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ABSTRACT 

Context. Predation of layer chickens is a major issue for free-range egg producers. Using livestock 
guardian dogs (LGD) to protect free-ranging poultry is a possible option for producers, although 
there is little published literature regarding how the dogs protect chickens. Aims. This case 
study was conducted at a free-range egg production farm in Western Australia, where red foxes 
(Vulpes vulpes) were a common predator of chickens prior to introducing Maremma LGD. We 
investigated LGD responses to experimental cues that might indicate fox incursion (fox urine 
and calls). Methods. Four dogs were GPS tracked and monitored using camera traps. Over the 
first week, experimental fox cues were set out around the paddock boundaries, alternating with 
‘non-cue’ experimental control nights. We recorded whether the LGD altered (1) their space 
use, (2) activity patterns (movement speed), or (3) behaviour in response to these cues. We 
also recorded (4) distances between LGD from known sightings of foxes. Key results. The 
Maremmas appeared to work independently of each other, covering separate areas. There was 
no significant difference in overnight home range area by experimental fox cue treatment, but 
there was a significant (P < 0.001) treatment × dog interaction term for distance moved. Three 
dogs spent most of their time at night around the chicken shelters and generally increased 
distances moved on experimental fox cue nights. The fourth dog was more bonded to people 
and did not alter its movements. Paradoxically, dogs rested more and barked less on 
experimental fox cue nights; however, we recorded foxes on camera traps placed around the 
chicken shelters on 17 of the 23 nights of monitoring, and the high background activity level of 
foxes on this property compromised our experimental control (nights without experimental fox 
cues). The dogs did not move towards known fox sightings. Conclusions. The Maremmas in 
this trial closely guarded the chicken shelters rather than maintaining the entire paddock as a 
predator-exclusion zone. Implications. Understanding how guardian dogs behave when 
challenged by potential predators will help increase producers’ confidence in the efficacy of 
these dogs as a viable method to protect livestock from predation threat. 

Keywords: animal welfare, behaviour, GPS, guardian dog, livestock predation, Maremma, poultry, 
predator. 

Introduction 

Consumer demand for welfare-friendly food choices has driven change in many food 
production industries. Some of the greatest changes have been witnessed by the egg 
production industry, with consumer demands globally driving movement from intensive 
conventional cage eggs to a range of more welfare-friendly alternatives (Australian Eggs 
2021). For example, the use of conventional cages has been replaced by the use of 
enriched/furnished cages in some European countries (e.g. Sweden, Switzerland and 
Austria; Appleby 2003), and legislation was passed in 2014 to ban conventional cages in 
Australian Capital Territory Australia (Brennan 2014). 

In place of conventional cages, there has been increasing demand for free-range egg 
production over the past decade. While the behaviour of free-range chickens has greater 
consumer appeal, free-range chickens are much more vulnerable to predators than are 
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those under intensive production systems, and predation is 
one of the main challenges for this industry (Knierim 2006; 
Van de Weerd et al. 2009). A major predator of outdoor 
livestock is the red fox (Vulpes vulpes; Saunders et al. 1995; 
Fleming et al. 2016), which has the widest geographic 
distribution of any non-domesticated carnivore (Statham 
et al. 2014). These opportunistic predators were introduced 
into Australia and have quickly spread to become 
established across most of the continent (Fairfax 2019). The 
impacts of foxes on livestock, particularly poultry, were 
recognised within only a few years of their introduction 
(Saunders et al. 2010). Today, it is predicted that there is a 
population of approximately 1.7 million foxes in Australia 
(Stobo-Wilson et al. 2022), imposing substantial costs on 
producers and the environment (Bradshaw et al. 2021). It is 
estimated that foxes cause A$28 million loss due to lamb 
predation, and they represent a significant proportion of 
the estimated A$46 million spent by broad acre farmers 
and livestock producers on vertebrate pest control (McLeod 
2016). These cost estimates largely ignore their significant 
impact on poultry production. 

Losses to predators can be difficult to quantify in many 
livestock industries (Bestman and Bikker-Ouwejan 2020), 
especially where the predator removes the killed animal 
(Fleming et al. 2016). Foxes are commonly reported on 
free-range layer farms (Scott et al. 2018). Domestic poultry 
is also recorded in the diets of foxes; some studies have 
recorded a low occurrence of poultry in fox diets (0.4–6% 
frequency of occurrence; Latham 1950; Coman 1973; Croft 
and Hone 1978; Dawson et al. 2016), while other studies 
have reported much greater values (14–36% frequency of 
occurrence; Latham 1950; Korschgen 1959). Differences 
among studies in the reported occurrence in fox diet are likely 
to reflect differences in poultry numbers present with 
location. Recognition of poultry losses to predators can also 
vary due to different flock sizes and methods of survey 
(Knierim 2006), making direct comparison among studies 
and production systems difficult. Losses to predators 
(predator not specified) exceeding 20 birds per production 
period have been reported for 9% of 96 surveyed Swiss 
free-range farms (each with more than 500 hens; mean 
3042 ± 3600 birds per farm; Häne et al. 2000). In Britain, 
losses to foxes amount to 2 ± 17% (mean ± s.d.) across 50 
surveyed farms (35–130 000 hens, median 11 000), with 
three-quarters of respondents identifying losses to red foxes 
(Moberly et al. 2004). However, losses could reach up to 
100% of small flocks of less than 200 birds (Heydon and 
Reynolds 2000). 

With an increased customer demand for free-range eggs, 
there is an increasing proportion of the layer hen flocks that 
are exposed to potential predation risk. The need for predator 
control for free-range poultry is therefore of increasing 
importance. However, this shift to socially acceptable free-
range production has also seen a growing demand for non-

lethal forms of predator control (Gehring et al. 2010), 
further increasing the challenge for poultry producers. 

Livestock guardian dogs (LGD) originated across central 
Europe and Asia centuries ago to help protect livestock 
against predators. LGD are generally large-bodied breeds 
(35–45 kg, 65 cm or higher at the shoulders; Smith et al. 
2010). They are bonded to livestock from an early age, 
have been bred to be calm and inoffensive around livestock 
in their behaviour and appearance, and do not engage in 
stalking or intimidation towards livestock, as would be 
expected from herding dogs (van Bommel 2010). LGD have 
been effective protection against predators across many 
parts of the world (e.g. Yilmaz et al. 2015). In Australia, a 
common breed is the Maremmano-Abruzzese Sheepdog 
(‘Maremma’), which originates from Italy. These LGD are 
primarily used to guard small stock such as sheep, goats 
and poultry (van Bommel and Johnson 2012; King et al. 
2015). A survey of 150 Australian livestock producers with 
LGD indicated that 21% of respondents used them to guard 
free-range poultry (van Bommel and Johnson 2012). 
Understanding the behaviour of LGD around layer farms 
could benefit poultry producers and potentially increase use 
of these dogs for livestock protection. 

A number of studies have quantified the behaviour of LGD 
around livestock (principally sheep; Van Eeden et al. 2018). 
LGD directly respond to threat, using pursuit and vocalisation 
(barking, growling) to deter predators (e.g. Shivik 2006; van 
Bommel and Johnson 2015), which can also be effective 
through alerting people (Eklund et al. 2017). LGD may also 
confront a potential predator, chasing and intimidating 
them into retreat, or sometimes the dog will even attack 
and kill the predator (Matt Longworth, pers. comm.; van 
Bommel 2010). LGD may also indirectly protect livestock 
by maintaining territories, using scent marking to advertise 
their presence and deterring predators from the area 
around livestock (van Bommel and Johnson 2015). 

Tracking studies suggest that LGD use both direct and 
indirect defence of livestock. Zingaro et al. (2018) used GPS 
collars to monitor movements and proximity to sheep flocks 
for 29 LGD (mostly Maremmas) across 11 farms in Italy. 
They found that the dog’s proximity to their stock varied 
with environment, but that the dogs never left their flock 
unattended. Similarly, van Bommel and Johnson (2014) 
GPS-tracked 14 Maremmas across three Australian sheep 
properties to record movement patterns of the dogs, and 
also identified responses to playback of dingo calls and 
presentation of dingo urine (van Bommel and Johnson 
2015). These Maremmas spent an average of 90% of their 
time with the livestock and showed territorial behaviour, 
vocalising and scent marking on the range margins (van 
Bommel and Johnson 2014). Maremmas always responded 
to playback of a dingo call. Dingo urine incited a response, 
while a control cue (distilled water) never received a response 
(although in a separate trial, captive dingoes showed minimal 
differences in their responses to urine marks of LGD compared 
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with water controls; van Bommel and Johnson 2017). In 
contrast, Allen et al. (2017) GPS tracked eight Maremma 
LGD as well as six free-ranging wild dogs (dingoes, feral 
domestic dogs and their hybrids; Canis familiaris) for  
7 months on an Australian sheep property and found that 
the wild dogs regularly spent time inside the LGD dog’s 
territories, although direct physical altercations seldom 
occurred. Allen et al. (2017) suggested that rather than 
maintaining an exclusive territory, the Maremmas defended 
their flocks by boisterous vocalisation. These studies suggest 
possible differences in how groups of LGD respond to incur-
sion by a predator, dependent on their environment and 
the nature of the predator or cues about predator presence. 

Effectiveness of active forms of livestock defence is likely to 
depend on the numbers of stock that LGD are protecting, as 
well as the distribution of livestock and predators across the 
landscape. Consequently, their defence methods for extensive 
sheep or goat systems are likely to be different from how the 
dogs guard poultry. There has been no published study 
quantifying the behaviour patterns of LGD around free-range 
poultry. We therefore used camera traps and GPS tracking 
collars to investigate movement patterns of LGD used to 
guard free-range chicken flocks and tested a manipulation 
where we provided olfactory (fox urine) and auditory 
(playback of fox calls) experimental cues that would 
suggest fox presence. We quantified LGD (1) space use, (2) 
activity patterns (speed of movement), and (3) behaviour 
(resting, walking, running, barking and smelling/urination) 
by experimental fox cue treatment. We also recorded (4) 
the minimum distances between the LGD and known fox 
incursions into the paddock (foxes captured on camera traps). 

Materials and methods 

This work was completed under Murdoch University’s Animal 
Ethics Committee permit IRMA2844/16. 

Study site 

The study site was a free-range egg farm situated in Kauring, 
Western Australia, approximately 124 km east of Perth. The 
study was conducted between 2 and 24 August 2016. 
Average daily temperature during August was 12.3°C, with 
a maximum of 20.9°C and a minimum of 5.9°C. Rainfall 
during August 2016 was 57.7 mm, making it the second-
highest monthly average in the year of study after July 
(Bureau of Meteorology 2020). On this farm, there were 
two paddocks with laying chickens guarded by Maremma 
LGD (Fig. 1). To train these Maremmas, they were 
introduced to chickens at an early age and the puppies 
were penned in a fenced-off kennel area next to a chicken 
shelter (and therefore could see but not interact with the 
chickens). Time spent with the chickens by the Maremmas 
was slowly increased over successive weeks; with the 

puppies full time in with the chickens from 12 weeks old 
(Matt Longworth, pers. comm.). The hens and Maremmas 
were all free-ranging and not penned at night. 

Paddock 1 was a 27-ha olive grove with 3000 chickens 
(Hyline brown) spread over five open-plan chicken shelters 
(various dome ecoshelters or metal sheds; Fig. 1). Each 
shelter was the focal point for introduction of a cohort of 
hens (although they were free to disperse from these areas), 
and therefore the paddock contained chickens of a range of 
laying ages. There were six working Maremmas (three 
males and three females, aged 14 months to 4 years; all 
animals were entire, Table 1) and a litter of four 6-week 
old puppies from one of the bitches. Although they were 
free-roaming at the time of the study, neither the pups or 
the females were tracked in this study as it was thought 
that pregnancy or lactating could alter their responses to 
predators. Egg production during the study period was low 
in comparison to previous years, with approximately 700– 
800 eggs/day, which were collected during daylight hours 
by a team of farm workers. The perimeter wire fence was 
1.5 m high with every second strand of the six strands 
electrified to keep the Maremmas and chickens inside the 
paddocks; a fox could easily pass through this fencing and 
were regularly observed to do so (for the paddocks as well 
as for fencing around the farm more generally; Matt 
Longworth, pers. comm.). A residential dwelling, where 
4–6 farm workers resided, was located about 50 m south of 
the paddock. The Maremmas were fed outside the chicken 
shelter furthermost from the worker’s residence as a 
conscious effort to move the Maremmas away from proximity 
to the farm residence. The Maremmas ranged in sociability, 
with one extremely friendly and social Maremma and others 
that were less sociable or even anti-social towards people. 
Actual chicken numbers lost to foxes were unknown; overall 
losses were estimated by the landholder at about 800 
individuals over a 12-month period (the sum for both 
paddocks) but included deaths due to disease/illness. Foxes 
had been sighted within Paddock 1 on multiple occasions; 
the Maremmas had caught and killed a juvenile fox in the 
6 months prior to the study. 

Paddock 2 was effectively a 0.411-ha enclosure with 
approximately 100 chickens (mixed breeds) and two 
chicken shelters (Table 1). There were three Maremmas 
(two entire males: 2 and 4 years old, and one entire 4-year-
old female). Paddock 2 was about 250 m from the farm 
residence. The rate of egg production in Paddock 2 (not 
recorded; farm manager, pers. comm.) was lower than that 
in Paddock 1, although no foxes had been recorded in the 
paddock by the manager. Paddock 2 was surrounded by a 
1-m-high electrified perimeter fence of a construction 
similar to that of other fences on the farm. Maremmas in 
Paddock 2 were fed near one of the chicken shelters. 

All Maremmas were fed daily in the morning by the farm 
workers; often the dogs were also reported to eat chicken 
eggs. 
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Fig. 1. (a) Paddocks showing chicken shelters (triangles) and camera positions within the layout of the farm: white circles and 
circles with dots for monitoring during the presentation of experimental fox cues (‘Phase 1’) and circles with dots and black circles 
for monitoring during the remaining part of the study (‘Phase 2’). Positions are also shown for fox urine (droplet) and fox call (bell) 
presentations. (b) Hyline brown chickens roaming free-range with four Maremma Livestock Guardian dogs (LGD) close by. 

Experimental design 

We used camera traps and GPS tracking to compare Maremma 
behaviour (camera traps: presence along the fence-line 
boundaries for each paddock; and GPS tracking: home-
range area by using GPS tracking) for nights with and 
without experimental cues to simulate the presence of a red 
fox. Each experimental fox cue was set out in the late 

afternoon (16:00 hours) and retrieved the next morning 
(08:00 hours). The paddock was then rested for 1 day/night. 
The following three combinations of experimental fox cue 
were used: 

1. On Day 3 of the trial, female fox urine (collected from a
carcass derived from a landscape-scale control action; Red
Card for the Red Fox) was pipetted into a new plastic urine
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Table 1. Maremma livestock guardian dogs (LGD) specifics – age, sex, paddock location and days wearing a tracking device. 

Dog Age Sex When tracked 
(day of study) 

Percentage of paddock covered by the dog as 95% PCV (mean ± 1s.d. [95% 
confidence intervals] area in ha covered each night) 

Experimental fox cues 

No cues Urine Calls Urine and calls 

Paddock 1 (27 ha) 

Thor (Dog A) 4 years Male 4–22A 7%, n = 16 nights 
(1.99 ± 1.42 [1.29–2.69] ha) 

NA 2% (0.44 ha) ↓ 8% (2.11 ha) 

Kurt (Dog B) 2 years Male 1–7B 12%, n = 4 nights 
(3.21 ± 2.03 [1.22–5.2] ha) 

12% (3.12 ha) 10% (2.61 ha) 25% (6.82 ha) ↑ 

Spotty (Dog C) 2 years Male 1–22 4%, n = 19 nights 
(0.97 ± 0.85 [0.588–1.35] ha) 

2% (0.52 ha) ↓ 6% (1.62 ha) ↑ 1% (0.29 ha) ↓ 

Rocky 4 years Female NA 

Jagger 2 years Female NA 

Athena 14 months Female NA 

Paddock 2 (dogs and chickens had access to 0.411 ha enclosure of 4.4 ha paddock) 

Zeus (Dog D) 4 years Male 1–22 31%, n = 19 nights 
(0.13 ± 0.07 [0.098–0.162] ha) 

42% (0.17 ha) ↑ 71% (0.29 ha) ↑ 34% (0.14 ha) 

Julia 4 years Female NA 

Captain 2 years Male NA 

Percentage values are a measure of the area covered by each dog (95% PVC: percentage volume contour) each night as a proportion of the paddock. 
Arrows indicate values greater (↑) or less (↓) than the 95% confidence interval calculated for experimental control nights. 
ADog A was initially unable to be touched or approached by the researcher (SR); a collar was able to be placed on him after Day 4. 
BMaremma B lost his GPS unit from 14 August, and thus no data followed this date (no experimental fox cues were presented from 10 to 24 August). 

specimen jar and placed immediately outside the paddock 
fences overnight. The fox urine was stored in a plastic jar at 
room temperature between sessions. 

2. On Day 5 of the trial, fox calls (downloaded from http:// 
www.angelfire.com/ar2/thefoxden/sounds.html; foxcry. 
wav) were played through a portable mp3 player placed 
immediately outside each of the paddock fences at 
16:00 hours and played for 5 min at 2-h intervals over 
the next 16 h. 

3. On Day 7 of the trial (9 August), both fox urine and fox call 
were used together. 

No experimental fox cues were used for the last 2 weeks of 
monitoring (10–24 August). 

Monitoring methods 

Space use 
GPS trackers (i-gotU GT-120 travel logger, Australia) were 

fitted daily to four Maremma collars to record their 
movements (Table 1), including three males from Paddock 
1 and one male from Paddock 2; the second male in 
Paddock 2 was not approachable to collar. The tracking 
devices were set to record GPS location (latitude and 
longitude), speed of activity, and duration of activity every 

minute. Generally, the units lasted 24 h before requiring 
2 h to recharge; rarely, they lost power after 6 h. 

In ArcGIS (ESRI, USA), kernel density estimates (KDE; 50% 
and 90% percentage volume contours; PVC) were formulated 
for each Maremma (quartic kernel function, cell size = 2 m,  
search radius (smoothing parameter) = 20 m, using the 
approach by Silverman (1986)) over the entire 22-day study 
period (all data points) for visualisation. We also calculated 
the dogs’ nocturnal space use (there were no farm workers in 
the paddock at night and this is also when foxes were likely to 
be active) for each night to allow statistical comparison of 
nightly space use by fox treatment (two separate analyses: 
experimental control nights vs (1) experimental fox cue nights 
each considered separately, or (2) experimental fox cue nights 
all together) using a Kruskal–Wallis ANOVA. To aid 
visualisation (as per Fig. 2), we created a hexagonal grid 
(each hexagonal cell with an area of 120 m2) used to 
display counts of night-time GPS locations by experimental 
fox cue treatment within each hexagon cell. 

Activity patterns (speed of movement) 
To identify how activity patterns were influenced by the 

experimental fox cue treatments, we compared the dog’s 
speed (speed of movement estimated for each minute by 
the i-gotU GPS tracking software as dependent variable) by 
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Fig. 2. Space use by each of four Maremma livestock guardian dogs (LGD) (Dogs A, B and C in a 27-ha paddock and Dog D in a 
0.411-ha paddock) guarding free-range layer chickens. Data shown are space use for all nocturnal movements (from 17:00 hours 
to 06:00 hours) over the entire experimental period (left-hand panel), and under three experimental fox cue treatments (second 
column: fox urine, third column: fox calls, fourth column: fox urine and calls). Lines represent the area of the percentage volume 
contours (PVC) for the entire data set for each dog, i.e. the space that the dog spends more than 90% (dotted lines) or 50% (solid 
lines) of its time in. Background: World Imagery (Clarity); source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/ 
Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community. For visual display of nightly space use, hexagons 
were created for each paddock and presence counts per hexagon cell were plotted for each Maremma, with subsets 
organised by experimental fox cue treatment (last three columns). 
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Table 2. Summary of analyses comparing nocturnal space use by Maremma livestock guardian dogs (LGD) by experimental fox cue treatment. 

Parameter Control vs experimental fox cue nights (pooled) Control vs each experimental fox cue night as separate treatments 

95% PCV H1, N = 69 = 1.19, P = 0.276 H3, N = 69 = 1.26, P = 0.739 

90% PCV H1, N = 69 = 1.57, P = 0.210 H3, N = 69 = 1.82, P = 0.611 

50% PCV H1, N = 69 = 1.53, P = 0.216 H3, N = 69 = 1.85, P = 0.603 

PVC, percentage volume contour. 

using a generalised linear mixed model in R (R Core Team 
2018). For this analysis, fox treatment (two separate 
analyses: experimental control nights vs (1) experimental fox 
cue nights each considered separately, or (2) experimental fox 
cue nights all together), dog ID (to account for individual 
differences) and the treatment × dog ID interaction term 
were included as predictor variables. Because there was a 
circadian pattern in speed, we also included sine-hour (with 
maximum values at midday and minimum values at mid-
night) as a covariate. We tested for model fit using the 
quartile–quartile plot fit function in ‘DHARMa’ (Hartig and 
Lohse 2020), which indicated overdispersion of residuals due 
to a high proportion of zeros (i.e. the dog was inactive). A 
negative binomial fit was inappropriate because the data 
were non-integers, and therefore a tweedie GLM was fitted 
to these data with the alpha value set to maximise normality 
of residuals as indicated using the ‘tweedie’ package (Dunn 
2017). We used the ggpredict function in ‘ggeffects’ (Lüdecke 
2018) to plot the predicted speeds with circadian variation in 
activity speed held constant, and used ‘emmeans’ (Lenth et al. 
2018) to conduct pairwise Tukey analysis by experimental fox 
cue treatment. 

LGD behaviour classification 
To capture the LGD and fox activity, Reconyx™ XR6 

Ultrafire Covert video-camera traps (Reconyx, Holmen, 
USA) were attached to steel posts around the perimeter of 
each paddock, with cameras positioned 450 mm above the 
ground (this height was aimed to maximise capture rates of 
the dogs, as we had not initially thought that foxes would 
enter the paddock) and set to 45° angle down the boundary 
fence facing into the paddock. The camera traps were set to 
high sensitivity and collected 10-s duration videos, with no 
lag phase. We initially positioned camera traps around the 
border of the paddocks, as we presumed that this would be 
where the Maremmas would be likely to defend the paddock 
from intrusion by foxes. However, our results indicated that 
the Maremmas did not respond by moving out to the paddock 
boundary in response to experimental fox cues; subsequently, 
on completion of the experimental manipulations, we re-
positioned cameras around the chicken huts to increase 
capture of activity. During the first phase of the experiment, 
when experimental fox cues were presented, camera traps 
were placed in 10 positions around the edges of Paddock 1 
(seven cameras were positioned on the boundary fence, the 

other three positions were located in from the boundary 
fence), excluding the northern corner as it had dense bush 
which the landholder had observed that the Maremmas did 
not use, and in four locations around the boundary of 
Paddock 2. Two camera traps were set in front of the 
experimental fox cues. During the second phase of the 
experiment, when no experimental fox cues were presented, 
three camera traps from around the boundary of Paddock 1 
and the four camera traps from Paddock 2 were all moved 
to in front of the chicken huts in Paddock 1 (Fig. 1). 

Video footage was observed using image viewer (Microsoft 
image viewer) and scored for behaviour of the LGD (resting, 
walking, running, barking, smelling/urination, eating), time 
of day (day/night), and experimental fox cue treatment 
(cue present yes/no). We compared the proportion of camera 
events where we identified Maremmas barking, running, 
smelling/urinating, walking, or resting for experimental 
fox cue nights (total 43 camera events over three nights of 
monitoring) by Pearson’s chi test, with expected values 
based on proportions calculated for the same behavioural 
categories for experimental control nights (total 674 camera 
events over 20 control nights), acknowledging that the 
camera positions had changed for phase 2 of monitoring. 

Distances between LGD from known sightings 
of foxes 

For fox sightings from camera traps, we categorised their 
behaviour (walking, running, smelling/urination, eating), 
and calculated the approximate distance (to the nearest 
25 m) to each LGD wearing a GPS tracker, by using ArcGIS 
Euclidean distance function (ESRI, USA). 

Results 

In Paddock 1, where three male Maremmas were tracked 
simultaneously, these dogs worked independently of each 
other and covered separate areas of the paddock (Fig. 2). 
Dog A spent time at each of the chicken shelters, but the 
majority of his time was spent around Shelters 4 and 5. Dog 
B was observed across a large proportion of Paddock 1 and 
in all chicken shelters except Shelter 3, and was observed 
on camera interacting with hens in the shelter in the 
evening, herding and even appearing to pick up animals in 
his jaws. The space occupied by Dogs A and B for the 
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22-day experiment were concentrated around the chicken 
shelters (Fig. 2a, e). Dog C moved along the front fence, 
his patrol route typically followed farm workers in the 
paddock (who performed maintenance, as well as daily egg 
collection and animal husbandry inspection) and he 
covered a smaller area than did the other two dogs (Fig. 2i). 
Dog D’s KDE for the 22-day experiment showed that he spent 
most of his time in the larger chicken shelter in Paddock 2 
(Fig. 2m). We predominantly recorded hens on cameras 
located around the shelters; hens were rarely observed on 
the cameras located around the perimeter of Paddock 1 
(hens were more likely seen at the border of Paddock 2, 
due to its smaller size). 

Space use 

The four collared LGD did not significantly increase their 
home range area on experimental fox cue nights compared 
with experimental control nights (Table 2), as there was no 
statistically significant difference in area used for the three 

experimental fox cue nights considered separately or all 
together, from experimental control nights (the area covered 
on experimental fox cue nights was within the 95% 
confidence intervals of the means for experimental control 
nights, Table 1). This lack of statistical significance of the 
treatment effect for area covered was largely because the 
pattern of responses was not consistent among dogs (Fig. 2). 

Activity patterns (speed of movement) 

The dogs showed individual differences in their responses to 
the presentation of experimental fox cues. Dogs A and D both 
moved significantly faster on experimental fox cue nights 
than on experimental control nights (Fig. 3). Predicted 
speeds (after time of day was accounted for in the analyses) 
indicated that Dog A increased his activity speed by 154% 
and Dog D by 120% for experimental fox cue nights. Dog B 
increased his average speed by 114% for experimental fox 
cue nights, although this difference was not significant. Dog 
C spent the majority of his time closest to people and 

Fig. 3. Average (±95% confidence intervals) predicted speed of movements for four Maremma 
livestock guardian dogs (LGD) showing (a) the individual experimental fox cue nights, and (b) the 
experimental fox cue nights pooled together. Data are the predicted speeds calculated for 
06:00 hours (i.e. circadian variation in activity speed is held constant). No data were collected for 
the urine-only treatment for Dog A, and no data were collected for the call-only treatment for Dog 
C. Asterisks indicate significant (**P < 0.01, ***P < 0.001) differences between experimental fox cue 
treatments (Tukey’s posthoc analyses). Same numbers indicate dogs with the same average movement 
speeds for experimental control nights, and same letters link dogs with the same average movement 
speeds for experimental fox cue nights. 
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significantly decreased his average speed on experimental fox 
cue nights (85% of the average speed for experimental control 
nights). 

LGD behaviour classification 

We recorded a different profile of LGD behaviour classifi-
cation (resting, walking, running, barking and smelling/ 
urination behaviour recorded on video cameras) for experi-
mental fox cue nights compared with experimental control 
nights (χ2 = 16.28, P = 0.003; Fig. 4). Paradoxically, the4 

LGD were more often observed resting (χ2 = 6.02, P = 0.014) 1 

and less often recorded barking (χ2 = 4.99, P = 0.025) on1 

experimental fox cue nights (noting that seven cameras had 
been moved for Phase 2 of the experiment, as cameras 
positioned around the paddock boundary during Phase 1 had 
shown little activity). Additionally, when LGD were observed 
on camera traps on experimental fox cue nights, they were not 
observed on those cameras that were positioned near the cues. 

Distances between LGD and known sightings 
of foxes 

No foxes were seen on camera within the smaller Paddock 2. 
However, foxes were recorded on cameras on 17 of the 23 
nights of monitoring in Paddock 1, with 25 independent 
camera-trap events. On these occasions, foxes were captured 
on cameras that averaged 64 ± 43 m from the chicken 
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Fig. 4. Proportion of Maremma livestock guardian dog (LGD) 
behaviour recorded on video cameras placed around the perimeter 
of the free-range chicken paddock, for experimental fox cue nights 
compared with experimental control nights. Asterisks indicate 
significant (P < 0.05) differences between experimental treatments 
for resting and barking behaviour. 

shelters. While most observations of foxes showed them 
running or walking through the paddock, foxes were twice 
observed on camera eating something (which appeared to 
be eggs), and in another instance a fox was seen to carry 
what looked to be an egg. A fox was also observed 
urinating, another appeared to be smelling the ground. 
Foxes were observed on cameras positioned within 50 m of 
the chicken shelters on 15 occasions, including being 
observed on cameras in front of chicken shelters in the 
middle of the paddock on five occasions. No LGD was seen 
on camera near or after the fox on any occasion. At the 
time that a fox was seen on camera, GPS records indicated 
that Dog A was an average of 243 ± 159 m away; he was at 
another chicken shelter on 11 of 15 potential occasions. 
Dog B was 471 ± 140 m away (n = 7 occasions). Dog C 
was 362 ± 167 m away (n = 19 occasions) when foxes 
were seen on camera and was at the fence closest to the 
farmworker’s residence on all occasions. Note that the 
number of responses vary because of collar failure or flat 
batteries at the time of the respective fox incursions. 

Discussion 

Three of the four dogs (Dog A, B and D) that we monitored 
appeared to be strongly bonded to the chickens they were 
guarding, spending the majority of their time overnight 
around the chicken shelters and increasing their speed of 
activity on experimental fox cue nights. However, despite the 
dogs’ activity, foxes were confirmed present within Paddock 1 
on three quarters of the nights that we monitored and may 
well have been present, just not captured on camera, on the 
other nights. Foxes were observed on camera consuming or 
carrying eggs, but we had no record of predation on chickens 
during the monitoring period and chicken losses on this 
property had anecdotally reduced markedly since the 
introduction of the LGD. Therefore, although the dogs were 
not excluding foxes from around the chicken shelters, they 
were likely to have still been reducing predation on the hens. 

Our data does not suggest that the Maremmas excluded 
foxes from entering Paddock 1. The dogs were not 
commonly seen on the camera traps positioned around the 
paddock perimeter and their GPS tracking collars showed 
that Dogs A and B spent the majority of their time 
immediately around the chicken shelters (Dog C showed 
preference for the edge of the paddock closest to the 
worker’s residence). Furthermore, fox presence in Paddock 
1, including the activity of foxes on cameras positioned in 
front of the chicken shelters, indicates that the Maremmas 
did not maintain the paddock as a predator-exclusion zone. 
Rather than responding to all predator incursions, they 
appeared to maintain a small predator-free zone immediately 
around the chicken huts. The observation that foxes intruded 
into the free-range chicken paddock suggests a similar 
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scenario as reported by Allen et al. (2017), who found that 
wild dogs would regularly spend time inside the LGD 
territories, or McGrew and Blakesley (1982), who noted 
that Komondor LGD stayed very close to the sheep at all 
times to prevent predation by coyotes (Canis latrans), 
actively defending only when they had to. When presented 
with an experimental predator cue (dingo call or urine), 
van Bommel and Johnson 2015 reported that LGD were 
more likely to actively respond when the cue was nearby 
rather than at a distance (although the dogs did move up to 
570 m away from the stock to challenge a perceived 
threat). These results together support the presumption that 
LGD actively defend a small area around their livestock. 

We set out to determine whether LGD would actively 
respond to cues suggesting fox presence (fox urine and 
calls), but we found no statistically significant difference in 
area covered (home range area) for nights with or without 
experimental fox cues. This result could have been due to 
the small number of experimental fox cue nights (n = 3 
nights; which reduces the power for statistical analysis), 
individual differences in responses among dogs, or masking 
by the substantial amount of background fox activity on the 
farm, meaning that our experimental control treatment was 
not sufficient contrast to the experimental fox cues. We did 
find that three of the four dogs tracked generally increased 
their activity on experimental fox cue nights (two dogs 
significantly increased their average speeds), which may 
have increased their ability to monitor the paddock on 
these nights. 

It is possible that a group of five adult dogs in the 27-ha 
Paddock 1 would find it difficult to simultaneously monitor 
~3000 chickens distributed across five shelters, and 
therefore it is probably not surprising that there were fox 
incursions into this paddock. By contrast, the LGD in 
Paddock 2 had minimal area to maintain and their presence 
in any part of the paddock may have been sufficient 
deterrent to foxes (no fox incursions were recorded for this 
paddock during our period of monitoring). The numbers 
and distribution of the birds are therefore likely to 
influence the effectiveness of LGD protecting free-range 
chickens. 

Individual differences in dog responses 

While the other three tracked dogs spent the majority of their 
time around the chicken shelters and generally increased the 
distances they moved on experimental fox cue nights, Dog C 
spent the majority of his time at night at the front fence close 
to the worker’s residence. This dog did not change his 
behaviour on any occasion of a confirmed fox sighting in 
the paddock and even significantly decreased his activity 
speeds on experimental fox cue nights, suggesting that he 
was not responding to potential threat to the chickens. A 
similar observation for LGD has been noted previously 
(Rust et al. 2013), with inattentiveness being the primary 

cause of LGD removals on South African farms, accounting for 
33% of removals. However, the same study also reported that 
retraining to more deeply entrench the bond with livestock is 
possible, with one in three dogs with behaviour problems 
responding to corrective training (Rust et al. 2013). 

The individual differences in space use and activity that we 
found are likely to translate to differences in guarding 
behaviour and responses to disturbance by a potential 
predator. van Bommel and Johnson 2015 found that 
individual dogs responded differently to a stimulus; one 
dog raised the alarm, one or two investigated, and one or 
two remained with their livestock. Similarly, McGrew and 
Blakesley (1982) noted individual differences in responses, 
with aggressive dogs being more effective at protecting 
sheep; the authors note that breeding for more ‘guardian 
like’ characteristics can improve guarding ability of 
Komodor LGD. 

The Maremmas in the present study were all relatively 
young working animals. The oldest males in Paddock 1 
(Dog A) and Paddock 2 (Dog D) were both 4 years of age. 
By contrast, Dogs B and C were both 2 years old and likely 
to not yet have been at their full potential, as guardian 
Maremmas are technically not mature until about 2 years of 
age (van Bommel 2010). An animal’s age and experience 
can influence their behavioural responses to predator cues, 
with older dogs being less active but more likely to 
associate with their livestock (Rust et al. 2013; van Bommel 
and Johnson 2014; Zingaro et al. 2018). Mixing groups of 
dogs according to their personality and age can therefore 
potentially increase their ability to guard livestock as a 
group (van Bommel 2010). 

Limitations of the study 

We had only two separate paddocks on this farm, which 
differed in size, numbers of chickens and numbers of dogs. 
There was therefore likely to be differences in vulnerability 
of the chickens to foxes. Ideally, this study could be 
repeated on additional properties to identify whether the 
LGD behavioural responses we recorded are common to 
incursion by foxes. 

The size of the local fox population in the study area was 
not known, although foxes were regularly seen on parts of 
the farm away from the paddocks and a juvenile fox had 
been killed by the LGD in Paddock 1 within 6 months of 
this study. We also have no indication of whether or not 
fox abundance or activity had been reduced by the presence 
of the LGD. With very little background information on fox 
activity on the farm, in retrospect, our experimental design 
was naïve. We recorded foxes on camera traps within the 
paddock on 17 of 23 (74%) nights of monitoring, suggesting 
that fox scents and sounds were present even for our 
experimental control nights, undermining the effect of our 
experimental manipulation. 
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It was expected that the guarding activities of LGD (i.e. 
running, barking and scent marking; McGrew and Blakesley 
1982) would increase on nights with greater perceived threat 
(i.e. experimental fox cues). However, in contrast to our 
prediction, we recorded significantly less barking and more 
resting on cameras placed around the paddock boundary 
for experimental fox cue nights. While three dogs were 
generally more active on experimental fox cue nights, their 
activity was concentrated around the chicken shelters. In 
contrast, Dog C did not alter his behaviour and spent most 
of his time at the paddock boundary, near the farmworkers’ 
residence; he was therefore likely to have contributed 
disproportionately to behaviour analysed from sightings of 
LGD on the boundary cameras on these nights (we could not 
distinguish among individuals from the nocturnal camera 
footage). 

Another factor that could have compromised the 
experimental treatment effect in our study is that the fox 
urine used may not have stimulated the LGD’s guarding 
instinct due to the lack of glandular secretions generally 
associated with a fox urine marking (Henry 1977), or the 
way it was presented and stored (in a plastic container). 
Similarly, the fox calls may not have been believeble to the 
LGD, being distorted through recording and playback. It 
may have been more useful to use a distressed chicken call 
to illicit an active response. We also established our 
experimental design assuming that the dogs might maintain 
the whole paddock as an exclusive territory, and therefore 
placed our experimental fox cues around the paddock 
perimeter. Given that foxes entered the paddock and were 
commonly seen around the chicken huts, placing the cues 
closer to the chicken huts would be interesting to test, as it 
could represent a more realistic scenario for the dogs to 
respond to. 

While it would be unethical to remove the guardian dogs 
for an experimental manipulation, and there were no 
control paddocks to observe fox behaviour in the absence 
of LGD, other experimental designs are suggested for future 
research. It could be possible to track foxes and LGD 
simultaneously to determine whether foxes avoided the 
dogs, as has been undertaken to simultaneously observe the 
behaviour of wild dogs and LGD (Allen et al. 2017). 
Repetition of this study at other farms with working LGD is 
also recommended, being mindful that each farm will have 
different environmental conditions, housing setup for the 
chickens, and numbers of dogs and livestock. 

Conclusions 

Our study was a novel experiment looking at the guardianship 
of free-ranging layer chickens by Maremma LGD. The four 
GPS-tracked LGD were active in their movements throughout 
the paddocks they were assigned to, but those in Paddock 1 

did not maintain an exclusion zone or prevent foxes from 
entering the paddock. We also found no significant increase 
in home range area that might suggest that these LGD 
changed their space use to actively defend the paddock 
boundaries against an intrusion or a perceived intrusion of 
a fox. Instead, the LGD guarded the chicken shelters closely 
and three of the dogs increased their activity (average 
speed of movement) in response to experimental fox cues. 
Outside this experiment, the LGD had killed foxes that were 
found dead inside Paddock 1, and loss of chickens on the 
farm was anecdotally noted as reduced after introduction of 
the dogs. 

Maremmas have a knack for changing their behaviour to 
suit their environment and the animals they are protecting, 
as somewhat evident from the substantial individual 
differences in responses we recorded. The few previous 
studies investigating Maremmas have examined other types 
of livestock or predators, and measured different aspects of 
the dogs’ behaviour. Generalising across studies is therefore 
not possible, and further data are still required. Livestock 
producers are increasingly selecting Maremmas for predator 
control in free-ranging poultry and will therefore benefit 
from greater understanding of how these dogs are doing 
their jobs. The fox is a persistent and opportunist predator 
but may have met its match in LGD. 
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