RESEARCH PAPER
https://doi.org/10.1071/WR24039

WILDLIFE RESEARCH:: . I3 &

The intact and the imperilled: contrasting mammal population
trajectories between two large adjacent islands

PUBLISHING

Georgina Neave”* (2, Brett P. Murphy” (%, Tiwi Rangers®, Alan N. Andersen” and Hugh F. Davies”

For full list of author affiliations and
declarations see end of paper

*Correspondence to:

Georgina Neave

Research Institute for the Environment and
Livelihoods, Charles Darwin University,
Casuarina, NT 0810, Australia

Email: georgina.neave@proton.me

Handling Editor:
Adam Stow

Received: 15 March 2024
Accepted: 2 July 2024
Published: 8 August 2024

Cite this: Neave G et al. (2024) The intact and
the imperilled: contrasting mammal
population trajectories between two large
adjacent islands. Wildlife Research 51,
WR24039. doi:10.1071/WR24039

© 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

ABSTRACT

Context. Native mammals continue to suffer widespread and severe declines across northern
Australia’s tropical savannas. There is an increasing body of evidence that the primary driver of
these declines is predation by feral cats (Felis catus) and that this is exacerbated by high-severity
disturbance regimes (frequent high-intensity fires, and grazing and trampling by exotic
megaherbivores) that simplify habitat, thereby increasing hunting efficiency. The large islands off
the northern Australian coast — where some threats are either reduced or absent — provide a means
of testing the conceptual model’s predictions. Aims. To compare the trajectory and distribution of
native mammal populations on two large, adjacent islands with markedly different disturbance
regimes. Methods. In 2020 and 2021, we resurveyed 111 historical sites across the two largest of
the Tiwi Islands, Bathurst Island (42 sites) and Melville Island (69 sites) that were previously surveyed
between 2000 and 2002. The Melville Island sites had also been resurveyed in 2015. We used the same
live trapping method used in 2000-2002, supplemented with camera trapping. Key results. On
Bathurst Island, feral cats are rare, and we found no significant decrease in native mammal trap
success or species richness, and the threatened brush-tailed rabbit-rat (Conilurus penicillatus
melibius) appears stable. Conversely, cats occurred at relatively high abundance on Melville
Island, and there was a 52% decline in trap success, a 47% reduction in species richness, and a 93%
decline in trap success for the brush-tailed rabbit-rat over the 20-year period. The highest decreases
in native mammal abundance and richness were in areas that were frequently burnt and had higher
activity of feral cats. In contrast, in the absence of cats on Bathurst Island, native mammal abundance
increased in frequently burnt areas. Conclusions. While Bathurst Island remains one of Australia’s
most important refuges for native mammals, neighbouring Melville Island is experiencing severe and
ongoing mammal decline. We contend that this pattern primarily reflects the high abundance of cats
on Melville Island compared to Bathurst Island. Implications. Native mammal decline in northern
Australian savannas is associated with abundant feral cats, but the relative contribution of
disturbances in driving cat abundance remains less clear. An improved understanding of the
constraints to feral cat populations in tropical savannas could enhance conservation management.

Keywords: Conilurus penicillatus, disturbance regimes, feral cats, feral herbivores, fire, native
mammal declines, Tiwi Islands, tropical savannas.

Introduction

Australia has the tragic distinction of being the world leader in modern mammal
extinctions. Since European colonisation in 1788, at least 30 terrestrial mammal species, all
endemic, have become extinct, and many others have suffered significant range contrac-
tions (Woinarski et al. 2015). Until just a few decades ago, the mammal assemblages of
northern Australia’s monsoon tropics were thought to have avoided such declines
(Ziembicki et al. 2015). However, dramatic declines have since been documented across
the monsoon tropics (Woinarski et al. 2010, 2011a; Ziembicki et al. 2013; Davies et al.
2018a; Campbell et al. 2022). As in other parts of Australia, declines in northern Australia
have been concentrated in the ‘critical weight range’ (species with body weight of 35-5500 g
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(Burbidge and McKenzie 1989; Murphy and Davies 2014)) and
in more open habitats and less rugged areas, especially in lower
rainfall zones (Fisher et al. 2014; Stobo-Wilson et al. 2019; von
Takach et al. 2020). Presently, only a few isolated regions
in the monsoon tropics are known to support comparatively
healthy mammal populations: the Tiwi-Cobourg bioregion
(consisting of the Tiwi Islands and Cobourg Peninsula) in
central northern Australia; parts of the North Kimberley
bioregion in northwestern Australia; and some offshore
islands in the Arnhem Coast bioregion, of which the largest
is Groote Eylandt (Start et al. 2007; Murphy and Davies
2014; Heiniger et al. 2020).

Halting and reversing the decline of mammals in
monsoonal northern Australia is now one of Australia’s most
urgent conservation challenges, but land managers have been
largely unable to implement an effective large-scale manage-
ment response. This is because the underlying causes of the
northern mammal declines remain inadequately understood,
although a range of threatening processes have been implicated,
most notably: predation by feral cats (Felis catus) (Frank et al.
2014; Davies et al. 2017); increased fire frequency and
severity (Pardon et al. 2003; Andersen et al. 2012; Griffiths
et al. 2015); and habitat degradation by high densities of
managed (i.e. pastoral livestock) and unmanaged (i.e. feral)
exotic megaherbivores, such as cattle and buffalo (Kutt and
Woinarski 2007; Legge et al. 2011; Woinarski et al. 2011gq;
Radford et al. 2015, 2021). Indeed, there is an increasing
body of evidence that the primary driver of declines is
predation by feral cats, and that this is exacerbated by distur-
bances (such as fire, and grazing and trampling by exotic
megaherbivores) that simplify habitat, thereby increasing
the hunting efficiency (McGregor et al. 2014, 2015; Leahy
et al. 2015) and potential abundance of cats (Hradsky 2020).

Understanding the northern mammal decline has been
largely based on the observed correlation between mammal
decline and the implicated threats (e.g. abundance of cats
and exotic megaherbivores, frequency and severity of fires
(Davies et al. 2020; Stobo-Wilson et al. 2020a; Radford
et al. 2021). However, as these threats are near ubiquitous
across northern Australia, and often strongly intercorrelated
themselves, it has been difficult to gauge the relative
importance of each threat in isolation. Northern Australia’s
numerous islands provide an excellent natural laboratory to
help us understand the relative importance of drivers of
mammal decline, because the various potential factors present
on the mainland are often absent, or much reduced in their
severity. In particular, the Tiwi Islands (comprising two of
Australia’s largest islands, Melville and Bathurst) are an
excellent model system for studying the drivers of northern
Australian mammal declines. Both islands are free of the
toxic cane toad (Rhinella marina), an invasive species that has
devastated populations of some predatory native vertebrates
on the mainland (Woinarski et al. 2008; Doody et al. 2009;
Shine 2010). However, the islands differ markedly from each
other in their densities of cats and exotic megaherbivores.

Bathurst Island has no exotic megaherbivores (although pigs
(Sus scrofa) are widespread and abundant) and low densities
of feral cats were recently reported from two locations (Davies
et al. 2022a). On neighbouring Melville Island, water buffalos
(Bubalus bubalis), horses (Equus caballus) and cats are
relatively abundant (Puruntatameri 2001; Kalippa et al. 2003;
Davies et al. 2022a). Compared to mainland areas, the Tiwi
Islands remain an important refuge as they support relatively
healthy populations of native mammals. Of particular
note are remnant populations of the brush-tailed rabbit-rat
(Conilurus penicillatus subsp. melibius), a species that has
declined severely on the mainland (Firth et al. 2010; Woinarski
et al. 2014), on both islands. However, evidence of marked
declines in native mammal populations has been documented
for Melville, the larger of the two islands (Davies et al. 2018a),
and this is linked to the occurrence of feral cats, at least for the
brush-tailed rabbit-rat (Davies et al. 2017). The stability of
mammal populations on neighbouring Bathurst Island has
never been assessed.

In this study we explore the importance of key
hypothesised drivers of the northern mammal decline, by
comparing the rates of decline of native mammal populations
with particular focus on the brush-tailed rabbit-rat, given
its apparent vulnerability to decline in other regions. We
collected and analysed data from historical survey sites across
both islands, to determine the status of native mammal
populations on Bathurst Island and to determine if the
declines initially reported on Melville Island are ongoing.
We hypothesised that the island with a low abundance of
feral cats and no exotic megaherbivores (i.e. Bathurst) would
support stable populations of the brush-tailed rabbit-rat and
other native mammals, in marked contrast to the island with
abundant feral cats and megaherbivores (i.e. Melville Island).

Materials and methods

Study site

Melville (5786 km?) and Bathurst (1639 km?) Islands are the
largest of the Tiwi Islands, and are Australia’s second and fifth
largest islands, respectively. They receive the highest rainfall
totals in northern Australia’s wet-dry monsoon tropics.
A gradient in annual rainfall exists across the islands,
ranging from 1400 mm on eastern Melville to 2000 mm on
northwestern Melville and central north Bathurst. Temperatures
are high year-round, with a mean annual minimum and
maximum temperature of 19°C and 33°C, respectively
(Australian Bureau of Meteorology 2023). Narrowly separated
by the Aspley Strait (<500 m), both islands are topographically
simple and of low relief (<103 m above sea level), with a
notable absence of dissected sandstone escarpment that
dominates parts of the adjacent mainland. The Tiwi Islands are
Aboriginal freehold land with a population of approximately
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2500 people across three small towns: Wurrumiyanga,
Milikapiti and Pirlangimpi (Fig. 1).

Eucalypt (Eucalyptus and Corymbia spp.) open forest and
woodland (both forms of the tropical savanna biome) cover
approximately 75% of both islands (Woinarski et al. 2003).
They are dominated by Darwin woollybutt (Eucalyptus
miniata), Darwin stringybark (E. tetrodonta) and Melville
Island bloodwood (Corymbia nesophila), over a grass or
shrub-dominated understorey. Fire frequency is generally
high on both islands, as is typical of tropical savannas.
Between 2000 and 2021, the mean proportion of the island
that burnt each year was approximately 41% of Melville
Island (with 85% burning in the late dry season: July to
November) and 32% of Bathurst Island (with 75% burning in
the late dry season) (Darwin Centre for Bushfire Research
2023). In 2017, the Tiwi landowners commenced a project to
generate carbon credits through savanna fire management,
using prescribed burning to reduce the frequency and extent
of late dry season fires. The project covers approximately 75%
of the Tiwi Islands. Melville Island has northern Australia’s
largest forestry plantation, largely established in 2001. It
involves 35,000 ha of short-rotation Acacia mangium planta-
tions, representing ca. 5% of its land area (Fig. 1). There are
no plantations on Bathurst Island.

BATHURST ISLAND

0 10 20 30 40

50 km

Fig.1.

A range of feral animal species have been introduced to the
Tiwi Islands over the last two centuries. Melville Island has
water buffalo, introduced in 1826, and horses, likely
introduced in the 1890s (Morris 2001; Puruntatameri 2001).
Buffalo are common and widespread across most of the island
except for the northwestern peninsula around Pirlangimpi
(Fig. 1). Some wetland areas of eastern Melville have
recorded extremely high densities (>10 individuals km™2,
Bayliss et al. 1989). Horses are widespread, but their total
population is much smaller than that of buffalo. Recent
aerial surveys estimated total population sizes of ca. 7500
buffalo and 575 horses on Melville Island (G. Neave
unpublished data). Neither buffalo nor horse are present on
Bathurst Island. Pigs (Sus scrofa) were introduced to Bathurst
Island in the early 1900s and are now abundant and
widespread. Pigs were introduced to Melville Island in the
late-1990s and remain restricted to the western-half of the
island (Kalippa et al. 2003). Feral cats are present on both
islands but are in higher densities on Melville Island (0.10-
0.21 cats km~2, Davies et al. 2022a), whereas cat abundance
is so low on Bathurst Island (0 detections out of 12,600 camera
trap nights), that density has not been able to be estimated
(Davies et al. 2022a). The timing of the arrival of cats to
the Tiwi Islands is ambiguous due to their cryptic nature

AUSTRALIA

v

Location of the Tl sites surveyed in 2021 and 2020 on Melville (69) and Bathurst Island (42). Filled black circles

represent the 107 sites where both camera trapping and live trapping were conducted. Grey circles represent the
two sites on Melville Island where only live trapping occurred. Open circles represent the two sites on Bathurst
Island where only camera trapping occurred. Current extent of Acacia mangium plantation on Melville Island is
shown in grey shading. Exotic mammal icons denote what species are present on each island. Boxed species are
present in low abundance. Symbols courtesy of the NESP Resilient Landscapes Hub (nesplandscapes.edu.au).
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and the lack of historical records (Abbott 2008). Cats could
have arrived as far back as the establishment of the British
military outpost, Fort Dundas, in 1824, or even earlier with
Macassan traders. However, they also could have arrived
appreciably later, alongside Catholic missionaries in the early
20th Century. Dingoes (Canis familiaris) are present on both
islands, having been brought to the Australian mainland and
some of its larger islands by humans sometime during the
Holocene (between 4000 and 12,000 years ago (Fillios and
Tacon 2016)). Cane toads are absent from both islands.

Data collection - live trapping

Between 2000 and 2002, small (c. 10 g cf. 2 kg), non-volant
mammals had been systematically surveyed at 236 sites on
Melville Island and 115 sites on Bathurst Island (Firth et al.
2006). Each site comprised a 50 x 50 m quadrat with 20
metal box traps (33 x 10 x 9 cm) spaced equally around the
perimeter with one cage trap (56 x 20 x 20 cm) on each of the
four corners. Traps were baited with a mixture of peanut
butter, oats and honey and set for three consecutive nights.
Many of the sites on Melville Island were resurveyed in
2015 (Davies et al. 2018a) but using a different protocol
and so the results are not directly comparable.

We replicated the same live trapping protocol at a subset of
the sites between 2020 and 2021. Between July and October
2020, 40 of the original 115 sites on Bathurst Island were
surveyed. On Melville Island, 69 of the original 236 sites were
resurveyed between June and October 2021. All resampled
sites were in lowland savanna woodland or open forest and
separated by a minimum distance of 1 km. Resurveyed sites
were chosen to capture the variation in rainfall and fire
frequency across the two islands.

The original surveys included some methods not repeated
in 2020 and 2021: pitfall trapping and 10-min active searches
(Firth et al. 2006). Therefore, to directly compare live trapping
results between the sampling years, we omitted observations
from the original surveys that were recorded using pitfall
trapping and 10-min active searches. We acknowledge the
possibility of bias resulting from excluding pitfall trap records,
as an animal caught in a pitfall trap on a particular night would
no longer be available for capture in a metal box or cage trap.
However, this bias relates only to species small enough to be
caught in pitfall traps, such as native mice and small dasyurids
(Smithopsis spp.) In 2000-2002 there were no small mammals
caught in pitfall traps at the resampled sites. We excluded records
of the savanna glider (Petaurus ariel) as the ground-based survey
methods used in this study were considered unreliable for
surveying this strongly arboreal species (Stobo-Wilson 2018).

Data collection — camera trapping

Our 2020-2021 resampling of Melville and Bathurst Island
sites also included camera trapping, although this sampling
method was not used in 2000-2002. At each site we deployed

five Reconyx Hyperfire camera traps (Reconyx Inc., Holmen,
WI, USA) 50 m apart in a diamond formation. The central
camera was positioned to be in the middle of the live
trapping quadrat. Two of the five cameras had a white-flash
(Reconyx models: Hyperfire 1 PC850 or Hyperfire 2 HP2W)
and three had an infrared-flash (Reconyx models: Hyperfire
1 PC800 or Hyperfire 2 HP2X). The same combination of
models was used at each site to control for operational
variability between the models (Heiniger and Gillespie 2018).
Cameras were attached to trees 40 cm above the ground
(measured to the top of the camera housing) and positioned
to face south. Cameras were angled towards a bait station
placed 150 cm away containing a peanut butter, oats and
honey mixture. Care was taken to ensure that the base of the
bait station was in the centre of the camera image field of
view. Understorey vegetation and leaf litter in the camera’s
field of view was cleared to prevent false triggers and reduce
the fire risk. All cameras were programmed to operate
continuously (24-h per day) for a minimum of 5 weeks and
overlapped in timing with the live trapping surveys. Cameras
were set to take five photographs per trigger, with no delay
between images and sensitivity was set to ‘high’ on Reconyx
Hyperfire 1 models and ‘very high’ on Hyperfire 2 models.

The images generated from Bathurst Island were manually
identified to species. The image dataset generated from
Melville Island was first processed in MegaDetector (MDv4),
an object detection model created by Microsoft specifically for
processing camera trap data (Beery et al. 2019). Images that
were classified as containing animals by MegaDetector were
then manually identified to species in the program Timelapse
(Greenberg 2020).

Data analysis — live trapping data

Our analysis focused on mammal abundance and richness. As
an index of mammal abundance (overall and for each species),
we used nightly trap success (following Firth et al. 2006): total
number of captures/(number of traps X number of nights traps
open). As an index of mammal richness, we used the number
of mammal species detected at a site across all trap types
during the survey period. To investigate differences in these
indexes on the two islands, we used Wilcoxon matched-
pairs tests to compare overall trap success, site-level species
richness and species-specific trap success at the 109 sites
where live trapping was undertaken in both 2000-2002
and 2020-2021. In addition, we also calculated naive site
occupancy for each species (the proportion of sites where the
species was detected on each island) using live trapping data,
and compared this between the 2000-2002 and 2020-2021
surveys.

Data analysis — camera trapping data

To aid in the interpretation of live trapping data, naive
occupancy was calculated from camera trap data for each
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native mammal species, using pooled data across the five
cameras at each site. We combined records of Butler’s
dunnart (Sminthopsis butleri) and red-cheeked dunnart
(S. virginiae) into a single taxon, Sminthopsis spp., due to
the difficulty in species-level identification from camera
trap images (Potter et al. 2019).

For horses, buffalos, pigs, cats and dingoes recorded
by camera traps, we calculated naive occupancy as well as
relative activity indices (RAI) for each island. For each
species, the RAI was the number of independent detections
(defined as at least a 30-min time interval between successive
camera triggers of the same species on any of the five cameras
at a site) divided by the number of camera trap nights, and
multiplied by 100 (O’Brien et al. 2003). To compare dingo,
cat, and pig (the species detected on both islands) RAI
between islands, Wilcoxon rank-sum tests were performed.
Fisher’s exact tests were used to compare naive occupancy
rates by calculating the relative abundance of sites with and
without species detections on each island. Fisher’s exact
tests determined if there were more non-detection sites on
Bathurst or Melville than expected due to chance.

The 2000-2002 surveys included 2880 live trapping nights
on Bathurst and 4968 live trapping nights on Melville Island.
The 2020-2021 surveys included the same live trapping effort
with an additional 10,074 camera trapping nights on Bathurst
Island and 12,632 camera trapping nights on Melville Island.

Correlates of change in mammal abundance and
richness

To examine correlates of change in mammal species richness
and relative abundance at sampling sites we derived a range of

Table 1.
richness on Melville and Bathurst Island.

explanatory variables based on hypotheses for mammal
decline and/or distribution in northern Australia, focusing
particularly on those that have potentially undergone changes
in the last two decades on the Tiwi Islands or that differ
considerably between the islands (Table S1). These hypothe-
ses relate to environmental productivity (rainfall), the
distribution and abundance of key predators (feral cats
and dingoes), and disturbances driving changes in habitat
(Anthropogenic disturbances: plantation area, fire activity,
exotic megaherbivore and feral pig activity). We examined
two fire variables: fire frequency, the number of times a site
had burnt during the intervening years between sampling
and fire activity, the proportion of area burnt each
year out to a 3.2-km radius from each site and averaged
over the intervening years between sampling (as per Lawes
et al. 2015). We generated RAI for exotic megaherbivores,
pigs, cats and dingoes from detections across the five
cameras at each site. All other explanatory variables were
generated using remotely sensed or GIS layers. Refer to
Table 1 for a description of the final set of explanatory
variables used in modelling.

We explored the correlation between our explanatory
variables and the change in native mammal abundance, and
species richness. Standard regression models (e.g. generalised
linear models (GLMs)) are not suitable for response variables
like the proportional change in species richness or abundance
due to the excessive number of values of —1, which indicate a
complete loss of species or individuals. Furthermore, a portion
(12%) of the dataset had values of zero for species richness
and abundance in the original baseline surveys (2000-2002),
making it impossible to calculate proportional change,
and consequently, these sites would have been excluded.

Description of the environmental variables used in analyses to assess the correlates of change in mammal abundance and mammal species

Explanatory variable Description

Island model

Fire frequency — years burnt

Rainfall

Dingo relative activity index

The number of times a site had been burned between sampling sessions (2002—2019). Derived from
Northern Australia Fire Information (NAFI) dataset (https://firenorth.org.au/nafi3/).

Mean annual rainfall (1991-2020) resolution ~5 km; source: Australian Bureau of Meteorology.

The number of independent dingo detections at each site (defined as at least a 30-min time interval
between successive camera triggers of the same species on any of the five cameras at a site) divided by

Melville Island and
Bathurst Island

Melville Island and
Bathurst Island

Melville Island and
Bathurst Island

the number of camera trap nights, and multiplied by 100 (O’Brien et al. 2003).

Feral cat relative activity
index

The number of independent cat detections at each site (defined as at least a 30-min time interval between
successive camera triggers of the same species on any of the five cameras at a site) divided by the number

Melville Island and
Bathurst Island

of camera trap nights, and multiplied by 100 (O’Brien et al. 2003).

Pig relative activity index

The number of independent pig detections at each site (defined as at least a 30-min time interval between
successive camera triggers of the same species on any of the five cameras at a site) divided by the number

Melville Island and
Bathurst Island

of camera trap nights, and multiplied by 100 (O’Brien et al. 2003).

Exotic megaherbivore
relative activity index

The number of independent water buffalo and horse detections at each site (defined as at least a 30-min
interval between successive camera triggers of either species on any of the five cameras at a site) divided  only

Melville Island

by the number of camera trap nights, and multiplied by 100 (O’Brien et al. 2003).

Plantation area
3.2 km from each trapping site.

The area of land (hectares) under forestry plantation. Calculations were made using an area with radius of

Melville Island
only
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Therefore, to represent change in response variables, rather
than calculating proportional change (i.e. the relative
difference between the initial and the final values) we used
a metric that calculates the proportion of the final value
relative to the sum of the initial and final values. The change
in abundance metric was calculated as A2/(A2 + A1) where A
is the total number of individuals of all species live trapped at
asite in either sampling session 1 or 2. Similarly, the change in
species richness metric was calculated as R2/(R2 + R1) where
R is the number of species trapped at a site in either sampling
session 1 or 2. If abundance or richness is zero in either
sampling session, this metric can still be calculated. Sites
where no animals were caught in both sampling sessions
were removed from the analyses.

To identify explanatory variables most correlated with
changes in the response variables, we fitted GLMs in the
program R version 4.3.1 (R Core Team 2023). Due to overdis-
persion in both response variables, quasi-binomial error
structures were used. All explanatory variables were centred
and standardised prior to analysis. Preliminary analysis
identified a strong overriding effect of island as a categorical
explanatory variable when combining data for both islands.
As such, separate analyses were conducted for Bathurst and
Melville Island data. Due to correlations between our
explanatory variables, separate models which included each
single explanatory variable were fit for each island. Modelled
regression coefficients with 95% confidence intervals were
plotted to evaluate the relative effect size of each variable on
changes in native mammal abundance and richness.

Ethics approval

This research was conducted under Charles Darwin University
Animal Ethics Committee Permit A19006 and the Northern
Territory Parks and Wildlife Commission Scientific Research
Permit 69229.

Results

Live trapping

A total of 11 and 8 mammal species were recorded on Melville
and Bathurst Islands, respectively. Two of these species have a
mean body weight below the critical weight range: delicate
mouse (Pseudomys delicatulus) and Butler’s dunnart. The
introduced black rat (Rattus rattus) was not detected during
surveys on either island, although it is known to occur in
the small towns on both islands.

On Melville Island, the proportion of sites at which no
native mammals were live trapped more than tripled over
two decades, from 12% in 2000-2002 to 45% in 2021 (Fig. 2).
There was also a significant reduction in both trap success and
site-level species richness over this period. There was a 52%
decline in overall trap success (3.76% + 0.41 s.e. cf. 1.81% +
0.28 s.e.; P < 0.001), and a 47% decline in site-level species

richness (1.61 + 0.1 s.e. cf. 0.86 + 0.1 s.e., P < 0.001) (Fig. 2).
Two of the four species recorded from at least 10% of sites in
either sampling period showed a significant decrease in trap
success: the northern brown bandicoot (Isoodon macrourus)
decreasing by 72% (P < 0.001); and brush-tailed rabbit-rat
(Conilurus penicillatus melibius) by 93% (P < 0.01) (Table
S2; Fig. 3). Large (66-85%) decreases in naive occupancy
were also reported for these two species. Both the northern
brushtail possum (Trichosurus vulpecula arnhemensis) and
black-footed tree-rat (Mesembriomys gouldii melvillensis)
showed non-significant declines in trap success. There was
no change in northern brushtail possum naive occupancy,
whereas black-footed tree-rat naive occupancy declined by
42%. The remaining seven species (mostly reported from
too few sites or captures) showed no significant change in
trap success (Table S2).

In marked contrast to Melville Island, there was no
recorded decrease in the abundance or diversity of native
mammals on Bathurst Island between 2001 and 2020. The
proportion of sites at which no native mammals were trapped
(12.5%) remained unchanged, and there was no statistically
significant change in overall trap success or site-level
species richness (Fig. 2). In fact, there was a slight, though
not statistically significant, increase in overall trap success
(3.99% + 0.63 s.e. cf. 5.21% + 0.60 s.e.; P = 0.138), and
site-level species richness remained very similar (1.48 +
0.15 s.e. cf. 1.50 + 0.14 s.e., P = 0.991) (Fig. 2). Unlike in
the 2001 surveys, the 2020 survey failed to live trap the
grassland melomys (Melomys burtoni), pale field-rat (Rattus
tunneyi) or western chestnutmouse (Pseudomys nanus);
however, all three species were detected with camera traps
(Table S3). Trap success for the northern brushtail possum
more than tripled between 2001 (1.18% + 0.364 s.e.; P < 0.001)
and 2020 (3.58% =+ 0.442 s.e.), while grassland melomys trap
success dropped significantly from 0.72% + 0.40 s.e. in 2001
to 0% in 2020 (P = 0.03). Trap success did not differ signifi-
cantly between 2001 and 2020 for the northern brown bandicoot,
brush-tailed rabbit-rat, western chestnut mouse, delicate mouse
or pale field-rat (Table S3).

Camera trapping

In 2020 and 2021, the northern brushtail possum and
northern brown bandicoot were the most widespread native
species and were detected at 100% of sites on Bathurst Island,
and at 97% and 87% of sites on Melville Island, respectively.
The brush-tailed rabbit-rat was detected at 50% of sites on
Bathurst and only 18% of sites on Melville Island. Of the
remaining native species that occur on both islands, naive
occupancy rates were consistently higher on Bathurst Island,
except for the pale field-rat (Tables S2 and S3). No buffalos or
horses were recorded on Bathurst Island. Naive occupancy
and RAI for dingoes were more than twice as high on
Melville compared with Bathurst Island, and were an order
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Fig. 2. Total trap success, site-level species richness, and the proportion
of sites with any mammal live-captures in 2000-2002 and 20202021 for
Melville Island and Bathurst Island. Asterisks indicate a statistically signifi-
cant change in trap success and species richness between sampling years
(*P < 0.05).

of magnitude higher for cats (Table 2). Pig naive occupancy
and RAI were far higher on Bathurst Island (Table 2).

Correlates of change in mammal abundance and
richness

On Melville Island, fire frequency and feral cat RAI were the
only identified correlates of change in both mammal
abundance and species richness (Fig. 4). Variables such as
dingo, pig and exotic megaherbivore activity, and rainfall
and proportion of surrounding area under plantation were
not significant predictors of change. Models confirmed that
mammal abundance and richness declined at sites where there
was higher cat activity or that had burnt more frequently
between sampling years (Figs 5 and 6). Of the explored fire
metrics, fire frequency was the strongest predictor of change
in mammal abundance and richness.
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Fig. 3. Brush-tailed rabbit-rat trap success and naive occupancy in

2000-2002 and 2020-2021 for Melville Island and Bathurst Island.
Asterisks indicate a statistically significant change in trap success
between sampling years (**P < 0.005).

Table2. Comparison of camera trapping derived naive occupancy and
mean RAI for buffalo, horse, dingo, cat, and pig on Melville and Bathurst
Island.

Species Naive occupancy P Mean RAI (+s.e)) P
Melville Bathurst (Fisher’s Myl Bathurst (Wilcoxon’s

test) test)

Buffalo  60% 0% *rkk 169 + 026 0.00 + 0.00 NA

Horse 33% 0% *rkk o 0.89 +£ 028 0.00 + 0.00 NA

Dingo 51% 23% o 0.66 + 01 0.21 + 0.07 **

Cat 24% 2% ** 0.25+ 0.07 0.02 + 0.01 **

Pig 3% 67% *kk 0024001 109 + 027 ke

‘NA’ indicates species for which RAI could not be compared between islands,
because the species were not detected on Bathurst Island (and is known to
be absent).

Naive occupancy was calculated as the proportion of sites where a species was
detected. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

On Bathurst Island, fire frequency was a significant
predictor of change in mammal abundance but not species
richness (Fig. 4). Counter to Melville Island, mammal abundance
increased at sites that had burnt more frequently during the years
intervening the sampling periods (2002-2019).
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Fig.4. Model averaged regression coefficient estimates for (a) change in mammal abundance on Melville Island, (b) change in mammal species
richness on Melville Island, (c) change in mammal abundance on Bathurst Island and (d) change in mammal species richness on Bathurst Island.
Error bars represent 95% confidence intervals; asterisks indicate statistically significant effects, i.e. where they do not overlap zero.

Discussion

Since the precipitous decline of native mammals in monsoonal
northern Australia was detected in recent decades (Firth et al.
2010; Woinarski et al. 2010; Stobo-Wilson et al. 2019), very
few regions have retained an intact mammal assemblage. One
such region is the Tiwi Islands, but we have shown that the two
largest of these islands have markedly contrasting population
trajectories. While there has been no apparent decline in
mammals on Bathurst Island, our study has demonstrated a

severe decline in site-level species richness and abundance of
a range of mammals on Melville Island over a 20-year period.
Overall trap success and species richness both declined signifi-
cantly between 2000-2002 and 2021, and the proportion of
sites where no native mammals were live trapped increased
from 12% to 45%. These observations further support the
mammal decline initially documented on Melville Island
by Davies et al. (2018a). Worryingly, our study suggests a
continuation of decline of the brush-tailed rabbit-rat on Melville
Island, which has now exhibited a 93% decrease in trap success

920z |14dv TO uo Jasn pue |Bugz maN O A1isteniun Aq 4pd "6E0YZ M /TZEISZ /6E0FZAN /TLOT 0T /10P /4pd -8 |9 11 B /M /Ne * 195 198UU0D //:d 33y WO 4} pPapeo [umod



www.publish.csiro.au/wr

Wildlife Research 51 (2024) WR24039

—~
[
[

1501 O
9
N
2 1004 0
°
v
£
= 504 O
[0}
o
= o
©
{ ot
=
Qo
S o710 o
(0]
1S
5 00
€ o o}
£
o =504 O
(o))
]
S g )
-100{ O 000 O o
0 1 2
Cat RAI
Fig. 5.

—~
(=3
-~

150 -

1004 O [¢]

501 O o

Change in mammal species richness, time 1 to time 2 (%)

-1001 O

Cat RAI

Modelled relationship between change in (@) mammal abundance and (b) mammal species richness and feral cat activity on Melville

Island. The black lines represent the prediction of generalised linear models expressed as proportional change. Thin lines indicate the 95%

confidence intervals of the regressions.

over the last 20 years. The percentage of sites where the brush-
tailed rabbit-rat was detected decreased from 23% in 2015
(Davies et al. 2018a) to 18% in our study in 2021.

A strong inter-island difference was also evident for the
correlates of change for native mammal abundance and species
richness. On Melville Island, native mammal abundance and
richness decreased most severely in areas that were frequently
burnt and had a higher activity of feral cats. This strongly
aligns with previous work that suggests frequent fire can
exacerbate the impact of feral cats in northern Australian
savannas (McGregor et al. 2014, 2015; Leahy et al. 2015).
Importantly, native mammal abundance on Bathurst Island
increased in frequently burnt areas. This again aligns with
previous work on the Tiwi Islands suggesting that in areas
with few feral cats, native mammal species can persist in,
and potentially benefit from frequent fire (Davies et al.
2018b, 2022b). However, this is likely contingent on frequent
fire being of low intensity. We found no evidence that mammal
decline on Melville Island was associated with rainfall, planta-
tion areas, dingo activity, pig activity or exotic megaherbivore
activity.

Our results likely reflect the marked inter-island differences
in the abundance of feral cats, with Melville having relatively
high densities, similar to the mainland, and Bathurst having
very low densities, rendering them virtually undetectable
using camera traps (Davies et al. 2022a). Our study recorded
only one detection of a feral cat from more than 10,000
camera trap nights, providing further evidence that feral cat
density on Bathurst Island remains exceptionally low. This
is a particularly intriguing finding due to the length of time
cats have been present on the island coupled with the

abundant mammalian prey. There are several factors that
have potentially contributed to the observed differences in
feral cat abundance between the two islands (Table S1). A
plausible explanation is the higher severity of disturbance
regimes on Melville is promoting higher cat densities by
increasing hunting efficiency (McGregor et al. 2014, 2015;
Leahy et al. 2015; Davies et al. 2020; Hradsky 2020). The fire
regime of Melville and Bathurst Islands are mostly similar,
with 41% vs 32% of each island burnt on average each year,
respectively, with only a slightly higher proportion of fires
occurring late in the dry season on Melville, when fire
intensity tends to be higher. While a more detailed comparison
of the fire regimes of each island could offer more insight, the
stark difference in feral cat populations between the two
islands is difficult to explain due to these differences alone.
A pronounced difference in the disturbance regimes of
the two islands is the high density of buffalo on Melville,
compared to their absence from Bathurst. In northern Australia,
feral cats have been reported to be in lower abundance and
density in areas with fewer or no feral megaherbivores,
including on Melville Island (Davies et al. 2020; Heiniger
et al. 2020). However, the mechanisms behind this associa-
tion remain poorly understood. Grazing of ‘green pick’ by
megaherbivores may exacerbate the impact of fire on small
mammals by extending the length of time the ground layer
vegetation — which can provide cover from predators - is
suppressed (Legge et al. 2019). As with fire, grazing can
also cause longer-term impacts on vegetation such as simpli-
fying habitat by removing the shrub layer (Vigilante and
Bowman 2004), reducing perennial native grass abundance
(Russell-Smith et al. 2003; Orr and O’Reagain 2011), also
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potentially benefiting predators (Hradsky 2020). Another
possibility is that the abundant ‘game trails’ created by
megaherbivores enable cats (and other predators, such as
dingoes) to move efficiently through the landscape. While this
effect of megaherbivores on savanna predators has not been
investigated, linear features such as tracks and roads benefit
wolves and other predators elsewhere in the world (Dickie
et al. 2017, 2022; DeMars and Boutin 2018). However, this
prior research largely relates to increased hunting efficiency,
and we acknowledge that much uncertainty remains regarding

the population-level effects of these mechanisms, especially in
isolation of each other. If buffalo are a key facilitator of cat
populations on Melville Island, we may have expected native
mammals to have suffered more severe and earlier declines
given buffalo have been widespread and abundant on Melville
Island for almost 200 years.

Understanding what limits cat abundance on Bathurst
Island, or conversely, what promotes cat abundance on Melville
Island, remains a key research question with potentially
important implications for Australian conservation. Progressing
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our mechanistic understanding will lead to increasingly
informed and effective management actions aimed at conserving
Australia’s native mammal populations. Currently, we also
need to ensure areas that have so far remained less degraded
(Tiwi Islands, Groote Eylandt, parts of the northern Kimberley)
are maintained in their relatively intact state, given there has
been little demonstrated recovery of mammal populations
following management interventions in highly degraded areas.
For example, mammals continued to decline in Kakadu National
Park after broadscale exotic megaherbivore control as part of
the Bovine Brucellosis and Tuberculosis Eradication Campaign
(BTEC; Woinarski et al. 2010). The lack of mammal recovery
following BTEC could be interpreted as evidence against the
role of megaherbivores in the northern Australian mammal
decline. However, it should also be noted that the effects of
megaherbivore removal on feral cat populations may not be
readily apparent given lag effects or hysteresis, especially in the
absence of a specifically designed and optimised monitoring
program to detect mammal recovery in response to BTEC.

In future, to better understand the predominant pathways
through which predators impact northern Australian mammals,
we suggest a broader focus on the predator assemblage beyond
feral cats. In this paper, we have focused on cats as the primary
driver of small mammal decline on Melville Island. However,
our study also reported higher abundances of another mam-
malian predator on Melville Island: dingo. Widely considered
a ‘native’ species, dingoes have been present in Australia for
at least 3500 years (Fillios and Tacon 2016) and presumably
have also been on the Tiwi Islands for a similar length of
time. Their protracted presence alongside sympatric small-
medium sized mammal species sets the depredation risk by
dingoes apart from those of other more recently introduced
predators. For example, since their introduction ca. 200 years
ago, cats have been implicated as the primary cause of
extinction for at least 20 fauna species and responsible for the
ongoing declines of many others (Dickman 1996; Abbott et al.
2014; Woinarski et al. 2015; Stobo-Wilson et al. 2022). It is
also possible that the relatively severe disturbance regimes
observed on Melville Island (Table S1) could also facilitate
dingo predation through mechanisms similar to those discussed
for cats. This interaction was previously suggested by
Stobo-Wilson et al. (2020b), which reported higher occur-
rences of dingoes in areas with reduced habitat structural
complexity— often resulting from abundant exotic megaher-
bivores and frequent, high-severity fires. Therefore, we would
expect that if intensifying disturbance regimes facilitate
increased dingo abundance on Melville Island, predation
pressure on dingo prey would also increase. Our study did not
detect a strong effect of site-level dingo activity on changes in
mammal abundance or richness on either island. However,
detailed information on dingo and cat densities in a region
coupled with diet analysis and prey availability is lacking and
more research is needed to quantify exact differences in preda-
tion rates between these predators. The impact of dingoes on
small mammal species is likely to be more limited than that

of cats, as dingoes tend to exhibit a stronger preference for
medium to large-sized (=5 kg) mammals (Corbett 2001;
Brook and Kutt 2011; Stokeld et al. 2018; Doherty et al.
2019), such as the agile wallaby (Notamacropus agilis), which
is both widespread and abundant on the Tiwi Islands (G. Neave,
unpublished data). In contrast, feral cats consistently demon-
strate significantly higher predation rates on small mammals
as evidenced by dietary studies conducted across Australia
(Kutt 2012; Doherty et al. 2015; Stokeld et al. 2018; Murphy
et al. 2019; Woolley et al. 2019).

There are potential limitations associated with inferring
mammal population change from two surveys conducted
two decades apart that warrant discussion regarding the
validity of our conclusions. First, there can be difficulties
when interpreting a decrease in trap success as a decrease
in the abundance of a species. For example, although not
statistically significant, we recorded a 32% decrease in
northern brown bandicoot trap success on Bathurst Island.
Rather than interpreting this as a decrease in abundance,
we strongly suspect that it is a sampling artefact caused by
a saturation of available cage traps by the northern brushtail
possum, whose trap success tripled. Importantly, no species
showed a significant increase in trap success on Melville
Island, so trap saturation was not a contributing factor to the
recorded decrease in overall trap success. Such method-
ological limitations highlight the care needed when inter-
preting changes in live trapping success as true changes
in abundance. Our live trapping surveys did not detect the
grassland melomys, pale field-rat and western chestnut mouse
on Bathurst Island in 2020, despite these species being detected
in 2001. However, given that these species were all rarely
detected in 2001, there is little inference that can be drawn
from not detecting them in 2020. Additionally, while our
analyses of the correlates of change for mammal abundance
and richness provided additional inference and facilitated
further discussion of the potential explanations for the
inter-island differences, it is important to note that these
remain speculative. For example, we acknowledge that the
use of overall abundance metrics could be biased by only a
few species, and that our analyses were limited by the lack
of detailed information on how some explanatory variables
have changed over time in addition to the possible
interactive effects of these variables.

Another limitation of our study is that native mammal
populations can exhibit large inter-annual fluctuations in
abundance, potentially making it difficult to differentiate
between natural fluctuations and ongoing population decline,
especially with sparse temporal data. However, given the
similarities between the geographic and taxonomic patterns
of mammal decline on Melville Island and those recorded
across the northern Australian mainland over the past
30 years (Woinarski et al. 2001, 2010, 2011a; Ziembicki et al.
2015), we can confidently discount the possibility that the
declines recorded on Melville Island reflect natural fluctua-
tions in abundance. For example, as first identified by

il
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Davies et al. (2018a), mammal decline on the Melville Island
is most pronounced for species that have suffered the earliest
and most severe declines on the mainland, such as the brush-
tailed rabbit-rat which has contracted from areas of the island
with high feral cat and exotic megaherbivore activity (Davies
etal. 2017; Penton et al. 2021). We provided further evidence
that this species has continued to decline on Melville Island
between 2015 and 2021.

Despite the above limitations, it is clear that Bathurst
Island remains as a nationally significant refuge for critical
weight range mammals, including for the brush-tailed rabbit-
rat, which is included in the list of Australia’s 20 mammals
most likely to go extinct by 2038 (Geyle et al. 2018). We
detected this species at 50% of sites in 2020, making it
likely to be Australia’s largest remaining stable population.
We also recorded a substantial increase in trap success for
the northern brushtail possum on Bathurst Island, which
tripled between 2001 and 2020. This is despite it suffering
widespread decline across northern Australia (Woinarski et al.
2001, 2010; Stobo-Wilson et al. 2019; Campbell et al. 2022),
and being listed as Vulnerable under Australian legislation. It
is unlikely that this dramatic increase in brushtail possum
trap success can be attributed to any substantial reductions in
the threat milieu on Bathurst Island. No large-scale manage-
ment of pig, cat or dingo populations has been undertaken in
the last two decades. Analysis of fire regimes shows a slight
shift in fire seasonality with an overall decline in late dry
season fires, although this is not significant. Interestingly,
the high rates of brushtail possum trap success reported in
2020 are supported by high RAI derived from camera
trapping at the same sites (G. Neave, unpublished data).
Indeed, the mean RAI for brushtail possums on Bathurst
was 2.5 times the mean RAI of brushtail possums on
neighbouring Melville Island; as such, we can be confident
that possums are in very high abundance on Bathurst
Island. Whilst the 3-fold increase in brushtail possum trap
success between 2001 and 2020 could reflect natural popula-
tion fluctuations to some degree, it could also be that this rate
of increase has been amplified due to differences in the
probability of live trapping between sampling sessions. In
both sessions, sampling was undertaken in the dry season;
however, in 2001, all surveys were completed in the early
dry season (May-June) and in 2020, surveys were conducted
in the late dry season (July-September). Large differences in
the probability of detection with live trapping in the early
versus the late dry season have been reported for semi-arboreal
species, such as the brush-tailed rabbit-rat (Geyle et al. 2019)
and for brushtail possums (H. Davies, unpublished data) on
the Tiwi Islands. For some species, live trapping data is more
sensitive to changes in animal behaviour linked to resource
shortages, and without historical camera data from the 2001
surveys, we can only speculate that seasonality is a contributing
factor in exaggerating the increase in possum trap success.

Naive occupancy rates, derived from camera trapping, for
northern brown bandicoots, northern brushtail possums,

black-footed tree-rats and brush-tailed rabbit-rats on the Tiwi
Islands were much higher compared to sites in lowland woodland
savanna across mainland Northern Territory (Heiniger et al.
2020). Therefore, it is important to note that compared to
most areas of mainland northern Australia, both Melville
and Bathurst Island currently support regionally significant
populations of native mammals. The Tiwi Islands receive the
highest rainfall totals in the Northern Territory and contain its
tallest and highest-biomass eucalypt open forests (Woinarski
et al. 2003). The high productivity of these islands has likely
contributed to the persistence of native mammals via
heightened resource-driven population resilience (Stobo-Wilson
et al. 2020a). Given the presence of threatening factors (exotic
mammals and frequent fire), it is plausible that the declines
starting to become apparent across the less-productive areas
of Melville Island could extend to the more productive
Bathurst Island sometime in the future. Therefore, regardless
of their current healthy state, we warn against complacency
based on the assumption that native mammal populations
on Bathurst Island will remain safe from future decline. To
ensure the persistence of native mammals on the Tiwi Islands
we need the effective management of both fire and feral
animals, coupled with ongoing monitoring across both islands.

Our study is an important addition to the large existing
body of work investigating the drivers of the northern
Australia mammal declines. Using the Tiwi Islands as a
natural laboratory to compare the impact of their different
disturbance regimes, we have provided important insights
into the links between feral cats, and disturbance regimes as
facilitators of cats in these ecosystems. This is more difficult in
other parts of Australia where the implicated drivers are
ubiquitous and mammal populations already depauperate.
While our study has highlighted the critical role of islands
for both biodiversity conservation and applied ecological
studies, it has also highlighted the complexity and uncertainty
over the potential facilitators of feral cats on Melville Island.
In particular, we recognise that the role of megaherbivores as
agents of disturbance that can benefit cats has been
understudied compared to fire. The Tiwi Islands currently
remain a unique refuge for native mammals. Their large size
affords protection to resident populations from stochastic
events that can extirpate populations on small refugial
islands or isolated areas (Woinarski et al. 2011b; Alzate
et al. 2019; Fernandez-Palacios et al. 2021). Sadly, the
current patterns of mammal decline on Melville Island are
all too familiar across northern Australia, and the continent
more broadly. Yet, a silver lining of this familiarity is that
we now find ourselves with a sufficient understanding of
the drivers of mammal decline to effectively mitigate, or at
least attempt, to mitigate these declines. However, if nothing
is done to prioritise management actions that reduce the
severity of the key threats on the Tiwi Islands, we reiterate
the warnings widely touted in many ecological studies from
northern Australia. Additional species will be driven to
extinction, and the ramifications of this will be far wider
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than the loss of biodiversity; it will include irreversible
impacts on Tiwi culture.

Supplementary material

Supplementary material is available online.
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