ZOOLOGIA 32 (6): 438-444, December 2015
http://dx.doi.org/10.1590/51984-46702015000600002

Factors affecting escape distance in birds
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ABSTRACT. The flight initiation distance has been used either to understand the cost-benefit trade-offs related to the
risk of predation or as an important tool for wildlife managers. Although this variable is well-discussed for temperate
regions, it is still poorly known in the Neotropics. Here we analyze the escape behavior of birds from southeastern Brazil,
comparing an urban to a non-urban area. We tested for the influence of sites (urban vs. non-urban area), approaching
(by one vs. two people), daytime (morning vs. afternoon), seasons (breeding vs. non-breeding) and body mass on the
determination of the initial (FID) and final (FFD) flight distances across different bird species. We predict that FID will be
greater in rural areas and under a greater threat (higher number of predators approaching) in the afternoon and in the
non-breeding season. We also expect a direct relationship between body mass and FID and between FID and FFD. We
sampled 11 species after measuring 331 escape behaviors, and we confirmed our predictions for sites (five species),
daytime (one species) and rejected our premise about seasons for one species. Mean FID was strongly affected by body
mass, and directly affected FFD. Adjustments in FID are, most likely, an important adaptive trait in urban habitats and
may partially explain the predominance of species with higher ecological plasticity in cities.
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Escape is a behavior that starts from a critical distance
assessed by a prey tracking its predator. The prey must deter-
mine the predator’s position and behavior and estimate the
risk of remaining at a given site (Coortr 2008). Monitoring is
associated with the vigilance that occurs before predator de-
tection, allowing the prey to elaborate its decision to escape.
This decision is based on the fitness costs and benefits of the
behavioral alternatives in this situation: the decision to remain
and take a risk vs. the decision to avoid the predator and en-
sure immediate survival (WRriGHT et al. 2001).

Individuals face trade-offs in relationship to the distur-
bances caused by a potential threat that may increase or de-
crease their fitness (Frip & Dir 2002, MoLLer & Liang 2012).
The timely decision of an animal to escape may directly influ-
ence feeding success because early escape decreases foraging
efficiency (increasing the risk of starvation) and a delayed de-
parture would increase the risk of death by predation. The costs
(loss of foraging opportunities and risk of being predated) are
balanced to achieve an optimal flight distance, thus ensuring
individual reproductive success, meaning that a balance be-
tween costs and benefits has been reached in the context of
effective feeding and predator avoidance (YpenserG & DiLL 1986).

Flying is one of the most widespread anti-predator re-
sponses in birds (RocHa & Bergarro 1990 and references therein),
and the distance at which an animal starts to fly due to an
approaching predator is known as “initial flight distance” (Frip
& DiLL 2002). Several factors are known to influence the initial
flight distance. These factors include taxonomic level (BLumsTEIN
2003), predator and prey size (TosaLski & DiaL 2000), levels of
human intervention (Cookt 1980, Kenney & Knigut 1992), hunt-
ing history (Louts & L Berre 2000), number and orientation of
predators approaching (Gest et al. 2005), the size of the social
group with which the potential prey is associated (BurGer &
GocHreLd 1991), the breeding season (Bauwens & THoeN 1981),
latitudinal gradients (MoLLir & Liang 2012, Diaz et al. 2013)
and the animal’s level of hunger (MiLinsk1 & HeLLer 1978), which
may vary across seasons as well as during the day.

The flight distance of animals is often estimated as a way
of assessing human impacts on natural environments (WEAr-
ING & NEIL 1999, FernANDEZ-JURICIC et al. 2001, Frip & Diir 2002)
either in urban or in non-urban areas. Approach by humans
may be identified by birds as a predatory approach and is there-
fore thought to exert strong influence on animal behavior (Frip
& DL 2002), sometimes resulting in decreased reproductive
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success (MILLER et al. 1998). If the initial flight distance becomes

shorter when the level of human disturbance increases, this

behavior can provide a rapid and easy way to evaluate the spe-
cies’ tolerance to human interference and to monitor the de-

gree of disturbance in a given environment (Lix et al. 2012).

Thus, understanding the factors that jointly determine the
escape distance of birds is an important tool for biodiversity con-
servation, as this knowledge can set limits on human actions.
These studies may help the development of strategies to inte-
grate human presence with the conservation of biodiversity, both
in cities and in protected areas, supporting master and manage-
ment plans, respectively. This subject has been well-discussed in
temperate regions, mainly in Europe (e.g., Crucas & Marzrurr 2012,
MotLer & IBANEZ-ALAMO 2012, MoLLer & LianG 2012, Diaz et al. 2013),
but it is poorly known for the Neotropics (but see FERNANDEZ-JURICIC
et al. 2004, 2005, CArreTE & Trrra 2010). In Brazil, to our knowl-
edge, there are no previous studies focusing on this issue.

Here, we used human approach as a model to test for
some factors that are thought to influence the escape distance
in some Neotropical birds, assuming that this behavior, al-
though having an innate component, may vary within popu-
lations of the same species depending on the environmental
characteristics and biological factors. Our predictions are:

1) The flight distance is influenced by the intensity of human
occupation, tending to decline in urban compared with non-
urban areas. Populations that have been present in urban
areas for generations tend to have a lower escape distance
compared to those in rural habitats as the members of ur-
ban populations become used to human presence, allow-
ing a closer approach (Cooke 1980, MgLLEr 2008, 2010,
Carrete & Terea 2011). The urban individuals also face a
lower risk of predation because predator densities in urban
areas are generally lower (Diaz et al. 2013).

2) The type of approach affects the flight distance, both in
terms of the number of intruders and in terms of their po-
sitioning: the fewer the people, the smaller the escape dis-
tance. By increasing the number of people approaching a
bird, we simulate an increase in the density of predators
and in the risk of detection as well, thus increasing the es-
cape distance (Frip & Diie 2002, Geist et al. 2005).

3) The flight distance tends to increase throughout the day.
This effect is related to the individual’s level of satiation:
the lower the starvation, the greater the vigilance (BEDNEKOFF
& Houston 1994, OtssoN et al. 2000).

4) The seasons (breeding vs. non-breeding) affect the flight
distance in birds. In the breeding season, high energy costs
are associated with parental care, and we would expect a
higher adult tolerance to intruders and a shorter escape dis-
tance (Frip & D1t 2002).

5) Larger birds have a greater flight distance than smaller birds.
Body size and body mass are closely related to the ability to
avoid predation; larger birds tend to have a longer flight
distance, i.e., they are less tolerant to predator approach.

This lower level of tolerance is due primarily to their greater
requirements for energy in taking off from the substrate:
these large birds are less agile and are more easily visually
recognized by predators. For this reason, they are more vul-
nerable to predation than are smaller-bodied species
(BrumsteiN 2006). If the Flight Initial Distance (FID) is re-
lated to body mass, and assuming that the energy expendi-
ture required for takeoff is greater in larger-bodied species,
then we would also expect to find a direct relationship be-
tween FID and FFD (Flight Final Distance).

MATERIAL AND METHODS

This study was conducted in the region of Sorocaba, state
of Sao Paulo, southeastern Brazil, in both urban and non-ur-
ban areas (Fig. 1). The regional climate is classified as humid
subtropical (Cwa according to Koppen'’s climate classification)
(Arvares et al. 2014). The dry season lasts from April to Septem-
ber. August is the driest month (mean = 33 mm), and July the
coldest (mean = 18° C). The rainy season, which includes the
breeding season of most tropical birds (WiskLski et al. 2000),
occurs from October to March. January is the wettest month
(mean = 235.5 mm) and January/February are the hottest
months (mean = 25°C) (CEPAGRI 2015).

Mato Grosso
do Sul

Minas Gerais

Séo Paulo

¢l 5 Ny L
Figure 1. Map of the region of Sorocaba, southeastern Brazil, and
the sampled areas. 1 = Ipanema National Forest; 2 = Parque das
Aguas; 3 = Parque da Biquinha; 4 = Parque da Agua Vermelha.

We sampled three parks in an urban area. We sampled
the park known locally as “Parque das Aguas” (23°28’12"S,
47°26’46”"W), 116.39 ha in area and bordered by the largest
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river running through the city, the Sorocaba River; the “Parque
da Agua Vermelha” (23°31’16”S, 47°29’15”W), 2.02 ha in area,
and the “Parque da Biquinha” (23°31'0”S, 47°27'22"W), 2.88
ha in area. All three parks have trees, trails, lakes and recre-
ation areas. The first park is relatively less wooded (only ~3%
of vegetal cover), and the landscape consists primarily of lawns,
ponds, sidewalks and pathways, along with a park for playing
ball sports. The other two parks are smaller than the first and
host small patches of native vegetation (respectively ~50% and
~47% of vegetal cover (Mora et al. 2014).

The non-urban area was represented by the Ipanema
National Forest (23°25’24"S, 47°35’45”"W), a federal protected
area of sustainable use approximately 15 km far from Sorocaba
and approximately 5,385 ha in area (ICMBio 2015). The
Ipanema National Forest is an ecotone landscape in which the
matrix mixes semideciduous forest, dense and mixed rain for-
est and Cerrado sensu latu (ALBUQUERQUE & RopRrIGUES 2000).

Data were collected from September 2011 to June 2013,
in the urban areas and in the protected area. We estimated
flight distances using a methodology modified from BrumsTein
(2003). When an individual bird was found on the ground, an
observer walked at a steady speed toward this bird until it took
flight. Then, using a measuring tape, we measured the distance
between the observer and the place where the flight began
(Flight Initial Distance — FID) and between this place and the
landing position (Flight Final Distance — FFD). When a bird
landed on a perch, the FFD was calculated as the square root of
the sum of squares of the horizontal and vertical distances.
When birds were in a group, we chose only one individual, the
one closest to the observer. We did not approach alarmed birds.
We consider alarmed birds that, even before our approach,
exhibited alert behavior, not foraging.

Possible effects of urbanization and familiarity of birds
to human presence were tested by comparing data on the same
species from distinct populations living in the city and in the
protected area.

We used three treatments to address the effect of human
approach on flight distance: one person approaching (15); two
side-by-side (2S); and two, one a distance of 1.5 m behind the
other (2B) The orientation of an intruder simulates a direct or
tangential approach towards the prey. Birds may be better able
to detect the approach of two potential predators side by side
than two predators, one behind the other (Geist et al. 2005).

To check whether the flight distance increased through-
out the day, we collected data at various times, primarily in
the morning from 6 am until 9 am and also in the afternoon
from 4 pm until 6 pm. We then grouped these data in two
classes: morning and afternoon.

To evaluate the premise that the escape responses of birds
in the breeding season are different from those of non-breed-

ing birds, we collected data from September 2011 to June 2013,
covering both wet and dry seasons. We sampled four months
(October/2011, February/2012, January/2013 and February/
2013) in the breeding, and five months (September/2011, Sep-
tember/2012, April/2013, May/2013 and June/2013) in the non-
breeding season.

To check for a positive relationship between body mass
and flight distance, we surveyed birds of different sizes, imply-
ing different body masses, including passerines and non-pas-
serine birds. We used body masses of sampled bird species from
the literature (DunniNG-Jr 2008). Bird species taxonomy follows
the CBRO (2014).

We log, -transformed FID, FFD and body mass to achieve
normal distributions (MeLLEr & Liang 2012), selecting species
having at least 10 samples and at least two replications for each
factor. We used a multivariate linear regression analysis (95%
confidence intervals) to test the joint effect of all independent
variables (urban x non-urban, approximation, daytime, seasons,
body mass) on the dependent variables (FID and FFD).

To check for nonrandom variation in FID and FFD across
species, we ran a one-way analysis of variance with log-10 trans-
formed data (Diaz et al. 2013). We used a linear regression analy-
sis to check for the effect of body mass on the FID and FFD
(using means of FID and FFD of all individuals of the same
species) and on the FID in FFD (using data for all species).

All analyses were run with R software (R DEvELOPMENT CORE
Team 2008).

RESULTS

We sampled 533 records of flight distances, from which
281 (53%) were in the urban area and 252 (47%) in the non-
urban area, totaling 57 species from 14 orders and 28 families;
30 were passerines (53%) and 27 non-passerines (47%). Sixteen
species were sampled only in the non-urban habitat; 19 only in
the city and 22 in both places. Next, we select eleven species
from these 22 (meeting our criteria of having at least ten samples
and at least two replications for each factor), resulting from 331
“valid” records (Appendix S1%).

Five species had a significantly longer FID in the protected
area: Ardea alba (Carl Linnaeus, 1758, Ardeidae) (F = 11.67, p =
0.003), Furnarius rufus (Gmelin, 1788), Furnariidae (F=19.8, p=
0.025), Gallinula galeata (Lichtenstein, 1818), Rallidae (F = 8.67,
p = 0.009), Vanellus chilensis (Molina, 1782), Charadriidae (F =
26.618, p = 3.93e-06) and Zenaida auriculata (Des Murs, 1847),
Columbidae (F = 1,796, p = 2.309e-07). One species, F. rufus,
increased its FID in the breeding season (F = 5.63, p = 0.000),
(contrary to our prediction), and one species (A. alba) had a
longer FID in the afternoon (F = 1.796, p = 2.309e-07). We have
found no effect of the type of approach (Figs. 2-8).
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Figures 2-8. Boxplots (means and standard deviations) of FID for species having significant differences for sites (2-6), daytime (7) and seasons
(8). Ardea alba, F=11.67, p = 0.003; Furnarius rufus, F=19.8, p = 0.025; Gallinula galeata, F = 8.67, p = 0.009; Vanellus chilensis, F = 26.618,
p = 3.93e-06; Zenaida auriculata, F = 1,796, p = 2.309e-07; Furnarius rufus, F = 5.63, p = 0.000; Ardea alba, F = 1.796, p = 2.309e-07.

The sampled species differed in FID and in FFD (F =
36.591, p = 4.09¢-09). We found a positive and significant cor-
relation between body mass and FID (F = 8.0079, p = 0.0142)
and between FID and FFD (F = 33.412, p = 0.0002; smaller spe-
cies had a shorter FID (Figs. 9-11).

DISCUSSION

According to our prediction, and as stressed in previous
studies (e.g., MoLLER & Liang 2012), we found a decreased FID in
populations of five species living in the urban area. More than
half of the world’s human population lives in urban areas, and
this process has accelerated rapidly in Latin America (ORrTEGA-
Arvarez & MacGreGor-Fors 2011 and references therein). These
habitats usually have high human population densities and are
subject to more frequent disturbances (MotLer 2012); faced with
this situation, animals incur extreme energy expenditure through
escape, which can lead to a reduction in body condition and,
consequently, lower fertility rates and expectation of survival,
and a population decline is expected (MoLLER 2008).

Tolerance to urban areas is directly related to the choice
of species habitats, resource requirements, reproductive strate-
gies and survival rates, resulting from behavioral flexibility (the
ability of the individual to adjust their behavioral decisions to
different circumstances), and ecological (ability to use new fea-
tures) and physiological (ability to withstand physiological
stress) adaptations (MoLLer 2009). Thus, reducing FID is a strat-
egy that fits the urban characteristics, increasing tolerance to
human presence and adjusting the cost-benefit relationship
between risks of starvation and predation. This pattern may
be common in the Neotropics, mainly for species having higher
ecological plasticity and, in part, may explain the higher pres-

ence of generalist species replacing specialists in urban areas.

We have not found any difference in bird’s responses to
the three tested types of approach. Actually, It is not clear how
an increase in predator density can influence the behavior (Geist
et al. 2005) and studies on this variable are still scarce, but
anti-predatory responses related to predator density may vary
according to historical and ecological conditions (Asrams 1994).

We have detected changes in FID over a day for A. alba.
The FID became longer in the afternoon, in agreement with
our prediction. However, it is also possible that conditions such
as availability of food resources may act more forcefully in de-
termining the FID than time itself. If the food resource density
is high, an increase in foraging time can offset the predation
risk; when resources are scarce in the area, the benefits of flee
and look for a new area quickly outweigh the costs to of con-
tinuing to forage (YpenserG & Diit 1986).

One species (F. rufus) increased its FID in the breeding
season. Birds would respond differently to the risk of predation
during the breeding season (Frip & DirL 2002) because escape
behavior requires time and energy, which otherwise would be
applied to other activities related to fitness, such as parental
care. The decision to stay and defend the nest or abandon it and
ensure individual survival depends on factors such as residual
reproductive value (probability of future reproductive success),
clutch size (species having larger offspring tend to leave the nest
more easily), the offspring mortality rate, territorial behavior,
and opportunistic flock formation (favoring foraging, parental
care, and territorial defense) (Frip & DL 2002).

A robust correlation was found between body mass and
mean FID. Larger species have higher FIDs than smaller ones
(BrumsteNn 2006), and if the body mass is negatively related to
escape ability, then the benefits of an early escape (longer FID)
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Figures 9-11. Linear regression for (9) Body mass x FID; (10) Body mass x FFD and (11) FID x FFD. Body mass from DunNinG-Jr (2008);
FID = Flight initial distance (mean for each one of the eleven sampled species); FFD = Flight final distance (mean for each one of the

eleven sampled species).

will be higher for larger species than for small ones. Further-
more, the larger species are more visible to predators, and their
vulnerability contributes to increase the cost of staying (Liva
1993). They also have a greater ability to detect a predator
(BrumsteiN et al. 2005) and a higher FID as well; therefore, they
are generally more vulnerable to human presence. Under in-
tense disturbance, the fitness of the larger species can decrease
more markedly by reducing the efficiency of foraging and re-
productive success, tending to produce a more rapid popula-
tion decline than that seen in smaller species (FERNANDEZ-JURICIC
et al. 2006, MoLLEr 2008). Accordingly, large-bodied birds are
likely to decline in cities.

Larger species also have a longer flying range and a higher
speed shortly after takeoff (TosaLske & DiaL 2000), thus requir-
ing larger areas for survival (ScHoENER 1968), and a higher speed
at the end of the runway (Tosarske & DiaL 2000), these factors
can also explain their relationship to a greater FFD. Smaller
species that have higher metabolic rates may be unable to tol-
erate long periods without landing to feed, thus rapidly re-
turning to foraging behavior after a disturbance (Lima 1993),
resulting in a shorter DFE.

Many studies focusing on factors affecting escape distance
are based on optimal escape theory, which states that prey ini-
tiates flight when costs of remaining and fighting are the same
(Ypenserg & DiiL 1986). However, recent papers have stressed
the strangeness of the costs paid to monitor an approaching
predator, the Flush Early and Avoid the Rush (FEAR) hypothesis
(e.g., BrumsteIN 2010, Samia & Brumstemn 2015), and a positive
correlation between alert distance (AD) and flight initiation dis-
tance (FID), which were not tested here. Thus, we conclude that
this issue is not exhausted, and new fronts are still being opened,
mainly in the Neotropics, where a gap in the knowledge of this
behavioral trait still remains. As stressed before, to investigate
the set of factors affecting escape distance in Neotropical birds
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is a valuable tool for defining public policies regarding land use,
both in natural areas and in the cities.
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