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The mesopredator release hypothesis proposes that when top-down suppression by a larger predator (e.g.
dingoes, Canis familiaris) is removed, smallermesopredators (e.g. feral cats, Felis catus) increase in abundance. Le-
thal control of dingoes could therefore potentially exacerbate predation pressure by feral cats on smaller prey
species. We monitored the activity of dingoes and feral cats (in the absence of red foxes) in two dingo-baited
areas over 16 months using 182 camera traps. First, we estimated population densities across each property
and found that dingo and feral cat density were unrelated. Second, we compared daily capture rate of dingo
and feral cats and found that both predators' capture rates were weakly related to environmental factors and
the baiting program. Third, we analysed temporal overlap in activity of these two predators. Although both pred-
atorswerenocturnal and showed78.7% overlap in temporal activity patterns, therewas a significant difference in
activity peaks. Finally, while both predators were distributed across the whole study site, there was strong tem-
poral separationwithin 1, 12 and 24 h periods at each individual camera. In conclusion, therewas no indication of
suppression of feral cat population by dingoes. The large and growing body of similar evidence suggests that calls
to restrict dingo control on grounds that it will causemesopredator releases are unsupported and highly unlikely
to yield the biodiversity benefits often hoped for by proponents.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Within most ecosystems, opposing forces maintain ecosystem dy-
namics by top-down and bottom-up processes. In ecosystems domi-
nated by top-down processes, apex predators can be critical in
determining ecosystem structure (e.g. Estes et al., 2011; Knight et al.,
2005). In addition to influencing prey species, apex predators can also
influence the abundance, dispersion and distribution of other smaller
(meso-)predators (Newsome and Ripple, 2014). Consequently, under
the mesopredator release hypothesis, it is postulated that removal or
loss of apex predators can facilitate increases in mesopredator abun-
dance, which in turn can negatively affect the behaviour and population
size of prey species (Soule et al., 1988). For example, population control
of the wolf (Canis lupus; an apex predator) is reported to have led to an
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increase in abundance of coyote (Canis latrans; a mesopredator)
throughout Yellowstone National Park in the USA (e.g. Ripple et al.,
2013) (but see Wilmers et al., 2003 for an alternative view). This is re-
ported to have had follow-on effects for native herbivores and grazing
of native pastures (Berger and Conner, 2008).

Mesopredator suppression by apex predators can occur by direct or
indirect mechanisms. Direct suppression can occur as interference
competition (interspecific competitive killing or intra-guild predation).
Observations of direct predation of mesopredators by top-predators are
common outside Australia (Palomares and Caro, 1999; Smith et al.,
2003), and occasionally documented in Australian ecosystems
(Moseby et al., 2012). Indirect control of smaller predators can take
the form of behavioural suppression, where mesopredators change
their activity patterns in response to the presence of apex predators
(Brown et al., 1999). For example, mesopredatorsmay avoid apex pred-
ators by avoiding areas used by apex predators, or by using the same re-
sources (i.e. prey, water points, or tracks) at different times (Gordon
et al., 2015). Spatial and temporal behavioural avoidance (or separa-
tion) may limit a mesopredator's ability to survive and reproduce,
which could then cause population declines over time (Lima and Dill,
1990).
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In Australia, dingoes are perceived to have a role in conservation
through suppression of mesopredators, in particular the feral cat
(Ritchie and Johnson, 2009). The mesopredator release hypothesis has
become popular in applied ecology (Bradshaw et al., 2011), with a
2018 review (Kreplins et al., 2018a) identifying over 130 peer-
reviewed papers discussing the topic in respect to dingoes since the
term first appeared in the Australian literature in the 1990s. Support
for themesopredator release hypothesis requires evidence that dingoes
suppress the abundance of feral cats through direct predation or alter-
ing their behaviour and therefore compromising survival and reproduc-
tion (Allen et al., 2015; Fancourt et al., 2019).

Conversely, dingoes are also a key threatening process for some en-
dangered fauna (Allen and Leung, 2012), and a source of conflict with
livestock production (Fleming et al., 2014). Dingoes are predators of
small livestock, costing Australia's livestock production industries
$89.33 million per year in damage and control efforts (McLeod, 2016).
Australia produces approximately 14.2 million sheep and 27.4 million
cattle per year, and is the third largest exporter of commercial livestock
after Brazil and India (Cattle Council of Australia, 2016; Meat and
Livestock Australia, 2016). Population control of dingoes is therefore
carried out in many livestock production areas to reduce their impacts
on stock.

Dingo control in Australia can result in reductions in dingo popula-
tions of 22–100%, depending on a range of factors, including the history
of baiting program, density of baiting, season and location (Ballard et al.,
2020; Fleming, 1996; Thomson, 1986). Where dingo control programs
cause significant population reductions (e.g. Ballard et al., 2020;
Thomson, 1986), this could potentially affect trophic interactions with
feral cats (hypothesized with correlative data in Brook et al., 2012),
foxes (hypothesized with correlative data in Colman et al., 2014) and
their prey. We took advantage of a dingo control program carried out
across two large pastoral properties in WA, where ongoing control has
occurred at varying intensity for the last ~40 years, to investigate
whether the density of feral cats and their temporal activity changed
in response to dingo control (red foxes are absent at these study
sites). We monitored numbers of dingoes and feral cats over a period
of 16 months, during which time there were three separate baiting
events targeting dingo population control on each property. We aimed
to assess changes in the dingo population over time that in turn could
influence density and temporal activity patterns of feral cats. We
analysed the data in the following ways:

(1) We compared population densities of feral cats and dingoes;
(2) We compared daily capture rate of dingoes and feral cats, con-

trolling for environmental factors as well as relative prey abun-
dance;

(3) We compared temporal activity patterns of feral cats and dingoes
to determinewhether feral cats avoided times that dingoes were
active; and

(4) We compared capture rates within 1, 12 and 24 h periods for
each individual camera to determine feral cat activity was tem-
porally separated from dingo activity.

2. Materials and methods

2.1. Site description

This study was conducted on two pastoral properties (Property ‘A'
and Property ‘B') in the southern rangelands, Murchison region,
Western Australia. The southern rangelands are typified by an arid envi-
ronment with annual rainfall of 239 mm and mean maximum temper-
atures in January of 38.2 °C (Mount Magnet Station, 007057; Bureau of
Meteorology, 2017). The vegetation is composed of Acacia spp. wood-
lands. The two properties measure 231 km2 and 757 km2 andwere sep-
arated by approximately 70 km. Both have a history of sheep farming;
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however, during the study, only unmanaged cattle and goats grazed
the properties. Dingo control (with 1080) has occurred at varying inten-
sities on the properties for approximately 40 years.

2.2. Control events

FromMarch2016 to July 2017, three baiting events occurred on each
property (Kreplins et al., 2018b) as part of a large landscape-scale coor-
dinated baiting program across adjacent properties within themanage-
ment region. Dried meat baits for dingo control were manufactured by
air drying ~100 g of fresh meat injected with 6 mg of 1080 to a weight
of ~40 g (Thomson and Rose, 2006). These baits were deployed twice
annually. One of the properties was baited during the coordinated
baiting program and bait deployment was delayed by 6 weeks for the
other property for comparison with the first property. The order of
ground baiting alternated between the two properties (Table 1). This
schedule of baiting allowed for a test of the short term variation in
feral cat numbers in response to changes in dingo population due to
baiting.

2.3. Monitoring predator and prey activity

Camera traps were spaced 1 km apart along station tracks through-
out both properties, mounted 0.3–0.5m above the ground, and directed
at an angle of 22° facing along the track (Meek et al., 2012). Trackswere
chosen for monitoring, as previous studies in this area showed off-track
camera traps were not optimum for predator detections (Kennedy and
Kreplins, unpub data). Station tracks were graded, well-travelled path-
ways, generally wide enough for at least one vehicle to travel along.
Two cameramodelswere used: 92 camera trapswere deployed at Prop-
erty A on 3 March 2016 (77 Reconyx hyperfire H500, 15 Scoutguard
SG560), and 90 camera traps at Property B on 5 March 2016 (79
Reconyx hyperfire H500, 11 Scoutguard SG560). Scoutguard cameras
were interspersed evenly between the Reconyx cameras. Camera traps
were serviced every 2 months on average (Table 1). Camera traps
were removed on 9 June 2017 (Property A) and 22 July 2017 (Property
B). Baits were deployed across each property, as per regular practice
(ground baiting of 1 bait/100 m), and a bait was laid on vehicle access
tracks in front of each camera.

Camera trap images were viewed as jpeg files in an image viewer
program (Windows Live Photo Gallery, Windows 7 Edition, Microsoft
Corporation, Redmond, WA, USA). We recorded bait presence in each
image and used these data to calculate the number of baits remaining
on the ground each day of the study. Images of each predator species
at greater than 10 min intervals were recorded as separate capture
events, as per previous studies (Fancourt, 2016; Fancourt et al., 2019).
Of the 2324 feral cat detections and 1968 dingo detections, on only 20
occasions were both feral cats and dingoes seen on the same camera
within a 24 h period. Unique identification is required to obtain density
estimates and we therefore identified individual dingoes and feral cats
from unique colouration and markings; two researchers (TK and MK)
carried out individual identification, as recommended by Kelly et al.
(2008). The presence of common prey were also recorded: small mam-
mals (Notomys alexis, Dasycercus spp.) and macropods (Osphranter
robustus and Macropus fuliginosus). Dingo, feral cat and common prey
photo capture numbers were standardised per camera trap per day
(to account for variations in camera set-up across the study, accounting
for lost data due to flat batteries or filled SD cards, and to deal with vary-
ing number of monitoring days per baiting event); these capture rate
data were then Log10-transformed to remove the influence of outliers.

We also collected environmental data for each day of monitoring.
Daily minimum and maximum temperature (°C) and rainfall (mm)
were retrieved from the Bureau of Meteorology records (Station:
007600, ~60 km away; Bureau of Meteorology, 2017). The lunar phase
(categorised as 0 = new, 0.5 = half, 1 = full) was retrieved from the
United States Naval Meteorology and Oceanography Command



Table 1
Year,month and dayswhen the camera trapswere serviced at both properties throughout
the trial, as well as, the dates baits were laid. Camera traps were removed on 9 June 2017
(Property A) and 22 July 2017 (Property B).

Year Month Days Baits laid

2016
March 3rd-5th

2016
April 7th–9th Property A

2016
June 8th–10th Property B

2016
August 5th–7th

2016
September 16th–18th Property B

2016
November 2nd-4th Property A

2017
February 20th-22nd

2017
April 3rd-5th Property A

2017
June 20th-22nd Property B
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(NMOC) records (Naval Meteorology and Oceanography Command,
2017).

2.4. Statistical analyses

2.4.1. Population densities during baiting events
We calculated the densities of feral cats during the 16 months of

monitoring for each property using spatially-explicit capture-
recapture analyses using the secrlinear package (Efford, 2017, 2020) in
R (R Core Team, 2019). Using the R package secrlinear (Efford, 2017), a
combination of the state (animal home range) and observations (prob-
ability of detecting an individual at a detector, i.e. camera, in relation to
the individual's home range) are used to construct models, with the as-
sumption that the feral cat population was closed for each month pe-
riod. Secrlinear was used rather than simply secr given the camera trap
deployment along roads only; therefore the estimation of feral cat den-
sity along a linear habitat is expressed per km instead of the number of
individuals per unit area. All models were derived from the Cormack-
Jolly Seber or Jolly Seber models with refinements.

The detection function used was hazard rate and the detector type
was identified as count. Models were fitted numerically, maximising
the log likelihood over the capture histories with spatial information
to determine animal density (D; animals per km). Each model included
the parameters:

g0 – detectability or the probability of capturewhen the distance be-
tween the animal's activity centre and the camera trap is zero. In a
null model, g0 is constant across animals, occasions and detectors;

σ – the spatial scale of detection. More specifically defined as the
spatial scale parameter of detection function or an index of home
range. σ and g0 jointly define the detection probability as a function
of location and interpreting their meaning alone should be done
with caution (Efford, 2017); and.
Dj – density at a flat scale taking into account the spatial distance
between traps but ignoring any intervening topography.
A linear mask was constructed with a buffer of 1 km from each

camera using poly line shape files of the track transects as camera de-
tections would be well inside a 1 km buffer. Models were run assum-
ing a linear habitat map and the default Euclidean distance model,
indicating that feral cats use the tracks for moving around but their
movement is not solely restricted to the tracks. Akaike Information
Criterion adjusted for small sample size (AICc) was used to rank
models. Only models with ΔAICc <2 are shown and dealt with
3

further (these models have the greatest likelihood of all the model-
set to be the best model fit to the data) (Burnham and Anderson,
2002). AICc weights (wi) were calculated for these top models as a
proportion of all models tested.

Generalised additive mixed models (GAMMs via REML-restricted
maximum likelihood) were used to determine if feral cat density (de-
pendant variable) changed over the monitoring period. Predictor vari-
ables included (1) month of trial (1–16), (2) number of baits on the
ground during the month, and (3) dingo density (MK, unpublished
data). Property (A or B) was included as a random factor. The GAMMs
were fitted using the mgcv package (Wood, 2017; Wood, 2011) in R
(R Core Team, 2019). An adjusted R2-value was calculated for each
model as well as standardised β and P-values. A total of seven models
predicting feral cat density were compared. GAMMs were fitted using
the gam function of the mgcv package in R (Wood, 2017, 2019; Wood,
2011).
2.4.2. Daily capture rate, controlling for environmental factors and relative
prey abundance

Generalised additive mixed models (GAMMs via REML-restricted
maximum likelihood)were used to compare dingo and feral cat capture
rates (as dependent variables in two separate analyses). We controlled
for environmental variables: (1) maximum temperature (°C), (2) daily
minimum temperature (°C), (3) daily rainfall (−mm), (4) moon
phase (percentage of moon visible, %), (5) month (1–16), (6) small
mammal capture rate (log-number of individual captures per day),
(7) macropod capture rate (log-number of individual captures per
day), and (8) the number of baits remaining on the ground as moni-
tored by the camera traps. (9) Property (A or B) was included as a ran-
dom factor. The analysis of feral cat capture rate also included (10)
dingo capture rate (log-number of individual captures per day) as a
variable.

To determine the independence of factors, a correlationmatrix of all
parameters was performed (Appendix 2). The number of independent
factors varied between one and five in each model; however, a maxi-
mum of five independent variables was used in each model so as not
to exceed the ratio of independent factors to replicates to avoid over-
fitting, and to strive for parsimony in terms of numbers of parameters
(Burnham and Anderson, 2002). Dingo capture rate was analysed for
88models and feral cat capture rate for 138models. GAMMswerefitted
using methodology as per the feral cat density data.
2.4.3. Temporal activity patterns
We used the timestamp recorded on camera trap images to create

‘diel’ temporal activity profiles for both feral cats and dingoes, as well
as small mammals and macropods (Meredith and Ridout, 2017;
Ridout and Linkie, 2009). We fitted non-parametric kernel density
curves usingdefault smoothingparameters to characterise the probabil-
ity density distribution of each species' activity pattern. Identical
timestamps were altered by 0.00001 degrees (0.06 s) in the raw data.
We calculated the coefficient of temporal overlap, where the area
under the curve measure ranges from 0 (no overlap) to 1 (complete
overlap) and is determined as the minimum of the two density func-
tions for each time point. For each species, we used the non-
parametric Watson-Wheeler test in the circular package version 0.4–7
(Meredith and Ridout, 2017) to test for homogeneity in species' tempo-
ral activity profiles.We analysed temporal data for twowet (winter sea-
son) and one dry season (summer season) over the 16 months of
monitoring, although because there were no differences in results be-
tween seasons (Appendix 3), the data were also analysed together
across all 16 months of monitoring. As the properties were only 70 km
apart, which is small in terms of dingo movements (Thomson, 1992;
Thomson et al., 1992), we also analysed the data for both properties
together.
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2.4.4. Temporal separation
As a fine-scale measure of temporal separation, we compared how

close in time captures of dingoes and feral cats were. For dingo and
feral cat photo captures, we recorded the number of photo events of ei-
ther predator on the same camera within 1 h, 12 h, and 24 h of each
other. These were tallied for feral cats following a cat or following a
dingo, and dingoes following a feral cat or following a dingo. The num-
ber of photo captures were compared using Fisher's exact test (as some
of the frequencies were small), where the expected values were calcu-
lated as a proportion of the independent camera trap events (3844 cam-
era trap events where the same species was captured at least 10 min
apart) that were feral cats (59.7% of the total) or dingoes (40.3% of the
total). These analyses were conducted in R using the ‘fisher.test’ func-
tion in the stats package in R (R Core Team, 2019).

3. Results

Over the 16 months of monitoring (93,002 camera trap nights for
the 182 camera traps), we recorded a total 1968 independent capture
Fig. 1. Density of dingoes and feral cats on two properties (property A and property B) in
the southern rangelands, Murchison region,Western Australia during 16-months of mon-
itoring. Dingo density estimates are taken from unpublished data (M. Kennedy). The ar-
rows indicate the baiting event at each property.
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events of dingoes and 2324 independent capture events of feral cats.
This translated to an average camera trap capture rate of 2.13 dingo cap-
ture events per 100 trap nights and 2.49 feral cat capture events per 100
trap nights.

3.1. Population densities

Dingo density varied from 0.05–0.20 per linear km at Property A and
0.08–0.43 per linear km at Property B over the study period, and aver-
aged 0.16 ± 0.04 SE individuals per km of linear habitat (monthly den-
sity estimates averaged over 16 months and the two properties; Fig. 1;
Unpublished data, M. Kennedy). A total of 80 and 81 individually-
identifiable dingoes were observed on Property A and B respectively.

Feral cat density varied from 0.18–0.31 per linear km at Property A
and 0.11–0.96 per linear kmat Property B over the study period, and av-
eraged 0.37 ± 0.08 SE individuals per km of linear habitat (monthly
density estimates averaged over 16 months and the two properties). A
total of 90 and 156 individually-identifiable feral cats were observed
on Property A and B respectively. During November at Property A, and
September at Property B, the sigma values were very high in compari-
son to other months as the number of feral cat detections rose. Individ-
uals were repetitively seen on more than one camera along a track (on
average individual feral cats were seen on cameras: Property A 8 ±
10.45 times, range 1–72; Property B 7 ± 7.61 times, range: 1–37).

The topmodel for predicting feral cat density had a weak coefficient
of determination (adjusted R2 = -0.05, wi = 0.87; Fig. 2) and included
no relationship with dingo density (β = 0.27, p = 0.775).

3.2. Daily capture rate, controlling for environmental factors and relative
prey abundance

A single best model was identified for dingo capture rate (adjusted
R2 = 0.10, wi = 0.70, Table 2; Fig. 3). Dingo capture rate was positively
correlated with the moon phase (i.e. moon visibility and dingo capture
rates were positively related; Fig. 4a) and the standardised capture
rate ofmacropods (Fig. 4c). Dingo capture rates per daywere negatively
Fig. 2. The relationship between feral cat and dingo density per linear km (where the blue
line is the fittedmodel from the GAMM). (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)



Table 2
GAMMs results investigating factors associated with feral cat and dingo capture rate per
camera trap night (number of individual captures per day). Factors included in themodel-
ling were daily maximum temperature (°C), daily minimum temperature (°C), daily rain-
fall (mm), moon phase (% visible), month, small mammal capture rate (number of
individual captures per day), macropod capture rate (number of individual captures per
day), number of baits on the ground and dingo capture rate (feral cat models only).

Dependant
parameter

Model (β and P values) Adjusted
R2

AICc wi

Feral cat capture
rate

Maximum temperature (0.004,
<0.010),
month (0.0, <0.010),
and small mammal capture rate
(0.009, <0.010)

0.03 203.47 0.87

Dingo capture
rate

Moon phase (0.001, 0.002),
month (−0.008, <0.010),
number of baits on the ground
(−0.002, <0.010), and kangaroo
capture rate (0.09, 0.060)

0.10 644.5 0.70

Fig. 3. Capture rate (number of captures per trap night) of dingoes and feral cats on two
properties (property A and property B) in the southern rangelands, Murchison region,
Western Australia during 16-months of monitoring. Dingo density estimates are taken
fromunpublisheddata (M. Kennedy). The arrows indicate the baiting event at eachproperty.
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related to the month of the study, and the number of baits on the
ground (i.e. when baits were present less dingoes were observed on
camera; Fig. 4b).

A single bestmodel with poor explanatory power described the feral
cat capture rates per day (adjusted R2 = 0.03,wi = 0.87). Feral cat cap-
ture rate had a weak positive correlation with maximum temperature
(Fig. 4d), month of the study, and standardised small mammal capture
rate (Fig. 4e). Although dingo capture rate was included in analysis of
feral cat density, dingo density estimates were not included the top
model.

3.3. Temporal activity patterns

There were nomajor changes in temporal activity of the two preda-
tors during the different seasons of the study period (two wet and one
dry season values; Watson Wheeler value range = 51.9, 52.1, 58.1,
p=0.010, and overlap value range=83.5%, 72.9%, 80.2%). Temporal ac-
tivity patterns across each month was therefore used for further analy-
ses. Although their activity patterns overlapped by 78.7%, dingo and
feral cat temporal activity peaks were significantly different (Watson-
Wheeler value = 235.01, p < 0.001; Fig. 5a). Both predators were pri-
marily nocturnal at the study sites, but dingoes had a peak of activity
at 06:00 h whereas feral cats were active over much of the night with
a slight peak at 01:00 h (Fig. 5a).

Temporal activity of dingoes and macropods overlapped by 87.9%
but their peak activity was statistically different (Watson-Wheeler
value = 67.71, p < 0.001; Fig. 5c). Similarly, dingoes and small mam-
mals overlapped by 62.38% but their peak activity was statistically dif-
ferent (Watson-Wheeler value = 21.02, p < 0.001). Overall, dingoes
were most active at dawn, while macropods and small mammals were
mostly active overnight.

Temporal activity of feral cats and small mammals overlapped by
77.6% with the majority of activity overnight for both taxa (Watson-
Wheeler value = 5.48, p = 0.065; Fig. 5b). Feral cats and macropods
overlapped by 84.2% but their peak activity was significantly different
(Watson-Wheeler value = 182.14, p = 0.010): both macropods and
feral cats were primarily nocturnal, but macropods were more active
around dusk and feral cats were more active in the early hours of the
morning.

3.4. Temporal separation

All 182 camera traps captured an image of at least one predator over
the 16-month study, with 87% of cameras capturing images of both
dingoes and feral cats, indicating that spatial overlapwas the rule rather
than the exception (Appendix 4). However, simultaneous dingo and
5

feral cat activity on the same cameras within 1, 12 and 24 h of each
other was less common than would be predicted as a function of their
activity at these sites (p < 0.001 for each analysis). If a dingo was re-
corded on camera, then it was significantly unlikely that a feral cat
would be captured on the same camera over the preceding or subse-
quent 1, 12 or 24 h.

4. Discussion

Dingoes have been hypothesized by some authors to suppress feral
cats, either directly or indirectly, leading some to conclude that lethal
dingo control will free feral cats from suppression and result in in-
creased densities of feral cats (Brook et al., 2012). In our study, densities
of dingoes and feral cats fluctuated independently over time and there
was no evidence that dingoes had any direct effect on feral cat densities.
It is likely that both predatorswere responding to environmental factors
and prey availability, rather than supressing the activity of one another.
Contrary to our expectations, baiting did not affect the density of
dingoes (M. Kennedy, unpub data). These results are similar to those



Fig. 4. The relationship of the dingo capture rate per camera trap month with (a) moon phase (percentage visible), (b) the number of baits on the ground and (c) standardised activity of
macropods. The relationship of the feral cat activity per camera trap nightwith (d)maximumtemperature (°C), and (e) the standardised activity of smallmammals at twoproperties in the
southern rangelands,Western Australia. Data represent records for 513 days ofmonitoring at Property A and 464 days at Property B (16months ofmonitoring 2016–2017). The blue line is
thefittedmodel from theGAMM, and the grey shading indicates the 95% confidence bounds. (For interpretation of the references to colour in thisfigure legend, the reader is referred to the
web version of this article.)
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of Allen et al. (2013) who showed that changes in dingo relative abun-
dance indices in response to baiting did not influence feral cat indices at
nine sites across Australia from monsoonal north Queensland to arid
South Australia. Allen et al. (2014) also found no evidence of a cat in-
crease following dingo control at several other sites, and Arthur et al.
(2012) also showed no sign of mesopredator release in an analysis of
a 30-year natural experiment in south-eastern New South Wales. In-
deed, very few studies have reported a negative relationship between
dingoes and cats, let alone a relationship where dingoes suppress cats
(Allen et al., 2015).

In addition to direct population suppression of mesopredators,
various authors have tested for evidence of indirect mesopredator
suppression, through changes in activity patterns (spatial and tem-
poral), diet shifts, and/or reproductive effort (Cupples et al., 2011;
Gordon et al., 2017; Letnic and Koch, 2010). Peaks in temporal activ-
ity patterns of the predators did differ. Although, both species were
more active at night, feral cats were most active around midnight
and dingoes were most active around dawn (06:00–07:00 h). On a
fine spatial scale, we recorded feral cats and dingoes on the same
camera within 1, 12 and 24 h of each other significantly less often
than would be predicted if their activity had been randomly distrib-
uted across time. Other studies of dingoes and feral cats in Western
Australia similarly noted separation of dingo and feral cat activity
at a fine scale (Hernandez-Satin et al., 2016). It has been hypothe-
sized that, over the long term, even such fine-scale temporal separa-
tion could lead to reduced feral cat fitness, if there was a reduction in
hunting success and/or reproduction rate (i.e. higher mortality of
offspring) leading to long-term population effects (Kennedy et al.,
2012; Lima and Dill, 1990). In the presence of dingoes, feral cats
could potentially experience these impacts, but to date this has not
yet been found in any study (Allen et al., 2015).

Differences in temporal activity patterns can be influenced by prey
activity (Hayward and Slotow, 2009;Wysong, 2016). Here we observed
correlations between activity of both predator species and their primary
6

prey. Feral cats are likely responding to small mammal activity over-
night (Paltridge et al., 1997), and we observed 77.6% overlap in tempo-
ral activity of feral cats and small mammals on our cameras. Although
dingoes also depredate small native species (Brook and Kutt, 2011;
Davis et al., 2015; Newsomeet al., 1983; Newsomeet al., 2014) and live-
stock (Allen and Fleming, 2004; Allen et al., 2012), the temporal activity
overlap of dingoes and macropods (87.9%) is likely a reflection of
macropods being common prey of dingoes, as recorded in Caughley
et al. (1980). Overall, feral cat density is more likely to be related to
the prey available in the landscape rather than dingo density.

Predator capture rates on camera were not only related to prey cap-
ture rates but environmental variables in the arid rangelands of West-
ern Australia. However, the strength of these relationships are weak as
predators move over large landscapes, and respond to stochastic
changes in their surroundingswhich, in turn, influences their detections
on camera traps (Broadley et al., 2019). Dingo capture rate was
positively related to moon phase and macropod captures, and nega-
tively related to the number of baits on the ground. Macropods are a
known food sources for dingoes (Caughley et al., 1980) but the abun-
dance of macropods will fluctuate with a range of environmental vari-
ables such as rainfall and grazing availability (Choquenot and Forsyth,
2013). Moon phase has been little studied in relation to dingoes but an-
ecdotally the full moon may alter dingo hunting abilities and rates
(Shepherd, 1981).

Season and climate are also likely to alter interactions between tro-
phic levels in an ecosystem, particularly in the arid regions of Australia
(Morgan et al., 2016). A lack of support for interactions between the
two predators could be a consequence of semi-arid environments that
are dominated by bottom-up ecosystem effects (Choquenot and
Forsyth, 2013; Greenville et al., 2014; Pople et al., 2000), rather than
top-down trophic processes. Prey availability for both the feral cat and
dingo varies with seasonal and climatic changes. For example, high
feral cat density in Australia is driven by higher rainfall, most likely a re-
sult of greater prey availability (Legge et al., 2017) and we have



Fig. 5. Temporal activity of (a) dingoes and feral, (b) feral cats and small mammals and
(c) dingoes and macropod on roads over 16 months monitoring at two properties.
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demonstrated relationships between both predators and their primary
prey, albeit weak relationships for the reasons described above. In arid
regions like this study area, resources are more limited than other
areas in Australian with a higher rainfall. As such, competition between
7

the two predators should have been heightened (Greenville et al.,
2014). However, responses to reduced competition may be muted by
low resource availability. Elmhagen and Rushton (2007) note that in
‘low productivity’ systems, even if mesopredator releases were to
occur, the mesopredators may not have the available resources for pop-
ulation growth in the absence of the top-predators. Resource availability
is a function of the seasonal variables (White, 2004; White, 2008),
therefore in arid areas like this study it is more likely that the resources
available to feral cats are limiting their population size rather than top-
down suppression by dingoes.

Density estimates of feral cats in this study were high and varied
markedly between the two properties. The densities recorded in this
study are substantially higher than might be expected given published
literature. However, we used secrlinear, which provides a measure of
density per linear km, and therefore differs from most measures of
predator density presented per km2. On average, the estimates from
the present study at 0.37 cats per linear km and peaking at 0.96 cats
per linear km in December 2016 (Figure 6) are higher than those re-
corded feral cat averages for Australia (Legge et al., 2017). Legge et al.
(2017) reports a mean density of feral cats of 0.27 cats per km2 (95%
CI: 0.18–0.45 cats per km2) across the Australian continent with esti-
mates at the lower end of this range (95% CI: 0.13–0.28 cats per km2)
in arid or low rainfall areas (such as our study site). Although there
were substantial numbers of feral cats at our study sites, there are chal-
lenges in attempting direct comparison between studies that use the
different methods.

There is some debate over camera placement to estimate feral cat
abundance, density or activity rates (Hayward and Marlow, 2014).
Camera traps were positioned on tracks in this study. Feral cat activity
is more common off-track than on-track in some studies (Algar et al.,
2011; Mahon et al., 1998; Raiter et al., 2018; Read and Eldridge, 2010).
However, other studies have detected no difference in on- or off-track
use by feral cats (Algar et al., 2001;Wysong, 2016). Feral catmovements
and use of tracks is likely to be related to variables including vegetation,
habitat and landscape productivity (Bengsen et al., 2016; Wysong,
2016). On this site, we have tested off-track and on-track cameras (Ken-
nedy and Kreplins unpub data) and found off-track cameras did not im-
prove detections, thus we consider monitoring on track provides a
realistic reflection of cat and dingo activity.

Dingoes are a charismatic Australian species, and calls to protect
dingoes based on conservation outcomes (see Allen et al., 2017)
are attractive to a wide portion of society (Hytten, 2009). However,
dingoes also pose a threat to livestock production and threatened na-
tive wildlife and hence are subject to a range of control measures. In
rangeland systems, it is a challenging task to balance potential biodi-
versity benefits with control for protection of livestock. Studies (in-
cluding this one) identify that interactions between dingoes and
cats are not straightforward, and assuming that dingo conservation
will protect biodiversity by reducing feral cat impacts is too simplis-
tic (Allen et al., 2013; Claridge, 2013; Claridge et al., 2010). We be-
lieve that generalisation of the mesopredator release hypothesis to
dingo and feral cat management requires a much greater body of ev-
idence than is presently available. Direct application of this hypoth-
esis to management is also very limited.

Here we have demonstrated that both dingoes and feral cats coexist
across the Western Australian rangelands, with no evidence that there
is an increase in feral cat density in response to a changes in dingo den-
sity, and no evidence of a spatial pattern of separation. At best, night
time peaks in dingo and cat activity are separated by a few hours. In
semi-arid environments that are predominately driven by bottom-up
processes, control of a top-order predator is likely to have less effect
than that observed in mesic environments where the mesopredator re-
lease hypothesis originated. It is likely that predator relationships are
flexible across Australia's variable landscapes, habitats and seasons.
Interpreting interactions between dingoes and feral cats will require ro-
bust data to informmanagement in relation to the prevailing landscape.



Fig. 6. (a) Feral cat density estimates (number of individuals per km2) across Australia (all observations, wet periods only, wet periods excluded) as taken from Legge et al., (2017) (95%CI)
and (b) box andwhisker plot of the density of feral cats (number of individuals per km along linear habitat) in this study at property A and B (upper and lower boundaries of the boxes are
the 25th and 75th percentiles, the whiskers of the boxes are the minimum and maximum values).
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