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Summary
Animal tolerance to human approaches may be used
to establish buffers for wildlife that can minimize the
probability that animals will be disturbed by human
activity. Alert distance (the distance between an
animal and an approaching human at which point the
animal begins to exhibit alert behaviours to the
human) has been proposed as an indicator of tolerance
mainly for waterbirds; however, little is known about
its utility for other bird species. The factors that influenced alert distances of four bird species to pedestrian
approaches in five large wooded fragments in the city
of Madrid (Spain) were analysed. Location of human
activity affected only Passer domesticus alert distances,
which increased in the proximity of pathways. Habitat
structure modified alert distances of all the species
(Passer domesticus, Turdus merula, Columba palumbus,
and Pica pica), increasing bird tolerance with greater
availability of escape cover (shrub and coniferous
cover, and shrub height). Alert distances varied among
species, with large species being less tolerant of human
disturbance than small ones. Alert distance appears to
be a more conservative indicator of tolerance than
flight distances, because it includes a buffer zone (the
difference between alert and flight distance) in which
birds may adapt their reaction to the behaviour of visitors. Alert distance may be used in the determination
of minimum approaching areas, allowing people to
enjoy their visit to parks, and birds to use patches for
foraging and breeding without being displaced.
Keywords: alert distance, bird tolerance, flight distance,
human disturbance, park design

Introduction
Nowadays, many natural areas surrounded by human-modified landscapes serve not only as refuges for wildlife, but also
as places for outdoor recreational activities. Even though
some species are not affected by the presence of humans,
there exist some concerns as to how the levels of human
* Correspondence: Dr Esteban Fernández-Juricic, Department
of Zoology, Oxford University, Oxford OX1 3PS, UK e-mail:
estebanfj@yahoo.com

recreation may affect the distribution and behaviour of
wildlife (Boyle & Samson 1985; Boo 1990; Hill et al. 1997). At
the individual level, disturbance from human activity may
modify bird foraging behaviour (Burger & Gochfeld 1998;
Fernández-Juricic & Tellería 2000), patch selection
(Fernández-Juricic 2000a, b), and reproduction (Giese 1996).
The effects of human disturbance at the population level
should be evaluated in terms of the availability of alternative
habitats and the fitness costs for the target species before
stressing the species that deserve greater conservation
concern (Gill et al. 2001). When human activity negatively
affects bird populations, it may be necessary to consider
appropriate indicators of tolerance, which would allow
adjustments in minimum approaching distances in natural
areas in relation to species’ sensitivity to disturbance
(Rodgers & Smith 1995, 1997).
Certain behavioural responses to human disturbance can
be used to estimate tolerance, which can then guide management of natural areas at local and regional scales (Gill &
Sutherland 2000). In this sense, the reaction of birds to
pedestrians can be equated to the perceived threat of
predation from humans (Lima & Dill 1990; Gill et al. 1996;
Fox & Madsen 1997). Upon encountering pedestrians, birds
usually increase the time devoted to vigilance and diminish
feeding rates (Burger & Gochfeld 1998; Fernández-Juricic &
Tellería 2000) or respond by fleeing (Gutzwiller et al. 1998;
Miller et al. 1998). Generally, flight distances (the distance
between an animal and an approaching human at which point
the individual escapes from a visitor) have been used as a
measure of bird tolerance (the larger the flight distance, the
lower the tolerance; Burger & Gochfield 1991), and to determine minimum approaching distances, namely the minimal
distance that a pedestrian may approach a bird before it is
disturbed (Knight & Knight 1984; Rodgers & Smith 1995,
1997; Fox & Madsen 1997).
However, when used as a criteria to set up minimum
approaching distances, flight distance may not be a good indicator of tolerance, since it may be greatly affected by other
factors (Gill et al. 2001), and it may fail to decrease disturbance because it does not include a buffer area in which birds
adapt their response to visitors. This may be the case for
forest birds in highly visited areas, where people often
diverge from pathways set for visitors. Rodgers and Smith
(1997) have suggested that besides flight distances, alert
distances (the distance between an animal and an
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approaching human at which point the animal begins to
exhibit alert behaviours to the human) should also be evaluated in the determination of minimum approaching distances
to obtain more conservative estimates of tolerance. Much of
the research on bird tolerance to human disturbance has been
devoted to waterbirds (Fox & Madsen 1997; Carney &
Sydeman 1999), and there is comparatively little empirical
evidence indicating whether alert distances of forest birds
differ between species in relation to social and environmental
factors (but see Riffell et al. 1996; Gutzwiller et al. 1998).
The goal of this paper is to evaluate alert distances of four
differently-sized species relative to social factors (number of
conspecifics and heterospecifics), location of human activity
and cover (distance from pathway and to cover), and habitat
structure (grass, shrub and tree cover, shrub and tree height).
We also discuss the implications of employing alert distance
as a measure of bird tolerance for park design. A previous
study in this landscape showed inter-specific differences in
flight distances in relation to species size and habitat structure (Fernández-Juricic et al. 2001). It may be expected that
the number of conspecifics and heterospecifics in foraging
flocks would reduce bird tolerance due to early warning
(Ydenberg & Dill 1986), increasing alert distances (Knight &
Cole 1995). Alert distance would diminish near cover, but
would increase near pathways due to the proximity of disturbance (Hill et al. 1997; Fernández-Juricic & Tellería 2000).
More complex habitat structure (higher vegetation cover and
height) is expected to reduce alert distance as birds would
have more available cover to hide from visitors (Knight &
Temple 1995). Finally, controlling for the aforementioned
factors, inter-specific differences in alert distances may be
expected; for instance, large species should be less tolerant
(larger alert distances) than small ones (Cooke 1980;
Humphrey et al. 1987; Holmes et al. 1993).

Methods

of species size: House Sparrow (15 cm), Blackbird (24–25
cm), Woodpigeon (40–42 cm), and Magpie (44–48 cm)
(Tellería et al. 1999).
Alert distances
Data were gathered between 0730 and 1800 hours, totalling
417 observation hours, on sunny or cloudy days, but never
when raining or on windy days. Temperatures varied from
11ºC to 32ºC, but such variations did not affect alert distances
of any species (Pearson product moment correlation; House
Sparrows, r  0.12, p  0.19, power  0.87; Blackbirds,
r  0.11, p  0.18, power  0.85; Woodpigeons, r  0.07, p
 0.41, power  0.78; Magpies, r  0.16, p  0.11, power 
0.92; G-POWER, Version 2.0). Two observers (María
Dolores Jimenez and Elena Lucas) gathered all the data.
They were previously trained for three weeks in approaching
birds in a 20-ha park not included in this study, to avoid
conditioning birds in our five study sites. The order in which
parks were visited was assigned randomly, with at most two
parks per day and at least one-day interval between visits that
had to be conducted in the same park. All data were gathered
during weekdays.
In a preliminary study, we found that alert behaviours of
the four species could be determined by an observer from at
least 35  1.6 m, nearly twice the greatest alert distance
registered (Fig. 1). Therefore, we began our approaches from
about 35 m away from the individuals upon which alert
distances were recorded (focal individuals). We defined alert
distance as the distance at which an individual raised its head
up from the ground and moved it as if scanning (the bird’s
long axis was perpendicular to the ground; Slotow &
Rothstein 1995; Fernández-Juricic & Tellería 2000) in
response to an approaching visitor. Distance estimations (
0.5 m) were based on measured paces, and controlled with a
metre tape (Fernández-Juricic et al. 2001). We collected 25

Study area and species
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The study was conducted from May to July 1998 in five large
wooded parks of Madrid, Spain (40.25 N; 03.43 W): Retiro
(110 ha), Oeste (98 ha), Sur (29 ha), Dehesa de la Villa (25
ha), and Moro (18 ha). All parks had a high tree cover
composed of a mix of deciduous and coniferous trees. The
most common deciduous trees were Populus sp., Platanus
hybrida, Ulmus campestris, and Acer negundo; coniferous tree
species included mainly Cedrus sp., Pinus sp., and Abies alba
(Bernis 1988). The parks also had areas of short irrigated
grass, and shrubs, which included introduced and native
species, such as Ligustrum sp., Buxus sp., Viburnum sp., and
Rubus sp.
About 24 species of birds with different food and nesting
requirements inhabit these parks (Fernández-Juricic 2000c).
We selected four species, House Sparrow (Passer domesticus),
Blackbird (Turdus merula), Woodpigeon (Columba palumbus),
and Magpie (Pica pica) as representative model species.
Following Cooke (1980), we used total length as an indicator
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Figure 1 Mean ( SE) alert and flight distances for four
bird species in five parks in the city of Madrid (n  125
samples per species). Species are ordered in relation to
overall body length: house sparrow (15 cm), blackbird (24–25
cm), woodpigeon (40–42 cm), and magpie (44–48 cm).
Flight distance data from Fernández-Juricic et al. (2001).
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observations per species per park. For each species and park,
observations were gathered from different locations in order
to avoid disturbing the same individual more than once.
Locations within parks were randomly selected. The
observers never collected two observations from the same
species consecutively from contiguous areas to circumvent
any correlation between approaches.
Individual birds to be approached were selected following
these criteria: no other person was within 30 m of the focal
individual, the bird was not feeding (although it could be
searching for food), and it did not show any type of alert
behaviour before the approach. All individuals approached
were on the ground, and we excluded birds looking for nest
material. When the observer approached a group of birds,
they focused on a single individual within the group chosen
before the approach. Prior to the approach, the observer
recorded the number of individuals of the same and different
species around the focal bird in a 15-m radius circular plot as
well as the distance of the focal individual to the nearest
pathway and to the nearest cover (shrub or tree; Table 1). A
focal individual was approached by a single observer at a
steady speed (1 step/sec). During approaches, observers
always wore light blue jeans and grey shirts to avoid differential bird reaction (Gutzwiller & Marcum 1997). The
approach was linear without vegetation preventing the
observer and bird seeing each other. Once the focal individual flew away, the observer continued up to the bird’s
original position, from which the following microhabitat variables were recorded in 25-m circular plots: grass cover (%),
shrub cover (%), shrub height (m), coniferous cover (%),
deciduous cover (%), and tree height (m) (Table 1). Cover
variables corresponded to different vegetation substrates, and
were estimated visually following Prodon and Lebreton
(1981).
Statistical analyses
Alert distances for each species did not differ between parks
(ANOVA, House Sparrow, F4,120  2.1, p  0.08, power
0.92; Blackbird, F4,120  1.55, p  0.19, power  0.79;
Woodpigeon, F4,120  0.5, p  0.73, power  0.81; Magpie,
F4,120  0.89, p  0.47, power  0.87). Therefore, we
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combined the data for all five parks to analyse the influence of
the different factors (number of conspecifics and
heterospecifics, location of human activity and cover, grass
cover, shrub cover, shrub height, coniferous cover, deciduous cover, and tree height) on alert distances of each species.
This procedure allowed us to test a wide range of social and
structural conditions for which alert distances were recorded.
A multiple regression analysis with forward stepwise selection procedures (p-value  0.05) was used to identify the
most significant factors, but controlling for their covariation
(Nicholls 1989). The power of the tests varied from 92 to
84% (p  0.05) with two and six factors per test, respectively;
but when considering ten factors at the same time, power
dropped to 65%. We then decided to test each set of factors
(number of conspecifics and heterospecifics, location of
human activity and cover, and the six habitat variables)
separately to avoid a detrimental reduction in the power of
each test. Consequently, tests were not completely independent, since the same dependent variable was employed three
times per each species. We report the power of each test
conducted; that is, the probability of rejecting an incorrect
null hypothesis (Underwood 1997).
An ANCOVA test was employed to analyse inter-specific
differences in alert distances in the five parks studied. Those
factors previously identified as influencing alert distances
were included as covariates to control for their effects on
tolerance levels. Finally, we compared alert distances to
previous estimations of flight distances (Fernández-Juricic et
al. 2001) by means of an ANOVA test, to determine if these
measures of tolerance differed significantly. We checked for
normality and homoscedasticity of variables and of residuals
before and after the analyses, respectively. Some variables
were transformed with logarithmic (number of conspecifics,
distance from pathway, distance to cover, shrub height) and
arcsine (grass and shrub cover) transformations to meet
normality assumptions. All statistical analyses were
conducted with STATISTICA 5.5.

Results
Magpies and Woodpigeons’ alert distances were greater than
House Sparrows’, with Blackbirds having intermediate

Table 1 Mean and range (minimum–maximum) of the ten independent factors included in the analyses.
Factors
Number of conspecifics
Number of heterospecfics
Distance from pathway (m)
Distance to cover (m)
Grass cover (%)
Shrub cover (%)
Shrub height (m)
Deciduous cover (%)
Coniferous cover (%)
Tree height (m)

House Sparrow
2.70 (1–27)
0.37 (0–14)
3.31 (0–30)
3.23 (0–12)
53.94 (5–100)
10.49 (0–78)
1.86 (0–6)
29.90 (0–95)
26.96 (0–95)
9.58 (4–18)

Blackbird
1.53 (1–11)
0.46 (0–6)
5.41 (0–25)
3.13 (0–11)
66.29 (5–100)
12.75 (0–70)
2.09 (0–8)
33.70 (0–99)
24.58 (0–95)
9.84 (4–16)

Woodpigeon
1.88 (1–8)
0.43 (0–12)
6.00 (0–30)
4.35 (0–20)
65.34 (0–100)
10.50 (0–60)
3.42 (0–16)
21.89 (0–95)
26.27 (0–95)
8.77 (0–20)

Magpie
1.47 (1–6)
0.49 (0–28)
5.72 (0–30)
3.94 (0.2–17)
69.68 (3–100)
10.41 (0–60)
1.80 (0–5)
30.08 (0–95)
26.66 (0–95)
9.90 (1–20)
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Table 2 Relationship between alert distances and number
of conspecifics (# Consp) and heterospecifics (# Heterosp).
Results from multiple stepwise regressions. Shown in
parentheses is the direction of the relationship for individual
factors. NI  variable not included into the model because
its contribution to R2 was less than 1%.
House Sparrow
Blackbird
Woodpigeon
Magpie

# Consp
NI
NI
NI
NI

# Heterosp
R2 0.01, () , p  0.27
NI
R2 0.02, () , p  0.17
NI

values (Fig. 1). Neither the number of conspecifics nor the
number of heterospecifics was related to alert distances in any
of the four species (Multiple regression models; House
Sparrow, F(2,123)  1.2, R2 0.01, p  0.27, power 0.50;
Woodpigeon, F(2,123)  1.9, R2 0.02, p  0.17, power 
0.59; Table 2). Distance to cover was not associated with alert
distances (Table 3); however, distance from pathway was
negatively related to House Sparrow alert distance (Multiple
regression models; House Sparrow, F(2,122)  5.4, R2 0.05, p
 0.02, power  0.72; Blackbird, F(2,122)  1.2, R2 0.01,
p  0.27, power  0.48; Woodpigeon, F(2,123)  3.3, R2
0.03, p  0.07, power  0.56; Magpie, F(2,120)  2.04, R2
0.03, p  0.14, power  0.48; Table 3). All vegetation structure factors but one, namely deciduous cover, were
significantly associated with alert distances (Multiple
regression models; House Sparrow, F(2,117)  5.9, R2 0.10, p
 0.004, power  0.91; Blackbird, F(4,116)  9.4, R2 0.25, p
< 0.001, power  0.99; Woodpigeon, F(4,112)  9.9, R2 0.26,
p < 0.001, power  0.99; Magpie, F(3,117)  17.3, R2 0.31, p
< 0.001, power 0.99; Table 4). Increased alert distances of
Woodpigeons and Magpies were associated with increased
grass cover (Table 4). Reduced alert distances of Blackbirds
and Woodpigeons were related to increased shrub and coniferous cover whereas shrub height was negatively related to
alert distances of the four species (Table 4). Increased alert
distances of House Sparrows, Blackbirds, and Magpies were
associated with greater tree height (Table 4).
Controlling for the covariation of habitat structure (grass,
shrub and coniferous cover, and shrub and tree height) and
distance from pathway, alert distances varied significantly
among species (ANCOVA test, F(3,472)  27.27, p < 0.001,

Table 3 Relationship between alert distances and distance
from pathway (DP) and distance to cover (DC). Results
from multiple stepwise regressions. Shown in parentheses is
the direction of the relationship for individual factors. NI 
variable not included into the model because its contribution
to R2 was less than 1%.
House Sparrow
Blackbird
Woodpigeon
Magpie

DP
R2  0.05, (), p  0.02
NI
NI
R2  0.02, (), p  0.08

DC
NI
R2  0.01, (), p  0.27
R2  0.03, (), p  0.07
R2  0.01, (), p  0.31

power  0.99), being greater in the large species (Fig. 1). On
the average, alert distances of the four species were 1.5 times
higher than previous estimates of flight distances in the same
parks (ANOVA, F(3, 992)  3.18, p < 0.05, power  0.96; Fig. 1).

Discussion
Alert distances for the four species studied show interspecific
differences, may be modified by vegetation structure and the
proximity of human activity, and differ significantly from
flight distances measured for the same species in the same
parks.
No relationship was found between the number of individuals (conspecifics or heterospecifics) and alert distances,
which suggests that bird tolerance is similar irrespective of
the benefits of foraging aggregations (e.g. increasing probabilities of predator detection, dilution effect; Roberts 1996;
Beauchamp 1998). This lack of social effects on alert
distances may stem from the large area (15 m-radius circular
plots) in which measurements of the number of conspecifics
and heterospecifics were made, which may have overestimated the number of individuals that form flocks. Hence, we
may have failed to determine correctly the size of flocks.
Furthermore, the low power of the tests may have resulted in
a failure to observe a social effect (Table 2). The low power
itself might be due to a low sample size of experimental
approaches in which there were conspecifics or
heterospecifics present.
The location of human activity affected only one species,
House Sparrow, which increased alert distances in the proximity of pathways. This is an expected outcome as birds

Table 4 Relationship between alert distances and habitat structure factors (grass, shrub, deciduous and coniferous cover,
shrub and tree height). Results from multiple stepwise regressions. Shown in parentheses is the direction of the relationship
for individual factors. NI  variable not included into the model because its contribution to R2 was less than 1%.
Grass cover
Shrub cover
Shrub height
Deciduous cover
Coniferous cover
Tree height

House Sparrow
NI
NI
R2 0.05, (), p  0.03
NI
NI
R2 0.05, (), p  0.01

Blackbird
NI
R2 0.04, (), p  0.04
R2 0.15, (), p < 0.001
NI
R2 0.03, (), p  0.03
R2 0.03, (), p  0.04

Woodpigeon
R2 0.04, (), p  0.03
R2 0.03, (), p  0.03
R2 0.16, (), p < 0.001
NI
R2 0.03, (), p  0.03
NI

Magpie
R2 0.03, (), p  0.02
NI
R2 0.14, (), p < 0.001
NI
NI
R2 0.14, (), p < 0.001
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become more wary and less tolerant when feeding near areas
in which human activity (and therefore potential disturbance)
is greater (Fernández-Juricic & Tellería 2000).
The reaction of birds towards visitors is also modified by
habitat structure; however, these results should be taken
with care because the amount of variance explained was
rather small (10–26%). Birds appear to modify their alert
distances according to the availability of cover, as has been
found for other species (Henson & Grant 1991; Skagen et al.
1991). The positive association of grass cover and
Woodpigeon and Magpie alert distances may have to do with
the perceived probability of detection by predators, which
increases in open spaces where grass cover is higher than that
of other substrates, such as shrub and tree (Lima & Dill
1990). Shrub and coniferous cover increases Blackbird and
Woodpigeon tolerance of people, as does shrub height with
Magpies, probably as a result of a higher availability of cover
and consequently a lower perceived risk of predation
(Ydenberg & Dill 1986; Martín & López 1995; Kramer &
Bonenfant 1997), encouraging individuals to remain when
people approach (Knight & Temple 1995). Finally, tree
height increases the alert distances of House Sparrows,
Blackbirds and Magpies. This may result from an increased
perceived risk of predation (Ydenberg & Dill 1986), since
individuals would need to fly longer distances to reach tree
canopy, their preferred cover in which to hide from predators.
Larger species (Magpie and Woodpigeon) appear to be
less tolerant (higher alert distances) to human approaches
(Fig. 1). Although other studies found similar results (Cooke
1980; Humphrey et al. 1987; Skagen et al. 1991; Holmes et al.
1993; but see Gutzwiller et al. 1998), there is no clear explanation for this pattern. For raptors, it has been suggested that
small species have higher energy expenditure than large ones
due to greater area/body mass ratios, so small species are
expected to be more tolerant of people to diminish energy
costs associated with fleeing (Holmes et al. 1993). An alternative explanation is that larger species may have higher
perceptual ranges (the ability to perceive landscape elements;
Lima & Zollner 1996) than smaller ones (Kiltie 2000). This
may be related to the increased visual acuity of larger species
(Kiltie 2000), which would enable individuals to detect and
react to human approaches at greater distances.
A recent study suggests that the reaction of bird populations to human approaches may depend on the availability
of alternative habitats and the associated fitness costs (Gill et
al. 2001). Therefore, differences in the behavioural responses
of populations may be greatly affected by the benefits to the
individual of responding by fleeing and the costs of not
responding in that way (Gill et al. 2001). However, we think
that such costs and benefits may not have a foremost influence on the distances at which birds become aware of the
presence of pedestrians, because alert distances may be
related to the probabilities of detecting a pedestrian
approach, and, as a result, to the visual field of a species
(Martin & Katzir 1994) and its visual acuity (Kiltie 2000).
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Conservation implications
Wildlife conservation in urban areas is increasingly
important because of its influence on urban dwellers’
decisions on environmental issues at local and regional
scales, not to mention its role in providing habitat for
wildlife in an increasingly urbanized landscape (Michelson
1970; Katcher & Wilkins 1993; Vandruff et al. 1995;
Fernández-Juricic & Jokimäki 2001). Many of the patches of
native vegetation left by increasing urban sprawl have
become refuges for bird species (Davis & Glick 1978; Soulé
et al. 1988; Crooks & Soulé 1999; Cam et al. 2000). Hence,
management of these wooded fragments is an important
step towards the persistence of wildlife ( Jokimäki 1999).
The four studied species are suitable for modelling management strategies aimed at improving urban bird
conservation. The goal of such strategies should be to allow
people to enjoy urban parks (strolling, jogging, dogwalking, bird-watching, etc.) while maintaining bird
diversity (Fernández-Juricic & Jokimäki 2001). The
following recommendations apply mainly to ground
foraging birds. First, alert distances can be a conservative
indicator of bird tolerance to specific situations. Second,
habitat complexity could increase tolerance levels of bird
species by increasing the availability of cover to be used as
refuges from disturbance, thereby decreasing the perceived
risk of predation. Third, minimum approaching distances
can be estimated from alert distances, and implemented to
reduce human-wildlife conflicts. Fourth, because large
species appear to be less tolerant of human approach than
smaller species, the implementation of minimum
approaching distances based on large species would allow
smaller ones to use patches for feeding and breeding largely
without being disturbed.
From a conservation perspective, a significant difference
between alert and flight distances underscores the need to
consider alert distance as a more conservative indicator of
tolerance (Rodgers & Smith 1995), because it includes a
buffer zone (the difference between alert and flight distance)
in which birds may adapt their reaction to the behaviour of
visitors. Minimum approaching areas can then be calculated
by taking alert distances (AD) as the radius of a circle:
AD2 (van der Meer 1985; Fox & Madsen 1997). The
resultant area could then be used to design the size of
resource patches surrounded by pathways, which may lead
the movement of pedestrians with minimal disturbance to
birds.
Can the results of this study be applied to other landscapes? Obviously, the estimation of alert distances can only
be used for conservation purposes in relation to the four
species studied in this landscape. However, based on these
results, we encourage the application of alert distances in
other natural areas. Alert distances can be used to design
footpaths for visitors with enough undisturbed areas for
birds to forage and breed and for pedestrians to enjoy their
visit.
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