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Abstract

Epidemiological studies commonly monitor host population density but rarely account for how 

transmission dynamics might be influenced by changes in spatial and social organization that arise 

from high mortality altering population demography. Devil facial tumour disease (DFTD), a novel 

transmissible cancer, caused almost 100% mortality of its single host, the Tasmanian devil, and a 

>90% local population decline since its emergence 20 years ago. We compare size and overlap in 

home ranges in a devil population before and 15 years after disease outbreak. We used location 

data collected with VHF tracking collars in 2001 and GPS collars in the same area in 2015 and 

2016. Density of adult devils, calculated from live trapping data in the same years, show a strong 

decrease following the disease outbreak. The decline in density was accompanied by a reduction in 

female home range size, a trend not observed for males. Both spatially explicit population 

modelling and animal tracking showed a decrease in female home range overlap following the 

DFTD outbreak. These changes in spatial organisation of the host population have the potential to 

alter the local transmission dynamic of the tumours. Our results are consistent with the general 

theory of sex-biased spatial organization mediated by resource availability and highlight the 

importance of incorporating spatial ecology into epidemiological studies.
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1. Introduction

Acute disease outbreaks can decrease the density of their hosts, and in so doing can alter the 

spatial and social structure of the host population. Classic epidemiological models use 

temporal changes in host density to predict disease transmission (De Castro and Bolker, 
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2005; Cooch et al., 2012). A pathogen with a density-dependent transmission can die out 

when the host population declines below the threshold required to maintain the epidemic 

(Deredec and Courchamp, 2003). Pathogens with frequency-dependent transmission, on the 

other hand, lack this threshold and can, in theory, drive the host population to extinction 

(McCallum, 2012). Yet, if mortality is high, population decline can be rapid with consequent 

changes in per-capita resource availability. If resources are homogenously distributed in the 

landscape, inter-individual competition should lead to higher spatial segregation (Kjellander 

et al., 2004) resulting in an interconnected host population at a lower density. In this context, 

the transmission of a disease may be locally reduced due to lower contact rate between hosts 

but may still be able to spread through the whole population (Sanchez and Hudgens, 2015). 

However, in the presence of a heterogeneous resource distribution, remnant individuals will 

most likely concentrate their activity within the areas of higher resources (Newsome et al., 

2013). Locally, the host density may remain high, providing suitable ground to sustain a 

disease transmission. But, in the broader landscape, a patchy spatial distribution could 

challenge the spread of the disease between patches (Manlove et al., 2014). These often-

neglected ecological feedbacks could influence ongoing disease transmission dynamics and 

the long-term evolution of host-pathogen systems.

Since its discovery in 1996, the Tasmanian devil facial tumour disease (DFTD), a host-

specific transmissible cancer with an almost 100% mortality rate within 12 months after first 

clinical signs, has resulted in sustained local population declines of up to 90% (McCallum et 

al., 2007). In less than twenty years, the spread of the disease resulted in the endemic 

Tasmanian devil (Sarcophilus harrisii) listed as endangered by the IUCN (Hawkins et al., 

2008). Transmission occurs via transfer of live tumour cells, which necessitate direct contact 

between individuals with injurious biting behaviour. Inter-individual interactions occur all 

year round but peak during the mating season in February–March (Hamilton et al., 2019). 

The strong link between transmission and the annual mating season (Hamede et al., 2008) 

means that DFTD has a strong component of frequency-dependent transmission. Yet, more 

than twenty years after the DFTD outbreak, no local extinctions have been reported and 

devils are still present, albeit at very low densities, even in long diseased areas (Lazenby et 

al., 2018). A consequence of the sexually related transmission route is the quasi absence of 

tumour infection in juvenile devils allowing for annual recruitment. But at low density, 

diseased populations present a much reduce age structure with a high proportion of juveniles 

(less than 2 years old) and a few mature individuals rarely older than 2 years old and 

presenting facial tumours (Lachish et al., 2009). In comparison, Tasmanian devils in healthy 

populations can live up to 6 years. The dispersal usually take place during the first year of 

life between December and February. Naturally biased towards longer dispersal for males, 

this pattern was accentuated following the outbreak of DFTD by a reduction in dispersal 

distances for females but not for males (Lachish et al., 2011). Research has focussed on the 

epidemiology (McCallum et al., 2009; Hamede et al., 2015; Wells et al., 2017) and potential 

evolutionary response of devils (Epstein et al., 2016; Wright et al., 2017; Hubert et al., 2018; 

Margres et al., 2018), with the potential effects of the disease on the spatial organization of 

the host populations not investigated.

The spatial organization of a species is classically defined by the size and overlap of 

individual home ranges (Arden-Clarke, 1986; Belcher and Darrant, 2004; Fattebert et al., 
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2016). While most ecologists agree on the concept of home range given by Burt (1943), 

there is no universally accepted method to quantify and represent home range (Worton, 

1987; Walter et al., 2015). For decades, home ranges have been calculated using individual 

movements recorded by telemetry (Harris et al., 1990; Cagnacci et al., 2010), a rapidly 

evolving field due to advances in technology. While providing unprecedented knowledge of 

animal behaviour, the most recent estimators of home range rely on high-resolution tracking 

data using global positioning system (GPS) that are often not available with historical data, 

which is typically based on very high frequency (VHF) radiotracking. Tracking data using 

VHF provide a lower frequency of location fixes with a lower precision than those using 

GPS (Hebblewhite and Haydon, 2010). Yet, the much lower cost of VHF technology and the 

smaller size of the trackers makes it still a valuable choice for wildlife ecologists (Jerosch et 

al., 2017).

Like many carnivore species (Sandell, 1989), devils are solitary animals (Guiler, 1970), yet, 

two studies conducted in healthy populations are in general concordance of devils having 

overlapping and therefore non-defended home ranges. In a study in the early 1980s, long 

before DFTD emerged, Pemberton (1990) used radiocollars to describe spatial patterns in 

one population in northeast Tasmania (wukalina/Mt William National Park). This site is a 

mixture of intact natural vegetation and regenerating pasture and had a high devil population 

(a minimum of 140 individuals caught with 50 traps over 25 km2 and ten days). Home range 

size was estimated at 13.3 km2 (n = 9, range: 4–26.7, method: minimum convex polygon, 

MCP 100%) with no differences between males and females. The home ranges presented a 

highly overlapping distribution (84.1%) defined as the proportion of a home range shared by 

any other individual. In that study, only 2–3 radiocollars were used sequentially on devils for 

short periods of time (3–22 days).

More recently, Andersen et al. (2017) deployed GPS tracking collars on 18 devils (2012 and 

2013) in a population on the west coast of Tasmania in the last area remaining free of the 

disease. This area is a mix of forest and coastal scrub in the Arthur Pieman Conservation 

Area and an adjacent livestock property with forest fragmented by pasture. Home ranges 

were estimated at 18.1 km2 for males (n = 8, range: 10.2–25.7, method: movement-based 

kernel density estimator, MKDE 95%) and 11.6 km2 for females (n = 10, range: 8.4–16.3, 

method: MKDE 95%). In this study, the average overlap of home ranges was 41% (G. 

Andersen, personal communication).

The challenge for conservation biologists is to compare data from recent GPS tracking with 

data collected during past VHF studies. While the technology differs, VHF and GPS 

tracking data do provide comparable estimations of home range size, given similar sampling 

effort (Pellerin et al., 2008). This has been demonstrated in studies of either the same 

individuals (whitetailed deer; Fieberg and Kochanny (2005)) or simultaneously on different 

individuals in the same population (wild turkeys; Niedzielski and Bowman (2016) and 

American alligator; Skupien et al. (2016)). These studies relied on long-term low frequency 

VHF tracking to complement the fine-scale GPS data. Alternatively, Pellerin et al. (2008) 

show that tracking data recorded with VHF and GPS from the same animal at the same time 

(roe deer) provide comparable estimations of home range sizes if sampling effort is similar. 

This study used the kernel density estimator (KDE) and a fixed smoothing parameter that 
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provides a better estimation of home ranges than the more simplistic minimum convex 

polygon (MCP) often used with low quality VHF data.

In this study, we present the first tracking data of a diseased population of Tasmanian devils. 

We use location data of Tasmanian devils collected in the same area before (VHF) and 

fifteen years after (GPS) the outbreak of DFTD. After accounting for sampling 

heterogeneity (frequency, number of locations and tracking duration) between the 

technologies, we assess the impact of the decline in population density on the size and 

overlap of the home ranges. Tasmanian devil being solitary animals we expect males and 

females to present a different response in spatial organisation due to different ecological and 

social needs. We discuss the potential implication of our results for disease transmission.

2. Materials and methods

We conducted our study on Freycinet Peninsula (42°03′53”S, 148°17′14”E, Fig. 1), a 

topographically varied and rugged landscape on the East Coast of Tasmania, Australia 

(Lachish et al., 2007). The west side, along the moulting lagoon (a large and shallow salt 

water body), is flat and open, balanced between pasture and native grassland. Most of this 

area consists of private bush blocks with a low human density. The eastern half features a 

topographically varied and rugged landscape on a mixture of sandstone with large granite 

boulders mostly covered by dry eucalypt forests encompassing small patches of wet forest 

(mainly at the bottom of steep gullies). Most of this area is protected under the Freycinet 

National Park and the Coles Bay Conservation Area. The study area is limited to the south 

by the Hazards, an abrupt mountain range (450 m) closing the narrowest part of the 

peninsula. The average monthly temperature range between 9 and 18 °C, with an annual 

average rainfall of 690 mm.

The 100 km2 area was part of a long-term study aimed at monitoring the devil population 

and DFTD epidemic dynamics (Jones et al., 2019). Part of this monitoring included live 

trapping of devils during the Austral winter (June–July) with individual identification of 

each animal (ear tattoos <2004; microchips >2003) and determination of their sex and age 

(Table 1). The presence of visual signs of DFTD and the reproductive status of all females 

(visual observation of the pouch) were recorded. Due to the difficulty of access, the trap 

locations were not homogeneously distributed over the area but followed roads and 

accessible four-wheel drive tracks. The study area has been monitored with 60 cage traps in 

2001 (mean distance = 449 m), 43 PVC pipe traps in 2015 (mean distance 626 m) and 49 

PVC pipe traps in 2016 (mean distance = 556 m); 35 of the trap locations were identical in 

all three years (Fig. 1). The traps were checked in the morning after sunrise during seven 

contiguous nights. Both cage traps and pipe traps allowed for only one capture per night 

resulting in seven sampling occasion per trap location.

We used a spatially-explicit capture-recapture (secr) model (Efford et al., 2009) to estimate 

the winter population densities in the study area. We used a hazard half normal detection 

function and the Nelder and Mead (1965) maximization method of the likelihood. We 

followed Efford et al. (2016) by replacing σ (the spatial scale parameter of the secr models) 

in the detection function by a density (D) dependent parameter: k = σ D allowing us to 
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calculate an index of home range overlap S95 = 6σk2. This index represents the number of 

individuals living within one 95% home range, i.e. a value of 1 (the minimum possible) 

indicates a solitary exclusive species, a value of 2 indicates exclusive pairs, more generally, 

the higher the index the more individuals overlap their activity within a population. Due to 

the shape of the study area, we used a spatial mask to restrict the density estimate to the 

emerged land mass and with a 9000 m buffer size around the trap locations. We allowed the 

density to vary per year (2001, 2015 and 2016) sex (female vs male) and age (adult vs 

subadult) by fitting a multisession model using the group function of the package secr 

v3.2.1. We also considered the possibility that devils may change their behaviour due to the 

presence of the traps (becoming trap shy or trap happy) by fitting a site and session specific 

learned response (function bk of the secr package) on the detection probabilities. Due to the 

limited sample size in 2015 and 2016 (Table 1), we could not include the group factors (sex 

or age) for the density dependent parameter k that was therefore modelled as year specific 

only (2001, 2015 and 2016). Density analyses were performed in R v3.6.1 (R Core Team, 

2019).

During May 2001, before the DFTD outbreak, we fitted 42 VHF transmitters to male (n = 

20) and female (n = 22) adult Tasmanian devils. Up to four daily radiolocations (one in late 

afternoon and three during night time) were attempted for each collar using four fixed 

towers and a mobile antenna mounted on a vehicle. We calculated the locations of the 

animals by triangulation using R v3.6.1 with the package sigloc v0.0.4 (Lenth, 1981). Due to 

the ruggedness and size of the study area, the signal from the VHF collars was often weak or 

bouncing, resulting in low success rate in animal location. Only animals with at least 15 

location fixes were considered for this study (n = 19; 7 females and 12 males). At the time of 

the tracking, all females had small pouch young. In 2015 and 2016, respectively, 14 and 15 

years after the disease outbreak, we deployed GPS collars in the same study area between 

August and December. Tracking data were available for 5 individuals in 2015 (3 females and 

2 males) and 7 in 2016 (5 females and 2 males). Two females were fitted with a GPS collar 

in both 2015 and 2016 (Table 2). GPS location attempts were set hourly between 17:00 and 

7:00 (i.e. night). All females equipped with a GPS collar had young in a den at the time of 

tracking. As none of the animals tracked for this study presented with clinical signs of 

DFTD, we were able to assess the impacts of the disease-driven population decline on 

individual home ranges, rather than on the direct pathological impact on the individual 

ranging behaviour.

As the duration of the VHF tracking was shorter than the GPS tracking, we restricted the 

GPS data to the first 30 days of the tracking. The frequency of fixes within these 30-days 

periods was also lower and less regular for the VHF tracking (average of 26 locations, range: 

16–43) than for the GPS tracking (average of 229 locations, range: 130–303). To account for 

this heterogeneous sampling effort, we first estimated an average (based on one hundred 

replicates) home range size (95% KDE) and core area (50% KDE) for increasing fractions 

of location fixes randomly selected from the tracking data (sequentially 10,15, 20, 25 and 

40, but stopping before reaching the total number of location fixes available). We used a 

constant smoothing parameter (h) of 500 m, representing an averaged “href” value using 

bivariate normal KDE on individual tracking data using the total location fixes available over 

the 30-days period (Worton, 1989). We then fitted a logarithmic regression (Haines et al., 
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2009) on the sequential individual home range areas (including the maximum area estimated 

with the whole data set for all individuals followed by means of VHF telemetry). Following 

Odum and Kuenzler (1955), we considered the final home range sizes (95% and 50% KDE) 

as the first interval after which any additional location fix resulted in less than one percent 

increase of the predicted area (Fig. 2).

To spatially represent the final home ranges (95% KDE), we first drew one hundred home 

ranges based on the repeated random selection of ten location fixes. Using a 50m× 50 m grid 

over the whole study area, we calculated the number of times each individual cell was 

included in the home ranges. The final shape of the home range was obtained by joining the 

cells according to their ranking, until the area of the shape matched the final area calculated 

on the curves. The analysis of home-range overlap was robust only for female devils, 

because of the low number of males tracked in 2015 and 2016. Each year, we measured the 

proportion of the home range overlap for each possible pair of females (Frey and Conover, 

2007): Overlap AB = A∩B/A where A is the size of the home range of the first female and B 

the size of the home range of the second female. A∩B is the size of the area included in both 

home ranges. With this method, the overlap of the pair AB≠BA. Considering the low sample 

size, we used a Mann-Whitney-Wilcoxon test to compare the home range sizes (95% KDE 

and 50% KDE) and a Student’s t-test for the proportion of overlap between individuals 

before (2001) and after (2015–2016) the DFTD outbreak. All analyses were performed in R 

v3.6.1 using the packages adehabitatHR v0.4.16 (Calenge, 2006) and rgeos v0.5-2 (2019).

3. Results

Prior to the disease outbreak, the population structure of devils in the study area was 

balanced between males and females and between adults and subadults (Table 3). In 2015, 

devil densities were almost three times lower than before the outbreak of DFTD. Devil 

densities remained low in 2016. In all years, devils show a strong learned response to the 

traps with naive animals being three time more likely to be trapped than experienced 

individuals (i.e. after first trapping event). The overall decline in devil density following the 

DFTD epidemic was accompanied by a small reduction of the spatial scale parameter (k) 

and more apparent decrease in home range overlap index S95 (Table 3), although for both 

parameters, the 95% confidence intervals overlapped. The data suggests that the decrease in 

density may have induced smaller home range sizes with a lower overlap at a population 

level.

Following the decrease in population density, female 95% home ranges calculated with the 

tracking data were significantly smaller (Mann-Whitney-Wilcoxon test: w = 47, p = 0.029) 

(Fig. 3), with a similar trend for the 50% core areas (Mann-Whitney-Wilcoxon test: w = 8, p 
= 0.043). We found no apparent change in male home ranges and core areas (Mann-

Whitney-Wilcoxon test: w = 32, p = 0.379 and w = 12, p = 0.226 respectively).

As devil density declined, female home range overlap (based on the tracking data) reduced 

from 40% in 2001 to 18% in 2015–2016 (Student’s t-test: t = −3.165, df = 44.779, p = 

0.003), in line with the decrease of the S95 estimates from the secr modelling (based on the 

trapping data). This decrease was stronger between females of the same age (3+ years old: 
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from 63% to 17%; 2 years old: from 27% to 4%) than between older and younger females (2 

years old ∩ 3+ years old: from 40% to 26%). This resulted in two spatially segregated pairs 

of females in 2016 (Fig. 4), TD.522 & TD.979 (red home ranges) in the west and TD.823 & 

TD.455 (blue home ranges) in the centre. Both pairs included one older female (3+ years 

old) and one younger female (2 years old). The home range of the last female (TD.625, 

purple home range) was further southeast but still overlapped slightly with the central pair.

4. Discussion

Our results show that the DFTD outbreak in the Freycinet peninsula resulted in a strong 

decline in Tasmanian devil density. Based on two independent empirical data, we provide 

evidence of a change in the spatial organisation of the population. Female home range size 

and overlap decreased after the disease outbreak, a trend not observed for males. As DFTD 

transmission relies on direct contacts between individual hosts, the observed changed in 

spatial organisation may potentially alter the local epidemiology of the disease.

Several technical and biological factors constrain the sample size. First, the VHF tracking 

data provided a low success rate inherent to the technology at the time and the use of radio 

collars at large scale (100 km2) in rugged landscape, which we compensated for with 

repeated random resampling of all tracking data (VHF and GPS). Secondly, the tracking in 

2001 and the tracking in 2015-16 took place at a different time of the year (May and 

September–October, respectively). This may have an effect on the movements of devils and 

could influence their home range size. Indeed, females in 2001 had very small young in the 

pouch while in 2015-16 females were caring for young in a den. In absence of yearlong 

tracking data for Tasmanian devils, it is difficult to quantify this seasonal effect. By avoiding 

the mating season (February–March) we have already removed a strong factor influencing 

home ranges. At the time of the GPS tracking, all females had dropped their young in the 

den (visual observation of the pouch while deploying the GPS collars) so they were more 

mobile than with large young in the pouch.

The small sample sizes in the two years post-DFTD outbreak limit the interpretability of our 

results, especially for the male home range overlap. This small sample size reflects the 

reality of working with a severely declined population of an endangered species. Our sample 

is as close to the true population as possible. Estimates of density based on the secr model 

indicate that we did track most of the adult females present in the study area, although males 

were underrepresented in our samples. In addition, the low capture rate in 2015 and 2016 

prevented us to estimate sex and age specific spatial scale parameter (k) in the secr model. 

Given the observed stability of male’s home range size compared to female’s, the 

combination of both sexes could explain the lower decrease for the S95 index of overlap 

from the secr model. Yet, because we used two methods on two independent datasets 

(trapping records and tracking data) to assess the changes in spatial organisation, we are 

confident in their ecological meaning. Our study highlights the challenge and importance of 

utilizing past data sets to understand current demographic and epidemiological patterns to 

improve the conservation of endangered species.
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The rapid decrease in devil density caused by the DFTD epidemic likely resulted in an 

increase in per capita resources. Most of the study area being protected under the Freycinet 

National Park and the Coles Bay Conservation Area, no significant change in habitat 

occurred between the two study periods. There has been an increase in visitors in the last 

twenty years, but most of the tourism activity is concentrated around the town of Coles Bay 

(South of the study area) and mostly consist of diurnal activities. In absence of direct 

estimation of prey availability over the study area, we must rely on the relative stability of 

the habitat to consider a stable resource availability between 2001 and 2015–16. The 

observed changes in female home range size are therefore in accordance with the general 

theory that the spatial ecology of female mammals is driven by food resources and energetic 

requirements (Lawson Handley and Perrin, 2007; Said et al., 2009). Following an increase in 

per capita resources, females can reduce the energy and the time necessary to cover their 

own needs and to provision for their young, which generally result in smaller home range 

sizes (Sandell, 1989; Maletzke et al., 2014). In contrast, the spatial organization of males in 

solitary carnivores is driven by the opportunities for paternity success, which include the 

needs to maintain dominance (Clapham et al., 2012) and assess female reproductive status 

(Ramsey et al., 2002), two mechanisms reflected in our study by the higher stability in male 

home range sizes. In addition, an increase in precocial breeding has been documented 

following the spread of DFTD with subadults growing faster and becoming sexually active 

in their first year instead of their second year as commonly observed in healthy populations 

(Lachish et al., 2009). This is an additional support for an increase in per capita resources 

following DFTD outbreaks.

As most scavenging carnivores, devils display individual scrounging behaviour (i.e. 

exploiting resources discovered by others) leading to communal feeding (Pemberton and 

Renouf, 1993). While scrounging individuals may allow for higher densities for the same 

amount of resources (Coolen et al., 2007), their proportion in the population should decrease 

when resources become more abundant as individuals are more likely to find their own food 

than they are to benefit from conspecific foraging (Beauchamp, 2008). This is particularly 

relevant for Tasmanian devils that face risk of injuries due do aggressive behaviours when 

sharing large carrions (Pemberton and Renouf, 1993). Therefore, devils being mostly 

solitary and non-territorial, the increase in per capita resources following DFTD outbreak 

could potentially minimize conspecific tolerance and induce a stronger spatial segregation in 

populations (Gehrt and Fritzell, 1998). This supports the reduction of the home range 

overlap as measured by both the secr models (S95 index) and the female home range overlap 

from the tracking data, two methods relying on independent empirical data (trapping and 

tracking).

The observed density-related changes in spatial organization would alter the network of 

social contact patterns between individuals in the population, with consequences for disease 

transmission. The reduced size and overlap between home ranges due to lower competition 

for food may result in a decrease in conflicts between individuals during the year (Sanchez 

and Hudgens, 2015). In addition, with the rapid decrease in density following DFTD 

outbreak, sexual selection could favour males investing more energy into single mating 

events and females becoming less selective in the choice of a partner (Lamb et al., 2017). 

Analyses of data collected using proximity-sensing radiocollars on two populations of devils 
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at high density prior to DFTD outbreak showed that injurious biting events mostly occur 

during the mating season (Hamede et al., 2008) and directly relate to the number of partners, 

for both sexes (Hamilton et al., 2019). A reduction of the number of partners due to density 

related changes in spatial organisation could alter the spread of DFTD by limiting the direct 

transmission of the tumours within the population. Our findings suggests that changes in 

movement and spatial ecology have the potential to challenge the otherwise highly 

frequency-dependent transmission of DFTD (Sah et al., 2017). Building upon our study, 

additional tracking of Tasmanian devils should be conducted with three main questions. 1) 

What is the seasonal/annual pattern of movement and spatial organisation of Tasmanian 

devil (yearlong tracking of devils)? 2) Do tumours modify the movement behaviours of the 

infected host (tracking of DFTD infected animals)? 3) Does density driven change in spatial 

organisation directly induce a reduction in aggressive behaviours and injurious biting 

(simultaneous tracking of Tasmanian devils with GPS and proximity loggers)? A better 

understanding of the effect of DFTD on the spatial and movement ecology of its hosts will 

help understand the complex epidemiology of this rare disease and provide ground to refine 

the future management strategies for the emblematic Tasmanian devil.

5. Conclusion

Our study suggests changes in spatial organization of a host population following a rapid 

decrease in density induced by an acute epidemic outbreak. In accordance with the general 

theory of sex-biased spatial organization mediated by resource availability, we observed a 

reduction in female home range size and a lower home range overlap in the population. 

Because DFTD is mainly transmitted through direct injurious biting, the observed changes 

have the potential to alter the transmission of the disease by reducing the interactions 

between individuals. Further research is needed to better understand the interaction between 

density, spatial organisation and DFTD transmission to better manage the remnant wild 

populations of Tasmanian devils. Our findings highlight the importance of incorporating 

spatial ecology into epidemiological studies.
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Fig. 1. 
Location of the study area (Freycinet peninsula) and sampling design. Green crosses 

represent the locations of the 60 cage traps set in 2001 and used for the density estimates 

(secr). The blue triangles and the purple dots represent the location of the PVC pipes traps 

used in 2015 (n = 43) and 2016 (n = 49). The three lines represent the 100% minimum 

convex polygons (MCP) encompassing all tracking locations. Green line shows the MCP of 

2001 based on VHF collars. Blue and purple lines represent the MCP from the GPS tracking 

of 2015 and 2016 respectively. The grey-scaled background shows the elevation on the 
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peninsula. (For interpretation of the references to colour in this figure legend, the reader is 

referred to the Web version of this article.)
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Fig. 2. 
Estimation of the final home range size (95% kernel density estimator, KDE) and core area 

(50% KDE) for one female devil (TD.625) tracked with a GPS collar in 2016. Each triangle 

(95% KDE) and circle (50% KDE) represent the average size (y-axis) and 95% confidence 

interval of the home range based on 100 replicates of randomly selected location fixes from 

the tracking data (x-axis). The curves represent the logistic regressions fitted on the average 

sizes and the grey area the 95% confidence interval of the predicted regression. The final 

value for the home range and core area sizes correspond to the first interval of location fixes 

with an area increase of less than 1%.
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Fig. 3. 
Distribution of home range (95% KDE) and core area (50% KDE) sizes for female and male 

devils before the DFTD outbreak (2001, red) and 15 years after DFTD arrival (2015–2016, 

blue). Sample sizes (n) are indicated above the x-axis. (For interpretation of the references to 

colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 4. 
Spatial representation of female home ranges (95% KDE) before DFTD outbreak (2001) and 

15 years after DFTD arrival (2015 and 2016). Two females (TD.522 and TD.823) were 

tracked both in 2015 and 2016. The black lines represent the coast and the grey scaled 

background shows the topography.

Comte et al. Page 17

Glob Ecol Conserv. Author manuscript; available in PMC 2021 June 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Comte et al. Page 18

Ta
b

le
 1

W
in

te
r 

tr
ap

pi
ng

 o
f 

Ta
sm

an
ia

n 
de

vi
ls

 o
n 

th
e 

Fr
ey

ci
ne

t p
en

in
su

la
.

Y
ea

r
T

ra
p 

m
od

el
N

um
be

r 
of

 t
ra

ps
M

al
e

F
em

al
e

A
du

lt
Su

ba
du

lt
A

du
lt

Su
ba

du
lt

20
01

ca
ge

60
18

 (
30

)
9 

(1
9)

21
 (

45
)

17
 (

40
)

20
15

PV
P 

pi
pe

43
5 

(6
)

10
 (

20
)

3 
(8

)
7 

(1
2)

20
16

PV
C

 p
ip

e
49

5 
(7

)
6 

(8
)

6 
(1

0)
6 

(1
0)

T
ra

pp
in

g 
da

ta
 u

se
d 

to
 f

it 
th

e 
sp

at
ia

lly
-e

xp
lic

it 
ca

pt
ur

e-
re

ca
pt

ur
e 

(s
ec

r)
 m

od
el

. S
am

pl
e 

si
ze

 is
 g

iv
en

 a
s 

th
e 

nu
m

be
r 

of
 in

di
vi

du
al

 d
ev

il 
tr

ap
pe

d 
w

ith
 th

e 
nu

m
be

r 
of

 c
ap

tu
re

s 
in

 b
ra

ck
et

s.
 E

ac
h 

tr
ap

 w
as

 s
et

 f
or

 
se

ve
n 

co
nt

ig
uo

us
 n

ig
ht

s 
in

 w
in

te
r 

(J
un

e–
Ju

ly
) 

w
ith

 o
nl

y 
on

e 
ca

pt
ur

e 
pe

r 
ni

gh
t p

os
si

bl
e.

Glob Ecol Conserv. Author manuscript; available in PMC 2021 June 22.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Comte et al. Page 19

Ta
b

le
 2

Ta
sm

an
ia

n 
de

vi
l t

ra
ck

in
g 

in
fo

rm
at

io
n 

an
d 

ho
m

e 
ra

ng
e 

ca
lc

ul
at

io
ns

.

D
ev

il
Se

x
A

ge
 (

ye
ar

)
T

ra
ck

in
g 

da
ta

H
om

e 
ra

ng
ea  (

km
2 )

te
ch

no
lo

gy
St

ar
t

E
nd

D
ay

s
F

ix
es

95
%

50
%

T
D

.0
39

f
3

V
H

F
3/

05
/2

00
1

31
/0

5/
20

01
28

21
34

.2
7.

1

T
D

.0
42

f
3

V
H

F
3/

05
/2

00
1

29
/0

5/
20

01
26

21
25

.7
6.

4

T
D

.0
58

f
5

V
H

F
10

/0
5/

20
01

31
/0

5/
20

01
21

19
41

.9
9.

5

T
D

.1
13

f
2

V
H

F
4/

05
/2

00
1

28
/0

5/
20

01
24

14
38

.9
N

A

T
D

.1
26

f
2

V
H

F
3/

05
/2

00
1

31
/0

5/
20

01
28

16
24

.0
4.

6

T
D

.1
34

f
2

V
H

F
6/

05
/2

00
1

31
/0

5/
20

01
25

20
27

.2
4.

7

T
D

.1
38

f
2

V
H

F
3/

05
/2

00
1

31
/0

5/
20

01
28

34
36

.2
10

.5

T
D

.0
03

m
5

V
H

F
2/

05
/2

00
1

28
/0

5/
20

01
26

19
16

.1
N

A

T
D

.0
15

m
3

V
H

F
4/

05
/2

00
1

31
/0

5/
20

01
27

23
20

.0
3.

7

T
D

.0
18

m
5

V
H

F
3/

05
/2

00
1

31
/0

5/
20

01
28

24
28

.8
7.

8

T
D

.0
26

m
3

V
H

F
2/

05
/2

00
1

31
/0

5/
20

01
29

29
30

.2
4.

3

T
D

.0
48

m
4

V
H

F
2/

05
/2

00
1

30
/0

5/
20

01
28

17
29

.9
8.

9

T
D

.0
53

m
4

V
H

F
6/

05
/2

00
1

31
/0

5/
20

01
25

43
36

.3
7.

9

T
D

.1
25

m
2

V
H

F
4/

05
/2

00
1

31
/0

5/
20

01
27

36
26

.8
8.

5

T
D

.1
53

m
2

V
H

F
5/

05
/2

00
1

31
/0

5/
20

01
26

39
41

.2
9.

9

T
D

.1
54

m
2

V
H

F
3/

05
/2

00
1

31
/0

5/
20

01
28

16
45

.9
12

.7

T
D

.1
58

m
2

V
H

F
3/

05
/2

00
1

29
/0

5/
20

01
26

43
38

.9
10

.4

T
D

.1
63

m
4

V
H

F
3/

05
/2

00
1

24
/0

5/
20

01
21

28
8.

7
2.

0

T
D

.1
88

m
2

V
H

F
3/

05
/2

00
1

31
/0

5/
20

01
28

28
41

.9
10

.1

T
D

.2
77

f
3

G
PS

8/
08

/2
01

5
7/

09
/2

01
5

30
15

6
34

.1
8.

2

T
D

.5
22

f
4

G
PS

13
/0

8/
20

15
12

/0
9/

20
15

30
21

6
13

.0
3.

3

T
D

.8
23

f
3

G
PS

6/
08

/2
01

5
5/

09
/2

01
5

30
20

5
16

.6
3.

9

T
D

.0
85

m
3

G
PS

12
/0

8/
20

15
11

/0
9/

20
15

30
20

7
26

.9
6.

8

T
D

.3
78

m
2

G
PS

12
/0

8/
20

15
11

/0
9/

20
15

30
13

0
28

.0
7.

6

T
D

.4
55

f
2

G
PS

3/
09

/2
01

6
3/

10
/2

01
6

30
26

0
17

.3
4.

3

T
D

.5
22

f
5

G
PS

19
/0

8/
20

16
18

/0
9/

20
16

30
24

2
11

.9
2.

9

Glob Ecol Conserv. Author manuscript; available in PMC 2021 June 22.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Comte et al. Page 20

D
ev

il
Se

x
A

ge
 (

ye
ar

)
T

ra
ck

in
g 

da
ta

H
om

e 
ra

ng
ea  (

km
2 )

te
ch

no
lo

gy
St

ar
t

E
nd

D
ay

s
F

ix
es

95
%

50
%

T
D

.6
25

f
2

G
PS

3/
09

/2
01

6
3/

10
/2

01
6

30
20

1
40

.7
8.

9

T
D

.8
23

f
4

G
PS

3/
09

/2
01

6
3/

10
/2

01
6

30
18

1
17

.2
4.

0

T
D

.9
79

f
2

G
PS

25
/0

8/
20

16
24

/0
9/

20
16

30
23

0
13

.8
3.

1

T
D

.4
71

m
2

G
PS

24
/0

8/
20

16
23

/0
9/

20
16

30
29

7
20

.8
5.

7

T
D

.5
54

m
2

G
PS

1/
09

/2
01

6
1/

10
/2

01
6

30
26

2
29

.2
7.

2

a Fi
na

l i
nd

iv
id

ua
l H

om
e 

ra
ng

e 
si

ze
 c

al
cu

la
te

d 
w

ith
 a

 K
er

ne
l D

en
si

ty
 E

st
im

at
or

 (
K

D
E

) 
w

ith
 a

 f
ix

 s
m

oo
th

in
g 

fa
ct

or
 (

h)
 o

f 
50

0 
m

.

Glob Ecol Conserv. Author manuscript; available in PMC 2021 June 22.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Comte et al. Page 21

Ta
b

le
 3

Po
pu

la
tio

n 
de

ns
iti

es
 o

f 
Ta

sm
an

ia
n 

de
vi

ls
 o

n 
th

e 
Fr

ey
ci

ne
t P

en
in

su
la

 b
ef

or
e 

th
e 

D
FT

D
 e

pi
de

m
ic

 (
20

01
)a

nd
 1

5 
ye

ar
s 

af
te

r 
di

se
as

e 
ou

tb
re

ak
 (

20
15

 a
nd

 

20
16

).

Y
ea

r
Se

x
A

du
lt

s 
[n

/k
m

2 ]
Su

ba
du

lt
s 

[n
/k

m
2 ]

λ
0 

fi
rs

t c
ap

tu
re

λ
0 

se
co

nd
ar

y 
ca

pt
ur

es
k

S 9
5

20
01

m
al

es
0.

15
0 

(0
.1

00
–0

.2
23

)
0.

13
4 

(0
.0

88
–0

.2
04

)
0.

05
8 

(0
.0

42
–0

.0
81

)
0.

01
7 

(0
.0

06
–0

.0
45

)
0.

61
8 

(0
.5

14
–0

.7
44

)
7.

20
3 

(4
.9

74
–1

0.
43

2)

20
01

fe
m

al
es

0.
16

0 
(0

.1
21

–0
.2

12
)

0.
15

5 
(0

.1
05

–0
.2

30
)

20
15

m
al

es
0.

05
4 

(0
.0

32
–0

.0
91

)
0.

05
0 

(0
.0

30
–0

.0
84

)
0.

05
4 

(0
.0

32
–0

.0
91

)
0.

01
5 

(0
.0

05
–0

.0
46

)
0.

51
0 

(0
.3

76
–0

.6
92

)
4.

90
4 

(2
.6

62
–9

.0
33

)

20
15

fe
m

al
es

0.
05

7 
(0

.0
35

–0
.0

93
)

0.
05

6 
(0

.0
33

–0
.0

94
)

20
16

m
al

es
0.

06
2 

(0
.0

40
–0

.0
97

)
0.

05
5 

(0
.0

41
–0

.1
00

)
0.

03
1 

(0
.0

25
–0

.0
37

)
0.

00
9 

(0
.0

03
–0

.0
24

)
0.

50
5 

(0
.4

40
–0

.5
79

)
4.

80
6 

(3
.6

54
–6

.3
21

)

20
16

fe
m

al
es

0.
06

6 
(0

.0
56

–0
.0

77
)

0.
06

4 
(0

.0
41

–0
.1

00
)

D
en

si
tie

s 
es

tim
at

ed
 u

si
ng

 s
pa

tia
lly

 e
xp

lic
it 

ca
pt

ur
e 

re
ca

pt
ur

e 
m

od
el

 (
se

cr
).

 λ
0 

=
 c

um
ul

at
iv

e 
ha

za
rd

 o
f 

de
te

ct
io

n;
 k

 =
 d

en
si

ty
 d

ep
en

de
nt

 s
pa

tia
l s

ca
le

 f
ac

to
r;

 a
nd

 S
95

 =
 in

de
x 

of
 o

ve
rl

ap
 in

 h
om

e 
ra

ng
e.

 

D
en

si
tie

s 
w

er
e 

m
od

el
le

d 
as

 s
ex

 (
m

al
e 

vs
 f

em
al

e)
, a

ge
 (

ad
ul

t v
s 

su
ba

du
lt)

 a
nd

 y
ea

r 
(2

00
1,

 2
01

5 
an

d 
20

16
) 

sp
ec

if
ic

; λ
0 

va
ri

ed
 p

er
 y

ea
r 

an
d 

in
cl

ud
ed

 a
 s

ite
-s

pe
ci

fi
c 

le
ar

ne
d 

re
sp

on
se

, k
 a

nd
 S

95
 w

er
e 

de
pe

nd
en

t o
n 

ye
ar

 o
nl

y.
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
s 

fo
r 

al
l v

al
ue

s 
ar

e 
in

di
ca

te
d 

in
 b

ra
ck

et
s.

Glob Ecol Conserv. Author manuscript; available in PMC 2021 June 22.


	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Table 1
	Table 2
	Table 3

