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Abstract—The rapid loss of amphibian species has encouraged zoos to support amphibian re-
search in concert with conservation breeding programs (CBPs). We explore “Zoo-based amphib-
ian research and conservation breeding programs” through conducting a literature review and a
survey of research publication with public and subscription search engines. Amphibians are ideal
candidates for zoo-based amphibian research and CBPs because of their generally small size, high
fecundity, ease of husbandry, and amenability to the use of reproduction technologies. Zoo-based
amphibian research and CBPs can include both in situ and ex situ components that offer excellent
opportunities for display and education, in range capacity building and community development,
and the support of biodiversity conservation in general. Zoo-based amphibian research and CBPs
can also benefit zoos through developing networks and collaborations with other research insti-
tutions, and with government, business, and private sectors. Internet searches showed that zoo
based research of nutrition, husbandry, reproduction, gene banking, and visitor impact offer spe-
cial opportunities to contribute to amphibian conservation. Many zoos have already implemented
amphibian research and CBPs that address key issues in both ex situ and in situ conservation;
however, to reach its greatest potential these programs must be managed by scientific profession-
als within a supportive administrative framework. We exemplify zoo-based amphibian research and
CBPs through the experiences of zoos of the European Association of Zoos and Aquariums (EAZA),
the Russian Federation, and the United States.
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Introduction

Official reports estimate more than nearly 158 amphib-
ian species have gone extinct since their description
(AmphibiaWeb 2011) and that 30% of the 6726 species
of amphibians listed by the [UCN Amphibian Red List
(IUCN 2010) are threatened, including 484 Critically En-
dangered and 754 Endangered species. Over the coming
decades threats to amphibians are expected to increase
with a corresponding increase in the number of amphib-
ians requiring dedicated management programs (McCal-
lum 2007; Sodhi et al. 2008).

To reduce the rate of biodiversity extinction in gen-
eral the World Zoo and Aquarium Conservation Strategy
(WAZA 2005) committed the world’s zoos to include
conservation breeding programs (CBPs) supported by
research as a key component in their conservation strate-

gies (Baker 2007; Hutchins and Thompson 2008). CBPs
prevent species extinction through maintaining geneti-
cally representative populations and providing animals
for supplementation, rehabitation, or translocation proj-
ects (Baker 2009; Shishova et al. 2010; Browne et al.
2011). In 2007 specific support for amphibian CBPs was
also provided by the Species Survival Commission of
the International Union for the Conservation of Nature
(IUCN/SSC) who recommended that CBPs should be im-
plemented where necessary for all critically endangered
amphibians (Gascon et al. 2007). To efficiently address
the prevention of species loss in 2009 the European As-
sociation of Zoos and Aquariums (EAZA) recommended
combining CBPs with scientific research, education, and
outreach (EAZA 2009).
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Figure 1. Research in zoos, such as this study on tadpole
growth and development at Antwerp Zoo, can make substan-
tial contributions to conservation breeding programs. Image by
Robert Browne.

The number of amphibian species that require CBPs
is challenging. However, the World Association of Zoos
and Aquariums (WAZA) represent 241 zoos in 48 coun-
tries, and globally there are more than 1000 zoos and
aquariums in zoo and aquarium associations (WAZA
2009). This number is greater than the total number of
Critically Endangered amphibians, some of which do not
immediately need CBPs and may be perpetuated through
in situ initiatives. Therefore, the support of amphibian
CBPs by zoos’ in concert with other institutions should
be able to assure a minimal risk of amphibian extinctions.

To achieve the highest benefit to cost ratio the struc-
ture of CBPs preferentially should integrate both interna-
tional and regional capacities (Reid et al. 2008; Ziegler
2010). CBPs in a species’ biogeographical or biopoliti-
cal range are generally more economical and sustainable
than those out of range, and they also provide the advan-
tages of local scientific expertise, capacity building, and
community engagement (e.g., Ziegler and Nguyen 2008;
Nguyen et al. 2009). Maintaining rescue populations
within regions also reduces the chance of pathogen dis-
semination (Pessier and Mendelson 2010) or the release
of invasive species (NBII 2011). Regional universities,
government departments, and NGOs can all provide cen-
ters for expertise and facilities combined with academic
research.

Amphibian CBPs offer zoos, with limited capacity,

an attractive alternative to those for large mammals
and birds, or with zoos, in general, an opportunity for
diversification or extension of their conservation pro-
grams. The primary goals of CBPs initially include the
building of a genetically representative captive popula-
tion, and then maintaining health, reliable reproduction,
and the perpetuation of genetic variation. However, prob-
lems with satisfying these criteria for larger vertebrates
(Araki et al. 2007) make the management of zoo-based
CBPs for these species expensive and difficult (Lees and
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Wilcken 2009). Baker (2007) showed that since 2000 the
success of CBPs for large, thermoregulating vertebrates
has declined due to numerous challenges including in-
sufficient founders, poor health and reproduction, and
loss of genetic variation (Hutchins and Conway 1995;
Baker 2007). In contrast, amphibians are mostly small,
adequate numbers of founders may be sampled and held,
are amenable to husbandry, and their reproduction and
genetic variation can be managed especially when sup-
ported by research (Browne and Figiel 2010; Browne et
al. 2011).

Therefore, zoo-based amphibian CBPs can include
direct maintenance of genetically competent populations,
as well as their use for education, display, and research.
They can also extend to other institutions and private
keepers and breeders within the international commu-
nity (Zippel et al. 2010), while offering support to lo-
cal communities, preserving habitat, supplying surplus
amphibians for the pet market, and reducing wild har-
vesting (Furrer and Corredor 2008; Zippel et al. 2010).
Zoo-based amphibian CBPs can sell surplus amphibians
to generate funds directly for conservation, gain valu-
able publicity, and widen the range of threatened species
available to private caregivers.

Zoos are housing an increasing number of exhibits
supporting amphibian conservation (Zippel 2009; Am-
phibian Ark 2010). Amphibians are easily kept in attrac-
tive exhibits where their role within ecosystems and the
reasons for their decline can be presented. Through pub-
lic education that demonstrates zoos’ role in amphibian
conservation and research, zoos can function as ambas-
sadors for contemporary best practice in ex situ biodiver-
sity conservation (Reid et al. 2008; Ziegler et al. 2011).

Ex situ research for amphibians can vary over a wide
range of disciplines including nutrition and husbandry,
display and education, population genetics, and repro-
duction technologies. In situ research includes amphib-
ian biodiversity assessment, ecology, habitat preserva-

Figure 2. Neurergus kaiseri. In a pioneering program, Sedg-
wick County Zoo, Kansas, USA, is breeding for sale the criti-
cally endangered Loristan newt (Neurergus kaiseri) to support
field work and conservation in Iran and to increase stocks with
private breeders. Image by Nate Nelson.
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tion, and identifying threats and their mitigation (Browne
et al. 2009). Therefore, amphibian research in zoos can
support both in situ and ex situ conservation of amphib-
ians, contribute to fundamental science, and can develop
valuable scientific and conservation collaborations (Fur-
rer and Corredor 2008; Browne et al. 2009).

In situ aspects of amphibian CBPs offer zoos at-
tractive opportunities to integrate their amphibian con-
servation strategies with those for general biodiversity.
These include the establishment of regional facilities,
habitat preservation, and community education that pro-
vide a focus for biodiversity conservation and ecosystem
sustainability (Lawson et al. 2008). Amphibians with
aquatic life stages are particularly susceptible to extinc-
tion where threats include water borne diseases (Lips et
al. 2003), water pollution (Rohr 2008), and introduction
of invasive species (M. Bagaturov and K. Mil'to, pers.
comm.).

Table 1. The hits for each term, for a scientific field, as a per-
centage of all hits (years covered, 1900 to 2009). Searches en-
gines; 1) Google Scholar, 2) PubMed, 3) Scopus, and 4) IS
Web of Knowledge.

The percentage of “term” hits of total “scientific field”
hits from 1900 to 2009

Search engine 1 2 3 4 Mean
Scientific field

Behavior 34 4 19 66 31
Behaviour 9 1 14 21 11
Medicine 21 27 2 7 14
Disease 24 9 8 34 19
Husbandry 7 1 1 1 3
Aquaculture 1 1 1 1 1

Table 2. The hits for each scientific field as a percentage of all
hits (for scientific fields: years covered, 1900 to 2009). Search-
es engines; 1) Google Scholar, 2) PubMed, 3) Scopus, and 4)
ISI Web of Knowledge.

The percentage of subject hits of total hits from 1900 to
2009

Search engine 1 2 3 4 Mean
Scientific field

Behavior/behaviour 236 30 47 27
Physiology 6 70 18 11 26
Medicine/disease 25 3 9 16 13
Reproduction 24 1 8§ 10 12
Genetics 9 17 11 5 11
Diet 8 1 4 6 5
Population genetics 1 1 8 3 3
Husbandry/aquaculture 4 1 2 1 2
Nutrition 1 1 1 1 1
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Consequently, many in situ components of am-
phibian CBPs correspond with the conservation needs
of threatened freshwater fish, reptiles, birds, mammals,
plants, fungi, microorganisms, and invertebrates, includ-
ing high risk groups like mussels, crayfish, and aquatic
plants (Davic and Welsh 2004). In some cases, due to
their aquatic and terrestrial life stages and specialized
microhabitats, amphibians may also be important bioin-
dicators through complex ecological interactions (Rohr
2008).

We explore “Zoo-based amphibian research and
conservation breeding programs” through a literature re-
view, a survey of research effort through public and sub-
scription Internet search engines, and provide examples
of successful programs through the experiences of zoos
of the European Association of Zoos and Aquariums
(EAZA), the Russian Federation, and the United States.

Methods

A survey of research effort in scientific fields relevant
to amphibian CBPs was conducted through two publicly
accessible databases on the Internet (Google Scholar
and PubMed), and two subscription Internet search en-
gines (Scopus and ISI Web of Knowledge, volume 4.7).
Searches were conducted over the years covered in the
databases between 1900 to 2009. Search dates and data
were collected on 27 December 2009 (Google Scholar,
Scopus, and ISI Web of Knowledge) and 28 December
2009 (PubMed).

Search strings for amphibians were based on the fol-
lowing main descriptors: “amphibian [search subject],”
“frog [search subject],” “salamander [search subject],”
“toad [search subject].” Search strings were chosen for
each search engine with a combination of the above de-
scriptors that returned the maximum number of credible
hits.

Using the above descriptors, the search subjects of
alternative “terms,” used to describe “scientific fields,”
were compared between the numbers of hits from the
four search engines (Table 1). For “scientific fields” (al-
ternative terms pooled) we also compared the percentage
of hits of each of the total hits from 1900 to 2009 (Table
2).

Results

General: The total number of hits returned for all sci-
entific fields were: Google Scholar (1,670), PubMed
(10,741), Scopus (14,528), and ISI Web of Knowledge
(6,245). PubMed indexed the Medline database of cita-
tions, abstracts, and full-text articles with a total number
of indexed citations of more than 19 million. Scopus in-
dexed more than 18,000 journals (including 16,500 peer-
reviewed), 350 book series, and 3.6 million conference
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papers. ISI Web of Knowledge indexed more than 23,000
journals, 110,000 conference proceedings, and 9,000
websites. Google Scholar indexed an undetermined
number of full-text articles from most peer-reviewed on-
line journals, as well as citations, websites, and books
from the main publishers in Europe and America.

Searches of alternate “terms” for “scientific fields:”
Table 1 shows wide and inconsistent differences between
search engines in the percentage of hits between alternate
“terms” for scientific fields.

Searches of “scientific fields:” Table 2 shows the
wide range, in the percentage of hits between search en-
gines, for each term, for each scientific field, between
search engines. The percentage of total hits, averaged
from all search engines for each term, ranged from 1
to 27%. More than 50% of the average hits were from
behavior/behaviour (27%) and physiology (26%), while
medicine/disease, reproduction, and genetics comprised
about 12% each. Only a small percentage of hits (11%)
included diet/nutrition (6%), population genetics (3%),
and husbandry/aquaculture (2%).

Discussion

Our Internet search engine survey of amphibian publi-
cations showed that search engines varied widely in the
number of hits dependent on the terms used to describe
the scientific field, and in hits for each scientific field.
Therefore, when conducting search engine surveys, al-
ternative subject terms for each scientific field should be
compared through an appropriate range of search engines
to produce meaningful results (Jansen and Spink 2006;
UNEP-WCMC 2009).

There have been relatively few publications on am-
phibians, compared to other vertebrates, except fish in
Zoo Biology, where Anderson et al. (2008) showed that
from 1982 to 2006 publications mainly concerned mam-
mals (75%), then birds (11%), reptiles (4%), amphibians
(3%, fish (2%), and invertebrates (2%).

Anderson et al. (2008) also showed that overall, with
vertebrates, some subjects critical to CBPs were poorly
represented in zoo research. Publications over all taxa fo-
cused on behavior (27%), reproduction (21%), husband-
ry/animal management (11%), diet and nutrition (8%),
veterinary medicine (7%), genetics (6%), anatomy/phys-
iology (6%), and housing enrichment (4%; Anderson et
al. 2008). Our Internet search engine survey showed a
similar percentage of publication subjects for amphib-
ians as in Anderson et al. (2008) for behavior/behavior
and genetics, a higher percentage for medicine/disease,
and lower percentages for reproduction, diet, husbandry/
aquaculture and nutrition. Our survey also showed that
in some fields important to amphibian CBPs, there were
relatively few publications concerning medicine/disease,
reproduction, and genetics, and even fewer publications
on diet/nutrition, population genetics, and husbandry.
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Therefore, within the needs of CBPs, reproduction, diet,
husbandry/aquaculture, nutrition, and genetics offer re-
search subjects of particular value for zoos.

An Internet questionnaire survey of amphibian re-
search efforts in zoos (Browne et al. 2010a) included
responses from 89 institutions globally, with 47% of
responses from AZA and 10% from each from EAZA,
ALPZA, and ZAA/ARAZPA. This survey showed a re-
cent change in emphasis in amphibian research efforts
in zoos as a result of zoos’ recognition of the value of
amphibian CBPs. Research included 23% of institutions
supporting wide-ranging research of phylogenetics/tax-
onomy and 30% supporting research of supplementation,
rehabitation, or translocation. Ex sifu research mainly
focused on reproduction (54%), population management
and conservation education (40%), diet/nutrition (30%),
and disease management (22%). In situ research was
highest for species conservation assessment (46%) and
disease (35%), while 13% investigated each of land/wa-
ter use, climate change, or introduced species, and 5% of
environmental contamination or overharvesting.

Research effort increased over the period from 2008
to 2010, with ~80% of institutions having dedicated re-
search staff and ~50% having space for research or access
to museum or university facilities (Browne et al. 2010a).
However, only ~35% had dedicated laboratory space or
direct research funding, with the majority of funded in-
stitutions having less than US$5,000 in research funding.
Nevertheless, there was a predicted increased proportion
of overall funding in the bracket from US$5,000-50,000
from 2011 to 2013.

The need expressed in the survey for laboratory facil-
ities could be partly satisfied by greater outreach and col-
laboration with academic institutions. Opportunities for
increased scientific collaborations, networking, and pro-
vision of projects were also presented as research needs.
Sixty percent of respondents had produced popular pub-
lications promoting amphibian conservation. There was
considerable focus on peer-reviewed publications, with
30% of respondents having published, and 70% currently
conducting scientific research for peer-review.

Anderson et al. (2008) showed that there was little
direct collaboration between zoos and other institutions
on research publications, with only 9% of articles co-
authored between zoos and universities. The recent de-
velopment of zoo research reliant upon professional staff
may account for the greater emphasis on collaborative
scientific publications. An aspect of zoo-based CBPs
and research not investigated by Anderson et al. (2008)
or (Browne et al. 2010a) was the embracing of author-
ship from regions of high amphibian biodiversity. Pre-
vious limitations in the breadth of authorship of articles
(Newman 2001) are being addressed globally through
the Internet, which offers expanding potential for both
networking and communication (Olsen et al. 2008).

Six major challenges need to be overcome to
achieve successful CBPs: 1) maintaining good husband-
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ry techniques, 2) controlling reproduction, 3) maintain-
ing genetic variation, 4) success in rehabitation, supple-
mentation, or translocation, 5) providing oversight by
professional scientific personnel, and 6) the fostering of
career development through exchanges, meetings, and
training of keepers and amphibian managers. These goals
all appear achievable within zoo-based amphibian CBPs
with the support of research.

Hutchins and Thompson (2008) found with reha-
bitation programs, mainly for mammals, that only 12%
had established self-sustaining populations. In contrast,
amphibian rehabitations were much more successful,
where Griffiths and Pavajeau (2008) showed a success
rate of 52% between 1991 and 2006. Similarly, Germano
and Bishop (2009) found increased success of amphib-
ian rehabitations between 1991 and 2009 in compari-
son to those before 1991 (Dodd and Siegel 1991). Al-
though these achievements are impressive, Hutchins and
Thompson (2008) suggested that further improvements
could be made in CBPs through increased long-term re-
search commitments.

In 1986, Soulé et al. published the need for CBPs
for thousands of threatened mammal, bird, and reptile
species. Due to low founder numbers, large body size
restricting the numbers in captive populations, low fe-
cundity, poor health, and difficulties in arranging suit-
able pairings, few of the established CBPs for mammals,
birds, and reptiles are maintaining genetic variation
(Baker 2007). Lowered genetic variation results in poor
health and reproduction, which reduces the viability of
the captive population and the production of competent
individuals for release (Baker 2007; Akari et al. 2007,
Allentoft and O’Brien 2010).

The small size of amphibians and recent advances in
genetics, husbandry, and reproduction technologies, of-
fer zoos the opportunity to develop CBPs with healthy
and reproductive amphibians populations, the perpetua-
tion of their genetic variation, and the ultimate goal of
providing competent individuals for rehabitation, supple-
mentation, or translocation (Browne and Zippel, 2007a;
Burggren and Warburton 2007; Browne and Figiel 2011).
The increasing use of gene banking, and particularly the
use of cryopreserved sperm, enable the cost efficient and
reliable perpetuation of amphibians’ genetic variation.
Additional cost benefits of gene banking are reduced
numbers of individuals required for CBPs (Shishova et.
al 2010; Browne and Figiel 2011, Mansour et al. 2011).
Zoos are now in an excellent position to facilitate or di-
rectly develop reproduction technologies for amphibians
(Browne and Figiel 2011; Browne et al. 2010; Shishova
et al. 2010). Some zoos and supporting institutions can
also now develop gene banks for threatened amphibians
that store a range of samples including sperm, cells, and
tissues (Browne and Figiel 2011).

However, although fertilization was first achieved
with cryopreserved amphibian sperm in 1996 (Kaurova
et al. 1996), sperm banks are only now being established
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Figure 3. Hellbender sperm sampling. A team led by Dale
McGinnity, Nashville Zoo at Grassmere, Tennessee, USA, is
creating the first genetically representative gene bank for any
amphibian put forth using the hellbender (C. alleganiensis). Im-
age by Sally Nofs.

that represent the natural genetic variation of any am-
phibian species. For example, the North American giant
salamander (Cryptobranchus allegianensis), most com-
monly called the hellbender (CNAH 2011), is suffering
from very low or negligible recruitment over much of
their range and only older adults remain. In response,
Nashville Zoo at Grassmere, USA, has recently pioneered
the sampling of semen over the range of C. allegianensis
and developed techniques for its sperm cryopreservation
and gene banking (National Geographic 2010; Michigan
State University 2010). Zoos have played a significant
role in the use of hormones to induce reproduction in
both male and female amphibians (Browne et al. 2006a,
b), and these technologies now promise the reliable re-
production of many species (Trudeau et al. 2010).

Diet and nutrition have a major effect on amphibian
health, lifespan, and reproductive output (Li et al. 2009).
Historically, research of amphibian diet and nutrition has
mainly tested the benefit of dusting feeder insects with
vitamin/mineral powder. However, the natural diet of
amphibians includes insects with a wide variety of micro-
nutrients. Recent research in zoos has included reviews
of Vitamin D, deficiency (Antwis and Browne 2009), nu-
tritional metabolic bone disease (King et al. 2010), and
the supplementation of feeder insects to avoid vitamin
and other micronutrient deficiencies (Li et al. 2009).

To reach their greatest potential, amphibian CBPs
should extend to areas where amphibian biodiversity
faces the greatest threats (Lotters 2008; Bradshaw et al.
2009). These areas are generally in developing countries
of tropical regions where there is high growth in human
population (United Nations 2004) and corresponding
loss of native vegetation and wetlands (Wright and Mull-
er-Landau 2006a, b), including much of Africa (Lotters
2008).

Specific threats to amphibians that could be incor-
porated into zoo-based in situ research include the loss
and fragmentation of wetlands and forests (Bradshaw et
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al. 2009), emerging diseases (Dazak et al. 1999; Pessier
2008; Skerratt et al. 2007), pollutants and climate vari-
ability (McDonald and Sayre 2008; Foden et al. 2008),
and unregulated harvest (Mohneke and Rodel 2009). In
general, essential in situ research components of am-
phibian CBPs include surveys of range and distribution,
pathogen assessment, DNA sampling and population ge-
netics, microhabitat assessment, and autecology (Browne
et al. 2009). Relict montain rainforests in tropical regions
often provide the only remaining natural habitat for much
biodiversity, and these forests are often subject to ongo-
ing vegetation clearance (Lotters 2008; Bradshaw et al.
2009). Zoo research integrated with direct financial sup-
port, of the conservation of these relict habitats, could be
particularly cost effective.

Many of these conservation initiatives are incor-
porated into Cologne Zoo’s amphibian CBPs within a
framework of long-term amphibian biodiversity research
and nature conservation (Ziegler 2007; 2010). An Am-
phibian Breeding Station was established and founded by
the Vietnamese and Russian Academies of Sciences at the
Institute of Ecology and Biological Resources (IEBR) in
Hanoi, Vietnam. Research supported by Cologne Zoo at
the breeding station has focused on the ecology, repro-
duction, and larval identification, development of data-
deficient and threatened amphibians, and the commercial
breeding of selected species to both decrease over har-
vesting and provide financial support to help the station
become self-supporting. Fourteen out of 21 species have
successfully reproduced.

Cologne Zoo and their Vietnamese partners, includ-
ing the Vietnam National University, Hanoi and IEBR,
since 1999 have also conducted long-term biodiversity
research at a UNESCO World Heritage Site, Phong Nha-
Ke Bang National Park, Vietnam. This project works in
concert with forest protection, ranger support, and wild-
life rescue. In the past decade, thirteen new amphibian
and reptilian species have been described from a small
area of 86,000 ha and more than 40 new amphibian spe-
cies have been described since 1980 (Ziegler et al. 2006,
2010; Ziegler and Vu 2009). Cologne Zoo also supports a
CBP for amphibians at their aquarium in Cologne where
16 species have been reproduced in the past decade
(Ziegler et al. 2011).

Many other zoos in EAZA have supported programs
to develop regional capacity for amphibian conservation,
where Durrell Wildlife Conservation Trust, UK, leads
a major program for the conservation of the Montser-
rat mountain chicken frog (Leptodactylus fallax; Martin
2007; Garcia et al. 2007). A consortium of zoos and in-
stitutions in Europe, Canada, and the USA are building
both ex situ and in situ capacity and research for the criti-
cally endangered Lake Oku clawed frog (Xenopus lon-
gipes; Browne and Pereboom 2009). A similar CBP is
established for the critically endangered Kurdistan newt
(Neurergus microspilotus) and Loristan newt (N. kaiseri)
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Figure 4. Trachycephalus nigromaculatus. The black-spotted
casque-headed treefrog (Trachycephalus nigromaculatus) is an
excellent display species because it is large (10 cm), spectacu-
lar, and sits in the open. These frogs are very popular pets in the
Russian Federation. Image by Mikhail Bagaturov.

between European and USA institutions with Razi Uni-
versity, Iran (Browne et al. 2009).

Durrell Wildlife Conservation Trust, UK, has head-
started Agile frogs (Rana dalmatina) in a successful
program for their recovery. These skills were then trans-
ferred to an ex situ and in situ program for the Iberian
frog (Rana iberica) and the Midwife toads (Alytes obstet-
ricans and A. cisternasii; G. Garcia, pers. comm.). Perth
Zoo, Australia, has established a CBP and rehabitation
for the White-bellied frog that involves both ex situ and
in situ components (Geocrinia alba; Read and Scarpa-
rolo 2010). These are only a few examples of the many
similar programs being developed globally.

The recently established (2009) Department of In-
vertebrates and Amphibians in Leningrad Zoo (St. Pe-
tersburg, Russia) has developed an amphibian collection
of over 80 species. Their ex situ programs focus on the
reproduction of Asiatic amphibians and has succeeded in
reproducing and raising to adulthood over 10 amphib-
ian species, including such rare and threatened species
as Paramesotriton laoensis, Rhacophorus feae, R. orlovi,
R. annamensis, Theloderma spp., American species of
Dendrobatidae, and several amphibian species of former
USSR territories (e.g., Bombina variegata; Bagaturov
2011a, b). This work is supported through collaboration
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Figure 5. Fea’s tree frog (Rhacophorus feae) from SE Asia,
possibly the largest species of tree frog in the world. Found in
high montane forests and recently captive bred for the first time
at Leningrad Zoo. Image by Mikhail F. Bagaturov.

with the Department of Ornithology and Herpetology of
the Zoological Institute of the Russian Academy of Sci-
ences.

Leningrad Zoo also works with cooperative in situ
programs for the reintroduction of the regionally threat-
ened Great crested newt (Triturus cristatus). The Mos-
cow Zoo and institutions from the Republic of Georgia
support CBPs for the endangered, Caucasian parsley frog
(Pelodytes caucasicus), and the breeding and rehabita-
tion of other anuran and Caudata species, including N.
kaiseri, as well as Megophrys nasutus, Tylototriton spp.,
and Cynops spp. (M. Bagaturov, pers. comm.)

Exhibition design for amphibians (Kreger and
Mench 1995; Swanagan 2000) has not received a high

Figure 6. Visitor experience. An interactive educational am-
phibian exhibit at St. Petersburg Zoo, Russian Federation, not
only informs, but also provides tactility to increase fun and ex-
perience retention. Image by Mikhail Bagaturov.
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research priority (Hurme et al. 2003; Quiguango-Ubillis
and Coloma 2008). Amphibian CBPs offer new possi-
bilities for the scope of amphibian displays through using
critically endangered species as examples of both am-
phibian biology and of conservation needs. The Internet
is ideally suited to exchanging the information needed to
create the most effective displays for threatened species.

The exhibition of amphibians arranged in some zoos
(e.g., amphibian exhibition in Leningrad Zoo consists of
over 30 species of Caudata and Anuran species) accom-
panied by information desks displaying their biology,
reproduction, decline, and how the public may contrib-
ute to their conservation. Terraria with amphibians that
are decorated in a natural way serve not only the role of
attractive exhibitions for visitors but also to display the
amphibian’s natural habitat (Bagaturov 2011a, b). These
and other educational materials make major contribu-
tions to the conservation conscience of the zoo’s visitors,
especially with children.

Direct academic supervision can be very beneficial
to amphibian CBPs. Nordens Ark, Sweden, has main-
tained a foundation that supports amphibian CBPs of
threatened species as part of a progressive scientific soci-
ety with close contacts to universities. Nordens Ark also
appointed an academic conservation biologist as scien-
tific leader so that science could inform, management,
and implement successful strategies. This initiative has
resulted in successful CBPs including reintroduction
for the Green toad (Pseudepidalea viridis) and the Fire-
bellied toad (Bombina bombina). Research projects that
include undergraduate students from neighboring univer-
sities are also proving popular by providing students with
a direct, hand’s on approach to supporting conservation
(Innes 2006).

There are considerable cultural, intellectual, and
funding benefits from collaborations for amphibian re-
search between zoos and other institutions, including
increased animal welfare, scientific status, conservation
commitment, display, and education (Benirschke 1996).
Broad cultural collaborations can also increase the im-
pact of exhibitions and educational programs, funding
opportunities, as well as providing mutually beneficial
intellectual scrutiny and stimulation (Benirschke 1996).
Funding bodies can encourage the promotion of projects
for both education and the inspiration of future scientists
and conservationists (Anderson et al. 2008). CBPs with
amphibians have provided many successful research col-
laborations between zoos, universities, and other entities.
For examples, Chester Zoo has many valuable interna-
tional research collaborations in their CBPs (Chester Zoo
2010).

Collaborations between zoos and private collectors
offer a major opportunity to increase the conservation
support for many threatened amphibians (Hassapakis
1997). The numbers of species successfully reproduced
by private breeders far outweighs those in zoos, and many
popular species are now semi-domesticated, including
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threatened species of anurans and salamanders (Janzen
2010). Caecilians have received less attention, although
several aquatic species are bred by private collectors and
some zoos (Riga Zoo). Durrell Wildlife Conservation
Trust has been involved in a successful joint project with
private breeders for the conservation of the Sardinian
brook salamander (Euproctus platycephalus) using hus-
bandry guidelines developed from private experience.
Similarly, the husbandry guidelines for the two critically
endangered Iranian newts, the Kurdistan newt (Neurer-
gus microspilotus; Browne et al. 2009) and Loristan newt
(N. kaiseri), were largely developed through the experi-
ence of private breeders. Many other species, including
some now successfully kept in zoos, these examples of
CBPs were formerly bred and distributed via private re-
searchers. Consequently, it is important to not underes-
timate the contribution of private keepers to amphibian
CBP’s and to encourage collaboration with private keep-
ers and their organizations wherever possible.

Anderson et al. (2010) conducted a 57-part question-
naire with 210 professionals at AZA zoos and aquariums
that were involved in research programs. Support from
the chief executive officer and specialized personnel
employed to conduct scientific programs were judged as
the two most important factors contributing to success.
Successful collaboration between zoos and academic in-
stitutions required recognition of their different research
emphasis. Zoos tend to focus research on animal welfare,
conservation, display, and education, while academic in-
stitutions focus on description, experimentation, model-
ing, and specific aspects of animal biology and behavior.
Mainly referring to mammals and birds, Fernandez and
Timberlake (2008) showed that the main fields of collab-
oration between zoos and universities were the control
and analysis of behavior, conservation and propagation
of species, and the education of students and the general
public. The latter two are particularly important to am-
phibian CBPs.

Formal collaboration between institutions can be
established by Memorandums of Understanding (MOU),
and these should clarify objectives, outcomes, responsi-
bilities, finances, and authorship (Fernandez and Timber-
lake 2008; Anderson et al. 2010). Innes (2006) consid-
ered that many zoos needed an improved communication
network between direct research outcomes and animal
management.

Scientific knowledge generated from minimally in-
vasive research is more likely to make its way into zoo
husbandry and veterinary procedures and provide favor-
able publicity. Minimally invasive practices can lead to
the development of innovative research methods that ex-
pand rather than restrict research potential. For instance,
noninvasive molecular techniques improve our knowl-
edge of population genetics (Moritz 2008), and assays of
hormones improve reproduction and health (Goncharov

amphibian-reptile-conservation.org

et al. 1989; Browne et al. 2006; Iimori et al. 2005). Simi-
larly, information systems and databases for amphibian
conservation provide the opportunity for extensive anal-
ysis of existing data (Melbourne and Hastings 2008), and
noninvasive methods such as ultrasound, X-ray, thermal,
and photographic digital imaging can address many un-
solved research questions. For instance, Nashville Zoo
at Grassmere is using ultrasound to determine the repro-
ductive status of the American giant salamander (C. al-
leganiensis) in both their ex situ and in situ conservation
program (D. McGinnity pers. comm.).

Conclusions

Conservation resources for amphibians in many zoos
are still largely devoted to display and education and not
translated into significant conservation outcomes for spe-
cific threatened species. Greater support for conservation
can be achieved by zoos also adopting CBPs for threat-
ened amphibian species. Amphibian CBPs and research
in zoos can include both in sifu and ex situ components
of and preferably should be conducted in concert with
in range institutions and programs. Amphibians are ideal
subjects for zoo-based research because of the economi-
cal provision of their facilities and husbandry and their
relatively low maintenance under a variety of research
and display conditions. Direct benefits to zoos of am-
phibian CBPs include the ability to maintain genetically
significant numbers, the provision of competent individ-
uals for rehabitation, supplementation, or translocation,
the relatively low cost of amphibian research, education,
and display, and opportunities for increased outreach and
collaboration.

The primary goals of amphibian research in zoos
are improved husbandry, health, reproduction, and the
perpetuation of genetic variation. Zoos can also provide
amphibians to other institutions, such as universities, for
conservation-based studies. Research is particularly pro-
ductive when integrated into CBPs with species that are
novel to husbandry, which can then provide significant
scientific discoveries. These activities can strengthen
all segments of the conservation network between zoos,
captive breeding populations, field research, and habitat
preservation.

A scientific program with administrative support and
dedicated facilities will attract qualified candidates for
research and education positions. To maximize the pro-
ductivity and quality of “Zoo-based amphibian research
and conservation” qualified researchers with academic
affiliations should be employed. Within this framework,
institutions can design a science-based management
structure for research that is tailored to their institutional
capacity and amphibian collection (Hutchins 1988).
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Amphibian research in zoos offers opportunities to
form research collaborations with universities and other
institutions, both regionally and internationally (Fernan-
dez and Timberlake 2008; Lawson et al. 2008). Through
their capacity for fund raising, grants, organizational ca-
pacity, and academic affiliations, zoos can develop proj-
ects of international stature through CBPs for threatened
species (Lawson et al. 2008; Reid et al. 2008). Amphib-
ian research in zoos can offer students and young con-
servation scientist’s attractive opportunities to participate
directly in amphibian welfare and to directly contribute
to amphibian conservation through research projects of
short duration (Kleiman 1996).
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phibian Taxon Advisory Group (ATAG) and vice-chair for the
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