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Abstract When animals show both frequent innovation and
fast social learning, new behaviours can spread more rapidly
through populations and potentially increase rates of natural
selection and speciation, as proposed by A.C. Wilson in his
behavioural drive hypothesis. Comparative work on primates
suggests that more innovative species also show more social
learning. In this study, we look at intra-specific variation
in innovation and social learning in captive wild-caught pi-
geons. Performances on an innovative problem-solving task
and a social learning task are positively correlated in 42 indi-
viduals. The correlation remains significant when the effects
of neophobia on the two abilities are removed. Neither sex
nor dominance rank are associated with performance on the
two tasks. Free-flying flocks of urban pigeons are able to
solve the innovative food-finding problem used on captive
birds, demonstrating it is within the range of their natural ca-
pacities. Taken together with the comparative literature, the
positive correlation between innovation and social learning
suggests that the two abilities are not traded-off.
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Introduction

Novel feeding behaviours can originate in animals through
two non-genetic means: social learning and individual inno-
vation. Broadly defined, social learning is a change in the
behaviour of one animal that results from paying attention to
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the behaviour of another (Fragaszy and Perry 2003). There
is a large body of literature on olfactory (Galef 1996) and vi-
sual (Heyes and Galef 1996) modes of social learning of new
food types and new foraging techniques in vertebrates (e.g.
birds: Lefebvre and Bouchard 2003; primates: Reader and
Laland 2002) and invertebrates (Webster and Fiorito 2001),
with classical cases like bottle opening in English tits dat-
ing back to the 1920s (Fisher and Hinde 1949). Much more
recent is the study of animal innovation, the invention of a
new behaviour pattern or the modification of an old one in
a novel context (Reader and Laland 2003). Studies of in-
novation have only been conducted in the past two decades
(Kummer and Goodall 1985; Lefebvre et al. 1997) and the
first and only textbook in this area dates from 2003 (Reader
and Laland 2003).

As a consequence, the relationship between innovation
and social learning is not well understood, despite its impor-
tance in the primary model on the role of cognition in evo-
lution, A.C. Wilson’s behavioural drive hypothesis (Wyles
et al. 1983; Wilson 1985). All other things being equal, op-
portunistic, large-brained animals that innovate more fre-
quently or acquire new behaviours by observing others will
come into more frequent contact with environmental condi-
tions likely to provide a selective context for randomly oc-
curring mutations. For example, a mutation in the enzymes
that would allow a bird to digest lactose (birds digest the
lipids in milk, not the carbohydrates; Martinez del Rio 1993)
might provide a tit with a reproductive advantage over non-
mutants, but would disappear with its bearer if it occurred
in a conservative, small-brained species that never innovated
or copied milk-bottle opening.

To date, only four studies have tested this idea. Wyles
et al. (1983) found faster rates of anatomical evolution in
larger-brained taxa like passeriformes and mammals, com-
pared to smaller brained clades like amphibians and reptiles.
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Nicolakakis et al. (2003) reported a higher rate of species di-
versification in avian parvorders that are larger-brained and
have a higher rate of innovation. Sol et al. (2005) showed that
larger-brained species of Holarctic Passeriformes have more
subspecies. In a study of 116 primate species, Reader and
Laland (2002) provided empirical support for one of the key
assumptions of behavioural drive, positive correlations be-
tween the taxonomic distribution of innovation rate, relative
neocortex size and rate of social learning.

No study has yet examined the correlation between in-
novation and social learning at the intra-specific level. This
is the goal of the present study. We presented feral pigeons
with two tasks previously used to assess innovation and so-
cial learning in birds. Innovative problem solving can be
assessed by a bird’s readiness to open a closed container
with visible food that can be reached through a variety of
manipulanda requiring pecking, pushing, lifting or pulling
actions. This task has been shown to discriminate well be-
tween five Passeriforme and Columbiforme species both in
captivity and in the field in the West Indies, suggesting it
is within the range of their natural behaviour (Webster and
Lefebvre 2001). Taxonomic differences on the task correlate
closely with how frequently birds from the five taxa show
feeding innovations in the field (Lefebvre and Bolhuis 2003).

The second task has been used in several studies of so-
cial learning on pigeons (Giraldeau and Lefebvre 1987; Gi-
raldeau and Templeton 1991). The design involves an ap-
paratus containing hidden food that naı̈ve, hungry pigeons
cannot find on their own (control pre-test). A shaped bird
then performs an apparatus-opening technique in front of
the naı̈ve observer, which is then tested with the closed ap-
paratus in the absence of the demonstrator. The latency to
first opening of the apparatus is a measure of social learn-
ing, all subsequent openings benefiting from personal infor-
mation about the apparatus. This design can only test for
generic social learning and does not discriminate between
the possible mechanisms (imitation, stimulus enhancement,
goal emulation) that underlie learning in this situation.

There are three possible relationships between the perfor-
mances of individual birds on the two tasks. First, if both
innovation and social learning are rapid in some individuals
and absent or slow in others, this should result in a positive
correlation between performances on the two tasks. In such
a case, it is important to show that a common variable like
willingness to search for food in an unfamiliar apparatus is
not affecting both tasks and spuriously causing the positive
relationship. We therefore add a control task to our study,
Greenberg’s (1984, 1990) standard test for object neophobia
during feeding tasks. Originally conceived to measure dif-
ferences between generalist and specialist species, the test
has proven useful in teasing out the factors that affect per-
formance on cognitive tests (Seferta et al. 2001). We also
recorded sex and priority of access to a defendable feeder, to

see if an eventual positive correlation between social learn-
ing and innovation is due to a common effect of gender or
dominance status (Reader and Laland 2001). If either males
or females and dominants or subordinates more rapidly in-
teract with feeding situations, this may create a spurious
positive correlation between performance on the social and
innovation tasks.

The second possible correlation is a negative one. This can
occur if the memory systems for the cognitive abilities are
traded-off (Sherry and Schacter 1987; Shettleworth 1998).
It can also occur if birds adopt stable producer–scrounger
tactics, where a part of the population searches for its own
new feeding opportunities and another part uses the search-
ing behaviour of the producers (Giraldeau and Caraco 2000).
Good social learners thus exploit good innovators in this sys-
tem, which might depend on frequency-dependent payoffs.
Frequency-dependence is known to limit the spread of new
behaviours (Giraldeau and Caraco 2000), so that a negative
relationship might slow down behavioural drive by decreas-
ing the rate at which the average bird encounters environ-
mental conditions likely to select for a mutation.

The third possible relationship is a zero or non-significant
correlation between performances on the two tasks, which
would imply that the processes behind them are independent.
These are the three hypotheses we contrast in an experiment
on captive pigeons. To make sure that our results are not
artefacts of captive conditions, we also test flocks of urban
pigeons on the innovation task, social learning being impos-
sible to distinguish from individual learning in the uncon-
trolled setting of the field (Lefebvre 1986). Cognitive tasks
that force a food-deprived animal housed alone in a cage to
interact with an unfamiliar apparatus may have questionable
validity. If the task can be solved by animals in the field,
under normal conditions of hunger, social interactions and
feeding options other than the one offered by the apparatus,
we can be more confident that it assesses abilities animals
use in their usual environment.

Methods

Subjects

Forty-four adult, wild-caught feral pigeons were obtained
from a commercial dealer (Stephen Wright, Richmond Hill,
Ontario). Two birds were randomly chosen to be shaped as
demonstrators for the social learning test and remained in
the laboratory for the whole 6-month period. The remaining
42 birds (in three groups of 12 and one group of six) were
subjected to a series of tests over a period of 4 weeks each
in 2001.

Upon reception, all birds were identified with a
coloured plastic leg band, and housed in single
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43 cm × 53 cm × 30 cm cages. They had ad libitum access
to water and grit at all times, and to a commercial seed mix
for a minimum of 2 days. The birds were then weighed, and
the amount of food given to them was carefully controlled on
subsequent days to progressively bring all individuals down
to 85–90% of their ad libitum weight for the experimen-
tal period. Once birds had reached their target deprivation
weight, testing began. Before each testing day, the subjects
were food deprived for 18 h overnight, and then moved from
the housing room to the experimental room where they were
given a 10 min habituation period. During all tests, the exper-
imenter was hidden behind a blind and observed the birds’
behaviours using a closed-circuit video system.

We presented each subject with a series of four tests: neo-
phobia, innovation, social learning, and priority of access
to food. We chose to keep the order of tests constant (as
in Whittle 1996; Seferta et al. 2001; Webster and Lefeb-
vre 2001) because a gradual habituation to novel stimuli
and captivity as testing proceeds could potentially mask any
association between social learning and innovation if the or-
der of these tests were counterbalanced or randomised. For
example, if gradual habituation occurred, birds tested first
on innovation would do poorly on that test, and better on
the social learning test; birds given the tests in the opposite
order would show the reverse pattern, creating a spurious
negative correlation between social learning and innovation
(Beauchamp personal communication).

Neophobia tests

The neophobia test followed the procedure designed by
Greenberg (1983), and compared the latency to feed in trials
randomly featuring either a novel object or no novel object
(control) placed next to a food dish. We conducted the neo-
phobia test over 3 consecutive days (two trials per day, 2 h
apart), with three novel object and three control trials, for a
total of six trials. Each day, we randomly determined if the
novel object or the control trial would be presented first; the

second trial that day then involved the opposite condition.
During an experimental trial, subjects were given 20 g of
mixed seeds in their usual feeding dish, and latency to ini-
tiate feeding was recorded (in seconds). If they did not feed
within 20 min, the trial was ended and another trial was at-
tempted later that day or on a subsequent day. Once the birds
had fed for 5 s, the experimenter slowly approached the
cage, opened the door, and placed one of five novel objects
2 cm away from the food dish. The experimenter then backed
away and returned behind the blind. We recorded the latency
to resume feeding after the introduction of the novel object.
If an individual did not feed within 20 min, we recorded a
ceiling latency of 1201 s. The novel objects were made of
artificial materials and unusual man-made items to minimise
the probability that subjects had encountered them in the
past (Greenberg 1990). We determined the order of presen-
tation of these objects randomly. We conducted control trials
exactly like novel object trials, but instead of introducing a
novel object, the experimenter put one hand in the cage for
3 s. To yield neophobia levels for each individual, latencies
to feed in control trials were averaged and subtracted from
mean latency to feed in novel object trials.

Innovation test

We used the apparatus designed by Webster and Lefebvre
(2001; see their Fig. 1) to assess innovative problem-solving
ability. A clear Plexiglas box (18 cm × 6.5 cm × 4.5 cm)
was filled with the birds’ usual seed mix. The birds could
open the box and obtain seeds by pulling or pushing the
middle drawer, pulling the two end drawers, or removing the
two lids; each lid and drawer was fitted with a metal ring. We
placed the box in the centre of the birds’ home cages for a
single 30 min trial, and recorded the latency to open the box
with the beak (modified from Webster and Lefebvre 2001). If
an individual did not open the box, we recorded the ceiling la-
tency of 1801 s. Birds were carefully monitored for acciden-
tal openings with the wings or feet, but this never occurred.

Fig. 1 The relationships
between A social learning and
innovation, and B residual social
learning and residual
innovation, both regressed
against neophobia. Low values
indicate fast social learning
and/or innovation; high values
indicate slow social learning
and/or innovation
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Social learning test

We shaped two demonstrators to remove the stopper from an
inverted, opaque, test tube containing 0.5 g of mixed seeds.
The stopper was fitted with a wooden tab that the pigeons
could peck or grasp with the bill and twist in a downward mo-
tion to release the seeds into their food dish (see Giraldeau
and Lefebvre 1987 for a description of the task). Demon-
strators were considered efficient when they could routinely
open the test tube in less than 5 s after presentation of the
apparatus. Before the social learning test, the subjects were
transferred to smaller 23 cm × 38 cm × 28 cm cages in
which all sides were opaque except the door in the front.
These cages had the advantage of offering very few distrac-
tions and ensured that the birds were facing the door most
of the time. A 20 cm × 5 cm hole in the door allowed the
birds access to the apparatus. A control trial was performed
prior to the social learning test: the apparatus was placed in
front of each individual for 20 min to control for spontaneous
opening; no birds opened during this period.

Social learning trials were conducted over a 4-day period,
at the rate of five trials per day. The cages of the demonstra-
tor and the naı̈ve observer were placed on the floor, 40 cm
apart, and positioned so that they faced each other at a 45◦

angle. Before each trial, the inverted test tube was first pre-
sented to the demonstrator, who rapidly removed the stopper
and released the seeds into its food dish. After the demon-
strator had fed for 10 s, a blind was placed between the two
cages to avoid social facilitation effects, and the test tube was
presented to the observer for a 1 min trial. If the observer
succeeded in removing the stopper within this 1 min period,
it received 0.5 g of mixed seeds delivered to its food dish via
a section of plastic tubing. The observers’ test tubes were
always empty to avoid rewarding accidental openings (e.g.
with the head or the back of the neck while trying to escape).
If the observer did not succeed, another demonstration-trial
cycle was performed 1 min later, up to a maximum of five
trials per day. We recorded the number of trials required by
each individual to learn the task as the measure of social
learning ability. If an individual did not learn to open the
test tube within the 20 trials, the ceiling value of 21 was
recorded.

Determining sex and priority of access to food

After the neophobia, innovation and social learning tests,
we examined two variables that might account for an even-
tual correlation between social learning and innovation: sex
and priority of access to food. Forty randomly chosen pi-
geons (of the 42 used in the previous tests) were placed in
0.9 m × 1.4 m × 2.3 m aviaries in groups of four. After a 6–7
day familiarisation period, two trials of the priority of access
to food test were performed on the same day, 2 h apart. The

apparatus consisted of a large cylinder (height: 15 cm, diam-
eter: 3.5 cm) filled with mixed seeds, with a small opening at
the bottom such that only one pigeon could feed at any given
moment (Giraldeau and Lefebvre 1987). The cylinder was
placed on the floor, in the centre of the aviary, for two 10 min
trials. The amount of time spent feeding by each bird was
recorded. Each individual was then ranked (1–4) according
to how much time it spent feeding compared to its three com-
panions (1 = most feeding time, 4 = least feeding time).
The sex of most individuals (N = 36) was determined by a
combination of cloacal examination and behavioural obser-
vations of displays while grouped in aviaries.

We log transformed (log10[x + 1]) the innovation, social
learning and neophobia variables collected during the captive
study because of non-normal distributions, and thus were
able to use parametric statistical procedures. All statistical
tests used were two-tailed tests.

Validating the innovation task in the field

Free-living urban pigeons at 12 sites on the island of Mon-
treal served as subjects for the field experiments in the sum-
mer of 2001. Distance between the sites ranged from 0.4 to
6.4 km, with an average of 2.2 km. Flock size varied from
seven to 175 pigeons depending on the site, but day-to-day
fluctuations in numbers for a given site were minimal. For 2
days before the tests began, we visited each site at a specific
time and offered 50 g of mixed seeds at the feeding area to
habituate the pigeons to the time and place of feeding. On
subsequent days, we presented the Plexiglas box used in the
captive innovation test at each site for a maximum of two
20 min trials over 2 consecutive days. Latencies to first con-
tact and to successful opening of one of the lids or drawers
were taken from the video records of each trial, as well as
flock size. When no birds opened the box or when the open-
ing could have been accidental, we assigned the maximum
latency of 2402 s to this flock. To analyse the results from
the field tests, we used non-parametric statistics, as no trans-
formation could correct for the non-normal distributions of
the data.

Results

In the field, eight of the 12 flocks opened the Plexiglas box;
in two of these cases, we could not exclude that the first
opening was accidental. Of the four flocks that did not open
the box, two made contact with it. Latency to first opening of
the box was positively correlated with latency to first contact
and flock size, but these correlations fell short of the 0.05
significance threshold (first contact: Spearman rho: 0.549,
P = 0.064, n = 12; flock size: rho: − 0.560, P = 0.051,
n = 12).
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Fig. 2 The relationships
between neophobia and A social
learning, B innovation. Low
values indicate fast social
learning and/or innovation and
rapid feeding near the novel
object; high values indicate slow
social learning and/or
innovation and slow feeding
near the novel object

In captivity, performances on the innovative problem-
solving and social learning tasks were strongly correlated
(r = 0.740, n = 42, P < 0.001; Fig. 1A); individ-
uals that solved the Plexiglas box problem quickly also
learned readily from a demonstrator, and vice-versa. More
importantly, when innovation and social learning were re-
gressed separately against neophobia to remove the effect
of this intervening variable, their residuals remained signif-
icantly correlated (r = 0.709, n = 42, P < 0.001; Fig.
1B). Neophobia was associated with both social learning
(r = 0.344, n = 42, P = 0.026; Fig. 2A) and innova-
tion (r = 0.312, n = 42, P = 0.044; Fig. 2B). In other
words, individuals with low neophobia learned and innovated
more quickly than individuals whose neophobia levels were
higher.

In the neophobia test, mean latency to resume feeding af-
ter interruption by the experimenter was significantly higher
in novel object trials than in control trials (paired t test:
t41 = − 11.645, P < 0.001), indicating that novel objects
elicited fear beyond that caused by the interruption. More-
over, when individuals where tested again with an object they
had previously seen, their latency to feed quickly decreased
to zero. This further confirms that the birds were reacting to
the novelty of the objects, rather than to their presence.

In the innovation test, 35 of 42 subjects were successful in
opening and feeding from the Plexiglas box. Mean latency to
opening was 758 s (SEM = 107). For each successful open-
ing, the individuals were clearly seen deliberately opening
the box in one of three ways: (1) picking up a lid with the
beak, (2) pecking on a drawer to make it slide out of the box,
(3) pushing a lid with the foot. When individuals were given
subsequent opportunities to feed from the box, they always
opened it using the same method as their first successful
opening, showing that the innovative behaviour was learned
and maintained.

Of the seven that did not succeed, four did contact the box
during the 30 min trial. No subject solved the social learning
task during the 20 min control trial for spontaneous opening.
Of the 42 pigeons tested, only seven failed to learn the task
after watching 20 demonstrations, and of those seven, four

were not successful in the innovation task either. The mean
number of trials to opening was 10.45 (SEM = 1.04).

In accordance with previous studies on pigeons (e.g. Gi-
raldeau and Lefebvre 1987), sex did not affect performance
of individuals on the neophobia (ANOVA: F1,34 = 2.352,
P = 0.134), innovation (F1,34 = 2.696, P = 0.110) or so-
cial learning tests (F1,34 = 0.464, P = 0.501), and there
were no significant differences in performance on the three
tests in birds with different ranks on the priority of access to
food test (neophobia: F1,34 = 1.693, P = 0.186; innovation:
F1,34 = 1.226, P = 0.314; social learning: F1,34 = 0.962,
P = 0.421).

Discussion

Three main conclusions can be drawn from this study. First,
performance on the innovation and social learning tasks we
used clearly co-varies in pigeons. Subjects that opened the
Plexiglas box quickly were also the more successful ones
when learning from a demonstrator. Second, the positive as-
sociation between innovation and social learning was not
due to the confounding effect of neophobia. Performances
on both the innovative problem-solving task and the social
learning task were associated with fear of novel stimuli in
captivity, confirming the importance of this variable in cogni-
tion (Greenberg 1983). When the effect of neophobia on each
variable was removed, however, innovative problem-solving
and social learning remained significantly correlated. This
suggests that neophobia and whatever non-neophobic mea-
sure of cognition is expressed by our residuals are indepen-
dent components of performance on learning tasks. Finally,
the innovative problem-solving test in the field validated the
captive test; free-living pigeons were also able to open the
Plexiglas box, confirming that opening in captivity could not
solely be attributed to features of the testing situation such
as food deprivation, lack of alternative feeding options and
forced proximity to the apparatus. Taken together, our results
support the assumptions of the behavioural drive hypothesis,
according to which the co-occurrence of innovativeness and
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social learning is a pre-requisite for the potentially acceler-
ating effect of cognition on evolutionary rate.

It is obviously impossible to eliminate all the confound-
ing variables that could influence the positive correlation
between social learning and innovation. Our conclusion that
there is no trade-off (caused, for example by limited memory
or fixed innovator–copier roles) between the abilities mea-
sured here is thus a tentative one, subject to confirmation by
future work. The conclusion is nevertheless consistent with
all but one study comparing social and individual routes to
the adoption of new feeding techniques. Reader and Laland’s
(2002) work on 116 primates, Sasvári’s (1985a,b) work on
five passerines, Whittle’s (1996; reanalysed by Seferta et al.
2001) experiments on two finch species and Lefebvre et al.’s
(1996) work on two Columbiformes all yield a positive corre-
lation between social learning and either individual innova-
tion or learning (reviewed by Lefebvre and Giraldeau 1996).
Lefebvre and Bolhuis (2003) and Lefebvre et al. (2004) fur-
ther show positive correlations between innovation rate, tool
use rate, learning performance and relative size of associa-
tion areas in the brain in both birds and primates.

Although the relationship between innovation and social
learning persists when we remove the common effects of
neophobia, it is possible that other individual differences
underlie the correlation. A growing literature suggests that
many behavioural traits that vary consistently between in-
dividuals are manifested (and probably selected, Both et al.
2005; Dingmanse and Réale 2005) as syndromes (reviewed
by Sih et al. 2004). In tits, the speed with which individuals
explore new situations shows long-term correlations with so-
cial and agonistic behaviours (Carere et al. 2005). In geese,
innovativeness in feeding tests may also be part of a sta-
ble individual behavioural style, correlated with hormonal
differences (Pfeffer et al. 2002).

For the moment, the only cognitive ability that seems
to show negative correlations with the others is the spatial
memory used by food storing Corvidae and Paridae (Lefeb-
vre and Bolhuis 2003). It is on two of these species of food-
storing corvids that Templeton et al. (1999) found the only
evidence for a negative relationship between social and indi-
vidual learning. In Templeton et al.’s study, the more social
pinyon jay showed faster social learning than the more soli-
tary Clark’s nutcracker, with species differences in individ-
ual learning going in the opposite direction. Taken together,
however, our results and the vast majority of studies available
suggest no trade-off between social learning and individual
routes to innovation and learning.

If this is generally the case, new feeding techniques would
spread rapidly through populations, as individuals that gen-
erate innovations at a high rate would also have access to
the innovations of others through fast social learning. If ac-
quiring the new techniques had a strong effect on survival,
there would be a much stronger fitness differential within the

population than under zero or negative correlations between
innovation and social learning. This is because individuals
that do poorly on innovation tend to also do poorly on social
learning and thus have little or no access to the new tech-
nique through either process. This is in sharp contrast to the
individuals that both learn quickly from others and innovate
often. An obvious next step would be to simulate the effects
of these fitness differentials and cultural transmission rates
on behavioural drive.

Our field experiment shows that the innovation we studied
in captivity can spread in a wild population, in line with the
results obtained by Webster and Lefebvre (2001). However,
the success rate of pigeons (35 of 42 individuals in captivity
and eight of 12 flocks in the field) was much higher than that
obtained by even the most innovative species tested by Web-
ster and Lefebvre, the Carib grackle Quiscalus lugubris (six
of 15 in captivity and two in the field). Moreover, when we
look at results from the two species that are taxonomically
closest to our pigeons, the zenaida dove Zenaida aurita and
common ground dove Columbina passerina, success rates
are even lower; only one of 30 individuals (3%) solved the
problem in captivity and no dove opened the box in the
field (Webster and Lefebvre 2001). In a study of individual
learning and neophobia, Seferta et al. (2001) also noticed a
marked difference in performance between feral pigeons and
Zenaida aurita. When data on reversal learning in eight avian
species (taken from Gossette 1968) were examined, pigeons
again are outliers and perform much better than expected
from their innovation rate and brain size (Timmermans et al.
2000; Lefebvre and Bolhuis 2003). This apparent superior-
ity of pigeons is probably a result of artificial selection. All
pigeons in the New World descend from captive individuals
and are thus presumably bred for tolerance of captive con-
ditions and human proximity (Johnston and Janiga 1995). It
is not a coincidence that feral pigeons are often the species
chosen in captive experiments; they tolerate experimental
conditions much better than many other species, and con-
sequently perform well on a variety of tasks. It would be
important to conduct a similar study on a species that has
not gone through artificial selection to make sure the posi-
tive correlation between innovation and social learning found
here is a general one.

Our results seem to be at variance with earlier studies on
flexible individual roles in pigeon foraging flocks. Both the-
oretical (Giraldeau 1984) and empirical work (Giraldeau and
Lefebvre 1986, 1987) suggest that pigeons in groups have
flexible producing specialisations that change from one feed-
ing situation to the next, yielding a skill pool when each bird
can scrounge the specialisations of others on tasks where
it has not learned to produce. In both the theoretical and
empirical work, producing specialisations are uncorrelated
across individual pigeons over different tasks. In the skill
pool hypothesis (Giraldeau 1984), it is the chance effect of
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encounters with food rewards that determines who learns in
any given situation, added to the incompatibility between
producing and scrounging and the inhibitory effect of group
scrounging on learning (Lefebvre and Helder 1997). Our
finding that performances across learning situations are pos-
itively correlated thus differs from the zero correlations en-
visioned by the skill pool. More work is needed to reconcile
these differences, but one intriguing possibility is that the
frequency-dependent payoffs that act in a group situation
override the individual differences that show up in single
cage experiments like ours. Such a finding would support
the point made by Giraldeau and Caraco (2000) for learn-
ing and Morand-Ferron et al. (2004) for innovations, that
frequency-dependent payoffs can be more important than in-
dividual abilities in determining whether or not a behaviour
will occur in a given social foraging situation.
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