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Abstract

Little is known about the responses of forest birds, other than raptors, to human disturbance despite their being highly sensitive

to habitat disruption. We tested five hypotheses about the spatial and temporal interactions between recreationists and wildlife by
using five South American birds as model species. We measured two components of flight distance, horizontal (distance between a
visitor and the base of a perching tree) and vertical (distance between the base of a tree and the perch), and estimated the third

diagonal component (distance between a visitor and the perch). We found that (a) the relationships between horizontal and vertical
components of flight distance were negative (rufus-collared sparrow, golden-billed saltator, chiguanco thrush), positive (spot-win-
ged pigeon), and neutral (bay-winged cowbird), suggesting that different components are used as clues to the proximity of people

when birds vacated the perching tree; (b) the distance to the nearest pathway correlated positively with flight distance components
of two species (bay-winged cowbird and spot-winged pigeon); and (c) physical structure of the vegetation affected differently flight
distances of all species. Interspecific comparisons showed that (d) all flight distance components increased linearly with body size,
and (e) species differed in landing distances but not in response duration: large-bodied species tended to land farther than smaller-

bodied ones. By implementing buffer zones (areas without access to visitors), spatial restrictions would conflict with recreational
activities. We recommend re-distributing (but not restricting) human visitation by varying the number of visitors and area of
visitation according to the spatial requirements of differently sized species.

# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Unrestricted access to protected areas may decrease
their ecological value due to humans disturbing indivi-
duals, populations, and communities (reviewed in Hockin
et al., 1992; Knight and Gutzwiller, 1995; Hill et al., 1997;
Carney and Sydeman, 1999; Gill and Sutherland, 2001).
To predict the long-term and large-scale consequences of
human disturbance, population level studies may be
necessary (Gill et al., 2001). Nevertheless, to solve short-
term and local-scale human–wildlife conflicts (e.g.,
seasonal high levels of human visitation to protected
areas), behavioral studies of the response to visitors are
useful (e.g., Anthony et al., 1995; Blumstein et al.,
2002). This behavioral approach provides the baseline
information on wildlife tolerance levels to set up man-
agement strategies that could improve human–wildlife
coexistence (Rodgers and Smith, 1995, 1997).
One of the strategies put forward to reduce human

disturbance is the creation of buffer zones that restrict
access to specified areas and specified periods of time
(Richardson and Miller, 1997). However, such restric-
tions may create conflicts of interests (Steidl and
Anthony, 1996); for instance, by reducing visitation
levels in areas where visitors are a source of income for
local people. An alternative strategy to buffer zones is to
manage the frequency of human visitation in relation to
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the frequency of resource use by wildlife (Fernández-
Juricic and Telleria, 2000; Fernández-Juricic, 2000;
Fernández-Juricic et al., 2003). Re-distributing (but not
restricting) pedestrian rates (number of people per unit
time per unit area) may allow animals to meet their
breeding and feeding requirements without significantly
reducing the temporal and spatial availability of
resources (Fernández-Juricic, 2000; Fernández-Juricic et
al., 2003).
Before recommending specific management strategies

it is necessary to understand the spatial and temporal
interactions between humans and wildlife (Keller, 1989;
Whittaker and Knight, 1998). Since individuals do not
usually flee as soon as they detect visitors (Fernández-
Juricic et al., 2002), it is important to assess the distance
at which they are displaced from foraging or breeding
patches (Klein et al., 1995; Rodgers and Smith, 1995;
Gutzwiller and Anderson, 1999). Such distances are
usually known as flight distances, and have been thor-
oughly studied in birds foraging or nesting on the
ground (Burger and Gochfeld, 1991; Rodgers and
Smith, 1997; Lord et al., 2001). However, comparatively
little empirical evidence exists as to interspecific varia-
tions in flight distances in species that spend part of the
day perching in trees (but see Holmes et al., 1993;
Gutzwiller et al., 1998), and the spatial and temporal
responses after fleeing from human approaches. Under-
standing such responses is relevant because forest birds
are usually highly sensitive to secondary fragmentation
effects (Soulé et al., 1992), whereby certain factors, such
as visitors to protected areas, can increase the spatial
and temporal heterogeneity in habitat quality within
forest fragments.
Flight distances of perching birds are more complex

than those of birds foraging on the ground (Fig. 1), with
horizontal (X, the distance between the visitor and the
base of a tree), vertical (Y, the distance between the base
of a tree and the perch), and diagonal (Z, the straight
line distance between the visitor and the perch) compo-
nents. Theoretically, the three components are mathe-
matically related [Z=

p
(Y2+X2), Fig. 1]. Previous
studies have considered the vertical component (Y) as
an independent factor affecting flight distances (Holmes
et al., 1993; Swarthout and Steidl, 2001). However, if
birds detect visitors, move within the canopy, and then
vacate the tree, the vertical component can be con-
sidered another level of decision making in the flushing
response. We therefore take a different approach and
consider the vertical component as a dependent variable
by assuming that the difference between detection and
flight distances within the perching tree >0 (Fernández-
Juricic et al., 2001a, 2002). If flushing decisions of forest
birds rely on these components, important implications
for management can be derived since various habitat
types within a protected area can have different per-
ceived risk of disturbance according to vegetation
structure (Knight and Cole, 1991; Holmes et al., 1993;
Steidl and Anthony, 1996; Swarthout and Steidl, 2001).
Our general purpose was to test some hypotheses

about the spatial and temporal interactions between
visitors and individuals perching in trees by using five
South American birds as model species. First, we asses-
sed the relationships between the horizontal (X) and
vertical (Y) components of flight distances to ascertain
their role in the behavioral response to people. Three
predictions were tested: (a) X and Y are negatively cor-
related (Z is kept constant with variations in X and Y),
suggesting that birds perceive less risk as they perch
higher (Knight and Fitzner, 1985; Datta and Pal, 1993);
(b) X and Y are positively correlated (Z increases pro-
portionally with variations in X and Y), implying that
birds detect people from farther away, and consequently
flee sooner as they perch higher (Swarthout and Steidl,
2001); and (c) X and Y are not correlated (Z varies
independently from variations in X and Y), indicating
that birds use the three distance components differently
in human–wildlife encounters. Second, we determined
the relationship between distance to pathways and the
three components of flight distance, expecting that the
proximity to sources of frequent disturbance, such as
walking paths, would decrease tolerance to people
(increasing flight distances), as found elsewhere (Steidl
and Anthony, 1996; Fernández-Juricic and Telleria,
2000; but see Miller et al., 2001). Third, we assessed how
habitat structure surrounding the perching tree affected
the three components of flight distance, which would be
affected by the obstructive or protective properties of
vegetation for each species (Lazarus and Symonds,
1992; Knight and Temple, 1995). Fourth, we evaluated
interspecific differences in flight distance components
controlling for habitat structure. Following previous
findings (Cooke, 1980; Burger and Gochfeld, 1991;
Skagen et al., 1991; Holmes et al., 1993; Fernández-
Juricic et al., 2001b), we expected flight distances to
increase with species body size. Fifth, we analyzed
interspecific variations in landing distance (the distance
individuals moved from their perching tree until they
Fig. 1. Schematic representation of the three components of flight

distance as a pedestrian approaches a perching bird. We assumed that

individuals vacated the tree after detecting the observer and moving

within the canopy.
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stopped fleeing from the disturbance) and time to
resume predisturbance activities; variables not usually
considered in human disturbance studies (but see
Swarthout and Steidl, 2001). We expected that the spa-
tial and temporal displacement from perching trees
would be greater for larger species due to less tolerance
levels (Fernández-Juricic et al., 2002). Finally, we
determined threshold distances and minimum
approaching areas for each species (areas beyond which
humans should not approach to minimize the risk of
disturbance) and discussed two management strategies:
setting aside areas without access to visitors or areas
with low frequency of human disturbance.
2. Methods

2.1. Study area and species

The study was conducted in La Quebrada Reserve
(31� 140 S, 64� 200 W), Córdoba, Argentina during win-
ter–autumn 2000. The annual rainfall was 750 mm, and
the mean temperature, 13.1 �C. This reserve is aimed at
protecting the biodiversity of three main habitat types:
mountain woodland (457 ha), mountain shrubland (429
ha), and mountain grassland (2611 ha) (Briguera, in
press). This study was carried out in the mountain
woodland, with a mix of deciduous (Acacia sp., Rupec-
tia apetala, Celtis tala) and perennial (Lithraea ternifo-
lia, Fagara coco, Schinus fasciculatus, Condalia
buxiflora) species (Bertran de Solis, 1986). Three major
walking paths covered most of the Reserve, which were
used by recreationists, particularly during weekends.
Landowners and farmers used an extensive network of
smaller paths. La Quebrada Reserve was a goodmodel to
study human wildlife interactions since it received about
80,000 people annually, with approximately 2000 visitors
per weekend (E. Medina, G. Bronstein, and A. Acuña,
Provincial Park Service, personal communication).
We selected five bird species (rufus-collared sparrow,

Zonotrichia capensis; bay-winged cowbird, Molothrus
badius; golden-billed saltator, Saltator aurantiirostris;
chiguanco thrush, Turdus chiguanco; and spot-winged
pigeon, Columba maculosa) that spent part of their daily
activities perching in trees. Any of these species exhib-
ited synanthropic behaviors. What follows is a brief
account of their foraging habits and conservation status
in the province of Córdoba (based on Zotta, 1936;
Ridgely and Tudor, 1989; Fjeldsa and Krabbe, 1990;
Haro and Gutierrez, 1992; Yzurieta, 1995).

� Rufus-collared sparrow: it generally forages on
the ground (seeds and occasionally insects), and
perches in trees and bushes to rest, sing, or look
for food. Populations are stable and widespread
across the province.
� Golden-billed saltator: it usually feeds on fruits
in trees and bushes, but sometimes on seeds on
the ground. Populations are dwindling owing
to extraction of adults for pets and high nest
predation in rural areas.

� Bay-winged cowbird: it is an omnivorous species
(mainly insects and seeds), breeding in wooded
patches but foraging in adjacent pastures or areas
with tall grasses. Populations are stable due to its
ability to colonize different types of habitats.

� Chiguanco trush: it forages in trees (insects and
fruits) and on the ground (insects). It also uses
perches to sing. Although widespread, popula-
tions are declining because of the extraction of
individuals for pets.

� Spot-winged pigeon: it feeds on seeds on the
ground and spends a considerable amount of
time perching in trees, resting, preening, and
singing. Populations are increasing due to the
expansion of agricultural areas.

During our approaches, the five species were usually
roosting, and the rufus-collared sparrow and the
golden-billed saltator sometimes were also foraging. We
took body sizes from published (Fiora, 1933; Salvador,
1988, 1990) and unpublished sources (G. Haro,
National University of Córdoba, personal communi-
cation). In a preliminary study, we confirmed that these
species moved within the canopy after detecting
approaching pedestrians and before fleeing.

2.2. Flight distances

Data were gathered between 08:00 and 12:00, and
between 15:00 and 18:00 to avoid high midday tem-
peratures, which can affect responses to humans (Fer-
nández-Juricic et al., 2002). We totaled 307 observation
hours, on sunny or cloudy days, but never when raining
or in windy conditions. Ambient temperatures varied
from 5 to 32 �C, but these hourly variations did not
affect the components of flight distance measured
(Pearson product moment correlation; rufus-collared
sparrow, X, r=�0.18, P=0.25, Y, r=0.24, P=0.13;
golden-billed saltator, X, r=�0.23, P=0.16, Y,
r=0.04, P=0.82; bay-winged cowbird, X, r=�0.27,
P=0.09, Y, r=0.01, P=0.93; chiguanco thrush, X,
r=�0.11, P=0.53, Y, r=�0.05, P=0.79; spot-winged
pigeon, X, r=- 0.10, P=0.52, Y, r=�0.22, P=0.17).
Two observers (R.V. and N.S.) gathered all the data
after being trained (in a different location) for one
month in recording variables to reduce inter-observer
variability. The Reserve was visited randomly during
weekdays (twice per week), with at least a 1-day interval
between visits. We sampled only twice during weekends
because of high levels of human visitation that reduced
the sectors of the Reserve available for sampling.
E. Fernández-Juricic et al. / Biological Conservation 117 (2004) 407–416 409



Flight distance was defined as the distance between an
approaching pedestrian and a bird at which the latter
flushed. Of the three components of flight distance, we
measured two (horizontal and vertical), and calculated
the third with the Pythagorean theorem (Fig. 1). After
locating birds with binoculars, we began approaching
them at 75–90 m with a steady pace (1 step/s) and a linear
trajectory. Observers approached birds wearing similar
clothing to circumvent differential reaction (Gutzwiller
and Marcum, 1997). All birds approached were perching
in trees >1.5 m in height. We recorded the horizontal and
vertical components when the bird vacated the tree; that
is, after it detected the approaching human and moved
within the canopy. When the bird flushed, we dropped a
marker attached to a meter tape to measure the hor-
izontal component (�0.05 m) up to the base of the tree
where the bird was perching. We then measured the ver-
tical component (Y) as the distance (�0.05 m) between
the base of the tree and the vacated perch. In a pre-
liminary study, we determined sample sizes with �=0.05
and �=0.05 (40 observations per species). We did not
mark individuals, but recorded responses to our approa-
ches from randomly selected locations to reduce the like-
lihood of sampling the same individual. Observers never
collected two observations from the same species from
contiguous areas to avoid affecting responses between
approaches. Measuring flight distances from unmarked
individuals of the same population has been done before
to determine threshold distances (Anthony et al., 1995;
Steidl and Anthony, 1996; Swarthout and Steidl, 2001).
When the observer approached a group of birds, s/he

focused on a single individual within the group chosen
before the approach, but recorded the number of con-
specifics and heterospecifics perching in the same tree.
Once the focal individual flew away, we also recorded its
landing distance (within or beyond a 25-m circular
radius) and response duration (time in seconds from
flight response to resumption of pre-disturbance activ-
ity). Pre-disturbance activity was determined before
initiating the approach (roosting or foraging). When the
individual detected the observer, its scanning (based on
head position) and movement behavior (within the tree)
increased substantially before fleeing and after landing
in a different tree. We recorded the amount of time it
took the bird to resume foraging or roosting activity
after vacating the original perching tree. We also mea-
sured the distance from the perching tree to the nearest
walking path (m). Observers then walked to the base of
the perching tree, from which the following variables
were recorded in 25-m circular plots centered on the
tree: shrub cover (%), cover of trees with foliage (%),
cover of trees without foliage (%), mean shrub height
(m), mean tree height (m), number of stems <10, 10–30,
30–50, and >50 cm dbh. Cover variables were visually
estimated following Prodon and Lebreton’s scales
(1981).
2.3. Statistical analyses

We transformed the following variables using logarith-
mic and arcsine transformations to meet statistical
assumptions of normality: horizontal, vertical, and diag-
onal components of flight distance, shrub cover (%),
cover of trees with foliage (%), cover of trees without
foliage (%), number of stems <10, 30–50, and >50 cm
dbh. We used Pearson product moment correlations to
relate the horizontal (X) and vertical (Y) components of
flight distance, and distance to walking path and the three
components of flight distance (X, Y, and Z).
Group size can affect flight distances by decreasing tol-

erance to pedestrians (Knight and Cole, 1995). Through
multiple stepwise regressions, we found that only the
horizontal component (X) of rufus-collared sparrows (F1,
38=10.09, R2=0.18, P<0.001) and the vertical compo-
nent (Y) of spot-winged pigeons (F1, 38=6.81, R2=0.13,
P<0.05) significantly correlated with number of con-
specifics; all other relationships were not significant
(P>0.05). Furthermore, number of heterospecifics
perching in the same tree did not affect flight distance
components of any species (P>0.05). Our purpose was
not to study the effects of group size; however, we con-
trolled for its potential influence on the different compo-
nents before analyzing habitat structure effects and
interspecific differences in flight distances (see below).
In assessing the influence of habitat structure on the

three components of flight distance, we performed mul-
tiple regressions with forward stepwise selection proce-
dures to identify the most significant factors (Nicholls,
1989). For rufus-collared sparrows and spot-winged
pigeons, the dependent variables were the residuals of
the relationship between flight distance and number of
conspecifics, as explained above. To analyze whether the
three components of flight distance varied among spe-
cies, we employed an ANCOVA, including those physi-
cal factors, along with group size, significantly affecting
the different components as covariates. With a poly-
nomial linear model using planned comparisons, we
examined whether the three components followed a lin-
ear increase with body size. Differences between levels
of a factor were assessed with Tukey HSD tests. Inter-
specific variations in landing distance categories were
analyzed with a Chi-square contingency test. Finally, we
used an unbalanced ANOVA to test for interspecific
differences in time to resume predisturbance activity,
because the number of observations in which indivi-
duals remained in the observer’s sight (within a 25-m
circular plot) varied among species (see below). There-
fore, this is the only test including less than 40 observa-
tions per species (sample sizes, rufus-collared
sparrow=24, bay-winged cowbird=22, golden-billed
saltator=21, chiguanco thrush=15). We did not
include the spot-winged pigeon in this analysis due to
the low number of observations.
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We plotted the cumulative percentage of individuals
fleeing against the horizontal and vertical components
of flight distances to determine frequencies over dis-
tances for each species (Anthony et al., 1995). We
reported the point at which 95% of the individuals
flushed, which can be considered a reliable estimate of
threshold distance (McGarigal et al., 1991). By taking
threshold distances (TD) as the radius of a circle, mini-
mum approaching areas for individual species (the area
around an individual that if encroached by a pedestrian
would cause a flushing response) were calculated as
P*TD2 (Fox and Madsen, 1997). It has been suggested
that estimating minimum approaching areas based on
direct approaches to birds may overprotect wildlife and
unnecessarily restrict recreational activities, because
individuals usually have greater responses to direct than
to tangential approaches (Taylor and Knight, Colorado
State University, unpublished data). However, in La
Quebrada Reserve, visitors sometimes leave walking
paths to picnic or camp; hence, our estimates of mini-
mum approaching areas should be more realistic.
3. Results

3.1. Horizontal and vertical components of flight
distance

Horizontal and vertical components were negatively
correlated in three species: rufus-collared sparrow
(r=�0.34, P=0.03), golden-billed saltator (r=�0.29,
P=0.03), and chiguanco thrush (r=�0.31, P=0.04).
The correlation between components was positive for
spot-winged pigeons (r=0.25, P=0.04), whereas there
was no significant correlation for bay-winged cowbirds
(r=0.001, P=0.97).

3.2. Proximity to walking path

Distance to the nearest walking path did not affect
any of the components of flight distance in most of the
species (r varied between �0.23 and 0.07, P>0.05).
However, the vertical component of bay-winged cow-
bird flight distance was positively correlated with dis-
tance to walking path (r=0.40, P<0.01). A positive
correlation was also found for the horizontal (r=0.31,
P<0.04) and diagonal (r=0.31, P<0.05) components
of spot-winged pigeon flight distance.

3.3. Habitat structure effects

� Rufus-collared sparrow. After correcting for the
effects of group size, horizontal and diagonal
components of flight distance were negatively
correlated with mean tree height (Table 1).
Number of stems >50 cm dbh was positively
associated to the horizontal component (Table 1).
No model could be fitted for the vertical
component.

� Golden-billed saltator. The vertical component of
flight distance correlated positively with mean
shrub height (Table 1) whereas both horizontal
and diagonal components were not affected by
any habitat structure factor.

� Bay-winged cowbird. Number of stems <10 cm
dbh were negatively associated with the hor-
izontal and diagonal components of flight dis-
tance (Table 1). No habitat structure factor
affected the vertical component.

� Chiguanco thrush. Two factors affected flight
distances of this species: shrub cover corre-
lated negatively with horizontal and diagonal
components, and mean shrub height corre-
lated positively with the vertical component
(Table 1).

� Spot-winged pigeon. Only the vertical component
was affected by habitat structure (after control-
ling for group size), with a negative correlation
with percentage cover of trees with vegetation,
and with mean tree height (Table 1).

3.4. Interspecific differences in flight distances

We found interspecific differences in the three com-
ponents of flight distances, after controlling for the
effects of habitat structure and group size. The hor-
izontal component increased linearly with body size (F1,
188=148.4, P<0.001, Fig. 2a). Post-hoc comparisons
confirmed that all species differed from one another
(Tukey test, P<0.02), except for the contrasts between
rufus-collared sparrow and golden-billed saltator
(Tukey test, P=0.069), and bay-winged cowbird and
golden-billed saltator (Tukey test, P=0.779). The ver-
tical component also showed a significant linear increase
with body size (F1, 188=23.13, P<0.001, Fig. 2b), but
the effect resulted only from greater flight distances of
spot-winged pigeons in relation to the other species
(Tukey tests, P<0.05). The contrasts between other
species were not significant (Tukey test, P>0.05).
Finally, the diagonal component increased linearly with
body size as well (F1, 188=154.6, P<0.001, Fig. 2c). All
contrasts between pairs of species were significant
(Tukey tests, P<0.05) but one: between golden-billed
saltator and bay-winged cowbird (Tukey test,
P=0.851).

3.5. Landing distance and response duration

We found interspecific differences in landing distance
after individuals flushed from human approaches
(w2=26.81, P<0.001, Table 2). These differences were
mainly determined by rufus-collared sparrows and
E. Fernández-Juricic et al. / Biological Conservation 117 (2004) 407–416 411



golden-billed saltators that landed in substrates within
25 m of the fleeing point, and spot-winged pigeon that
usually landed farther (Table 2). Response duration did
not differ among species (F3, 84=0.54, P=0.656; rufus-
collared sparrow, 38�105 s; golden-billed saltator,
31�29 s; bay-winged cowbird, 21�10 s; chiguanco
thrush, 44�62 s).

3.6. Threshold distances and minimum approaching areas

Horizontal 95% threshold distances for individual
species were estimated as: rufus-collared sparrow, 17.5
m; golden-billed saltator, 20 m; bay-winged cowbird, 25
m; chiguanco thrush, 40 m; and spot-winged pigeon, 45
m. As for vertical threshold distances, little variation
was found between four of the five species: rufus-col-
lared sparrow, 5 m; bay-winged cowbird and chiguanco
thrush, 7 m; golden-billed saltator, 8 m; and spot-win-
ged pigeon, 13 m. Minimum approaching areas were
estimated for these species in the mountain woodland of
La Quebrada reserve as: rufus-collared sparrow, 0.09
ha; golden-billed saltator, 0.13 ha; bay-winged cowbird,
0.20 ha; chiguanco thrush, 0.50 ha; and spot-winged
pigeon, 0.64 ha.
4. Discussion

Flight distance of species that inhabit forest habitats
involves complex relationships between its components.
For rufus-collared sparrows, golden-billed saltators,
and chiguanco thrushes, the negative correlation
between horizontal and vertical components under-
scores that these species may use the diagonal compo-
nent as a threshold distance to flee from pedestrians
(Fig. 1). Therefore, as individuals perched higher, flight
distance decreased, likely because of a reduction in the
perceived risk of disturbance, a pattern also found in
raptors (Holmes et al., 1993; Steidl and Anthony, 1996).
For spot-winged pigeons, the positive correlation
between the horizontal and vertical components may be
related to an enhanced visibility of the surroundings at
higher perches, which has also been reported for Mex-
ican spotted owls Strix occidentalis lucida (Swarthout
and Steidl, 2001). Finally, no relationship between ver-
tical and horizontal components was found in bay-win-
ged cowbirds, which indicates that the cues individuals
use to flee from pedestrians (X, Y, Z) may differ in each
encounter. Our level of analysis did not allow us to
identify specific cues, but it suggests that there are
interspecific differences, as well as intraspecific varia-
bility, in the decision-making process affecting the three
components of flight distances.
Contrary to our expectations, we found a positive

correlation between distance to walking paths and the
different components of flight distances of bay-winged
cowbirds and spot-winged pigeons. This finding may be
related to the predictability of pedestrian movements
(Mainini et al., 1989; Whittaker and Knight, 1998;
Miller et al., 2001). For instance, the closer to the
walking path the observer was, the lower the risk of
disturbance since the probabilities that s/he returned to
the path would be greater. On the other hand, the farther
from the walking path, the higher the chances that the
observer intended a closer approach, increasing the risk of
an interaction as a result (Miller et al., 2001). Thus, for
management measures that regulate the rates of pedes-
trians moving across pathways to be successful in reducing
human disturbance effects, complementary educational
programs should encourage visitors not to go off trails.
The relationships found between habitat structure

and flight distance components may be related to the
Table 1

Effects of habitat structure on the three components of flight distances for five bird species perching in trees at La Quebrada Reserve (Cordoba,

Argentina)a
Speciesb
 Horizontal component (X)
 Vertical component (Y)
 Diagonal component (Z)
RcS
 Xc
c=1.29�0.27 MTH+0.33 N50,

F2, 37=6.01, R2=0.24,**
No model fittedd
 Zc
c=0.83�0.17 MTH,

F1, 38=5.58, R2=0.13,*
GbS
 No model fitted
 Y=�0.02+1.75 MSH,

F1, 38=4.30, R2=0.10,*
No model fitted
BwC
 X=2.84�0.01 N10,

F1, 38=5.68, R2=0.13,*
No model fitted
 Z=2.87�0.02 N10,

F1, 38=5.21, R2=0.12,*
ChT
 X=3.59�0.25 SHC,

F1, 38=6.90, R2=0.15,*
Y=0.29+0.25 MSH,

F1, 38=7.64, R2=0.17,**
Z=3.54�0.21 SHC,

F1, 38=6.06, R2=0.13,*
SwP
 No model fitted
 Yc
c=�5.74�1.52 TWFC�8.56 MTH,

F2, 37=6.88, R2=0.27,**
No model fitted
*P<0.05; **P<0.01; ***P<0.001.
a Shrub cover (SHC); percentage cover of trees with foliage (TWFC); percentage cover of trees without foliage (TWOFC); mean tree height

(MTH); mean shrub height (MSH); number of stems <10 cm dbh (N10); number of stems >50 cm dbh (N50).
b RcS, rufus-collared sparrow; GbS, golden-billed saltator; BwC, bay-winged cowbird; CHT, chiguanco thrush; SwP, spot-winged pigeon.
c Xc, Yc, and Zc, components corrected for group size effects.
d The contribution of all factors to R2 was less than 1%.
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protective and obstructive properties of vegetation for
different species (Lima et al., 1987; Lima, 1990; Lazarus
and Symonds, 1992; Harkin et al., 2000). Any inter-
pretation should be taken with care because we did not
manipulate vegetation structure; thus, we can only point
out characteristics of the vegetation that would increase
the probabilities of individuals being more tolerant of
visitors. For instance, tree height is expected to increase
the tolerance (due to the negative correlation with flight
distance components) of rufus-collared sparrows and
spot-winged pigeons, likely because taller trees provide
greater availability of refugees. The negative correlation
between the vertical component of golden-billed salta-
tors and chiguanco thrushes and mean shrub height
may result from the obstructive effects of vegetation.
This pattern suggests a hypothesis that requires further
testing: whether increasingly taller shrubs may reduce
visibility and the ability of the birds to keep track of
pedestrian movements. Another factor that would
increase tolerance of bay-winged cowbirds (in the hor-
izontal and diagonal components) is the number of thin
stems (<10 cm dbh). One potential explanation may be
that thin trees were not as visually obstructive as thick
trees, so birds could keep track of the observer’s move-
ment as s/he approached the perching tree. Though sig-
nificant, the effects of the physical structure of the patch
surrounding the perching tree explained a relatively low
proportion of the variability of flight distances (Table 1),
which suggests that other factors were involved during
these human–wildlife encounters, such variations in
individual behavior, sex, age, etc. Nevertheless, we con-
sider that these relationships provide managers some
guidelines to reduce the negative effects of human dis-
turbance by increasing the number of visitors moving
along pathways surrounded by vegetation or by
increasing the availability of these substrates in highly
visited areas.
Interspecific differences in flight distances of species

perching in trees have been reported only in raptors
(Holmes et al., 1993). Our results point out that small
species inhabiting forest habitats might also differ in
some components of flight distance, with a negative
relationship between tolerance and species body size.
The horizontal and diagonal components correlated
linearly with species size, whereas the vertical compo-
nent only showed a significant increase at the upper end
of the range. That suggests that species may have a
similar response in terms of the vertical component
between 20 and 95 g, which might be related to the
physical constraints imposed by tree height. That larger
species flee sooner from pedestrians is commonplace in
ground foragers and ground nesters (Cooke, 1980; Bur-
ger and Gochfeld, 1991; Skagen et al., 1991; Fernández-
Juricic et al., 2001b). We do not consider that hunting
could account for the reduction in tolerance with body
size, because there is no past or present evidence of such
activity in the reserve.
Interestingly, we found that larger species were not

only less tolerant of pedestrians but also more likely to
land farther from perching trees. Escape tactics can
affect patch selection (Lima, 1993), because the chances
of using the same foraging patch decrease as trips to
alternative refuges are longer (Kramer and Bonenfant,
Fig. 2. Differences in the horizontal (a), vertical (b), and diagonal (c)

components of flight distance (m) among five bird species with differ-

ent body sizes: rufus-collared sparrow (RcS, 19.8 g), golden-billed

saltator (GbS, 47.3 g), bay-winged cowbird (BwC, 53.3 g), chiguanco

trush (ChT, 95.7 g), spot-winged pigeon (SwP, 367.5 g).
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1997). A recent study showed that after fleeing from
pedestrians, large ground foragers landed farther and used
higher landing substrates than small species (Fernández-
Juricic et al., 2002). Consequently, larger species may
be more affected by pedestrians, as they are likely to
vacate more frequently foraging or roosting patches
(Keller, 1989). This interpretation assumes that flight
distances are species-specific traits, which has been cor-
roborated recently even after considering habituation
effects (Blumstein et al., 2003). Moreover, since most of
our model species also breed in the reserve, the effects of
visitors on large species might also affect their breeding
behavior and success by reducing the availability of
suitable habitats to breed and forage when the amount
of human visitation is greater (spring–summer). There-
fore, the relationship between the levels of human visi-
tation and the probabilities of using suitable patches,
controlling for their availability, during the breeding
period needs further testing to evaluate potential nega-
tive effects at the population level.

4.1. Conservation implications

Spatial and temporal dimensions of human–wildlife
interactions should be considered when managing spe-
cies that use forest areas and that are bound to interact
with tourists frequently. Unlike species that spend most
of their time on the ground, forest species need special
consideration of horizontal as well as vertical compo-
nents of their habitat, since both appear to be used in
the decision-making process as to when to flee from
pedestrians. For instance, the negative correlation
between horizontal and vertical components in rufus-
collared sparrows, golden-billed saltators, and chi-
guanco thrushes would permit reductions in horizontal
restrictions in areas with higher trees (Holmes et al.,
1993).
One management strategy to reduce human dis-

turbance is to set aside areas from visitors (buffer zones)
based on minimum approaching areas (Anthony et al.,
1995; Rodgers and Smith 1995, 1997; Fox and Madsen,
1997). Based on previous estimates of the density of the
five species in the mountain woodland of La Quebrada
Reserve (Jacome-Rivera, 1996), we calculated the per-
centage area of this habitat that would need spatial
restriction as (multiplying population size by minimum
approaching area, and assuming that populations were
large enough to be viable and displacement by tourists
would reduce the overall availability of suitable habi-
tat): rufus-collared sparrow, 8.3%; golden-billed salta-
tor, 8.7%; bay-winged cowbird, 21.5%; chiguanco
thrush, 95.7%; and spot-winged pigeon, 150%. This
suggests that for increasingly large-bodied species
restricting access to visitors might not be feasible
because 95% of the tourism is concentrated on the
mountain woodland and the reserve plays an important
educational role (e.g., wildlife viewing). Therefore, we
suggest that visitors be re-distributed (not restricted)
based on the spatial and temporal responses of differ-
ently sized species.
Two management scenarios for the studied species in

the La Quebrada Reserve deserve further testing. We
assume that (1) the intensity of the responses to people
increases with the number of visitors in a group (Burger
and Gochfeld, 1991), and that (2) the response to visi-
tors depends upon the frequency of human visitation
(number of visitors per unit time per unit area, Fernán-
dez-Juricic et al., 2003). If small species are not entirely
displaced from foraging/roosting areas and if they
resume pre-disturbance activities relatively quickly, we
predict that by concentrating the number of visitors in
large groups instead of several small groups, individuals
would be displaced less frequently by pedestrians, with
lower effects to their foraging/roosting activities. On the
other hand, if large species detect human approaches
earlier (Fernández-Juricic et al., 2001a) and they land
farther once displaced (this study and Fernández-Juricic
et al., 2002), reducing the spatial extent of the visit by
concentrating pedestrians in small areas rather than
dispersing them in large areas of the reserve would
reduce the frequency of human–wildlife interactions,
which would diminish the negative effects of visitors.
If there are similar differences in the responses to
pedestrians with respect to body size in other habitats,
then body size of species of conservation interest may be
used as a surrogate to implement these management
scenarios and increase the coexistence of wildlife and
recreationists.
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Table 2

Interspecific differences in landing distance (within or beyond a 25-m

circular plot) from the flushing pointa
Species
 <25 m
 >25 m
Rufus-collared sparrow
 24 (2.68)
 16 (2.03)
Golden-billed saltator
 21 (0.84)
 19 (0.63)
Bay-winged cowbird
 22 (1.34)
 18 (1.01)
Chiguanco thrush
 15 (0.28)
 25 (0.21)
Spot-winged pigeon
 4 (10.13)
 36 (7.64)
a Shown are the number of observations per species and category

(cell w2 in parentheses indicate cell contributions to the overall

relationship).
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