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Abstract

Species with irruptive population dynamics, that undergo dramatic outbreaks during which
they invade normally unoccupied areas, provide a useful template with which to view rare
or novel species interactions. Here we document biotic interactions during a population
irruption of the long-haired rat (Rattus villosissimus) into the Simpson Desert, Australia.
The rat is the largest extant rodent in arid Australia (average body mass: 134 g) being
3—4 times heavier than resident rodents. The study examined direct predation on and/or
displacement of resident rodent species (using 21 years of monitoring data, 1999-2020)
and examined if browsing caused damage and/or mortality of the sapling population of
the dominant tree Acacia peuce (using 40 years of monitoring (1979-2019) of a sapling
population of 146 individuals). Over 21 years, all but three records of R. villosissimus
were during a period of 31 months (June 2010 to December 2012). Three distinct effects
of the rats on the ecosystem were detected, specifically, potential displacement of resi-
dent rodent populations (Notomys alexis, Pseudomys australis) by R. villosissimus, direct
predation on other rodents, and browsing impacts on 4. peuce that ranged from moderate
through severe damage to outright mortality in 7% of monitored saplings. The rare inter-
actions produced by the rat outbreak did not have lasting effects on small mammals. By
contrast, A. peuce sapling vigour and population growth may be negatively impacted by
R. villosissimus should outbreaks occur more frequently as a result of changing climate.
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Introduction

Species with irruptive population dynamics periodically undergo dramatic outbreaks dur-
ing which time they increase geographic range and move into areas that are otherwise not
occupied (Pavey et al. 2017). Such events are rare in space and time but occur when pri-
mary productivity is high driving high rates of reproduction and survival as a consequence
of plentiful food availability (White 2019). One of the outcomes of these movements is
the emergence of biotic interactions between species that normally have allopatric ranges.
This situation creates novel trophic interactions and potentially affects the functioning of
food webs. Such interactions, though temporary, can provide insights into novel interac-
tions resulting from introductions of non-natives or when species tracking a changing cli-
mate (and formerly with allopatric ranges) share space for the first time (Loarie et al. 2009;
Kechnebbou et al. 2021). Rare trophic interactions resulting from irruptive dynamics have
the potential to negatively impact the resident biota through increased competition for space
and resources, predation, and herbivory (Kelt 2011). Currently there is limited information
on the prevalence, strength or outcome of rare trophic interactions.

The rodent genus Rattus (Muridae) has several species that are suitable candidates for
assessment of this phenomenon. Multiple Australian species in the genus are irruptive
(Redhead 1979; Madsen and Shine 1999; Madsen et al. 2006; Short et al. 2018) and they
are known to interact negatively with agriculture and forestry during population outbreaks
(Braithwaite and Griffiths 1996; Hunt et al. 2012). The endemic long-haired rat, Rattus vil-
losissimus (maximum body mass, 280 g), inhabits arid and semi-arid environments of north-
ern Australia, a region that experiences highly unpredictable rainfall (McMahon et al. 2008;
van Etten 2009). When extreme rainfall events (i.e. annual rainfall >750 mm) do occur, the
species can undergo dramatic increases in population size (Crombie 1944; Carstairs 1974;
Greenville et al. 2013). During some of these events individuals move long distances along
the channels of drainage lines invading geographical areas that are not otherwise occupied
including the Simpson Desert, central Australia (Newsome and Corbett 1975; Predavec and
Dickman 1994; Greenville et al. 2013; Pavey and Nano 2013). The colonisation of sites
beyond the normal range of the species is rare (occurring at intervals of 25-30 years) com-
pared to the frequency of the irruption events of resident species of rodents (every 8—10
years) (Dickman et al. 1999; Greenville et al. 2016; Stringer et al. 2024).

The appearance of a large native rodent such as R. villosissimus in high numbers is pre-
dicted to change the functioning of ecosystems in several ways for the period the species is
present and into the future. Specifically, the species is three to four times larger than resident
rodents in the Simpson Desert (Table 1), therefore, it is likely to be a superior competitor for
food and habitat resources. Further, predator-prey interactions would likely be altered given
the increase in rodent biomass available to predators when R. villosissimus is present in high
abundance. Rattus villosissimus could potentially also predate on smaller rodents and other
small mammals. In addition, the burrowing of R. villosissimus is a source of movement of
significant amounts of soil in an environment where most other burrowing species are now
extinct. Further, rodents are known worldwide to be significant sources of seed predation
and seedling herbivory (e.g. Bowman et al. 2017) and this is the case with several Rattus
species in Australia (Braithwaite and Griffiths 1996). Thus, the irruption of this species may
cause an alteration of ‘bottom up’ and ‘top down’ trophic interactions as well as changes to
the physical environment.
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Table 1 A list of ea_ch species Species Mean body Number of Overall
of rodent captured in the study mass (g) captures capture rate
area on Andado and New Crown (captures/100
Stations in the western Simpson trap nights)
Desert, Australia, from 1999 to I dina fi i 20 5 <0.01
2020 showing mean body mass, eggaana jorrestt '
number of captures, and capture  Mus musculus 13 854 1.65
rate for each species. Body mass Notomys alexis 35 855 1.65
data are from Van Dyck and Pseudomys australis 40 1,669 3.22
Strahan (2008) P. hermannsburgensis 12 1,315 2.54
P. desertor 25 5 0.01
Rattus villosissimus 134 349 0.67
Total 5,049 9.74

Here, we report on the rare biotic interactions that resulted from the geographic expan-
sion of R. villosissimus into the western Simpson Desert during a population irruption in
response to extreme rainfall in 2010 and 2011 (Wardle et al. 2013). This outbreak was the
first reported for the study area since the 1970s (Newsome and Corbett 1975). Our aim in
this study is to examine the hypothesis that the temporary appearance of a large native rodent
will change the functioning of a regional ecosystem. We focussed on two sets of biotic inter-
actions. Specifically, to address whether R. villosissimus becomes a significant competitor
and predator of native rodents during irruptions, we examined changes in abundance of
native rodents during irruptive events. We also collated anecdotal evidence of predation by
R. villosissimus on smaller species. Second, we assessed the impact of herbivory by R. vil-
losissimus on the demography (mortality and stem kill) of a threatened keystone plant at the
site, Acacia peuce, a perennial tree used extensively by birds as nesting and roosting sites.

Methods
Study area

The study was undertaken on Andado Station and New Crown Station in the Simpson Des-
ert, southeast of Alice Springs, Northern Territory, Australia. The regional climate is domi-
nated by long periods with low rainfall and daily extremes in temperature. Average annual
rainfall based on three weather stations in the vicinity of the study area is 154 mm (Pavey
et al. 2014). The region’s climate features an irregular periodicity and low predictability of
rainfall. More details of the climate and the pattern of rainfall in the study area are provided
by Nano et al. (2013).

Occurrence and abundance of rodents including Rattus villosissimus

To test the hypothesis that the species is non-resident and occurs at the site on a rare and sto-
chastic basis, we assessed presence and abundance of rodents in the study area from 1999 to
2020 during two monitoring programs (that involved repeated trapping of permanent sites)
and five survey trips (that involved sampling a range of habitats in an effort to locate target
species including R. villosissimus). All trapping involved the use of aluminium box traps
(Elliott Scientific, Upwey, Victoria).
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The first monitoring program ran from 1999 to 2007 on 11 sites, with each site consisting
of a line of either 25 or 50 box traps spaced 10—15 m apart (see Pavey et al. 2008 for further
details). The sites were trapped on 17 occasions with 2 to 6 sites being trapped during each
monitoring session for three or, rarely, two nights for a total of 5,750 trap nights. The second
monitoring program involved trapping 20 permanent grids with each grid consisting of 25
box traps set in a five by five array with 20 m between adjacent traps. Grids were placed
in a northern and southern block with each block consisting of grids located in three main
habitat types as follows: (1) gibber plain, (2) clay plain (including cracking clay plain and
swamp) and (3) sand habitat (including sandridge and sand plain). Trapping was carried out
from October 2007 to September 2020. Traps were left open for three to four nights per ses-
sion. Sites were trapped 24 times for a total of 32,720 trap nights (see Pavey 2021 for further
details). All trapping during the two monitoring programs involved the use of a mixture of
peanut butter and rolled oats as bait.

Survey trips were carried out in May and July 2008, May and June 2009, and October
2013. Details of the trapping are provided in Pavey et al. (2011); briefly, these consisted of
49 trap sites with each site trapped on at least one occasion. Forty-five sites consisted of a
grid of box traps (set as for the permanent sites, above) and open for two to four nights of
which the habitat was located on sandridge (18), sand plain (2), gibber plain (7), clay plain
(13), and swamp (5). These traps were baited with a mixture of peanut butter and rolled oats.
An additional four sites were set on extensive areas of gibber plain that consisted of a long
line of box traps set in pairs with adjacent pairs 100 m apart. The length of these lines was
7.4 km, 7.4 km, 4.8 km and 1.8 km, respectively. These lines were open for three to four
nights and baited with tinned sardines.

In addition, we carried out trapping during the period that R. villosissimus was potentially
irrupting in the south of the study area during winter 2010. This effort involved 48 nights of
trapping using box and pitfall traps across 31 sites from 21 May to 13 July 2010 for a total
of 7,750 trap-nights. Sites were open for between two and 21 nights per site.

We follow Greenville et al. (2013) in considering any R. villosissimus with a body mass
<60 g as juvenile. Individuals with body mass from 60 to 100 g were classed as sub-adults
with adults being > 100 g.

Rodent biomass

The biomass of rodents at a site during a sampling session was calculated by multiplying
the minimum number of individuals of a species captured during a sampling session by the
average body mass of the species (from Table 1). The species specific biomasses at a site
were then summed to give the total score for a site. Individuals were temporarily marked to
enable identification of recaptures within a sampling session. Marking was either by clip-
ping fur on the hindquarters or marking the tail with a black pen.

Predation of other rodents by Rattus villosissimus
Records of R. villosissimus capturing and consuming other rodents was obtained from two
sources. First, we sought direct observations of predation by observing individual R. villo-

sissimus at night. These observations were opportunistic. Second, we recorded any instances
when R. villosissimus was present in a box trap with another species of rodent that had been
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partially consumed. In these instances, we assumed that the R. villosissimus had ‘forced’
itself into the trap after becoming aware that another rodent was already present.

Mortality and damage of Acacia peuce

Acacia peuce is listed nationally as Vulnerable under the Environment Protection and Biodi-
versity Conservation Act of 1999. Only three populations are known across the entire range.
The population of 4. peuce in the Northern Territory is distributed within an area of 337 km?
on Andado Station (Nano et al. 2013) and is estimated at about 2,000 individuals (Raghu et
al. 2013). The entire distribution of the species in the Northern Territory is included within
our study area.

In September 1979, a total of 13 permanent plots each 25 m by 25 m were established
across the population of 4. peuce with the aim of monitoring the fate of recently established
seedlings (Nano et al. 2012). All small plants (< 0.3 m tall) were individually tagged and
these, along with any new seedlings that emerged thereafter, were monitored on 26 occa-
sions from September 1979 to February 2011. Subsequently, the plots were monitored on
six occasions during and after the outbreak of R. villosissimus; May 2011, June 2012, May
2013, May 2015, July 2016 and April 2019. In addition, survivorship of a subsection of plots
was assessed in December 2011, when damage to plants was first noted during incidental
observations. At this time all individuals in the plots were in either of two juvenile classes
recognised by Raghu et al. (2013); “Sapling 1’ and ‘Sapling 2’. Each of these individuals
was <4 m in height.

During each of the 32 visits from 1979 to 2019, the plots were searched for the tagged
plants and for any new individuals, and status was recorded as alive, dead or new. The
height of each individual was measured. During the visits from May 2011 to April 2019, we
assessed: (a) whether each individual had been damaged by R. villosissimus, (b) the location
of damage to the stem of the plant as either ‘basal’, ‘mid’ or ‘upper’ and (c) the severity of
damage as ‘moderate’ or ‘severe’. Leaf vigour was also assessed. Damage was ascribed to
R. villosissimus based on visual sign. Specifically, the presence of rat scats and/or burrows at
the base of the saplings or in the immediate vicinity of them was treated as causal evidence
of observed stem damage. Notably, the likelihood that any other species was responsible for
the damage was negligible given that there was no direct or indirect observations of visits
to the saplings and that no such damage had previously been recorded outside of the R. vil-
losissimus irruption event despite other species irrupting in the area (see Results). Damage
ranged from partial bark stripping through to ringbarking and, on occasion, complete stem
severance.

Results
During the 21 years of the study (1999-2020), a total of 51,845 trap nights were completed.

This trap effort produced captures of 5,049 rodents (including recaptures) at a capture rate
0f 9.74 animals per 100 trap nights (Table 1).
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Presence of Rattus villosissimus

The first record of R. villosissimus during the current study was on 5 April 2002 in the north
of the study area. This capture, of an adult male (body mass: 134 g) occurred during the first
monitoring program (described above) and it was at a site located within the main stand of
A. peuce. The capture occurred during the high phase of a rodent population irruption (Fig.
1) that was driven by plains mouse (Pseudomys australis), sandy inland mouse (P. her-
mannsburgensis) and spinifex hopping mouse (Notomys alexis) but not house mouse (Mus
musculus) (Pavey et al. 2008).

Rattus villosissimus was not captured between April 2002 and June 2010 despite a high
trap effort on both monitoring grids and survey sites. No further observations were made
until a population irruption during 2010-2012. The first animal detected at the onset of the
irruption was on 1 June 2010 in the south of the study area. Rattus villosissimus was not
detected on monitoring grids in May 2010 but it was present during the next monitoring
session in December 2010. During the intervening period, almost continuous trapping was
carried out from 21 May to 12 July 2010 in the southern block of the study area around Old
Andado homestead and including two of the clay monitoring sites. Rats were captured from
1 June until 12 July 2010, when trapping ceased. By the monitoring session in December
2010, R. villosissimus was present at both clay sites and one sand site in the south but not
on gibber sites. It was also present on one sand site in the north but not on clay or gibber
sites. By May 2011, the species was present on all sand and gibber sites trapped in the south
(clay sites could not be trapped because they were flooded). In the north, R. villosissimus
occupied all clay and sand sites and three of the four gibber sites by May 2011.
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Fig. 1 Capture rate of Rattus villosissimus and other rodents combined across the 21-year study period
on Andado and New Crown Stations in the western Simpson Desert, Australia, from 1999 to 2020. The
capture rate for each year is presented for all trapping sites (monitoring and survey) combined. A single
R. villosissimus was captured in 2002 and 2020
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Trapping was discontinued after the May 2011 sampling session because predation by
R. villosissimus on other rodents in traps was observed (see below). Trapping resumed in
December 2012, but only on the north block, with R. villosissimus persisting on two gibber
sites but not on clay or sand. No animals were detected on the subsequent sampling trips in
early March 2013 (south sites only) and June 2013 (north sites only).

No further individuals were trapped from 13 December 2012 until September 2020 when
a single sub-adult female (body mass: 66 g) was trapped in a swamp beside Old Andado
homestead (the same location where the species was first detected in June 2010). In addi-
tion, a single R. villosissimus was recorded in a pellet of a letter-winged kite collected in the
north block of the study area on 14 October 2016 (Pavey 2021).

In summary, over a 21-year (251 month) study period, all but three records of R. villo-
sissimus were during a period that had a minimum duration of 31 months from June 2010
to December 2012 (Fig. 1). Apart from the two records of single animals (2002 and 2020)
the species was detected on the trapping sites only during three years of the 21-year study
period (Fig. 1).

Reduction of Notomys alexis and Pseudomys australis captures during presence of
Rattus villosissimus

During the second monitoring program (2007-2020), two separate population outbreaks of
rodents occurred in the study area. During the first outbreak in 2010-2011, R. villosissimus
was present whereas during the second outbreak in 20162017, R. villosissimus was absent
(Fig. 1).

A comparison of time series of capture rates in the sand sites (combined across north
and south) shows that in 2010-2011, R. villosissimus and N. alexis occurred in similarly
low abundance in December 2010 whereas by May 2011, R. villosissimus was dominating
captures (Fig. 2a). In contrast, during 20162017 with R. villosissimus absent, captures of
N. alexis increased steadily up to 50.10 +6.35 SE captures per 100 trap nights by July 2017.
This peak did not occur in 20102011 (Fig. 2b).

A comparison of time series of capture rates in three of the drought refuge sites (sensu
Pavey et al. 2025) of P. australis show that capture rates declined dramatically from Decem-
ber 2010 (71.11 £20.26 captures/100 trap nights) to May 2011 (15.11 £7.75 captures/100
trap nights). This unexpected decline in P. australis captures was correlated with the appear-
ance of R. villosissimus by May 2011 (the species was not detected in December 2010)
(Fig. 3a). Rattus villosissimus had a higher capture rate than P. australis by this time (17.78
+4.44 captures/100 trap nights). In contrast, during 2016-2017 with R. villosissimus absent,
captures of P. australis again peaked above 70 captures per 100 trap nights (73.52 +1.72)
in October 2016 and March 2017 and remained above 50 captures (55.46 +21.18 captures)
in July 2017 (Fig. 3b).

Rodent biomass
Mean rodent biomass varied across the three sampling periods in both 2010-2011 and
2016-2017 (Fig. 4). On the sand sites it peaked at 2.44 kg/site in May 2011 when R. villosis-

simus was common (Fig. 4) and did not rise above 1.00 kg/site during the other five capture
periods despite the high capture rate of N. alexis in 2016-2017 (Fig. 2b). On the refuge sites
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Fig. 2 Time series of capture rate (per 100 trap-nights) of Notomys alexis and Rattus villosissimus on
monitoring grids in sand habitat (combined across all sand sites, N = 8) in the western Simpson Desert,
Australia, in: (a) 20102011 and (b) 20162017
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the presence of P. australis alone led to a mean biomass of 2.04 kg/site in December 2010
and 1.81 kg/site in March 2017 (Fig. 4b). Similar to the sand sites, mean biomass at refuge
sites was highest in May 2011 (at 2.25 kg/site) when R. villosissimus was the most abundant
rodent (Fig. 3a).
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Fig. 4 Mean biomass of the five rodent species (Pseudomys australis, P. hermannsburgensis, Notomys
alexis, Mus musculus, Rattus villosissimus) during three monitoring periods each in 20102011 and
2016-2017 in refuges of P. australis (N=3) and in sand habitat (combined across all sand sites, N= 8) in

the western Simpson Desert, Australia. The data are means across all grids trapped during the sampling
period

Rattus villosissimus predation on other rodents

Observations and circumstantial evidence of predation by R. villosissimus on other rodents
was obtained during fieldwork in May 2011 (Table 2). Evidence included both direct obser-
vations of predation by R. villosissimus on M. musculus and instances when R. villosissimus
was present in a box trap with partially consumed M. musculus.

Mortality and damage of Acacia peuce saplings by Rattus villosissimus

In two of the 14 monitoring plots of 4. peuce, 100% of saplings were damaged by R. vil-
losissimus. The rats damaged the basal, mid and upper stems of saplings (Fig. 5). Rats
climbed saplings to access foliage and bark. Damage inflicted on A. peuce saplings by R.
villosissimus included feeding on bark and on new growth of leaves. Some plants had been
ring-barked or had suffered dead branches.

Of the two plots that sustained damage, one plot was in the main stand (N= 41 saplings
monitored since 1982) and the other plot was in an outlying fragment stand (N= 6 saplings
monitored since 1982). In total, 149 saplings were monitored across the 14 plots, of which
31.5% (47) were damaged by R. villosissimus.
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Table 2 Observations of Rattus Date Habitat Observation
vzllészsszmus carmivory obtalned 22 May Cracking Male R. villosissimus (270 g) in a trap
during fieldwork in 2011 in .
. 2011 clay— north with a partly consumed M. musculus.
the western Simpson Desert, .
Australia 24 May Old Andado Free-ranging adult R. villosissimus
2011 homestead observed capturing and consuming an

adult M. musculus.

25 May Old Andado Free-ranging adult R. villosissimus
2011 homestead observed chasing and pouncing at an
adult M. musculus that evades capture.

25 May Old Andado Free-ranging adult R. villosissimus

2011 homestead seen feeding on a M. musculus.

27 May Sand - south Male R. villosissimus (not weighed)

2011 in a trap with a partly consumed M.
musculus.

By April 2019, 10 of the 47 damaged saplings had died. Seven of these had died during
the rat outbreak (by December 2011). The mortality rate in the year of the rat damage was
7 times higher than background levels over 27.5 years of monitoring pre-2011 (Table 3).
Rats had chewed through the main stem and killed one sapling. Pre- and post-event sapling
monitoring confirmed that very high sapling survival rates occurred in the absence of rat
browsing (Table 3).

Discussion

Over a period of 21 years (1999-2020) we recorded a single irruption and movement of R.
villosissimus into our study area over a minimum duration of 31 months from June 2010
to December 2012. By comparison, the commonest resident species in the study area, P,
australis and N. alexis, underwent three population outbreaks during this period. Although
there is not a continuous record of rodent population dynamics from the western Simpson
Desert, the previous recorded population outbreak of R. villosissimus occurred in the 1970s
(Newsome and Corbett 1975). Monitoring in the eastern Simpson Desert was continuous
from 1990 to 2020. Two outbreaks of R. villosissimus occurred there during this time; one in
1991-1992 (Predavec and Dickman 1994), another in 2010-2011 (Greenville et al. 2013).
These observations from long-term monitoring show that movement of R. villosissimus into
the Simpson Desert is a rare event occurring, at most, every 20 years.

During the occurrence of R. villosissimus in the study area in 2010-2012 we observed
three biotic interactions involving the species. The first was the apparent suppression of
resident native rodents by the rats. This process was inferred both by changes in the popula-
tion trajectories of native species following the appearance of R. villosissimus in 2010-2012
and by comparison of population trajectories during the 2010-2012 outbreak with those
during the subsequent outbreak (2016—-2017) when rats were absent. Responses were shown
by Notomys alexis in sand environments and by Pseudomys australis at its refuge sites on
cracking clay and gibber plains. Rattus villosissimus appeared to flatten the peak of the
population outbreaks of these two species in 2010-2012 compared to 2016-2017.

The mechanisms by which R. villosissimus may have suppressed populations of other
rodents potentially include predation (see below), interference competition and increased
mortality resulting from stress. The mechanisms may differ between P. australis and N.
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Fig. 5 Damage (indicated by arrows) sustained by a sapling Acacia peuce because of herbivory by Rattus
villosissimus

alexis. With regard to interference competition, at refuges of P. australis, observations
revealed that by May 2011 R. villosissimus occupied burrow systems that P. australis had
continuously occupied since March 2009 (C. Pavey unpublished data). The fate of the pre-
vious occupants of the burrows is unknown. The role of stress on population regulation
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Table 3 Mortality rate of tagged Time period No. Mortality/year % Source
saplings of Acacia peuce in 14 deaths survival

monitoring plots from August

1983 to April 2019 both before U 1983-Feb 40 1.45 727 Nano
R 2011 et al.
and after the Rattus villosissimus 2012
outbreak of 2010-2012
March-December 7 9.3 67.8 This
2011 study
Jan 2012-April 3 0.41 65.8 This
2019 study

of mammals has been covered in detail from an intraspecific perspective by Sheriff et al.
(2011). Less clarity is available on the role of interspecific interactions in producing stress.
Given the high abundance of R. villosissimus in the study area in May 2011 and their close
proximity to the resident rodents, it seems probable that the presence of rats would elevate
levels of stress in other rodents.

An alternative explanation of the trapping results is that the presence of R. villosissimus
and/or its odour in traps resulted in P. australis and N. alexis avoiding the traps such that
the patterns observed do not represent an actual change in population trajectories of the two
species. Such an avoidance response is widespread in mammalian prey species (Apfelbach
et al. 2005; Fardell et al. 2020). In our study, P. australis and N. alexis may have been dis-
placed and moved to adjacent areas that were not trapped or simply avoided the vicinity of
traps at which odour indicated the presence of R. villosissimus. It is also possible that there
was competition for traps in May 2011 with P. australis and N. alexis being inferior in com-
petition for access to traps in comparison to R. villosissimus and M. musculus. Notably, the
presence of R. villosissimus did not remove all P. australis from refuges as the two species
continued to occupy these sites during sampling. Our data do not allow us to separate the
two possibilities; either way the presence of the rats produced dramatic changes in the use
of the landscape by two common resident, native rodent species.

The second novel interaction was the role of R. villosissimus as a predator. We noted
predation by rats on M. musculus on multiple occasions including direct observations of rats
hunting M. musculus at one of our camps and records of traps containing a R. villosissimus
together with a partly consumed carcass of M. musculus. It is likely that R. villosissimus
also preys on other rodents. We temporarily discontinued trapping in May 2011, for ethical
reasons, after noting the predation of mice in traps by R. villosissimus based on the expecta-
tion that predation on other species in traps was inevitable. In arid South Australia R. vil-
losissimus preys on P. australis during rodent outbreaks and it has long been recognised as
partly carnivorous (Finlayson 1939; Bonyhardy 2019).

The third novel interaction was the consumption of foliage and bark of perennial vegeta-
tion. This interaction was noted on the long-term monitoring plots for saplings of the tree,
Acacia peuce. All individuals in two of the 14 monitoring plots were damaged by R. villosis-
simus representing 32% of the monitored saplings. Of these 47 saplings, 10 subsequently
died.

Herbivory by small mammals on perennial vegetation in semi-arid environments has
been noted in South America (Farias et al. 2021) where it occurs after small mammal pop-
ulations have rapidly increased in size, in response to productivity pulses of ephemeral
vegetation, but then switch to alternative food sources during the intervening dry periods.
Similarly, herbivory on 4. peuce by R. villosissimus in our study was first detected towards
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the conclusion of a prolonged period of high rainfall at a time when food resources for
herbivores were declining (Nano and Pavey 2013). The population size of R. villosissimus
was high at this time and, although 4. peuce is patchily distributed, saplings provide a sig-
nificant amount of bark and foliage across a drying landscape. This finding further supports
the importance of A. peuce as a keystone species as its presence appears to have prolonged
the rat outbreak in an otherwise treeless landscape.

Although previous research has reported herbivory by small mammals affecting growth
and cover of perennial plants, 4. peuce saplings in our study were killed by R. villosissimus.
Acacia peuce is a rare and slow growing tree (Nano et al. 2012, 2013) and the mortality
from R. villosissimus reported here is much greater than background rates of sapling mortal-
ity detected during monitoring of the plots since 1979 (Raghu et al. 2013). Therefore, the
mortality caused by R. villosissimus is a potential concern for management of 4. peuce.
Although the impact is highly localised, the rat-driven mortality is of importance because
of the small population size of 4. peuce and the absence of other drivers of mortality. The
R. villosissimus outbreak potentially also impacted early survival of seedlings; however, we
did not collect data on this interaction. In future, seedling predation should be assessed using
experimental exclosures that prevent the rats from gaining entry.

In addition to the novel interactions that we detail here, other ecological interactions
can be triggered by irruptions of R. villosissimus. We have shown that rodent biomass was
greater during the irruption with R. villosissimus than the following irruption without rats.
Rats are consumed by a wide range of predatory vertebrates (Vernes et al. 2020; Pavey
2021) and an increase in rodent biomass provides increased food for predators with the pos-
sibility of trophic cascades generated by this increase. Our opportunistic observations also
indicate that the digging activities of rats during the construction of burrows increased the
movement of soil. The majority of digging mammals are extinct in the study area such that
digging by R. villosissimus may be a positive process for ecosystem function because it bio-
turbates the soil contributing to a variety of biogeochemical processes that enhance aeration
and water infiltration. This change can have positive impacts on ecosystem function through
increased plant establishment and survival (James and Eldridge 2007).

In summary, outbreaks of R. villosissimus in the western Simpson Desert are rare events,
more so than those of resident native rodents, occurring perhaps only every 30 years. When
rats moved into the study area, a series of ecological interactions occurred that negatively
affected the distribution and mortality of components of the ecosystem. Our study recorded
potential displacement of native rodent populations, direct predation on rodents, and preda-
tion on bark and foliage of a keystone perennial tree. The ecosystem of the western Simpson
Desert clearly has the ability to bounce back from these events. However, the ability to do
so is likely to be related to the long return time of rat irruptions. If the intensification of
the global hydrological cycle occurs as predicted by global climate models (e.g. Knapp et
al. 2017), it will increase the occurrence of extreme precipitation years in arid Australia.
This increase could result in an increase in occurrence of outbreaks of R. villosissimus in
the western Simpson Desert. Such an increase may reduce the ability of the ecosystem to
recover from the impacts of the rats. Acacia peuce and similar species will be at risk because
of slow growth rates, rare reproductive events, and low levels of natural mortality.
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