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Chickenswere originallydomesticatedfrom the red jun-
glefowl (Gallus gallus spadiceus), a harem-polygynous
species that lives in flocks of 4 to 30 adults (Mench &
Keeling, 2001). Despite domestication over 8,000 years
ago, the behavior of domestic birds living a feral exis-
tence is remarkably similar to that of their wild progeni-
tors. In a study of domestic birds released onto a remote
Scottish island, it was found that all the behavioral ele-
ments observed in junglefowl were still present in the be-
havioral repertoire of domesticated birds (Wood-Gush &
Duncan, 1976).

Under natural conditions,fowl live in brush and forest in
small mixed-sex groups, guarded by a dominant cockerel
(McBride, Parer, & Foenander, 1969). Social facilitation
of behavior within the group is notable, and behaviors
such as foraging, dustbathing, preening, or resting are
often performed at the same time by birds in close prox-
imity (Lundberg, 2002). Birds within a group communi-
cate with a diverse set of complex calls, postures, and
displays (Wood-Gush, 1971). The fowl has a vocal reper-
toire of at least 31 different calls (Wood-Gush, 1971),
many of which appear to transmit information about
predator presence and type, or about food availability
and quality (Evans & Evans, 1999; Evans & Marler,
1994). Other calls are associated with situations such as
the thwarting of feeding or nesting behavior (Zimmerman
& Koene, 1998).

In a varied environment, domestic fowl select a mixed
diet of seed, fruits, vegetation, and invertebrates. The

chicks do not have an innate ability to recognize such a
diverse array of food types and initially peck at food and
nonfood items alike, and they have to learn which items
are worthwhile to ingest (Hogan, 1984).The consequences
of ingestion play little part in the initial development of
food discrimination, so social learning is functionally of
great importance at this time.

As these birds mature, their smell and taste perception
is refined and they become active foragers. Semi-wild jun-
glefowl spend over 90% of their active time eating, ground
pecking, and scratching for food (Dawkins, 1989). This
propensity to forage within a stable, communicative, in-
teractive group provides an ideal environment for social
learning about food. However, older birds appear to inte-
grate informationarising from observationof conspecifics
with their own information about food palatability.

The first part of this review focuses on the changing
ways in which social learning is used to acquire infor-
mation about food palatability during the lifetime of a
chicken. In early life, chicks are especially sensitive to
social guidanceabout which foods they should and should
not ingest. As these birds age, their developing cognitive
abilities provide a basis for delayed social learning about
food appearance and location. In the older birds, experi-
ence acquired via individual associative learning plays a
more important role, but evidence that social learning in-
teracts with innate predispositions (e.g., to avoid certain
food colors) to modify feeding behavior is reviewed here
as well.

The second part of this review considers how new be-
haviors are acquired in adult domestic fowl and, in par-
ticular, how social relationships between birds influence
the probability of social transmission. In chickens, ag-
gressive interactions between adult males and females
are rare, and separate single-sex dominance hierarchies
are formed in early life. Adult-female dominance hierar-
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behaviors in this economically important species are briefly considered.
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chies can be extremely stable over time. Status is af-
fected by individual physical characteristics, hormonal
status, and recent individual experience of victory or de-
feat (Mench & Keeling, 2001). Intriguingly, hens are
also influenced by observation of agonistic interactions
between flock mates. Hens will attack an unfamiliar hen
if they have seen a flock mate defeat that stranger, but
not if they have seen the stranger defeat the flock mate
(Hogue, Beaugrand, & Laguë, 1996). Aff iliative behav-
ior is also shown among hens, with preferences for par-
ticular others not necessarily dependent on social status
(Mench & Keeling, 2001). These social characteristics
make chickens an ideal species in which to examine di-
rected social learning.

Social Transmission of Food Preferences
Hen:chick interactions. The behavior of the hen is

important in encouraging chicks to peck at edible items,
because during the first few days of life, pecking behav-
ior is not particularly sensitive to positive reinforcement
from ingestion of feed and therefore provides little sup-
port for conventional associative learning.

Junglefowl hens attract their young to food with a
complex behavioral display, consisting of staccato food
calls and pecking movements directed toward food items
on the ground (Sherry, 1977; Stokes, 1971). Hens give
both more intense and longer food calls in the presence of
high-quality food items (Moffatt & Hogan, 1992). Simi-
lar maternal displays occur in hens of other Gallinaceous
species, such as white-tailed ptarmigan (Lagopus leucu-
rus), that emit unique vocalizations when specific, rela-
tively high-protein, foods are encountered(Clarke, 1998).

The behavior of the hen attracts chicks to the area
where the hen is feeding, with chicks responding more
quickly to displays indicating high-quality food (Moffatt
& Hogan, 1992). Although it seems obvious that the
mother must be a major influence on development of
food preferences in the young, surprisingly few studies
have examined the nature of this influence or compared
the learning behavior of chicks exposed to alternative so-
cial demonstrators. An exception is to be found in the
work by Gajdon (2001), who compared groups of hens
and chicks when the hens had been trained to eat either
red or green food in a test arena. The hens’ food prefer-
ences were transferred to their chicks and were main-
tained even when the chicks were later tested separately
from the hens. The exact mechanisms that support this
type of social learning in chicks are not known, but clearly
the hen’s behavior functions to draw the chicks’ attention
to edible or profitable food sources.

Food calling in maternal hens is modulated by social
context. The hen does not perform a food-callingdisplay
in a stereotyped and fixed fashion when she encounters
a profitable food item. The sight of young chicks inhibits
maternal feeding and prolongs display (Sherry, 1977),
and in natural conditions, the maternal display of jun-
glefowl hens is intensified when chicks move too far
away or fail to respond (Stokes, 1971). Also, in experi-

mental conditions, hens vocalize longer and give more
food calls when chicks are visible but are physically sep-
arated from the hen than when the chicks are free to in-
teract with the hen (Wauters, Richard-Yris, Pierre, Lunel,
& Richard, 1999); this suggests that hens are sensitive to
the proximity and behavior of their chicks during the
time that chicks are learning what to eat and what to
avoid. It is interesting to consider whether this sensitiv-
ity is sufficient to attach the label “teaching” behavior to
hens’ maternal display.

One aspect of Caro and Hauser’s (1992) definition of
teaching was that teaching behavior should occur only in
the presence of a naive observer and at some cost, or
least without immediate benefit, to the teacher. Caro and
Hauser further drew a distinction between f ixed and
flexible “teaching” behavior, arguing that without being
sensitive to changes in offspring behavior, maternal be-
havior might vary rigidly as a function of time since par-
turition. To demonstrate flexible maternal behavior, it
would be necessary to show that a mother’s response
could be adjusted in functionally relevant ways in re-
sponse to the existing skill level of her offspring, rather
than according to some more global cue such as off-
spring age. An experimental paradigm to do just this was
designed by Nicol and Pope (1996). The aim of their ex-
periment was to determine whether maternal display of
broody domestic hens was modulated, not only by the
sight and proximity of chicks, but also by an assessment
of whether chicks had acquired relevant or correct infor-
mation about the edibility of food items.

Twelve broody hens were housed together with their
chicks, except during feeding sessions that occurred four
times daily, when the hens and chicks were placed in sep-
arate feeding pens. The hens were trained that feed of
one color was palatable and that feed of a different color
was unpalatable. The chicks from each brood were di-
vided into two groups of equal size and fed separately.
One group of chicks received one dish of palatable and
one dish of unpalatable feed, coded with the same colors
that the hen had been trained on. The other group of
chicks received one dish of palatable and one dish of un-
palatable feed, coded with the opposite colors of those
used with the hen, ensuring that the chicks in that group
learned to feed on food of a color that their mother had
been trained to avoid. In subsequent test sessions, each
broody hen observed the feeding behavior of her two
groups of chicks on alternate days, with color and order
counterbalanced across hens.

Although there were no significanteffects on the broody
hens’ vocalization, other aspects of the maternal display
including food pecking, food dropping, and food scratch-
ing were significantly increased when the hens observed
chicks that were making apparent errors. The intensity of
the maternal display was increased, not in response to
any actual chick disgust reaction to unpalatable food, but
in response to the combined assessment of the hen of her
chicks’ feeding behavior and her own information about
food palatability. Such intense displays increase the speed
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at which chicks approach the mother and attempt to peck
at the food she is demonstrating (Moffatt & Hogan, 1992).
The results of Nicol and Pope’s (1996) study suggest that
intensity of maternal display may function not only to at-
tract chicks to profitable food items, but also to redirect
their attention away from harmful or nonprofitable items.

Interactions between young chicks. Under natural
conditions, very young chicks direct most of their atten-
tion toward the hen. Maternal display appears to encourage
chicks to peck more frequently at demonstrated items,
and it may well be that the chick is hardwired to respond
by increasing its own pecking in response to this. No
work has been done to determine whether chicks are able
to inhibit pecking at items that a hen avoids, and there
are no anecdotal reports of such inhibitory behavior.
There is, however, some evidence that chicks can inhibit
pecking after observing deleterious experiences of their
brood mates (Johnston, Burne, & Rose, 1998). Such an
ability would appear to confer an important advantage,
but it is not a trait distributed widely throughout the an-
imal kingdom. In Norway rats, for example, social learn-
ing does not lead directly to avoidance of potentially
harmful foods (Galef, 1996).

Social learning of food avoidance is likely to depend
on the balance of selective pressures varying as a func-
tion of the toxicity and frequency of encounter of poten-
tial poisons, and on the likelihood of social interaction
during or after a harmful encounter. It is noteworthy,
then, that day-old chicks avoid pecking at an aversive
stimulus after observing the disgust responses of another
chick (Johnston et al., 1998). Using a one-trial passive
avoidance task, demonstrator chicks were presented with
a bead coated in bitter-tasting methylanthranilate (MeA).
Having pecked once at the bead, the demonstrator chicks
showed a disgust reaction that included rapid head shak-
ing, beak wiping, calling, and subsequent avoidance of
similar beads. A marked effect of observation was found,
with similar levels of pecking inhibition toward the beads
shown by both the demonstrator and the observer chicks,
that lasted at least 24 h. In contrast, when the demonstra-
tor chicks had pecked at a water-coated bead, or if the
demonstrator chicks were trained out of sight of the ob-
server chicks, there was no apparent avoidance of the
beads by the observer chicks.

These results suggest that observational conditioning
may be an important mechanism governing early acqui-
sition of feed preferences in young chicks. It should be
noted that the young chick is very different from the
adult bird. Because the reward of food ingestion is not
strongly involved in pecking motivation in juveniles
(Hogan, 1984), chicks may be more attentive to behav-
iors of conspecifics, and less attentive to their own ex-
periences of ingestion, than older birds. In addition,
chicks may also react more to the general releasing fea-
tures of stimuli than older birds do. For example, chicks
but not adults will peck preferentially at stimuli that have
been indicatedby an automated moving arrowhead (Nicol
& Pope, 1992; Suboski & Bartashunas, 1984). Such re-

sults suggest that social learning in older birds will occur
only in the presence of relatively complex or naturalistic
stimuli and will be accompanied by an evaluation of in-
dividual experience.

Interactions between older chicks. After the first
week of life, chicks tend to move away from their mother
and explore on their own. At this time, brood mates be-
come potential, although probably less accomplished,
food discoverers than the hen. Correspondingly, social
influences on feeding appear to shift from imprinting-
type mechanisms toward more flexible forms of learn-
ing where both social transmission and individual asso-
ciative learning are involved.Gajdon, Hungerbühler, and
Stauffacher (2001) studied 2- to 8-day old chicks kept in
small groups. The aim of the study was to determine
whether groups of chicks containing a knowledgeable
demonstrator would develop more successful foraging
behavior than would groups of chicks with a naive demon-
strator, and whether both groups would develop similar
food preferences. A test arena was constructed where
caches of red or green food were hidden and the pres-
ence of caches was indicated by either red or green three-
dimensional markers. Demonstrator chicks either were
trained to feed from one of the two types of marked lo-
cations, or were naive. After training, each demonstrator
was released into the test arena with a group of 4 naive
observers. The total amounts of food consumed varied
among treatments. Both on trials when their demonstrator
was foraging with them, and on subsequent trials when
they foraged alone, chicks paired with trained demonstra-
tors consumed more food than chicks paired with naive
demonstrators. It is difficult to establish the mechanisms
of social transmission in experiments if a demonstrator
is free to interact with observers. In a second experiment,
Gajdon et al. introduced a demonstrator compartment
into the test arena to examine the effects of access to a
demonstrator on the behavior of observer chicks.

Demonstrators were trained to eat red food next to a red
cache marker. Two observationconditionswere compared:
a restricted condition, where observers could watch a
demonstrator through a Perspex screen, and an unre-
stricted condition, where observers could enter the com-
partment and eat with the demonstrator. After 10 min,
the demonstrators were removed from the test arena, and
the observer chicks were free to forage for food. No sig-
nificant difference was found in the time taken for chicks
from the different groups to find food, and all chicks found
and ate more red food than green, even though green
food was generally preferred in Experiment 1. The pref-
erence for red food shows that chicks can learn by visual
observation, in the absence of direct contact with a
demonstrator either during the demonstration session or
during the foraging test session. However, the restricted
condition resulted in less successful foraging according
to some measures. Some groups of birds from the re-
stricted condition were never successful at the foraging
task, and other groups showed longer latencies to find
food than did groups from the unrestricted condition.
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Interactions between juvenile birds. Older gallina-
ceous birds feed gregariously, providing a good model
for examining social learning of food preferences. At
about Day 11 of life, chicks show a sudden peak in move-
ment out of sight of the mother (Vallortigara, Andrew,
Sertori, & Regolin, 1997) and a similarly timed viewing
bias toward the left eye, resulting in an almost exclusive
involvement of the right hemisphere in visual process-
ing (Dharmaretnam & Andrew, 1994). Experience of the
disappearance and reappearance of objects during this
sensitive phase for the development of spatial memory is
crucial. Without such experience, chicks are significantly
hampered in their ability to remember the location of
hidden objects (Freire, Cheng, & Nicol, 2004; Freire &
Nicol, 1999). Development of spatial memory at this age
enables chicks to forage more effectively and may be es-
sential for effective social learning based on local or
stimulus enhancement, particularly when there is a sig-
nificant delay between the demonstration and the chance
to respond.

McQuoid and Galef (1992) showed that junglefowl
chicks 21–28 days old were attracted to particular marked
feeding dishes or to particular pen locations 48 h after
they had observed conspecifics feeding from the same
type of dish or in the same location. When observers
were unrewarded in their foraging behavior during test
sessions, only some birds pecked, and those that did peck
did so for only a few seconds. However, when food rewards
were introduced into test sessions, observers directed
sustained pecking to sites where they had previously ob-
served demonstrators feeding, even though equally re-
warding, but nondemonstrated, sites were also available.
Both prior observation of a demonstrator and reward
during the test procedure influenced the social transmis-
sion of feeding preferences in these older chicks, con-
firming that interactions between stimulus enhancement
and individual associative learning occur.

Similar effects were observed when, rather than ob-
serving live demonstrators, junglefowl chicks were ex-
posed to video images of demonstrators feeding from
marked bowls. Social learning from the video images
was increased when both visual and auditory informa-
tion were available and when the demonstrators were
filmed feeding from the bowl rather than being active
elsewhere or being inactive (McQuoid & Galef, 1993).
Furthermore, social learning was not significantly dis-
rupted by allowing birds to feed during video observa-
tion sessions (McQuoid & Galef, 1994).

It was not an aim of these experiments to determine
whether the moving images of conspecificswere perceived
as equivalent to real birds, and McQuoid and Galef (1993)
suggested that any vertical movement in the vicinity of a
food dish might be as effective as the sight of a feeding
conspecific in influencing feed preferences. Subsequent
work on perception of video images by domestic fowl has
shown that complex video images are not perceived as
equivalent to real stimuli, and generalizationduring probe
trials from video images to real stimuli or from real stim-

uli to video images is poor. However, certain features of
video images, such as color, are perceived as equivalent to
the real thing, and birds will then generalize between
media (Patterson-Kane, Nicol, Foster, & Temple, 1997).

In a recent experiment, Sherwin, Heyes, and Nicol
(2002) examined the extent to which social learning in-
fluenced formation of food preferences and aversions in
adult 9-week-old laying hens. The aim of Sherwin et al.’s
first experiment was to determine whether observer hens
could learn to avoid pecking at a colored food that elicited
a “disgust” reaction in a conspecific. A circular apparatus
was designed that allowed 8 observers at one time to see
the feeding behavior of a demonstrator placed in the cen-
ter of the apparatus. In total, 32 observers saw demon-
strators exhibit “disgust” reactions to unpalatable food,
and 32 observers saw demonstrators eat normal food.
Immediately after the observation sessions, observers
were separated visually from each other and given two
bowls of palatable colored feed, with one of the colors
matching that just demonstrated.

During the observation sessions, all the demonstrators
pecked at the feed, but the amount of food that they in-
gested was highly variable between demonstrators, and
there were no significant treatment effects on peckingbe-
havior. However, the demonstrators given unpalatable
feed performed much beak wiping, a behavior that was
seen rarely in demonstrators given standard feed, and
they also performed twice as many head shakes as did the
demonstrators given standard feed. Despite such clear
differences in demonstrator behavior, the observer hens
showed no avoidance of the colored food that had previ-
ously elicited a disgust reaction in their demonstrators.
This result contrasts with that of Johnston et al. (1998) in
a way that may somehow be related to age change. Possi-
bly, young chicks, while developingan overall framework
for classifyingparticles as edible or inedible, are sensitive
to the consequences of the feeding behavior of others,
and this sensitivity is reduced as the chick matures and
the consequences of ingestion become integrated via in-
dividual associative learning. Alternatively, information
available to observers differed between the experiments
of Sherwin et al. (2002) and Johnston et al. The chicks
used as demonstrators by Johnston et al. showed a disgust
reaction accompanied by inhibition of pecking. In con-
trast, the adult hens used as demonstrators by Sherwin
et al. showed a disgust reaction accompanied by contin-
ued pecking at the feed, thus providing potentially con-
flicting information.

In a second experiment, using the same apparatus,
Sherwin et al. (2002) turned their attention to a study of
whether social learning facilitated acquisition of prefer-
ences for different-colored foods. In this experiment, ob-
servers saw demonstrators not feeding, feeding on nor-
mal food, or feeding on “highly palatable” feed. There
were no treatment effects on total amount of food con-
sumed by the observers during the test. However, there
was a positive correlation between the pecking rate of
the demonstrators and the proportion of feed of the
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demonstrated color eaten by their respective observers.
When this effect was examined more closely, it was ap-
parent that there was an interaction with actual food
color. The effect of a highly palatable demonstration in-
duced birds to eat red food, which they otherwise tended to
avoid. The interaction between observational experience
and food color suggests that social learning in chickens
might be important in overcoming unlearned aversions
to particular colors that tend to signal unpalatability in
nature (Guilford & Rowe, 1996).

Acquisition of New Skills by Adult Hens
The possibility that domestic fowl might learn new re-

sponses socially was first examined by Cronhelm (1970).
She provided evidence that observation of a trained
demonstrator facilitated acquisition of an instrumental
discrimination task in domestic chicks, but interpreta-
tion was difficult because the learning times of observers
were compared directly with those of demonstrators,
even though the observers were given more time to adapt
to the experimental situation.

Johnson, Hamm, and Leahey (1986) studied acquisi-
tion of a simple instrumental keypeck response in adult
chickens. Chickens that had observed a demonstrator re-
sponded earlier and more frequently on a subsequent au-
toshaping test than did chickens that had only observed
correlations between keylight and food hopper operation
or chickens that had had no observational experience.
However, Johnson et al.’s (1986) experiment did not in-
clude a control for the simple presence of another chicken
during observation sessions. Fear reduction resulting
from the presence of a conspecific may have increased
observer attention to keylights during the observation
sessions or may have facilitated performance during the
autoshaping test. Rigorous experimentaldesign is needed
to ensure a true demonstration of social learning, rather
than an artefact due to some more general process (Zentall
& Galef, 1988).

The duplicate-cageprocedure has been the most widely
used method of investigating social acquisition of new
skills in the laboratory. Nicol and Pope (1992) used this
method to investigate social influences on acquisition of
discriminatory keypecking in adult hens. Demonstrator
hens were pretrained to peck one of two differently col-
ored keys to obtain access to a food hopper. Observers
were randomly allocated to conditions where the re-
sponse chamber was occupied by a trained demonstrator,
an untrained bird, or, to control for the effects of mere
social presence, no bird at all. During the test phase,
birds that had observed a trained demonstrator spent
more time facing the keys, performed more keypecks
and showed a significant bias toward pecking the same
color key as that pecked by their respective demonstrators.

In a second experiment with the same procedure and
apparatus, effects of observing a live, trained demon-
strator were compared with those of observing an artifi-
cial rod “pecking” at a key and opening the door to the
food hopper. In subsequent tests, birds that had observed

rod pecking failed to peck at the keys when placed in the
response chamber, whereas birds that had observed live
demonstrators pecked at the keys and again showed a
significant bias toward pecking the same color key as
that pecked by their respective demonstrators. The re-
sults also showed that the presence of an untrained bird
in the response chamber during observation sessions had
no significant effect on response acquisition. Thus, the
results cannot be explained by postulating a simple de-
crease in isolation-induced fear or by a similar process.
The fact that the artificial rod was unsuccessful in in-
ducing keypecking in observers shows that something
about the behavior of the demonstrators was important in
facilitating response acquisition in observers. Candidate
mechanisms might be stimulus enhancement, observa-
tional conditioning, or imitation.

In an attempt to ensure the external validity of the
laboratory-based studies, rather than pursue investigations
into the mechanisms of social learning, Nicol and Pope
(1993, 1994) turned their attention to contextual factors
influencing social learning in adult laying hens. One fea-
ture of the classic experimental procedure is to deprive
both demonstrator and observer animals of food before
both observation and test sessions. The rationale for de-
privingobservers is that motivational state determines the
stimuli to which animals will attend (Dorrance & Zentall,
2001). However, in a social learning context, food depri-
vation could cause a bird to attend more to the food itself
than to the method being used to obtain that food. If so,
food deprivation might actually be counterproductive.
Alternatively, if food deprivation is essential for response
acquisition, it would suggest that social learning may be
relatively rare under natural conditions,where background
motivational factors are not controlled.

To examine these issues, Nicol and Pope (1993) com-
pared the behavior and performance of food-deprived
and nondeprived observers in a duplicate-cage proce-
dure. As in the previous experiment, birds paired with
untrained demonstrators during the observation session
made almost no keypecks when placed in the response
chamber. The behavior of birds paired with trained
demonstrators was then examined. It was found that non-
deprived birds performed more pecks to the food hopper
and showed a greater bias toward the key that their
demonstrator had pecked than did birds that had been de-
prived of food for 4 h during observation sessions. The
overall results suggested that food deprivation before ob-
servation sessions had a mild inhibitory effect on subse-
quent response of hens, possibly because nondeprived
birds were more attentive to details of their demonstrators’
behavior.

In general, the acquisitionof environmental information
obtained through exploration, sampling, and vigilance is
increased under conditionsof satiation (Inglis & Ferguson,
1986; Krebs, 1980). This study suggests the same may
be true for the social acquisition of information.

It is worth considering other ways in which the tradi-
tional duplicate cage procedure may or may not facili-
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tate social learning in domestic fowl. Separation of
demonstrator and observer by a wire-mesh or Plexiglas
partition during training is clearly useful. Despite the
fact that removal of a partition improves social learning
in marmosets, thereby allowing observers to gain a bet-
ter view of the demonstration (Caldwell & Whiten, 2003),
the same does not appear to be the case for hens. In an
experiment where the partition separating demonstrator
and observer hens was removed, thus allowing small
groups of observers to interact more closely with a trained
demonstrator in the response chamber, the response rate
of demonstrators declined dramatically. Some demon-
strators attempted to defend the key area and threatened
observers. Others were rapidly displaced by dominant
scroungers (Barnard & Sibly, 1981) that were attracted
by the initial availability of food (Nicol & Pope, 1999).

It has been implicitly assumed in most experiments on
social learning in domestic fowl that vision is the sense
most likely to mediate the transfer of information. Birds
have well-developed color vision and good visual acu-
ity. Thus, the assumption may be well founded, although
it is worth noting that the auditory and olfactory senses
of birds are more sensitive than is often realized. Also,
little account is taken in most experiments of the ways in
which bird vision differs from our own. For example,
Dawkins (2002) showed that hens view distant objects
laterally, but closer objects frontally. Birds’ ability to see
in the ultraviolet spectrum, and their very limited eye
movements, can affect their behavior in experimental
settings. However, it is birds’ visual responses to novelty
that are most relevant in the context of social learning.
Many birds have asymmetries in eye function, and it has
been shown that domestic fowl use the left eye preferen-
tially for viewing novel objects (Dharmaretnam & An-
drew, 1994; Vallortigara & Andrew, 1991). In addition,
the retina of domestic fowl may be composed of com-
partmentalized, specialized areas, suggesting that the
swinging movements of the head made by hens when
they encounter novel objects may be designed to bring
the object under the scrutiny of the most effective part of
the retina (Dawkins, 2002). Aspects of the duplicate
cage procedure commonly used in laboratory experi-
ments on social learning may not allow birds to express
their full range of investigative behaviors.

Directed Social Learning
An assumption behind some theoretical models of so-

cial learning is that social interactions occur at random
within the population, and that social transmission prob-
abilities between all pairs of animals are equal (Coussi-
Korbel & Fragaszy, 1995). In reality, social learning is
likely to be influenced by factors that produce biased
transmission of traits through a population. Observers
that use cues about demonstrators to choose which
demonstrator to attend to will provide a source of indi-
rect bias in transmission probability (Boyd & Richerson,
1985). The term “directed social learning” has also been
used to describe how social transmission probabilities

are influenced by the social structure of the group, re-
sulting in uneven transmission of information or skills
through the group (Coussi-Korbel & Fragaszy 1995; La-
land, Richerson, & Boyd, 1996). Differences in the ex-
tent to which naive individualsare able to approach more
skilled individuals, and differences in attentiveness to
particular others are likely to result in heterogeneity be-
tween group members in the acquisition of new skills
and information (Fragaszy & Visalberghi, 1996). Hori-
zontal transmission between animals of the same age is
thought to be adaptive when transmitted information is
of transient value, as when different foraging strategies
are exploited in response to temporary local variations
in the environment (Laland et al., 1996). However, even
among groups of animals of similar age or experience,
some individuals may be more salient or influential
demonstrators than others even if there are no differ-
ences in their levels of skill, performance rates or values
as a predictor of reward.

When studying small flocks of laying hens, Nicol and
Pope (1994) found that facilitation of social learning of
a keypeck response to obtain food was greater when a
dominanthen was used as a demonstrator than when a sub-
ordinate hen was so used. In Nicol and Pope’s (1994)
study, 12 flocks of 8 laying hens were observed during a
2-week period before the social learning experiment
began, all dyadic agonistic encounters were recorded, and
a dominance rank order for each flock was constructed.
Flockswere then randomly allocated to one of four demon-
strator treatments that differed in the type of demonstra-
tor selected: (1) the most dominant member of each
group selected as demonstrators, (2) the most subordi-
nate member of each group selected as demonstrators,
(3) unfamiliar birds from a different populationof laying
hens, of unknown social rank, selected as demonstrators,
or (4) no demonstrator. Although there were no signifi-
cant differences in the performance characteristics of the
different demonstrators, most correct keypecks were
made by observers that had seen dominant demonstra-
tors. One possible reason for the greater effectiveness of
dominant hens might be that they simply provide a more
striking or noticeable presence during the performance
of specific behaviors. For example, dominant birds
might be bigger, adopt a taller body posture, or peck with
greater force. However, this line of reasoning was not
supported by the inclusion, in a second experiment
(Nicol & Pope, 1999), of some flocks exposed to trained
cockerels as demonstrators. Despite the fact that the
cockerels were larger, socially dominant to the hens, and
appeared to peck the key more forcefully, exposure to the
cockerels resulted in little social learning in the hens,
and all types of pecking were low when the observers
that had seen cockerels were tested in the response
chamber.

An alternative explanationof the greater effectiveness
of dominant hens as demonstrators is that dominance
may be a correlate of some other indicator of quality.
Dominant birds might receive more attention from con-
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specifics because of their success in some other domain,
rather than because of their social position per se. In red
junglefowl, dominant hens have greater lifetime repro-
ductive success than subordinates do (Collias, Collias,
& Jennrich, 1994), and it may be that, as either a cause
or an effect of their social position, dominant hens are
more successful foragers than subordinates are.

The influence of foraging success as a direct cue was
examined by Nicol and Pope (1999) in an experiment
where prior foraging success of demonstrators was ma-
nipulated in their home pens. In two flocks of birds, the
most dominant bird was selected to be a “successful”
forager, and the most subordinate bird was selected to be
an unsuccessful forager. In two further flocks, the link
between foraging success and dominance status was re-
versed. Foraging success was manipulated by simultane-
ously providing, in view of the other members of the
group, the dominant and subordinate bird from each
flock with a dish filled with wood shavings. The dish of
the successful bird contained highly attractive hidden
feed items such as mealworms and whole wheat grains.
The dish of the unsuccessful bird did not contain these
items. However, in subsequent keypecking tests, no ef-
fects of manipulating prior foraging success of birds was
found on their salience as demonstrators. The failure of
the manipulation of prior foraging success suggests that
although birds may pay selective attention to birds that
appear to be highly successful foragers (Sherwin et al.,
2002), they do not appear to generalize the association
and pay those same birds greater attention in a different
foraging context.

In a similar investigation of links between dominance
and foraging success, Pfeffer, Fritz, and Kotrschal (2002)
determined whether dominance in greylag geese (Anser
anser) was associated with a real (rather than experimen-
tally manipulated) tendency to acquire new food-finding
behaviors. Pfeffer et al. examined associations between
tendency to remove food container lids in a test given at
6 weeks of age (innovative tendency), success during a
competitive foraging task (a measure of dominance), and
fecal levels of corticosterone and testosterone metabo-
lites (indicators of physiological stress and coping abil-
ity). Dominance was not associated with either tendency
to innovate or with physiological status. It was, however,
observed that birds with low fecal-corticosterone metabo-
lite levels at 2 weeks of age were significantly less likely
to learn to remove lids from the food containers than birds
with higher corticosterone-metabolite concentrations.

The authors suggested that young birds with the higher
concentrations of corticosterone might be more respon-
sive to environmental stimuli, and that becoming an in-
novator may be contingent upon individual “coping”
style. A coping style was defined as a set of stable and
consistent behavioral and physiological responses that
predicts how an individual reacts to challenge, irrespec-
tive of sex or motivational state (see Benus, Koolhaas, &
van Oortmerssen, 1987). To conclude that innovation is
associated with coping style, it would be necessary to

demonstrate high intraindividual correlations in physio-
logical measures taken repeatedly over time.

It remains frustratingly unclear why dominant hens
are more effective demonstrators than their subordinates.
One factor that may be partially correlated with domi-
nance in hens is aggressiveness. Although cockerels are
socially dominant, they tend to engage in fewer agonis-
tic interactions with hens than do other hens. In contrast,
dominant hens may attract continuous attention from
subordinates that are attempting to avoid situations that
might result in threat, aggression, or attack from domi-
nants. The extent to which aggressiveness attracts the at-
tention of conspecifics remains to be tested.

Directed social learning can arise from sources other
than dominance (Reader & Laland, 1999). Familiarity
with the demonstrator is another social factor that can
lead to unequal social transmission probabilities within
a group. Individuals from many species, including do-
mestic fowl (Dawkins, 1982; Mench & Keeling, 2001),
associate preferentially with familiar conspecifics, mak-
ing it possible that such individuals may also be more
preferred or more effective demonstrators for social
learning. Swaney, Kendal, Capon, Brown, and Laland
(2001) found that guppies (Poecilia reticulata) learned a
route to a food source more quickly when the trained
demonstrator fish was familiar than when it was unfa-
miliar. Benskin, Mann, Lachlan, and Slater (2002) found
that male zebra finches (Taeniopygia guttata) exposed
to familiar and unfamiliar demonstrators preferred the
food hopper from which the familiar demonstrator had
fed. Nicol and Pope (1994) found that, although the per-
formance of hens that had observed unfamiliar demon-
strators was slightly reduced compared with that of hens
that had observed familiar dominant demonstrators, it
was not significantly different from that of hens that had
observed familiar subordinate demonstrators. Again, for
laying hens, we are drawn to the possibility that they at-
tend most to those individualswho offer the greatest po-
tential threat.

Relatednessbetween parent and offspring might, most
often, be thought to support social learning, particularly
if the parent takes active steps to facilitate skill acquisi-
tion (see, e.g., Nicol & Pope, 1996). However, Hatch and
Lefebvre (1997) found a slight tendency for juvenile ring
doves to learn more about a novel foraging technique
from unrelated but familiar adults than from their fathers,
possibly because in this case, greater parental tolerance
encouraged scrounging and inhibited social learning.
The influence of relatedness on social learning in fowl
has been examined only in the context of the transmis-
sion of feeding preferences, and not in the context of the
acquisition of novel traits or behaviors.

Applications
Many millions of chickens are kept throughout the

world for egg production. Laying hens are particularly
prone to feather pecking and cannibalism, injurious be-
haviors that are near ubiquitous when hens are housed in
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flocks of many thousands. Feather pecking and cannibal-
ism are not aggressive behaviors, but forms of redirected
foraging or dustbathing (Savory, 1995). The economic
costs associated with feather pecking are significant, and
the birds’ welfare is seriously compromised. Outbreaks
of feather pecking are sporadic and unpredictable. How-
ever, once the behavior arises within a flock, it often
spreads rapidly, and social learning may play a part in its
transmission (Nicol, 1995).

Zeltner, Klein, and Huber-Eicher (2000) investigated
the possibility of social transmission of feather pecking
by adding either pecking or nonpecking demonstrators
to groups of 4-week-old chicks. Clear differences in rate
of feather pecking were observed, with birds exposed to
pecking demonstrators subsequently exhibiting higher
rates of feather pecking and lower levels of foraging be-
havior than those of birds exposed to nonpeckingdemon-
strators. The results suggest that feather pecking can be
triggered by the observation of others, although the pos-
sibility that observers responded directly to plumage de-
terioration in conspecifics pecked by demonstrators can-
not be excluded in this study.

Sherwin, Heyes, and Nicol (2004) have examined
whether social transmission of feather pecking occurred
when feather-pecking and naive birds were in only indi-
rect visual or auditory contact. Groups of laying hen
chicks were housed adjacent to older birds that showed
either no feather pecking or mild feather pecking behav-
ior. Half of all the naive groups of chicks were separated
from the demonstrator groups by clear partitions, and
half were separated by opaque partitions. Despite a hous-
ing period that lasted 20 weeks, no significant differ-
ences in feather pecking behavior were found in observer
groups exposed to different treatment conditions. How-
ever, birds that had observed feather-pecking demonstra-
tors through the transparent partition performed more
environmental pecking than did any other group. Visual
observation of feather pecking therefore increased ob-
server pecking motivation, but observers did not direct
their pecking to the same target as did demonstrators.
The results could be explained as a form of social facil-
itation without any stimulus enhancement. If so, under a
different set of environmental conditions, high levels of
ground pecking by demonstrators might stimulate feather
pecking among observers.

Cannibalism is often directed to body parts that are
not part of the normal pecking repertoire, so social learn-
ing via stimulus enhancement might be relevant in the
spread of this behavior. Cloutier, Newberry, Honda, and
Alldredge (2002) devised a test of cannibalism which in-
volved piercing a transparent membrane to access a pot
of chicken blood. They found that tendency to peck or
pierce the membrane was significantly associated with
observation of a pretrained demonstrator. Despite this,
the cannibalistic-type behavior studied did not general-
ize toward real birds in the home pen, supporting the idea
that the observers’ attention was focused on the fine de-
tails of the membrane-covered pots. Stimulus enhance-

ment was therefore thought to be important in the devel-
opment of the behavior.Cloutier et al. speculated whether
observational conditioning might also have played a
role, with feeding behavior of the demonstrators acting
as a secondary reinforcer.

The tendency to feather peck appears to be so ingrained
in domestic fowl that it may not be possible to eliminate
the behavior through genetic selection or environmental
management. If further work reveals that social learning
is involved in transmission of these injurious behaviors,
then consideration should be given to the use of visual
partitions to reduce the chances of observational learning.

Conclusion
Studies in fowl have revealed that the benefits of so-

cial learning change across the life span as different for-
aging challenges emerge. In young birds, social learning
is the primary method used to establish food preferences.
In older birds, contextual factors, such as social domi-
nance and stimulus color, interact with social learning to
guide the development of new food preferences and the
acquisition of new traits.

The domestic chicken is likely to provide a useful
model for further work on the developmental, neurolog-
ical, and social factors underpinning social learning.
Precocial chicks hatch with well-developed brains and
rapidly learn a great deal about their environment. Ma-
ternal and food recognition learning have been particu-
larly well studied (e.g., Bateson, 1981; Hogan, 1984).
Knowledge about neural substrates and mechanisms un-
derpinning such learning in chicks is increasing rapidly
(Gibbs, Andrew, & Ng, 2003;McCabe, Horn, & Kendrick,
2001), and experience-delineated developmental stages
in learning are increasingly well-defined (Freire et al.,
2004). Social learning is an important part of early chick
development, and a greater understanding of the rela-
tionship between chick social learning and stage of de-
velopment is emerging. This could provide the founda-
tion for future comparative studies of the neurological
bases of associative and nonassociative learning pro-
cesses in a functionally relevant context.

The complex but well-characterized suite of behaviors
exhibited by maternal hens during the period when their
chicks are learning to discriminate food from nonfood
items provides an ideal model for functional studies of
the costs and benefits associated with animal teaching.
The paucity of well-controlled experiments on animal
teaching may in part be related to the difficulty of inde-
pendently manipulating maternal and offspring experi-
ence in many species. Domestic fowl provide an ideal
study species in this respect. Chicks will feed readily in
the absence of the hen, but the nature of their feed intake
and their longer term feed preferences are strongly in-
fluenced by the hen’s behavior in ways that we are only
beginning to understand.

The clear hierarchical social structure found within
small flocks of fowl permits further study of the influence
of factors such as age, aggressiveness, dominance, for-
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aging success, and reproductive success on the probabil-
ity of social transmission of preferences and new behav-
iors. To complete the loop, studies that examine whether
social learning can improve foraging success and influ-
ence a bird’s social status are needed.
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