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ABSTRACT 

Context. Despite being widely distributed along eastern Australia, the golden-tipped bat (Phoniscus 
papuensis) is listed as Vulnerable in New South Wales (NSW). The 2019–2020 wildfires affected an 
estimated 40% of foraging and roosting habitat, causing further conservation concern. The species 
roosts in suspended birds’ nests located along watercourses in rainforest or wet sclerophyll forests. 
Habitat augmentation is a key recovery action for the species; however, effective techniques are 
unknown. Aims. We integrated western scientific and Indigenous cultural knowledge and practice 
to deliver an artificial roosting structure for golden-tipped bats, and designed and implemented a 
collaborative model for habitat restoration, with genuine opportunity for cultural practice and two-
way knowledge sharing. Methods. In partnership, members of Indigenous groups, western scientific 
organisations and volunteers shared learnings about bats, culture and caring for Country. Weaving 
materials were collected from local forests, roosts were woven and hung in rainforest gullies and 
monitored using remote cameras and direct visual inspection. Key results. Golden-tipped bats used 
woven roosts, suggesting that roosting-habitat augmentation could support recovery of the species. 
Strong partnerships were established between government conservation programs and local 
Indigenous communities, engaging younger generations in cultural practice and learning. Delivery 
models were demonstrated for further collaborative, two-way threatened species projects. 
Conclusions. Golden-tipped bats will use woven structures for roosting. Integrating Indigenous 
knowledge into threatened species programs can deliver effective conservation outcomes for 
specialist and cryptic species. Implications. Should further broadscale fire, or other impact causing 
loss of roosting structures occur, community, Indigenous groups or government agencies can 
utilise this model to implement effective conservation actions together. 

Keywords: artificial roosts, bushfire recovery, caring for Country, First Nations, golden-tipped bat 
(Phoniscus papuensis), Gumbaynggirr Country, Gumbaynggirr Nation, habitat augmentation, 
Indigenous collaboration, Indigenous conservation, Indigenous culture, Indigenous knowledge, 
insectivorous bats, microbats, suspended birds’ nests, traditional owner. 

Introduction 

© 2024 The Author(s) (or their 
employer(s)). Published by 
CSIRO Publishing. 
This is an open access article distributed 
under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 
International License (CC BY-NC-ND). 

OPEN ACCESS 

The golden-tipped bat (Phoniscus papuensis; Fig. 1a) is a threatened species of insectivorous 
bat that is listed as Vulnerable in New South Wales (NSW). It is distributed along the eastern 
coast of Australia in scattered locations, reaching north-eastern Victoria (L. Lumsden, pers. 
comm.) in the south of its range, and in the north, extending into Cape York Peninsula and 
Papua New Guinea (Churchill 2008; ABS 2024). The species has been recorded in a variety 
of forest types, mostly from rainforest gullies and adjacent wet and dry sclerophyll forest 
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(Law and Chidel 2004), including disturbed regrowth 
eucalypt forest (Parnaby and Mills 1994). 

Golden-tipped bats mainly roost in suspended nests of the 
yellow-throated scrub-wren (Sericornis citreogularis; Fig. 1b) 
and brown gerygone (Gerygone mouki) (Schulz 1995; Madani 
et al. 2022) found in rainforest gullies on small first and 
second-order streams. The species will also roost in hollows 
within rainforest trees (Schulz 2000a), within epiphytic 
moss or, less commonly, in clumps of foliage (Law and Chidel 
2004). Yellow-throated scrub-wren and brown gerygone nests 
are constructed by the birds, using dry twigs, moss, fine leaves 
and other organic material. The structures typically hang from 
smaller branches, affording their occupants refuge from 
predators such as snakes or goannas. Individual golden-
tipped bats use several roosts located within rainforest 
habitat and close to creek lines, moving frequently among 
roosts (Law and Chidel 2004). Individual golden-tipped bats 
will use roosts that are typically within 100–200 m of each 
other but have been recorded using roosts located 800 m apart 
(Law and Chidel 2004). 

Golden-tipped bats forage almost exclusively on species of 
orb-weaving spiders (Schulz 2000a), which they pluck from 
webs with slow and manoeuvrable flight (Rhodes 1995) 
afforded by their short and wide wings (Aldridge and Rautenbach 
1987). Golden-tipped bats forage in rainforests but also in 
adjacent mid- to upper slopes containing a broad range of 
sclerophyll forests (Schulz 2000b; Law and Chidel 2004). 

Fig. 1. (a) A golden-tipped bat (Phoniscus papuensis) captured in the 
Richmond Range area of New South Wales (NSW). Characteristic 
golden-tipped fur assists this species to camouflage with its diurnal 
roost to avoid detection (source: George Madani). (b) A yellow-throated 
scrub-wren (Sericornis citreogularis) nest suspended over a waterway 
on the mid-northern coast of NSW, Australia. Golden-tipped bats 
(Phoniscus papuensis) roost by day within the loose fibres of the bases 
of these nests, where they are perfectly camouflaged from predators 
and protected from diurnal conditions (source: Anna Lloyd/DCCEEW). 

High-severity fire and impacts on rainforest and 
golden-tipped bats 
The location of rainforest communities in moisture-retaining 
gullies and south-facing slopes generally reduces fire activity 
and intensity in these areas (Bradstock et al. 2010; Godfree 
et al. 2021) and can even cause fires to extinguish under 
favourable conditions (Wood et al. 2011; Collins et al. 2019). 
Soil moisture is high, combustible fuel loads are low and the 
vegetation is often less flammable than in eucalypt forests 
on mid- to upper slopes or on north-facing sunny aspects 
(Crockett et al. 2006; Alexander and Arthur 2014). Rainforest-
dependent species are often mal-adapted to fire, and under 
typical fire weather and behaviour, species such as the 
golden-tipped bat can be protected or minimally affected 
because of reduced fire intensity and spread into these 
areas (Wood et al. 2011; Collins et al. 2019). 

In 2019–2020, Australia experienced megafires that were 
unprecedented in their size and number (Nolan et al. 2020), 
affecting over 5 × 106 ha in NSW (Collins et al. 2021; DCCEEW 
2024), and 10.4 × 106 ha of land across south-eastern Australia 
(Godfree et al. 2021). In NSW, 1.5 × 106 ha of the burn area was 
subject to high-severity fire, which in some locations penetrated 
areas of rainforest (Collins et al. 2021). The likely cause of these 
widespread and high-severity fires was an extended and severe 
preceding drought, combined with extenuating adverse fire 
weather, both being unprecedented in the documented record 
up to 2019 (Squire et al. 2021). High-severity fire entering 
rainforest will change the overall vegetation structure (Crockett 
et al. 2006), with implications for resident fauna through 
reduced shelter and prey availability and increased exposure 
to elements and predators. 

Post-fire modelling across the known distribution of the 
golden-tipped bat indicates that 40% of suitable golden-
tipped bat habitat was affected by the 2019–20 fires (Lloyd 
and Pennay 2021). The affected areas included rainforest 
gullies used by roosting golden-tipped bats and adjacent 
areas of sclerophyll forests on mid- to upper slopes, where 
golden-tipped bats forage for orb-weaving spiders. The 
impact of the 2019–20 fires on the roosting habitat and 
behaviour of golden-tipped bats was extensively studied across 
its NSW distribution (Law et al. 2022a, 2022b; Madani et al. 
2022). Researchers found that suspended birds’ nests, such 
as those made by yellow-throated scrub-wrens and brown 
gerygones, were readily consumed by fire and were in lower 
abundance in gullies burnt by moderate to extreme fires. 
The reduction of suspended bird nests was proposed as one of 
the reasons for the low post-fire occupancy of golden-tipped 
bats documented in rainforest gullies that were burnt or 
surrounded by areas affected by fire (Law et al. 2022a, 2022b; 
Madani et al. 2022). 

As an initial, emergency response to the loss of key habitat 
features, Madani et al. (2022) undertook a limited trial to 
augment roosting habitat for golden-tipped bats. On the 
basis of anecdotal observations of successful, opportunistic 
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roosting by golden-tipped bats in household cloth mop heads, 
60 mop heads were deployed in unburnt and burnt golden-
tipped bat habitat. This was a low-cost, low-complexity 
approach to determine whether golden-tipped bats would 
accept artificial roosting structures. Monitoring did not detect 
roosting golden-tipped bats in these structures; however, high 
rainfall and flooding post-fire scoured vegetation at some sites 
and damaged the mop structures. Nevertheless, these trials 
triggered our interest in exploring alternative methods for 
augmenting roosting habitat for golden-tipped bats. 

Habitat augmentation 
Habitat augmentation is a tool in conservation management 
designed to increase habitat suitability or correct for loss of 
specific habitat requirements of a species. Artificial refuges 
are a form of habitat augmentation that aim to provide human 
made structures for animals to shelter in when natural refuges 
have been depleted or lost. Artificial refuges come in many 
forms and include bird and bat boxes, solitary bee and 
wasp hotels, artificial dens and hollows, artificial reefs and 
spawning substrates for aquatic species. They have been used 
in the conservation and management of a range of species 
with mixed results, and can be manufactured from both 
natural and synthetic materials (Rueegger 2016; Taylor 
et al. 2019; Cowan et al. 2021; Watchorn et al. 2022). 

Some fauna species are reluctant to use artificial refuges or 
are challenging to cater for, including many species of 
insectivorous bat (Griffiths et al. 2017; Rueegger et al. 2019). 
For those species documented to use artificial bat roosting 
habitats, uptake can take many months and knowledge on 
how to cater for specific species is limited (Griffiths et al. 
2017; Rueegger et al. 2019). The golden-tipped bat presents 
a unique challenge because of its specific use of suspended 
birds’ nests as shelter and roosting habitat. The structure 
and composition of nests is difficult to replicate by using 
human-made materials, but may be more achievable by 
using natural materials and traditional weaving techniques. 

Indigenous knowledge in conservation co-design 
Threatened species recovery and natural resource manage-
ment programs that are co-designed with or led by Indigenous 
knowledge holders are delivering positive and often unique 
outcomes for threatened species (Read and Ward 2011; Marsh 
et al. 2015; Hausheer 2017; Paltridge and Skroblin 2018; 
Lindsay et al. 2022; Skroblin et al. 2022; Goolmeer and van 
Leeuwen 2023). Such programs have helped conservation 
efforts for Warru (black-footed rock-wallaby, Petrogale 
lateralis centralis), dugong (Dugon dugon), Mankarr (greater 
bilby, Macrotis lagotis), the great desert skink (known by 
various Indigenous names, Liopholis kintorei), Ngaṉamara or 
Gnow (malleefowl, Leipoa ocellata) and even endangered 
ecosystems such as the Monsoon Vine Thickets of the Dampier 
Peninsula. 

First Nations Peoples are custodians of specific knowledge  
about species, their behaviour and ecology, and their participa-
tion in threatened species recovery programs can achieve critical 
outcomes for cultural practice and management of Country, 
while also delivering economic benefits for communities 
(Lindsay et al. 2022; Goolmeer and van Leeuwen 2023). Even 
though the inclusion of Indigenous knowledge in threatened 
species conservation projects is increasing, there remains 
enormous scope for greater participation and partnerships. 
Collaborative, ‘two-way’ approaches provide opportunities to 
combine western scientific and Indigenous knowledge and 
practice to solve threatened species management challenges, 
invariably with better outcomes for species and lasting outcomes 
for Indigenous communities (Skroblin et al. 2021). 

The significant loss of golden-tipped bat roosting habitat 
following the 2019–20 wildfires provided a unique opportu-
nity for western scientists, who were responsible for the NSW 
Government’s conservation recovery program for the species, 
to partner with local Indigenous communities in the co-design 
and delivery of practical solutions to support persistence of 
the species in the wild. 

Materials and methods 

Study location 
This study was undertaken on the lands of the Gumbaynggirr 
Nation, focussing on coastal areas between Corindi and 
Nambucca Heads on the NSW mid-northern coast (Fig. 2). 
Gumbaynggirr Country meets its northern Bundjalung and 
Yaegl neighbours at the mouth of the Clarence River, near 
Yamba. To the south at the Nambucca River, Gumbaynggirr 
meet Dunghutti clans. To the west towards Guyra, 
Gumbaynggirr People meet the Gamilaraay. 

Within Gumbaynggirr Country, the project was delivered 
in partnership with two community groups at two locations. 
Muurrbay Aboriginal Language and Culture Co-operative 
(Muurrbay) ran weaving sessions at Bellwood Mission and 
installed woven roosts on Country in adjacent Newry State 
Forest (Nambucca area). Yarrawarra Aboriginal Cultural 
Centre (Yarrawarra) ran weaving sessions at Corindi and 
installed woven roosts on-Country in the nearby Sherwood 
Nature Reserve and Wedding Bells State Forest. 

Project partnerships and delivery model 
The project was coordinated by a team from the NSW 
Department of Climate Change, Energy, the Environment 
and Water (DCCEEW), including threatened species staff 
with expertise in insectivorous bat ecology, conservation and 
recovery, and Indigenous staff and trainees who were able to 
help identify knowledge holders within the Gumbaynggirr 
Nation and support the development of collaborative 
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Fig. 2. Locations of project partners, woven-roost deployment areas, surrounding public lands and golden-tipped bat records. 

partnerships. The DCCEEW team secured project funding, 
attended to all scientific and animal ethics approvals and 
permits (Forestry Corporation Research Permit 100204, 
NSW DCCEEW ARA 200901/02), and delivered culturally 
appropriate presentations and training sessions on western 
scientific understanding of the golden-tipped bat, including 
‘hands-on’ opportunities for participants to see and handle 
disused yellow-throated scrub-wren nests. 

The partnership model involved formally engaging project 
managers, artists, linguists, weavers and other cultural 
experts from the two local Indigenous community groups to 
co-design and help deliver the project. Muurrbay (Fig. 3) and 
Yarrawarra (Fig. 4) delivered their projects independently 
from each other; however, DCCEEW project participants were 
able to maximise sharing of information and learning across 
the program. The delivery model was flexible enough to respond 
to unforeseen barriers, opportunities and any changes to needs 
and capacity within communities. 

The program commenced in March 2022. Both Muurrbay 
and Yarrawarra prioritised participation from Indigenous 
members of the community, but also extended invitations 
to non-Indigenous local community members. Muurrbay 
also chose to deliver the project to students at Nambucca 
Heads High School during 2022 and 2023, and Yarrawarra 
included students from Woolgoolga High School in 2023. 

One of the earliest actions under the program was for 
Muurrbay and Yarrawarra project staff and the DCCEEW 
team to present information to participants on the ecology and 
habitat of the golden-tipped bat and outline why creating 
artificial roosts can support golden-tipped bat recovery 
following habitat loss from events such as severe wildfires. 
Muurrbay, Yarrawarra and DCCEEW staff conducted a day 
on-Country, allowing participants to identify and collect suitable 
weaving materials under the guidance of weavers from the two 
community groups. With the assistance of DCCEEW staff, the  
groups also explored golden-tipped bat habitat, located and 
examined yellow-throated scrub-wren nests  and observed  
DCCEEW staff conducting golden-tipped bat surveys, including 
demonstrations of insectivorous-bat capture techniques. 

The DCCEEW team then supported both Muurrbay and 
Yarrawarra to plan and host a series of weaving days over a 
12-month period to design and create woven roosts. 
Muurrbay project staff also visited Nambucca Heads High 
School every month for a period of 6 months to guide 
students in traditional weaving practices and the selection 
and preparation of suitable weaving materials. To celebrate 
the end of the first year of the program, Yarrawarra hosted 
a public exhibition of the woven roosts at Wadjar Regional 
Indigenous Gallery (refer to Supplementary material S1). 
This also provided an opportunity to provide information to 
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Fig. 3. (a) Muurrbay participants and leaders, pictured with DCCEEW 
insectivorous bat ecologists. (b) Weaving by Muurrbay was led by 
master weaver Aunty Lauren Jarrett (source: Kristy Pursch/DPIE). 

Fig. 4. Yarrawarra leaders and participants, with weaving lead by Lilly 
Clegg, pictured in the centre of the group (source: Kristy Pursch/DPIE). 

the community on golden-tipped bat conservation and the 
collaborative recovery program. 

Both Muurrbay and Yarrawarra elected to deliver the 
second year of the program (2023–2024) through a series 
of shorter, more intensive weaving sessions targeted at high 
school students. Yarrawarra project partners wove nests 
with Woolgoolga High School students over five 2-h sessions 
in August and September 2023. DCCEEW staff supported this 
work with an introductory presentation on golden-tipped bats 
at the school and an on-Country day at Sherwood Nature 
Reserve to explore golden-tipped bat habitat, locate yellow-
throated scrub-wren nests and demonstrate insectivorous-
bat survey techniques. At the same time, Yarrawarra project 
staff provided instruction on the identification and collec-
tion of suitable weaving materials. At the completion of all 
weaving sessions, when the roosting structures were finalised, 
students returned to Sherwood Nature Reserve with DCCEEW 
staff and Yarrawarra to install the woven roosts. Box 1 
contains a direct account from Yarrawarra’s golden-tipped 
bat Project Officer, Lilly Clegg, on the steps involved in 
weaving the roosts. 

In September 2023, Muurrbay project partners elected to 
host a 2-day bat camp on-Country with students from 
Nambucca Heads High School. This involved a master weaver, 
Muurrbay’s Golden-tipped Bat Project Officer, Community 
Elders, teachers from Nambucca Heads High School and 
DCCEEW project staff. Students explored golden-tipped bat 
habitat, located yellow-throated scrub-wren nests, observed 
insectivorous bat survey techniques and were guided by the 
master weaver in identifying and collecting suitable weaving 
materials. The students then wove roosts under the instruc-
tion and guidance of the master weaver, Muurrbay project 
officer and Nambucca Heads High School Aboriginal Support 
Officer. 

Roost deployment 
Project partners, weavers and students were all involved in 
the deployment of woven roosts to suitable locations on-
Country in September or October each year, ahead of the 
summer golden-tipped bat breeding season. Areas chosen 
needed to be easily accessible (preferably by two-wheel 
drive vehicle), requiring limited walking and avoiding areas 
with heavy vegetation, steep slopes or other physical hazards. 
Rainforest gullies with records of golden-tipped bats were 
identified and ground-truthed by DCCEEW staff prior to 
deployment. Woven roosts were deployed in clusters of three 
to five, spaced 100 m or more from the next, nearest cluster. It 
was thought this might assist golden-tipped bats to locate 
woven roosts and mimicked the natural distribution of 
yellow-throated scrub-wren nests in the forest. Fig. 2 shows 
roost-deployment locations. 

Roosts were hung along permanent streams or ephemeral 
drainage lines that carried water only during rain or wetter 
times. Initially, first- and second-order streams were targeted; 
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Box 1. Direct account from First Nations weaver Lilly Clegg 

‘In workshopping the creation of scrub wren nests for our local golden-tipped bats to roost in, we ended up experimenting with a few 
different weaving styles over the span of the project. We first incorporated twine weaving [Fig. 5], which is a traditional basketry 
technique of the Gumbaynggirr Peoples here on the Mid North Coast, but even to our human eyes it appeared to stand out too 
much and be too uniform, so we then switched to a random weave, which was more time consuming but succeeded in better 
emulating the random nature of the scrub-wren's weaving practice. 

We lashed strong structural fibres to a small branch (fibres like cordyline, ponytail palm and small, malleable branches) and we used these 
strong fibres as framework for a random weave, aiming for a longer pod shape, with a bundle of softer fibres inside for insulation and an 
avenue of entry on the underside of the nest. 

With these intentions in mind, the nests were wildly varied, some created full pods filled with soft, thatched date palm fibres inside, some 
created more conical designs that were more fanned-out at the bottom and redirected rain away from the core of the roost. 

To fill the space, some used strands of Lomandra sp., Dianella sp., processed cordyline and ponytail palm [Fig. 6], while others used a more 
bundled approach, lashing handfuls of fibres together to fill space quicker and create a more flood debris feel. 

Even during the creation process, these became the target of birds collecting their own nest fibres, sometimes taking so much they’d leave 
our woven nests in tatters. 

We put this down to a test of endurance and figured that birds would take fibres from the nests in the forest as well, so we aimed more 
towards strength and making sure we were more firmly anchoring fibres and bundles became an important step. 

The intricate tangle of hair-like roots and fibres used in the scrub-wren nests were very difficult to re-create. Some community members 
gathered their own roots to use, and others incorporated fibres from their back yards or local bush. When figuring out what fibres worked 
best, it was good to have a broad spectrum, especially if other people were going to use our project as a framework for re-creating roosts in 
their own communities. 

The roosts would need to be as light as possible to be better supported by nearby foliage and not get tossed about too much in the wind or 
snap the narrow branch it would be lashed to. We had to keep reminding ourselves that the more the nest looked like a piece of flood debris 
caught in the tree, the more likely a bat was to roost in it, and while it was difficult to come away from our traditional tight, uniform weaving 
practices, it was fun and challenging to branch out and do something different [Fig. 7]. 

The time each roost took to create was also quite varied. Some weavers spent a long time on just one roost, while others created three or 
four roosts of different shapes and sizes in the same amount of time, which I think comes down to which weaving practices the individual 
used and how efficient they were at these practices. The sizes also varied within a margin of about 30–60 cm [Fig. 8]. Some left long fibres to 
dangle from the underside of the roosts and others had tightly tucked undersides, which contributed to the nature of the experiment and 
the discovery of what the bats preference could be.’ 

however, for logistical and access purposes, larger third- and 
fourth-order streams were also used. Roosts were hung at 
heights of 1.75–2.5 m, by using 1 mm gauge black-coated wire 
in a manner mimicking natural pendulous yellow-throated 
scrub-wren nest positioning. As such, woven roosts were 
typically suspended from the ends of smaller branches that 
could support the weight of the woven structure, but which 
would yield readily under the weight of predators such as 
rodents, snakes or goannas. Flora species were not considered 
important for the selection of hanging locations, but generally 

comprised of riparian trees such as small-leaved lilly pilly 
(Syzygium luehmannii) or water gum (Tristaniopsis laurina). 
Roosts were preferentially hung in shaded areas over water 
to provide a suitable microclimate with high humidity and 
moderate ambient temperature. Locating woven roosts along 
drainage lines and over water would also allow for the natural 
removal of guano (bat faeces) from below the roost by running 
water. All the woven roosts, during both seasons, were 
placed in areas where golden-tipped bats had been recorded 
previously. 
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Fig. 5. Example of twine-weaving technique employed initially in the 
program. This style of woven roost was not observed to be used by 
golden-tipped bats (source: Yarrawarra Aboriginal Cultural Centre). 

Roost monitoring 
Woven roosts were monitored using 8–10 covert trail cameras 
(Reconyx HF2X Hyperfire 2; Fig. 9) set on a selection of roosts 
at each of three locations (Newry State Forest, Sherwood 
Nature Reserve and Wedding Bells State Forest). Cameras 
recorded still and video images of nightly activity, with the 
resulting imagery being downloaded, and batteries checked/ 
changed monthly. Camera settings were configured for the 
greatest sensitivity and targeting configuration for insectiv-
orous bats, while maintaining full-time monitoring of any 
activity associated with the roosts. Settings used included 
the following: motion picture On, pictures per trigger 10, 
picture interval Rapidfire, motion video On, video length 5 s, 
dynamic video Off, quiet period No Delay, sensitivity Very 
High, motion schedules 24 Hour and PIR type High Frequency. 
Cameras were placed on the nearest tree and angled upward 
towards the base of the woven nest they were set to monitor. 
Timber stakes or metal star pickets were not used to place the 
cameras closer to the nests because of risk of floods and 
disturbance to creek beds. Combinations of roosts and 
adjacent trees were chosen that would provide the shortest 
distance between the roost and the camera. Distances 
between roosts and cameras were between 3 and 5 m. 

Camera monitoring was supplemented for the duration of 
the program with monthly inspections by DCCEEW staff, 
occasionally accompanied by project partners. Inspections 
were conducted using a torch and burrow scope (where 
necessary) during daylight hours when a roosting bat might 
be in residence. Care was taken to not touch the hanging 

roost during monitoring to avoid disturbing potential residents. 
Most frequently, a torch was used to investigate the base of the 
woven roosts and any side gaps or crevices that could host a 
bat. Rarely, the burrow scope was used when the roost was 
too high to check confidently with a torch. Checking the 
roosts with a thermal camera was trialled but found to be 
ineffective. Photographs of the woven roosts were taken 
during each site visit to record their persistence and structural 
integrity over time. 

Results 

For the duration of the 2-year project, the two community 
groups and two high schools remained fully engaged. More 
than 60 members of the community (Indigenous and non-
Indigenous), and over 50 high school students (Indigenous 
and non-Indigenous) participated in weaving workshops, 
on-Country field days, yarning days and presentations about 
the golden-tipped bat and woven roost installations. Eight on-
Country field days were conducted to support learning about 
the golden-tipped bat and its habitat, harvest weaving 
materials and deploy roosts. In addition, DCCEEW staff spent 
a further 12 days monitoring roosts over the two seasons. In 
total, 68 woven roosts were deployed, 37 within Newry State 
Forest and 31 across Sherwood Nature Reserve and Wedding 
Bells State Forest. Monthly monitoring was conducted over a 
4-month period between October 2022 and January 2023 and 
over a 7-month period from October 2023 to April 2024. 

Connecting Indigenous knowledge and western 
science 
During project inception meetings, Uncle Gary Williams from 
Muurrbay gave a Gumbaynggirr name to the project; 
‘Girrimarring wiirrilgal bulany ngayanbading’. This translates 
in English as ‘Bat nest-type fur sun-like’. 

The western science perspective delivered by DCCEEW 
staff took the form of culturally appropriate presentations 
and informal discussions about the golden-tipped bat and 
its ecology at stakeholder and community meetings. This 
included sharing information about roost requirements for 
the species. DCCEEW staff also provided disused yellow-throated 
scrub-wren nests to project partners for examination and use 
as reference material. Museum specimens of golden-tipped 
bats were borrowed from the Australian Museum and were 
available for examination by project participants. Western 
scientific knowledge about golden-tipped bats was presented 
visually and verbally in an accessible form to community 
members not usually exposed to scientific presentations. 
Groups discussed ecological terminology and methods of 
ecological investigation. Reference books about bats and 
images of golden-tipped bat research were shared. Many 
participants were unfamiliar with golden-tipped bats, although 
most knew about insectivorous bats and had personally 
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Fig. 6. Examples of fibres and materials used for weaving (source: Yarrawarra Aboriginal Cultural Centre). 

Fig. 7. Examples of weaving in progress (source: Yarrawarra Aboriginal Cultural Centre). 

observed them in their local area. All participants had a strong 
desire to support recovery of the species by providing woven 
roosts in their local forests. 

It was an intention that DCCEEW staff attend weaving 
sessions in an ad hoc fashion, ensuring that the project 
partners had the opportunity to lead and own this aspect of 
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Fig. 8. Varied forms of woven nests (source: Yarrawarra Aboriginal Cultural Centre). 

Fig. 9. A remote camera trained on a woven roost (source: BathTime 
Productions). 

the project within their communities. An important outcome 
was that the ownership of the weaving group, woven roosts 
and their design was clearly attributed to Indigenous 
peoples’ skills and knowledge. 

Master and experienced weavers led weaving activities 
from which woven roosts were created. For most participants, 
this provided first-time exposure to a traditional Indigenous 
skill. In addition to passing on weaving skills, other cultural 
insights were shared, including knowledge of native plants, 
sustainable harvesting practices, native plant uses and prepara-
tion for use in weaving. Connection with the younger 
generation through the high school program was highly 
valued by Indigenous project partners. 

Woven roost deployment and use by 
golden-tipped bat 
In total, 37 roosts woven through the Muurrbay partnership 
were deployed in Newry State Forest in September 2022 

and October 2023. In total, 16 roosts produced through our 
Yarrawarra project partners were deployed in Wedding 
Bells State Forest in September 2022, and another 15 in 
Sherwood Nature Reserve in September 2023. 

In Sherwood Nature Reserve, the woven roosts were 
suspended over a larger fourth-order stream and in flatter 
topography than the creeks at the other sites. At the time of 
deployment, this site contained only a small number of 
disused, naturally existing suspended birds’ nests. By contrast, 
the creeks at Newry State Forest were narrower and contained 
more complex vegetation structure with smaller flyways. 
They ranged from second- to fourth-order drainage lines. At 
Wedding Bells State Forest, the creeks were similar in size 
but with less complex vegetation structure (larger flyways) 
than that of creeks in Newry State Forest and ranged from 
first- to third-order drainage lines. Deployment creeks at 
Newry and Wedding Bells contained a higher number of 
existing suspended birds’ nests than did those at Sherwood. 
At all creeks in all sites, the presence or amount of water 
changed over time, as was noted during roost monitoring. 

Most of the roosts deployed in 2022 remained in place by 
April 2024, although by October 2023, at least half had lost a 
considerable proportion of their biomass and were no longer 
suitable as artificial refuges for golden-tipped bats. 

No bats of any species were captured entering or leaving 
woven roosts on the covert trail cameras, despite setting 
the cameras to the most sensitive response possible. 
Although the cameras did not detect bats using the roosts, 
they detected two bats flying beneath and around a cluster 
of four woven roosts at Newry State Forest in January 2024. 
Cameras also recorded the following species investigating the 
roosts, which would have been missed if only direct human 
observation was used: fawn-footed melomys (Melomyes 
cervinipes), brush-tailed possum (Trichosurus vulpecula) and 
Lewin’s honeyeater (Meliphaga lewinii). Direct human 
observation undertaken incidentally while servicing the 
cameras also identified a brown gerygone nesting in one of 
the woven roosts, and evidence of bird nesting activity in 
one of the first-year roosts at the Wedding Bells (deployed 
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in 2022). A single, unidentified bat was observed flying 
between three clusters of woven roosts in Newry State 
Forest soon after dusk in September 2022. 

For the first 4 months of the second season, there was no 
evidence, either from camera monitoring or inspections, 
that golden-tipped bats were using the structures. However, 
during a monthly check in February 2024, two golden-tipped 
bats were observed roosting together in a woven nest installed 
at Sherwood Nature Reserve 5 months previously (Fig. 10). A 
return visit on the following day, again found two bats in the 
same roost. A further visit was made on the third day; 
however, no bats were found in any of the roosts at Sherwood 
Nature Reserve. In March 2024, two golden-tipped bats were 
again observed roosting together in a different woven roost at 
Sherwood Nature Reserve. No follow-up checks were made to 
reduce disturbance. In April 2024, three golden-tipped bats 
were observed roosting in yet another, different woven 
roost at Sherwood Nature Reserve. These bats were observed 
over three consecutive days and were filmed exiting this roost 
(Fig. 11, Supplementary material 1). No monitoring was 
undertaken in May 2024. In June 2024, none of the woven 
roosts were occupied by golden-tipped bats. All roosts 
recorded as being used by golden-tipped bats (Fig. 12) were  
deployed in October 2023. As individual bats were not 
marked in any way, we cannot determine how many 
individual bats, in total, have made use of the roosts. 

Community engagement, education, and project 
promotion 
A project like this relies heavily on the willingness of 
community volunteers to engage and participate in the 
weaving and creation of woven roosts. Project partners and 
DCCEEW staff promoted the project on their respective 
social media pages and websites, posted flyers about the 
project within their local communities and wrote newsletter 

Fig. 10. Roosting golden-tipped bats observed in a woven roost made 
for this program (source: Alicia Scanlon/DCCEEW). 

Fig. 11. An image from film taken of the golden-tipped bats existing a 
woven roost. A QR link to the video is provided in the Supplementary 
material 1, or, alternatively, the video can be sourced here (source: Alex 
Pike/DCCEEW). 

articles about the project to generate interest prior to project 
commencement. Social media posts, webpages and 
newsletters were also updated throughout the project. A 
recording of the golden-tipped bats emerging from a woven 
roost was taken under red lighting and shared with our 
Muurrbay and Yarrawarra project partners and on DCCEEWs 
You Tube channel (refer to Supplementary material 1). 

Key actions that kept participants engaged for the duration 
of the project were regular direct face-to-face interactions 
with project partners, the community of weavers and DCCEEW 
staff, exposure to the broader context of the project through on-
Country days and involvement in woven roost installation. A 
project video was also produced, to further promote the 
project (refer to Supplementary material 2). 

Following the completion of the 2022 weaving period 
and during the 2022–23 monitoring period, Yarrawarra 
Aboriginal Cultural Centre hosted a public exhibition titled 
‘Girrimarring wiirrilgal bulany ngayan-bading’ at Wadjar 
Regional Gallery. The exhibition ran from December 2022 
to February 2023 and included an array of woven roosts 
created by members of all weaving groups, plus sculptural 
installations of golden-tipped bats and orb-weaving spiders 
that were created by the community (refer to Supplementary 
material Fig S1). Photographic images of project partners and 
weavers creating woven roosts, exploring golden-tipped bat 
habitat on-Country, were included in the exhibition, along 
with text descriptions of golden-tipped bat ecology and the 
impact of the 2019–20 bushfires on the habitat of this species. 

Discussion 

This project presented the following specific question to two 
local Indigenous groups and sought their assistance to find a 
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Fig. 12. Deployed woven roosts known to have hosted roosting golden-tipped bats. Images from left to right 
show the order in which the roosts were found to contain golden-tipped bats. The third roost hosted three 
golden-tipped bats (source: Anna Lloyd/DCCEEW). 

solution: can we weave roosts for golden-tipped bats to help 
support their recovery in the wild? In doing so, the project 
challenged western-trained threatened species scientists 
engaged to deliver a government program to explore a novel 
conservation outcome through genuine connection and 
collaboration with Indigenous people. The project documented, 
for the first time, the successful use by golden-tipped bats of 
purpose-built artificial roosting habitat in the wild. Moreover, 
it found a model for two-way delivery where direct action, 
community engagement and community education can achieve 
the desired results, both in terms of practical species conser-
vation and Indigenous cultural practice. 

Engagement of Indigenous community in 
conservation projects 
The project presented both opportunities and challenges. 
A key opportunity was the inclusion of Indigenous and 
non-Indigenous school students as weavers. This created 
extended periods of intergenerational connection and knowl-
edge sharing and was a key outcome for Indigenous partners. 
Meeting over a common goal and aspiration and sharing 
knowledge in a natural and non-confrontational setting 
mirrored the way traditional weaving practices create space 
and enable relationship building. This was one of the many 
benefits of including Indigenous knowledge into the project. 

The project exposed a willingness and interest within local 
Indigenous communities to engage on environmental issues 
generally, and on threatened species conservation specifically. 
Community understanding of the ecology, behaviour, habitat 

use, threats and conservation of golden-tipped bats and other 
insectivorous bats was enhanced and underpinned the weaving 
process (see Box 2). Although not specifically measured, 
anecdotally, the project empowered Indigenous People to 
partner with Government and work towards supporting this 
and other threatened species in the region. 

This two-way conservation project was enhanced by using 
creativity and art as pathways to engagement and participa-
tion. These forms of expression clearly hold a space in 
Indigenous knowledge and culture. For example, although the 
structures woven by participants needed to serve a practical, 
ecological purpose, the project allowed for a great deal of 
variation and interpretation in design. As a result, there 
was broad artistic expression and sculptural aesthetic in the 
roosts. The exhibition of the woven structures prior to being 
deployed also presented a new pathway to communicating 
about the project and the bats to a different sector of the 
community (artists and art lovers). The exhibition also 
provided a more formal and ceremonial way to bring together 
project participants to celebrate the project. There is an 
increasing interest in the role of art in science and 
conservation projects (Curtis et al. 2012; Jacobson et al. 
2015; Harrower et al. 2018), and this project shows benefit 
in investment in the arts for conservation projects where a 
connection is clear. 

Through sound partnerships, the project also achieved 
intangible outcomes such as increased agency for Indigenous 
partners. At the outset, aims and methods for the project were 
based on Indigenous communities making their own decisions 
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Box 2. Quote from a non-Indigenous project partner 

Can western-trained environmental scientists and conservationists learn more about nature through genuine connection with Indigenous 
people? 

‘As a result of this experience, I have a deeper connection with nature than I had previously. This connection is a feeling; a genuine connection 
that previously occupied my mind as words, but that now lives in my heart as a feeling. This deeper connection with nature makes me feel 
confident and strong. Confident that we can problem-solve barriers to conservation. Strong in community, strong in connection with people 
and nature and strong in my own personal commitment to conservation.’ 

about how to respond to the specific question of using hand-
made roosts to support golden-tipped bat recovery. Indigenous 
partners and DCCEEW staff supported one another with their 
respective strengths, knowledge and experience in a collabora-
tion that was mutually respectful and trusting. Although this 
generally was fluid and natural, at times discipline was 
required to not over-step or over-direct an outcome. For 
government program partners, this was a key requirement in 
appropriately supporting all aspects of the project. 

The project also experienced some challenges, some being 
anticipated, whereas others were unexpected. Engagement 
with the wider (Indigenous and non-Indigenous) community 
on a conservation issue is generally approached via social 
media, webpages, newsletters and flyers. However, on this 
occasion, targeted engagement with Indigenous community 
members required different approaches. As the project 
developed, western partners learned about some of the 
challenges and barriers faced by Indigenous People beyond 
meeting daily personal and family obligations. For example, 
limited financial resources can prohibit people from giving 
time to volunteer activities, the logistics and costs of travel 
to and from volunteer activities can be difficult to meet, and 
health or other issues may limit mobility, especially for elder 
community members and knowledge holders when a project 
requires on-Country activities in untracked forest terrain. 

Cultural safety of project participants needs to be 
prioritised to minimise the risk of culturally inappropriate or 
offensive behaviour from other volunteers or members of the 
public. This can be particularly difficult to manage across 
social media platforms and will require targeted and 
nuanced engagement across Indigenous and non-Indigenous 
participants and community members. 

Promotion of projects such as this one within mainstream 
media also requires careful management. We found, for 
example, that particular care was needed when engaging the 
media to reduce the risk of unintended omissions or errors in 
reporting that may negatively affect partner relationships or 
could also affect project partners personally within their 
communities. 

As for any project, continuity of individual participants can 
create challenges, but for Indigenous communities and 

organisations, filling gaps left behind can take longer, or roles 
may need to change to suit a new, incoming person with a 
different skill set or with different cultural relationships 
and knowledge. 

Securing funding to support untrialed and unconventional 
conservation actions is a further challenge in a competitive 
financial environment. Funding bodies routinely favour 
projects that can deliver measurable conservation actions 
delivered using known techniques and methods. When funding 
is secured for innovative projects, such as the golden-tipped bat 
roost weaving project, resourcing can be short-term, often 
funding only a ‘pilot’ project. This makes it difficult to provide 
the certainty needed for longer-term partnerships and 
engagement. This project was funded through several, short-
term budgets, providing limited financial security for the 
project and its participants, and compromising medium- to 
long-term project planning. 

Providing space and time for listening, connecting, and 
sharing culture and knowledge has been important in the way 
this project has successfully blended Indigenous knowledge 
with western science. Western program-delivery models 
generally value high-output production, with productivity 
linked to pre-determined deliverables or tasks, all being 
achieved within structured project management frameworks 
and according to strict timeframes. Although it can be 
challenging to break away from this model and make the 
time and space for authentic and successful collaborations, 
the benefits to species conservation, partnerships and 
Indigenous cultural practice are significant. 

Use of woven structures by golden-tipped bats 
The project has produced preliminary evidence that golden-
tipped bats in the wild will make use of artificial structures 
designed to augment habitat features in areas where they 
may have been depleted, such as following natural disasters 
such as wildfires. Further iterations of this project and resulting 
observations will help resolve which features make the chosen 
roosts successful. The three structures that are known to have 
been used so far all provided a well-sized, dark and weather-
proof space in the base of the roosts. In one of the woven 
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roosts that was occupied, we noted that the bats made use of a 
side gap that was present in the design. We also noted that these 
characteristics were present in other structures that have 
not yet been recorded as occupied. Some of the unoccupied 
roosts are significantly smaller, lacking in obvious entry gaps 
and internal chambers that bats can utilise or that may allow 
significant amounts of light and rain to penetrate. 

During this stage of the project, golden-tipped bat use of 
woven roosts was able to be determined only when the bats 
were in residence, because golden-tipped bats leave little 
evidence of their presence. In the future, surface swabs of 
the inner parts of the woven roosts will be collected and 
analysed for the presence of golden-tipped bat DNA to trial 
if this can provide a more accurate picture of usage. So far 
during this project, covert trail cameras have been unable to 
reliably capture evidence of occupation. Achieving the right 
camera placement and settings to trigger an image or video 
of a golden-tipped bat entering or leaving a roost remains 
challenging in the densely vegetated rainforest setting of 
this project. Covert trail cameras have been used to capture 
images and video of insectivorous bats entering and leaving 
roosts in tree hollows and bat boxes by researchers on other 
projects (Rueegger 2017; Honey et al. 2021; Best et al. 2022; 
Gonsalves et al. 2024). Refinement of camera placement may 
improve detection rates of golden-tipped bats at woven roosts 
during future iterations of this project, and alternative 
methods to detect use of the woven structures by roosting 
golden-tipped bats is also planned. 

Deterioration of the physical integrity of woven structures 
was noted 12 months after deployment. This result was 
expected, given that the woven roosts are constructed from 
natural materials that will decay and break down over time. 
Yellow-throated scrub-wrens refurbish their nests when they 
are used and it is expected that the woven roosts would 
require repair, replacement or supplementation on an 
annual basis if they were to remain in use for longer periods. 

In the first season, roosts deployed at the Wedding Bells site 
were made with emphasis on traditional basketry weaving 
techniques. Some included features that replicated the detail 
of a natural yellow-throated scrub-wren nest, comprising an 
entry hole and chamber that would normally accommodate 
a nesting bird. Two separate nesting events occurred in these 
first-year nests, but no golden-tipped bats were recorded 
using these structures. 

The three woven roosts used by golden-tipped bats were all 
from the second season of weaving and were located within 
the same creek at Sherwood Nature Reserve. Second-season 
roosts were less structured and more random in their weaving 
method and design than were first-season roosts (refer to 
Box 1). They also contained various forms of loose material 
at the base to allow room for and entry of bats and had an 
overall ‘bell’ structure. By the second year of the program, 
the weavers were mindful of accommodating a more open 
base, and there was less focus on replicating all the features 
of the bird-woven nests. The third deployment site at Newry 

State Forest contained woven nests created during both years of 
the program; however, no use by golden-tipped bats was recorded. 

Searches for yellow-throated scrub-wren nests (and brown 
gerygone nests – although these are less obvious) at all sites 
where woven roosts were deployed suggested there were 
fewer suspended birds’ nests at Sherwood Nature Reserve 
than at Newry and Wedding Bells State Forests. It is possible 
that the lower availability of suspended bird nests played a 
role in golden-tipped bat uptake of woven structures at 
Sherwood Nature Reserve. 

Bats can take a long time to start using artificial or 
introduced habitat features and so it is possible that over 
time, more woven roosts across all sites may be taken up by 
golden-tipped bats. Being woven of natural materials, the nests 
have been observed to deteriorate over time, so woven-roost 
longevity needs to be considered for the situation for which 
roosts are deployed. We plan to investigate ways to increase 
longevity with future weaving programs. This could include 
increasing the bulk of the woven roosts or incorporating 
alternative materials. 

Conclusions 

This project demonstrated that blending of Indigenous 
knowledge and western science can achieve solutions to 
complex conservation problems. We will continue to refine 
this model for engagement with local Indigenous groups 
because it holds great potential to be adapted to other 
conservation challenges. We plan to document the project 
processes so that other communities living in areas with 
golden-tipped bats may also assist with the provision of 
artificial roosting habitat and actively take part in delivering 
conservation actions in response to golden-tipped bat habitat 
loss. Our project relied on volunteers weaving the roosts, with 
project coordination and weaving instruction being funded 
through external grants. Western science inputs and monitoring 
were provided in-kind by staff from the NSW Department of 
Climate Change, Energy, the Environment and Water. Roost 
deployments were undertaken by volunteers, externally funded 
project partners and DCCEEW staff. The  cost-effectiveness of 
weaving roosts for golden-tipped bats will depend on how the 
project is structured and delivered. Our implementation model 
provides a cost-effective method of securing artificial roosts for 
golden-tipped bats; however, it is reliant on significant 
volunteer time and in-kind time provided by Indigenous groups 
and NSW DCCEEW staff. Building and fostering relationships 
takes time, but pays dividends when projects rely on the 
goodwill of volunteers. 

Supplementary material 

Supplementary material is available online. 
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