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A common assumption underlying much of the cur-
rent interest in animal social learning among ethologists
and behavioral ecologists is that learning from others is
inherently adaptive. Individuals are assumed to benefit
by copying because by doing so they take a shortcut to
acquiring adaptive information, saving themselves the
costs of asocial learning. For instance, by copying others,
naive animals could learn the location of valuable food
and water sources, how to avoid predators, and how to
move safely and efficiently around their environment.
Copying, it is assumed, has the advantage that individu-
als do not need to search their entire home range, sample
all potential foods, or evaluate predators for themselves.

Intuitive though this argument may be, it is inherently
flawed (Boyd & Richerson, 1985, 1995; Giraldeau, Val-
one, & Templeton, 2002; Rogers, 1988). Copying others
per se is not a recipe for success. The reason for this is
easy to understand if social learning is regarded as a form
of information parasitism (Giraldeau et al., 2002): Social
learners are individuals that live at the expense of the
population, exploiting the information, skills, and re-
sources acquired, devised, or discovered through asocial
learning but contributingno new information themselves.
Asocial learners are information producers, whereas so-
cial learners are information scroungers. Game theory
models of producer–scrounger interactions reveal that

scroungers do better than producers only when fellow
scroungers are rare, whereas at equilibrium the payoffs
for producing and scrounging are equal (Barnard & Sibly,
1981). In identical fashion, theoretical analyses of the
evolution of social learning reveal that social learners
have higher fitness than asocial learners when copying
is rare, because most potential demonstrators are asocial
learners who will have sampled accurate information
about the environment at some cost (Boyd & Richerson,
1985, 1995; Giraldeau et al., 2002; Rogers, 1988).1 How-
ever, as the frequency of social learners increases, the
value of copying declines, because the proportion of aso-
cial learners producing reliable information is decreas-
ing. At the extreme, all individualswould be copying fel-
low copiers with no one sampling the environment,which
would make social learning a strategy that has lower fit-
ness than asocial learning. The population is expected to
reach an equilibrium at which social and asocial learning
will be equal in fitness (Barnard & Sibly, 1981; Rogers,
1988).

These theoretical analyses reveal that copying others
indiscriminately is not adaptive and will not increase the
mean fitness of individuals in the population (Boyd &
Richerson, 1985; Giraldeau et al., 2002; Rogers, 1988).
Either some individuals in the population must be con-
sistent information producers and rely exclusively on
asocial learning or, more realistically, individuals must
use social learning selectively and directly sample the en-
vironment through their own asocial learning some of the
time. It is precisely because individuals do not use social
learning indiscriminately and engage in asocial sampling
of environments that social learning is typically adaptive
(Galef, 1995).

Thus, both game theory and population genetic mod-
els lead to the prediction that animals ought to be selec-
tive with respect to the circumstances under which they
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In most studies of social learning in animals, no attempt has been made to examine the nature of the
strategy adopted by animals when they copy others. Researchers have expended considerable effort
in exploring the psychologicalprocesses that underlie social learning and amassed extensivedata banks
recording purported social learning in the field, but the contexts under which animals copy others remain
unexplored. Yet, theoretical models used to investigatethe adaptive advantages of social learning lead
to the conclusion that social learning cannot be indiscriminate and that individuals should adopt strate-
gies that dictate the circumstancesunder which they copy others and from whom they learn. In this ar-
ticle, I discuss a number of possible strategies that are predicted by theoretical analyses, including
copy when uncertain, copy the majority, and copy if better, and consider the empirical evidence in
support of each, drawing from both the animal and human social learning literature.Reliance on social
learning strategies may be organized hierarchically, their being employed by animals when unlearned
and asocially learned strategies prove ineffective but before animals take recourse in innovation.
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rely on social learning and the individuals from whom
they learn. A history of natural selection in animals ca-
pable of social learning ought to have favored specific
adaptive social learning strategies that dictate the con-
texts under which individuals will exploit information
provided by others. The adoptionof such strategies would
not require that the animals be aware that they are follow-
ing a strategy, nor that they understand why such strate-
gies may work. Moreover, in accordance with behavioral
ecologists’ use of the phenotypicgambit (Grafen, 1984),
it does not matter whether animals adopt such strategies
as a consequence of evolved psychological mechanisms,
learning, culture, or some combination of processes.
Strategies can still fruitfully be studied as if the simplest
genetic system controlled them.

In most studies of social learning in animals, no at-
tempt has been made to investigate the nature of the
strategy adopted by animals when they copy others. Re-
searchers have expended considerable effort in explor-
ing the psychologicalprocesses that underlie social learn-
ing, amassed extensive data banks recording the diffusion
of innovations,and mapped geographical variation in the
purported cultural traits of countless species, yet the con-
texts under which animals copy others remain unex-
plored. Do animals copy the behavior of others when
they are uncertain how to solve a problem? Do they copy
others when it is easy to do so and learn asocially only
when this option is not available? Or, is social learning a
last resort when asocial learning has failed? And whom
do they copy: the dominant individual? the most success-
ful individual? the majority? Although such questions
have received attention from theoreticians, they await ex-
plicit experimental analysis.Nonetheless, a large number
of incidental findings, discussed below, suggest that an-
imals employ strategies more complex than unselective
and indiscriminate copying of others. These findings are
largely in accordance with the predictions of theoretical
models, but in the absence of direct experimental analy-
ses they can be regarded only as providing circumstan-
tial support for the theory.

A principal goal of this article is to encourage greater
experimental and theoretical analysis of the strategies
that animals, including humans, adopt when they learn
from each other. I use the term strategies in a deliberate
attempt to equate such learning heuristics with those
strategies subject to analyses by evolutionary game the-
ory. Some of the theoretical findings that I will be de-
scribing are based on such theory (Giraldeau & Caraco,
2000; Schlag, 1998). However, there are clear opportu-
nities to develop this theoretical foundation further by
pitting a range of nonlearning, asocial learning, and so-
cial learning strategies against one another. For the pur-
pose of clear exposition, in the following treatment I sep-
arate social learning strategies into two categories:
(1) “when” strategies, which specify the circumstances
under which individuals copy others, and (2) “who”
strategies, which identify from whom individuals learn.
In both cases, I discuss a number of possible heuristics
that are predicted by theoretical analyses and consider

the empirical evidence in support of each. A summary of
the social learning strategies discussed is given in Table 1.
Similar, if less extensive, treatments can be found in La-
land (2001) and Henrich and McElreath (2003).

“When” Strategies
The simplest “when” strategy is perhaps to copy when

established behavior is unproductive. Here, “established
behavior” could refer to unlearned behavior or to the
learned solutions to related problems. For example, Le-
febvre and Palameta (1988) conducted an investigation
of the spread of a food-finding behavior in populations
of pigeons, in which the birds were required to peck open
a carton containing seed. The pigeons would scrounge
(take food from others) if possible, and only when there
were so few birds producing food that scrounging was un-
productive did some scroungers switch to adopting the
food-finding behavior. The suggestion that this reflects
a strategy of learning only when there is no easier option
is supported by the facts that scroungers and producers
switch strategy to maintain a frequency-dependent bal-
ance and that the proportion of scroungers diminishes as
the producers share increases (Giraldeau & Beauchamp,
1999). That is, when there aren’t enough producers to go
around, the returns to scroungers are poor, and some
scroungers will learn to produce. When there are too
many producers, however, the returns to scroungers will
be much greater, and some producers will revert back to
scrounging. Note that here the use of the copy-when-
established-behavior-is-unproductive strategy refers to
the initial acquisition of the producing behavior; whether
or not individuals continue to produce or switch back to
scrounging depends on the respective payoffs. The fact
that earlier experimental analyses had established that
asocial learning of the task was unlikely suggests that, in
this instance, social learning underpinned adoption of
the producer strategy (Lefebvre & Palameta, 1988). Im-
plicit in this account are the assumptions that social
learning can facilitate the adoption of a producer strat-
egy but that no learning is required to scrounge.

Table 1
Social Learning Strategies

“When” Strategies
Copy when established behavior is unproductive
Copy when asocial learning is costly
Copy when uncertain

“Who” Strategies
Copy the majority
Copy if rare
Copy successful individuals
Copy if better
Copy if dissatisfied
Copy good social learners
Copy kin
Copy “friends”
Copy older individuals

Note—“When” strategies specify the circumstances under which indi-
viduals copy others, and “who” strategies identify from whom individu-
als learn. Here, the term copy refers to any form of social learning.
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Theoreticalmodels typically assume that any individual
in a population of social foragers should use scrounging
when the opportunity arises, as long as the opportunity is
detected and scrounging is not associated with significant
costs (Giraldeau & Caraco, 2000). The hypothesis that
scrounging is a first or preferred strategy and learning to
produce is a resort used only when scrounging is unprof-
itable or costly is supported by evidence that the opportu-
nity to scrounge blocks the learning of a producer tactic.
Giraldeau and Lefebvre (1987) reached such a conclusion
after finding that pigeons that obtained food as a result of
a demonstrator’s removal of a stopper to a containerof seed
were poor at learning the stopper-removal behavior in
comparison with birds that received no food during
demonstration.Similar observationshave been reported in
zebra finches (Beauchamp & Kacelnik, 1991) and tufted
capuchins (Fragaszy & Visalberghi, 1990). Giraldeau and
Lefebvre (1986) observed that scrounger pigeons that
switched to producing when producers had been removed
from the populationswitched back to scroungingwhen the
producers were returned. This is consistent with the con-
clusion that scrounging is a preferred strategy, but also
with the suggestion that individuals adopt whatever strat-
egy has the highest payoff at the time. Perhaps the most
compelling evidence that, all other factors being equal, in-
dividualswould prefer to scrounge than to learn to produce
is provided by the limited evidence that dominant individ-
uals (who presumably have the choice) are more likely to
be scroungers than subordinate individuals (Barta & Gi-
raldeau, 1998; Giraldeau & Caraco, 2000).

The observation that scrounging blocks learning of a
means of production is consistent with the producer–
scrounger models’ assumption that a forager cannot si-
multaneouslyplay producer and scrounger tactics (Barn-
ard & Sibly, 1981). This assumption distinguishes most
producer–scrounger models from information-sharing
models (Giraldeau & Caraco, 2000), with the latter al-
lowing individuals to search for food and look for
scrounging opportunities at the same time. The fact that
producer and scrounger tactics are not always strictly in-
compatible is supported by the observation that individ-
uals can seemingly learn to produce while scrounging or
as a result of scrounging. For instance, Giraldeau and
Lefebvre (1987) also found that pigeons that had previ-
ously scrounged were subsequently more likely to ex-
hibit the resource-producing behavior than pigeons in a
control group that had not observed production. Simi-
larly, Fritz and Kotrschal (1999) concluded that scroung-
ing in common ravens did not inhibit learning, since in-
dividuals that scrounged from demonstrators were more
likely to learn the resource-producing behavior than were
those in the absence of a demonstration. Thus, scroung-
ing appears to facilitate learning (or, perhaps, not to
eradicate all the facilitatory effects of observing produc-
tion) for naive individuals,but to impede learning for ob-
servers with no opportunity to scrounge.

Giraldeau, Caraco, and Valone (1994), motivated by
observations of social foraging in pigeons, developed a

mathematical model to explore how the costs and bene-
fits of social learning are effected by scrounging. They
concentrated on within-generation social learning of a
trait that enhances resource production, assuming both
frequency-dependent asocial learning (which decreases
due to scrounging, since an animal that scrounges re-
duces its opportunity for learning through its own expe-
riences) and frequency-dependent social learning (which
increases with the number of demonstrators). The ac-
quired trait results in an increased ability to f ind re-
source clumps relative to a baseline rate. Giraldeau et al.
(1994) found that social learning increased the expected
number of individuals foraging at the elevated rate rela-
tive to asocial learning, and with no social learning there
was a significant fitness cost to group foraging. They hy-
pothesized that the adaptive function of social learning
may be to allow individuals to circumvent some of the
inhibitory effects that scrounging has on asocial learning
of a foraging skill, and thereby to learn to produce.

Theoretical analyses used in the exploration of the
adaptive advantages of social learning have led to a con-
sensus that greater reliance on social learning should be
favored as the costs of asocial learning increase (Boyd &
Richerson, 1985, 1988; Feldman, Aoki, & Kumm, 1996).
Such costs include the energetic costs of searching for
and processing valuable resources, the risk of unreliable
(asocially acquired) information, as well as the viability
deficits associated with hazardous asocial learning, such
as the learning of antipredator behavior through direct
experience. Such theory implies that a copy-when-
asocial-learning-is-costly strategy might be adaptive, a
suggestion consistent with Boyd and Richerson’s (1985)
costly information hypothesis.2 This hypothesis focuses
on the evolutionary tradeoff between acquiring accurate
but costly information versus less accurate but relatively
cheap information. Boyd and Richerson (1985) suggest
that when information is too costly to acquire or utilize
personally, individuals will take advantage of the rela-
tively cheap information provided by others. For exam-
ple, Templeton and Giraldeau (1996) found that Euro-
pean starlings used public information concerning the
foraging successes and failures of conspecifics only
when accurate information about patch quality was dif-
ficult or costly to acquire via personal sampling alone. It
is easy to envisage circumstances under which informa-
tion might be costly to acquire asocially (e.g., learning
the identity of predators or predator evasion tactics). It is,
perhaps, no coincidence that there is considerable evi-
dence for the social learning of antipredator behavior in
animals (Chivers & Smith, 1995; Kelley, Evans, Ram-
narine, & Magurran, 2003; Krause, 1993; Mineka &
Cook, 1988; Suboski & Templeton, 1989).

Solving challenging problems asocially frequently re-
quires a considerable investment of energy. Hence, an-
other common circumstance in which established solu-
tions are likely to prove unproductive is that in which
individuals are confronted with particularly diff icult
novel tasks. If solutions to related tasks have failed to de-
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liver a reward, individuals would have little to lose from
seeking guidance from others.3

The assumption that some tasks are so difficult that they
are unlikely to be learned asocially can frequently be ob-
served in the social learning literature. For instance,
Byrne (1999; Byrne & Russon, 1998) has argued that the
elaborate, hierarchically organized food-processing tech-
niques exhibited by gorillas in consuming plants with
physical and chemical defenses are likely to be acquired
through program-level imitation, since they are too com-
plex for an individual to acquire asocially. Byrne and
Russon (1998) write: “Learning by individual experi-
ence is not completely disproven by these data, but it be-
comes a contrived alternative” (p. 676). The reasoning
here is that the time and energy that would have to be in-
vested to devise such food-processing methods, and the
pain and discomfort associated with experiencing and
learning to circumvent the plants’ chemical and physical
defenses, result in substantial costs to asocial learning.

Few empirical studies have directly explored whether
and how the probability of social learning is influenced
by task difficulty. An exception are those of Day (2003;
Day, Coe, Kendal, & Laland, 2003), who presented a se-
ries of novel puzzle box tasks to captive populations of
callitrichid monkeys. Judging by the mean time required
for the monkeys to solve them, the tasks varied signifi-
cantly in difficulty, although at this stage it is not clear
precisely what it was that made some tasks more difficult
than others. Each puzzle box could be opened in one of
two ways (e.g., by opening one of two doors) to access
food, with the alternatives differing in location and color
but being otherwise equivalent. Although the monkeys
learned all the tasks, a detailed statistical analysis re-
vealed evidence that the means of opening the difficult
puzzle boxes, but not the easier ones, were learned so-
cially. Presumably, easy puzzle box tasks could be solved
through asocial learning at little personal cost (in terms
of time and energy) to the solver, whereas the solutions
of more complex puzzles were associated with a suffi-
ciently large cost to render social learning adaptive. Sim-
ilar observations have been reported in human subjects,
who were found to imitate more as task difficulty in-
creased (Baron, Vandello, & Brunsman, 1996).

Boyd and Richerson (1985, 1996) have argued that so
much of contemporary human existence is reliant on so-
phisticated technology, which the vast majority of indi-
viduals could not invent for themselves, that we essen-
tially have no choice but to copy others. If pushed, we
might be able to improvise a new recipe or manufacture
some crude clothing for ourselves, but how many among
us could build a computer or devise a treatment for dia-
betes? Henrich and McElreath (2003) illustrate this point
beautifully with the story of three European explorers
who, in spite of having specialized equipment and train-
ing, failed to work out for themselves how to survive in
the Australian desert, where aboriginal groups comfort-
ably forge a living on the land. Adaptive behavior in hu-
mans is heavily reliant on socially transmitted knowl-

edge that accumulates over generations, such as the
knowledge that the aborigines possessed but the explor-
ers lacked. For most of us, our almost complete reliance
on the accumulated knowledge of previous generations
in order to survive renders the cost of inventing equiva-
lent solutions through asocial learning unrealistically
high. At the same time, by creating environments with
transgenerational stability, throughour niche construction
we humans modify our worlds in such a way as to facil-
itate effective learned information transmission between
individualsand across generations (Laland, Odling-Smee,
& Feldman, 2000; Odling-Smee, Laland, & Feldman,
2003), rendering the costs of social learning remarkably
low. With the balance sheet weighted so heavily, it is lit-
tle wonder that our species is so reliant on culture.

In circumstances in which asocial learning is associ-
ated with significant costs or social learning is associated
with substantive benefits, doing what others do may be
adaptive for an individualeven if the population’s behav-
ior is suboptimal. In game theoretical terms, arbitrary and
even maladaptive traditionsmay emerge as Nash equilib-
ria4 if each individual is reinforced for doing what others
are doing or penalized for breaking the convention (Boyd
& Richerson, 1985, 1992; Giraldeau et al., 2002). For in-
stance, Laland and Williams (1998) found that guppies
will swim an energetically costly long route to feed when
a short route is available, provided that conspecifics take
the long but not the short route. Solitary fish learn to take
the short route very quickly, but fish in a laboratory tra-
dition taking the long route take a much longer time to
adjust to the shorter route. If one regards the ecological
environment as the sole source of reward, it is difficult to
explain why fish exposed to the tradition should take
longer than solitary fish to adopt the short route. But if
one recognizes the rewards of the social environment (in
this case, the benefits of aggregation for effective preda-
tor defense) and the costs of asocial learning (an elevated
risk of predation), then it becomes possible to envisage
animal traditions that are inherently self-perpetuating.5
Pongrácz, Miklósi, Kubinyi, Topál, and Csányi (2003)
also report that social learning can perpetuate maladap-
tive foraging traditions among dogs, whereas Giraldeau
et al. (2002) discuss a number of possible cases in which
maladaptive behavior may spread as a result of informa-
tional cascades in which individuals base behavioral de-
cisions on the prior decisions of others.

There are other plausible “when” strategies. For in-
stance, Boyd and Richerson (1988) considered a theo-
retical model exploring the adaptive advantages of so-
cial learning in a variable environment (see also Henrich
& Boyd, 1998). The model assumed that individuals
were required to make a judgment as to which of two en-
vironments they were in and to produce the behavior that
was appropriate to that environment. Boyd and Richer-
son (1988) postulated that animals would rely on their
own experience when reasonably certain which environ-
ment they were in, but would rely on social learning
when the nature of the environment was unclear. This
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suggests that a copy-when-uncertain strategy may some-
times be employed by animals.

I know of no experimental data that directly confirm
Boyd and Richerson’s (1988) assumption that animals
copy because they are uncertain as to which preestab-
lished behavior pattern is appropriate, although there is
data suggesting that animals copy when uncertain be-
cause they possess no relevant prior knowledge.6 For ex-
ample, Galef and colleagues have established that rats,
when confronted with two alternative novel foods, pref-
erentially adopt the diet consumed by conspecifics as in-
dicated by odor cues on their breath (see Galef, 1996, for
a review). Interestingly, when the foods were familiar,
the demonstrators’ influence was much weaker, suggest-
ing that social information is of greatest utility when the
rat is uncertain as to which diet to consume. Similarly,
Day, Coolen, and Laland (in press) observed that gup-
pies with no prior knowledgeof the whereabouts of food,
finding themselves in a novel environment, will adopt
the foraging behavior of conspecifics, whereas those
with prior knowledge will ignore the foraging informa-
tion provided by conspecifics. Day et al. (in press) also
found that if the use of private (asocially acquired) in-
formation was made actually or potentially costly, in this
case by requiring fish to swim away from and break vi-
sual contact with the shoal, then fish ignore their prior
knowledge and utilize the social information provided
by foraging conspecifics. The latter finding, which sug-
gests a copy-when-asocial-learning-is-costly strategy, is
consistent with Boyd and Richerson’s (1988) costly in-
formation hypothesis.

“Who” Strategies
In a landmark paper exploring the relation between so-

cial dynamics and social learning, Coussi-Korbel and
Fragaszy (1995) stressed the concept of directed social
learning, according to which the identity and character-
istics of demonstrator and observer critically affect the
probability of social learning. Coussi-Korbel and Fra-
gaszy suggested that the social rank, sex, age, patterns of
association, and other characteristics of demonstrator
and observer frequently influence the likelihood of so-
cial learning. As a result, information may be transmit-
ted through subsections of animal societies at different
rates. Coussi-Korbel and Fragaszy’s argument was based
primarily on observationsof nonhumanprimates, but their
conjectures are supported by mathematical analyses ex-
ploring the evolution of social learning. Such analyses
have concluded that humans and animals alike should be
selective with respect to the individuals from whom they
learn, and a considerable amount of modeling effort has
gone into exploring the relative merits of alternativestrate-
gies specifying whom to copy in order to maximize the
effectiveness of social learning.

Theoretical analyses have revealed that in most cir-
cumstances in which natural selection favors reliance on
social learning, conformity is also favored (Boyd &
Richerson, 1985). Here, conformity refers to positive,

frequency-dependent social learning in which the prob-
ability of acquiring a trait increases disproportionately
with the number of demonstrators performing it. Hen-
rich and Boyd (1998) recently established that a broader
range of conditions favors conformist transmission as
opposed to cultural transmission. These findings suggest
that much animal social learning should involve individ-
ual adoption of the behavior of the majority—that is, a
copy-the-majority strategy. Although few empirical
studies on animals have addressed this issue directly, so-
cial learning in which the probability of adopting a pat-
tern of behavior increases with the proportion of demon-
strators occurs in guppies (Lachlan, Crooks, & Laland,
1998; Laland & Williams, 1997;Sugita, 1980), rats (Beck
& Galef, 1989; Chou & Richerson, 1992), pigeons (Le-
febvre & Giraldeau, 1994), and humans (see Boyd &
Richerson, 1985, and Henrich, 2001, for reviews). Strictly
speaking, this work provides only weak evidence of con-
formity, since the experiments would need to dem-
onstrate a disproportionate tendency to adopt the behav-
ior of the majority rather than a linear association
between the probability of learning and the proportion
of demonstrators exhibiting the behavior. There is also
evidence that some birds acquire their songs from neigh-
bors in a conformist manner (Catchpole & Slater, 1995;
Payne, 1996). The results of shoal choice experiments in
fish, in which individuals were given a choice between
joining two shoals that differed in the number of com-
posite individuals, are also consistent with the conjec-
ture that conformity is operating (Krause & Godin, 1994;
Lachlan et al., 1998; Lindström & Ranta, 1993).

Animals may adopt a conformist strategy in their mate
choice decisions, choosing partners according to their
popularity. Mate choice copying is said to have occurred
when the probability of an individual’s selecting another
as a sexual partner increases because other individuals
(of the same sex) have selected the same partner (Gibson
& Höglund, 1992). A series of experiments by White and
Galef (1999, 2000; Galef & White, 1998) provide evi-
dence that female quail copy one another’s mate choices.
Experiments with guppies suggest that females may uti-
lize the presence of a female near a courting male as an
indication of his quality and bias their choices of males
accordingly (Dugatkin, 1992). However, there are a num-
ber of other interpretations,and researchers have struggled
to replicate some prominent findings (Brooks, 1996; La-
Fleur, Lozano, & Sclafani, 1997).

Day, MacDonald, Brown, Laland, and Reader (2001)
found stronger evidence of conformity in a series of ex-
periments in fish in which the effect of shoal size on for-
aging efficiency was investigated. In a first experiment,
they presented a hidden food source to shoals of guppies
in open water. Large shoals were found to locate food
faster than small shoals, in consistency with similar find-
ings in other f ishes. This is probably because f ish in
large shoals have more shoal mates from which to ac-
quire information, and large numbers of individuals at a
food site attract conspecifics more rapidly than small ag-
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gregations. However, in a second experiment, the fish
had to swim through a hole in an opaque maze partition
to get to a food source. In this situation, the opposite re-
sult was found: Smaller shoals located food faster than
larger shoals. The seemingly conflicting f indings of
these experiments make sense in light of the observation
that guppies have a preference to join large over small
shoals, which implies that individuals ought to be more
willing to leave smaller than larger shoals. Swimming
through an opaque partition to locate food involved
breaking visual contact with the shoal and, hence, effec-
tively leaving it. Under such circumstances, conformity,
which is the result of the natural shoaling tendency of
these fish, leads to greater reluctance to acquire a novel
behavior in large than in small shoals. This interpreta-
tion was supported by the findings of a third experiment,
which replicated the second except that it made use of a
transparent partition. In this experiment, individuals in
large shoals once again located the food faster than those
in small shoals. Here, visual contact between fish was
maintained because the partition was transparent, so fish
passing through it were not leaving the shoal. Hence, so-
cial transmission of foraging information was not hin-
dered by conformity, and large shoals were advantaged.

Conformity is a manifestation of positive, frequency-
dependent social learning. In theory, the reverse pattern
of negative frequency dependencemight occur under re-
stricted circumstances in which novelty confers a selec-
tive advantage. In the same way that rare males have a
mating advantage in populations of Drosophila, so rare
behavior patterns may be disproportionately adopted
with the use of a copy-if-rare strategy. One example that
may fit the bill is interspecific vocal mimicry in birds
such as starlings, parrots, and mynahs. At the extreme,
male European marsh warblers copy the sounds of an av-
erage of 77 other species (Dowsett-Lemaire, 1979).Catch-
pole and Slater (1995) suggest that in species in which
males habituallycopy the vocalizationsof heterospecifics,
the most likely explanation is that this is a result of sex-
ual selection, females favoring males with large reper-
toires. They point out that the most striking cases of
vocal mimicry occur in species with very elaborate
songs.

Obviously, learning from others will be more effective
if animals disproportionately adopt the behavior of the
more successful members of the population. There is no
point in copying someone whose behavior is manifestly
unproductive. There are a number of related strategies
that could be adopted here, the utility of which has been
explored using theoretical models. One such strategy is
to copy successful individuals, the latter being identified
by cues such as health, wealth, or reproductive success.
Boyd and Richerson (1985) labeled this kind of strategy
an “indirect bias.” Theoretical analyses suggest that this
can be an effective strategy and typically leads to adap-
tive behavior (Boyd & Richerson, 1985; Kendal, 2003).

A copy-successful-individuals strategy has the advan-
tage of being relatively easy to implement, but the dis-

advantage that it is not always clear which of a success-
ful individual’s many traits is the major source of its suc-
cess. Pop and film stars do not make their millions as a
result of their political views, yet they frequently exert an
influence on the political beliefs and values of their fans.
Mathematical analyses suggest that this strategy may be
favored by natural selection even though it may some-
times allow neutral and maladaptive traits to hitchhike
along with those traits that engender success (Boyd &
Richerson, 1985). Some animals also appear to adopt
this strategy, although there are other possible interpre-
tations.7 For instance, the probability that redwing black-
birds will acquire a food preference through social learn-
ing is affected by whether the demonstrator bird becomes
sick or remains well (Mason, 1988). Bats that are unsuc-
cessful in locating food alone follow previously suc-
cessful bats to feeding sites (Wilkinson, 1992). In stud-
ies of foraging behavior in chimpanzees, Menzel (1973,
1974) found that naive chimpanzees were more likely to
follow an informed individual with knowledge of the
whereabouts of hidden food than an uninformed con-
specific. A similar phenomenon has been reported in
guppies (Lachlan et al., 1998).

Henrich and Gil-White (2001) suggest that the evolu-
tion of a copy-successful-individuals strategy could ex-
plain the formation of prestige hierarchies, since highly
skilled individuals will be at a premium. Individuals
adopting this strategy may be selected to pay deference
to successful individuals in exchange for preferred ac-
cess and assistance in learning. Henrich and Gil-White
suggest that such deference benef its may take many
forms, some of which may apply to animals, including
coalition support, gifts, and caring for offspring. Even-
tually, such deference behavior itself becomes a reliable
cue as to which individuals possess adaptive knowledge.

In the context of animal studies, prestige may equate
to social rank. Are animals more likely to copy high-
ranking than low-ranking conspecifics? Surprisingly
few attempts have been made to address this question.
However, evidence is beginning to emerge from studies
of birds and monkeys that low-status demonstrators may
be ineffective relative to high-status demonstrators be-
cause of the inhibiting effects of the presence of con-
specifics on the performance of their behavior (Drea &
Wallen, 1999; Nicol & Pope, 1994).

A closely related alternativestrategy is to copy the most
successful behavior, which requires individuals to evalu-
ate the payoffs associated with behavioral alternatives.
This ability is a standard assumption of theoretical mod-
els of human decisionmaking (Gintis, 2000;Schlag,1998),
but it is not clear to what extent animals are able to make
such judgments. The collection of information about rel-
ative patch quality by monitoring the success of others
has been called public information use (Valone, 1989).
Public information use has been reported in the selection
of food patches and breeding sites in birds (Doligez, Dan-
chin, & Clobert, 2002;Templeton& Giraldeau, 1996) and
in assessment of the relative value of mates and competi-
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tors by fish (McGregor, Peake, & Lampe, 2001). For in-
stance, starlings can use the foraging success of other
birds to assess patch quality, and they exploit this infor-
mation in their judgments as to whether to stay or switch
patches (Templeton & Giraldeau, 1996).

Another heuristic is copy if better, whereby individu-
als switch strategy if the returns of the behavior adopted
by the demonstrator exceed those of their own behavior
(Schlag, 1998). Schlag’s game theoretical analyses re-
veal that when information concerning the success of
others is unreliable and noisy, a copy-if-better strategy
outperforms a copy-the-most-successful-behavior strat-
egy. However, Schlag reports that in risky environments
always copying all individuals that seem to be reaping
greater returns can lead the entire population to choose
the alternative with the lowest expected payoff. A much
better rule, which Schlag calls “proportional imitation,”
is one by which observers copy an individual that per-
formed better than they did with a probability that is pro-
portional to how much better that individual performed.
Schlag found that this version of the copy-if-better strat-
egy always leads the population to the expected payoff-
maximizing action.

Recent human culture is characterized by the ratchet
effect (Tomasello, 1994), or an increase in the complex-
ity or efficiency of technology over time. There is little
direct evidence within animal populations of additive,
incremental improvement in behavior or technological
advance (although see Hunt & Gray, 2003), which has
led to the argument that certain key psychological abili-
ties are critical to cumulative evolution. Capacities for
teaching and imitation have been widely touted as likely
candidate processes (Boyd & Richerson, 1985; Galef,
1992;Tomasello, 1994), but Schlag’s (1998) findings sug-
gest another possibility. Intrinsic to ratcheting is the abil-
ity to make a judgment that a novel solution to a problem
generates superior returns than does an established be-
havior. Perhaps other species rarely exhibit ratcheting
because individuals are unable to ascertain with suffi-
cient reliability whether the behavior of another individ-
ual is more profitable than their own, or are unable to
make a judgment as to how much better the alternative
is. Conceivably, the ability to implement Schlag’s pro-
portional imitation rule requires an accuracy of appraisal
that is typically absent in nonhuman primates, making a
copy-if-better strategy less likely to be adaptive.

Schlag’s (1998) analysis has uncovered two further
strategies that appear to be equally as effective as “pro-
portional imitation” but may be easier for animals to use.
One such strategy, which he terms “proportional obser-
vation,” requires individuals to copy the behavior of a
demonstrator with a probability equal to the demonstra-
tor’s payoff. Thus, once again, animals have to make a
judgment as to the profitability of another individual’s
behavior, but this rule seems less complicated than the
proportional imitation rule, since a comparison between
self and other is not required. However, even Schlag

(May, 2003, personal communication) expresses reser-
vations about whether a strategy independent of one’s
own success could evolve. Surely animals would take
into account the returns of their current behavior before
copyingothers. Perhaps more realistic is a rule that Schlag
termed “proportional reservation,” but which might be
called the copy-if-dissatisfied strategy. Here, the size of
the payoff to an individual’s current behavior determines
its satisfaction, in a linear function. The individual re-
tains its current behavior with a probability equal to this
satisfaction. Hence, if the level of satisfaction is low there
is a large probability that it will copy the action of a ran-
domly chosen demonstrator, whereas if its satisfaction is
high the probability is small. This strategy has the advan-
tage that it is potentially simple to implement, because it
does not require individuals to assess the payoff to a
demonstrator or to make any judgments as to the relative
profitability of alternative behavior patterns. The copy-
if-dissatisfied strategy is interesting, not least because
animals could feasibly use it. Schlag’s analysis suggests
that the proportional-imitation, proportional-observation,
and proportional-reservationtactics will all have equal fit-
ness at equilibrium.However, the proportional-reservation
rule would appear to be easier to implement than the other
two strategies. Thus, we might anticipate that a copy-if-
dissatisfied strategy is likely to be widespread in nature,
whereas a copy-if-better strategy will probably be rare—
an easily testable prediction.

The evolution of enhanced brain size in primates has
commonly been explained in terms of selection favoring
social or technical intelligence. As an alternative hy-
pothesis, Blackmore (1999) has suggested that the se-
lection pressure to acquire f itness-enhancing memes
(i.e., cultural units analogous to genes) drove the evolu-
tion of effective imitators by favoring an imitate-the-
best-imitators strategy, with effective social learning re-
quiring large brains. Blackmore’s argument was based
on the assumption that the most effective social learners
would acquire the most advantageous cultural traits.
Hence, her copy-the-good-social-learners strategy is in-
trinsically tied to a copy-the-most-successful-behavior
strategy. Theoretical support for Blackmore’s argument
is mixed. An analysis by Higgs (2000) concluded that
Blackmore’s hypothesis is plausible, although the extent
to which his model actually tests Blackmore’s hypothesis
has been challenged (Barrett, Dunbar, & Lycett, 2002;
Kendal, 2003). Conversely, Kendal (2003) found that a
copy-the-good-social-learners strategy would not evolve,
since it has no selective advantage over the strategy used
by generalist social learners that copy other individuals
at random. On the other hand, Kendal did f ind that a
copy-the-most-successful-behaviorstrategy would evolve.
One empirical observation consistent with Blackmore’s
hypothesis is Nowicki, Searcy, and Peters’s (2002) report
that female song sparrows prefer the songs of males that
copy accurately. Nowicki et al. suggest that song-learning
ability is a reliable indicator of male quality.
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An extremely common observation in the social learn-
ing literature is that individuals often copy kin. Any kin
bias may reflect nothing more than the fact that individ-
uals spend considerablymore time in the presence of kin
than in that of nonkin. However, there are two reasons to
suspect that selection may have favored a disproportion-
ate degree of learning from kin. First, social learning,
particularly in a variable environment, is of use only to
the extent that demonstrator and observer experience the
same environment and reap the same rewards (Boyd &
Richerson, 1985, 1988). This may be more likely among
kin than among nonkin because, by virtue of their shared
genes (and other sources of similarity), kin may be more
likely than nonkin to reproduce similar behavior variants
and to experience the same affective sensations in rein-
forcement.8 Second, in situations in which information
transmission is costly, because of their shared genes indi-
viduals may have more to gain by providing reliable in-
formation to kin than to nonkin, and less to gain from
deceiving them. Conceivably, Hamilton’s (1964) rule
may apply to social learning, with the probability of so-
cial learning being directly proportional to the coeffi-
cient of relatedness of observer and demonstrator. It may
be no coincidence that one of the most sophisticated
cases of animal communication that results in social
learning—the famous dance of the honeybee—occurs
among female worker bees that share up to three quarters
of their genes. Similarly, if “friends” are regarded as in-
dividuals with whom one trades altruistic acts (Trivers,
1971), by similar lines of reasoning we might expect
more social learning among friends than among non-
friends in a copy-friends strategy. Although fish may not
have “friends,” they do express preferences for shoaling
with familiar individuals (Griffiths, 2003), and guppies
have been reported to acquire foraging information more

effectively from familiar than from unfamiliar demonstra-
tors (Swaney, Kendal, Capon, Brown, & Laland, 2001).
Another possible strategy, copy older individuals, has
been assumed in theoretical analyses (Kirkpatrick &
Dugatkin, 1994) on the basis of reports of mate choice
copying in female guppies.

Hierarchical Control of Social Learning
Strategies

The preceding discussion hints at a hierarchical con-
trol in the deployment of social learning. “When” strate-
gies imply that individuals resort to social learning only
when unlearned or asocially learned solutions are inef-
fective. Although not discussed here, much research into
animal innovation is consistent with a “necessity is the
mother of invention” interpretation (Reader & Laland,
2003). Innovation is a process that results in new or mod-
ified learned behavior and that introduces novel behav-
ior into a population’s repertoire (Reader & Laland,
2003). If innovation is risky and associated with costs,
then it is likely to be employed as a last resort when un-
learned or asocially learned, or when socially learned
strategies have proven unproductive. There are good
evolutionary reasons for anticipating hierarchical orga-
nization of behavior (Dawkins, 1976), and hierarchical
control has been reported for a great deal of human and
animal behavior (Byrne & Russon, 1998). In Figure 1,
this reasoning is structured in the form of a flow chart.

The hierarchical scheme depicted in Figure 1 is sim-
plistic and speculative and is likely to be wrong in im-
portant respects: There may not be consistent patterns in
animals’ reliance on unlearned and learned behavior;
perhaps strategies will be found to be organized hierar-
chically, but in a different manner from that portrayed
here; conceivably, there will be feedback between levels;

Figure 1. Hierarchical control of behavioral strategies.
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and so on. Nonetheless, I persist with this scheme in the
hope that it will encourage other researchers to formu-
late more sophisticated analyses of the control of learn-
ing strategies.

Irrespective of how useful a hierarchical conception
of the deployment of social learning strategies proves,
greater attention to the contexts in which human and
nonhuman animals utilize social learning is surely war-
ranted. There is a need for empirical research explicitly
evaluating the strategies proposed by theoretical models.
At the same time, further theoretical analyses of the rel-
ative merits of different strategies in different contexts
would be of considerable value, most likely using evolu-
tionary game theoretical models. What makes social
learning strategies an exciting avenue for future research
are the rich possibilities for integrating empirical and
theoretical findings. The approach has the additional ad-
vantage that, potentially, it helps to draw the field of so-
cial learning more closely into a general behavioral ecol-
ogy framework.
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NOTES

1. This conclusion holds irrespective of whether the asocial and so-
cial learning involved is reliant on similar or different underlying psy-
chological processes.

2. A copy-when-asocial-learning-is-costly strategy also underlies
Boyd and Richerson’s (1995) conclusion that social learning can in-
crease the mean fitness of individuals in a population.

3. One potentially important caveat here is that if the entire population
is challenged by a novel problem, perhaps because of a change in the en-
vironment, social learning may not be adaptive, since at that point there
may be no individualthat knows how to behave (Henrich & Boyd,1998).

4. A Nash equilibrium is a combination of strategies for the players of
a game in which each player’s strategy is a best response (i.e., one that
maximizes expected payoffs) to the other players’ strategies (Nash, 1951).

5. Laland & Williams’s (1998) experiment provides evidence of the
social transmission of maladaptive information (i.e., “take the long
route”), and of a suboptimal behavioral tradition (of taking the long

route), but neither the behavior of the fish (when it pays to shoal for
protection from predators) nor the general capacity for social learning
(which is typically advantageous), should be described as maladaptive.
A failure to distinguish between transmitted information, tradition, be-
havior, and capacity for social learning has resulted in much confusion
in discussions of the adaptive value of social learning.

6. Strictly speaking, only the former hypothesis is in accordance with
Boyd and Richerson’s (1988) assumptions. In principle, these alterna-
tives could be distinguished through careful experimentation.

7. Here, animals may be adopting a copy-the-most-successful-behavior
or copy-if-better strategy. In principle, these alternatives could be dis-
tinguished throughcareful experimentation. For example, demonstration
of a copy-successful-individuals strategy would be confirmed if demon-
strators whose behavior was observed to be successful on one task A, are
copied in another task, B, before or without the observers’ knowing
whether the demonstrators’ behavior in B was or was not successful.

8. By this logic, social learning may be more common among animals
of the same sex, size, social rank, and so forth.


