren & 

Warburton, 2007) and approximately 10% of Nobel Prizes for physiology and medicine 

resulted from research on amphibians (Tyler et al., 2007).  Within their environments, 

amphibians play important roles, particularly in the humid tropics (Stebbins & Cohen, 1995; 

Whiles et al., 2006).  These roles include contributing to ecosystem stability, helping regulate 

food webs (Davic & Welsh Jr., 2004), functioning as indicator species for environmental health 

(Martin & Hine, 2000; Böll et al., 2013) and, for predatory species, helping to regulate 

mosquito-borne diseases (Hocking & Babbitt, 2014). 

An estimated 500 amphibian species currently face threats which cannot be mitigated quickly 

enough to prevent extinction (Conde et al., 2013) and focusing on habitat protection alone 
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cannot prevent mass extinctions (Reid & Zippel, 2008).  Ex-situ conservation efforts – 

conservation efforts outside a species’ native habitat range - are therefore required to reduce 

this extinction risk, and captive breeding should be established before species reach critically 

low numbers (IUCN, 1987). In 2007, the Amphibian Conservation Action Plan (ACAP) was 

published following the 2005 IUCN/SSC Amphibian Conservation Summit, setting priority 

actions for amphibian conservation.  The ACAP selected key thematic areas under which to 

set priorities, including captive programmes and reintroductions.  As well as prioritising the 

establishment of captive operations within species’ native range countries, the ACAP also  

called for the creation of captive colonies with the intention of providing a safeguard 

population, individuals for reintroduction and the capacity and facilities for research (Gascon 

et al., 2007).  To globally co-ordinate the ex-situ action prioritised by the ACAP, the Amphibian 

Ark (AArk) was formed.  A key role of AArk is the Conservation Needs Assessments, which aim 

to prioritize species and immediate needs, given the limited resources available (Amphibian 

Ark, 2012).  Although AArk’s primary focus is on captive breeding within a species’ native 

range they also ask that each zoo works to conserve at least 1 amphibian species, since 

hundreds of species require help from zoos until wild populations can be supported 

effectively (Amphibian Ark, 2014).  AArk also stresses the importance of partnerships 

between organisations within and without the range country, to help distribute resources to 

where they are most required for conservation (Johnson et al., 2012). 

As well as providing an insurance population and providing individuals for supplementing wild 

populations (Theodoru & Couvet, 2004), keeping globally threatened species (GTS) in ex-situ 

collections enables research on topics such as husbandry and nutrition (Browne et al., 2011).  

For example, the reproductive strategy of the Mountain Chicken, Leptodactylus fallax, was 

described based on captive individuals (Gibson & Buley, 2004).  More than 700 million visitors 

attend zoos and aquariums which belong to the World Association of Zoos and Aquariums 

(WAZA) every year (Fa et al., 2014), and captive populations therefore also provide 

opportunities for raising awareness of the status of, and threats to, GTS (Pearson et al., 2014). 

Reintroductions of captive-bred individuals to the wild have been criticised as expensive 

(Fischer & Lindenmayer, 2000), and for low success rates (Griffith et al., 1989; Armstrong & 

Seddon, 2008).  For many amphibian species however, captive breeding may be the only 

viable way to prevent extinction (Bishop et al., 2012), and amphibians may be good 
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candidates for captive breeding and reintroductions (Griffiths & Pavajeau, 2008).  Due to their 

small body size, low maintenance requirements and high fecundity (Bloxam & Tonge, 1995), 

amphibian populations require less financial investment than large vertebrate species to keep 

and breed in captivity (Balmford et al., 1996; Germano & Bishop, 2009).  Captive populations 

of mammals and birds often lack appropriate learned skills (Peyton et al., 2014, Riedler et al., 

2010), which can affect reintroduction success and require enrichment or pre-release training 

(Reading et al., 2013).  Since much amphibian behaviour is innate rather than learned, 

reintroductions of amphibians may show higher success rates than reintroductions of 

mammals or birds (Griffiths & Pavajeau, 2008).  A review of 58 amphibian captive breeding 

and reintroduction projects found that 13 reintroduced species had established self-

sustaining populations, and a further 5 had successfully bred in the wild (Griffiths & Pavajeau 

2008).   The Kihansi Spray Toad, Nectophrynoides asperginis, was classified as Extinct in the 

Wild in 2009 (IUCN, 2015), but had been conserved in captivity, and captive-bred individuals 

are now being released into the wild (Harding et al., in press).  Similarly, 25% of wild Mallorcan 

midwife toads, Alytes muletensis, are the result of zoo breeding and reintroduction, showing 

the significant impact ex-situ breeding and reintroduction efforts can have (Reid & Zippel, 

2008).   

Despite their apparent suitability, and the clear need for ex-situ conservation (Balmford et al., 

1996), amphibians made up only 6% of non-domestic terrestrial vertebrate species held in 

zoos in 2011 (Conde et al., 2013).  As well as holding small numbers of amphibian species in 

general, in 2014 zoos held only 6.2% of globally threatened amphibian (GTA) species (Dawson 

et al., 2015).  Many potential reasons have been suggested to explain why numbers of GTA 

species in zoos is low, however little research has been conducted to validate these barriers 

or to examine how barriers affect GTA collections in zoos.  By researching these barriers, 

potential strategies can be devised to increase the number of GTA species in ex-situ 

collections. 
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2.2 Aims & objectives 
The three primary aims of this study were: 

 to identify key barriers to holding more GTA species, as perceived by zoo curators and 

collection managers, 

 to identify associations between indirect indicators of particular barriers and the 

proportion of GTA species within a collection, 

 to propose possible strategies to deal with the barriers to keeping more threatened 

amphibians within ex-situ collections. 

To achieve these aims, the following objectives were met: 

1. Invitations to online surveys were sent to more than 400 ex-situ collections, assuming 

a response rate of 25%, to identify collection statuses, and to investigate what zoo 

curators and collection managers see as key barriers to holding more GTAs 

2. Survey responses were analysed to identify the primary barriers, whether barriers are 

seen as significant or insignificant and whether these vary regionally. 

3. Further analysis investigated whether indirect indicators of particular barriers 

correlated with the proportion of GTA species within a collection. 

4. Comparisons of the proportion of collection held which was considered threatened, 

and the perceived significance of various barriers,  were made between groups and 

between regions 

5. Respondents were invited to take part in a follow-up interview, to elaborate on 

perceived barriers and how they felt these should be addressed.  Participants were 

also asked about barriers they felt were insignificant to identify any mitigating 

strategies they had used.  

6. A literature survey was conducted and considered along with strategies suggested by 

respondents to identify potential strategies to deal with barriers to keeping more GTA 

species.  
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3 Background 

An estimated 23% of terrestrial vertebrate species in zoos within the International Species 

Information System (ISIS) zoo network are categorised on the IUCN Red List as threatened 

(Conde et al., 2013), and so the low proportion of amphibian species in zoos reflects the wider 

trend.  However, the proportion of species held which are considered threatened are higher 

for both mammals and reptiles held in zoos (27% and 40% respectively) than amphibians 

(25%), although estimates suggest that over 40% of amphibian species are threatened, 

compared to 26% of mammals (IUCN, 2014) and an estimated 19% of reptiles (Böhm et al., 

2013).  Given the rapid decline and widespread extinction of many amphibian species 

(Mendelson et al., 2006), the low proportion of amphibian species which are considered 

threatened held within zoo collections is particularly important. 

Zoos portray themselves to visitors as contributing to conservation (Carr & Cohen, 2011) and 

therefore the low number of GTA species in zoos despite the current amphibian crisis is 

unexpected.  Although the reasons are unclear, a number of potential barriers to keeping 

more GTA species within ex-situ collections have been suggested. 

Extensive research has been conducted into visitor preferences of species held in zoos, and 

these preferences may be a barrier both to keeping more amphibian species in total, and to 

keeping GTA species.  Research has identified a preference among visitors for larger, (Ward 

et al., 1998; Frynta et al., 2010), more attractive (Frynta et al., 2010; Frynta et al., 2013) 

species. Furthermore, the most significant predictor of visitor interest was taxonomic, with a 

strong preference for mammals (Moss & Esson, 2010).  Although the return on investment is 

believed to be no higher for large animals than small (Balmford et al., 2000; Ward, 2000), 

perceived visitor preferences may select against keeping amphibians in general and zoos may 

focus on taxa that visitors are believed to prefer (Fa et al., 2014).  These perceived visitor 

preferences may also result in zoos preferentially selecting traditionally attractive amphibian 

species such as poison arrow frogs, rather than threatened species, which are often small, 

plainly coloured and cryptic (Dawson et al., 2015), making them difficult to display (Conde et 

al., 2013).   

Another potential barrier to keeping more threatened amphibians may be the inaccessibility 

of particular species, and difficulty obtaining individuals from the wild.  Martin et al., (2013) 
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found that mammal and bird species held in zoos are less likely to be endemic or threatened 

than closely related species not held in zoos.  This may be because the factors which threaten 

species act as barriers to keeping them in zoos; for example, species which have small native 

ranges are difficult to obtain or gain access to.   Although Martin et al. (2013) considered 

mammal and bird species, the maps of endemic bird areas and endemic amphibian areas 

show considerable overlap, suggesting this may also be true of amphibian species (Price, 

2005; IUCN, 2008).  

Difficulty obtaining individuals may also be compounded by difficulty obtaining permits for 

export, import or movement of GTAs (New, 1994; Conde et al., 2013).  It may be particularly 

difficult to obtain permit approval for species which are CITES listed (Banks et al., 2008), and 

obtaining such permits can be a time consuming process (Ginsberg, 1993).  

An additional factor which may increase threat status in the wild but act as a barrier to 

keeping GTA species in ex-situ collections is disease (Zippel et al., 2011).  A number of 

pathogens currently affect amphibians, including saprolegniasis, an infectious disease 

associated with egg mortality (Gomez-Mestre et al., 2006) and early hatching (Perotti et al., 

2013).  Ranaviruses are a group of viruses associated with significant mortality of tiger 

salamanders Ambystoma tigrinum (Jancovich et al., 2001; Daszak et al., 2003), common frogs, 

Rana temporaria, (Teacher et al., 2010), common toads, Bufo bufo, (Price et al., 2014) and a 

number of other amphibian species (Greer et al., 2005).  Ranaviruses are poorly understood, 

increasingly prevalent and of increasing threat (Lesbarrères et al., 2012; Brunner et al., 2015).  

The most well-described pathogen affecting amphibians is Batrachochytrium dendrobatidis 

(Bd), which causes chytridiomycosis, a disease associated with mass mortality of many anuran 

species (Berger et al., 1998; Rosenblum et al., 2010) and which also affects caecilians (Gower 

et al., 2013).  A second chytrid fungus, Batrachochytrium salamandrivorans, affects 

salamanders and newts (Martel et al., 2014), making chytridiomycosis a threat to all three 

amphibian taxa. 

For species being introduced to captivity from the wild, there is a risk of selecting individuals 

already infected, making disease control and quarantine procedures essential, requiring 

additional time, resource investment and expertise (Pessier, 2008).  The risk of disease may 

reduce the desire for ex-situ collections to establish a captive population of a species which 

has not previously been kept in captivity, due to concerns of introducing infectious disease 
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into their collection.  Even for individuals taken from other captive populations, disease and 

biosecurity concerns may increase the difficulty and costs of keeping threatened amphibians.  

To breed these threatened amphibians in zoos, with the intentions of eventual release into 

the wild, zoos would need to provide permanent biosecure facilities, to prevent exposure to 

other species within the collection (Pessier, 2008), putting a greater burden on space 

requirements.  These risks, combined with the potential risk of introducing novel pathogens 

to local, native species, make disease surveillance and testing a necessary part of routine 

maintenance (Zippel et al., 2006; Tapley et al., 2015a).  This places additional burdens on time 

and resources, and staff would need to be aware of control mechanisms for common diseases 

(Pessier, 2008). However, one study looked at individuals from nine amphibian species within 

a zoo, and found that although one species was positive for Bd, the biosecurity procedures at 

the zoo had prevented this spreading to other species, despite not having been aware of the 

presence of Bd (Winters et al., 2014), suggesting that disease risks can be successfully 

mitigated through biosecurity protocols.   

Similarly, biosecurity concerns and the potential risk of introducing alien species due to 

escape or theft may also be of concern.  Although the risk of introduction of invasive species 

from zoos in Australia is believed to be low for example, the number of releases has 

nonetheless increased dramatically between 1985 and 2010 (Cassey & Hogg, 2014).  Disease 

and biosecurity concerns may affect both the desire to keep more GTA species, due to the 

potential associated risk, and also the ability to do so, due to the increased cost, resource and 

time investments required.   

Another potential barrier may be due to difficulty meeting husbandry requirements.  This may 

be due to a lack of knowledge regarding husbandry requirements (Gascon et al., 2007), 

particularly for species which have not previously been kept in captivity.  Michaels et al., 

(2014) argue that there are publication biases away from both natural history and amphibian 

specific research, meaning little information on the native conditions of GTAs is available, 

giving little help to ex-situ collections wishing to keep species previously not held in captivity.  

This lack of knowledge may reduce a zoo’s desire to establish a population of species which 

has not previously been kept in captivity, both on a logistical and ethical basis due to the risk 

of mortality if husbandry requirements are not met (Bowkett, 2014).  Determining correct 

husbandry requirements can be difficult and time consuming (Tapley et al., 2015b), 
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particularly since amphibians have complex, varied life history strategies (Pough, 2007).  For 

example, UV-B is required for some amphibian species in captivity, but too much UV-B can 

also be detrimental, therefore for species previously not kept in captivity some trial and error 

may be required (Tapley et al., 2015b).  Similarly, amphibian temperature preferences vary in 

response to variables such as age or social group (Hutchison & Dupré 1992; Pough, 2007).  

Research into conservation breeding of amphibians found that of 105 species identified as 

being held for captive breeding purposes, 55 had successfully bred, but only 19 had bred to 

the F2 level or beyond, and the study suggested this was due to poor species knowledge 

(Michaels et al., 2014). 

Even for species with known ecological requirements, there may be an inability to meet their 

specific husbandry requirements (Martin et al., 2014b).  A number of husbandry variables 

need to be controlled for animals in captivity, including lighting, humidity and temperature of 

the environment; size, furnishings, substrate and cleaning of an enclosure; food, water and 

any dietary supplements required as well as the social structure of a group and any seasonal 

variation in requirements (Fa et al., 2011).  Threatened, endemic species may have very 

specific ecological niches, and may not be suited to captivity (Martin et al., 2014b).  

Replicating required conditions in captivity may be difficult (Martin et al., 2013). Nutritional 

needs are one area of husbandry which can be difficult to meet in captivity, since 

commercially available food species are limited (Tapley et al., 2015a).  Crickets and 

mealworms are generally the most commonly available food species commercially and are 

often provided to amphibians in captivity, however these are low in calcium and vitamin A, 

meaning that captive amphibians require additional supplementation in order to meet their 

nutritional needs (Livingston et al., 2014).  Therefore, two distinct barriers to keeping GTAs 

may be related to husbandry: a lack of husbandry knowledge or an inability to provide the 

husbandry required. 

A further barrier may be a lack of staff expertise.  Zoos potentially experience high staff 

turnover, and since amphibians often have very specific husbandry requirements, staff 

turnover could inhibit the time consuming creation of husbandry protocols (Tapley et al., 

2015a). 

Finally, limited resources may be a significant barrier to keeping more threatened amphibians. 

Zoos need to balance their finite financial, staffing and space budgets with the desire to 
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provide entertainment, educate visitors, and contribute to in-situ and ex-situ conservation 

projects (Fa et al., 2014). Threatened amphibians may be financially costly to obtain or to 

keep (Bowkett, 2014) and the need for permanent quarantine facilities for species which are 

intended for future release requires greater space requirements than for those which are kept 

for display purposes only (Pessier, 2008).  GTAs may therefore require resources which 

collection managers are either unable or unwilling to commit, seeing GTAs as a lower priority 

compared to other taxa. 
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4 Methods 

4.1 Framework 
Ajzen’s Theory of Planned Behaviour states subjective norms, perceived behavioural control, 

and the individual’s attitude towards behaviour motivate an individual’s intention to act (or 

not act).  The stronger an individual’s intention to act, the more likely an action is to occur, 

assuming an action is within the individual’s control (Ajzen, 1991).  Following this theory, the 

intention by curators and collection managers to keep - or not - more GTA species is the result 

of three things: subjective norms, the perceived social pressure to perform an action; 

curators’ and collection’ managers perception of the importance of keeping threatened 

amphibians in ex-situ collections; and the perceived control of collection decisions from 

curators’ and collection managers’ point of view. 

The creation of the ACAP, the development of AZA’s amphibian conservation action plan in 

2007 (AZA, 2015) and the formation of Amphibian Ark by the World Association of Zoos and 

Aquariums, the IUCN SSC Conservation Breeding Specialist Group (CBSG), and the Amphibian 

Specialist Group (ASG) in 2007 (Amphibian Ark, 2015), are examples of an increasing focus on 

amphibians amongst the conservation community.  It seems therefore that the inclusion of 

threatened amphibians within ex-situ collections is well supported, and that the subjective 

norms element of the theory of planned behaviour should encourage curators’ and collection 

managers’ intention to keep threatened amphibians.  This study therefore focused on 

curators’ and collection managers’ perceived control – i.e. their ability to keep more 

threatened amphibians – and their attitude towards keeping more threatened amphibians. 

Nine potential barriers to holding more threatened amphibians were identified through 

literature searches and discussions with the Durrell Herpetology Team [Table 4-1].  Of these, 

5 barriers are related to perceived control (difficulty obtaining individuals, difficulty obtaining 

permits, difficulty meeting specific husbandry requirements, lack of staff 

knowledge/expertise and lack of resources).  The remaining barriers could relate either to 

perceived control or attitudes, for example, disease/biosecurity concerns may impact the 

desire to hold threatened amphibians due to associated risk, but may also affect the ability to 

hold threatened amphibians in facilities which do not have the resources available for the 

necessary biosecurity procedures. 
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To investigate attitudes to keeping more GTA species, respondents were asked how they felt 

that chytridiomycosis had affected their desire to keep threatened amphibians, or impacted 

their collection strategy. 

Table 4—1: Potential barriers to holding more GTAs as identified through literature searches 

Potential barrier to holding more threatened 

amphibians 

Referred to in literature 

Lack of resources (e.g. number of staff, 

adequate space and budget)  

Ginsberg, 1993; New, 1994; Banks et al., 

2008; Conde et al., 2013 

Difficulty obtaining permits in order to move 

amphibians 

Ginsberg, 1993; New, 1994; Banks et al., 

2008;  Conde et al., 2013 

Difficulty obtaining individuals from the wild Price, 2005; Martin et al., 2014a 

Difficulty displaying amphibians due to cryptic 

colours and behaviour 

Conde et al. 2013; Dawson et al., 2015 

Difficulty meeting specific husbandry 

requirements 

Martin et al., 2013; Tapley et al., 2015a 

Disease/biosecurity concerns Pessier, 2008; Cassey & Hogg, 2014 

Cost concerns Bowkett, 2014; Tapley et al., 2015a 

Lack of staff knowledge/expertise Tapley et al., 2015a 

Difficulty attracting visitor interest Moss & Esson, 2010; Frynta et al., 2013; Fa 

et al., 2014 
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4.2 Choice of tools 
An online survey was selected as the primary method of data collection, to reach a large 

number of ex-situ collections across a global scale.   

The survey had two primary aims:  

• To identify the most significant barriers as perceived by curators and collection managers.  

• To identify any possible correlation between indicators of particular barriers and the 

number of threatened amphibians within a collection. 

The online survey was developed through SurveyMonkey [Appendix A], with four key 

sections: 

 Section 1 - Designed to obtain basic information about the collection where the 

individual worked, using closed-ended and primarily quantitative questions. 

 Section 2 - Designed to gain information regarding the collection itself and collection 

plans using quantitative, closed-ended questions, and regarding guidance used to 

inform collection plans using an open-ended question. 

 Section 3 – Designed to investigate perceived significance of potential barriers by 

using a Likert-Scale, and to identify top barriers and solutions using open-ended 

questions.    

 Section 4 – Designed to obtain information from each collection which might act as 

indirect indicators for particular barriers, and about how they felt chytridiomycosis 

had affected their desire to keep GTA or impacted their collection strategy. 

Email invitations to complete the survey were sent to a total of 465 ex-situ collections around 

the world.  Emails were personally addressed to an individual by name wherever an individual 

could be identified, to increase response rates (Heerwegh, 2007). 
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4.3 Survey design 
A number of potential survey biases were identified [Table 4-2] and attempted to address 

through survey design. 

Table 4—2: Potential biases that could affect survey data 

Potential bias 

Acqcuiescence – the tendency for some respondents to agree with a statement regardless 

of content (Tellis & Chandrasekaran, 2010) 

Disacquiescence – the tendency for some respondents to answer all questions with 

disagreement (Greenleaf, 1992; Baumgartner & Steenkamp, 2001; Tellis & Chandrasekaran, 

2010) 

Misresponse to reversed items – some individuals will respond to both the original item 

and reversed item the same way (Weijters et al., 2010) 

Central tendency bias – the chance that a neutral item will attract both respondents with 

genuinely neutral opinions but also potentially those with ambivalent opinions, as well as 

those who may be reluctant to share their true views, and will also offer respondents a way 

to respond without deciding on their opinion (Krosnick et al., 2002; Nowlis et al., 2002; 

Weijters et al., 2010). 

Social desirability bias – the chance that individuals will choose options which are socially 

desirable and avoid options which they feel will reflect poorly on them, regardless of their 

true opinion (Grimm, 2010) 

 

Participants were not asked to state whether they Strongly Agreed, Agreed, Disagreed or 

Strongly Disagreed with statements such as “[Barrier] is a significant barrier to holding more 

threatened amphibians in ex-situ collections” but rather to select whether they felt each 

barrier was Highly Insignificant, Insignificant, Significant or Highly Significant in order to 

reduce acquiescence and disacquiescence.  The use of balanced scales asking both the original 

question and a reversed question (i.e. asking participants to state how much they agree that 

barrier x is a significant barrier and later asking them to state how much they agree that 

barrier x is not a significant barrier) has been suggested as a way to combat acquiescence and 

disacquiescence (Paulhus, 1991), though research suggests that this can cause a misresponse 
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to reversed items (Weijters et al., 2010).  For these reasons, participants were not asked to 

agree or disagree with statements, but asked their perception of each barrier. 

Participants were offered an even number of items to choose from in order to reduce central 

tendency bias, removing a neutral central value and forcing participants to classify each 

barrier as either significant or insignificant (Dawis, 1987). 

To reduce social desirability bias, participants were informed at the start of the survey that 

information would be kept confidential and given the option to skip questions they felt 

uncomfortable answering.  Questions were phrased in a neutral manner to avoid indicating 

desirable responses i.e. “How do you feel that chytridiomycosis has affected your desire to 

hold threatened amphibians?” rather than “Has chytridiomycosis increased your desire to 

hold threatened amphibians?” 

4.3.1 Pilot testing 

Before being sent to respondents, the survey was sent to Durrell Wildlife Conservation Trust’s 

herpetology team for testing.  This highlighted a number of adjustments to be made, including 

giving respondents the option of leaving an answer blank in the case of unknown or sensitive 

information.  Question wording was revised to make the meaning clearer, and additional 

terms were added to some questions to make questions more broadly accessible for non-

native English speakers.  

4.4 Follow-up interviews 
As part of the survey, respondents were asked if they would be interested in taking part in a 

short follow-up interview.  Each of the 71 respondents which indicated potential interest in 

a follow-up interview was contacted to invite their participation, either via email, skype or 

telephone.  A total of 13 semi-structured interviews were conducted, with questions 

designed to raise further details regarding the perceived significant and insignificant barriers 

to holding more GTAs, ways to address barriers, the responsibility to address barriers, and 

the role of in-situ work for amphibian conservation [Appendix B]. 

4.5 Data Analysis 
Before data analysis was conducted, duplicate records were identified, and one duplicate 

record was excluded from all analysis.  For four zoos, two different individuals had responded.  

In order to avoid skewing the data, only one response from each of these zoos was included 
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in all averages and correlations.  One zoo which stated that 150% of amphibians held were 

threatened was excluded from all analysis which included proportion data.  The four zoos 

without any amphibians were excluded from correlations and calculations of averages. 

Throughout data analysis, responses which were left blank, marked as NA or X were excluded. 

All responses were included in analysing perceived significance of barriers, solutions and 

regional differences, since the opinions of individuals rather than institutions were being 

considered. 

4.5.1 Correlation 

To identify any possible associations between annual budget, annual visitors or zoo size with 

the amphibian collection within a zoo, bivariate correlations were used.  Spearman’s rank 

correlation was used throughout the study as a number of variables were non-normally 

distributed even following transformation (Despara et al., 1995). Spearman’s rank correlation 

was also selected due to the highly kurtotic distribution of some variables, which past 

research has suggested is highly problematic for Pearson’s (Bishara & Hittner, 2012). 

4.5.2 Group differences 

To investigate indirect indicators of particular barriers, the mean proportion of a collection 

threatened was compared between the following groups:  

 those with and without a collection plan that included amphibians; 

 those with and without a collection plan for amphibians only; 

 those with and without a strategy which determined the future of the amphibian 

collection plan; 

 those who stated that they used global, regional or national assessments or priority 

lists to inform their collection plan and those who stated that they did not; 

 those who did or did not take part in field conservation; 

 those with and without an available quarantine space for newly arriving amphibian 

species; 

 those with and without the facilities to keep and breed amphibians under permanent 

biosecure conditions; 

 those with three or less keepers responsible for amphibians and those with four or 

more keepers responsible for amphibians. 
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ANOVA was conducted using SPSS v21 to identify any groups which showed statistically 

significant differences.  Normal distribution was not assessed, as ANOVA is resistant to non-

normal data (Khan & Rayner, 2003, Kao & Green, 2008), however for each group comparison, 

the homogeneity of variance was tested using Levene’s test, and for any groups which showed 

significant differences in variances, Welch’s ANOVA was used (Kao & Green, 2008; Field, 

2013). 

4.5.3 Significant barriers & solutions 

In order to analyse the perceived significance of barriers based on the Highly Insignificant-

Highly Significant matrix, responses were presented on a diverging stacked bar chart to allow 

a quick visual representation of the percentage of respondents who viewed a barrier as 

insignificant (to the left) and significant (to the right) (Bobbins and Heiberger, 2011).  

Descriptive statistics, such as identifying the barriers most frequently selected as significant, 

were conducted.   

4.5.3.1 Significant barriers by region 

Pearson’s Chi-Squared was conducted to investigate whether the proportion of individuals 

who felt a particular barrier was significant varied between regions.  Due to the small sample 

sizes for Asia and South America, only European, North American and Australasian regions 

were compared.  When Chi-Squared outputs showed that more than 20% of cells had 

expected values below 5, the Fisher’s exact test (FET) was used.  All Pearson’s Chi-Squared 

results were reported using the exact p-value, since this is more accurate than the estimated 

asymptotic value (Mehta & Patel, 2012) particularly where small sample sizes are concerned 

(Meyer & Seaman, 2013). 

4.5.3.2 Group differences in perceived significance of barriers 

To see whether groups varied in terms of which barriers were perceived as significant, the 

same groups were compared as for mean proportion threatened, and those with and without 

GTA species were also compared.  Pearson’s chi-squared was conducted as for regional 

variations. 

4.5.4 Top three barriers to holding more threatened amphibians 

In order to identify the barriers seen as most significant to holding more threatened 

amphibians, and to identify any potentially significant barriers which had not been included 

as part of the survey, participants were asked to freely identify the top three barriers and 
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solutions they felt significant to keeping more threatened amphibians.  To identify common 

themes, responses were grouped into eleven barrier categories; nine matching the barriers 

asked about in the matrix [Table 4-1] and two additional: lack of management or institutional 

interest, and collection planning – a lack of collection planning, or the exclusion of species 

within the collection plan.  The number of responses within each category were then tallied 

and plotted on a bar chart, showing the number of responses for each barrier category, 

broken down by whether these were ranked as the top, second, or third most significant 

barrier.   

4.5.5 Desire to hold GTA 

One question was specifically designed to investigate the desire of zoo curators and collection 

managers to holding GTAs in response to chytridiomycosis.  Respondents were asked to state 

how they felt chytridiomycosis had affected their desire to keep GTAs or how 

chytridiomycosis had affected their collection plans.  Responses were grouped into three 

categories: increased desire, no effect, and decreased desire/more cautious.  As respondents 

were able to type text freely in response to this question, a number of responses were 

unclear; for example those that simply said “yes” or referred to increased difficulty in keeping 

amphibians due to chytridiomycosis without mentioning how the increased difficulty affected 

desire.  These were not included in the analysis.  Responses that said “no”, “very little” or 

similar were grouped into no effect, while any responses which mentioned “decreased 

desire” or “increased caution” were grouped into decreased desire/more cautious. 

4.5.6 Solutions to the barriers to holding more threatened amphibians 

Solutions were first grouped according to the barrier they had been designed to address, to 

identify any frequently suggested solutions for particular barriers.  Due to several solutions 

appearing in response to multiple barriers, solutions were then grouped into nine broad 

priority areas (Increased interest and motivation of zoo management including budget, 

training of staff – e.g. on husbandry and disease protocols, increased interest of externals 

such as visitors and donors, collection planning at institutional, regional and wider levels, 

improved links between in-situ and ex-situ work, innovative design and increased investment 

in exhibits and enclosures, improved justification of ex-situ conservation and return on 

investment, increased collaborations and partnerships between institutions, increased in-situ 

research and fieldwork).  
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4.5.7 Follow-up interviews 

Follow-up interviews were audio-recorded as conducted and then transcribed in the case of 

phone and skype interviews, or emailed directly from respondents in the case of email 

interviews.  Responses were analysed by using the cutting and sorting method used in 

Bernard & Ryan, (2010) and Bernard, (2011). 
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5 Results 

A total of 111 survey responses were obtained, from 107 zoos and aquariums (two different 

individuals responded from four zoos), a response rate of 23.01%.  Of these 111 responses, a 

total of 108 gave enough information to identify their region: 56 were located in Europe, 38 

in North America and Canada, 11 in Australasia, 1 in Asia and 2 in South America.  No 

amphibian species were held by 4 collections, and 2 did not provide information on their 

amphibian collection.   For zoos which held at least one amphibian species, summary statistics 

were calculated for the number of amphibian species held, the number of threatened 

amphibian species held, zoo size in hectares, annual zoo budget, number of keepers working 

with amphibians, number of keepers working exclusively with amphibians, annual visitor 

numbers and the proportion of a collection considered threatened [Table 5-1]. 

Table 5—1: Summary statistics for ex-situ collections which held at least 1 amphibian species 

 Number of 

valid 

responses 

Mean Median Range 

Number of amphibian species 

held 

101 15.07 8 1-75 

Number of threatened 

amphibian species held 

100 3.48 2 0-19 

Proportion of collection 

threatened 

101 23.27% 21.42% 0-100% 

Zoo size (hectares) 95 36.94 20 0.2-404.7 

Annual budget In millions 

(USD) 

54 11.13 3.51 0.12-60.0 

Number of keepers working 

with amphibians 

99 4.34 3 1-20 

Number of keepers working 

only with amphibians 

98 0.43 0 0-6 

Annual visitors 90 646702 400000 2500-

3000000 
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5.1 Correlations 
Correlations between zoo size, budget, annual visitors, number of threatened amphibian 

species held, total number of amphibian species held and the proportion of a collection which 

was considered threatened were considered using Spearman’s rank correlation [Table 5-2].  

Zoo size was positively correlated with the number of amphibian species held (ρ=0 .226, p 

<0.05) and the number of threatened amphibian species held (ρ=0 .796, p < 0.01) [Figure 5-

1].  Annual visitor numbers were positively correlated with the number of amphibian species 

held (ρ=0 .395, p <0.01) and the number of threatened amphibian species held (ρ=0 .473, p 

<0.01) [Figure 5-2].  Zoo budget was positively correlated with the number of amphibian 

species held (ρ=0 .440, p <0.01) and the number of threatened amphibian species held (ρ=0 

.415, p <0.01) [Figure 5-3], as well as the proportion of amphibian collection threatened (ρ=0 

.299, p <0.05) [Figure 5-4].
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Table 5—2: Spearman’s rank correlations of zoo budget, size, visitors and amphibian collection for zoos with at least 1 amphibian species 

 Zoo Size Zoo Budget Annual 

visitors 

Number of 

amphibian species 

Number of 

Threatened 

amphibian species 

Proportion of 

amphibian collection 

threatened 

Zoo Size - 0.550** 0.301** 0.226* 0.221* 0.084 

Zoo Budget  - 0.708** 0.440** 0.415** 0.299* 

Annual visitors   - 0.473** 0.395** 0.103 

Number of amphibian  

species 

   - 0.796** 0.186 

Number of Threatened 

amphibian species 

    - 0.656** 

* p<0.05, ** p<0.01l 
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Figure 5-1: The number of total amphibian species and threatened species held in collections 
of varying sizes 

 

Figure 5-2: The number of total amphibian species and threatened amphibian species held for 
collections of varying annual visitor numbers. 
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Figure 5-3: The number of total amphibian species and threatened amphibian species held for 
varying annual budgets 

 

Figure 5-4: The proportion of amphibian collection which is considered threatened for zoos of 
varying annual budgets. 
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5.2 Group differences in amphibian collection 
Individuals were asked about their institution’s involvement in in-situ conservation, whether 

or not they had a collection plan for amphibians and how this was devised, and about 

particular facilities they had available.  Summary statistics for this data were produced [Table 

5-3]. 

Table 5—3: Summary of zoo facility statistics for collections which hold at least 1 amphibian 
species 

 Valid 

responses 

Yes No 

Does your zoo/institution actively undertake any 

field conservation programmes? (not including 

small grants) 

98 76  

(78%) 

22  

(22%) 

Do you have a collection plan which includes 

amphibians? 

100 83 

(83%) 

17 

(17%) 

Do you have a collection plan for amphibians 

only? * 

82 26 

(32%) 

56 

(68%) 

Do you have a strategy which informs the future 

of the amphibian collection? * 

73 46 

(63%) 

27 

(37%) 

Do you use any national, regional, global 

assessments or priority lists to inform your 

amphibian collection strategy? * 

73 46 

(63%) 

27 

(37%) 

Do you have an import quarantine space which 

would be available for newly arriving amphibian 

species? 

101 54 

(53%) 

47 

(47%) 

Do you have the facilities to keep and breed 

amphibians under permanent biosecure 

conditions? 

99 35 

(35%) 

64 

(65%) 

* Respondents which had stated they did not have a collection plan which included amphibians were excluded 
from analysis of these questions. 
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The mean proportion of a collection which was considered threatened was compared 

between groups for each of the factors in Table 5-3.  Institutions which reported having a 

collection plan which included amphibians held on average a significantly higher proportion 

of threatened amphibians (25.8%) than those without (12.4%) (F(1,96)=5.059, p=0.027).  No 

significant differences were observed between any of the other groups.  

5.3 Significant barriers to holding more threatened amphibians 
The barrier most frequently selected as significant was lack of resources.  Disease/biosecurity 

concerns and difficulty meeting specific husbandry requirements were the next most 

frequently identified, with both identified as significant or highly significant 84 times, though 

a larger proportion felt that disease and biosecurity concerns were highly significant (32%) 

than husbandry requirements (15%).  Only two of the nine barriers were selected as 

insignificant or highly insignificant more frequently than significant and highly significant: 

difficulty displaying due to cryptic colours or behaviour and difficulty attracting visitor interest 

[Figure 5-5]. 
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Figure 5-5: A graph showing the percentage of responses for significance for each barrier. 

5.3.1 Group differences in perceived significance of barriers 

Those without a collection plan exclusively for amphibians were more likely to state that a 

lack of staff expertise/knowledge was highly significant than those with an amphibian 

exclusive collection plan (p = 0.01, FET).  Those with a quarantine space were less likely state 

that a lack of resources was significant than those without (p = 0.046, FET).  Those with 

biosecure facilities were more likely to state that difficulty meeting specific husbandry needs 

was insignificant than those without (p = 0.047, FET), and less likely to state that a lack of staff 

knowledge/expertise was highly significant than those without (p = 0.021, FET).  No significant 

differences could be identified amongst any of the other groups. 

Collections with at least one GTA were more likely to identify cost concerns as highly 

significant (28.8%) than those without (7.7%) (p = 0.027, FET), but less likely to identify a lack 

of staff knowledge/expertise as highly significant (13.5%) than those without GTS (33.3%) (2 

(3, N = 101) = 12.339, p = 0.06). No other barriers varied significantly between those with GTA 

and those without. 
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5.3.2 Regional differences in perceived significance of barriers 

Perceived significance of difficulty obtaining permits in order to import amphibians varied 

regionally, with Australasian respondents more likely to rate this as highly significant than 

European or North American respondents (p=0.02, FET).  Australasian respondents were also 

more likely to state that difficulty meeting specific husbandry requirements was insignificant 

than European or North American respondents (p =0.02, FET).  Finally, perceived significance 

of lack of resources varied regionally, with North American respondents more likely to state 

this was highly insignificant and Australasian respondents more likely to state this was 

insignificant than European respondents (p0.01, FET).  Perceived significance of other 

barriers did not vary regionally [Table 5-4].  
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Table 5—4: FET results for regional perception of barrier significance 

  Europe North 
America & 

Canada 

Australasia Total   

  N % N % N % N % df Fisher’s p 

Difficulty obtaining permits 
in order to import 

amphibians 

Highly Insignificant 4 7.1 6 15.8 2 20.0 12 11.5 6 0.02* 

Insignificant 23 41.1 13 34.2 0 0.0 36 34.6 

Significant 21 37.5 17 44.7 4 40.0 42 40.4 

Highly Significant 8 14.3 2 5.3 4 40.0 14 13.5 

Difficulty obtaining wild 
individuals  

Highly Insignificant 1 1.8 2 5.3 0 0.0 3 2.9 6 0.76 

Insignificant 17 30.4 13 34.2 2 18.2 32 30.5 

Significant 23 41.1 11 28.9 5 45.5 39 37.1 

Highly Significant 15 26.8 12 31.6 4 36.4 31 29.5 

Difficulty displaying due to 
cryptic colours or behaviour 

Highly Insignificant 11 19.6 8 21.1 1 9.1 20 19.0 6 0.69 

Insignificant 23 41.1 21 55.3 5 45.5 49 46.7 

Significant 17 30.4 7 18.4 4 36.4 28 26.7 

Highly Significant 5 8.9 2 5.3 1 1.0 8 7.6 

Difficulty meeting specific 
husbandry requirements 

Highly Insignificant 0 0.0 3 7.9 1 9.1 4 3.8 6 0.02* 

Insignificant 10 18.2 6 15.8 6 54.5 22 21.2 

Significant 38 69.1 23 60.5 3 27.3 64 61.5 

Highly Significant 7 12.7 6 15.8 1 9.1 14 13.5 

Disease/biosecurity concerns Highly Insignificant 2 3.6 5 13.2 1 9.1 8 7.6 6 0.28 

Insignificant 13 23.2 5 13.2 1 9.1 19 18.1 

Significant 27 48.2 14 36.8 4 36.4 45 42.9 

Highly Significant 14 25.0 14 36.8 5 45.5 33 31.4 

Cost concerns Highly Insignificant 1 1.8 3 8.1 1 9.1 5 4.9 6 0.07 

Insignificant 17 30.9 13 35.1 0 0.0 30 29.1 

Significant 27 49.1 14 37.8 5 45.5 46 44.7 

Highly Significant 10 18.2 7 18.9 5 45.5 22 21.4 
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Lack of staff 
knowledge/expertise 

Highly Insignificant 2 3.6 5 13.2 0 0.0 7 6.7 6 0.65 

Insignificant 18 32.1 13 34.2 5 45.5 36 34.3 

Significant 25 44.6 14 36.8 4 36.4 43 41.0 

Highly Significant 11 19.6 6 15.8 2 18.2 19 18.1 

Difficulty attracting visitor 
interest 

Highly Insignificant 7 12.5 6 15.8 2 20.0 15 14.4 6 0.57 

Insignificant 23 41.1 20 52.6 4 40.0 47 42.5 

Significant 16 28.6 9 23.7 4 40.0 29 27.9 

Highly Significant 10 17.9 3 7.9 0 0.0 13 12.5 

Lack of resources (e.g. 
number of staff, space, 

budget etc)  

Highly Insignificant 0 0.0 4 10.5 0 0.0 4 3.8 6 0.01** 

Insignificant 6 10.7 0 0.0 3 27.3 9 8.6 

Significant 19 33.9 13 34.2 2 18.2 34 32.4 

Highly Significant 31 55.4 21 55.3 6 54.5 58 55.2 
* p<0.05, ** p<0.01
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5.4 Top three barriers 
Respondents were asked to identify the top three barriers to holding more threatened amphibians 

from their perspective.  Respondents were able to include any barriers they had previously been 

asked about or any of their own ideas and responses, which were then grouped into 11 categories. 

The most frequently identified barrier was lack of resources, followed by disease/biosecurity 

concerns and lack of staff knowledge/expertise [Figure 5-6].  

 

Figure 5-6: Top three barriers to holding more threatened amphibians as identified by curators and 
collection managers 

Since a lack of resources was by far the most frequently identified barrier, this was further 

categorised into subgroups. Of the 120 times lack of resources was identified as one of the three 

barriers, 93 respondents mentioned one type of resource in particular (77.5% of the time).  Of these, 

space was the most frequently selected resource, followed by staff/staff time, and budget [Figure 

5-7]. 
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Figure 5-7: Importance of lack of different resources to holding more threatened amphibians as 
identified by curators and collection managers 

5.4.1 Top three barriers for collections without globally threatened amphibians 

 

Figure 5-8: Top three barriers to holding more threatened amphibians as identified by curators and 
collection managers for collections without amphibians 
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Figure 5-9: Percentage of responses which identified barriers as one of the top three barriers to 
holding more GTA for collections with GTA species and collections without GTA species 

Amongst the 31 collections which do not currently hold GTA species, the most frequently identified 

top barriers to holding threatened amphibians were a lack of resources, difficulty meeting specific 

husbandry requirements and a lack of staff expertise or knowledge [Figure 5-8].  Disease or 

biosecurity concerns were perceived as a top barrier less, and difficulty meeting specific husbandry 

requirements more, often amongst those without threatened amphibian species [Figure 5-9]. 
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Figure 5-10: Impact of chytridiomycosis on curators and collection managers' desire to hold more 
threatened amphibians 

 

Of the 94 respondents that answered the question with either a yes or no, as opposed to “I don’t 

know” or leaving it blank, 14 (15%) stated that there were amphibian species which they had 

previously considered keeping in the collection, but would have been unable to obtain due to 

permits or import/export regulations.  Of the 100 that answered with either a yes or no to the 

question on difficulty obtaining individuals for any reason other than permits, 26 (26%) stated that 

there were amphibian species they had previously considered keeping in the collection, but would 

have been unable to obtain.  
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5.6 Solutions 
After identifying the top three barriers to holding more threatened amphibians, respondents were 

asked to suggest possible solutions to deal with each barrier.  Responses to these questions were 

mixed, with many respondents leaving the questions blank, however 38 potential solutions were 

identified with varying frequency [Table 5-5].   

Table 5—5: Potential solutions for various barriers as suggested by zoo curators and collection 
managers 

Barrier Solution Frequency 

Lack of resources Increased interest from management (including 
increased budget allocation) 

32 

Off-site storage / prioritising space / renovation 16 

Additional staffing 13 

Increase external interest - visitors, sponsors, 
donors 

9 

Grants 5 

Prioritising species 3 

Design of enclosures 2 

Delivery of demonstrable conservation outcomes / 
return on investment 

2 

Collaboration between institutions 1 

Difficulty obtaining 
permits 

Review/change legislation 3 

Improved justification for ex-situ work 2 

Continued fieldwork/more information 2 

Difficulty obtaining 
individuals 

Develop partnerships and improve coordination 7 

Improved communication between in-situ and 
captive collections 

3 

Continued fieldwork 1 

Difficulty obtaining 
individuals 

Better enclosure design 1 

Invest in nocturnal enclosures 1 

Difficulty displaying Training/workshops to increase expertise in staff 7 

Increase in resources - space/staff/money 5 

Increased research including increased links 
between in-situ and ex-situ 

4 

Educating management/funders to increase 
support for amphibian programmes 

1 

Disease / biosecurity 
concerns 

Increasing resources for developing biosecurity 11 

Increased support from management level 7 

No exotics - breed in range states or as close to as 
possible 

3 

Improving knowledge - training, protocols, 
education 

1 

Cost issues of housing 
species 

Sponsorship 8 

Direct more funds towards amphibians 3 

Grants 2 
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Increase visitor awareness 1 

Global approach to amphibian conservation 1 

Lack of staff 
knowledge/expertise 

Training/workshops to increase expertise in staff 19 

Increased funds to retain staff 3 

Difficulty attracting 
visitor attention 

Increase education and communication with 
visitors 

7 

Innovative enclosure design 1 

Lack of management 
/ institutional 
interest 

Education of managers and directors 5 

External awareness through conferences or by 
external agencies 

3 

Lack of staff interest Having the correct resources 2 

Education 1 

 

Since there was a great deal of overlap in suggested actions the solutions were then looked at more 

broadly, regardless of which barrier they had been proposed to address and categorised into 9 

priority areas [Figure 5-11]. 

 

Figure 5-11: Priority areas for required action in order to hold more threatened amphibians in ex-situ 
collections, as identified from solutions suggested by zoo curators and collection manage 
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5.7 Themes emerging from follow-up interviews 
A number of additional themes were identified through follow-up interviews [Table 5-6]. 

Table 5—6: Themes identified through follow-up interviews 

Theme No. of 
respondents 

Example responses 

Zoos have a 
responsibility 
to support in 
country 
facilities – 
where 
possible 

13  “Ideally animals should be kept in their home range” 

 “It’s very important to focus efforts in the place they’re 
from” 

 “We have to keep the people within the home region of 
the animal involved in the conservation of that species” 

 “A capacity-building role should be at the heart of any 
zoo that is talking about conservation” 

 “The tricky part is that the area that are the most in 
need are the most difficult to work in and with” 

Engaging the 
guest 
differently 

7  “If an animal is going extinct there’s a story that can be 
told that can be interesting to the average person” 

 “Difficulty attracting visitor interest – to be honest, it’s 
as hard as you want to make it… It’s about how you go 
about engaging with people” 
“It’s about being clever – how do you attract people to 
these animals?” 

 “By appropriate signage (“Can you find me?” with a 
photo of the animal) even cryptic animals can be seen 
and/or appreciated.” 

Husbandry 
challenges 
are not 
insurmounta
ble 

5  “I think people get excited about husbandry challenges 
– that can be motivational for your staff” 

 “If you don’t have experience it shouldn’t deter you if 
that species needs you” 

 “Just a matter of taking it one step at a time, being 
methodical, applying what you do know carefully, 
taking a risk when you think it’s responsible.” 

Lack of 
separate 
amphibian 
departments 
or 
management 
support for 
amphibians 

5  “There’s this mentality that “The reptile house is where 
the frogs are (even though that’s not what frogs are)” 

 “The problem is, with a lot of amphibian departments, 
they’re lumped in with reptile departments…keeping 
amphibians and keeping reptiles are two very different 
skill sets” 

 “A lot of [facilities] think of amphibians as filler species” 

The 
importance 
of having an 
end goal 

4  “I don’t think conservation breeding should be a knee-
jerk reaction.” 

 “What’s the plan for putting the animals back? That I 
think is the stumbling block with a lot of institutions.” 

 “What are we actually trying to do with it? Are we just 
looking to maintain a population or do releases?” 
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6 Discussion 

6.1 Most common barriers 
The barrier identified most often as highly significant and most frequently cited as one of the top 

three barriers to holding more threatened amphibians was lack of resources.  Space was the most 

frequently identified particular resource constraint and this was also supported by follow-up 

interviews, with 9 of 13 interviewees referencing a lack of space for amphibians.  Threatened 

amphibians which are kept for conservation breeding programs and intended for future release 

should be kept under permanent quarantine, in separate rooms (Amphibian Ark, 2008), however 

this study suggests that implementing this in practice is difficult for ex-situ collections due to limited 

space availability.  Only one third of respondents stated that they had the facilities to keep and breed 

amphibians under permanent biosecure facilities.  This lack of resources may therefore result in zoos 

selecting not to keep species for conservation breeding.  If a collection has decided to keep a species 

without intention of conservation breeding and future release, this may lead to the preferential 

selection of a non-threatened species over a threatened species, since threatened species may be 

harder to obtain (Martin et al., 2013).  However, although physical zoo area was positively correlated 

with both the total number of amphibian species held and the number of threatened amphibian 

species held, zoo size was not correlated with the proportion of a collection which is threatened. 

Unlike zoo size, zoo budget was positively correlated with the proportion of a collection which is 

considered threatened.  Although Balmford et al., (1999) suggest that amphibians require smaller 

financial investment than large vertebrates, the need for biosecure facilities, quarantine space and 

disease monitoring has no doubt increased these costs (Tapley et al., 2015a).  This may explain why 

budget was positively correlated with proportion of collection threatened. 

Disease and biosecurity concerns were the second most frequently cited barrier to holding more 

GTA species, and the third most often identified as significant or highly significant.  While no 

significant difference in mean proportion of collection threatened, or in the perceived significance 

of disease/biosecurity concerns, could be identified between collections with or without a 

quarantine space or biosecure facilities, this does not necessarily mean that quarantine or 

biosecurity fail to reduce the risks associated with disease. For example, collections which have 

invested in such facilities may import more species, or import species suspected to be carriers of 

disease, increasing their risk of exposure, or it may be that collections with quarantine and 

biosecurity facilities are more conscious of disease due to their investment, or due to keeping 
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particularly critical species in their permanent biosecure facilities.  It also may be that, although a 

significant barrier to holding more threatened amphibians, chytridiomycosis is perceived as an 

unavoidable barrier, which must be kept in mind and attempted to mitigate against, but which 

cannot at this point be eliminated as a barrier completely.  Chytridiomycosis had only reduced the 

desire to hold threatened amphibians amongst 8% of respondents, suggesting that quarantine or 

permanent biosecure facilities may now be seen as inevitable costs associated with holding 

threatened amphibians. 

The third most frequently identified barrier to holding threatened amphibians was lack of staff 

knowledge or expertise.  Whilst this was identified as a potential barrier during literature surveys, it 

was not expected to rank so highly in terms of importance, as it ranked only sixth when respondents 

were asked to rate its significance. This apparent discrepancy may have been due to confusion in 

terminology as the barrier of difficulty meeting specific husbandry requirements had the opposite 

result.  This was the second most frequently identified significant or highly significant barrier within 

the matrix but only sixth when respondents were asked to identify their top three most significant 

barriers.  Each relates to different potential husbandry barriers – a lack of knowledge regarding 

husbandry requirements within the staff, and a difficulty meeting specific husbandry requirements 

even with the correct knowledge - but individuals selecting difficulty meeting specific husbandry 

requirements as part of the matrix may have identified the clarified the barrier as a lack of staff 

knowledge or expertise when given free choice.  Alternatively, the absence of difficulty meeting 

husbandry needs from the top three barriers may suggest this is seen as a widespread problem, but 

of lesser consequence, since although 77% identified it as significant, only 15% of those identified it 

as highly significant. 

A lack of separate amphibian departments and management support for amphibians was a theme 

among follow-up interviews, with one interviewee referring to amphibian departments as “lumped 

in with the reptile departments”, and two referring to keepers being responsible for both 

amphibians and reptiles. A lack of staff knowledge or expertise may therefore be due to keepers 

being responsible species with vastly different requirements, and in some cases due to little keeper 

interest in amphibians, referred to by two interviewees.   

It is interesting to note that collections which had a collection plan exclusively for amphibians were 

less likely to feel that lack of staff knowledge was a significant barrier.  This may be because the 
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presence of an amphibian exclusive collection plan represents increased management interest, and 

therefore investment in terms of staffing, staff training, or through increased staff interest.   

6.1.1 Most common barriers for collections without GTA species 

The top three barriers according to collections which do not currently hold GTA species seemed to 

reflect the overall trend in barriers, with lack of resources also being the most frequently identified 

barrier, and lack of staff knowledge/expertise also the third most frequently identified amongst 

those without threatened amphibians. A lack of staff expertise or knowledge was more often 

identified as one of the top three barriers for collections which do not hold threatened amphibians 

than for ex-situ collections in general, amongst whom it was the sixth most frequently identified 

barrier.  While this may mean that a lack of staff knowledge or expertise is perceived as a more 

significant barrier amongst collections which do not hold threatened amphibians, this may be due 

to the small sample size of zoos which do not hold threatened amphibians.  It may also reflect a 

differing perception of the significance of disease/biosecurity concerns, the second most frequently 

identified barrier amongst collections as a whole, but the fifth amongst collections which do not 

currently hold threatened amphibians.  Further research would need to be conducted to identify 

the top barriers amongst collections which do not hold amphibians, and whether these vary from 

collections which do. 

The presence or absence of threatened amphibians within a collection, based on Ajzen’s theory of 

planned behaviour (1991), is the result of intentions and perceived control.  A fundamental 

assumption of this investigation of barriers is that zoos wish to keep threatened amphibians within 

their collection. This is supported by the fact that zoos with a collection plan which included 

amphibians held, on average, a higher proportion of threatened amphibians within their collections 

than those without a collection plan which included amphibians.  Keeping threatened species for 

conservation breeding may be seen as of lesser importance than providing educational benefits, 

since educating visitors is believed to be the highest priority activity for zoos, according to both zoos 

and zoo visitors (Roe et al., 2014).  Although this does not necessarily select against keeping 

threatened amphibians, since threatened species can be kept for a number of other important 

reasons not related to conservation breeding (Harding et al., in press), the selection of threatened 

amphibians may be compounded by the finding that zoo visitors highly value being informed about 

conservation actions they can take at home (Roe et al., 2014) – in the case of amphibian declines 

due to disease, zoos may find it difficult to suggest conservation actions visitors can undertake at 
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home and feel empowered to implement.  It may therefore be that one of the primary barriers to 

keeping more threatened amphibians is a lack of desire to do so, rather than an inability to do so.  

Although only 15 respondents selected lack of management interest or support as a barrier, 

approximately 50% of suggested solutions were related to increasing management interest and 

budget allocation.  A lack of desire to keep threatened amphibians seems therefore relevant for 

some collections, and although many did not outright suggest this to be a barrier, the high number 

who selected lack of resources may mean that institutional focus on other taxa may impact the 

budget and resources available for amphibians.  The lack of resources as a barrier to holding more 

threatened species may therefore be due to both a genuine lack of resources available, but also due 

to the low prioritisation of amphibians.     

6.2 Insignificant barriers 
Contrary to previous research (Ward et al., 1998; Frynta et al., 2010), difficulty attracting visitor 

interest and difficulty displaying due to cryptic colours or behaviour were perceived by respondents 

in this survey to be insignificant barriers to keeping more threatened amphibians.  Larger annual 

visitor numbers was correlated with higher numbers of amphibian species in total, and higher 

numbers of threatened amphibian species, however there was no correlation with the proportion 

of a collection threatened, suggesting that as zoos focus on increasing exhibit numbers, they are not 

preferentially selecting threatened species.  It has been suggested that since threat statuses may 

change over time, zoos may decide not to distinguish between threat categories, as currently 

unthreatened species may suffer declines in the future (Bowkett, 2014), and given the rapid decline 

of amphibian species, this may be an important consideration (Lips et al., 2006). This potential for 

rapid, unpredictable changes in threat status may mean that although the proportion of an 

amphibian collection which is threatened is low, zoos are nonetheless safeguarding species which 

may become threatened.  No causation could be identified between factors however, and based on 

this study, it is impossible to say whether zoos focus on increasing number of exhibits as visitor 

numbers increase, or whether increasing number of amphibian species and threatened amphibian 

species result in higher visitor numbers annually.   

  

6.3 Limitations of research 
One key limitation of this study is the geographic distribution of respondents. Zoos are likely to focus 

effort within their own regions, for a number of reasons, including lower financial costs, easier 
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access, reduced import restrictions and similar climatic conditions (Dawson et al., 2015).  The 

barriers seen as most significant may vary between regions with large numbers of zoos (Western 

Europe, North America and Australasia) and those with lower numbers of zoos (South America, Asia 

and Africa) (Martin et al., 2014b), unfortunately due to the small numbers of respondents from 

South America, Asia and Africa, this was not something that could be compared as part of this study. 

One key consideration is that ex-situ collections may choose to keep globally threatened species for 

a number of reasons which may not be related to conservation breeding.  For example, research has 

been identified as the primary reason for establishing amphibian captive breeding programmes 

(Harding et al., in press).  Similarly, species which are least concern or near threatened may be kept 

for purposes related to conservation breeding, where a species is locally but not globally threatened, 

such as the agile frog, Rana dalmatina, in Jersey (Buley et al., 2001; Racca, 2003), or because 

husbandry protocols can be practiced on a less threatened species, such as using the roseate frog, 

Geocrinia rosea, as a model for closely-related threatened Geocrinia species (Mantellato et al., 

2013).  The proportion of amphibians held which are threatened therefore may provide an ‘at a 

glance’ view of threatened species kept in zoos, but not necessarily a clear view of the zoo’s 

contribution to conservation.  In order to fully assess the contribution of a collection to conservation, 

the purpose of a species within a collection must therefore be ascertained, but was outside the 

scope of this project.  This information would allow more meaningful analysis of the conservation 

benefit of a collection, and for recommendations to be made for increasing the conservation efficacy 

of collections.   

6.4 Regional variations 
Between North America, Europe and Australasia, three barriers varied in perceived significance: 

difficulty meeting specific husbandry requirements, which was seen as less significant among 

respondents from Australasia than Europe and North America; difficulty obtaining permits in order 

to import amphibians which was seen as highly significant more often from Australasian zoos, and 

lack of resources, which was seen as highly insignificant by North American zoos and insignificant by 

Australasian zoos more often than European zoos.  Australasian zoos may have felt husbandry 

requirements were of less significance due to their  informal commitment to focus on local species 

rather than importing exotic amphibians (Zippel et al., 2011), since local species are less likely to 

have extreme variation in husbandry requirements than species from other regions. Given the 

informal agreement not to import exotic amphibian species (Zippel et al., 2011), difficulty obtaining 
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permits was not expected to be a significant barrier for Australasian respondents, however, 

respondents may have selected “difficulty obtaining permits” due to the agreement not to import 

exotic amphibians. The variation in perceived significance of lack of resources is not clear, however 

among collections which held at least one amphibian species annual mean budget was $13,972,615 

amongst North American zoos, $14,947,666 among Australasian zoos and $5,841,047 amongst 

European zoos.  Although the number of respondents who provided budget information was low, 

this seems to suggest that budgets amongst European zoos is lower than North American and 

Australasian and this may help to explain the regional variation.   

6.5 Solutions 
Nine priority action areas were identified by respondents in this study, with the most frequently 

identified solutions falling into one of three categories: increased interest and motivation from 

management including improved budget allocation; increased interest and funding from externals 

such as donors and visitors, and training of staff. 

Increased management interest and budget, as well as increased interest from externals such as 

donors and visitors have the potential to reduce the most frequently identified significant barrier to 

holding more threatened amphibians: a lack of resources. Staff training on husbandry and 

biosecurity have the potential to reduce the impact of disease and biosecurity concerns (the second 

most frequently identified significant barrier), and increase staff knowledge and expertise (the third 

most frequently identified barrier). 

Mechanisms to increase management, donor or visitor interest were not frequently suggested, 

however some respondents suggested innovative enclosure design as a solution, and this could 

potentially increase both management and visitor interest.  Innovative displays can result in 

increased visitor interest in typically less favoured groups such as insects (Yajima, 1991), potentially 

increasing return on investment to zoo management.  Enclosure design, particularly combined with 

careful selection of species has the potential to increase visitor enjoyment in amphibian exhibits 

substantially, since although the attraction power of amphibians (the number of individuals who 

stopped to look at an exhibit) was higher than expected, the holding power (the time spent looking 

at an exhibit) was lower than expected (Moss & Esson, 2010).  Mechanisms to increase time looking 

at an exhibit may therefore prove beneficial to increasing the profile of amphibian exhibits. Although 

some exhibit design features, such as reducing distance (Johnston, 1998) may not be practical for 
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small amphibian species, it may be possible to use innovative design or unusual perspectives, such 

as overhead exhibits as have been used for elephants (AZA, 2012). 

Fa et al., (2014) raised the question of whether visitor preferences were immovable, or whether 

zoos could “strive to change the way the public engage”.  This was a common theme amongst follow-

up interviews, with 7 of 13 interviewees talking about “telling the story” and “engaging the guest 

differently”.  Suggestions on ways to draw more attention included the use of volunteers, or 

‘gamifying’ exhibits by putting the number of individuals, or tips for spotting individuals, on exhibit 

signage.  It is also important to consider that although zoo’s focus primarily on entertainment for 

their public image, conservation is strongly emphasised (Carr & Cohen, 2011), but despite this 58% 

of UK zoo visitors felt they were not well enough informed about zoos’ contribution to conservation 

(Shaw, 2011).  An increasing focus on threatened species may therefore increase visitor satisfaction, 

even if species are not typically attractive. 

6.5.1 Future research 

South American, Asian and African zoos, which hold the highest numbers of threatened amphibians 

(IUCN, 2008), were very poorly represented in this study. Future research into  identifying key 

barriers in these areas, particularly those which differ from those identified here for North American, 

European and Australasian zoos could identify clear priorities for action by ex-situ institutions from 

outside a species’ native range country to effectively partner with in country facilities, as prioritised 

by the AArk (Johnson et al., 2012). 

Responses regarding responsibility for addressing barriers to holding more threatened amphibians 

were very mixed, with institutional, regional, associational and governmental levels all identified as 

responsible during follow-up interviews.  Although this study has identified key priority areas for 

keeping more threatened amphibians, identifying group differences in perceived responsibility may 

help to select the most appropriate actions for each organizational level. 

6.6 Conclusions 
Given the threats to amphibian species in the wild, ex-situ conservation is vital to prevent 

widespread extinctions, particularly as extinctions through chytridiomycosis may increase with 

climate change (Pounds et al., 2006).  The perceived barriers – identified by this study as lack of 

resources, disease and biosecurity concerns, and a lack of staff knowledge or expertise – must be 

urgently addressed.   
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Further research could investigate whether the lack of resources is institutional, or departmental, 

requiring increased management interest in amphibians, however identified solutions may be able 

to address both.  For example, solutions which focus on increasing income, perhaps through 

innovative ways of encouraging interest in amphibian exhibits (e.g. Zoo Victoria’s ‘Love Your Locals’ 

campaign (Harley, 2012; Zoos Victoria, 2012; Skibins, 2014) could increase visitor numbers resulting 

in increased financial resources, and potentially incentivising investment in amphibian exhibits.  

Zoos with a collection plan which included amphibians held significantly more GTA species on 

average than zoos without, highlighting the importance of collection planning to holding GTA 

species.  Careful collection planning and selection of species can help to balance a zoo’s contribution 

to conservation, limited resources and the desire to provide entertainment.  While zoos should focus 

on species which have been prioritised for ex-situ conservation, within this category, further 

prioritisation could focus on species which are also good candidates for captive breeding (Tapley et 

al., 2015a).   

Zoos could contribute to conservation despite the barriers to holding more GTA through partnership 

with a facility within the range country.  For example, the Amphibian Rescue and Conservation 

Project in Panama is supported by a number of ex-situ collections from outside Panama, including 

Zoo New England, Houston Zoo and Smithsonian’s National Zoological Park.  These ex-situ partners 

support the in-country operations in a number of ways including providing training and veterinary 

support (Gratwicke et al., 2012), or by maintaining assurance colonies, as for Panamanian golden 

frogs, Atelopus zeteki, of which more than 1500 adult individuals are now held in the US (Estrada et 

al., 2014).  All follow-up interviewees felt that ex-situ collections had a responsibility to work within 

country, with financial support, staff support and training on husbandry and food culture suggested 

as ways to do this.  International partnerships such as these would allow zoos to contribute to 

amphibian conservation, whilst requiring less space than maintaining an entire population of a 

species.  Additionally, zoos and aquariums provide crucial financial support to in-situ conservation 

efforts (Gusset & Dick, 2011; Conde et al., 2013).  Even where barriers such as lack of staff expertise 

impact their ability to hold more GTA species, zoos therefore can contribute substantially to 

amphibian conservation. 

  



45 | P a g e  
 

7 References 

Ajzen, I., (1991).  The Theory of Planned Behavior, Organizational Behaviour and Human Decision 
Processes, 50, 179-211. 

Amphibian Ark (2008). A guide to the biosecurity and husbandry standards required for the safe 
and responsible management of ex situ populations of amphibians. [ONLINE]. Available at: 
http://www.amphibianark.org/resources/amphibian-husbandry/husbandry-standards/ 
[Accessed 10 August 15] 

Amphibian Ark (2015) About Us. [ONLINE] Available at: http://www.amphibianark.org/about-us/ 
[Accessed 09 August 15]. 

Armstrong, D.P. & Seddon, P.J., (2008).  Directions in reintroduction biology, Trends in Ecology & 
Evolution, 23 (1), 20-25 

Association of Zoos and Aquariums (2012) Denver zoo’s Toyota elephant passage offers 
unparalleled views of Asian species with a focus on conservation & animal care. [Online] Available 
at: https://www.aza.org/Membership/detail.aspx?id=26514 [Accessed 30th August 2015] 

Association of Zoos and Aquariums (2015) Amphibian Conservation. [ONLINE] Available at: 
https://www.aza.org/amphibian-conservation/. [Accessed 9th August 2015]. 

Balmford, A., (2000). Separating Fact from Artifact in Analyses of Zoo Visitor Preferences, 
Conservation Biology, 14 (4), 1193-1195 

Banks, C.B., Lau, M.W.N. & Dudgeon, D., (2008).  Captive Management and breeding of Romer’s 
tree frog Chirixalux romeri, International Zoo Yearbook, 42 (1), 99-108 

Barnosky, A.D., Matzke, N., Tomiya, S., Wogan, G.O.U., Swartz, B., Quental, T.B., Marshall, C., 
McGuire, J.L., Lindsey, E.L., Maguire, K.C., Mersey, B. & Ferrer, E.A., (2011).  Has the Earth’s sixth 
mass extinction already arrived? Nature, 471 (7336), 51-57 

Baumgartner, H. & Steenjamp, J.E.M., (2001).  Response Styles in Marketing Research: A Cross-
National Investigation, Journal of Marketing Research, 38 (2), 143-156 

Berger, L., Speare, R., Daszak, P., Earl Green, D., Cunningham, A.A., Goggin, C.L., Slocombe, R., 
Ragan, MA., Hyati, A.D., McDonald, K.R., Hines, H.B., Lips, K.R., Marantelli, G. & Parkes, H., (1998).  
Chytridiomycosis Causes Amphibian Mortality Associated with Population Declines in the Rain 
Forests of Australia and Central America, PNAS, 95 (15), 9031-9036 

Bernard, H.R. & Ryan, G.W., (2010). Analyzing Qualitative Data: Systematic Approaches.  
Thousand Oaks, California: Sage Publications. 

Bernard, H.R., (2011).  Research Methods in Anthropology: Qualitative and Quantitative 
Approaches. Oxford: Rowman Altamira. 

BirdLife International (2014) One in eight of all bird species is threatened with global extinction. 
Presented as part of the BirdLife State of the world's birds website. Available from: 
http://www.birdlife.org/datazone/sowb/casestudy/106. Checked: 29/08/2015 

http://www.amphibianark.org/resources/amphibian-husbandry/husbandry-standards/
http://www.amphibianark.org/about-us/
https://www.aza.org/Membership/detail.aspx?id=26514


46 | P a g e  
 

Bishara, A.J. & Hittner, J.B., (2012).  Testing the Significance of a Correlation with Nonnormal Data: 
Comparison of Pearson, Spearman, Transformation, and Resampling Approaches, Psychological 
Methods, 17 (3), 399-417 

Bishop, PJ., Angulo, A., Lewis, J.P., Moore, R.D., Rabb, G.B. & Moreno, J.G. (2012).  The Amphibian 
Extinction Crisis – what will it take to put the action into the Amphibian Conservation Action Plan? 
S.A.P.I.E.N.S., 5 (2) [ONLINE] Available at: http://sapiens.revues.org/1406 [Accessed 11 August 15] 

Bloxam, Q.M. & Tonge, S.J., (1995).  Amphibians: suitable candidates for breeding-release 
programmes, Biodiversity & Conservation, 4 (6), 636-644 

Böll, S., Schmidt, B.K., Veith, M., Wagner, N., Rodder, D., Weimann, C., Kirschey, T. & Lötters, S., 
(2013).  Anuran amphibians as indicators of changes in aquatic and terrestrial ecosystems 
following GM crop cultivation: a monitoring guideline, BioRisk, 8, 39-51 

Bowkett, A.E., (2014). Ex-situ conservation planning is more complicated than prioritizing the 
keeping of threatened species in zoos, Animal Conservation, 17, 101-103 

Browne, R.K., Wolfram, K., Garcia, G., Bagaturov, M. & Pereboom, J.J.M., (2011).  Zoo-based 
amphibian research and conservation breeding programs, Amphibian and Reptile Conservation, 5 
(3), 1-14 

Brunner, J.L., Storfer, A., Gray, M.J. & Hoverman, J.T., (2015). Ranavirus Ecology and Evolution: 
From Epidemiology to Extinction. In: Grey, M.J. & Chinchar, V., (eds). Ranaviruses: Lethal 
Pathogens of Ectothermic Vertebrates.    New York City: Springer International Publishing, 71-104. 

Buley, K., Gibson, R. & Pinel, J., (2001).  The Agile Frog, Rana damnatina Species Action Plan. [pdf] 
Agile Frog Group. Available at: 
http://www.gov.je/Environment/LandMarineWildlife/ColdBlooded/Pages/Frogs.aspx#anchor-6 
Downloaded 30th August 2015. 

Burggren, W.W. & Warburton, S., (2007).  Amphibians as Animal Models for Laboratory Research 
in Physiology, ILAR J, 48 (3), 260-269 

Carpenter, A.I., Andreone, F., Moore, R.D. & Griffiths, R.A., (2014).  A review of the international 
trade in amphibians: the types, levels and dynamics of trade in CITES-listed species, Oryx, 48 (4), 
565-574 

Carr, N. & Cohen, S., (2011).  The Public Face of Zoos: Images of Entertainment, Education and 
Conservation, Anthrozoös: A multidisciplinary journal of the interactions of people and animals, 
24 (2), 175-189. 

Cassey, P. & Hogg, C., (2014).  Escaping captivity: The biological invasion risk from vertebrate 
species in zoos, Biological Conservation, 181, 18-26 

Ceballos, G., Ehrlich, P.R., Barnosky, A.D., Garcia, A., Pringle, R.M. & Palmer, T.M., (2015).  
Accelerated modern human-induced species losses: Entering the sixth mass extinction, Science 
Advances,, 1 (5), e1400253 

http://sapiens.revues.org/1406
http://www.gov.je/Environment/LandMarineWildlife/ColdBlooded/Pages/Frogs.aspx#anchor-6


47 | P a g e  
 

Conde, D. A., N, Flesness, F. Colchero, O. R. Jones and A. Scheuerlein. 2011a. An emerging role of 
zoos to conserve biodiversity. Science 331:1390-1391. 

Conde, D.A., Colchero, F., Gusset, M., Pearce-Kelly, P., Byers, O., Flesness, N., Browne, R.K. & 
Jones, O.R., (2013).  Zoos through the Lens of the IUCN Red List: A Global Metapopulation 
Approach to Support Conservation Breeding Programs, PLoS One, 8 (12), e80311 

Cunningham, A.D., Turvey, S.T., Zhou, F., Meredith, H.M.R., Guan, W., Liu, X., Sun, C., Wang, Z. & 
Wu, M., (2015).  Development of the Chinese giant salamander Andrias davidianus farming 
industry in Shaanxi Province, China: conservation threats and opportunities, Oryx, doi: 
10.1017/s0030605314000842. 

Daszak, P., Cunningham, A.A. & Hyatt, A.D., (2003).  Infectious disease and amphibian population 
declines, Diversity and Distributions, 9 (2), 141-150 

Davic, R.D. & Welsh Jr., H.H., (2004).  On the Ecological Roles of Salamanders, Annual Review of 
Ecology, Evolution, and Systematics, 35 (2004), 405-434. 

Dawis, R., (1987).  Scale construction, Journal of Counselling Psychology, 34 (4), 481-489 

Dawson, J., Patel, F., Griffiths, R.A. & Young, R.P., (2015).  Assessing the global zoo response to 
the amphibian crisis through 20-year trends in captive collections, Conservation Biology, doi: 

10.1111/cobi.12563  

Deshpande, J.V., Gore, A.P. & Shanubhogue, A., Statistical Analysis of Nonnormal Data, New Delhi: 
New Age International (P) Ltd., pp70-72 

Estrada, A., Gratwicke, B., Benedetti, A., DellaTogna, G., Garelle, D., Griffith, E., Ibanez, R., Ryan, 
S. & Miller, P.S., (eds) (2014).  The Golden Frogs of Panama (Atelopus zeteki, A. varius): A 
Conservation Planning Workshop, Final Report.  Apple Valley, MN: IUCN/SSC Conservation 
Breeding Specialist Group. 

Fa, J.E., Funk, S.M. & O’Connell, D., (2011).  Zoo Conservation Biology, Cambridge: Cambridge 
University Press. 

Fa, J.E., Gusset, M., Flesness, N. & Conde, D.A., (2014).  Zoos have yet to unveil their full 
conservation potential, Animal Conservation, 17, 97-100 

Field, A.P., (2013).  Discovering statistics using IBM SPSS Statistics (4th ed.). London: Sage, 952pp. 

Fischer, J. & Lindenmayer, D.B., (2000). An assessment of the published results of animal 
relocations, Biological Conservation, 96 (1), 1-11 

Frynta, D., Lišková, S., Bültmann, S. & Burda, H., (2010). Being Attractive Brings Advantages: The 
Case of Parrot Species in Captivity, PLoS ONE, 5 (9) e12568 

Frynta, D., Šimková, O., Lišková, S. & Landová, E., (2013). Mammalian Collection on Noah’s Ark: 
The Effects of Beauty, Brain and Body Size, PLoS ONE, 8 (5) e63110. 



48 | P a g e  
 

Gascon, C., Collins, J. P., Moore, R. D., Church, D. R., McKay, J. E. and Mendelson, J. R. III (eds). 
2007. “Amphibian Conservation Action Plan.” IUCN/SSC Amphibian Specialist Group. Gland, 
Switzerland and Cambridge, UK. 64pp. 

Gascon, C., Collins, J.P., Moore, R.D., Church, D.R., McKay, J.E. & Mendelson III, J.R., (eds) (2007). 
Amphibian conservation Action Plan.  IUCN/SSC.  Amphibian Specialist Group, Gland. 

Germano, J.M. & Bishop, P.J., (2009), Suitability of Amphibians and Reptiles for Translocation, 
Conservation Biology, 23 (1), 7-15 

Gibson, R.C. & Buley, K.R., (2004).  Maternal Care and Obligatory Oophagy in Leptodactylus fallax: 
A New Reproductive Mode in Frogs, Copeia, 1, 128-135. 

Ginsberg, J.R., (1993).  Can We Build an Ark? TREE, 8 (1), 4-6 

Gomez-Mestre, I., Touchon, J.C. & Warkentin, K.M., (2006).  Amphibian Embryo and Parental 
Defenses and a Larval Predator Reduce Egg Mortality from Water Mold, Ecology, 81 (10), 2570-
2581 

Gower, D.J., Doherty-Bone, T., Loader, S.P., Wilkinson, M., Kouete, M.T., Tapley, B., Orton, F., 
Daniel, O.Z., Wynne, F., Flach, E., Muller, H., Menegon, M., Stephen, I., Browne, R.K., Fisher, M.C., 
Cunningham, A.A., (2013). Batrachochytrium dendrobatidis infection and lethal chytridiomycosis 
in caecilian amphibians (Gymnophiona), Ecohealth, 10 (2), 173-183 

Gratwicke, B., Crump, P., Baitchman, E., Evans, M., Garelle, D., Hoffmann, C., Ibáñez, R., Renick-
Mayer, L. & Ross, H. (2012). Amphibian Rescue and Conservation Project, Panama. FrogLog 20 (3) 
#102, 17. 

Greenleaf, E.A., (1992).  Improving Rating Scale Measures by Detecting and Correcting Bias 
Components in Some Response Styles, Journal of Marketing Research, 29 (2), 176-188 

Greer, A.L., Berrill, M. & Wilson, P.J., (2005).  Five amphibian mortality events associated with 
ranavirus infection in south central Ontario, Canada, Diseases of Aquatic Organisms, 67, 9-14 

Griffiths, R.A. & Pavajeau, L., (2008).  Captive Breeding Reintroduction, and the Conservation of 
Amphibians, Conservation Biology, 22 (4), 852-861 

Grimm, P., (2010). Social Desirability Bias. Wiley International Encyclopedia of Marketing. 2. 

Gusset, M. & Dick, G., (2011).  The Global Reach of Zoos and Aquariums in Visitor Numbers and 
Conservation Expenditures, Zoo Biology, 30, 566-569 

Harding, G., Griffiths, R.A. & Pavajeau, L., (in press).  Developments in amphibian captive breeding 
and reintroduction programs, Conservation Biology. (Accepted for publication August 2015). 

Harley, D. (2012). The application of Zoos Victoria’s ‘Fighting Extinction’ commitment to the 
conservation of Leadbeater’s Possum Gymnobelideus leadbeateri, The Victorian Naturalist, 129 
(5), 175-180 



49 | P a g e  
 

Heerwegh, D., (2007).  Personalizing E-mail Contacts: Its influence on Web Survey Response Rate 
and Social Desirability Response Bias, International Journal of Public Opinion Research, 19 (2), 258-
268 

Hocking, D.J. & Babbitt, K.J., (2014).  Amphibian Contributions to Ecosystem Services, 
Herpetological Conservation and Biology, 9 (1), 1-17 

Hof, C., Araujo, M.B., Jetz, W. & Rahbek, C., (2011).  Additive threats from pathogens, climate and 
land-use change for global amphibian diversity, Nature, 480, 516-51 

Hutchison V.H., Dupré R.K. (1992). Thermoregulation. In: Feder ME, Burggren WK, eds. 
Environmental Physiology of the Amphibians. Chicago: University of Chicago Press. p 206–249. 

IUCN, Conservation International, and NatureServe (2008). An Analysis of Amphibians on the 2008 
IUCN Red List <www.iucnredlist.org/amphibians>. Downloaded on 30th March 2015 

IUCN, Conservation International, Arizona State University, Texas A&M University, University of 
Rome, University of Virginia, Zoological Society London (2008). An Analysis of Mammals on the 
2008 IUCN Red List <www.iucnredlist.org/mammals>. Downloaded on 25th August 2015. 

IUCN, World Conservation Union, (1987).  The IUCN policy statement on captive breeding. IUCN, 
Gland, Switzerland. 

IUCN/SSC (2014).  Guidelines on the Use of Ex-situ Management for Species Conservation. Version 
2.0. Gland, Switzerland: IUCN Species Survival Commission. 

Jancovich, J.K., Davidson, E.W., Seiler, A., Jacobs, B.L., & Collins, J.P. (2001).  Transmission of the 
Ambystoma tigrinum virus to alternative hosts, Diseases of Aquatic Organisms, 46, 159-163 

Johnson, K., Zippel K, Gagliardo, R., &  Townsend, E. (2012). Amphibian Ark: Five Years Since the 
Launch. Amphibian Ark. [Online] Available at: http://www.amphibianark.org/resources/aark-
documents/ [Accessed 15th May 2015] 

Kao, L.S. & Green, C.E., (2008).  Analysis of Variance: Is There a Difference in Means and What 
Does it Mean? Journal of Surgical Research, 144 (1), 158-170 

Khan, A. & Rayner, G.D., (2003).  Robustness to Non-Normality of Common Tests for the Many-
Sample Location Problem, Journal of Applied Mathematics and Decision Sciences, 7 (4), 187-206. 

Krosnick, J.A., Holbrook, A.L., Berent, M.K., Carson, R.T., Hanemann, W.M., Kopp, R.J., Mitchell, 
R.C., Presser, S., Ruud, P.A., Smith, V.K.,Moody, W.R., Green, M.C. & Conaway, M., (2002).  The 
Impact of “No Opinion” Response Options on Data Quality, Public Opinion Quarterly, 66, 371-403. 

Lesbarrères, D., Balseiro, A., Brunner, J., Chinchar, V.G., Duffus, A., Kerby, J., Miller, D.L., Robert, 
J., Schock, D.M., Waltzek T. & Gray, M.J., (2012).  Ranavirus: past, present and future, Biology 
Letters, 8 (4), 481-483 

Lips, K.R., Brem, F., Brenes, R., Reeve, J.D., Alford, R.A., Voyles, J., Carey, C., Livo, L., Pessier, A.P. 
& Collins, J.P., (2006).  Emerging infections disease and the loss of biodiversity in a Neotropical 

http://www.amphibianark.org/resources/aark-documents/
http://www.amphibianark.org/resources/aark-documents/


50 | P a g e  
 

amphibian Community, Proceedings of the National Academy of Sciences of the United States of 
America, 103 (9), 3165-3170 

Livingston, S., Lavin, S.R., Sullivan, K., Attard, L. & Valdes, E.V., (2014).  Challenges with effective 
nutrient supplementation for amphibians: A review of cricket studies, Zoo Biology, 33 (6), 565-
576 

Mantellato, L., Gaikhorst, G., Kruger, R., Vitali, S. & Robertson, H., (2013).  Growth and 
development of captive Geocrinia rosea (Myobatrachidae): A rare species analogue, Zoo Biology, 
32 (4), 374-380. 

Martel, A., Blooi, M., Adriaensen, C., Van Rooij, P., Beaukema, W., Fisher, M.C., Farrer, R.A., 
Schmidt, B.R., Tobler, U., Goka, K., Lips, K.R., Muletz, C., Zamudio, K.R., Bosch, J., Lötters, S., 
Wombwell, E., Garner, T.W.J., Cunningham, A.A., Spitzen-van der Sluijs, A., Salvidio, S., Ducatelle, 
R., Nishikawa, K., Nguyen, T.T., Kolby, J.E., Van Bocxlaer, I., Bossuyt, F. & Pasmans, F., (2014).  
Recent introduction of a chytrid fungus endangers Western Palearctic salamanders, Science, 346 
(6209), 630-631 

Martin, E. and Hine, R. (Editors). (2000).  A Dictionary of Biology. Oxford University Press Inc., New 
York. 

Martin, T.E., Lurbiechi, H., Joy, J.B. & Mooers, A.O., (2014a). Mammal and bird species held in zoos 
are less endemic and less threatened than their close relatives not held in zoos, Animal 
Conservation, 18, 89-96 

Martin, T.E., Lurbiecki, H. & Mooers, A.O., (2014b). Economic geography ex-situ conservation, 
Animal Conservation, 17, 104-105 

McCallum, M.L., (2007).  Amphibian Decline or Extinction?  Current Declines Dwarf Background 
Extinction Rate, Journal of Herpetology, 41 (3), 483-491 

Mehta, C.R. & Patel, N.R., (2012).  IBM SPSS Exact Tests. [pdf] Available at: 
http://www.sussex.ac.uk/its/pdfs/SPSS_Exact_Tests_21.pdf [Accessed 09/08/2015]. 

Mendelson, J. R., Lips, K.R., Gagliardo, R.W., Rabb, G.B., Collins, J.P., Differdorfer, J.E., Daszak, P., 
Ibáñez D., R., Zippel, K.C., Lawson, D.O., Wright, K.M., Stuart, S.N., Gascon, C., da Silva, H.R., 
Burrowes, P.A., Joglar, R.L., La Marca, E., Lötters, S., du Preez, L.H., Welson, C., Hyatt, A., 
Rodriguez-Mahecha, J.V., Hunt, S., Robertson, H., Lock, B., Raxworthy, C.J., Frost, D.R., Lacy, R.C., 
Alford, R.A., Campbell, J.A., Parra-Olea, G., Bolaños, F., Domingo, J.J.C., Halliday, T., Murphy, J.B., 
Wake, M.H., Coloma, L.A., Kuzmin, S.L., Price, M.S., Howell, K.M., Lau, M., Pethiyagoda, R., Boone, 
M., Lannoo, M.J., Blaustein, A.R., Dobson, A., Griffiths, R.A., Crump, M.L., Wake, D.B., Brodie Jr., 
E.D., (2006).  Confronting Amphibian Declines and Extinction, Science, 313 (4783), p48 

Meyer, J.P. & Seaman, M.A., (2013).  A comparison of the exact Kruskal-Wallis distribution to 
asymptotic approximations for all sample sizes up to 105.  The Journal of Experimental Education, 
81, 139-156 

Moss, A. & Esson, M., (2010). Visitor Interest in Zoo Animals and the Implications for Collection 
Planning and Zoo Education Programmes, Zoo Biology, 29, 715-731 

http://www.sussex.ac.uk/its/pdfs/SPSS_Exact_Tests_21.pdf


51 | P a g e  
 

New, T.R., (1994).  Butterfly ranching: sustainable use of insects and sustainable benefit to 
habitats, Oryx, 1994, 28 (3), 169-172 

Nowlis, S.M., Kahn, B.E., Dhar, R., (2002). Coping with Ambivalence: The Effect of Removing a 
Neutral Option on Consumer Attitude and Preference Judgements, Journal of Consumer Research, 
29 (3), 319-334 

Paulhus, D.L., (1991). Measurement and Control of Response Bias. In Robinson, J.P., Shaver, P.R., 
& Wrightsman, L.S. [Eds.], Measures of personality and social psychological attitudes. San Diego, 
CA: Academic Press, Inc, 17-59. 

Pearson, E.L., Lowry, R., Dorrian, J. & Litchfield, C.A., (2014).  Evaluating the conservation impact 
of an innovative zoo-based campaign: ‘Don’t Palm Us Off’ for orang-utan conservation, Zoo 
Biology, 33 (3), 184-196 

Perotti, M.G., Basanta, M.D., Steciow, M.M., Sandoval-Sierra, J.V. & Dieguez-Uribeondo, J., (2013).  
Early breeding protects anuran eggs from Saprolegnia infection, Austral Ecology, 38, 672-679 

Pessier, A.P., (2008). Management of disease as a threat to amphibian conservation, International 
Zoo Yearbook, 42 (1), 30-39 

Peyton, M.A., Kindschuh, S.R., Bernal, L.J., Parmenter, R.R. & Gipson, P.S., (2014).  Survival and 
Cause-Specific Mortality of Merriam’s Wild Turkeys in the Jemez Mountains, New Mexico, 
Western North American Naturalist, 74 (2), 236-240 

Pough, F.H., (2007).  Amphibian Biology and Husbandry, Institute for Laboratory Animal Research, 
48, (3), 203-213 

Pounds, J.A., Bustamante, M.R., Coloma, L.A., Consuegra, J.A., Fogden, M.P.L., Foster, P.N., La 
Marca, E, Masters, K.L., Merino-Viteri, A., Puschendorf, R., Ron, S.R., Sánchez-Azofeifa, G.A., Still, 
C.J. & Young, B.E., (2006).  Widespread amphibian extinctions from epidemic disease driven by 
global warming, Nature, 439, 161-167. 

Price, M.R.S., (2005). Zoos as a force for conservation: a simple ambition – but how? Oryx, 39 (2), 
109-110 

Price, S.J., Garner, T.W.J., Nichols, R.A., Balloux, F, Ayres, C., de Alba, A.M. & Bosch, J., (2014).  
Collapse of Amphibian Communities Due to an Introduced Ranavirus, Current Biology, 24 (21), 
2586-2591 

Racca, L., (2003) Conservation of the Agile Frog – the rarest amphibian in the British Isles? In: 
Anananjeva, N., & Tsinenko, O., (Eds.), Herpetologica Petropolitana Proc. Of the 12th Ord. 
Gen.Meeting Soc. Eur. Herpetol., Augut 12-16, 2003, St Petersburg, Russ. J. Herpetol., 12(Supple.), 
pp 205-208 

Reading, R.P., Miller, B. & Shepherdson, D., (2013).  The Value of Enrichment to Reintroduction 
Success, Zoo Biology, 32 (3), 332-341 

Reid, G.M. & Zippel, K.C., (2008).  Can zoos and aquariums ensure the survival of amphibians in 
the 21st century? Int. Zoo Yb. 42, 1-6 



52 | P a g e  
 

Riedler, B., Millesi, E. & Pratje, P.H., (2010). Adaptation to forest life during the reintroduction 
process of Immature Pongo abelii, International Journal of Primatology, 31 (4), 647-663 

Robbins, N.B., & Heiberger, R.M., (2011). Plotting Likert and other rating scales. In Proceedings of 
the 2011 Joint Statistical Meeting. 

Roe, K., McConney, A. & Mansfield, C.F., (2014).  The Role of Zoos in Modern Society – A 
Comparison of Zoos’ Reported Priorities and What Visitors Believe They Should be, Anthrozoos: A 
multidisciplinary journal of the interactions of people and animals, 27 (4), 529-541 

Rosenblum, E.B., Voyles, J., Poorten, T.J. & Stajich, J.E., (2010).  The Deadly Chytrid Fungus: A Story 
of an Emerging Pathogen, PLoS Pathogens, 6, 1-3 

Shaw, A., (2011). Public Perception of Conservation work by UK zoos. MSc. Imperial College 
London, Available at < http://www.iccs.org.uk/publications/thesis-archive-msc-con-sci/> 
[Accessed 30th August 2015]. 

Skerrat, L.F., Berger, L., Speare, R., Cashins, S., McDonalds, K.R., Phillott, A.D., Hines, H.B. & 
Kenyon, N., (2007).  Spread of Chytridiomycosis has Caused the Rapid Global Decline and 
Extinction of frogs, EcoHealth, 4 (2), 125-143 

Skibins, J.C., (2014).  Connect and protect: The benefits of flagship species, International Zoo 
Educators, 50, 17-18 

Tapley, B., Bradfield, K.S., Michaels, C. & Bungard, M., (2015a).  Amphibians and conservation 
breeding programmes: do all threatened amphibians belong on the ark? Biodiversity and 
Conservation, 1-22 

Tapley, B., Rendle, M., Baines, F.M., Goetz, M., Bradfield, K.S., Rood, D., Garcia, G. & Routh, A., 
(2015b).  Meeting Ultraviolet B Radiation Requirements of Amphibians in Captivity: A Case Study 
with Mountain Chicken Frogs (Leptodactylus fallax) and General Recommendations for Pre-
Release Health Screening, Zoo Biology, 34, 46-52 

Teacher, A.G.F., Cunningham, A.A. & Garner, T.W.J., (2010).  Assessing the long-term impact of 
Ranavirus infection in wild common frog populations, Animal Conservation, 13 (5), 514-522 

Tellis, G.J. & Chandrasekaran, D., (2010).  Extent and impact of response biases in cross-national 
survey research, International Journal of Research in Marketing, 27 (4), 329-341 

Theodorou, K., & Couvet, D., (2004).  Introduction of captive breeders to the wild: Harmful or 
beneficial? Conservation Genetics, 5 (1), 1-12 

Tyler, M.J., Wassersug, R. & Smith, B., (2007).  How frogs and humans interact: Influences beyond 
habitat destruction, epidemics and global warming, Applied Herpetology, 4 (1), 1-18. 

Wake, D.B. & Vredenburg, V.T., (2008).  Are we in the midst of the sixth mass extinction? A view 
from the world of amphibians, PNAS, 105 (1), 11466-11473 

Ward, P.I., (2000). Zoo Visitor Preferences: Reply to Balmford, Conservation Biology, 14 (4), 1196 

http://www.iccs.org.uk/publications/thesis-archive-msc-con-sci/


53 | P a g e  
 

Ward, P.I., Mosberger, N. Kistler, C. & Fischer, O., (1998).  The Relationship between Popularity 
and Body Size in Zoo Animals, Conservation Biology, 12 (6), 1408-1411 

WAZA, (2015).  Zoos and Aquariums of the World. [ONLINE] Available at: 
http://www.waza.org/en/site/zoos-aquariums [Accessed 11 August 15] 

Weijters, B., Cabooter, E. & Schillewaert, N., (2010).  The effect of rating scale format on response 
styles: The number of response categories and response category labels, International Journal of 
Research in Marketing, 27 (3), 246-247 

Whiles, M.R., Lips, K.R., Pringle, C.M., Kilham, S.S., Bixby, R.J., Brenes, R., Connelly, S., Colon-Gaud, 
J.C., Hunte-Brown, M., Huryn, A.D., Montgomery, C. & Peterson, S., (2006).  The effects of 
amphibian population declines on the structure and function of Neotropical stream ecosystems, 
Frontiers in Ecology and the Environment, 4 (1), 27-34. 

Winters, H.D., Albertini, K.M., Neely, L.A. & Takahashi, M.K., (2014).  Prevalence of the Amphibian 
Chytrid Fungus among Zoo and Pet Store Collections in the Northeastern United States, 
Herpetological Review, 45 (2), 242-244 

Yajima, M., (1991).  The insect ecological land at Tama Zoo. International Zoo Yearbook, 30, 7-15 

Zippel, K., Johnson, K., Gagliardo, R., Gibson, R., McFadden, M., Browne, R., Martinez, C. & 
Townsend, E., (2011).  The Amphibian Ark: A Global community for Ex-situ conservation of 
amphibians, Herpetological Conservation and Biology, 6 (3), 340-352. 

Zippel, K., Lacy, and O. Byers (eds.) (2006).  CBSG/WAZA Amphibian Ex-situ Conservation Planning 
Workshop Final Report. IUCN/SSC Conservation Breeding Specialist Group, Apple Valley, 
MN55124, USA. 

Zoos Victoria (2012). Love Your Locals, [online].  Available at: 
http://www.zoo.org.au/loveyourlocals [Accessed 21st August 2015] 

 

 

 

  

http://www.waza.org/en/site/zoos-aquariums
http://www.zoo.org.au/loveyourlocals


54 | P a g e  
 

8 Appendices 

Appendix A – Online Survey  
 

 

 

 

 
 

 

Amphibian Survey 
 
Welcome 

 
My name is Leana Brady, and I am an MSc student at Imperial College London. I'm conducting 

this survey in collaboration with Durrell Wildlife Conservation Trust as part of my dissertation. 

 
This survey aims to identify potential restrictions/contraints/barriers which prevent keeping more 

globally threatened amphibians in ex-situ collections, and to rank these barriers in order of importance 

from the viewpoint of curators/collection managers. 

 
Information provided will be kept confidential and used for analysis only, with no identifying 

information used in the write up of the results. 

 
If you could complete the survey by 30 June 2015 I would be most grateful. 

 
If you have any queries, please contact Leana Brady at Leana.brady14@imperial.ac.uk. 

My supervisor, Jeff Dawson, can also be reached at jeff.dawson@durrell.org 

 
Please note, this survey requires an answer to all questions - if you do not know the answer 

to a question, please put 'x'. 
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Amphibian Survey 
 

Basic information 
 

 

1. Which zoo or collection do you currently work at? 
 
 

 

2. What is the size of the zoo you work at? (please specify whether this is in acres, hectares 

or square km) 

 
 
 
 
 

3. How many visitors does the zoo receive each year? (To the nearest thousand) 
 
 
 
 

 

4. What is the annual operational budget of the zoo? (To the nearest thousand) 
 
 

 

5. Does your zoo/institution actively undertake any field conservation programmes? (not 

including small grants) 
 

Yes 

 
No 

 
I don't know 
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Amphibian Survey 
 

Your amphibian collection 
 

 

6. How many amphibian species does the collection currently hold? 
 
 

 

7. What is the approximate total room space available for amphibians? (Please specify 

whether this is in square metres or square feet) 

 
 
 

8. Of the amphibian species currently held within the collection, how many are identified by 

the IUCN Red List as vulnerable? 

 
 
 

9. Of the amphibian species currently held within the collection, how many are identified by 

the IUCN Red List as endangered? 

 
 
 

10. Of the amphibian species currently held within the collection, how many are identified by 

the IUCN Red List as Critically Endangered? 

 
 
 

11. Of the amphibian species currently held within the collection, how many are identified by 

the IUCN Red List as Extinct in the Wild? 

 
 
 

12. Do you have a collection plan which includes amphibians? 
 

Yes 

 
No 

 
I don't know 

 

 

13. Do you have a collection plan for amphibians only? 
 

Yes 

 
No 

 
I don't know 
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14. Do you have a strategy which informs the future of the amphibian collection? 
 

Yes 

 
No 

 
I don't know 

 

 

15. Do you use any national, regional, global assessments or priority lists to inform your 

amphibian collection strategy? If so, which ones? 

 
 
 
16. How many keepers are currently working with amphibians in the collection? 
 
 

 

17. How many keepers are currently working with only amphibians? 
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Amphibian Survey 
 

Barriers to amphibian collections 
 

 

18. In your opinion, what do you feel is the most significant restriction/constraint/barrier to 

keeping globally threatened amphibians in your collection? 

 
 
 

19. The following have been suggested as potential constraints/restrictions/barriers to keeping 

more globally threatened amphibians in ex-situ collections. Please select for each barrier 

whether you feel that this barrier is Highly Insignificant, Insignificant, Significant or Highly 

Significant for your collection. 
 

Highly Insignificant Insignificant Significant Highly Significant 
 

Difficulty obtaining 

permits in order to 

import amphibians 

 
Difficulty obtaining 

wild individuals 
 

Difficulty displaying 

due to cryptic colours 

or behaviour 
 

Difficulty meeting 

specific husbandry 

requirements 

 
Disease/biosecurity 

concerns 

 
Cost concerns 

 
Lack of staff 

knowledge/expertise 

 
Difficulty attracting 

visitor interest 

 
Lack of resources (e.g. 

number of staff, space, 

budget etc) 
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20. In your opininion, what are the three most significant constraints/restrictions/barriers to 

keeping more globally threatened amphibians in your collection? [This can include any of 

the potential barriers identified in Q19 or any of your own suggestions] 
 
Most significant barrier: 
 
Second most 

significant barrier: 
 
Third most 

significant barrier: 

 

21. For the top 3 barriers/constraints you have listed in question 20, how do you think they 

could be addressed/overcome/resolved? 

Most significant barrier: 

 
Second most 

significant barrier: 
 
Third most 

significant barrier: 

 

22. Please use the space below to list any other barriers which you feel are significant to keeping 

more globally threatened amphibians which have not been mentioned. [This question is optional] 
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Amphibian Survey 
 

Your experience 
 

 

23. Do you have an import quarantine space which would be available for newly arriving 

amphibian species? 
 

Yes 

 
No 

 
I don't know 

 
If yes, what is the approximate total room space? (Please specify whether this is in square metres or square feet) 

 
 

 

24. Are there amphibian species which you have previously considered keeping in the 

collection, but would have been unable to obtain due to permits or import/export regulations? 
 

Yes (please specify below) 

 
No 

 
I don't know 

 
Species which are difficult to obtain due to import/export regulations or permits 

 
 

 

25. Are there amphibian species which you have previously considered keeping in the 

collection, but found difficult to obtain (for any reason other than obtaining permits)? 
 

Yes (please specify below) 

 
No 

 
I don't know 

 
Species which are difficult to obtain 

 
 

 

26. Do you have the facilities to keep and breed amphibians under permanent 

biosecure conditions? 
 

Yes 

 
No 

 
I don't know 

 
If yes, what is the approximate total room space? (Please specify whether this is in square metres or square feet) 
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27. Which one amphibian species would you most like to keep in the collection if you had 

the opportunity, and why? 

 
 
 
 
 
28. How do you feel that chytridiomycosis has affected your desire to keep globally threatened 

amphibians or impacted your collection strategy? 
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Amphibian Survey 
 

Thank you 
 

 

Thank you very much for participating in this survey. 

 
 

29. Would you be interested in being informed about the results of this study in the 
future? 

 
Yes 

 
No 

 

 

30. Would you be willing to participate in a short follow up interview via phone/skype or 

in person if required? 
 

Yes 

 
No 

 
Maybe 

 
If you are happy to participate in a short follow up interview, please provide the best email address or other contact 

details to reach you on. 
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Appendix B – Follow up interview questions 
 

Thank you very much for filling in the survey and agreeing to this follow up interview.  

Please be assured that all answers will be treated anonymously. 

 

1. You identified [Top barrier], [Second barrier], and [Third barrier] as the top barriers 

to holding more threatened amphibians in ex situ collections.  Please could you 

expand on those, particularly why you picked those as the most significant (e.g. 

personal experience, due to discussion groups)? 

a. If respondent mentioned a lack of resources: Please can you confirm whether 

you would also include [lack of staff or space] when you refer to a lack of 

resources?  

 

2. You mentioned in the survey that you think the solution to [Top barrier] is [Solution 

if identified in survey] – how do you think that could be implemented? 

 

3. Where do you think the responsibility for addressing the barriers to keeping more 

globally threatened amphibians lies?  Do you feel this lies at the institutional level, 

with curators or zoo management, or at a regional or associational level? 

 

4. You highlighted that [barriers identified as insignificant in the survey] were 

insignificant barriers to keeping more globally threatened amphibians in your 

collection – please can you expand on why you felt that way? (e.g. personal 

experience, discussion groups) 

 

5. Do you think that the barriers affecting keeping globally threatened amphibians in ex 

situ collections would also apply to other taxonomic groups, such as birds or 

mammals? Why or why not? 

 

6. Do you think that the conservation breeding of globally threatened species should be 

concentrated in facilities within the species indigenous range counties? If so, do you 

think overseas zoos have a responsibility to support these, particularly in developing 

countries which might be lacking the infrastructure or expertise? 

 


