
Distance from Water, Sex and Approach Direction Influence
Flight Distances Among Habituated Black Swans
Patrick-Jean Guay*†, Rachael D. A. Lorenz†, Randall W. Robinson*†, Matthew R. E. Symonds‡
& Michael A. Weston‡

* Institute for Sustainability and Innovation, Victoria University, St-Albans, VIC, Australia

† Applied Ecology Research Group, College of Engineering and Science, Victoria University, St-Albans, VIC, Australia

‡ Centre for Integrative Ecology, School of Life and Environmental Science, Faculty of Science, Engineering and the Built Environment,

Deakin University, Burwood, VIC, Australia

Correspondence

Patrick-Jean Guay, Institute for Sustainability

and Innovation, Victoria University, St-Albans

Campus, PO Box 14428, Melbourne MC,

VIC 8001, Australia.

E-mail: Patrick.Guay@vu.edu.au

Received: December 17, 2012

Initial acceptance: January 19, 2013

Final acceptance: April 2, 2013

(J. Wright)

doi: 10.1111/eth.12094

Abstract

In many animals, response to predators occurs at greater distances the

further an individual is from a refuge, but this has rarely been investigated

in birds. Here, we test the hypothesis that the further from refuge (i.e. water)

a foraging black swan Cygnus atratus is situated, the longer its flight initia-

tion distance (FID) in response to a pedestrian approach on land. As pre-

dicted, swans situated farther from water exhibited longer FIDs compared

with those closer to the shore. In addition, there was the possibility of an

interesting interaction effect (p < 0.061) of sex and direction of approach

on FID. Whilst males tended to not alter their response in relation to the

angle of approach relative to the water, females tended to respond at

longer distances, when approached from the shore than when approached

from the land or parallel to the shore. This is one of the first reports of sex

differences in FIDs for birds, with sex differences only manifesting them-

selves under certain approach types. Group size, the order of repeated

approaches, and time of day did not influence responses, although starting

distance of approach was positively related to FID.

Optimal escape theory posits that animals flee threats,

such as predators, in such a way as to optimise their

fitness (Cooper & Frederick 2007). This involves

taking into account both costs of staying (e.g. risk of

predation) and costs of fleeing (e.g. loss of foraging

opportunity and energetic costs of flight) (Ydenberg &

Dill 1986; Cooper & Frederick 2010). Factors that influ-

ence the costs of leaving, for example, distance to refuge

(e.g. Bonenfant & Kramer 1996), angle of approach

(e.g. Burger et al. 2010), stimulus type (e.g. Pease et al.

2005) and quality of food patch (e.g. Barnard 1980), all

influence anti-predator behaviour. Whilst anti-predator

behaviour can take many forms, one of the most promi-

nent is ‘flight’, that is, a retreat away from a threat,

sometimes towards a refuge (Weston et al. 2012).

Animals often respond to humans in a similar way

as to predators (Frid & Dill 2002). Because most

human–wildlife encounters are benign (animals are

not generally harmed), repeated animal responses to

harmless human stimuli may represent a fitness cost

and in some cases, potentially a conservation problem

(Glover et al. 2011; Guay et al., in press). A com-

monly accepted indicator of response to humans is

flight initiation distance (FID), the distance at which

an animal flees an approaching stimulus (Hediger

1934; Cooke 1980; Blumstein 2003). A growing num-

ber of studies have demonstrated the influence of

aspects of the stimulus (e.g. type, behaviour, colour)

and the responder (e.g. species, boldness, social con-

text, learning), on the response of birds (e.g. Glover

et al. 2011; Weston et al. 2012). Furthermore, many

studies have also demonstrated that FID is positively

correlated with starting distance (SD), the distance at

which a direct experimental approach begins (Blum-

stein 2003; Glover et al. 2011; Weston et al. 2012; but

see Cooper 2005 and Dumont et al. 2012). This rela-

tionship is thought to result from the increasing costs

of monitoring incoming predators for an extended
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period of time (Blumstein 2003) although other

explanations exist (Weston et al. 2012), including

those that suggest the relationship is not a biological

effect (Dumont et al. 2012).

Although sex differences in FID have been detected

in various taxa (Capizzi et al. 2007; Stankowich 2008),

most studies in birds have not investigated sex differ-

ences in response to human approaches, even though

sexes in some species can be easily distinguished in the

field (Blumstein 2006). Three studies have investi-

gated sex differences in FID in birds. Male capercaillie

(Tetrao urugallus) display longer FIDs than females

(Thiel et al. 2007), whilst male king penguins (Apteno-

dytes patagonicus) have shorter FIDs than females

(Smith 2011). In contrast, sex does not seem to influ-

ence escape behaviour inmagpie-larks (Grallina cyanol-

euca; Kitchen et al. 2010). It therefore remains unclear

whether sex systematically affects FID in birds.

Another potential factor influencing FID is distance

to refuge; the closer the proximity of suitable refuges,

the lower the risk to the animal, and responses may

be more moderate or only occur at shorter distances

(Ydenberg & Dill 1986; Cooper & Frederick 2007).

The ‘proximity of refuge moderates response’ phe-

nomenon has been described among mammals, fish

and reptiles (Stankowich & Blumstein 2005), and

whilst not universal (e.g. McLean & Godin 1989), it

commonly applies (see Bonenfant & Kramer 1996).

Whilst limited evidence for the influence of distance

from refuge on FID exists from birds (Mart�ın et al.

2004), none is apparently available for waterfowl (An-

seriformes). Unlike other taxa where the importance of

distance from refuge in moderating FID has been stud-

ied, waterfowl do not use small discrete refuges. Many

waterfowl forage in terrestrial habitats and roost (and

seek refuge) in aquatic habitats (Marchant & Higgins

1990). Therefore, instead of using burrows (e.g. Bonen-

fant & Kramer 1996), trees (e.g. Dill & Houtman 1989),

holes in a reef (e.g. Miller et al. 2011), or clumps of

vegetation (e.g. Cooper 1999), many waterfowl change

habitat (from terrestrial to aquatic) when disturbed.

This change in habitat when disturbed is likely to be

associated with comparatively high costs of escape

potentially leading to a strong influence of distance to

refuge on FID. Furthermore, orientation of the approach

in relation to the refuge can also have a strong impact

on the response of the prey, generally approaches

from the direction of the refuge result in greater or

earlier responses (Kramer & Bonenfant 1997).

In this paper, we test the hypotheses that FID is pos-

itively correlated with distance to refuge and that

angle of approach with regard to the refuge influences

FID in a waterfowl species, the black swan (Cygnus

atratus), foraging on land and seeking refuge in water.

We predict that the further from water (refuge) a bird

is foraging, the longer their FID in response to an

approaching pedestrian. Further, we predict that if an

approach blocks the access of a bird to its refuge, the

bird will respond sooner, resulting in a longer FID. To

test these predictions, we investigated the response of

black swans to approaches by a pedestrian from differ-

ent angles of approach and at different distances from

their refuge.

A better understanding of FID among birds, and the

factors which mediate it, is required for enhanced

management, for example, the designation of buffers

around important areas, and the establishment of arti-

ficial refuges to mitigate the disruption to wildlife

caused by disturbance (Weston et al. 2009; Glover

et al. 2011). Additionally, an understanding of the

attributes of the frequent approaches humans make

to swans in urban and nature reserve settings (e.g. the

direction of approach and the distance of swans from

the shore) could underpin a code of conduct for park

users which promotes swan welfare and coexistence

with people.

Methods

Study Species

The black swan (Cygnus atratus), a large waterfowl

endemic to Australasia, was selected as the model

species. It does not display sexual plumage dimor-

phism and the small size difference between the sexes

does not permit identification of the sexes in the field

(Marchant & Higgins 1990). However, we were able to

identify the sex of focal swans as we studied a popula-

tion of individually marked (collared) birds of known

sex (Guay & Mulder 2009; Mulder et al. 2010). Black

swans are herbivorous and are active throughout the

day (Frith 1967). They can forage on land at varying

distances from thewater, but return towater for roosting

and protection.

Study Site

The study was conducted at Albert Park, Melbourne,

Victoria, Australia (37º50′S, 144º58′E) between 19 Sept.

and 31 Oct. 2010. The 225 ha parkland contains a

48.5 ha artificial lake that is bordered by concrete

margins (which do not inhibit swans moving between

water and land). Because of the concrete margins,

there are no shallow waters (depth <1 m) around the

margin of the lake. The lake is surrounded by lawns

on all sides. The surroundings are mostly flat, and
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very few trees or shrubs are present permitting good

visibility. The 4.7 km long gravel path surrounding

the lake is heavily used by pedestrians, joggers, dog

walkers, anglers and cyclists. The park is also the site

of the Australian Formula 1 Grand Prix. The lake itself

is infrequently used by people.

The lake harbours a large population of black swans

that frequently encounter pedestrians and forage on

the extensive grassy verges. The swans show some

evidence of habituation to humans (but see Weston

et al. 2012 for alternative explanations of shorter FIDs

in areas where people are common) but still respond

to and avoid pedestrians (Monie 2011). Although two

sailing clubs and some rowing clubs operate around

the lake, black swans use the lake as a refuge and will

always make their way to the lake if threatened by

dogs (unpublished data). Furthermore, during past

intensive trapping events (2006–2008), swans often

took flight and returned to the lake to avoid capture

(PJG personal observations). At the time of this study,

no capturing was taking place, and the swans

responded to experimental approaches by walking

rather than flying away; they often resumed foraging

once the observer moved away.

Measurements of Flight Initiation Distance

Each day was divided into three time periods: morning

(first three hours following sunrise), mid-day (90 min

either side of the middle of the day) and evening (last

three hours before sunset). Focal swans were selected

as follows: a random starting point on the lake shore

was selected, and the lake was circumnavigated in a

randomly selected direction. Only collared swans

standing up and foraging on land were studied, and

they were targeted as they were encountered. We also

only selected individuals not currently disturbed by or

situated within 10 m of other park users. Typically, the

observer (RL) would walk alone along the path around

the lake (no more than 20 m from the shore) until

a group of swans was detected. The observer would

then use binoculars to identify collared swans. The

approach was then started from the point where the

swan was identified. We recorded neck collar identifi-

cation to determine sex (white collars for females and

black collars for males; Guay & Mulder 2009) and

avoided repeat sampling of individuals on the same

day during the same time period. The closest swan to

the observer at the start of the approach was always

selected for observation (i.e. was the focal bird). Non-

focal swans located further from the observer that had

been disturbed during an experimental approach were

excluded as candidates for following approaches.

Approaches were randomly assigned to one of three

types: ‘lakeward’ approaches involved approaches

from the land towards the foraging swan and the

shoreline, ‘landward’ approaches involved approaches

from the shoreline towards the land and ‘parallel’

approaches involved approaches parallel to the shore-

line. In some cases, not all types of approaches were

possible. For example, we could not perform a land-

ward approach on a swan close to the shore (i.e. when

the investigator could not move into starting position

without evoking a response, generally approximately

15 m) and we did not perform any approaches that

would have pushed a swan towards a road. The

approach type was randomly selected within the

range of possible types; thus; data are not evenly dis-

tributed across approach types (landward, n = 36;

lakeward, n = 62; parallel, n = 79). The allocation of

treatment occurred at a substantial distance enabling

the observer to orient themselves to deliver the appro-

priate approach without eliciting a response. We also

recorded the order of approaches (where swans

received multiple approaches) and included this in

models to examine whether any learning occurred.

All approaches were conducted at standard walking

speed (approximately 1 m/sec; Glover et al. 2011). We

used a Bushnell� Elite 1500 Laser Rangefinder

to record FID (�1 m). Starting Distance (SD) is an

important parameter influencing the response of birds

(e.g. Blumstein 2003). Given the difficulties of standar-

dising SD as part of our experimental design, we

measured SD and controlled for it by including it as a

covariate in our analyses. Measurements were con-

ducted as follows: the initial distance between the bird

and the observer (SD) was measured directly using the

range finder. A marker was then left at the starting

point. Following a flight response, a separate maker

was placed on the ground. Flight initiationwas obvious

and involved the target swan taking its first step away

from observer; ‘flights’ (escape behaviour) generally

involved several steps or an extended walk from the

observer. FID can be difficult to measure in foraging

individuals of some species because those individuals

can move as they forage, and such movement can be

misinterpreted as flight, which can lead to an overesti-

mate of FID (Chamaill�e-Jammes & Blumstein 2012).

This does not apply to black swans because they adopt

an alert posture with the neck raised high before initi-

ating escape behaviour, which permits differentiation

of flight from normal movement. This simplifies the

analyses of the relationship between SD and FID and

allows the use of ordinary least-squares regression

rather than quantile regression (Chamaill�e-Jammes &

Blumstein 2012). At the completion of the approach,
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the distance between the starting point and the flight

markers was measured and subtracted from SD to cal-

culate FID. The perpendicular distance between the

initial position of the swan and the edge of the lake was

also measured using a range finder. For each approach,

we also recorded the sex of focal bird and group size

(number of swans within 10 m of the focal bird).

Statistical Analyses

Data were analysed using General Linear Mixed Mod-

els (GLMM) on IBM SPSS (v. 20, IBM Corporation,

Armonk, NY, USA) with a random factor of swan

identity included to account for the influence of mul-

tiple sampling of the same collared swan during differ-

ent sessions; all other factors were fixed. All two-way

interactions were included in the model. All distances

were log10 transformed prior to analysis to improve

normality (Blumstein 2006). For significant or near-

significant factors (i.e. p < 0.10), we calculated pair-

wise comparisons based on estimated marginal means

to determine where significant differences resided.

Summary statistics are presented as means � one

standard deviation and include the range of values,

median and internal quartile range (IQR) in brackets.

Results

We performed 177 approaches on 69 individual swans

(34 males and 35 females). Mean SD was 25.9 �
12.6 m (range 8–80; median 23; IQR 17–33), and FID

was 6.5 � 5.9 m (range 1–33; median 4; IQR 2–10).
Mean group sizewas 2.4 � 1.4 birds (range 1–7;median

2; IQR 1–3), and swans were 25.3 � 24.3 m (range

1–97; median 18; IQR 5, 38) from the water’s edge on

average. GLMM results for main effects are presented

in Table 1. FID was correlated positively with SD and

distance from shore. There were tendencies for FID to

be influenced by a main effect of approach type

(p < 0.074) and by the interaction between approach

type and sex (p < 0.061) (Fig. 1). All other effects and

interactions were not significant. Analyses of the pair-

wise comparisons demonstrated that, in females, lake-

ward approaches were associated with shorter FIDs

than parallel approaches (p = 0.036). Furthermore,

lakeward approaches elicited shorter FIDs than land-

ward approaches (p = 0.007), and there was a ten-

dency for them to elicit shorter FIDs than parallel

approaches (p = 0.070). In contrast, there was no sta-

tistically significant difference in FID between

approach types inmales.

Discussion

Although the responses we recorded were modest

(walking away, and short FIDs) in comparison with

those reported by other studies, we uncovered a series

of relationships that suggest swans are making com-

plex decisions about when to respond. In line with

our prediction, swans further from water exhibited

longer FIDs compared with those closer to the shore.

This result accords with studies showing greater flight

responses further from refuges, and which consider a

wide array of taxa, including reptiles, amphibians and

mammals (Dill & Houtman 1989; Dill 1990; Bonen-

fant & Kramer 1996; Mart�ın et al. 2005; Cooper &

Wilson 2007). Refuges can be difficult to define for

many birds, because of their ability to fly and exploit a

multitude of refuges, but our results are consistent

with the idea that water is used by black swans as a

refuge from human disturbance, although other pos-

sible explanations exist, such as differences in patch

quality. Alternatively, there may be individual

behavioural attributes of swans that could conceiv-

ably change at different distances from the shore (e.g.

subordinate individuals might be forced to forage fur-

ther from the water). If efforts were made to mitigate

the impact of human disturbance on black swans at

Albert Park Lake through the designation of mini-

mum approach distances between people and swans

as part of a code of conduct (for example see Holmes

et al. 2005), then maximum or the 95th percentile of

response distances should be used to reduce most

responses (Weston et al. 2012). For obvious reasons,

such response distances would need to be collected at

substantial distances from the lake. The short FIDs

described in the study population, contrast with those

of the same species from less human-dominated areas

(e.g. 149 m Paton et al. 2000; 50.4 m Blumstein

2006). One explanation for this is that in our study

Table 1: General linear mixed modelling results for log-transformed

flight initiation distance of black swans in response to standardised

investigator approaches. We present parameter estimates (PE) for cova-

riates (�SE), degrees of freedom (df), F-ratios and p-values

Model term PE df F p

Log10 start distance 0.569 � 0.126 1154.7 20.56 <0.001

Log10 distance from shore 0.431 � 0.046 1158.1 88.89 <0.001

Group size 0.002 � 0.017 1158.6 0.01 0.917

Order 0.010 � 0.012 1104.7 0.61 0.436

Sex 164.7 0.02 0.876

Period 2156.4 0.51 0.604

Approach type 2158.3 2.65 0.074

Sex 9 Period 2157.0 1.25 0.290

Sex 9 Approach type 2158.7 2.84 0.061

Period 9 Approach type 4157.4 1.48 0.212
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population, swans were highly habituated to people

(but see Weston et al. 2012). High degrees of habitua-

tion have been documented in other taxa and, as with

this study, did not mask the positive relationship

between response distance and distance to refuge

(Engelhardt & Weladji 2011). However, urban areas

may be relatively predator free environments, and

risk-taking behaviour of urban birds may differ from

the same species in non-urban areas (Cooke 1980;

Møller 2008). Thus, testing the same patterns in non-

urban swans would constitute a useful future research

venture.

We uncovered a near-significant main effect of

approach type on FID, with swans apparently exhibit-

ing longer FIDs when approached from a direction

which blocked access to their refuge (i.e., landward

approaches). The fact that the significance is marginal

suggests further studies are required to confirm this

result. The direction of human approach can influ-

ence the response of waterbirds (Burger et al. 2010),

and our result of longer responses when access to ref-

uge is blocked contrasts with that reported in keeled

earless lizards (Holbrookia propinqua; Cooper 1999).

These lizards have access to multiple refuges and may

require time to evaluate the suitability of alternative

refuges if access to the preferred one is blocked,

thereby resulting in delayed response and shorter

FIDs. Similar to our results, juvenile woodchucks

(Marmota monax) flee earlier (have longer FIDs) when

they need to run towards the predator to reach their

burrow (burrow between predator and prey) than

when they need to run away from a predator to reach

their burrow (prey between burrow and predator;

Kramer & Bonenfant 1997). Although that experimental

set-up is different from ours, it illustrates how spatial

configuration of approach in relation to a refuge can

substantially influence FID.

Differences in flight response between the sexes

have been documented in various taxa. Previously

reported sex differences in FID, known to us, involve

some reptiles (Capizzi et al. 2007), some mammals

(Stankowich 2008), and two species of birds, the king

penguin (Smith 2011) and the capercaillie (Thiel et al.

2007). Male capercaillie (a hunted species in which

males are ornamented and much larger than females)

had longer FIDs than females (Thiel et al. 2007). In

contrast, king penguin males, which are marginally

larger than females, tolerated much closer approaches

than females. In some ungulates, females have longer

FIDs (Stankowich 2008). In birds, there is a positive

association between FID and body mass between spe-

cies (Weston et al. 2012). However, although male

swans are heavier than females, they do not exhibit

longer FIDs. Whatever the reasons for sex-biased

FIDs, the vast majority of available FIDs are from un-

sexed birds, and sex has not been considered in many

analyses of FID (see Weston et al. 2012).

Our results show that sex differences may manifest

themselves only during certain approach types,

although the relevant interaction term in the model

was only weakly significant (p = 0.061). We found

that the response of females, but not males, varied

with angle of approach in relation to the shore. To our

knowledge, this is the first record of sex differences in

relative risk assessment between approaches in differ-

ent directions in birds. Theoretically, in sexually

dimorphic species, sexual dichromatism may render

one sex more detectable to predators, which may

Fig. 1: Estimated marginal means and 95%

confidence intervals of flight initiation distance

(FID, logged) for approach type and sex (circles

are results from females, triangles are results

from males). Numbers at the top indicate the

number of approaches.
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influence FID, although sexual dichromatism did not

explain flight distance in 44 European bird species

(Møller 2008). Studies of FID in dimorphic birds often

include sex as a potential confounding variable, but

find that FID does not actually vary between sexes

(e.g. Rodrigez-Prieto et al. 2009). In studies of FID in

sexually monomorphic species, sex is usually disre-

garded (e.g. Glover et al. 2011), presumably because

it requires capture and marking of birds, and such

activities could influence subsequent FID. Our study

animals were marked and sexed, and we found rela-

tive differences between the sexes. Male swans are

likely to have similar perceptive abilities as female

swans, so the difference in FID between approach

type we report presumably reflects different decision-

making or judgement of risk between the sexes. Male

swans can be aggressive (Tingay 1974), and our

results may stem from males being bolder in relation

to the type of approach which did not block their

access to refuge. Male swans may consider an aggres-

sive response under such circumstances, thus reduc-

ing FID. Another possible explanation for our result is

that males were paired and therefore reluctant to

leave their mates (Cooper & Wilson 2007). However,

this does not explain the pattern we observed among

swans (group size did not explain FID, and birds were

not actively courting when approached).

As previously reported, FID and SDwere highly posi-

tively correlated within our data set (Blumstein 2003;

Blumstein 2006; Glover et al. 2011; Guay et al.,

in press). This result is often explained by the cost of

monitoring an approaching predator which decreases

the value of the food patch (Blumstein 2003). In some

taxa, this correlation has been suggested to be spurious

and dependent on the speed of approach (Cooper

2005). The correlation has also been suggested to be

partially explained by natural movement causing an

overestimation of FIDs measured from a long starting

distance (Chamaill�e-Jammes & Blumstein 2012).

However, neither of the latter two explanations holds

in the case of our study, and the reason for this relation-

ship remains a subject of future research interest.

Recently, it has been suggested that the relationship

between FID and SD is a mathematical artefact and that

it has no biological relevance (Dumont et al. 2012).

In conclusion, our results demonstrate that distance

from water is correlated with flight response in black

swans and that female black swan, but not males,

may use direction of approach in relation to their ref-

uge to inform their flight-related risk assessment and

decision-making process. Our results are also consis-

tent with the idea that water acts as a refuge for ter-

restrially foraging swans approached by humans.
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