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Executive Summary

This document summarises the outcomes of a one-day conservation breeding workshop
focused on Litoria raniformis, a nationally threatened frog species, hosted by Zoos SA and
facilitated by ZAA/IUCN SSC Centre for Species Survival Australasia in June 2025.

Conservation practitioners, researchers, and animal care professionals gathered for this
collaborative workshop to discuss approaches supporting recovery through habitat
restoration and effective conservation breeding.

The workshop created a space for open knowledge exchange across institutions working
with Litoria raniformis and similar species, both in situ and ex situ. Sessions explored
husbandry setups, breeding challenges, nutritional approaches, environmental simulation,
and practical lessons from current programs.

A strong message emerged around the need to align ex situ practices with ecological
knowledge and to continue building a shared evidence base through collaboration.
Participants highlighted the importance of water quality, seasonal cues, prey diversity, and
adaptive enclosure design, as well as the value of community-led and scalable solutions.

The workshop concluded with a shared sense of urgency and optimism. Participants
endorsed a series of proposed next steps, including developing a care manual, forming
working groups, and pursuing research trials, to support more coordinated, effective
conservation outcomes. This report documents those discussions and proposed actions
and serves as a foundation for ongoing progress.
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Workshop Introduction

Session objective: To emphasise the importance of knowledge exchange and fostering cross-sector
collaboration between stakeholders through interactive discussion and Q&A, in a supportive environment
where all voices are encouraged and valued.

Welcome to Country

The workshop opened with a Welcome to Country from Angela Giles of the Ngarrindjeri Aboriginal Corporation
(NAC), who warmly welcomed participants to Ngarrindjeri Country. She spoke of her deep ancestral ties to the
river, lakes, backwaters, and ocean, and honoured her elders and ancestors who have cared for this Country
over many thousands of years. She reflected on the strength and diversity of Ngarrindjeri people, the systems
of governance and technologies that were created and have allowed them to remain and thrive on Country for
over 65,000 years, and the continuing importance of those systems today. In the context of conservation work,
she encouraged participants to return to Indigenous ways of thinking, to acknowledge Aboriginal knowledge
and spirituality, and to work in ways that support ongoing care for Country. She shared that Ngarrindjeri are
water people, and closed with a reminder that this always was, and always will be, Aboriginal land.

Background

The event was born from a small group of practitioners reflecting on ongoing challenges breeding Litoria
raniformis ex situ, a difficulty echoed by multiple facilities. Despite substantial efforts and progress, questions
arose about the potential omission of key factors, including environmental or dietary cues or influences not yet
documented in the literature. In response, preparations began to convene a broader group of experts working
with frogs both in situ and ex situ. The goal was to share observations, discuss potential knowledge gaps, and
collaboratively explore factors that may be affecting ex situ breeding success. Through the preparatory process
with the organising team, a more specific objective was formed: To foster collaborative knowledge sharing and
identify key knowledge gaps to advance the ex situ conservation breeding of Litoria raniformis through

improved habitat simulation, nutrition, and behavioural support.

Workshop Overview

The Zoo and Aquarium Association Australasia (ZAA/IUCN SSC Centre for Species Survival Australasia)
facilitators provided an overview of how the day would run, with a focus on promoting open knowledge
exchange to support the objectives of the workshop. ZAA is a not-for-profit organisation with around 100
members across Australasia and oversees the administration of approximately 100 ex situ breeding programs.
ZAA is involved in this workshop due to their experience working closely with the Commonwealth Government
to support threatened species extinction risk assessments, conservation planning, and recovery team
coordination.

Facilitators explained that the workshop was designed as an information-sharing forum rather than a space for
decision-making. These kinds of forums bring together a diversity of perspectives and practices and the goal
was to share ideas openly. The session was recorded and transcribed, and participants were reminded that the
post-workshop report would reflect only what was said on the day. As such, all contributions were encouraged
to be made during the workshop itself.

Participants were invited to agree on a working set of principles to help foster an open, respectful, and
inclusive environment for sharing (Figure 2). Facilitators acknowledged the ambition of the objectives and
encouraged participants to stay focused and engaged throughout the day. The workshop was framed as the
beginning of a broader conversation, with the intention that the ideas shared would help inform further work
in conserving Litoria raniformis and potentially other species.
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Participants, both online and in person, were invited to introduce themselves, stating their name and

organisational affiliation (Table 1).

Workshop Overview

James Biggs

Leave all

personalforganisational
agend 1t the door;
focus on common goal

Listen to each other

Differences / problems
are acknowledged, but
not necessarily resclved

Working agreement

To foster collaborative knowledge sharing

Allideas are valuable

Treat each other with
respect

Observe timeframes

Coes everyone cgree to this working agreemsent?

Everything is recorded in
written form

Assume good will /
positive intent

Stay on topic: tangents
can be added to
‘workshop overflow’ for
future discussion

Everyone participates;
no one dominates

- clarity, ask follow-
p guestions for mutual

Be aged with
proce phone /
computer use unless
urgent

Does anyone have any ideas to add?

Figure 2: The working agreement proposed during the workshop overview.
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Session 1: Setting the Scene

Session objective: To build a shared understanding of the conservation status of Litoria raniformis, current
ex situ efforts, emerging technologies such as ART, and case studies from this and similar frog species,
setting the context for collaborative discussion.

Session 1 opened with a series of expert presentations designed to provide a foundational understanding of
Litoria raniformis’ current conservation status, the role of assisted reproductive technologies (ART), and case
studies of captive breeding in both this and closely related species.

e Dr Rupert Mathwin highlighted population trends across the species’ range, with some regions showing
positive responses to environmental water management, while others continue to face significant
declines or local extinction (Appendix 1).

e John Clulow outlined promising developments in sperm cryopreservation and the potential role of ART
in long-term genetic conservation, though challenges remain in reliable egg collection (Appendix 2).

e Michael McFadden shared critical insights from Taronga Zoo’s work breeding Litoria castanea,
identifying key environmental and husbandry factors linked to success (Appendix 3).

e Mark Cairns reflected on past efforts to breed Litoria raniformis ex situ, underscoring behavioural
sensitivities, husbandry inconsistencies, and the need for coordinated, conservation-focused programs
(Appendix 4).

The session concluded with an open Q&A, which covered environmental triggering methods, enclosure design,
and emerging questions around frog behaviour and colouration (Appendix 5).

Full presentation and discussion summaries are available in Appendices 1-5.

Session 2. Understanding Natural Behaviour

Session objective: To explore the species’ natural behaviours and ecological needs to guide later discussions
on enclosure design, social housing arrangements, and reproductive planning in ex situ care.

The scene for this session was set by Dr Geoff Heard’s presentation on ecological observations of Litoria
raniformis to inform ex situ husbandry, outlining key aspects of habitat use, diet, and breeding behaviour. His
presentation highlighted important knowledge gaps and emphasised the need to align husbandry practices
with the species’ wild ecology to support effective conservation outcomes (Appendix 6). This was followed by
an open-room discussion, where participants shared additional research, including site-specific observations on
water level management, diet, and breeding cues. State-based behavioural differences were noted, particularly
in breeding timing and female condition, and several practical knowledge gaps were identified such as sourcing
founders, understanding activity budgets, and developing more effective artificial breeding triggers. These
contributions helped shape the focus for subsequent workshop sessions (Appendix 7).

Full presentation and discussion summaries are available in Appendices 6-7.
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Session 3: Simulating Natural Habitat Ex situ

Session objective: To compare current habitat designs and environmental parameters across ex situ
facilities, identify best practices for simulating natural ecological conditions to support welfare and breeding,
and highlight key gaps.

Note: in the interest of time, activities in this session focussed on information sharing/gathering. Determining best practice and key gaps were highlighted
as a potential focus of future workshops or small working group meetings.

This session opened with two case studies exploring ex situ husbandry and infrastructure for Litoria raniformis,
presented by Winton Wetlands (Appendix 8) and the Clayton Bay Hatchery (Appendix 9). The presentations
outlined facility setups, environmental management strategies, and breeding challenges, including responses
to temperature extremes, water quality, and pathogen risk.

Full presentation summaries are available in Appendices 8-9.

Following the presentations, participants engaged in an interactive activity to identify key characteristics for

consideration when developing habitat parameters for housing Litoria raniformis ex situ (Table 2). They shared
the current habitat parameters used at their respective facilities by placing sticky notes under each key

characteristic. Later, participants completed a prioritisation exercise where each person was given six sticky
dots to vote for the key characteristics they considered most important, based on the full set of shared habitat
parameters.

OUTPUT: Agreed Key Characteristics (Table 2)

Lighting type Inside vs. % Aquatic vs . . Construction Terrain
ghting type / R el X Microhabitats . /
frequency outside terrestrial materials substrates
i . Stimulatin - Future
Soq.al Breeding ambush /g Visibility / S Personnel
groupings cues . desensitisation . . safety
(sex ratios / densities) huntlng considerations
Water level
Temp range / Seasonal L. Plants and . . !
- .. Food variation . . Biosecurity source,
humidity variation furnishings T

Key Findings:

e  Water-related parameters, such as quality, source and level, were considered the most critical aspect
of ex situ habitat design (14 votes). There was a particularly strong emphasis on need to vary water
levels and provide inundation at the beginning of breeding season. Other aspects included providing
suitable aquatic conditions through regular water quality testing and avoidance of contaminants such
as heavy metals.

e Breeding cues were closely linked to water parameters and came in close second for priority
considerations (12 votes). Participants highlighted the need to replicate natural triggers such as
rainfall, temperature shifts and acoustic signals to stimulate natural calling and spawning behaviour.

e Social structure, including consideration of sex ratios and densities also emerged as a key focus (10
votes). Multiple facilities noted male-skewed groups and winter separation of sexes was considered
favourably.

e Thermal and environmental conditions were prioritised through votes for temperature range and
humidity (8 votes) and seasonal variation (2 votes), with strong preference for aligning indoor
environments with natural outdoor cycles, either passively or through controlled intervention.

e  Future translocation considerations (8 votes) were widely endorsed, underscoring a shared interest in
ensuring that ex situ conditions support survival and adaptation post-release. This included remote

11
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monitoring approaches to reduce disturbance, supporting wild-type behaviours, and considering the
ecological conditions of target release sites.

e Lighting, particularly UV exposure and basking opportunities (7 votes), was another key feature, with
participants noting concerns around the adequacy of UV penetration through enclosure materials and
the importance of measuring and replicating wild light levels.

e  Microhabitats, terrain, and plantings were moderately prioritised (6-8 votes), with emphasis placed
on creating structural and vegetative complexity to promote natural behaviours such as basking,
hiding, and floating.

e Feeding and dietary variation (6 votes) were also discussed in detail, with facilities trialling wild prey
items and insect-attracting features to simulate natural hunting behaviour, and using gut loading to
provide nutritional diversity. Feeding frequency and the potential pathogenic risks associated with
wild-sourced food items were identified as potential areas requiring further investigation.

e Biosecurity (5 votes) was recognised as an important supporting consideration, with shared protocols
around cleaning, quarantine, and pathogen surveillance seen as critical to facility function and frog
health.

Overall, the outputs of these activities provide a valuable foundation for shared learning across facilities and
underscore the complexity of environmental management for Litoria raniformis. They may serve as starting
points for future working groups or workshops and support the development of species-specific husbandry
guidelines that align ecological knowledge with ex situ practices to increase breeding success, animal welfare
and long-term conservation goals. Participants also emphasised the importance of collaboration to enhance
monitoring, standardise protocols, and improve the scalability of successful approaches across programs and
partners.

A full summary of activity instructions (Appendix 10), outputs from habitat parameters sticky note and
prioritisation activities (Appendix 11), and subsequent group discussion can be found in Appendix 12.
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Session 4: Nutrition

Session objective: To assess dietary differences across ex situ facilities and between ex situ and in situ diets
and identify opportunities to improve feeding protocols that better reflect the species’ natural feeding
ecology.

This session was led by Zoos South Australia’s Animal Nutritionist, Mark Snowball, where he introduced an
activity focused on understanding and improving the nutritional management of Litoria raniformis ex situ. He
explained that the activity used the Feeding Strategy Worksheet (Appendix 13), originally developed in
Belgium, which aims to replicate key aspects of an animal’s natural feeding ecology. The worksheet is divided
into four sections: diet, social feeding behaviour, foraging and feeding behaviour and activity budget. The focus
of this workshop was on the diet component.

Mark provided background on the type of information typically collected to inform feeding plans and what he
used to complete the ‘what we know’ section of the worksheet (Appendix 13). He also highlighted the
importance of diet variety, especially for insectivores like Litoria raniformis, noting that feeding a broad range
of insects is critical for nutritional balance, and relying on just a few prey items can lead to nutritional
deficiency (or excess) even if they are gut-loaded and/or dusted.

Mark acknowledged the lack of species-specific nutritional data, particularly for tadpoles, and encouraged
participants to think critically about:

1. What we know (pre-filled by Mark): Existing knowledge about Litoria raniformis nutrition and diet in
situ and ex situ.

2.  What we want: Aspirational or ideal feeding practices based on ecological understanding.
What we need: Practical actions or resources required to achieve those goals ex situ.

Participants were split into working groups (four in-person and one online), with three groups focussing on
adult diets and two on tadpoles. Working groups used prompting questions (Appendix 13) to fill out what we
want and what we need for diet in the worksheet. The session concluded with each group reporting back their

findings and a broader discussion about the outputs and implications for future husbandry planning.

Key Findings:

Working group presentations highlighted the following key points (Table 3). A full summary of outputs from this
exercise and the discussion that followed is provided in Appendix 14 and Appendix 15, respectively.

Strong desire to replicate natural feeding environments and Emphasis on the importance of diet variety and balance,
diets, including promoting natural algae growth using lighting including use of live prey and attempts to mimic wild prey
and designing tanks with slopes or gradients to mimic natural diversity.

edge conditions
A key goal was to support healthy development rates and Interest in the potential role of wild food sources such as Paratya
metamorphosis timing comparable to wild tadpoles in good shrimp, odonate nymphs, and questions were raised about
conditions, avoiding overly nutrient-dense diets. whether other frog species are an important dietary item.

Nutritional considerations noted included ensuring adequate fat
reserves, exploring seasonal variation, and potential
contributions from commensals, prey-derived hormones, and
incidental vegetation

There was a need to better understand feeding behaviour and
ecology, such as when and where tadpoles feed, and whether
they filter-feed or scrape surfaces.

Practical requirements identified included lighting systems for Challenges included difficulty sourcing diverse prey, permit and
algal growth, food storage capacity (e.g., powered freezers), and ethical constraints around vertebrate prey, and biosecurity
feeding rosters to manage consistency. concerns (e.g., chytrid risks from crustaceans like yabbies).
Table 3
13
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Session 5: Chytrid - Management, Protocols
and Treatments

Session objective: To share experiences of managing chytrid infection in situ and ex situ, evaluate effective
treatments, preventative measures and health monitoring tools, and identify key knowledge gaps to support
consistent, evidence-based management approaches

This session featured two presentations and an open discussion focused on chytrid infection in Litoria
raniformis. The first presentation was a case-study detailing a recent chytrid infection event in a managed
outdoor facility, outlining the containment and treatment protocols applied and sharing key lessons learned for
future outbreak response (Appendix 16).

The second presentation provided an overview of current research investigating the relationship between
chytrid disease, water quality, and environmental contaminants. Summaries of both laboratory and field-based
studies were presented, along with a comparison of treatment options and their relative efficacy, practicality,
and delivery method limitations (Appendix 17).

Participants shared additional experiences with chytrid management during an open group discussion. Key
topics included sourcing and using antifungal agents, the role of supportive care and environmental parameters
during treatment, challenges with PCR-based disease detection, and considerations for applying proactive
treatments to founder populations. A consensus emerged around the value of tailored, multi-faceted
treatment and husbandry approaches that account for disease progression, animal condition, and facility
capacity (Appendix 18).

For full presentation and discussion summaries, see Appendices 16-18.
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Session 6: Wrap Up and Next Steps

Session objective: To reflect on key takeaways, knowledge gaps, and future directions for collaborative work
on Litoria raniformis ex situ conservation breeding and management.

The final session of the workshop brought together key themes from across the day, highlighting areas of
consensus, knowledge gaps, and opportunities for collaboration. Participants were invited to reflect on
immediate priorities and future directions, with an emphasis on practical outcomes and ongoing momentum.
The following summary captures the main takeaways from the day and proposed future direction.

Key Takeaways

Participants reflected a shared interest in husbandry approaches that more closely reflect the species' natural
ecology. These included seasonal variation in water and temperature, natural light exposure, and behavioural
support through complex habitat design and prey diversity. Many institutions are already trialling these
approaches, and the workshop provided a valuable forum for sharing experiences and insights. Water emerged
as a recurring theme, not only in terms of quality and source, but also as a driver of breeding behaviour.
Several facilities highlighted the importance of simulating natural fluctuations such as water level changes,
temperature cues, and inundation timing.

Presentations and discussions illustrated the wide range of infrastructure, husbandry strategies, and frog
responses across programs. Participants noted that what works in one setting may not in another, and that
outcomes can be shaped by population differences, facility design, or the background of the animals involved.
The workshop provided a constructive space to explore this variability and exchange learnings. The value of
open exchange was a consistent theme, with participants acknowledging the benefit of bringing together
perspectives from zoos, research institutions, restoration programs, and community-based projects. A strong
spirit of collaboration underpinned the workshop, supporting frank reflection on challenges and shared
exploration of new ideas. Participants recognised that ongoing progress would depend on continued
communication, relationship-building, and opportunities to learn from one another.

While the workshop was not designed to set formal priorities, participants expressed a collective sense of
urgency and a shared commitment to moving forward. The tools, expertise, and partnerships already in place
provide a strong foundation for continued progress. With increasing threats to Litoria raniformis in the wild,
there was broad recognition of the need to build on this momentum and work together to enhance

conservation outcomes.

Future Directions

The following actions reflect areas of common interest and practical next steps identified throughout the
workshop. There was a shared view that many effective tools and strategies are already in use, and that scaling
or adapting these for broader application would be of value.

Develop a shared care manual

e Acentralised Litoria raniformis care manual was proposed to document current practices and
standardise terminology.

e The resource would not be regulatory, but collaborative and evolving, potentially becoming a best-
practice guide.

Similarly,

e There was appetite for ex situ strategies that can be adopted by volunteers, students, and community
groups. Ideas included simple, repeatable enclosure designs, scalable husbandry systems, and targeted
training modules.

e Put together a survey to capture key parameters from successful breeders.

15
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e There was clear support for co-developing species-specific nutrition guidelines that align breeding
success with long-term health and welfare.
Form working groups

Participants supported the idea of creating small working groups (either online or in-person) to progress
priorities such as:

e  Water quality and contaminants

e Nutrition and prey sourcing

e Behaviour and enclosure design

e Breeding cues and hormonal support

e  Chytrid and disease protocols

Consider coordinated research and trials

Interest in taking a scientific approach, gathering data on key questions arising from workshop. Participants
agreed on the need to understand the species more in the wild and use that knowledge to guide
requirements ex-situ.

Suggested research priorities might include:

e Comparisons of breeding success between wild-caught and captive-bred frogs
e  Feeding trials using diverse prey and nutritional analyses

o Field-based UV exposure studies to inform indoor setups

e Mapping activity budgets and refining breeding cues

e Effects of contaminants

e Sex-specific management

e  Water levels and habitat

Improve collaboration and knowledge sharing

e A mechanism for ongoing communication could be through existing networks such as Winton
Wetland'’s practitioners’ network - Taskforce Growler. Meetings occur 3-4 times annually.

e There was a strong appetite for ongoing cross-sector collaboration between researchers, zoo
professionals, and land managers.

e  Participants discussed the potential to coordinate group purchasing through shared veterinary
networks to reduce costs.

o Alight-touch follow-up meeting was suggested to revisit progress on collaborative efforts and support
ongoing exchange.

Secure long-term resourcing

Concerns were raised about the sustainability of breeding programs without stable funding, trained staff,
and institutional commitment.

In closing, participants acknowledged the workshop as a valuable opportunity to bring together a wide range of
expertise and perspectives. There was strong support for maintaining this momentum through shared learning,
targeted collaborations, and the development of practical resources to support both current and future efforts.

Several participants suggested reconvening in future to check in on progress, and there was a clear appetite for
staying connected through existing practitioner networks. The organisers, particularly the team from Zoos SA
and ZAA, were warmly thanked for their coordination under tight time constraints. Many participants noted
the high level of engagement and shared commitment to Litoria raniformis conservation as a highlight of the
day.
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Appendix

Appendix 1: Presentation 1 - Overview of Status of Litoria raniformis
Dr Rupert Mathwin

e Reports of Litoria raniformis decline date back to the 1970s and 1980s, with formal red-listing beginning in
1994 as “Unknown” and shifting to “Endangered” (1996, 2002, 2004) before being downgraded to
“Vulnerable” in 2023.

e  Early scientific literature was scarce; prior to 1990, publications focused mainly on physiology, including
invasive populations in New Zealand.

e Two subspecies are currently recognised: Litoria raniformis raniformis (inland/Murray-Darling Basin) and
Litoria raniformis major (coastal).

e Distribution maps based on post-2020 records show gaps, including likely local extinctions (e.g. King and
Flinders Islands), and possible data gaps in well-studied areas of the Murray-Darling Basin, potentially due
to unpublished or withheld datasets.

e In Victoria, declining site occupancy has been reported around Melbourne, with urban development
increasing pressure on remaining habitats.

e Inthe Murrumbidgee (NSW), environmental water delivery has successfully stabilised some populations;
this region is considered a flagship for managed frog recovery using water regulation infrastructure.

e In South Australia’s anabranch systems (Chowilla, Pike and Katarapko), frogs have recolonised sites
following flood events and environmental watering efforts. Populations are now detected most years at
key monitoring sites.

e Asignificant mortality event occurred at Bool Lagoon (SA) in 2023. Hundreds of dead frogs were recorded,
with the cause unknown. Initial testing did not suggest chytrid fungus (Bd) as the primary driver.

e Anotable gap in recent distribution remains between the Lower Lakes and Coorong, an area targeted for
reintroduction efforts by the Clayton Bay hatchery, reflecting the historical extent of the species’ range.
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Figure 2: Litoria raniformis distribution maps
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Appendix 2: Presentation 2: Progress on Assisted Reproductive

Technology (ART) in Litoria raniformis
John Clulow

The aim of this research is to develop and demonstrate methods for collecting and cryopreserving sperm from
Litoria raniformis to support conservation breeding and long-term genetic storage. The work forms part of
broader efforts to apply assisted reproductive technologies (ART) to amphibian conservation.

e Sperm cryopreservation has been successful in over 30 amphibian species globally.

e Despite this progress, no successful methods have yet been developed for the cryopreservation of
amphibian eggs or embryos.

e ART, including hormone-based induction and in vitro fertilisation (IVF), has shown promise in several
species but is highly species-specific and still developing.

e Key variables influencing success include:
- Hormone type, dosage, and timing.
- The physiological condition of the animals.
- Environmental conditions (e.g. temperature and photoperiod).

Amphibian Biobanks [Fiow of sperm elease from e

‘ Step 1 Remove animal from holding tank ‘

© Non- g~ § ‘ Step 2 Administer hormone [hCG; 20 1U/g BWt] |
4 invasive =
» l
if, .
3

l hormonal 1

induction
Egg\. & @ ml)crm
S

| Step 3 Collect urine with cannula from cloaca —'I Urine = cryopreservation

regenerate

embryos [ Step 4 Return frog to holding container
as

clones or
chimeras

Repeat steps 34 at 30-60 min intervals until
urine contains no sperm

Thaw
embryonic

cells | Step 5 Return frog to holdingtank/vivarium [monitor for 24-48 hours]

'\"”‘l

Frog normal: resume normal
captive monitoring

cells embryonic cells|
—

Figure 3: Amphibian Biobanking (L) and flow diagram of Hormonal Induction of sperm release from Litoria raniformis (
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veterinary advice

Current outcomes for Litoria raniformis:

e Non-invasive sperm collection has been successfully demonstrated in Litoria raniformis.

e Collected sperm is of good quality and has been successfully cryopreserved (frozen and thawed).

e Some frozen sperm samples have been transferred to biodiversity conservation gene banks.

e Sperm samples from Litoria raniformis can now be reliably collected and cryopreserved in the field by
appropriately trained persons.

e |VF using cryopreserved Litoria raniformis sperm is considered technically feasible and likely to produce
viable tadpoles and frogs, provided viable eggs can be obtained.

Ongoing challenges:

e Thereis currently no simple, reliable method for collecting eggs from gravid Litoria raniformis females.

e Hormonal induction of ovulation is under investigation, but responses in Litoria raniformis have been
inconsistent.

e Developing standardised hormone protocols and reliable indicators of reproductive readiness remains a
key focus of current research.

e ART isintended to complement, not replace, habitat-based conservation strategies and may be particularly
important for small, ageing, or non-breeding captive populations of Litoria raniformis.
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Appendix 3: Presentation 3: Breeding Bell Frogs at Taronga Zoo
Michael McFadden

e Taronga has had experience breeding Green and Golden Bell Frogs since 1995, approximately 50% success
rate from small glass aquaria.

e Yellow-spotted Bell Frogs (Litoria castanea) were widespread in NSW until the late 1970s but declined
dramatically, before being rediscovered in 2009 near Yass NSW. A small number of specimens were
collected as tadpoles and metamorphosing froglets to initiate a conservation breeding program.

e A paper by Voros et all (2023), placed Litoria castanea as a sister lineage to the northern clade of Litoria
raniformis (Litoria raniformis raniformis), as such the biology and behaviour between the two species may
be similar.

e |Initial captive breeding attempts of Litoria castanea also used glass aquaria with artificial vegetation and
call playback, some amplexus achieved but no oviposition.

e QOutdoor aviaries raised off the ground with natural rainfall and basking opportunities were later built to
better mimic natural conditions. Intermittent calling observed, amplexus observed and a single clutch of
infertile eggs laid.

e Alarger outdoor enclosure (6m x 4.8m) with artificial aquatic vegetation was later established. No
breeding success in the first year, but successful egg-laying in subsequent years occurred primarily among
root mass of naturally grown aquatic plants and weeds.

e Tadpoles were reared primarily indoors, voraciously feeding on frozen endive and fish flakes.
Metamorphosis takes 2—3 months, with metamorphs fed daily on gut-loaded, calcium-dusted crickets. Size
sorting was essential to prevent cannibalism.

e Translocations were conducted prior to 2019-20 drought across three sites. Close to 2000 frogs were
reared beyond metamorphosis for release to the wild. No recent reintroductions but plans to resume.

e  Chytrid fungus (Bd) never previously detected in outdoor facilities, but in May 2022 breaches in aviary
fencing allowed entry, causing clinical chytrid infections and some mortalities. Treatment protocols were
applied to non-clinical positive animals and cleared using itraconozole. All frogs now indoors, outdoor
containment efforts underway.

e In 2024, despite minimal husbandry changes other than naturalistic flooding of enclosures and slight
increase in vegetation, prolonged calling was noted in F1 generation of frogs housed in glass aquaria and 5
out of 9 pairings showed breeding success.

Figure 4: Left - Inside set up. Right - Initial outdoor set up.
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Figure 5: Large outdoor set up
From this work, four critical components for Litoria castenea breeding success were identified:

e Seasonal cycling
- Temperature controlled throughout the day. Day, afternoon, night and morning temperatures
provided on a cycle.
- Over winter provided more natural night temperatures of 8-10°C and no feeding occurred during
those few months.
e  Water quality management
- Testing and using filtration to reduce heavy metals like copper, zinc and lead which can impact adults,
reduce breeding success, lead to egg failure and cause tadpole/metamorph illness or mortality.
- Main water filtered to be free of chlorine with appropriate pH and carbonate levels.
e  Calcium metabolism support
- Ensure frogs have healthy calcium metabolism and aren’t exposed to conditions leading to Metabolic
Bone Disease.
- Include provision of suitable UVB, either through natural sunlight or suitable artificial UVB lighting
with adequate UVI levels.
- Healthy supplementation. Crickets and roaches have an inverse calcium to phosphorus ratio that can
be overcome through gut loading and calcium/multivitamin dusting before each feed.
e Oviposition sites
- Natural aquatic vegetation preferred over artificial plants to allow frogs to sit in the water and call, and
for eggs to be laid and sink amongst.

21
Workshop Proceedings | Litoria raniformis: Ex siftu Conservation and Husbandry



Appendix 4: Presentation 4 - Current Ex Sifu Breeding Success for

Litoria raniformis
Mark Cairns, on behalf of Maik Fiedel of Museums Victoria.

Mark prefaced his presentation by noting his talk drew on his experience keeping Litoria raniformis in various
roles from Museums Victoria, Zoos Victoria and personally, emphasising that his insights are from over 8 years
ago and practices may have since changed.

e Breeding of Litoria raniformis in ex situ has been intermittent and often incidental rather than outcome
driven. Most ex situ holdings have been for display or interpretation rather than conservation breeding.

e Only 89 individuals currently held across ZAA institutions (as of CPOS report); a single breeding event could
quickly change this number due to high fecundity.

e Ljtoria aurea is far more commonly bred ex situ, likely due to its greater representation in both
institutional and private collections, and broader availability in the trade compared to Litoria raniformis.

e Ljtoria raniformis has occasionally appeared in private trade. Concerns these may originate from wild
collection rather than ex situ breeding.

e Ljtoria raniformis is noted as more nervous and reclusive ex situ than Litoria aurea, less suitable for display
or handling, and more prone to stress, particularly if not captive-reared from early life stages.

e There has been historical success at Museums Victoria with indoor breeding in highly controlled artificial
environments: glass aquaria, UVB lighting, seasonal photoperiod cycling, variable water temperature and
levels. Maik Fiedel, of Museums Victora, believed water temperature was a key trigger for initiating male
floating, calling and amplexus.

e In contrast, animals held in public exhibits (with light, noise, and foot traffic) showed different behaviour
and no breeding success.

e  Other examples of breeding success with Litoria raniformis:

- Melbourne Zoo: anecdotal evidence of minimal-intervention outdoor system (plastic tub, vegetation,
large group) bred annually.

- Private breeder (Mornington Peninsula): consistent outdoor breeding success across multiple species,
though ceased ~20 years ago.

e  Perceived limitations to breeding success:

- Lack of conservation intent historically driving breeding efforts.

- Weak or unclear founder stock history and limited population structure.

- Unknown compatibility between potential subspecies, Litoria ranifirmis raniformis vs Litoria raniformis
major.

- Behavioural differences between wild-caught and long-term captive frogs may influence breeding
success or stress levels.

e Recommendations:

- Adopt multi-pronged collection strategies (adults, egg masses, tadpoles) to improve genetic and
demographic viability of breeding programs and mitigate lag time to breeding maturity.

- Reuvisit foundational husbandry considerations for this species, including breeding design, disturbance
minimisation, and behaviour monitoring.

- Challenge assumptions about cross-species analogues for husbandry, noting observed behavioural
differences between Litoria raniformis and Litoria aurea, even in the same institutional settings.
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Appendix 5:Session 1 - Q&A Discussion

Environmental Triggers and Rainfall Simulation, Museums Victoria

e Arain chamber was integrated into aquaria using a powerhead pump to push water to top misting nozzles.

e Simulated “rain” was delivered for a few hours each afternoon, over 2—3 weeks, with breaks in between.

e Multiple triggers were used in combination, including:

Increased water temperature (raised from ~10-15°C to ~25°C).
Changes in water depth using removable standpipes.
Photoperiod shifts (to simulate seasonal change).

Basking light sessions.

Sex Separation, Colouration and Mesh, at Taronga

e Indoor aviaries, sexes kept separate until they are paired during the breeding window.

e QOutdoor aviaries, sexes together year-round and breeding still occurred.

e Colouration between frogs varied, with some remaining brown despite outdoor housing and sun exposure.

Cannot confirm if colour is correlated with breeding success, but some brown frogs still bred
suggesting colour alone is not a reliable breeding indicator.

e Dual netting design used to limit potential predators and unwanted species: 12mm stainless steel mesh

and a fine fruit fly style mesh (~4mm).
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Appendix 6: Presentation 5 — The Southern Bell Frog (Litoria

raniformis): Ecological Observations to Inform Captive Husbandry
Dr. Geoff Heard

Microhabitat Requirements

e Ljtoria raniformis regularly basks in both direct and filtered sunlight, with basking observed at
temperatures up to 38°C. Access to basking sites and UV exposure is essential.
e Diurnal feeding is common in situ.
e  Key structural elements used in the wild include:
- Emergent vegetation with horizontal structures such as Typha spp. and filamentous algae, used
extensively for basking and calling.
- Rock piles adjacent to water, used for thermoregulation.
- Floating vegetation such as Chara spp., Stuckenia pectinatus, and Stuckenia procerum, used for
resting, basking, and calling.
- Submerged vegetation, used for ambush hunting and calling.

At night, frogs use open ambush sites, particularly bare soil or rock near vegetation or emergent
structures.

Terrestrial shelter is important year-round and critical during overwintering. Shelters include:
- Matted or dense grasses (e.g. kikuyu), cracking clay soils, rock piles, timber, and thick vegetation.
- Artificial structures such as discarded plywood, melamine boards, and even metal sheeting, which
are regularly used when they provide suitable microclimates.
- Effective shelter structures provide large surface areas, retain moisture, and include resilient
microhabitats.

Diet in the Wild

e Diet data collected via scat analysis identified a wide range of invertebrate prey:
- Spiders were the most commonly consumed, especially wolf spiders, water spiders, and long-
jawed spiders.
- Beetles, including scarabs, click beetles, weevils, and aquatic beetles, were frequent.
- Dipterans (e.g. blowflies, houseflies, soldier flies) were present in around half of all scats.
- Lepidopterans and their larvae were also common.
e Arthropod larvae bred for fishing bait (e.g. maggots) may be a practical food option in ex situ
environments.
e No data to quantify the proportion of the diet made up by vertebrates, but suspected that:
- Other smaller frogs, including conspecifics (i.e. other Litoria raniformis), are eaten whenever
possible, especially by large females.
- Metamorphs (juvenile frogs) are also consumed en masse when they emerge.
e Known to eat fish such as Gambusia (mosquitofish).
e Vertebrates are a very high source of nutrition and may be important for building necessary body mass for
breeding.

Calling and Breeding Behaviour

e The calling and breeding season in southern Victoria extends from September to January, peaking between
October and December.

e  Calling activity is positively associated with warm water temperatures and negatively associated with
rainfall, both on the day and over the preceding week.

e  Calling typically occurs when:
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- Daytime air temperatures are in the high teens to low 30s.
- Nighttime temperatures are in the mid to high teens.
- Water temperatures exceed 12°C, with peak calling activity above 20°C.
e Males call in small, tightly spaced groups and are highly responsive to one another.
e Males exhibit territorial behaviour, and aggressive interactions can result in significant injury.
e Preferred calling sites are mats of floating or submerged vegetation, often near the water’s edge.

Growth and Maturation

e Tadpoles develop rapidly, typically completing metamorphosis in around three months.
e Tadpoles do not grow during winter in southern Victoria and may suffer complete mortality below 10°C.
e All males reach sexual maturity in their first year.
e  Most females mature in their second year, though some grow quickly enough to breed within their first
year.
e Body size and mass data from wild populations show:
- Most males are under 70 mm and 20 g.
- Most females are 70-80 mm and 30-40 g, with some individuals reaching 90 mm or more.
e  Particularly large females are likely to contribute significantly to recruitment due to their large fat reserves
and high reproductive output.
e Supporting growth of females to larger body size may be an important consideration in future breeding
strategies.
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Appendix 7:Session 2 — Additional Research and Key Knowledge
Gaps Discussion

New or Under-discussed Research and Observations

e  Water level maintenance during metamorphosis: Maintaining elevated water levels during the three-
month metamorphosis period has been observed to support tadpole survival and juvenile frog recruitment
(noted in the Morgan region).

e Chytrid research: A recent paper by Laura Brannelly (Melbourne University) reported successful training of
frogs related to chytrid resilience.

e Tadpole and diet research: Further understanding of early tadpole nutrition and variation in diet across the
species’ range was highlighted as valuable.

e Breeding triggers beyond rainfall: Observations suggest that rainfall may not be a reliable trigger for
breeding. Inundation events and barometric pressure drops were described as more influential at some
sites.

e Playback experiments: Use of multi-speaker playback to simulate a calling chorus was suggested for
further investigation. Field responses to playback have been observed. In captivity, frogs sometimes
respond to intense musical crescendos.

e Hormonal triggers: Low doses of HCG have successfully induced breeding behaviour in males. Further
research is needed for females, as current approaches appear less effective.

State-Based or Site-Specific Differences

e Female body condition and size may vary by region:
- Frogs in more southerly populations may be larger due to environmental factors.
- Sites like Merri Creek support frogs with good body condition, possibly due to habitat structure
and prey availability.
e Breeding timing varies by region:
- Murrumbidgee populations breed reliably from October, even when favourable conditions occur
earlier.
- South Australian populations show broader breeding window, likely due to more variable water
availability.
e Local variation in breeding cues:
- Inundation, rather than rainfall, has been linked to breeding behaviour in floodplain sites like
Chowilla.
- Barometric pressure drops (~20 points) may trigger calling behaviour in some sites.

Captive Husbandry Implications and Practical Considerations

e Captive breeding cues: Identified need for experimentation with water level fluctuation and barometric
triggers in captivity.

e Artificial triggers (hormones, sound) could enhance breeding success if refined.

e Dietary replication: Understanding regional dietary variation could help improve captive feeding regimes.

e Separating sexes outside the breeding season was raised as an important consideration for maintaining
female body condition.

Knowledge Gaps and Barriers

e  Sourcing founder animals: Accessing wild frogs for breeding is challenging due to permitting approvals and
ethical or conservation concerns. The need for coordinated strategies to identify suitable source sites was
highlighted.
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Triggering female breeding: Current hormonal methods less effective in females, more research needed
into appropriate pathways.
Lack of data on activity budgets: More understanding is needed of how frogs spend their time across

seasons and geographically, including frequency and timing of key behaviours (e.g. basking, feeding,
calling) as this may inform husbandry design.
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Appendix 8: Presentation 6 — Winton Wetlands GGF Captive

Breeding Colony
Sarah Way

Winton Wetlands is in northeast Victoria across 8,000+ hectares with 32 water bodies. Two release sites are
approved under translocation permits.

Indoor Quarantine Facility

e Used for housing during quarantine and chytrid treatment.

e  Frogs housed individually in plastic tubs with flywire mesh lids, water dish, rock, and half poly pipe for
shelter.

e Insulated shelves, each with UV strip lighting.

e  Manually operated, diurnal only. Basking lamps for each tub with thermostat set to max 32°C, ambient
light and temperature managed via roller shutters and windows. No humidity control.

e  Basking/light cycling used to simulate natural diurnal rhythms.

e Though not intended for breeding, some frogs pair-bonded and bred while awaiting genetic pairing results.

e Reserve cycle air conditioner used during chytrid treatment only.

(2

Figure 6: Winton Wetlands - Indoor facility
Outdoor Breeding Pods (x8)

e  Corrugated iron walls with outer insulation (~2.7m L x 2.3m W x 0.8m H), fitted with 2 x weld mesh (5mm)
hinged, raisable lids with fasteners and a wire mesh skirt extending 300mm from walls along pod floor.

e Each pod includes a 600 L cattle trough with automated float valve, UV-filtered water, and gravel base.

e  For shelter and cover, habitat features include rocks, roof tiles, buried poly pipe, aquatic plants and Carex
spp., and found items such as carpet offcuts.

e 1xtimer light and 1 x solar light per pod, to attract moths as natural prey.

e Monitoring and behaviour tracking through motion-sensor cameras with plexiglass covers.

e  Frogs observed sheltering from heat in unexpected areas, particularly cavities around the pond edges
rather than designated habitat items.
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Husbandry Challenges: Temperature Extremes

Summer - Lack of shade and pods located in enclosed space between two buildings can lead to high
temperatures in pods. Mitigation systems in place:

e  Misting fans and partial shade cloth installed, hosing used in extreme heat.

e Additional habitat provided in shaded areas of pods.

e Temperature data loggers used to monitor surface gravel and pond temperatures. Found surface gravel
reached ~42°C on a 42°C day, but water temperatures remained stable.

Winter - Frost is a challenge at the site, excess shade to some pods from buildings. Mitigation strategies:

e Shade cloth removed in winter.

e Habitat furniture items insulated and Typha spp. bundles added for increased insulation.

e  Habitat furniture rearranged for maximum solar gain.

o Dataloggers used again to ensure adequate microclimates available to protect against frost.

Mitigation strategies didn’t always work; frogs were often found sheltering under pond lips rather than using
placed furniture.

Water Quality Management

e  Fortnightly water testing includes dissolved oxygen (%), pH, nitrate, nitrate and ammonia (ppm), salinity
(uS), turbidity (NTUs) and temperature (°C).

e Salinity was deliberately increased pre-frog introduction and again following chytrid detection, to assist in
chytrid load reduction.

e  Salinity shown to help buffer pH fluctuations.

e ‘Bioballs’ used to address minor ammonia/nitrite spikes by providing a large surface area for beneficial
bacteria to colonise which then break down harmful ammonia and nitrates produced by animal’s waste,
uneaten food and decaying matter.

e  Aquatic vegetation growth (especially post-summer) correlated with decreased turbidity (cloudiness or
haziness of fluid caused by suspended particles).
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Appendix ?: Presentation 7 — Southern Bell Frog Facility, Clayton
Bay SA
Regina Durbridge

Current Facility Overview

e Entering the sixth year of the program, initial tadpoles collected in 2019.

e  Current population: 34 adult frogs (24 are 3 years old, three are 4 years, seven are 5 years).

e  Frogs are tested for chytrid via eDNA before overwintering, all clear. Feeding stopped early June 2025, 31
frogs being overwintered in outdoor enclosure.

e Day-to-day feeding and maintenance by seven volunteers and two part-time staff, with support and
collaboration received from Hills and Fleurieu Landscape Board (LHF), Nature Glenelg Trust, and Rupert
Mathwin Ecology.

e  Project endorsed by LHF as part of the Southern Bell Frog Recovery Project for the Lower Murray.
Community involvement acknowledged, original hatchery setup funded by local community members.

Infrastructure and Utilities

e Main facility includes a large hatchery shed, smaller storage shed, and new quarantine shed added in 2023
(funded by LHF).

e Air conditioner and incubator added to quarantine shed, for potential chytrid heat treatment based on
University of Newcastle protocols.

e Received grant funding for solar panels with battery backup for hatchery and quarantine shed, hoped to
reduce future electricity costs particularly during tadpole rearing. Currently no power to outdoor
enclosures, limiting ability to provide filtration or supplementary heating if required.

Water and Environmental Monitoring

e Uses mains water aged in three enclosed tanks and rotated to allow for dissipation of chlorine and
chloramine.
e Tank water then filtered through:
- 5-micron washable sediment filter
- 1-micron antibacterial sediment filter
- 0.5-micron anti scale carbon block filter
e Regular testing of water for pH, conductivity, ammonia, nitrite, nitrate, GH (general hardness), KH
(Carbonate Hardness), salinity, and temperature.
e  Outdoor pod water temperature at 15 cm depth can reach 26 °C on hot (~40 °C) days, only mesh insect
screens are used over enclosures during this time.
e  Partial water changes conducted as needed.

Hatchery Shed

e Hatchery includes nine shelving units with three troughs (110L) per bay, reconsidering use of top shelf due
to difficulty of height for volunteers.

e  Glass aquarium tanks (300 L) also available, suited for tadpole rearing and metamorphs, as troughs are
difficult to seal

- Considering possible use of plastic outdoor pond troughs for raising some surplus tadpoles
outside.

e UVB 10 globes and ceramic heat globes used.

e Indoor breeding has not been successful to date.

e Occasional male grasping and vocalisations observed, but nuptial pads or throat colouration was rare.
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Figure 8: Clayton Bay Hatchery - Indoor facilities

Breeding

Outdoor Enclosures - 2020-2021: 32 frogs released into outdoor enclosures in September 2020, six deceased
by June 2021, only one remained by October 2021 but was not found again. Brown tree frogs and nesting rats
were found in enclosures but cause of death for frogs was not determined. Enclosures were dismantled and
breeding moved indoors.

Indoor Enclosures — 2021 - 2022, 2022 - 2023:

e No breeding recorded.

e Hormone injections were trialled in 2022 but were not successful.

e Males did display some grasping and occasional vocalisations.

o Nuptial pads observed in single male, and only a couple demonstrated yellow colouration on throat.

Outdoor Enclosures — 2023 - 2024

e Plant establishment slow, 14 months post-planting and growth remained limited.
e  Spawning mops added to provide rafting material for frogs, due to limited vegetation and pathogen risk
from live plants. Frogs often found hiding underneath.
o Not enough light entering enclosures, changed to lighter screening to increase sunlight and frogs observed
basking more.
e Perspex lids trialled to increase sunlight and warmth; temperature increases up to 10 °C were noted.
- In 2024 outdoor habitats fitted with 2 x Perspex and 1 x screen lid
- Overnight condensation observed on underside of Perspex lids
- Perspex replaced with mesh when temperatures exceed 35 °C.
e Exposed gravel covered with bricks and pavers following death of frog from suspected gravel impaction.
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e No hormone injections were administered in 2023 or 2024. Frogs were allowed to attempt natural
breeding post-overwintering but without success.

e In 2024, 31 frogs moved into a single outdoor enclosure.

e Water levels increased experimentally, few vocalisations observed.

e Drought conditions and minimal storm activity noted as possible influences.

e  Second storey structure constructed out of mesh and plastic UV sheeting but still to be fitted, will allow
taller plants to be added and improve basking areas.

Chytrid Outbreak (2023)

e 39 frogs collected from Nap Nap in April 2022, tested negative on chytrid swabs.

e By lJune, smaller frogs began dying and excessive shedding was observed in larger individuals.
e  eDNA testing confirmed chytrid in all three tanks of newly acquired frogs.

e Treated with itraconazole, but 12 additional frogs died during this time.

e  Future preference will be to provide heat treatment to new arrivals.

Habitat Work and Future Planning

e Habitat modification underway at some release sites (e.g., weed matting, rock placement for basking).
e Flooding in 2022 prevented machinery access at one release site.
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Appendix 10: Session 3 Activity Instructions

Activity 3.1: Whole room brainstorm

To determine key characteristics for consideration when developing habitat parameters for ex
situ conservation of Litoria raniformis.

Facilitator to share Participants agree / Participants raise hand fo All new ideas captured

= Similar ideas grouped
example key disagree with example share additional ideas on flipchart

into ‘themes’

characteristics suggestions

Activity 3.2: Sticky notes brainstorm

To understand the various ways the species is currently housed ex situ

Parficipantis write down Each current habitat 4
; - A Stick tes to be pl d
all currently used ex situ parameters to be written ucn:lysrr]%gsre\oevcnagéi Cluster / Discuss
habitat parameters on single sticky notes characteristic’ theme

Figure 9: Activity instructions provided to participants during workshop.

Activity 3.2: Sticky notes brainstorm

To understand the various ways the species is currently housed ex situ

1. For each key characteristic, use sticky notes to write down:
{Oniine: write ideas in chat]

Ex situ facilities
+ what you currently do at your facility | Example output l

(single note per idea)
Key } ley
Non ex situ facilities

= Wild parameters (put Win comer of note)
= Other frog species parameters °q§g;°'

{put O in comer of sticky note} terestrial

= General parameter suggestions —I:‘“:::m

{put G in corner of sticky note]
(single note per idea)

2. Place sticky notes under the corresponding key characteristic
3. Work together to cluster similar parameters
4. Discuss oo

Figure 10: Further instructions for sticky notes exercise
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Appendix 11:Outputs from Session 3 (and Session 6)

OUTPUT: Habitat parameters currently used, or recommended and prioritisation of key characteristics (Table 3)

Each cell = one stick . . . . . .
— ¥ = each sticky dot vote | (G) = General suggestion (W) = Wild parameters / expertise (O) = parameters relevant to similar species

Pod 2: (5 total: 1F 4M)
Pod 3: (6 total: 2F 4M)

Space to get away from each Veg is key! Fringing and aquatic

Oqunde: natural cycles. . Pod 4: (9 total: 3F 6M) 70% aquatic 30% terrestrial Ty N, I Er.go.nomlcs/W.HS - fo.r.d.e5|gn of Outside: grave.l base, flat. Rock | A
Inside: natural cycles (windows) Pod 5: (5 total: 1F 4M) . inside & outside facilities (G) piles
ambushing prey (G)
Adult & metamorph founder . .
population. Outside.
Seasonalit 50/50 terrestrial and UV open film - allows more Emergent & floating &
¥ . submerged habitat. Low lying natural UV A, B & C levels while submerged habitat - lignum,
UVB — level 1 (taking mesh or ) ) ) , ) . S . . . o . . . .
other material between frogs Social feeding behaviour F's vs clay lignum basins (hide in Will attempt to swallow still keeping security high from Choice of substrates to increase juncus, nardoo, samphire,
g M's. Alone, together, density? cracks) (W) anything that moves other species' incursion choice (variety) (G) jayweed, etc. (W)

and bulb/sun into account).

Choice of basking spot (G) . . .

Access to natural sunlight or
artificial equivalent. Basking Number of habitats needed (G)
aquatic + terrestrial spots (G) High amounts of aquatic

Ufities e e e U e Separate sexes in winter. (G) vegetation. Overhanging edge Live food released into UV bulbs (or sun) above mesh, (G) aquatic plants (from gn site)
o . veg of water (G) perspect, shadecloth etc — UV ~300C for 2 weeks. Moira grass,
in wild? Are enclosures with enclosure

R Tk s Y e . ... . . . . transmission will be reduced . ... potamogeton, myriophyllum,

) o (need to use UVB + UVI meters nardoo, eel grass
range of wild conditions (mesh to know what frogs are exposed
blocks a lot of UVB) (O)

L () O s S —

Multiple males + female.

Aquatic veg - structure, amount Heat treatment of transplated

s , , . S ) . Induction for volunteers & new Basking areas made with Red ceramic roof tiles, rock
8 individual 'pods' outside. Overwintering outdoors in pods. Reduce disturbance by . . . R
. - . L . Absence of competing & staff. PPE: gloves. Compound material that can hold heat piles, carpet cutoffs, poly pipe
Quarantine lab inside housing eDNA test for chytrid prior to monitoring remotely (ARUs, . . h e -
L . . predating species (W) breeding facility risk (half buried), typha bundles,
30 frogs as individuals overwintering cameras) (G) X
assessment. Emergency contact warm salt bath (winter),




Outside

Outdoor preferred but have
indoor options (G)

Hand soff approach. Weekly
sightings of animals during
breeding season (0)

Macroinvertebrates important

Unknown movement tracking
between wetlands in breeding
season & winter (W)

Remediation of translocation

list. Exit & entry fixed steps
into/out of ponds.

Improved vegetation

veg, carex grasses

sites. Consideration of other
species e.g. sloanes froglet
monitoring

Need sufficient space for people

to move safely inside enclosure

to perform maintenance &
active searches

Bricks and pavers stacked

Will clump together under
shelters

Outside: natural ambient (-2-
420C). Minimal management
with shade cloth & misting fans

Provide heavy misting on days

Outside: natural seasons

Open windows to allow temp

source @ e-water sites (W)

Use of nutrient gut loading

Outside: natural seasonal
changes and conditions. Some
call playback

Biosecurity plan. F10 bathing.
Separate ponds/pods. Separate
equipment per pod. Treatment

when problems exist

Varying water levels.
Maintaining during breeding
season. Newly inundating at

start of breeding season from
dry (W)

Rain chambers used ~ decade
ago - no luck with L. castanea

when raining outside. Fogger on
tank.

fluctuations during day & night
over winter (0)

Crickets and mealworms

Wild food harvesting - beetle

Rain chamber stimulates calling
in captivity

Waste water for treatment
before being discarded (O)

Water quality clear and fresh
(W)

Decrease water level over
winter, increase in
spring/summer

Temperature dependent callers
around 25-40% in Riverland (W)

Can we do better than matching
the outside cues?

trap, bark covers on trees. Gut
loaded crickets. Meal worms.
Lights to attract nocuturnal
insects (e.g. solar garden lights)
Pinky mice? Silkworms? Ethics

Monitoring systems to capture
behaviour. Also ensures less
disruption (G)

F10 foot bath (G)

Chemicals from construction.
Arsenic, volatile organic
compounds

Good quality water (G)

Screening to adjust temperature

Temperature dependent callers
around 25-40% in Riverland (W)

approved other frogs. Chytrid
treat
No feeding during brumation.

Canned sound

Inundating mesocosm when

F10 protocols for disinfection of
equipment (O)

Metals from construction. Zinc,
copper, nickel, tin, chromium,
lead, etc.

Testing water. Rainwater off
sheds & in enclosure for meavy
metals

Feed in later afternoon. Meal
worms in feeding bowls.
Experimentin with paratya
(shrimp)

temp is ~200C in spring. Rain
cue likely not important (G)

Ability to exclude chytrid &
rats/mice and other frogs (G)

Oxidation chemistry.
Disinfection byproducts.
Trihalomethane etc.

Correct limited aquatic plants in
water 10%. 20% open water

Ambient temperature

Provide heavy misting on days
when raining outside. Fogger on
tank. (O)

Frequency of feeding?

In wild - forage at night over
large areas of bare soil

Wild caught items?
Parasites/pathogens

Separating sexes? Sexing frogs.

Disease surveillance. Protocols
for sick/dead frogs

Which parameters are
important? (pH, nitrate, nitrite,

ammonia, phosphate, hardness,

heavy metals, etc.) (G)

Would lowering water levels
before summer breeding season
then increasing levels/and rain
in the summer signal breeding?

Sprinklers misting. Perspex
lids/screen increase

temperature

Water: dietary, metabolic,
environment. Significant

parameters of interest?
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Appendix 12: Open Discussion Following Prioritisation Exercise

Water Quality and Water Level

e  Water quality emerged as a top priority, with broad agreement that it is critical for amphibian health and
husbandry success.

e Participants noted that frogs’ permeable skin makes them especially vulnerable to a range of
environmental contaminants, particularly in built environments. Potential sources of harmful substances
included heavy metals (e.g. copper, zinc, nickel), treated timber leachates, and persistent oxidants from
water treatment (e.g. chloramine and its disinfection by-products).

e |t was emphasised that many of these contaminants are not routinely tested for and may be
unintentionally introduced through common construction materials.

e  Water level was also identified as a key environmental parameter, particularly in relation to breeding
success. Discussion highlighted that both quality and level should be closely regulated to meet the
physiological and ecological needs of the species.

Breeding Cues and Environmental Triggers

e  Water temperature was identified as a significant cue for initiating breeding behaviour. Observational and
experimental data shared during the session indicated a clear threshold around 15°C, with calling and
activity generally increasing above this point.

e Survival of tadpoles was also discussed in relation to water temperature, with mortality rates reported to
be very high (~80%) at 15°C and significantly lower (~5%) at 23°C.

e Other cues raised included inundation timing, temperature increases in spring, and the presence of open,
gently sloped feeding grounds with sparse vegetation; conditions observed at known wild breeding sites.

Habitat Design and Future Translocation Considerations

e Seasonal alignment of environmental conditions was considered important for breeding and overall
husbandry success.

e Discussion supported the need to replicate seasonal temperature and humidity shifts, whether through
natural exposure (e.g. outdoor setups) or controlled indoor intervention.

e Adistinction was made between facilities housing frogs for long-term ex-situ care versus those aiming for
translocation or release. While some requirements were considered broadly applicable, it was agreed that
habitat design may need to be tailored depending on the intended end use.

e Concerns were raised around potential habituation to humans in captive environments and the associated
risk of reduced predator avoidance upon release.

e However, observations from several facilities indicated that frogs raised in outdoor enclosures retained
strong flight responses even after extended time in captivity, suggesting that appropriate husbandry can
help preserve natural behaviours.

e  For release-focused facilities, participants noted the importance of site selection, including the presence or
absence of predators, nearby water bodies to support dispersal, and the long-term suitability of the site
for rewilded populations.

UV Lighting and Exposure

e Lighting, particularly the use of UVB, generated a robust discussion. While some concerns were raised
about potential UVB overexposure, especially under climate change conditions, others shared experiences
indicating that UVB deprivation posed a greater risk in most cases.

e  Participants discussed the importance of understanding the actual UV exposure frogs receive in wild
conditions and replicating this appropriately in captive setups.



It was noted that enclosure materials (e.g. mesh, Perspex, screening) can dramatically reduce UV
transmission. Facilities described using UV meters and adjustable lighting setups to ensure adequate, but
not excessive, UV provision.

Facilities reported using bridal tulle and other UV-permissive materials for enclosure lids to enhance UV
penetration. Regular UV monitoring (e.g. every two months) was common practice.

Recommendations included conducting field-based UV measurements at wild frog basking sites to
establish target exposure levels for captive setups.
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Appendix 13: Nuftrition Activity — Supporting Documentation

4NOIAVHIE

ONIOYHO4

w /9NI1a33d
S o3 2
z : B> E g
3 3 23 22 g
= om 53 =

WHAT WE KNOW
Figure 11: Example feeding strategy worksheet
Nutrition
Activity 4.1: Worksheet instructions

Focusing on DIET, follow steps 2 & 3 to complete the blank template

What do they eat:

* Natural/ wild diet - i.e. nafural/ wild diet pattemns, and primary diet fype

* Natural/ wild dief nufrient/ chemical composition (if knewn) (individual items and
collectively) — “natural nutrient space”.

* Natural/ wild “normal” reference ranges?

Step 2: WHAT WE WANT

vhat we know, what we
or the animals in our care?

Questions to |

consider:
to promote discussion
and inspire answers

Step 3: WHAT WE NEED

Considering what we want, what
concrete things/actions do we need

to achieve this2

Figure 12: Nutrition worksheet activity instructions and prompting questions
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Appendix 14: Completed Diet Worksheets

What we know: Tadpoles
(pre-prepared by Animal Nutritionist, Mark Snowball)

What we know: Adults
(pre-prepared by Animal Nutritionist, Mark Snowball)

WILD DIET PATTERNS: “herbivore” (algae, detritus (decomposing plants) and macrophytes (aquatic plants growing in or
near water)), detritivore (organic matter made up of the decomposing remains of organisms and plants e.g, fallen tree
leaves, faeces), bacterivore (bacteria), fungivore (fungi), crustacivore (microcrustaceans), insectivore (pieces of aquatic
stages of beetles and chironomids), biofilm (inc. protozoans)

WILD DIET TYPE: primarily omnivore “generalist feeders” / “non-discriminatory omnivores” / “non-selective consumers”
WILD DIET NUTRIENT COMPOSITION: not known but an omnivorous primary diet type would infer moderate protein, fat
and fibre.

WATER SOURCE: dietary and metabolic water would be sources, environmental water presumably very important source.
GUT ANATOMY / PHYSIOLOGY: mouth parts (horny beak and labile teeth) appear designed for rasping (a scraping or
cutting action) and capturing particles. In general stomach is enlarged and acidic (but provides only a storage function in
the larvae of frogs. Hindgut is long, narrow and coiled. Colon is short and wide.

MODELS: tadpoles of morphologically similar “bell frog” species. NRC — cats and dogs (2006), fish (1993), poultry (1994),
rats (1995).

NATURAL FORM OF FOOD CONSUMED: specifics not known.

EX SITU ISSUES: inappropriate growth rates? Lack of species-specific data on ideal nutrient composition — focusing on diet
in isolation.

WILD DIET PATTERNS: insectivore (beetles, termites, cockroaches, moths, butterflies, various insect larvae), carnivore
(small vertebrates including lizards, snakes, frogs (inc. tadpoles), piscivore (small fish)).

WILD DIET TYPES: primary insectivore

WILD DIET NUTRIENT COMPOSITION: not known, but inferences can be made from other studies e.g. nitrogen 5.1-9.2%
DM (= ~32-58.7% DM protein), fat = 10.5-55.7% DM, ash = 2.3-9.7% DM, NDF (index of dietary fibre) (in chitin) = 10.7—
18.5% DM, water/moisture = 58.2-71.6% as fed. Note, most wild insectivorous amphibians feed on a variety of
invertebrates with quite variable nutrient composition. Arthropods in general are poor sources of calcium and vitamins A
and E.

WATER SOURCE: main environmental (cutaneous uptake) together with pre-formed water in food (dietary water) and
metabolic water production (metabolic water)

GUT ANATOMY / PHYSIOLOGY: weak dentition used only for grasping and positioning of prey. Short but wide
oesophagous, tubular stomach, relatively short intestine (vs tadpoles), moving to a larger diameter hindgut.

MODELS: morphologically similar to other “bell frog” species; NRC models = cats and dogs (2006), fish (1993), poultry
(1994), rats (1995)

NATURAL FORM OF FOOD CONSUMED: whole

EX SITU ISSUES: energy malnutrition, vitamin A deficiency, MBD

In-person 1
(Tadpoles)

In-person 2
(Tadpoles)

In-person 3
(Adults)

Online
(Adults)

What we want What we want

What we want

What we want

. As much diversity as possible - including

. Variety of nutrients and prey items wild harvested

. Diet replicating wild

. Tadpoles that develop at an appropriate
rate and reach metamorphosis at a
similar time to wild tadpoles that are
developing under good conditions

. Healthy tadpoles and metamorphs
without nutritional deficiencies

Ease of supply (constant/frozen supply)
Make sure food isn't too nutrient dense -
replicate wild environment

Keep up with growth - frequency?
Enough food during metamorphosis - 3
months

Lights to grow & produce natural algae
Data sheet following rate of feeding

. High fat reserves in females

Live food e.g. paratya, live bait source of
odonatan nymphs?

Wild food sources

Good body condition in general

Varied and balance

Gain understanding of prey species
proportions

Are other frog species imp to eat?

Better understanding on:

. Omega 3 vs 6 availability?

. Commensals in gut?

. Vertebrates vs invertebrates?

. Season variation?

. Carotenoids?

. Incidental vegetation?

. Hormone from prey items?

. Shared prey production source?

Light traps to attract moths/beetles etc.
UV? Funnels?

Vertebrates into diet - increase weight,
especially females. Ethics/permit issues.
Mosquito fish as a possibility? Separate
tub - shallow dish. Pinky mice not an
option!

Yabbies? - chytrid risk (any crustacean)
Lots of weight gain quickly - especially
after a clutch




What we need

What we need

What we need

. Natural diet?

. UVB & gradient/slope for edge/s of
waterbody

. When are they feeding?

. Where in the waterbody? Filter feeding
and/or scraping?

. Lights for algae - continuous supply in
other areas

. Stocking food in freezer with adequate
power

. Feeding roster

Personnel and equipment (especially for
wild food collection)

Source a range of prey items. "Clean"
prey items

Suitable gut flora/commensals

Seasonal variation

Prey items with good nutritional qualities

Source information - potential
supplies/commercial substitutes -
invertebrate traps

Live vertebrates - info how to approach
ethics committees/permitting. Framing.
States?

Study potential food sources - clear
chytrid from food sources?

Varying method of feeding - gut loading?
Same nutritional benefits. Some studies
show gut loading is better than vitamin
dusting, which disperses quicker
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Appendix 15: Nutrition Discussion

The open discussion that followed the presentations built on these themes, with a focus on practical strategies
and shared challenges.

Nutritional Knowledge Gaps

e There was broad agreement that species-specific nutritional data for Litoria raniformis is limited,
particularly for tadpoles.

e Participants acknowledged that existing NRC models (e.g., fish, poultry, rats) may not be fully applicable
and emphasised the need for more data on the composition and function of wild diets.

Supplementation and Feeding Methods

e Gut loading was discussed as a potentially more effective alternative to vitamin dusting, which some
participants noted may degrade quickly. Several institutions reported already trialling gut loading to
improve nutrient delivery. Calcium supplements were also highlighted as important.

e  Frogs should be fed only 2-3 times per week.

e Consider microflora obtained through natural consumption of substrate.

Prey Sourcing and Sharing

e Multiple participants were interested in shared or cooperative approaches to invertebrate production
(e.g., light traps, UV funnels) to improve access to diverse prey.

e The idea of using seasonal or wild-harvested insects was explored, alongside the importance of ethical and
biosecurity considerations (e.g., chytrid clearance in food sources).



Appendix 16: Presentation 8 — Winton Wetlands: Chytrid Infection,

Response & Treatment
Sarah Way

Context and Initial Response

e Achytrid infection was confirmed in a single pod in August 2024, coinciding with the frogs’ emergence
from brumation.

e One deceased female frog was found and swabbed positive for chytrid.

e The three remaining frogs (all male) in pod were captured, swabbed, and moved to the quarantine
laboratory. All tested positive, antifungal treatment commenced.

e  Frogsin other pods were also swabbed, all tested negative and were returned to their pods.

e Infection was successfully isolated to a single pod.

Treatment Protocol & Recovery Outcomes

e Quarantine lab was maintained at 30°C using a lab heater. UV and heat lamps were run on a diurnal cycle.

e  Frogs were fed throughout the treatment and monitored for visual signs of illness (e.g. lethargy, tacky skin,
excessive sloughing).

e Infected frogs received daily 30-minute baths of Voriconazol antifungal treatment (1.25 pg/ml) for seven
days.

e One frog died two days post-treatment. It tested negative for chytrid, but death may have been related to
infection complications.

e A 30-minute buffered electrolyte bath was used post-treatment to assist with recovery and support skin
function. In absence of Ringer’s Solution, a standard electrolyte powder from chemist was used.

e Water salinity was increased to ~2000 uS in lab containers and outdoor pods as a precautionary measure.

e Handling was kept to minimum. Observations confirmed frogs were eating well, so ongoing weights
weren’t taken.

e The two surviving frogs returned three consecutive negative swabs, were declared chytrid-free and
repatriated to their breeding pods in early October 2024.

21/8/24 14/10/24
2 days prior to antifungal On day of repatriation to
_ treatment Pods
M1 25.3g 28.6g
M3 32.6¢g 34.2¢

il

IWETLANDS
Figure 13: Winton Weflands chyfrid tfreatment and weights
Hygiene protocols already in place included:
e Virkon footbaths.
e PPE, staff sign-in procedures and volunteer inductions.
e Dedicated equipment per pod to prevent cross-contamination.
42

Workshop Proceedings | Litoria raniformis: Ex situ Conservation and Husbandry



Preventive Measures

e Warm salt bath refuges were added to all pods, based on the “artificial hotspot refugia” detailed in Waddle
et al. (2024). A scaled-down version was developed in collaboration with Geoff Heard and Simon Clulow.

e  Each pod received a 10L black plastic tub with 30°C heated water and salinity of 4000-5000 psS.

e Camera footage confirmed frog use of the refugia, particularly at night.

Post-infection Pod Remediation

e All non-rock habitat (e.g. aquatic vegetation, Carex spp., Typha spp.) was removed, bagged, and disposed
of.

e  Gravel and rocks were treated with F10 and solarised/UV exposed on a tarp over summer 2024/25.

e  Pond water (600L) was treated with F10 (4ml/L) and pumped into a contained sump.

e The empty pod interior was sprayed with F10 and solarised over summer.

Key Lessons and Future Recommendations

e Rapid treatment response is critical. Voriconazole antifungal treatment for all individuals sharing a pod
should commence immediately after infection confirmation.

e  Electrolyte baths should be used in tandem with antifungal treatment to support skin health.

e Housing containers may also require treatment with antifungal spray (as per Brannelly et al. 2024), which
was not done in this case but is now under consideration.

e Supplementary UV and heat sources may be required in outdoor pods post-brumation when natural
sunlight is limited.
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Appendix 17: Presentation 9 — Growling Grass Grog Research:

Water Quality and Chytridiomycosis
Dr. Laura Brannelly

Disease ecologist focused on understanding how species cope with environmental stressors, particularly
infectious disease. Her research centres on chytridiomycosis, a fungal skin disease caused by Batrachochytrium
dendrobatidis (Bd), which has contributed to declines in over 500 amphibian species globally, including 90
documented extinctions. The species of interest in this research is Litoria raniformis (Growling Grass Frog),
which persists with chytrid infection in some locations but has declined or disappeared from others.

Research Context

While most Litoria raniformis populations harbour chytrid, some larger and seemingly healthy populations are
persisting, often at disturbed or human-modified sites, including water treatment plants, quarries, and landfills.
The project seeks to understand why frogs persist with chytrid at some sites but not others, and what role
environmental contamination may play in mediating disease outcomes.

Research Aims and Approaches

Three key questions:

1. How is disease impacted by water quality in frog populations?
e Field surveys are being conducted at four sites:
- Two rewilded/natural sites.
- Two human-impacted sites (including Hanson Quarry Landfill).

2. How is the pathogen impacted by water quality?
e Invitro lab experiments testing the effects of specific water quality parameters on the Bd fungus itself,
outside of the host.
e Individual tests are being conducted using contaminants such as: Heavy metals (copper, zinc, lead),
salt, pH changes.
e Asecond phase combines these contaminants to reflect more realistic environmental mixtures and
assesses their impact on fungal growth and viability.

3. Arefrogs able to still breed in contaminated wetlands?
e Investigating whether water quality conditions that reduce pathogen virulence also support successful
breeding and development of larvae.
e Experiments in the lab test the survival and development of eggs and tadpoles in contaminant
concentrations shown to be effective in reducing Bd in vitro.
e  Qutcomes may inform future translocation or release strategies by identifying safe and viable
contaminated sites.

Treatment Options for Bd

Itraconazole baths

e Five-minute daily baths in a 0.0025% itraconazole + salt solution for six days.

e  Requires daily clean water changes and clean enclosures.

e This method is effective, but the solution is acidic (due to its oral-formulation origin), which can be harsh
on the skin, especially for sick individuals.

e Treatment is time-intensive, especially with larger numbers of frogs, and requires handling.



Brannelly et al 2012 Diseases of Aquatic Organisms

Voriconazole spray

e Uses injectable form voriconazole, diluted to 1.25 mg/L in water.

e The solution is sprayed directly into clean enclosures 2—-3 times per day, for seven days.

e  Frogs do not need to be handled during this treatment, reducing stress.

e The solution is gentler on skin and can remain in contact with the frog throughout the treatment period.
e This method is currently favoured for use in Dr Brannelly’s lab.

Brannelly et al 2024 Diseases of Aquatic Organisms — not yet open access, but available on request.

The research is still in its early stages, but Dr Brannelly and her students are working closely with the Litoria
raniformis community to better understand chytrid disease dynamics and develop management and treatment
strategies that could improve population resilience. She concluded by acknowledging the contributions of her
PhD and Masters students.
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Appendix 18:Session 5 — Open Discussion on Chytrid Experiences

Access and Use of Voriconazole

e Voriconazole can be sourced through veterinary compound pharmacies and is commonly used in avian
medicine. Some veterinary clinics may be able to order it directly.

e Though initial costs may be high, the small dosage required per treatment makes it cost-effective over
time. One bottle can provide hundreds of treatments.

e Voriconazole has not yet been formally trialled on tadpoles, but there is interest in exploring its use at that
life stage. In previous cases, tadpoles incidentally exposed to antifungal treatments appeared to tolerate it
well and subsequently tested negative. While this anecdotal evidence is promising, formal controlled trials
are needed to confirm safety and effectiveness for tadpoles.

e  Participants noted that treating individuals upon metamorphosis is currently the preferred approach, due
to the limited data on earlier life stages.

Environmental and Supportive Treatment Considerations

e Heating as a standalone treatment was discussed. While previously trialled, heat treatments have proven
unreliable, with frequent breakthrough infections and significant stress to animals. This method is no
longer recommended as a primary treatment by some experts.

e Some facilities reported success using controlled growth cabinets to gradually increase and maintain
temperatures between 30-34°C as part of a chytrid management approach.

e This method was reported to be tolerated well by Litoria raniformis, though it was acknowledged that
suitability may vary between species and facility capabilities.

e Salt alone is not considered an effective treatment for chytrid but may assist in reducing load when
combined with other parameters.

e Maintaining a consistent and warm environment (e.g. ~30°C) was found to help reduce stress during
antifungal treatment, especially in cooler weather.

e  Supportive care measures, including electrolyte baths, were considered important during treatment,
particularly when animals were lethargic or showing signs of disease.

e Treatment success is influenced by disease progression. Animals in advanced stages of chytridiomycosis
often require additional support (e.g. optimal environmental conditions, electrolyte support, minimal
handling).

e Emphasis was placed on understanding the condition of individual animals when applying treatment
protocols, as stress and dehydration can reduce treatment efficacy.

Use of Ringer’s and Electrolyte Solutions

e Difficulty in sourcing Ringer’s Solution was noted. In response, some facilities used commercially available
electrolyte powders buffered to neutral pH.

e Alternatives such as NaCl (table salt) at equivalent salinity were reported to be effective in maintaining
electrolyte balance in frogs under stress.

e Making Ringer’s or modified amphibian bathing solutions from dry chemicals was discussed as a low-cost
alternative, with participants sharing preparation methods.

PCR Testing and Disease Detection Limits

e  Participants discussed the limitations of chytrid PCR testing, particularly in wild or founder populations.

e |t was noted that detecting true absence of chytrid requires large sample sizes, for example, testing six
individuals provides approximately 80% confidence of absence.

e Due to these limitations, some facilities assume chytrid presence by default and implement precautionary
treatment or quarantine protocols.
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Pre-reading Recommendations:

To support understanding of the species and inform workshop discussions the following resources were
recommended to be read before the workshop.

o EBPCACct

e National Recovery Plan for the Southern Bell Frog, Litoria raniformis — Nick Clemann & Graeme R.
Gillespie (2012)

e Recovery Plan for Southern Bell Frog (Litoria raniformis) in the Lower Murray region of South Australia
— Rupert Mathwin & Nick Whiterod (2021)

e  Conservation Advice for Litoria raniformis (southern bell frog) — DCCEEW (2024)

e  Growling Grass Frog Habitat Design Standards, Melbourne Strategic Assessment — DELWP (2017)

e Securing the Southern Metapopulations of the Growling Grass Frog in the Merri Creek

Resources Shared Post-workshop
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R., Monis, P., Bertozzi, T., Keogh, J. S., Shea, G. M., & Richards, S. J. (2025). Phylogenomics informs a generic
revision of the Australo-Papuan treefrogs (Anura: Pelodryadidae). Zoological Journal of the Linnean Society,
204, zlaf015.

Robinson, S., Nay, T., Gervais, C., Mason, K. & Kriesl, A. (2021). Delivering a targeted e-water regime to support
a higher level of Southern Bell Frog (Litoria raniformis) recruitment in Temporary Wetlands Riverland, SA
2020/21, Final Report, Murraylands and Riverland Landscape Board, Berri, South Australia.
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