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Cross-cultural collaboration leads to greater
understanding of the rare Spectacled Hare-wallaby
in the west Kimberley, Western Australia
By Michael L. Wysong , Pius Gregory, Alexander W. T. Watson , Leigh-Ann Woolley ,
Christopher W. Parker , Yawuru Country Managers, Karajarri Rangers and Nyikina
Mangala Rangers
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Summary Cross-cultural collaboration between Yawuru Country Managers (Rangers)
and WWF-Australia ecologists led to new detections of the Spectacled Hare-wallaby (SHW),
(Lagorchestes conspicillatus) in the west Kimberley region of Western Australia where it
was presumed to be locally extirpated. This collaboration relied on the expertise of the
Yawuru Country Managers to select specific locations for targeted field surveys and
resulted in the confirmation of SHW on the Yawuru IPA for the first time in a decade. Sub-
sequent remote camera trap surveys over a larger area included collaboration with two addi-
tional neighbouring Indigenous ranger groups, Karrajarri and Nyikina Mangala. These
surveys investigated the spatial and temporal relationship between SHW and other mam-
mals which may threaten (e.g., feral Cat [Felis catus], Dingo [Canis familiaris dingo]) or
compete (e.g., Agile Wallaby [Macropus agilis]; Cattle [Bos taurus]) with them. We found
a negative relationship between SHW and cat activity, suggesting that cats may limit the
activity or abundance of SHW. Temporal portioning was evident between SHW and both
Cattle and Agile Wallaby suggesting that SHW may avoid times when these species are
most active. Further, we found a negative relationship between SHW occurrence and dis-
tance to fire scar edge burnt in current or previous fire season. This edge habitat is likely
important to SHW because they may require recently burnt areas to forage and dense
unburnt areas to shelter. This project highlights the benefits of cross-cultural research
and monitoring partnerships with Indigenous rangers as active observers and managers
of their traditional lands.

Key words: Camera traps, cross-cultural partnerships, Dampier Peninsula, Indigenous
knowledge, Indigenous Protected Area, Indigenous rangers, Yawuru.

Implications for
Managers

� Investment in cross-cultural col-

laboration optimised survey

effort by incorporating local

Indigenous knowledge of Coun-

try to identify monitoring sites.

� Localised feral Cat management

efforts could target recent fire

scar edges where SHW occu-

pancy and vulnerability to feral

Cat predation is highest.

� Cool-season, low-intensity patch

burning is likely to benefit SHW

populations by stimulating new

vegetation for foraging while

preserving long unburnt habitat

important for shelter.

� SHW and cattle activity was

temporally segregated. Cattle

management interventions such

as exclusion fencing could bene-

fit SHW populations due to

reduced competition for food

resources.

Introduction

Indigenous people commonly possess

intricate knowledge of their environ-

ment and specialised observation skills

that are valuable for informing biodiversity

conservation and natural resource man-

agement (Mistry & Berardi, 2016). As col-

laborators in ecological field research,

Indigenous people often have particular

expertise in finding and tracking fauna

(Ward-Fear, et al. 2019; Paltridge, et al.

2020), locating rare flora (Sheil & Lawr-

ence 2004) or detecting subtle changes

in the environment and climate (Prober

& O’Connor 2011)—skills that are vital
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for monitoring and managing natural

resources. Increasing recognition of the

contributions of Indigenous peoples and

their traditional knowledge has led to the

development of many cross-cultural pro-

grams and projects that seek to protect

biodiversity and prevent natural resource

degradation (Berkes 2009; Ens et al.

2015).

In Australia, Indigenous Protected

Areas (IPAs) provide opportunities for

Aboriginal and Torres Strait Islander com-

munities to manage their traditional terres-

trial and marine landscapes for the

protection of natural resources, biodiver-

sity and cultural heritage values (Godden

& Cowell 2016). Formal IPA declarations

are consistent with IUCN protected area

definitions and guidelines and represent

voluntary arrangements with the Aus-

tralian government in exchange for the

investment of resources to implement

management (Smyth 2015). Currently,

IPAs comprise nearly half of the total area

in the Australian National Reserve System

making them a valuable contributor to

national and international objectives for

protecting biodiversity (Australian

Government Department of Agriculture

Water & Environment 2021).

To assist Indigenous communities in

implementing IPA management, the Aus-

tralian government provides funding for

Indigenous rangers to work as

community-based stewards on their tradi-

tional ancestral lands (Reed, et al. 2020).

With a wealth of local and traditional

knowledge of their environment, Indige-

nous rangers are a key asset to the IPA pro-

gram. However, Indigenous rangers and

IPA programs often lack the technical

expertise in science-based monitoring

that, together with Indigenous knowl-

edge, can be combined to inform IPA man-

agement (Wiseman & Bardsley 2016) in

what has been called two-way (Ens

2012) or cross-cultural ecology (see arti-

cles within this special issue).

To strengthen the individual technical

capacity of Indigenous rangers and

improve the capacity of IPA programs for

science-based monitoring, Indigenous

communities often develop partnerships

with research intuitions, government

agencies or conservation NGOs with

expertise in contemporary natural

resource management. Effective cross-

cultural partnerships require respectful

engagement, collaborative project devel-

opment and a two-way approach that inte-

grates traditional knowledge, Indigenous

perspectives and skills with science-

based monitoring (Ens, et al. 2012).

The Spectacled Hare-wallaby

(SHW)

The Spectacled Hare-wallaby, (Lagorch-

estes conspicillatus) (henceforth SHW) is

the largest of all Hare-wallaby species,

ranging in weight from 1.6 to 4.5 kg. They

have short ears and a stocky build with

shaggy brown fur and a distinctive orange

ring of fur around the eyes, giving the ani-

mal their name (Burbidge & Johnson

1995). SHW occur in open forests and

woodlands, tall shrublands and tussock

or hummock grasslands throughout much

of their range (Ingleby & Westoby 1992;

Burbidge & Johnson 1995). Individuals

are nocturnal and rely on an understory

of dense grass tussocks or shrubs for shel-

ter allowing them to evade predators and

conserve water during extreme daily tem-

peratures frequently more than 40°C
(Ingleby & Westoby 1992). Evidence sug-

gests that SHW are selective feeders pre-

ferring to forage on colonising soft forbs,

herbs, and grasses. Hence, preferred habi-

tat for the species likely requires a combi-

nation of dense grass or shrubs for

daytime shelter as well as suitable loca-

tions of colonising plants for foraging

(Ingleby & Westoby 1992).

Over the past several decades, the dis-

tribution and abundance of the mainland

subspecies of the SHW—once wide-

spread across the northern half of Aus-

tralia—has been declining across its

range but most notably within Western

Australia (Ingleby 1991). Small, isolated,

and declining populations of SHW now

occur in the Pilbara and Kimberley

regions of Western Australia (Winter &

Woinarski 2016). In the Kimberley, only

a handful of SHW records are docu-

mented. However, senior Indigenous peo-

ple in the region recall that the species

was previously more common in the

southern portion of its range up until

the late 1960s (Burbidge, et al. 1988)

and that it was abundant on Dampier

Downs station (18° 30.3750 S 123°
27.4720 E) and parts of the Dampier

Peninsula up until the 1980s (Ingleby

1991). Notably, the SHW features in local

lore among Indigenous cultures in the

region. Prior to this study, the last known

record from the western Kimberley was a

roadkill in July 2004 on Roebuck Plains

Station (Atlas of Living Australia 2021), a

pastoral station held in exclusive native

title position by the Yawuru Indigenous

community.

Likely factors for the population decli-

nes and range contraction of the SHW are

habitat alteration by introduced herbi-

vores or large fire events and predation

primarily by the feral Cat (Felis catus)

(cats) (Ingleby & Westoby 1992; Winter,

et al. 2016). Importantly, these threats

are not only singular but also interactive

(Legge, et al. 2019). For example, cats

have been found to actively seek out

areas affected by high-intensity fires, as

they hunt more efficiently in areas with

reduced vegetation ground cover (McGre-

gor, et al. 2015). Likewise, large herbi-

vores, e.g., Cattle (Bos taurus) (cattle),

further reduce cover over extended peri-

ods when they have access to burnt areas

as they selectively graze new green pick

(Legge, et al. 2019). Therefore, SHW

likely face competition with large herbi-

vores at foraging sites and simplification

of habitat structural complexity by large

herbivores and severe wildfires at their

shelter areas. These impacts are likely

compounded by the interactive effects

of cat predation in areas of reduced habi-

tat cover.

In this study, we describe a cross-

cultural partnership between scientists

from the World Wide Fund for Nature

(WWF) and both Indigenous rangers

and non-Indigenous members of the

Yawuru IPA program (hereafter the

Yawuru IPA team) which led to new

detections of the SHW in the west Kim-

berley where it was presumed to be

locally extirpated. We used a two-way

monitoring approach which relied on

local Indigenous knowledge and under-

standing of Country to inform initial field

surveys and searches for SHW sign. We

then conducted additional surveys across
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a larger area collaborating with two addi-

tional neighbouring Indigenous ranger

groups. We used the results from this

second survey to investigate the spatial

and temporal relationship between

SHW and other sympatric medium- and

large-sized mammals which may threaten

or compete with SHW. Specifically, we

examined the potential for these sym-

patric mammals to exert a limiting effect

on SHW activity and whether there was

temporal separation between SHW and

these other species. Finally, we exam-

ined the capacity of a number of remo-

tely sensed environmental variables,

related to SHW ecology, to affect occur-

rence of the species at the study site.

Methods

Study site

The study was conducted in the west

Kimberley region of Western Australia

approximately 40 km ESE of the town-

ship of Broome (Fig. 1a). The study site

comprises several different land tenure

designations. Initial surveys began in

2014 on Roebuck Plains Station, a

2,760 km2 active cattle station under

Yawuru exclusive possession native title

and includes significant cultural and

environmental areas that later became

part of the Yawuru IPA. The Yawuru

IPA includes 1,118 km2 (40.5%) of Roe-

buck Plains Station and at the time of

its designation in 2008, was the first

IPA declared over portions of a commer-

cial cattle station. In 2017, surveys were

expanded to include adjacent land

tenures including Unallocated Crown

Lands to the south, which has since

become the 2,193 km2 Birriman-gan

native title determination after a joint

claim by Yawuru, Karajarri and Nyikina

Traditional Owners was awarded in

2019.

The study site is classified as semi-

arid tropical savanna with irregular,

summer-dominated, monsoonal rainfall

averaging 626 mm annually. The pri-

mary vegetation type is defined as

Dampierland ‘pindan’ dominated by

Acacia tumida and A. eriopoda shrub-

lands with occasional overstory of euca-

lypts and sparse hummock or bunch

grasses understory (Kenneally & Edin-

ger 1996). Fire is a natural ecological

process in the region during the dry

season following the accumulation and

curing of profuse wet season grass

growth (Russell-Smith et al. 2003).

Initial consultations

In July 2014, after reviewing the most

recent historical sightings of the SHW in

the Kimberley and determining these

were likely on Yawuru native title, scien-

tists from WWF worked with the Yawuru

IPA team to design a cross-cultural collab-

orative project to search for this

culturally-important, declining species.

During project development, we fol-

lowed principles of co-design and two-

way knowledge sharing developed by

Traditional Owners in the region (Austin

et al. 2017) and Yawuru Country Man-

agers were employed on a Fee-For-

Service basis. The project was broadly

supported by Yawuru Traditional Owners

because it aligned with several key values

and targets in the Yawuru IPA plan

(YRNTBC, 2014) including the protection

of threatened and culturally-important

species, capacity building and the inter-

generational transmission of knowledge.

The project also aligned with the WWF

Australia strategic plan (WWF-Australia.,

2011).

After initial meetings with WWF staff,

Country Managers engaged Yawuru

Elders to help identify likely sites to

locate SHW based on cultural knowledge

Figure 1. (a) Location of the study sitewithin thewest Kimberley region ofWestern Australia showing various land tenures and location of 2017 camera

traps and (b) location of initial surveys in 2014 and 2015. The red box in (a) shows the extent in (b).
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of the species. The project team subse-

quently met on the Yawuru IPA for a half

day planning session to further develop

the project (Fig. 2a). At this meeting,

the team reviewed historical location data

and published literature on SHW ecology

and their preferred habitat. Based on this

information and Yawuru Country Man-

agers knowledge of Country and consul-

tations with Elders, the Yawuru Country

Managers recommended specific sites

they believed would contain suitable

habitat for SHW.

‘We talked to our community and Tra-

ditional Owners about identifying the

habitat we should be looking in. We

asked the old people about whether they

had seen these animals before and this

knowledge was used to decide where

we should survey’. – Eduardo Maher,

Yawuru Country Manager.

Seven sites were initially chosen at Roe-

buck Plains Station to survey for SHW in

October 2014 including four in the IPA

and three outside of the designated IPA

area (Fig. 1b). Sites were spaced a mini-

mum of 500 m apart and located at least

20 m from any unsealed track.

Initial field surveys

Initial surveys for SHW included scat and

track searches and deployment of motion

detector cameras. To conduct scat

searches, a team of 4–6 members of the

cross-cultural team, including Country

Managers and WWF researchers, tra-

versed an area of ˜2 ha for a minimum

of 20 min, looking for potential tracks

and trails at each of the identified sites

(Australian Government Department of

Sustainability Environment Water Popula-

tion & Communities, 2011; Fig. 2b). Puta-

tive SHW scats were collected in paper

bags and sent to a specialist laboratory

(http://www.scatsabout.com.au) for iden-

tification. At each site, a passive white

flash motion detector camera (Scout-

Guard SG560C; ScoutGuard Australia,

Molendinar, QLD, Australia) was

deployed (See Appendix S1: Detailed

methods, for details of camera trap

deployment).

Sites where positive SHW sign was

detected were surveyed again twice fol-

lowing the wet season: once in May and

again in June 2015.

Expanded camera trap

surveys with neighbouring

Indigenous rangers

After confirming the presence of the

SHW on Yawuru Country in 2014 and

2015, surveys were expanded to include

a larger portion of the Yawuru native

title estate as well as a portion of Unallo-

cated Crown Lands to the south where

the Yawuru, Nyikina and Karajarri peo-

ples have ancestral ties (Fig. 1a). As a

result, we collaborated with Nyikina

Figure 2. (a) Initial project inception meeting between WWF and Yawuru Land and Sea team on the Yawuru IPA, (b) Yawuru elder Jimmy Edgar

(foreground) searches an area for SHW sign with members of the cross-cultural project team, (c) Karajarri and Nyikina Mangala Rangers meet with

Yawuru Country Managers and Land and Sea staff together with WWF scientists on the Yawuru IPA to discuss the project and plan camera trap

deployments ahead of the 2017 surveys, (d) at the camera trap—from left to right: Braedon Taylor (Karajarri Ranger), Yawuru Elder Jimmy Edgar,

and Yawuru Land & Sea team members Julie Melbourne and Michael Wysong review a camera trap set up during the 2017 surveys, (e) Yawuru Coun-

try Managers, and Karajarri and Nyikina Mangala Rangers convene for a half-day training on using the eMammal platform for processing camera trap

images—left to right: Vaughn Lee and Pius Gregory (Yawuru Country Managers), (f) from left to right: Yawuru IPA coordinator Michael Wysong, and

Yawuru Country Managers Johani Mamid, Eduardo Maher and Jacob Corpus present the results of the SHW project at the 12th International Mammal

Congress in Perth.
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Mangala and Karajarri Ranger groups and

co-developed the next phase of the pro-

ject. All three ranger groups, including

the Yawuru Country Managers, subse-

quently met during a half day field visit

to share knowledge of the SHW and dis-

cuss preferences for subsequent surveys

(Fig. 2c).

Over a three-day period in June 2017,

the Yawuru IPA team, WWF scientists

and Indigenous rangers and staff from

the Nyikina Mangala and Karajarri Ranger

groups deployed 40 passive infrared

motion detector cameras (SpyPoint Solar;

GG Telcom, Victoriaville, QC, Canada)

across the study site (Figs 1a, 2d). Both

historical and recent sightings of SHW

from the initial surveys were used to

inform camera trap deployment. How-

ever, the team also targeted new areas that

the rangers believed were good habitat for

SHW but which lacked any record of the

species (See Appendix S1: Detailed meth-

ods, for details of camera trap deploy-

ment).

We used eMammal (http://www.

emammal.si.edu) to compile, store and

identify all camera trap photos. As part

of the collaboration, rangers attended a

half day training workshop on the eMam-

mal platform (Fig. 2e). Staff and rangers

made initial species identifications, which

were subsequently reviewed for accuracy

by fauna specialists on the team and other

experts.

Data analysis

Spatial activity

We calculated the relative activity index

(RAI),which is the total numberof indepen-

dent photo events per 100 camera trap-

nights, for all species or groups of species

that could be reliably identified and where

independent captures were defined as

those separated by 30 min ormore.We cal-

culated thena€ıve occupancy for SHWbased

on the percentage of camera trap sites with

positive detections of the species.

To examine the spatial relationship

between SHW and other mammals in our

study, we compared the RAI of SHW and

other species considered potentially

impactful to them including: predators

(cats and Dingo [Canis familiaris dingo]),

large non-native herbivores (cattle) and

potential competitors (Agile Wallaby

[Macropus agilis]). To determine the

potential for these mammals to exert a lim-

iting effect on SHW activity, we conducted

quantile regressions of RAI at individual

camera trap sites for paired species com-

parisons (Brook et al. 2012; See

Appendix S1: Detailed methods, for details

on quantile regressions).

Temporal activity

To examine the potential for temporal

separation between SHW and other mam-

mal species, we created pairwise density

plots in the package OVERLAP version

0.3.3 (Ridout and Linkie 2009) using the

timestamp data from remote camera trap

images (See Appendix S1: Detailed meth-

ods, for details of density plot fitting and

analysis).

Occupancy

We collected a set of six remotely-sensed

explanatory environmental variables that

have the potential to influence the distri-

bution of the SHW in the west Kimber-

ley (Table 1). Variables were related to

either water availability, vegetation or

fire because we believed these were

likely drivers of SHW occurrence based

what is known about this and other sim-

ilar wallaby species (Ingleby & Westoby

1992; Radford, et al. 2014; Reid 2019).

We attributed all camera trap locations

to each environmental variable using

ArcGIS (v.10.7.1 ESRI, Redlands, Califor-

nia, USA) and then standardised each

set of variables by subtracting the

mean and dividing by the standard

deviation.

We used single-season occupancy mod-

els to examine the likely influence of envi-

ronmental variables on the occupancy of

SHW at the study site. No pairs of variables

showed a Pearson’s correlation >0.53 and

were thus all included for analysis (See

Appendix S1: Detailed methods, for

details of occupancy model fitting).

Table 1. Description of environmental variables and method of calculation for use in occupancy modelling of the SHW in the west Kimberley region

of Western Australia

Variable Description Method of calculation

Time since
fire

Integer number of months since last fire starting with
June 2017 = 0

Calculated from 2000 to 2017 ‘firescar by year’ data downloaded from
North Australia Fire Information (NAFI)

Long-term
fire frequency

Integer number of years fire has occurred at site over
past 15 years

Calculated from 2000 to 2017 ‘long-term fire frequency’ data
downloaded from NAFI

Fire intensity Categorical variable indicating fire intensity from low (1)
to high (5) based on month last burn occurred

Downloaded 2000–2017 NAFI ‘firescar by year’ data, sorted by date for
most recent burns, binned as: 1 = Jan-Apr, 2 = May-Jun, 3 = Jul-Aug, 4
= Sep-Oct, 5 = Nov-Dec

Distance to
fire edge

Distance to the nearest fire scar edge for 2016 and 2017
fires up until deployment of cameras

Download 2016–2017 ‘firescar by year’ data from NAFI, generated a
Euclidean distance raster from each polygon in ArcGIS

Distance to
drainage line

Distance to closest natural drainage line Shuttle Radar Topography Mission 30 m DEM layer downloaded from
USGS, added as input model in ArcMap hydrology toolbox, flow
accumulation threshold of 15,000 used to generate stream lines,
calculated distance using Euclidean distance tool

Vegetation
cover

Annual normalised difference vegetation index (NDVI) Downloaded Landsat 8 OLI/TIRS C2 L2 rasters from USGS for 31 Jul
2017, Band 4 (Red) & Band 5 (NIR), calculated NDVI and applied mean
filter in ArcGIS using focal statistics tool with a window size of 150 m

Fire data downloaded from the NAFI website http://firenorth.org.au. USGS data downloaded from http://earthdata.nasa.gov.
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Results

Initial field surveys

SHW scats were positively identified from

three of the seven sites surveyed in 2014

(sites A, E and G, see Fig. 1b) all of which

were outside the designated IPA area on

Roebuck Plains Station. In addition,

remote cameras recorded SHW presence

at two of these three sites (E and G). From

observation of camera images, these cap-

tures likely represent one individual at

each location (Fig. 3a,b). One cat and

one Dingo were also detected at site C.

In May and June 2015, cameras were

redeployed at sites A, E and G. In May, a

single pair of SHW (one male and one

female) was recorded at site G. In June, a

single pair was detected at site E ~ 6 km

away (Fig. 3c,d). A cat was detected at site

G in May.

Expanded camera trap survey

A total of 1,295 independent photo cap-

tures occurred over 2,160 camera trap-

nights from 39 cameras. One camera failed

and was not included in the analysis. We

recorded 44 identifiable mammal and bird

species, and 121 captures that could not

be identified to species (see Table S1,

available as supplemental material for

details of all species detected and their

RAI). Over the total deployment period,

there were 67 independent photo cap-

tures of SHW from nine cameras. The

na€ıve occupancy for SHW at the study site

was 23.1%.

Spatial activity

Cat activity was correlated with SHW

activity at the 75th, 95th and 99th quan-

tiles but not at the 50th quantile indicating

a negative relationship between the two

species when cat activity was high

(Fig. 4a). Where cats were rare or not

recorded (i.e. RAI < 3.0), the RAI of SHW

ranged from 12.3 to 23.7. As cat RAI

increased, SHW records declined. When

cat RAI was above 5.0, SHW were only

detected at one of nine sites and SHW

RAI was only 1.6 at this site. We did not

find significant evidence that SHW activity

was correlated with any other species

detected (Fig. 4b–d).

Temporal activity

SHW exhibited weak crepuscular activity

with a moderate peak at ~7:00 pm fol-

lowed by a stronger and more sustained

peak between ~11:00 pm and 1:30 am

(Fig. 5a,b). On the other hand, cats, cattle,

and Agile Wallaby all exhibited more pro-

nounced crepuscular activity with strong

peaks around sunrise and sunset

(Fig. 5a–d). SHW exhibited a 74% tempo-

ral overlap with cats (D4 = 74% (95% CI:

64%–87%)), a 59% overlap with cattle

(D4 = 59% (95% CI: 39%–61%)), a 73%

overlap with Agile Wallaby (D4 = 73%

(95% CI: 64%–82%)) and a 58% overlap

with Dingo (D1 = 58% (95% CI: 38%–
81%)). The peak in SHW activity time

was significantly different from cats, cat-

tle, and Agile Wallaby but not Dingo

(Watson-Wheeler test for homogeneity of

angles between SHW and: cats

(W = 12.6, P = 0.002), cattle (W = 37.9,

P < 0.001), Agile Wallaby (W = 19.9,

P < 0.001) and Dingo (W = 5.2,

P = 0.07)).

Occupancy models

The results of model selection for the six

competing occupancy models showed

that only the model with distance to fire

edge outperformed the null model

(Table 2). Back-transformed model esti-

mates showed a negative relationship

between SHW occupancy and distance

to fire edge (Fig. 6). We found a signifi-

cant difference between the median dis-

tance to fire where SHW were detected

on camera and where they were not

(Mpresent = 335 m, Mabsent = 4,540 m;

Kruskal–Wallis test: H = 5.22, P = 0.02).

The probability of detection for SHW from

our best performing model was 0.12 (95%

CI: 0.096–0.15).

Discussion

Cross-cultural partnerships between

Indigenous peoples and scientists can be

a highly effective approach to biodiversity

monitoring producing outcomes that are

beneficial to both parties and strengthen-

ing monitoring and research results (Ens,

et al. 2012). We used a two-way ecological

research approach that relied on the

Figure 3. Camera trap detections of SHW on the Yawuru native title estate from sites E (a) and

G (b) in October 2014 and again from site E in May 2015 (c) and June 2015 (d). See Fig. 1b for site

locations. Prior to the detections in 2014, the species was presumed extinct from the region.
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traditional knowledge of Country and field

expertise of the Yawuru Indigenous Coun-

try Managers (Rangers) combined with sci-

entific monitoring methods to inform field

surveys for the rare SHW in the west Kim-

berley region of Western Australia. The

approach led to new detections of the spe-

cies on Yawuru Country after it had not

been previously observed in the region

for 10 years (Anonymous 2014). This

research attracted national and interna-

tional media attention, rekindled Yawuru

cultural interest in the species, and

prompted additional surveys for the spe-

cies across a larger geographic area involv-

ing the neighbouring Karajarri and Nyikina

Mangala Indigenous Ranger groups.

The two-way research approach

deployed in this study relied on Indige-

nous knowledge of Country to select

monitoring sites and search for scats and

tracks. The Yawuru Country Managers

selected initial survey sites by integrating

their knowledge of Country with informa-

tion they had learned about SHW ecology

from the science-trained ecologists on our

team. Following the initial surveys,

Yawuru Country Managers helped inform

subsequent monitoring locations, recom-

mending additional survey sites to the

south and the west where they believed

the habitat was similar. Subsequent cam-

era trap surveys positively identified

SHW from sites in this area.

The advantages of two-way or cross-

cultural partnerships for improving

science and monitoring outcomes is often

unacknowledged or underestimated,

although there is increasing recognition

in Australia (Ens 2012; Bohensky & Butler

2013; Ens, et al. 2015; Vigilante, et al.

2017; Ward-Fear, et al. 2019) and globally

(Bohensky & Maru 2011; Teng€o, et al.

2014). This study is consistent with these

works and demonstrates that cross-

cultural partnerships can be a strong dri-

ver of project success, which in this pro-

ject included the discovery of new

populations of a culturally important,

declining species and recommendations

for ongoing management for the Yawuru

land managers. The collaborative two-

way approach of the survey contributed

to project success and enabled further

investigation into other aspects of SHW

ecology.

‘The project was two-way learning –
you learning off us and us learning

off you. Western science and Tradi-

tional Knowledge coming together.

Western science brought us new

research skills and tools and we

brought thousands of years of

knowledge of our Country, as well

as the skills and knowledge of our

Country Managers who have the

responsibility to look after the health

of our Country’. – Pius Gregory

Yawuru Senior Country Manager.

We found a negative relationship

between SHW and cat activity and a sepa-

ration in temporal activity between the

two species. Given the known predatory

effects of cats on medium-sized critical

weight range (35–5,500 g) native mammal

populations (Woinarski & Burbidge 2014),

these results suggest that SHW may avoid

areas and times when cats are most active

or this could be an indication of predation

pressure, resulting in fewer SHW where

cats are present. However, we should cau-

tion that without manipulating cat num-

bers we cannot say for certain that the

observed SHW spatial and temporal activ-

ity patterns are the direct result of cat

presence. To our knowledge, this is the

first study to demonstrate a spatial and

temporal relationship between cats and

SHW.

While we did not observe a relation-

ship between SHW and cattle or Agile

Wallaby activity at the study site, we

did find evidence of temporal partition-

ing between them. Cattle are known to

Figure 4. Paired species RAI at individual camera traps for SHW and (a) cat, (b) cattle, (c)

Dingo and (d) Agile Wallaby. RAI is calculated as number of independent photo events per 100

camera trap-nights. Regression lines, slope coefficients and significance values for quantiles

are shown (50th quantile: solid black; 75th: solid grey; 95th: dashed red; 99th: solid red).
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negatively affect macropod abundance or

activity either directly by competing for

forage, water and habitat or indirectly

through habitat degradation (Eldridge,

et al. 2016). In the northern Kimberley,

Reid et al. (2020) documented a tempo-

ral separation between macropods and

cattle, which was largely attributed to

a difference in foraging times. Like-

wise, temporal partitioning has been

observed between Agile wallaby and

species such as wallaroos (Reid, et al.

2020) and bilbies (Dawson, et al.

2018) and may suggest intraguild niche

partitioning among competitors. Our

results are consistent with these stud-

ies and suggest that SHW may avoid

times when cattle and Agile Wallaby

are most active. However, whether

these relationships are the result of

direct competition requires further

investigation particularly with respect

to annual and seasonal variations in

rainfall which are typical of the region

and can drive interspecific competitive

responses (Letnic & Dickman, 2010).

We found a negative relationship

between SHW occurrence and distance

to fire scar edge where the vegetation

was burnt in the current or previous fire

season. This edge habitat is likely impor-

tant to SHW because they may select both

recently burnt areas for foraging and

dense unburnt areas for sheltering during

the day. For example, Ingleby and Wes-

toby (1992) found that SHW had poten-

tially suitable shelters within 50 m of all

feeding areas surveyed and that five of

nine open woodland foraging sites had

been burnt within the last two years.

Given their affinity for recently burnt fire

patch edge, SHW may be at increased risk

of predation from cats, which are known

to target prey along recently burnt edges

(Parkins, et al. 2019) and exhibit high

Figure 5. Comparisons of temporal activity between SHW and (a) cats, (b) cattle, (c) Dingo and (d) Agile Wallaby from 2017 camera trap surveys

(n = 39) in the west Kimberley region of Western Australia. Grey shading indicates overlap in species activity.

Table 2. Corrected Akaike information criteria (AICc) and model weights of the six competing

single-season occupancy models and the null model for SHW at the study site in the west Kim-

berley region of Western Australia

Model K AICc DAICc Weight

p(.),w(distance to fire edge) 3 428.81 0.00 0.36
p(.),w(.) 2 429.84 1.03 0.19
p(.),w(vegetation cover) 3 430.71 1.90 0.14
p(.),w(fire intensity) 3 431.74 2.93 0.08
p(.),w(time since fire) 3 431.75 2.94 0.08
p(.),w(distance to nearest drainage) 3 432.00 3.19 0.08
p(.),w(long-term fire frequency) 3 432.04 3.23 0.07

All detection covariates (p) were held constant and occupancy covariates (w) consisted of one
environmental variable per model. K = number of parameters.
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predation activity in recently burnt areas

(McGregor, et al. 2014).

As is the case with other mammals of

the tropical savannas (Radford, et al.

2015), a managed fire mosaic which relies

on low-intensity early dry season burns to

reduce the incidence of large intense wild-

fires is likely to benefit SHW. The patchy

nature of such burns is likely to preserve

optimal long-unburnt shelter habitat while

also promoting burnt sites for foraging

thus creating optimal habitat for SHW

(Legge, et al. 2011). As such, our findings

suggest that promotion of Indigenous

‘right-way’ cool-season patch burning

practices as currently implemented by

many Indigenous ranger programs in

northern Australia (McKemey, et al.

2020), including those in this study, are

likely to have a positive impact on SHW

populations.

This project contributed to a greater

understanding of SHW ecology in the

region which is being used to help inform

ongoing management on the Yawuru IPA

particularly for the threats of fire and cat-

tle grazing. However, in addition to these

science and management outcomes, the

project also provided important benefits

for the Indigenous and non-Indigenous

team members. Indigenous rangers devel-

oped an increased capacity for science-

based monitoring and research through

training and increased their leadership

and public speaking skills by delivering

formal presentations at local, national,

and international science forums (Fig. 2f).

Non-Indigenous team members delivered

targeted program outcomes for improved

management and conservation of a rare

fauna species. The project also strength-

ened regional ranger capacity through

on-ground work that promoted knowl-

edge sharing and skill development. For

the Yawuru Country Managers, the pro-

ject fostered a strong sense of pride and

rekindled cultural interest in a species that

had not been seen for at least a decade on

their Country. In the words of Pius Gre-

gory, senior Yawuru Country Manager

and co-author:

We found an animal that we didn’t

know was still here. The whole

Yawuru community was excited

about it. I have the skills now to find

scats and tracks, and the knowledge

to find SHW. I have gained confi-

dence to talk about this animal in

front of people. I’ve gained respect

from other ranger teams, my own

team members, scientists, other

agencies, my managers, and even

the WA Minister for the

Environment! We also had the

chance to share knowledge that we

learned from this project with other

ranger groups and we hoped they

would find some SHW on their

Country too.

This project underscores the effective-

ness of a cross-cultural partnership using

a two-way monitoring approach to inves-

tigate species ecology and highlights the

importance of Indigenous rangers as

observers and managers of their tradi-

tional lands. Continued strong investment

in the IPA and Indigenous ranger pro-

grams is important for strengthening the

capacity of Indigenous organisations to

engage in collaborative research and

monitoring partnerships. Such investment

will help deliver positive conservation

and land management outcomes on

native title lands and provide important

social and cultural outcomes for Indige-

nous rangers and their communities as

well as non-Indigenous scientists.
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