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Abstract Animals gain benefits from group living
through increased probability of predator detection, dilu-
tion of individual risk and confusion of predators during
attack. A further benefit involves larger groups in which
individuals may further decrease the amount of time spent
being vigilant, while maintaining the probability of
predator detection by allocation of this extra time to for-
aging activities. Living in groups or flocks, however, also
incurs costs, e.g., by increasing inter-group competition,
with negative impacts on intake rates. Our aim was to in-
vestigate the trade-offs between the costs of competition
and the benefits of group living in contrasted habitats. For
prey species that rely on sight for detecting predators,
vegetation structure may influence the perceived predation
risk. Hence, we experimentally examined the combined
effects of vegetation height and inter-individual distance on
foraging time, intake rate and foraging efficiency in a
granivorous species, the Eurasian Skylark (Alauda arven-
sis). Our experimental results based on temporally captive
birds indicate that time devoted to foraging decreased with
increasing inter-individual distance, but was unrelated to
cover height. Conversely, increasing both vegetation height
and distance with other group members did translate into a
foraging disadvantage, i.e. reduced intake rate as well as
foraging efficiency. Overall, our results show that both
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vegetation structure and inter-individual distances modify
patch profitability, and therefore provide another example
of how flock dynamics can influence the trade-off between
vigilance and foraging.
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Zusammenfassung

Art der Vegetation und Abstinde zwischen Einzeltieren
beeinflussen Hiufigkeit und Effizienz der Nah-
rungsaufnahme eines Kornerfressers, der Eurasischen
Feldlerche (Alauda arvensis)

Ein Leben in groeren Gruppen ist fiir Tiere vorteilhaft, weil
dadurch Feinde eher entdeckt werden, das Risiko fiir jedes
einzelne Tier geringer ist und Réiuber bei einem Angriff
verwirrt werden. Ein weiterer Vorteil liegt darin, dass ein-
erseits jedes Einzeltier weniger Zeit in Wachsamkeit und
Aufpassen investieren muss, wihrend andererseits die
Wahrscheinlichkeit, Feinde zu entdecken, durch die Gruppe
weiterhin hoch bleibt. Dadurch gewinnt jedes einzelne Tier
zusitzliche Zeit, die fiir die Nahrungsaufnahme genutzt
werden kann. Das Leben in Gruppen, oder Schwirmen, hat
jedoch auch seine Kosten: eine erhohte Konkurrenz zwis-
chen den einzelnen Tieren innerhalb der Gruppe mit
entsprechend  negativen ~ Auswirkungen — auf  die
Nahrungsaufnahme. Ziel unserer Studie war, in unter-
schiedlichen Lebensrdumen die Vorteile des Gruppenlebens
gegen die Nachteile der intensiveren Konkurrenzsituation
abzuwigen. Bei Tieren von Beutearten, die davon abhéngen,
Réuber so rasch wie moglich zu entdecken, beeinflusst die
Struktur der Vegetation vermutlich das empfundene Risiko,
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erbeutet zu werden. Deshalb iiberpriiften wir fiir eine korn-
erfressende Art, die Eurasische Feldlerche (Alauda arven-
sis), experimentell den kombinierten Effekt von
Vegetationshohe und Abstéinden zwischen den Einzeltieren
auf die Dauer, Hiufigkeit und Effizienz der Nahrungsauf-
nahme. Die Ergebnisse unserer Experimente mit zeitweise
gekifigten Vogeln zeigen, dass die fiir die Nahrungsauf-
nahme verwendete Zeit mit wachsenden Abstinden zwis-
chen den Einzeltieren abnahm, es aber keinen
Zusammenhang mit der Vegetationshohe gab. Wurde jedoch
beides, die Vegetationshohe und die Abstinde zu anderen
Gruppenmitgliedern, erhoht, ergab sich daraus ein Nachteil
fiir die Erndhrung: eine Verminderung sowohl der Hiu-
figkeit als auch der Effizienz der Nahrungsaufnahme. Unsere
Ergebnisse zeigen, dass beides, die Vegetationsstruktur und
die Abstinde zwischen Einzeltieren, Auswirkungen auf den
Nahrungs-Ertrag haben konnen und liefern so ein weiteres
Beispiel dafiir, wie die Schwarmdynamik den trade-off, das
Ausbalancieren der Vor- und Nachteile, von Nahrungsauf-
nahme und Wachsamkeit beeinflussen kann.

Introduction

Many animal species exhibit cohesive aggregation, with
familiar examples being mammalian herding, insect
swarming, or bird flocking (Schellinck and White 2011).
To account for this striking behaviour, a commonly pro-
posed argument relies on expected benefits of aggregating
with conspecifics in terms of decrease of individual pre-
dation risk (Krause and Ruxton 2002), either by dilution of
predation risk (Foster and Treherne 1981) or by collective
detection (Hilton et al. 1999). However, there are also costs
to aggregation, since living close to neighbours may in-
crease competition for food among group members
(Wrangham 1980). Such costs arise either through contest
competition for food, which may indeed lead to decreased
foraging intake rate (Beauchamp 2009) because individuals
devote time to agonistic behaviours, or alternatively
scramble competition (Teichroeb and Sicotte 2012), which
does not involve direct aggression, but pre-emption over
resources by another individual (Janson 1988). Scramble
competition is likely when individuals increase their for-
aging effort (by moving further, feeding faster, etc.) if
close to other foragers as compared to when they are
solitary or far from conspecifics (Chapman and Chapman
2000).

Bird species that aggregate have long been studied in
regards to the trade-off between the benefits in terms of
predation versus the costs in terms of competition for
food (Rolando et al. 2001). Many such studies have
shown that the trade-off is actually impacted by several
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factors including food density (Beauchamp 1998), habitat
structure and its influence on the perceived predation risk
(Butler et al. 2005a; Verdolin 2006), the position in the
flock (Beauchamp 2013) or the group size (Fernandez-
Juricic et al. 2007). Neighbour distance is thought as a
determinant factor governing the foraging/vigilance trade-
off (Cowlishaw 1998; Treves 1998; Steenbeck et al.
1999; Rolando et al. 2001), and it has often been sug-
gested that the proximity of conspecifics might be the
perceptible unit of safety in group-living individuals
(Lima 1995; Roberts 1996; Treves 2000). The cost of
grouping may thus be mediated by adjusting distances
among group members (Aureli et al. 2008). Although the
effects of the inter-individual distance in groups have
been previously investigated (e.g. Valone 1993; Tem-
pleton and Giraldeau 1995; Fernandez-Juricic et al.
2004), their combined effects with vegetation structure
remain poorly known. For species that rely on sight for
detecting predators, vegetation structure may influence
the perceived predation risk (Lima and Dill 1990), and is
therefore likely to affect foraging habitat selection
(Butler et al. 2005b) as well as anti-predator strategies.
For some species, vegetation is perceived as being
largely protective, reducing the risk of predator detection
(Ekman 1987; Hogstad 1988). In contrast, some species
perceive vegetation as obstructive, reducing the likeli-
hood of early predator detection, and patches with in-
creased vegetation structure are likely to have a higher
associated predation risk (Metcalfe 1984).

In this study, we explore the behavioural consequences
of neighbours distance and vegetation structure on for-
aging activities in regard to aggregation using the Eur-
asian Skylark (Alauda arvensis) (hereafter Skylark) as a
study model. Indeed, while the Skylark is known to be
mostly territorial and to feed mainly on insects during the
spring and summer (Cramp 1988), the species changes its
behaviour during migration and wintering periods, when
birds forage essentially on plant material and form large
flocks (Cramp 1988). While most studies dealing with the
winter ecology of this species have so far focused on
habitat use, diet or numerical response to food avail-
ability (Wilson et al. 1997; Gillings and Fuller 2001;
Geiger et al. 2014), we used an experimental approach in
order to manipulate vegetation height and inter-indi-
vidual distances under captive conditions. Recently, we
explored the trade-off between foraging and vigilance in
this species foraging on artificially created stubble sub-
strates in aviary conditions (Powolny et al. 2014). As
predicted, Skylarks increased their vigilance levels when
foraging in obstructed patches. These results suggest that
foraging in patches with reduced visibility may impose
the dual costs of reduced foraging efficiency and in-
creased predation risk.
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Theory predicts a differential response in terms of for-
aging under different perceived predation risk levels for
aggregative species (Krause and Ruxton 2002), but several
additional confounding factors may further balance this
relationship, such as scrounging competition (Beauchamp
2009). If so, we hypothesise that Skylarks might differen-
tially behave in response to the perceived predation risk
according to inter-individual distance between group
members. Especially, if scramble competition is negligible
in this aggregative species, we predict that a negative effect
of vegetation height on foraging may be attenuated when
Skylarks forage close to other group members.

Methods
Captive conditions and subjects

The study was conducted at the Centre d’Etudes Bi-
ologiques de Chizé (western France) from 8 February to 3
March 2012. We caught Skylarks along the Atlantic flyway
during the post-nuptial migration, between October and
November 2011. Upon capture, the birds were colour-rin-
ged, measured (tarsus and maximum wing chords) and
weighed (precision: +0.1 g; males: 41.1 £ 0.2 g; females:
36.7 £+ 0.22 g). Blood samples were taken, and their sex
was obtained from molecular analysis (see Eraud et al.
2006 for details). Thereafter, birds were randomly assigned
to groups of 10-12 individuals and acclimatized for
2 months in 4 x 3 x 2 m (I x w x h) outdoor aviaries.
The experimental location was 50 m away from the closest
building, which received very low pedestrian traffic, thus
minimizing noise and disturbance. Birds were fed ad libi-
tum with a commercial seed mixture, grit, fresh oilseed
rape and tap water. Food was dispensed on a 2-m? synthetic
green turf (height: 1 cm; density: 12 blades/cm?) to ac-
custom individuals to the experimental set-up (see below).
Skylarks responded well to this situation and quickly
started foraging in the same general way as when free.
Previous study showed that the presence of enclosures did
not noticeably perturb their daily activities (Powolny et al.
2012). All birds were released into the wild in early March,
during the pre-nuptial migration.

General experimental procedures

The night before each trial, all focal birds were weighed
and deprived from food (for a total time of 12-16 h) until
the next morning. Trials were only performed from 0800 to
1200 hours in order to avoid long fasting periods. We did
not conduct experiments on rainy or excessively windy
days, as these extreme weather conditions would likely
affect visibility and foraging behaviour. All trials were

carried out in a separate outdoor aviary, showing identical
proportions and layout to the housing aviaries.

We experimentally exposed birds to contrasting vegeta-
tion height (2 levels) and conspecific distance (3 levels).
Each bird was exposed to all of the 6 treatment combina-
tions in a random order during the total duration of the
experiment (c. 1 month). The experimental arena consisted
of a 50 x 50 x 40 cm wire cage (mesh size 1 x 1 cm)
enabling visual contact amongst birds. This cubic cage was
placed over an artificial green turf substrate surrounded or
not by stubble. To mimic natural stubble habitat, we at-
tached cereal straw to a brown polystyrene board. The straw
was arranged in rows 12 cm apart at a density of 110 straws/
m, which was equivalent to the density measured in natural
stubble fields around our laboratory (n = 12; mean + SE;
12.4 £ 2.21 cm; 110 £ 7 straws/m). To investigate the in-
fluence of vegetation height on foraging activities, we used
two different stubble heights: O cm (no stubble) and 15 cm
in height (comparable to the height measured in 20 ran-
domly selected patches in 5 stubble fields (mean +
SE = 15.2 £ 1.87 cm; range 9.8—-17.3) in the same season.
To investigate the influence of neighbours’ distances, four
similar cubic cages were placed at three levels of separation
(0, 1 and 3 m). This led to inter-Skylark distances within the
range observed in natural Skylark foraging flocks (Powolny
et al., unpublished data). The enclosures were arranged in a
triangle surrounding the focal bird, with one non-focal bird
in each summit (Fig. 1). As food source, we used millet
seeds (Panicum miliaceum) owing to their homogeneity in
both colour (white) and size (mass = 0.007 &+ 0.0003 g;
n = 300 seeds). Only the focal birds were exposed to one
unique seed density (1,000 seeds m~2) randomly scattered
on the artificial green turf substrate. This seed density cor-
responds to the mean seed density founded in the field
during from December to March in stubble (n = 41;
mean + SE; 1,400 £ 340 seeds m_z, Powolny 2012).

Totals of 10 male and 10 female birds served as focal
individuals. All combinations of the two levels of
vegetation height and the three neighbour distances were
tested. Each focal bird experienced one replicate for each
combination of separation and vegetation height. Hence,
we conducted 120 trials. The remaining non-focal birds
were randomly assigned to complete the four-bird group
in the trials and were individually kept in identical wire
mesh cages. To avoid synchrony in behaviour (see Fer-
nandez-Juricic and Kacelnik 2004), non-focal birds were
not provided with food during tests. There were between
six and eight trials per day, but neither the focal nor the
non-focal birds experienced more than one trial in any
one day. Group composition thus varied from test to test
to avoid systematic association between partner birds and
experimental treatments. Group sex-ratio was always
equal to one, with two females and two males,
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Fig. 1 Experimental set-up showing the location of the four
bottomless enclosures placed at different distances (d = 0, 1 and
3 m), the relative position of the camera recording the behaviour of
the focal Eurasian Skylark Alauda arvensis, and the placement of the

independently of the focal bird sex. Ten minutes before
each trial, birds were transported in soft bags and were
placed in their respective cages so that they became ac-
customed to the device. The observer was hidden and
positioned approximately 10 m from the focal bird en-
closure. The behaviour of the focal bird was recorded on
a video camera placed 1 m above the ground and about
2 m from the focal bird. Based on previous experience
with a similar set-up (Powolny et al. 2012), we used
5-min trials, which started when the subjects began
pecking. Trial duration was short enough to keep the
birds foraging actively (no satiation effects were
observed).

Data collection

The behaviour of focal birds was analysed from videotapes
using an event-recording program (EthoLog 2.2; Ottoni
1996). All videos (n = 120) were analysed at 1x reading
speed after testing on a subset of trials that this speed
provided correlated results to those obtained by analyzing
the videos frame by frame (e.g. for foraging time, Pearson
correlation coefficient: » = 0.781; p < 0.01, n = 90 trials).
Using video recording, the posture of birds was analysed
for each trial. Following Whittingham and Markland
(2002) and previous work (Powolny et al. 2012), a bird was
considered to be vigilant when its head was above the
horizontal line made by its body, and not orientated to-
wards the ground. Conversely, a bird was considered as
foraging when its head was below the horizontal line and
when it actively scanned the ground or pecked. Although
head-down posture is associated with foraging behaviour,
this position may still allow vigilance (Fernandez-Juricic
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partitions. Complete black square represent the position of the focal
bird, a the position of the conspecific with a inter-individual distance
of 0 m, b the position at 1 m and ¢ the position of non-focal birds at
3 m. The dotted area represents the area where stubbles were placed

et al. 2004). Thus, we added a 5-cm-high opaque band
around the bottom of the cage of the focal bird, which
completely precluded any visual contact between a forag-
ing focal individual and its neighbours. At the end of each
trial, seeds remaining on the green turf were counted by
hand by the same person, without information about trial
conditions (inter-individual distance or vegetation height).
The corresponding values were used to calculate food in-
take rate (expressed as the number of seeds consumed
during the 5-min trial). A proxy of the foraging efficiency
was expressed as the residuals of the linear regression
(n = 120; * = 0.29) between the number of seed con-
sumed and the time devoted to actively searching for food
during the 5-min trial (Goulson et al. 2002). J.D.M. per-
formed all video analyses after extensive self-training in
analysing pilot videotapes.

Statistical analyses

We used general linear mixed models (GLMMs) to in-
vestigate the effects of vegetation height and inter-indi-
vidual distances between focal and neighbour birds, on
foraging time, intake rate and foraging efficiency. Because
focal individuals were tested for all treatment combina-
tions, models were fitted with bird identity as a random
factor, nested within sex. Analyses were separately per-
formed for each dependent variable and followed a back-
ward selection procedure starting from a departure model
that included all factors and all their two-way interactions
and a set of continuous covariates designed to control for
the conditions in which the tests were conducted (see
Table 1 for details about covariates). Starting by con-
tinuous covariates, non-significant terms at p = 0.05 were
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sequentially removed. Wherever an interaction term was
retained in a model, the two corresponding factors were
also left as main effects. Post hoc comparisons were per-
formed using Student’s ¢ tests. Foraging times were log-
transformed while both intake rate and foraging efficiency
were square-root transformed to ensure normality and ho-
moscedastcity assumptions. All analyses were performed
using SPSS software. Means are expressed +=SE.

Results

We found no evidence that the foraging behaviour of birds
varied according to date, fasting duration or the ambient
temperature experienced the night that preceded the trials
since these covariates were systematically removed during
model selection (Table 2).

Our experiment revealed that foraging time increased with
increasing vegetation height (F;9¢ = 6.37; p = 0.012).

However, while the interaction term between sex and
vegetation height was non-significant (F9¢ = 3.44;
p = 0.0606), the effect of vegetation height on foraging time
seemed to be positive for females (Fig. 2), for which foraging
time increased significantly (f = —1.83; p = 0.036) from
11.78 £ 1.59 s without vegetation to 18.08 £ 2.45 s with a
stubble height of 15 cm. Conversely, males did not show
variation in foraging time (0 cm: 15.24 £ 092 s; 15 cm:
15.02 £ 090 s; t = 1.91; p = 0.178). Without vegetation,
males allocated more time to foraging than females (+ = 1.85;
p = 0.035). Furthermore, foraging time was not affected by
neighbour distance (Table 2). Finally, the time devoted to
foraging was impacted by the body condition (individuals
with a higher body condition spent less time foraging,
Fi96 = 11.26; p < 0.001) and a two-way interaction be-
tween sex and body condition (F; g6 = 4.36; p = 0.039).
Despite the increase in foraging time, intake rate de-
creased with increasing vegetation height (F; ¢ = 7.04;
p = 0.008; Table 2; Fig. 2), from 28.03 £ 1.13 seeds/trial

Table 1 Explanatory variables entered into models for the foraging time and intake rate studies in captive Eurasian Skylarks Alauda arvensis

Variables Factor/covariate Description
Inter-individual distance Factor 0, 1 or 3 (m)
Vegetation height Factor 0 or 15 (cm)
Sex Factor Male or female

Body condition Continuous covariate
Date Continuous covariate
Minimum ambiant temperature Continuous covariate
Food deprivation Continuous covariate
Foraging efficiency

Foraging time

Intake

Residuals from linear regression (body mass ~ wing length)
In julian date (1 for 1st January)

Minimum ambient temperature the night before being tested
In minutes

Residuals from linear regression (Intake ~ foraging time)

Time devoted to actively searching for food (based on head
and bill position); expressed in seconds

Number of seeds consumed per test

Intake rate was calculated after trials as the number of seed proposed minus the total remaining seeds

Table 2 Fixed effects Variables Fixed effect Df/DfDen F values Estimates P R?
explaining variation in time
allocated to foraging, intake rate  Intake Sex Fiis 4.48 Male: 8.42  0.049* 0.52
2zgtif$asgl‘(‘;%afg°‘e“cy mn Inter-individual distance  Fj og 14.65 1: =69  <0.001%x
3: —10.08
Vegetation height Fi o8 7.04 15: —=5.32 0.008**
Foraging time Sex Fiis 1.78 Male: 0.19 0.181 0.59
Body condition Fio6 11.26 —0.10 <0.001%#**
Vegetation height Fio6 6.37 15: 0.19 0.012*
A minimal model was Sex x body condition  F o 4.36 0.039%
Eiiﬁ:vféfxzzlchtfz‘i AN, Sex x vegetation height F, o 3.44 0.066
individual identity as a random Foraging efficiency ~ Sex Fis 9.45 Male: 9.22 0.007**  0.48
effect Inter-individual distance F) og 18.16 1: —=5.14 <0.001%%:%*
Symbol of significativity: 3: —-9.83
*** P = 0; *%0.001; *0.0L; Vegetation height Fios 1213 151 —656  <0.001%#*

0.05 -
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Fig. 2 Effects of vegetation

height on average foraging time
(s) in captive Skylarks. Black
histograms represent males and &1
white histograms represent *
females. The represented effects
were controlled for co-variables
in the values plotted in the
graphs. Vertical bars standard
errors

Foraging time (s)
10 15

5
1

[ females
Hl males

on average without vegetation, to 22.72 + 1.13 seeds/trial
with 15 cm vegetation height. In addition, there was a
negative effect of inter-individual distance on intake rate
(F108 = 14.65; p < 0.001), with no interaction between
vegetation height and neighbour distance. Skylarks forag-
ing in a patch closer to neighbours consumed on average
31.05 + 1.29 seeds/trial, while those foraging in the far-
thest patch from conspecifics (i.e., 3 m) had a reduced
intake rate (20.98 4 1.29 seeds/trial). Intermediate values
were recorded at medium distance (i.e., 1 m:
24.10 £ 1.29). Skylarks significantly reduced their intake
rate at 1l m in comparison to a distance of O m
(31.05 £ 1.29; + = 2.18; p = 0.032), and between a dis-
tance of 3 m and 0 m (¢ = 3.28; p = 0.002).

We observed a significant sex effect on intake rate
(F1.18 = 4.48; p = 0.049), with males intake rate being
higher than that of females (respectively, 29.58 £ 1.04 vs.
21.17 &£ 1.05 seeds/trial; = 3.29; p = 0.001; Fig. 3).
Foraging efficiency was also influenced by sex (F 3 =
9.45; p = 0.007), inter-individual distance (F¢; = 18.16;
p <0.001) and vegetation height (F¢; = 12.13;
p < 0.001; Fig. 4; Table 2). Males showed a higher forag-
ing efficiency than females (f = 4.05; p < 0.001). Foraging
efficiency was also higher when the degree of visual ob-
struction and the distance with the conspecifics were low
(Fig. 4; Table 2).

Discussion
Using an experimental setting, our results suggest that the
behaviour of foraging Skylarks is influenced by both

vegetation height and distance from conspecifics. Birds
showed lower intake rates when the vegetation height was
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n.s.

n.s.

Vegetation height (cm)

higher and the number of consumed seeds decreased when
individuals were farthest. Similarly, the foraging effi-
ciency—measured as the number of seed consumed per
second under foraging posture—decreased significantly
with increasing vegetation height and distance from
conspecifics.

Compared with species in which individuals forage
alone, group members can benefit or suffer from aggrega-
tion either by scrounging and interference competition
(Lima et al. 1999; Sansom et al. 2008), by using infor-
mation about food location or food quality (public infor-
mation; Valone and Templeton 2002), or by benefiting
from collective detection or mortality dilution per predator
attack (Foster and Treherne 1981). Visual obstruction and
inter-individual distance should thus play an important role
in such context. Within a group, individuals may either
receive information derived from external cues, such as the
presence of potential predators, or from conspecifics.
However, in both cases collecting information will depend
on the capacity of individuals to scan their environment
and on the proximity between the other members of the
group. While it is commonly assumed that individuals gain
information about the presence and position of other group
members through visual scanning (Fernandez-Juricic et al.
2004), many aggregative animals also give frequent contact
calls while foraging (Palombit et al. 1999).

When Skylarks foraged far from conspecifics, foraging
activities were disrupted. Similar results (i.e. a lower rate
of foraging activity) have been reported for the same spe-
cies when individuals foraged alone or in small group-size
(Powolny et al. 2012) and could be interpreted as responses
to higher perceived predation risk. Detection and produc-
tion of shared information about the predator should
decline with distance from the predator. Such distance
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Fig. 3 Effect of sex (a), vegetation height (b) and inter-individual
distance (c¢) on seed intake in captive Skylarks. The represented
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Fig. 4 Effects of sex (a), inter-individual distance (b) and vegetation
height (c¢) on foraging efficiency in captive Skylarks. The foraging
efficiency was expressed as the residuals of the linear regression
(n = 120; > = 0.29) between the number of seed consumed and the
time devoted to actively searching for food during the 5-min trial. The

dependence has been experimentally demonstrated in birds
(Lima and Bednekoff 1999; Tisdale and Fernandez-Juricic
2009) and is expected to be more extreme in smaller birds
such as Skylarks because visual acuity declines with body
size (Kiltie 2000). Skylarks are thus likely to keep sight of
group members within a short distance, and they probably
monitor group members visually and adjust their

represented effects were controlled for co-variables in the values
plotted in the graphs (estimated marginal means). Foraging efficiency
data was log-transformed to normalize their distribution. Vertical bars
standard errors

movements to keep cohesiveness with other group mem-
bers in the field. While increased perceived predation risk
due to patch characteristics had strong effects on foraging,
variability exists among studies considering vegetation
height as an indication of predation risk (Verdolin 2006).
For many species, foraging in protective cover consider-
ably reduces perceived risk of predation (Caraco et al.
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1980; Rohner and Krebs 1996). Thus, low-risk habitats are
defined by the presence of cover, while the absence of
vegetation is indicative of higher predation risk. However,
and especially for species found in open habitats such as
farmland, the lack of cover may be considered as the low
predation risk habitat (see Brown et al. 1997 on Crested
Lark Galerida cristata; Butler et al. 2005a on chaffinches
Fringilla coelebs). Perhaps, the best illustration of the
differences in cover perception between species comes
from analysing variation in hedgerow use. Robinson and
Sutherland (1999) found that wintering Skylarks in the UK
depleted food resources in the middle of fields first, and
only moved closer to hedgerows once food became less
abundant in field centres. Conversely, the Yellowhammers
(Emberiza citrinella), another typical farmland bird, were
far more likely to forage close to hedgerows. These dif-
ferences between species attending similar habitats are
most likely to be explained by their different strategies in
predator avoidance. Yellowhammers seek cover to protect
them from attack and so select foraging areas close to the
hedges. Conversely, Skylarks employ very different strat-
egy by either taking to the air and attempting to out-fly
their predators or by crouching (Cresswell 1994; Butler
et al. 2005b). However, contrasting results are available
regarding Skylark habitat choice and vegetation height.
According to studies in the UK and the Netherlands,
Skylarks seem prefer some vegetation cover over bare soil
and longer stubbles over shorter stubbles (Donald et al.
2001; Butler et al. 2005b; Whittingham et al. 2006; Geiger
et al. 2014). The differences observed between these field
studies and our experimental work may be explained by the
seed abundance or diversity. In that case, the fields with
higher vegetation heights may potentially contain a more
important abundance or diversity of seed and would be
privileged independently of vegetation height when for-
aging benefits are higher (Butler et al. 2005a).
Competition is also affected by group members dis-
tance, with animals in more compact flocks often being
subject to higher levels of competition (Clark and Mangel
1986). When we investigated the change in foraging ac-
tivities in Skylarks, we showed an effect of inter-individual
distance with higher intake rate at short distances. This
result suggests no interference competition in our ex-
perimental set-up. However, the fact that conspecifics in
our experimental design were not fed during tests will
likely have affected their scanning behaviour, allowing the
focal birds to spend more time foraging. Moreover, be-
cause conspecifics were not foraging at all may have re-
duced the chances of the focal birds of perceiving cues
relative to food competition. Along similar lines, the seed
density used in our experiment (i.e., 1,000 seeds m_2) did
not translate into a limiting factor for the focal bird. In fact,
birds consumed only about 22-31 seeds per trail,
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suggesting that it seems unlikely that competition for food
was a driving factor in our experiment. Further studies are
required to explore the effects of contest competition and
food density. In our design, we used a seed density cor-
responding to an average value found throughout winter
(i.e., 1,000 seeds/m2) in such farmland landscapes
(Powolny 2012). According to Moorcroft et al. (2002) and
Powolny (2012), strong food depletion is likely to occur
within agro-ecosystems during winter and high variation
can be found in seed densities. In accordance, later in
winter, lower food density is present and may impact the
level of inter-individual competition (Cresswell 1998).
Moreover, several laboratory studies have provided evi-
dence that group foraging may increase the rate at which
food patches are located in the environment, thereby re-
ducing the per capita time spent searching for food (Krebs
et al. 1972).

In addition to vegetation height and inter-individual
distance, the body condition and the sex of birds influenced
the foraging/vigilance trade-off. Individuals with highest
body condition were also those with the shortest foraging
times, suggesting lower energetic needs and an optimiza-
tion of immediate survival by avoiding predation (Pelletier
and Festa-Bianchet 2004), whereas individuals in lower
condition favour consumption and stockpiling (Zimmer
et al. 2011).

Skylark behaviours indicate that they are trading-off
foraging considerations against the perceived risk of pre-
dation. Highly aggregative species, such as Skylarks in
winter, are better able to cope with high levels of predation
when individuals forage close to each other, and thus may be
able to gain higher intake rates as well as anti-predator
benefits. However, especially in late winter when the seed
resource becomes scarce, higher competitive levels and
social dominance may alter the foraging/predation trade-off.
Dominant birds may have greater access to food resources,
and a relationship between rank and access to feeding sites
have been suggested to result in a better survival for high-
ranking animals (Desrochers et al. 1988). Thus, further ex-
periments, including the study of food density variations and
hierarchical dominance, are needed to better understand this
trade-off in the context of group living.
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