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Abstract
To test the hypothesis that young domestic fowl perform less perch-related antipredator
behaviour with increasing group size, White Leghorn pullets were reared in four replicate groups of
15, 30, 60 and 120 at a constant density of 5 birds/m2. Each pen contained perches 20, 40 and 60 cm
above the ground. Perch space per bird per perch level was the same for all groups. It was predicted
that, with increasing group size, domestic fowl would (1) spend less time on perches (i.e. more time
down on the ¯oor); (2) be less vigilant while perching; (3) spend relatively more time preening
down on the ¯oor. As predicted, the proportion of 3- to 18-week-old birds roosting on perches
during scans throughout the photoperiod decreased with increasing group size, from 41  1:7% in
groups of 15 birds to 33  1:6% in groups of 120 birds. This effect was due to reduced use of the
lower perches; use of the highest perches was high at all group sizes. The proportion of birds
vigilant on the highest perches of those present on that perch level decreased with increasing group
size. The proportion of birds engaged in the vulnerable activity of preening down on the ¯oor
increased with group size. The frequency of transitions between ¯oor and perches was not affected
by group size but birds received more disturbances from other birds when on the top perch level in
the larger groups. Thus, the decline in vigilance on the top perch level with increasing group size
was not due to reduced disturbance from other birds. In conclusion, despite domestication and
protection from non-human predators, changes in the use of perches by young domestic fowl with
increasing group size were consistent with the antipredator hypothesis. # 2001 Elsevier Science
B.V. All rights reserved.
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1. Introduction
The antipredator behaviour of the jungle fowl (Gallus gallus), ancestor of the domestic
fowl (Gallus gallus domesticus), has been shaped by millions of years of selection pressure
from predators in the wild. Domestication of this species appears to have commenced
about 10,000 years ago (Crawford, 1990) but the birds were usually free-ranging and
exposed to non-human predators until the 1940s when production methods became more
intensive. Although, domestication has altered behaviour quantitatively, qualitatively,
domestic fowl continue to exhibit the antipredator behaviour that evolved in their wild
ancestors. For example, they roost in trees (Wood-Gush and Duncan, 1976; Wood-Gush
et al., 1978), use discontinuous vertical cover, especially when performing vulnerable
activities such as resting and preening (Newberry and Shackleton, 1997), move closer
together when performing vulnerable activities (Keeling and Duncan, 1991), alarm call
(Evans et al., 1993) and exhibit tonic immobility when restrained on their back (Gallup
et al., 1971).
Jungle fowl and feral domestic hens move in isolation from other adults when brooding
chicks and rely on vegetative cover and camou¯age for protection from predators. Brood
size varies from about 1 to 10 chicks and predation exacts a heavy toll. When the chicks are
suf®ciently developed to be able to perch up in trees, starting as early as 4±8 weeks of age,
the hens typically congregate in stable groups of about 2±10 hens with their offspring,
a dominant adult male and one or more subordinate males (Johnson, 1963; Collias and
Collias, 1967; Nishida et al., 1992). Considerable variability has been observed in the age
at which feral domestic fowl ®rst start to perch in trees, and early perching behaviour
appears to be associated with a ``roosting call'' from the hen that encourages her chicks to
¯y up into a tree to be brooded (Collias and Joos, 1953; McBride et al., 1969; Wood-Gush
et al., 1978).
By contrast, female chicks (pullets) raised for commercial egg production are
reared without adults, in groups varying from about 10 individuals to several thousand
individuals depending on the housing system. Pullets must learn how to perch if they are
destined to be housed in a non-cage layer house as adults. Otherwise, they may fail to use
nest boxes located above ¯oor level when introduced into the layer house (Brake, 1987;
Appleby et al., 1988). During rearing, there are no hens to encourage pullets to perch and
no opportunities for pullets to be brooded on the perches. Nevertheless, if exposed to
perches by 4 weeks of age, they will perch readily as adults (Appleby and Duncan, 1989;
Gunnarsson et al., 1999). The impact of group size on the development of perching
behaviour in young domestic fowl reared under commercial conditions has not been
systematically investigated.
In the wild, living in a larger group can increase the probability that a predator will be
detected early, allowing all group members time to escape (Elgar, 1989; Lima and Dill,
1990). Living in a larger group can also reduce the probability of being caught by a predator
due to a dilution effect (Hamilton, 1971) and a confusion effect (Landeau and Terborgh,
1986). Thus, vigilance tends to decline with increasing group size (Elgar, 1989; Lima and
Dill, 1990). The potential bene®t of reduced predation risk when living in a large group
must be weighed against the potential cost of increased intra-group competition for
resources. These opposing pressures in¯uence observed group sizes and antipredator
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behaviour under natural conditions (Pulliam and Caraco, 1984). In species that forage on
the ground and use trees for protection from predators, the relative time spent on the ground
and at different heights in trees has been interpreted as a compromise between avoiding
predation and foraging successfully under competition pressure (Robinson, 1981;
Stanford, 1995).
Although pullets reared for commercial egg production are protected from predators in
indoor housing, Keeling (1997) found that laying hens performed escape behaviour sooner
in response to an approaching ground predator model if they were standing on a very low
perch than if they were standing on an elevated perch. This result suggests that they had a
greater sense of security when perching above the ¯oor. If so, they may also experience a
greater sense of security when living in a larger group and, thus, spend more time down on
the ¯oor. Alternatively, larger group sizes may be associated with greater fear resulting in
increased use of perches. BilcÏÂõk et al. (1998) found that the duration of tonic immobility
was elevated in hens housed in larger groups.
The objective of this investigation was to determine the impact of group size and age on
the perching behaviour of young domestic fowl kept under indoor housing conditions with
equal resource availability across group sizes. We assumed that, in indoor housing
conditions, use of perches for vulnerable activities such as resting and preening represents
an antipredator response derived from the use of tree branches for these activities by jungle
fowl. We also assumed that the proximate mechanism motivating domestic fowl to use
perches is that they feel safer on perches than on the ground. We hypothesised that use of
perches and related antipredator behaviour would decline with increasing group size.
Speci®cally, we predicted that, with increasing group size, domestic fowl would (1) spend
less time up on perches (i.e. more time down on the ¯oor); (2) be less vigilant while
perching; (3) spend relatively more time preening down on the ¯oor.
2. Methods
2.1. Animals, housing and husbandry
We obtained female chicks of a White Leghorn strain, with intact beaks, from a local
commercial hatchery. We reared them from 1 day to 18 weeks of age in ¯oor pens in four
replicate groups of 15, 30, 60 and 120 birds. The 16 pens were arranged in randomised
blocks within a poultry house. The pen walls were constructed of plywood to a height of
1.5 m to provide a visual barrier, with chicken wire above for ventilation. The size of the
pens was adjusted between group sizes to give a constant stocking density of 5 birds/m2 in
all pens. Each pen contained four round hanging feeders, one in each corner, with the
available trough space adjusted to provide 4 cm of feeding space per bird. Pens were also
supplied with three hanging water lines, centred along three of the pen walls, providing one
water nipple per ®ve birds. The ¯oor of each pen was covered with a 5 cm deep layer of
wood shavings.
The perch units comprised three, horizontal, parallel 3 cm wide by 3 cm deep softwood rails with bevelled edges, supported by vertical legs. The three rails were arranged
in a stair-step design, 20, 40 and 60 cm above the ground, respectively, with a horizontal
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distance of 20 cm between each rail. The rails were held together at each end by a
sloping rail set at a 458 angle that was too steep for the birds to perch on. The length of the
rails was varied according to group size (0.25, 0.5, 1.0 and 2.0 m for groups of 15, 30, 60
and 120 birds, respectively) to provide a constant amount of perch space per bird in all
groups. From 3 to 12 weeks of age, there were two perch units in each pen, providing a
total of 10 cm of perching space per bird. At 12 weeks of age, two additional perch
units were added to each pen, increasing the perching space to 20 cm per bird. Each
perch unit was centred along one side of the pen, with the lowest rail towards the pen
centre.
Food (standard commercial pullet dietary regimen) and water were provided ad libitum.
The photoperiod was 23 h during the ®rst week, gradually lowered to 8.5 h by 3 weeks of
age, and raised to 10.5 h from 12 to 18 weeks of age. The mean light intensity was 5 lx at
¯oor level and 11 lx at the highest perch level. The room was heated by hot water pipes.
The temperature was 338C during the ®rst week, and gradually lowered until the birds were
12 weeks old, after which it was maintained at about 188C.
2.2. Behaviour observations
We made two rounds of behavioural observations of the birds in each pen by direct
observation from the aisle in front of each pen during each of ®ve, 3-week age periods
between 3 and 18 weeks. During each observation round, half of the pens were observed in
the morning, and the other half in the afternoon. The order of observing pens and the time
of day was balanced in a Latin square design. Observations were made by four observers
familiar to the birds. To minimise disturbance, one observer sat quietly in front of each pen
during each observation round, with only her head and shoulders protruding above the solid
pen wall. Between observations, we made frequent checks for inter-observer concordance
to ensure consistency of behaviour recording.
We made six sets of instantaneous scans of each pen during each observation round.
Each set of scans comprised the following, performed in rapid succession. First, we
recorded the total number of birds on each perch level (i.e. at 20, 40 and 60 cm above the
¯oor) and on ``other'' locations such as on the top edge of the feeders or on the wire strung
above the water lines (that was intended to deter perching on the water lines). Then we
recorded the number of birds that were vigilant (i.e. eyes open, head up alert or looking
around) at each perch level. Finally, we recorded the number of birds that were preening
(i.e. manipulating their feathers with their beak) at each perch level and on the ¯oor.
Subsequent sets of scans were made at 30 min intervals.
We made a 5 min focal sample of each of 12 individually identi®ed birds in each pen
during each observation round. These birds had been randomly selected at 3 weeks of age
and marked with aniline dye, followed by application of large numbered wing tags at 12
weeks. The order of observing the focal birds was randomised for each age period. During
the focal samples, we used a computer to record behaviour in real time. We recorded all
transitions in location between the ¯oor and the perches by the focal bird. We also recorded
all disturbances at each perch level and on the ¯oor in which the focal bird, while lying or
preening, stood for at least 1 s, fell off a perch or moved away immediately after being
bumped into or jostled by another bird.
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2.3. Statistical analysis
Data averaged for each pen over scan or focal bird and time of day were analysed using
the general linear model (GLM) procedure of the SAS Institute (1989). We used a split plot
design with group size (3 d.f.) and block (3 d.f.) in the main plot, tested against their
interaction (9 d.f.), and age period (4 d.f.) and the interaction of group size with age period
(12 d.f.) in the sub-plot, tested against the residual error (48 d.f.). We transformed the data
to arcsines or logarithms as needed to meet assumptions of normality and homogeneity. We
performed a repeated measures GLM on any variables showing signi®cant sphericity.
3. Results
3.1. Perching behaviour
The overall mean proportion of birds perching during our daytime observations was
38:0  1:92%. There was a signi®cant decline in the total proportion of birds observed
perching with increasing group size, from 41:3  1:74% in groups of 15 birds to
33:4  1:62% in groups of 120 birds (F3;9  8:63, P  0:005; Fig. 1). This group size
effect was consistent over all age periods (F12;48  1:77, P  0:081) and resulted from
lower use of the middle perches (F3;9  12:99, P  0:001) and lowest perches
(F3;9  23:44, P < 0:001) by birds in larger groups (Fig. 1). Use of ``other'' perching
locations was low and variable across group size (F3;9  7:78, P  0:007). The birds used
the upper perches at a high rate in all group sizes (F3;9  0:97, P  0:45; Fig. 1).

Fig. 1. Effect of group size on the total proportion of birds perching of those in the pen, proportion of those in
the pen at each perch height (upper, 60 cm; middle, 40 cm; lower, 20 cm) and proportion on ``other'' perching
locations such as on the water lines and feeders (mean  S:E:). Group size affected the total proportion and the
proportions on the middle, lower and ``other'' perches (P < 0:01).
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Fig. 2. Effect of age period ((1) 3±6 weeks; (2) 6±9 weeks; (3) 9±12 weeks; (4) 12±15 weeks; (5) 15±18 weeks)
on the total proportion of birds perching of those in the pen, proportion of those in the pen at each perch height
(upper, 60 cm; middle, 40 cm; lower, 20 cm) and proportion on ``other'' perching locations such as on the water
lines and feeders (mean  S:E:). Perch space was doubled prior to age period four. Age affected all of the
variables (P < 0:001).

Use of all perch locations varied with age (F4;48  10:56, P < 0:001), with the total
proportion of birds perching increasing from 27:5  1:10% in the youngest birds (3±6
weeks old) to 47:4  1:77% when the birds were 12±15 weeks old (Fig. 2). There was a
relatively large increase in perching after 12 weeks of age coinciding with the introduction
of two additional perch units. In the preceding age period, use of ``other'' perching
locations was relatively high.
Because we built longer perches for larger groups to maintain a constant perch space
allocation per bird, the maximum number of birds that could perch together on a single
perch at the each perch level varied between group sizes. The maximum number observed
perching on each perch at the preferred top level was 3, 5, 10 and 18 in groups of 15, 30, 60
and 120 birds, respectively, in the youngest birds (3±6 weeks of age) and 1, 3, 7 and 13,
respectively, in the oldest birds (15±18 weeks of age).
3.2. Vigilance
The proportion of the birds that were vigilant of those present on each perch level
declined with increasing group size only on the highest perches (F3;9  4:79, P  0:029;
Fig. 3). The proportion of birds on the middle and lowest perches that were vigilant was
relatively high and increased with increasing group size (middle perches, F3;9  2:23,
P  0:15; lowest perches, F3;9  17:83, P < 0:001; Fig. 3). These opposing trends at
different perch levels cancelled each other out when considering the total number vigilant
of those on the perch units (F3;9  0:70, P  0:57) and there was no group size by age
interaction (F12;48  1:10, P  0:39). There was a main effect of age on vigilance at each
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Fig. 3. Effect of group size on the total proportion of birds vigilant of those on perches, and the proportion
vigilant at each perch height (upper, 60 cm; middle, 40 cm; lower, 20 cm) of the total on that level
(mean  S:E:). Group size affected the proportion vigilant on the upper and lower perches (P < 0:05).

perch level (F4;48  9:10, P < 0:001). The proportion of perching birds that were vigilant
was lowest at 3±6 weeks of age (54  3:1%) and rose to a peak at 12±15 weeks
(79  2:1%).
3.3. Preening
The proportion of birds that were preening on the ¯oor of those in the pen increased with
group size (F3;9  20:52, P < 0:001) and age (F4;48  9:39, P < 0:001), especially when
the birds were older (F12;48  5:05, P < 0:001; Fig. 4). In contrast to the vigilance data, the
proportion of birds preening of those present on each perch level increased with increasing
group size on the highest perches (F3;9  4:26, P  0:039) and decreased with increasing
group size on the middle (F3;9  4:27, P  0:039) and lowest (F3;9  45:31, P < 0:001)
perches (Fig. 5). The overall proportion of perching birds that were preening was not
affected by group size (F3;9  2:19, P  0:16), or the interaction of group size with age
(F12;48  1:34, P  0:23), but did vary with age (F4;48  8:45, P < 0:001). It was highest
at 3±6 weeks of age (32  2:0%) and lowest at 9±12 weeks (22  1:8%) and 12±15 weeks
(22  1:5%).
3.4. Disturbances
The frequency of transitions between the ¯oor, the different perch levels and ``other''
perch locations was not affected by group size, age or their interaction (2:9  0:12
transitions between levels per 5 min focal sample, F  1:68, P > 0:05). The majority
of non-aggressive disturbances received by resting and preening birds occurred on the top
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Fig. 4. Effect of age period ((1) 3±6 weeks; (2) 6±9 weeks; (3) 9±12 weeks; (4) 12±15 weeks; (5) 15±18 weeks)
and group size (15, 30, 60 or 120 birds) on the proportion of birds preening on the floor of those in the pen
(mean  S:E:). There were significant group size, age and group size by age effects (P < 0:001).

perch level (Fig. 6). The proportion of disturbances received was higher in the larger groups
on the top perch level (F3;9  4:03, P  0:045) and tended to decline with increasing group
size on the middle perch level (F3;9  3:67, P  0:056). Disturbances on the ¯oor, lowest
perch level and ``other'' perch locations ¯uctuated inconsistently with age (F4;48  4:47,
P  0:004).

Fig. 5. Effect of group size on the proportion of birds preening at each perch height (upper, 60 cm; middle,
40 cm; lower, 20 cm) of the total on that level (mean  S:E:). Group size affected the proportion preening at all
heights off the floor (P < 0:05).
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Fig. 6. Effect of group size on the proportion of disturbances occurring at each perch height (upper, 60 cm;
middle, 40 cm; lower, 20 cm), on ``other'' perching locations such as on the water lines and feeders, and on the
floor of the total disturbances to focal birds while resting and preening (mean  S:E:). Group size affected the
proportion of disturbances occurring on the upper perches (P < 0:05).

4. Discussion
The strong preference for the highest perches is consistent with our assumption that use
of perches by domestic fowl in indoor housing represents antipredator behaviour. This
result is consistent with the ®ndings of Keeling (1997), who exposed laying hens to a
ground predator model, and suggests that the birds had a greater sense of security when
perching higher off the ground even in the absence of non-human predators. From the ®rst
age period (3±6 weeks), the birds used the top perch level by hopping up via the lower and
middle perches, although, perching did increase with age. The birds used the perches
without any encouragement from a mother hen. Presumably, this early perching behaviour
was related to the design of our perching ``trees''. In the wild, trees would not be as likely to
have such conveniently spaced branches leading in a stair-step fashion up to the canopy.
Also, such trees would provide an easy access route for predators and would presumably
not be selected as roosting sites by adults in the wild. That young domestic fowl reared
without adults make use of relatively low and easily accessible perches in indoor housing is
well known, although, the propensity to perch varies between strains and individuals (Faure
and Jones, 1982; Appleby and Duncan, 1989; Newberry et al., 1995; Fiscus-LeVan et al.,
2000). The proportion of birds perching during our scans was within the range of daytime
perch use reported for adult laying hens (25%, Appleby et al., 1992; 32±37%, Appleby and
Hughes, 1995; 30%, Abrahamsson et al., 1996; 47%, Carmichael et al., 1999).
As predicted, perch use decreased with increasing group size. This effect of group size
was independent of stocking density and occurred at all ages under conditions in which the
¯oor space allocation per bird was generous. Therefore, the birds in our study were not
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``forced'' to use the perches due to inadequate space on the ¯oor, although this may happen
at high stocking densities (Hughes and Elson, 1977).
There was a relatively large increase in perch use after 12 weeks, and a drop in the use of
``other'' perch locations, coinciding with the doubling of perch space from 10 to 20 cm per
bird. The ``other'' perches (the wire over the water lines and edges of the feeders) could be
considered more costly perching sites because they were narrow and swung in response to
bird movement, resulting in birds tending to lose their balance and falling off them. These
results suggest that the availability of space on ``preferred'' upper perches was a limiting
factor, especially at 9±12 weeks and for birds in the smaller groups that were more
motivated to use the perches. Upper perch space limitation probably explains why the
reduction in perch use with increasing group size was observed at the lower and middle
perch levels but not at the upper level.
From a practical perspective, Appleby (1995) suggested that 14 cm of perch space per
bird was suf®cient for adult laying hens in cages provided with a single short perch between
two walls. In loose-housing systems where multiple perches are provided at different
levels, our results indicate that emphasis should be placed on upper perch space, with lower
perches being provided for access to upper perches and other resources. We only observed
perching behaviour during the daytime. At night, almost all the birds will perch if
suf®cient, accessible perch space is available (Appleby, 1995; Appleby and Hughes,
1995; Abrahamsson et al., 1996). Based on the maximum numbers of birds that we
observed perching together on a single perch at the top level and averaging over all group
sizes, it appears that about 10 cm of accessible upper perch space per bird would have been
required for all birds to perch at the upper level at 3±6 weeks of age (range 8±11 cm), and
about 18 cm would have been needed at 15±18 weeks of age (range 14±25 cm). The precise
amount of perch space used varied with perch length because a bird could not make use of
vacant perch space that was less than her full body width unless, perhaps, it was located at
the end of a free-standing perch. The above numbers are based on apparent full occupancy
of perches during the daytime. We cannot discount the possibility that birds would squeeze
together tighter on perches at night.
Vigilance is usually reported in the context of foraging and, to our knowledge, has not
previously been investigated in birds while resting on perches away from a food source.
Given the ease of obtaining food and water, the birds in this experiment could be
considered to have had considerable spare time for vigilance (Illius and Fitzgibbon,
1994), unlike wild animals that pay a cost for vigilance by having less time for other
activities such as foraging (Berger, 1978). Vigilance may be attributed to monitoring
conspeci®cs, monitoring for food or monitoring for predators (Robinson, 1981). A report
on monkeys indicated no effect of group size on within-group surveillance (Treves, 1999).
If our birds were primarily monitoring conspeci®cs when vigilant, we would expect
vigilance to increase with group size as occurred on the lowest perches. However, we
observed the opposite trend for birds on the upper perches, among whom vigilance
declined with increasing group size as is typically reported in wild animals monitoring for
predators (e.g. Cresswell, 1994). Although, the frequency of transitions between ¯oor and
perches was not affected by group size, birds in the larger groups received more
disturbances from other birds when on the top perch level. Thus, the decline in vigilance
with increasing group size on the top perch level occurred despite greater disturbance from
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other birds. This result is consistent with monitoring for predators rather than within-group
surveillance. The greater frequency of disturbances in larger groups was probably due to
the increased numbers of birds on the longer perches provided to larger groups. It is
unlikely that monitoring for food affected vigilance in our experiment. Food was available
ad libitum in predictable locations and should have been accessible to the same extent in all
group sizes because all groups had the same amount of feeder space per individual.
With regard to vigilance associated with monitoring for predators, it is unclear how birds
should respond to predation risk in an indoor enclosure with solid walls to a height of 1.5 m,
wire mesh above, a solid ceiling and exposed perches without surrounding foliage. The
birds were not exposed to overhead movements that could signal an approaching aerial
predator. Observer presence could have been a source of perceived predation risk,
although, it appeared that the birds paid minimal attention to people unless they entered
the pen. We did not control for observer proximity or distance of perches from walls. We
did, however, control for other potentially confounding factors in studies of vigilance,
including age, sex, temperature, availability of food, ¯ock density and actual predation risk
(Elgar, 1989).
Theoretically, the amount of vigilance required per animal to detect predators declines as
group size increases. This reduced need for vigilance allows animals to perform other
activities during the time that would otherwise be spent in vigilance. The bene®t of reduced
time spent vigilant in a larger group is high when comparing relatively small groups but
reaches an asymptote above which there are diminishing returns from being in even larger
groups. Theoretical models, and some experimental data, suggest that the greatest bene®ts
in terms of reduced vigilance occur as group size increases from two, to about 5±10,
animals (e.g. Berger, 1978; Dehn, 1990). Although our group sizes were above this range,
we found that, in our larger groups, synchronisation of preening and perch use occurred at a
local level among neighbouring birds rather than over all birds in the group (Keeling et al.,
2001) and the same probably applied to vigilance. When considering vigilance as a
proportion of the numbers of birds present locally on each perch, the numbers were in the
range where the strongest group size effects on vigilance would be expected. It is possible
that there were edge effects on heavily occupied perches such that birds on the ends of
perches were more vigilant than those in the centre, as reported for other species (e.g.
Robinson, 1981). If so, we would predict higher vigilance in the smaller groups due to the
shorter perches in those pens. Our results are consistent with this prediction for birds on the
upper perch level.
The proportion of birds preening on the ¯oor increased with group size and age,
suggesting that older birds in larger groups were more likely to feel suf®ciently safe to
engage in vulnerable activities on the ¯oor. It appeared that birds in larger groups either
moved straight up to the preferred top perch level to rest and preen or stayed on the ¯oor
whereas, because birds in smaller groups were more motivated to get off the ¯oor, they
made use of lower perch levels to rest and preen when the top level was occupied. Although
the birds had ample opportunity to habituate to their predictable indoor environment,
predatory attacks usually occur by surprise and birds should not take risks unless they are
energetically compromised, which was not the case in our birds. In evolutionary terms,
conservatism in the rate of loss of antipredator behaviour under conditions of relaxed
predation pressure might be expected. Given the relatively limited number of generations
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that have passed since most domestic fowl kept for commercial egg production have been
fully protected from non-human predators in indoor housing, one would still expect to ®nd
that their antipredator behaviour follows patterns evolved under pressure from wild
predators. The changes in the perching behaviour that we have observed in young domestic
fowl with increasing group size are consistent with those hypothesised to result from
predation pressure in wild animals.
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