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Abstract
Urbanisation is a major land use change that introduces novel sources of disturbance and risk into an ecosystem. Successful urban
species modify their fear behaviour in response to the new conditions, as evolutionary mismatches between fear responses and
environmental conditions are likely to have negative fitness consequences. Here we tested the effect of urbanisation on the fear
response of a successful urban coloniser, the Australian Brush-turkey (Alectura lathami), using flight initiation distance (FID) as
a measure of boldness. We predicted that Brush-turkeys in areas of natural vegetation would have longer FIDs than birds in more
urbanised environments, and that males would have shorter FIDs than females. We recorded the FIDs of 80 Brush-turkeys across
the Sydney region. We found that Brush-turkeys in natural vegetation and urban bushland reserves had longer FIDs than birds in
urban streets and lawns. However, there was no difference in FID between sites in natural vegetation and urban bushland
reserves. There was no difference in FID between male and female Brush-turkeys, between birds engaged in different behaviours,
or between birds approached in the breeding and non-breeding seasons. Our results identified that Brush-turkeys displayed
reduced fear behaviour in response to humans in more urban environments.
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Introduction

Urbanisation is a dramatic land use modification that radically
alters the physical structure and ecosystem function in the
landscapes it affects, with far reaching consequences for the
biotic community. Biodiversity declines typically follow ur-
banisation, leaving a depleted and homogenised suite of spe-
cies (Clergeau et al. 2006; McKinney 2002; McKinney 2006).
For species that remain, the urban environment presents new
challenges and opportunities. Urban dwelling animals must
contend with built structures replacing natural vegetation,
fragmentation and isolation of remaining greenspaces,

increased levels of pollutants, potential competition with ex-
otic species, and exposure to anthropogenic sources of distur-
bance (McKinney 2002;McKinney 2006; Shochat et al. 2006;
Taylor and Hochuli 2017). However, species capable of
persisting in urban areas may be able to take advantage of
vacant niches, new resources, high primary productivity, het-
erogeneous green spaces, and potential release from natural
competitors and predators (Callaghan et al. 2019a; Crooks and
Soule 1999; Martin et al. 2010; Møller and Ibáñez-Álamo
2012; Shochat et al. 2006). With urbanisation increasing
worldwide (Seto et al. 2012), it is vital to understand the
mechanisms by which species become urbanised or fail to
persist in order to better manage biodiversity in cities.

Species modify their behaviour in response to environmen-
tal change to avoid evolutionary mismatches with potential
negative fitness consequences (Sih 2013). For example, fail-
ure to avoid novel predators can lead to population declines in
native species (Dickman 1996; Sih et al. 2010). Due to the
often extreme differences between urban and natural environ-
ments, animals in urban areas are, in general, predicted to
behave differently to those in natural areas. Successful urban
colonising species are expected to have highly plastic or gen-
eralist behaviours to increase their chances of survival in var-
iable environments (Callaghan et al. 2019b; Tryjanowski et al.
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2016). Behavioural changes in response to urbanisation have
been detected in many aspects of animal behaviour across
varied taxa (Lowry et al. 2013; Sol et al. 2013). These include
changes in foraging behaviour (Sol et al. 2011), reproduction
(Beck and Heinsohn 2006), communication (Slabbekoorn and
Peet 2003), and habitat use (Stroud et al. 2019).

Fear behaviour has also been shown to be affected by ur-
banisation. Many novel sources of disturbance exist in cities
including foot and vehicular traffic, dog walking, and anthro-
pogenic noise (Banks and Bryant 2007; Mikula 2014). Trade-
offs between avoiding disturbance and finding or using re-
sources are key drivers of animal behaviour decisions
(Cooper and Frederick 2007; Lima and Dill 1990). Fear be-
haviour is expected to be optimised as an inappropriate fear
response is likely to incur a fitness cost (Fern et al. 2003).
Early threat avoidance diverts time and energy away from
foraging and reproductive activities, while late avoidance
may result in a higher risk of predation (Brown and Kotler
2004; Cooper and Frederick 2007; LaManna and Martin
2016). Human approach is a significant source of disturbance
in urban environments and acts as a potential predation risk
(Frid and Dill 2002). Responding appropriately to human ap-
proach is therefore likely to be a pre-requisite for survival in
urban environments.

Flight initiation distance (FID) is a commonly used metric
for assessing the fear response of birds. The distance at which
the focal animal moves to avoid an approaching human ob-
server is treated as an indicator of boldness and disturbance
tolerance (Weston et al. 2012). FID correlates with other as-
pects of fear behaviour, including scanning rate and alert dis-
tance, making it a useful indicator of an animal’s overall wea-
riness (Blumstein 2006). FID is known to vary with the
starting distance of the observer, with the life history of the
species, and with the abundance or scarcity of resources
(Blumstein 2003)(Møller et al. 2013). Species with an omniv-
orous or carnivorous diet, larger bodied species, and species
with a later age of first reproduction tend to have longer FIDs
(Blumstein 2006;Weston et al. 2012). Sexmay also affect fear
behaviour due to life history differences between males and
females (Lagos and Herberstein 2017; Magnhagen 1991).
Intra-specific variation in FID has previously been used to
detect habituation to human disturbance (Fleming and
Bateman 2017; Lin et al. 2012; Mikula 2014; Moller 2008;
Rodriguez-Prieto et al. 2009), and has been suggested as a tool
to support conservation decision making (Weston et al. 2012)
and for studying shifts in fear behaviour due to environmental
change (Møller et al. 2013).

The Australian Brush-turkey (Alectura lathami) is a ground
foraging woodland and forest bird belonging to the family
Megapodiidae. Megapodes are unique among birds due to
their use of environmental sources of heat to incubate their
eggs (Jones and Göth 2008). Brush-turkeys were once rare
across the east coast of Australia due to overhunting but have

become an increasingly common sight in urban and suburban
areas over the last few decades. They have recolonised much
of their former range, including major cities including Sydney
and Brisbane (Göth et al. 2006; Jones and Everding 1991;
Jones et al. 2004). Brush-turkeys have a number of traits
which are considered to benefit urban exploiting species.
These include a broad climatic range, a high tolerance to dis-
turbance (Blumstein 2003; Weston et al. 2012), and an om-
nivorous diet (Callaghan et al. 2019b). However, their ground
foraging habit, poor flying ability, obligate ground nesting,
and the absence of parental care for their chicks are atypical
characteristics for an urban exploiting bird (Clergeau et al.
2006; Croci et al. 2008; Moller 2009). The Brush-turkey ex-
pansion into urban areas makes them an interesting species for
examination of how the behavioural traits of a colonising spe-
cies adapt in response to urbanisation. The behaviour of male
and female Brush-turkeys differ markedly during the breeding
season (Jones 1988). Males are likely to experience different
sources of disturbance while constructing and defending their
nest mounds (Jones and Everding 1991). This presents an
opportunity to examine the effect of sex and behavioural states
on fear behaviour.

Here we tested the hypothesis that Brush-turkeys in urban
areas would be more tolerant of disturbance from humans
(shorter FID) than conspecifics in less modified areas due to
habituation to human traffic. We tested the effect of habitat
type, and within site habitat traits on FID to determine how
Brush-turkeys were responding to habitat variation across the
land use gradient. We also tested the hypothesis that Brush-
turkey males would have shorter FIDs than females, and that
male but not female FIDs would vary seasonally. Lastly we
tested the hypothesis that Brush-turkeys FIDs would vary
along with the initial behaviour of the focal bird.

Methods

Study area and species

The Brush-turkey is a large bird (Females: 1.85-2.67 kg,
Males: 2.15-2.75 kg) with a ground foraging habit,
making them observable and approachable on foot
(Jones and Göth 2008). We recorded the FID of 80
Brush-turkeys at multiple sites across the Sydney re-
gion, New South Wales, Australia (Fig. 1) from April
to October 2018. Sydney, Australia’s largest city, with a
population of over four million with most residents liv-
ing in expansive suburbs of low to medium density
development. The suburbs of Sydney contain an array
of greenspaces of managed parks and remnant natural
vegetation, while the greater Sydney region is
surrounded by national parks containing large stretches
of natural vegetation (Keith 2004).
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When assessing each FID the site was broadly classified as
either urban or natural based on land use. Landscape catego-
ries for sites, rather than a gradient approach, were used in
order to capture the combination of physical landscape traits
and patterns of human use of each site. Natural areas were
defined as areas of contiguous relatively undisturbed native
vegetation, set aside for conservation outside the urban matrix,
and contained within a National Park. Urban sites were de-
fined as being situated within an urban matrix of built on land.
For urban sites, the surrounding area within a 10 m radius of
the focal bird was further classified as a street, lawn, garden, or
reserve. Sub categories of urban sites were defined based on
the amount of impervious surface, extent of remnant vegeta-
tion, and patterns of human use associated with them. Streets
were defined as areas covered with impervious surface with
no vegetation cover, and with regular foot and vehicular traf-
fic. Lawns were defined as areas of open grass cover, with
little to no canopy or shrub cover. Gardens were defined as
areas of privately managed mixed lawn and shrub cover.
Reserves were defined as areas of remnant native vegetation
situated within the urban matrix, and contained varying levels
of grass, shrub and canopy cover.

Measuring FID

FIDs were measured using a standard method (Blumstein
(2003). After locating a focal bird, we recorded its sex using
visual cues, and classified behaviours into: foraging, nest con-
struction, walking, or idle (Table 1). Date was record, noting the
breeding (late July-early Feb.) or non-breeding seasons (late
Feb.-early July) (Jones and Göth 2008). Birds engaged in vig-
ilant, alarmed, or aggressive behaviours were not approached.
We recorded our starting distance either using a laser
rangefinder (Bosch PLR 40 C) or visual estimation, then
approached the subject at a rate of 1 m/s (approximately equiv-
alent to two small steps per second). As Brush-turkeys tend to
walk or run rather than fly, we recorded the FID, using a laser
rangefinder, as the distance at which the focal bird moved to
avoid the observer through any form of locomotion. When the
focal bird was already moving, an obvious change in the direc-
tion of movement or gait was used to determine FID.

Focal birds were not marked and resampling was avoided by
approaching only one bird in each location per day. Where
Brush-turkeys were located with additional birds, only the
FID of a single focal bird was recorded. Brush-turkeys are not

Fig. 1 Map showing the distribution of Brush-turkeys sightings in
Sydney (hatched area), map of Australia showing the location of
Sydney (green box), and 17 sites in Northern Sydney where Brush-
turkey FIDs were measured (green circles). FID sites were located in

the core area of the Brush-turkey distribution in Sydney. National park-
land is shaded in green. Brush-turkey sightings data obtained from the
Atlas of Living Australia (Atlas of Living Australia Occurrence
Download 2019)
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an obligate flocking species (Jones and Göth 2008), as such the
number of birds present was not assessed.While it is impossible
to completely rule out resampling the same individual on dif-
ferent sampling days, the number of birds sampled at each site
makes this unlikely, and a small degree of resampling is not
expected to influence our results (Runyan et al. 2004).

After each assessment of FID, we scored canopy cover (%),
shrub cover (%), grass cover (%), average canopy height (m),
average shrub height (m), the number of trees within 10 m of
the focal bird’s starting location, and the distance to the nearest
tree and shrub from the focal bird’s starting location (m).

Data analysis

Each FID was sorted into one of five pre-defined site catego-
ries (street n = 9, lawn n = 5, garden n = 21, urban reserve n =
28, national park n = 17). All analyses were conducted in
SPSS version 24. We compared observer start distance among
site types using a one-way analysis of variance (ANOVA). As
FID was expected to co-vary with start distance (Blumstein
2003), we analysed the effects of site type, sex, season and
starting behaviour on FID using analyses of co-variance
(ANCOVA), with observer start distance as a covariate.
Spearman’s rank correlation was used to compare between
FID and all measured habitat traits.

Results

Of the 80 FIDs recorded from individual Brush-turkeys across
the Sydney region, 46 were recorded during breeding and 34
were recorded during the non-breeding season. Of the birds
approached, 38 were females and 42 were males. We did not
detect any significant difference between breeding (mean =
4.235 m, sd = 2.368 m) and non-breeding (mean = 2.999 m,
sd = 1.998 m) seasons (ANCOVA, F(1, 78) = 0.804 p = 0.804).
We did not detect any significant difference in FID between
males (mean = 4.117 m, sd = 2.461 m) and females (mean =
3.26 m, sd = 2.02 m) (ANCOVA, F(1, 78) = 0.432, p > 0.514).
Observer start distance varied among habitat type (F(4, 75) =
5.713, p < 0.001). Start distances in national parks were

significantly longer than in gardens (p < 0.001) and streets
(p = 0.04), but not lawns or reserves (Fig. 2). Start distances
in reserves were significantly longer than in gardens (p =
0.015), but not streets and lawns (Fig. 2). There were no sig-
nificant differences in start distances among streets, lawns or
gardens (p > 0.05).

After accounting for the effect of start distance as a covar-
iate, we found a significant difference in FID among habitat
type (ANCOVA, F(4, 75) = 17.89, p < 0.001). Shorter FIDs
were recorded in the highly modified habitats (streets, lawns,
and parks) compared to the less modified habitats (reserves
and national parks; Fig. 3). Post-hoc Tukey tests revealed no
significant difference in average FID among streets, lawns or
gardens, or between reserves and national parks (all p > 0.05).
There were no significant interactions among behaviour, site
type, sex, and season. FIDs were positively correlated with
canopy cover (ρ = 0.243, p = 0.03), canopy height (ρ =
0.382, p = 0.001). No other measured habitat trait correlated
with FID (ANOVA, p > 0.05). At the time of approach, 18
focal birds were engaged in mound construction, 36 were
foraging, 8 were idle, and 18were walking; we found no effect
of bird behaviour on FID (ANCOVA, p > 0.05).

Discussion

Evaluating how animal behaviour changes in response to ur-
banisation informs our understanding of how species respond
to human induced environmental change. We hypothesised that
Brush-turkeys in more highlymodified urban habitats would be
more tolerant of human disturbance, due to the higher levels of
disturbance and human exposure expected in these habitats. We
found significantly shorter FIDs in the streets, gardens, and
lawns, compared to reserves and national parks. This suggests
that Brush-turkeys in more modified habitats have a reduced
fear response to human approach and are more tolerant of hu-
man disturbance, supporting our hypothesis. As expected, the
start distance of the observer also affected FID, however this
effect was weaker than the effect of different habitats. Contrary
to our hypothesis, neither the sex, season, nor the initial behav-
iour of the focal bird had any effect on FID.

Shorter FIDs in highly modified habitats likely allow urban
dwelling Brush-turkeys to forage and reproduce more effi-
ciently despite higher levels of human disturbance. FID has
been shown vary among individuals, populations, and species.
Brush-turkeys are thought to be among the least sensitive
birds to disturbance relative to body size (Blumstein 2006;
Weston et al. 2012). Their reported high disturbance tolerance
may make Brush-turkeys better equipped for living in urban
environments. Urban dwelling species are commonly found to
have shorter FIDs than related rural dwelling species (Moller
2009) suggesting that short FIDs are a common adaptation for
success in urban species. While some bold species may be

Table 1 Brush-turkey behaviours observed prior to FID approach

Foraging Raking through the soil and leaf litter with short leg
movements. Occasional pauses to search and peck at the
ground.

Locomotion Sustained movement without stopping to forage.

Construction Raking soil and leaf litter with long sweeping
leg motions onto a nest mound or into a trail
leading to a mound. (Breeding males only.)

Idle Resting on the ground or on a perch for
a sustained period of time.
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pre-adapted for urban life (McDonnell and Hahs 2015), others
develop shorter FIDs following exposure to urbanisation.
Brush-turkey FIDs in our study were significantly shorter in
more modified, less complex urban habitats, when compared
to natural habitat or urban bushland reserves. This may indi-
cate that either the Brush-turkeys in our study developed
shorter FIDs following exposure to urbanisation or that bolder
and less risk-averse birds are driving the colonisation of urban
areas. Short flight distances have been found in urban popu-
lations of several bird species when compared to rural popu-
lations (Mikula 2014; Rodriguez-Prieto et al. 2009; Van
Donselaar et al. 2018). This suggests that Brush-turkey fear
behaviour is responding to the changed conditions found in
urban habitats, and that shorter FIDs are an acquired trait for
the urban Brush-turkey population in Sydney.

Changes in fear behaviour can occur either through learning,
plasticity, or adaptation to a new stimulus (Sol et al. 2013).
Habituation has been suggested as a mechanism behind shorter
FIDs for a suite of urban bird species (Mikula 2014; Rodriguez-
Prieto et al. 2009). From our field observations we can say that
Brush-turkeys in urban environments experience higher levels of

human disturbance than those in natural areas, although this was
not quantified. Flexible fear behaviour may be a requirement for
species to persist in highly modified and human dominated land-
scapes like cities (Moller 2009). For Brush-turkeys, within urban
areas, encounter rates with humans are higher in streets, lawns,
and gardens compared to reserves, presenting a potential source
of habituation. Alternatively, dynamic behavioural decisions in
response to perceived risks and rewards (Fleming and Bateman
2017; Rodriguez-Prieto et al. 2009) may account for shorter
Brush-turkey FIDs in urban areas. Brush-turkeys may respond
to humans differently on a fine spatial scale based on an assess-
ment of potential risks and rewards. A human approach in one
kind of environment may be treated differently to an approach in
another depending on prior experience with humans in each
(Fernandez-Juricic et al. 2003; Fleming and Bateman 2017;
Van Donselaar et al. 2018). For example, humans observed
around lawns or gardens may represent a scavenging opportuni-
ty, eliciting a reduced fear response compared to other habitats.
Longer FIDs within urban reserves compared to other habitat
types within the urban landscape could be reflective of behav-
ioural decision making, habituation, or the interaction of both

Fig. 2 Flight initiation distance
(FID) plotted against start dis-
tance for all site types. Start dis-
tance varied among site types and
had a positive linear relationship
with FID. Data are pooled for sex
and behaviour classes. Icons in-
dicate site type: Blue crosses =
garden, grey circles = street, or-
ange triangles = lawn, brown dia-
monds = reserve, and green
squares = natural

Fig. 3 Box-plot of flight initiation
distance (FID) habitats assessed.
Brush-turkeys in more modified
habitats had shorter FIDs than
birds in less modified habitats.
Error bars show 1.5 x inter-
quartile range. Crosses indicate
the mean and horizontal lines in
the centre of each box indicate the
median. Data are pooled for sex
and behaviour classes
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processes. Further research would be needed to tease apart the
effects of each on Brush-turkeys in urban areas.

Brush-turkey males and females typically exhibit markedly
different behaviours, especially during the breeding season.
Males will spend a large proportion of their time engaged in
the construction and maintenance of a nest mound, in addition
to their usual foraging behaviour (Jones 1988). They are often
reluctant to abandon mound building behaviour when
approached (Jones and Göth 2008), and have been suggested
to be more likely to habituate to disturbance than females as
males remain near their mound rather than relocating (Jones
and Everding 1991). This was not evident in our study, as we
found no difference in FID between males and females, in-
cluding with respect to the breeding season. Furthermore, we
found no difference in FID between males engaged in mound
construction compared to other behaviours. A likely explana-
tion is that males and females are exposed to sufficient levels
of human disturbance for habituation despite their different
behavioural patterns.

Group size has a potential confounding effect on FID mea-
surements. The dilution hypothesis argues that individual risk
decreases as group size increases, resulting in shorter individ-
ual FIDs, however the many eyes hypothesis suggests that
multiple observers increases overall group vigilance resulting
in longer individual FIDs (Lima and Dill 1990). Evidence for
the effect of group size is varied and appears to depend on the
species and site specific context (Deboelpaep et al. 2018;
Morelli et al. 2019). The effect of group size on Brush-
turkey FID in this study cannot be determined as group sizes
were not recorded.We believe it is unlikely that group size is a
major determinant of Brush-turkey FIDs as they are not an
obligate flocking species and foraging groups are formed
and disintegrate on an ad hoc basis. The effect of group size
on fear behaviour may also be smaller than the effect of ha-
bituation to human disturbance (Deboelpaep et al. 2018).
However further studies are needed to determine how
Brush-turkey foraging behaviour is affected by social cues.
Selection bias may also have affected our results if bolder
birds were more likely to be spotted by observers. We do not
think this was the case as the upper range of FIDs recorded
were still within easy spotting distance of a trained observer
making it unlikely any birds escaped detection.

We found that Brush-turkeys expressed reduced fear be-
haviour in response to a human approach in less complex,
more urbanised, habitats, and that this response was not af-
fected by sex, season, or behavioural state. Our findings sug-
gest that Brush-turkeys appear capable of adjusting their be-
haviour in response to the varying disturbance conditions
within the heterogeneous urban landscape. Whether due to
habituation, plasticity, or adaptation, reduced fear of human
approach likely facilitates the ongoing colonisation of urban
and suburban areas by this species. Studying the fear behav-
iour of a successful urban coloniser, like the Australian Brush-

turkey, provides insight into how species respond to a gradient
of environmental change as well as which traits distinguish
species that thrive in urban areas from those which are less
successful.
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