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I. INTRODUCTION

Although the past two decades have seen a significant increase in both
theoretical analyses and experimental studies of social learning in animals,
there has been relatively little productive interchange between theoreti-
cians and empirical investigators; formal models have had relatively little
impact on the experiments undertaken by empiricists, and experimental
data have played little role in the construction of models. As Laland (2004,
p. 12) has suggested, ‘‘There is a need for empirical research explicitly
evaluating the strategies proposed by theoretical models.’’

Animals can acquire adaptive information either directly, as a result
of their own personal experience of the consequences of engaging in alter-
native behaviors, or indirectly, using various aspects of the behavior of
others to guide development of their own behavioral repertoires. Personal
sampling results in acquisition of accurate, current information about the
environment. However, the errors that are an inescapable part of individu-
al, trial‐and‐error learning can be costly, and personal exploration of the
environment not only requires time and energy but also increases exposure
to both predation and other environmental threats.

Social learning has the potential to reduce costs of individual learning.
However, in environments that change over time, social learning is likely to
be less reliable than individual learning because, in changing environments,
social information can be outdated. Similarly, in environments that vary
spatially, there is a risk that potential models are engaged in behavior more
suited to environmental conditions other than those facing a potential social
learner. Relative reliance on social and individual learning can thus be
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viewed as involving a tradeoff between accuracy and cost (e.g., Boyd and
Richerson, 1985, 1988; Enquist et al., 2007; Giraldeau et al., 2002; Kendal
et al., 2005; Laland, 2004; Rogers, 1988).

Although, intuitively, it might seem that an individual would always
increase its fitness by avoiding the potential costs of individual learning,
formal, mathematical analyses of the tradeoffs between relatively inexpen-
sive, but potentially inaccurate, social learning and relatively expensive,
but accurate, individual learning indicate that both the circumstances
under which an individual learns and the characteristics of those that it
learns from can affect the relative fitness value of engaging in social as
compared with individual learning (Boyd and Richerson, 1985, 1988;
Enquist et al., 2007; Giraldeau et al., 2002; Kendal et al., 2005; Laland,
2004; Rogers, 1988).

Table I, modified from Laland (2004), provides a list, based on an
extensive theoretical literature (reviewed in Laland, 2004), of predictions
from formal theory as to when animals should increase their reliance on
social cues (‘‘when strategies’’) and the characteristics of individuals whose
behavior should provide the most valuable information (‘‘who strategies’’).
These ‘‘when strategies’’ and ‘‘who strategies,’’ are, in essence, information‐
gathering tactics that formal models indicate should have been favored
by natural selection.
TABLE I

Summary of Predictions from Formal Models of Social Learning
Strategies (Adapted from Laland, 2004)

‘‘When’’ strategies of social learning

Copy when established behavior is unproductive

Copy when asocial learning is costly

Copy when uncertain

Copy when dissatisfied

Copy when the environment is relatively stablea

‘‘Who’’ strategies of social learning

Copy the majority

Copy successful individuals

Copy good social learners

Copy kin

Copy familiar individuals

Copy older individuals

aNot considered in Laland (2004).
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A. TESTS OF PREDICTIONS FROM THEORY

Both Galef (2006) and Kendal et al. (2005) have recently provided
general reviews of findings in the literature that largely by happenstance,
provide evidence relevant to predictions from formal models, and I shall
not repeat that exercise here. Rather, I shall review a series of experiments
conducted over the past several years in which my coworkers and I have
used social learning of food preferences by Norway rats, Rattus norvegicus,
as an experimental system in which to investigate predictions from theoret-
ical models as to when animals should increase their reliance on social
information relative to individual learning and whom they should select
as models. Below, I summarize and discuss the results of both of
these studies and of other animal studies explicitly testing predictions
from formal models of social learning.
B. THE EXPERIMENTAL SYSTEM: NORWAY RATS’
SOCIAL LEARNING ABOUT FOODS

Studies of the role of social learning in the development of feeding
repertoires of Norway rats show that rats’ food choices are open to many
kinds of socially induced bias (for review, see Galef, 1996). Possibly the
most potent of the many social‐learning processes involved in the develop-
ment of rats’ food choices is a robust enhancement of the preference of a
naı̈ve rat (‘‘an observer’’) for a food following interaction with a ‘‘demon-
strator’’ rat that has recently eaten that food (Galef and Wigmore, 1983).
The breath of a demonstrator rat carries odor cues that enable other rats to
identify the foods that it has recently eaten. After such diet‐identifying cues
are experienced by an observer rat together with contextual cues, metabolic
products that are a normal part of rats’ breath, an observer rat exhibits a
long‐lasting, enhancement of its preference for foods that its demonstrator
ate (Galef and Stein, 1985; Galef et al., 1985, 1988).

Rats’ social transmission of food choice is unlikely to be a laboratory
artifact. Free‐living, wild Norway rats are central‐place foragers that should
have ample opportunity to extract information from colony mates returning
to their shared burrow between foraging bouts. Indeed, field observations
indicate that the food choices of wild rats are strongly influenced by the
food choices that others of their social group are making. For example,
Steiniger (1950), an applied ecologist who investigated methods to increase
the efficiency of poison baits used in rodent control, observed that if the
same poison bait were used in an area for an extended period of time,
despite initial success, later acceptance of the bait was extremely poor.
Naı̈ve young that were born to colony members that had survived their
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initial ingestion of the poison bait and had learned to avoid eating it, ate
only foods that adults of their colony were eating and would not even taste
the poison bait for themselves so long as knowledgeable adults were present
in their colony. The young rats appeared to be learning from their elders
either what foods to eat or what foods to avoid eating (Galef, 1985).

Our laboratory procedure for exploring such social transmission of infor-
mation concerning foods in Norway rats consists of three stages (Galef,
2002) that provide a laboratory analogue of interactions that might occur in
a rat burrow between a returning, successful forager and a burrowmate. We
first (stage 1) feed a demonstrator rat one of two roughly equally palatable,
distinctively flavored foods, diets A and B. We then (stage 2) place the
recently fed demonstrator rat in the home cage of an observer rat and allow
the observer and demonstrator to interact freely before (stage 3) removing
the demonstrator and offering the observer a choice between diets A and B,
one of which is the diet that its demonstrator ate.

We invariably find that during stage 3, observer rats show an enhanced
preference for whatever diet their demonstrator ate during step 2 (for
review, see Galef, 1996). Mammals ranging from short‐tailed fruit bats
(Carollia perspicillata; Ratcliffe and ter Hofstede, 2005) to spotted hyenas
(Crocuta crocuta; Yoerg, 1991) have been shown, similarly, to learn from
conspecifics what foods to eat, though the behavioral processes supporting
such social learning have been investigated more thoroughly in Norway rats
than in other species.
II. TESTING FORMAL MODELS OF SOCIAL LEARNING

A. WHEN STRATEGIES

Theory suggests five circumstances in which animals faced with a decision
should increase in their reliance on socially acquired information (Table I;
see Laland, 2004 for review): (1) when individual learning is unproductive,
(2) when individual learning is costly, (3) when uncertain, (4) when the
environment is relatively stable, and (5) when dissatisfied. Below, I describe
experiments in which Norway rats’ social learning about foods was used as
an empirical system in which to examine each of these five predictions.

1. Copy When Individual Learning Is Unproductive

Boyd and Richerson (1988, p. 44) suggested some years ago, in discussing
unproductive behavior, that ‘‘. . . for a particular species, there will be some
aspects of diet about which it will be difficult for individuals to learn what is
best, but there will be other aspects about which it will be easy for
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individuals to learn. The models predict that the former will be acquired
disproportionately by social learning and the latter disproportionately by
individual learning.’’

Like other mammals examined to date, Norway rats find it easy to detect
some nutrients in potential foods and difficult to detect others. For exam-
ple, the first time that a rat experiences a sodium deficiency and is offered a
cafeteria of foods only one of which contains a sodium salt, the rat will
prefer to ingest the food that is rich in sodium and will do so within minutes
of first sampling it (Epstein and Stellar, 1955; Friedman, 2000; for review,
see Stricker, 2000). In contrast, protein‐deficient rats find it difficult to learn
which of several foods presented to them contains protein (for review, see
Friedman, 2000; Galef, 2000). Depending on details of the experimental
situation, it can take from days to weeks for a rat to learn to focus its intake
on a single protein‐rich food presented in a cafeteria together with several
protein‐poor foods (Galef, 1991).

Our procedure for testing Boyd and Richerson’s (1988) prediction was
straightforward (Galef and Whiskin, 2008b). First, we induced either a
sodium deficiency or a protein deficiency in rats by feeding them either
sodium‐deficient or protein‐deficient diet for seven consecutive days. We
then used these deficient animals as observers in our three‐stage procedure
for social induction of food preference. We offered observers that had
interacted in stage 2 with a demonstrator rat that had eaten either cinna-
mon‐flavored or cocoa-flavored food in stage 1, a choice in stage 3 between
cinnamon- and cocoa‐ flavored foods rich in both protein and sodium.

If, as Boyd and Richerson’s (1988) model predicts, animals that, individ-
ually, are unable to make productive decisions as to what to eat rely more
heavily on socially acquired information than animals able to make produc-
tive food choices, then protein‐deficient rats should show greater social
influence on their food choices than sodium‐deficient rats. In fact, whether
severely or moderately deprived, protein‐deprived observer rats relied
more heavily on socially acquired information than did sodium‐deprived
observer rats (Fig. 1), confirming Boyd and Richerson’s (1988) prediction.
2. Copy When Dissatisfied

Laland (2004) categorized copy‐if‐dissatisfied as a ‘‘who strategy’’ reflect-
ing its origins in Schlag’s (1998) prediction that animals should tend to copy
individuals more successful than themselves. In particular, Schlag (1998)
proposed that an individual should adjust its probability of copying to make
that probability proportional to the difference in success between itself and
an individual that it might copy. Laland (2004) labeled this a ‘‘copy‐if‐
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Fig. 1. Mean � S.E. percentage demonstrators’ diet eaten by protein‐deficient and sodium‐
deficient observers during 4 h (left panel) and 23 h (right panel) of testing Number in histo-

grams ¼ N/group (from Galef and Whiskin, 2008b reprinted with permission of Elsevier).
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better’’ strategy and preferred an alternative model that Schlag (1998) had
called ‘‘proportional reservation’’ and Laland (2004) subsequently labeled
‘‘copy‐if‐dissatisfied.’’

In copy‐if‐dissatisfied, the reward that an individual receives for its cur-
rent behavior is positively related to its current level of satisfaction, and the
probability that it will copy others is inversely related to its current level of
satisfaction. Schlag (1998) had shown that, at evolutionary equilibrium,
copy‐if‐better and copy‐if‐dissatisfied have equivalent fitness consequences.
However, because copy‐if‐dissatisfied requires evaluation only of one’s own
success, not of the relative success of oneself and of others, copy‐if‐dissatis-
fied seems more likely than copy‐if‐better to have evolved (Laland, 2004).
Consequently, we investigated the possibility that rats would be more likely
to ‘‘copy if dissatisfied,’’ which is a ‘‘when strategy.’’
a. Copy when sick We proceeded on the premise that, relative to a
healthy animal, a sick animal, for example, one deprived of a needed
nutrient or injected with a toxin, would have a reduced level of satisfaction.
Sick animals would, therefore, be predicted on both Laland (2004) and
Schlag’s (1998) models to be more likely to copy the food choices of others
than healthy animals.
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Results of previous experiments in our laboratory that were not explicitly
designed to examine effects of dissatisfaction on reliance on socially
acquired information were consistent with the prediction that dissatisfied
animals would be more reliant than healthy animals on socially acquired
information. For example, when Galef et al. (1991) compared the effective-
ness of demonstrator rats in influencing the food choices of protein‐replete
and protein‐deprived observers, we found protein‐deprived observers
significantly more susceptible to social influence than protein‐replete
observers.

In explicit tests of the hypothesis that dissatisfied rats are more suscepti-
ble to social influence than satisfied rats, we made observer rats dissatisfied
in three different ways and then compared the susceptibility to social
influence on food preference of dissatisfied observers and relevant controls.
b. Diluted diets We maintained rats randomly assigned to the dissatis-
fied condition for 7 days on powdered rat chow diluted 15% by weight
with cellulose, a nonnutritive filler (Galef et al., 2008). When given a choice
between the calorically dilute diet and undiluted chow, rats will eat eight
times as much undiluted as diluted food, indicating that they find the diluted
food distasteful. None the less, subjects given access only to calorically
dilute chow increase their intake to compensate for dilution and gained
weight normally.

Despite being able to maintain their body weights and presumably
remain healthy, observer rats fed only diluted diet had to eat a relatively
unpalatable food and experienced greater food‐handling costs than
rats maintained on undiluted diet. Thus, rats maintained on diluted diet
should have been healthy, but, we hoped, somewhat dissatisfied. Indeed,
as Laland’s (2004) and Schlag’s (1998) model would predict, rats main-
tained on calorically diluted rat chow exhibited greater social influence on
their food choices than did more‐satisfied rats maintained on unadulterated
chow (Fig. 2).
c. Unpalatable diets We also maintained observer rats for 7 days on a
diet made relatively unpalatable by the addition of cayenne pepper
(a substance rats find aversive) and found that these observer rats, when
subsequently allowed to interact with a demonstrator rat fed either cinna-
mon‐ or cocoa‐flavored diet and then offered a choice between those two
diets showed significantly greater social influence on their food choices than
did rats maintained for 7 days on a relatively palatable base diet (Galef and
Whiskin, unpublished data; Fig. 3).
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Fig. 2. Mean � S.E. percentage demonstrator’s diet eaten by observers fed either diluted or

undiluted rat chow for 1 week before interacting with a demonstrator. Number in histograms¼
N/group (from Galef et al., 2008, reprinted with permission of Elsevier).

100

90

80

70

60

50

0.350

19 19 19 19

Pepper

Control

0.175
Percent cayenne pepper

P
er

ce
nt

 d
em

on
st

ra
to

r’
s 

di
et

 e
at

en

Fig. 3. Mean � S.E. percentage demonstrator’s diet eaten by observers fed either cayenne‐
pepper flavored rat chow (pepper groups) or unflavored rat chow (control) for 1 week before

interacting with a demonstrator. Number in histograms ¼ N/group (Galef and Whiskin,

unpublished data).

124 BENNETT G. GALEF



TESTS OF STRATEGIES FOR SOCIAL LEARNING 125
d. Uncomfortable living conditions We also attempted to make rats
dissatisfied by maintaining them for 7 days in uncomfortable circumstances
(Galef et al., 2008). We housed rats assigned to the uncomfortable condi-
tion in a cage with a wire‐mesh floor, placed the cage in a constantly
illuminated room and heated the room to an uncomfortably warm (for
rats) 30 �C. Observer rats made uncomfortable, like those maintained on
diluted or unpalatable diets, were significantly more reliant on socially‐
acquired information than observer rats maintained under standard labora-
tory conditions (Fig. 4). Thus, the results of three experiments, two previ-
ously published in peer‐reviewed journals and one not, were consistent in
supporting the prediction that dissatisfied animals would be more suscepti-
ble than satisfied animals to social influence on their food choices.

3. Copy When Uncertain

Boyd and Richerson’s (1985, 1988) population genetics‐based models
consider the fitness consequences of reliance on individual and social
learning as a function of the degree of environmental variability. Starting
with the assumption that individuals must determine the current state of the
environment before they can engage in behavior appropriate to that
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environment, the models predict that individuals uncertain as to which of
two environments they are in should be more reliant on socially acquired
information than individuals that are sure of the current state of the world.
Laland (2004) labeled this bias toward reliance on social learning a ‘‘copy
when uncertain’’ strategy, and. we have carried out two experiments, one
that has undergone peer review, and one that has not, examining effects of
uncertainty on reliance on socially acquired information (Galef and
Whiskin, unpublished data; Galef et al., 2008).

a. Uncertainty as to the cause of illness We first undertook manipula-
tions to make Norway rats either certain or uncertain about the causal
relationship between ingesting an unfamiliar flavor and experiencing
gastrointestinal upset. All subjects were equally ill; they differed only in
the certainty with which they could attribute their illness to specific foods
that they had ingested. We then examined the susceptibility of these
‘‘certain’’ and ‘‘uncertain’’ rats to socially induced food preferences
(Galef et al., 2008).

To produce observer rats certain as to the cause of their illness, we fed
them a food with a single unfamiliar flavor (cinnamon) and then injected
them with a toxin (lithium chloride). To cause uncertainty in observer rats,
we fed them a food containing two unfamiliar flavors (cinnamon and cocoa)
and then injected them with lithium chloride. Rats assigned to the former
group were certain as to the cause of their illness. Whereas those assigned to
the latter condition could not know whether cinnamon, cocoa, or the
combination of cinnamon and cocoa was related to their discomfort.
After poisoning, we allowed subjects assigned to both conditions to interact
with demonstrator rats that had just eaten either anise‐ or marjoram‐
flavored food and then gave all observers access to weighed samples of
anise‐ and marjoram‐flavored food for 23 h.

If uncertainty increases reliance on socially acquired information, then
during the 23‐h choice between anise‐ and marjoram‐flavored foods, uncer-
tain subjects should have eaten more of the diet that their respective
demonstrators had eaten than subjects certain as to the cause of their
illness. Consistent with Boyd and Richerson’s (1985, 1988) models, uncer-
tain rats showed a significantly greater preference for their respective
demonstrators’ diets than did certain rats (Fig. 4 in Galef et al., 2008).

b. Uncertainty as to the safety of unfamiliar foods A rat presented
with unfamiliar potential foods should be less certain as to whether those
foods are safe to eat than a rat presented with foods it has previously eaten
without ill effect. If so, a rat choosing between unfamiliar foods should
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be more uncertain, and therefore more reliant on socially acquired
information than a rat choosing between foods that it previously ate
and found safe.

We fed one group of observer rats both cinnamon‐flavored chow and
cocoa‐flavored chow for 24 h while we fed another group of observer rats
unflavored chow. We then allowed each member of both groups to interact
with a demonstrator rat fed either cinnamon‐ or cocoa‐flavored diet before
offering each observer a choice between cinnamon‐ and cocoa‐flavored
diets.

As predicted from the hypothesis that uncertainty increases reliance on
social learning, demonstrators had significantly greater influence on the
food choices of rats choosing between unfamiliar than familiar foods
(Galef and Whiskin, unpublished data; Fig. 5). Consistent with this unpub-
lished finding, Forkman (1991) and Visalberghi and Fragaszy (1995) have
reported, respectively, that Mongolian gerbils (Meriones unguiculatus) and
capuchin monkeys (Cebus apella) increased their consumption of food in
the presence of feeding conspecifics when the food was unfamiliar, but not
when it was familiar.
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4. Copy When Individual Learning is Costly

Sampling unfamiliar, potentially toxic substances has greater potential
cost than ingesting familiar foods known to be safe. Consequently, the
finding that rats choosing between two foods are less reliant on socially
acquired information when those foods are familiar than when they are
unfamiliar (Galef and Whiskin, unpublished data) is consistent not only
with the prediction that uncertain rats should be more reliant on social
information than certain rats, but also with the prediction from formal
models that animals should increase reliance on socially acquired informa-
tion as the potential cost of individual learning increases (Boyd and
Richerson,1985; Feldman et al., 1996; Kendal et al., 2005). For example,
as the risk of predation rises so does the cost of individual assessment of
alternatives (e.g., Lima and Dill, 1990; Sih, 1994), and theory therefore
predicts that dependence on socially acquired information should increase
when cues are present that indicate enhanced risk of predation.

Cues indicating enhanced predation risk can be either direct (if a preda-
tor or cues directly associated with the presence of a predator are detected,
e.g., Powell and Banks, 2004) or indirect (if environmental cues indicate
that an attacking predator would be likely to be successful), for example,
when a potential prey animal is far from shelter (e.g., Orrock et al., 2004).
We examined effects of both direct and indirect cues of predation risk on
rats’ social learning of food preferences.
a. Direct cues of predation risk Assessing the relative nutritive value of
alternative potential foods, requires that an individual sample them repeat-
edly (Beck et al., 1988; Rozin, 1969; Rozin and Schulkin, 1990), and such
sampling can necessitate spending time at a distance from cover and there-
fore at heightened risk of predation. Consequently, cues of enhanced
predation risk in an environment should decrease individual assessment
of alternative foods and increase reliance on social information.

To examine effects of direct risk of predation on reliance on socially
acquired information, we first exposed observer rats to conspecific demon-
strators that had eaten either cinnamon‐ or cocoa‐flavored diet. We then
placed each observer rat in a large floor enclosure and offered it a choice,
for 24 h, between cinnamon‐ and cocoa‐flavored diets. We exposed obser-
vers assigned to experimental conditions to one of three types of direct cues
of predation risk: (1) a pair of domestic cats, Felis catus, roaming free in a
room containing a caged (and therefore safe) rat, or (2) a pair of cats caged
some distance from the rat’s cage either throughout the 24‐h test period, or
(3) for the first 4 h of the 24‐h test period (Galef and Whiskin, 2006).
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We treated control subjects assigned to each of these three conditions just
as we treated experimental subjects, except that we did not expose control
subjects to any cues of predation.

Although observer rats showed clear indications of a response to the
physical presence of cats, eating substantially less during 24 h than obser-
vers not exposed to cats, we found no indication that observers assigned to
experimental conditions relied more heavily than observers assigned to
control conditions on information provided by demonstrators (Galef and
Whiskin, 2006; Fig. 6). To the contrary, the effect of the presence of cats
was, if anything, to reduce attention to social information, possibly by
reducing the ‘‘choosiness’’ of observers when exposed to direct cues of
enhanced risk of predation (e.g., Briggs et al.,1996; Crowley et al., 1991;
Real, 1990). Although none of the differences between groups in Fig. 6 was
statistically reliable, contrary to prediction from theory, observer rats
assigned to the control group in each of the three conditions ate more,
not less, of the diet that their demonstrator had eaten than observer rats
feeding in the presence of predators.
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When we subsequently exposed observer rats to cat odor during testing
by placing a piece of cloth rubbed on a cat near the food bowls available to
observer rats, presumably providing weak direct cues of predation risk
relative to the actual presence of cats, observer rats preferred the diet
their respective demonstrators had eaten, but still showed no greater reli-
ance on socially acquired information than rats choosing between foods in
the absence of cat odor (Galef and Yarkovsky, 2009; Fig. 7).

b. Indirect cues of predation risk The farther an animal ventures from
cover when foraging and the more exposed a feeding site, the greater its risk
of predation. Consequently, if indirect cues of predation risk increase
reliance on socially acquired information, then animals feeding far from a
harborage site or in the open should be more reliant on socially acquired
information than animals either foraging near a harborage site or eating
whilst under cover.

We first gave all observer rats an opportunity to interact with demonstra-
tor rats fed either cinnamon‐ or cocoa‐flavored diet, then in a 2 � 2 design,
varied the distance from harborage site to feeding site (near or far) and the
presence or absence of cover at the feeding site where cinnamon‐ and
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cocoa‐ flavored foods were available. We found no effect of either distance
to a harborage site or presence of cover at a feeding site on observer rats’
reliance on socially acquired information. Unfortunately, we also found no
effect of indirect cues of predation on the amount that observer rats ate
during testing, suggesting that their foraging behavior may have been
unaffected by the indirect cues of predation that we were using (Galef
and Whiskin, 2006).

In a subsequent study, we attempted to magnify the effects of indirect
cues of predation on foraging by comparing the behavior of observer rats
that could both move from harborage site to feeding site and feed whilst
under cover with that of observer rats that had both to travel a meter to
food and to eat in the open. In this experiment, although observers moving
and feeding under cover ate significantly more (9.4 � 1.1 g) than observers
moving and feeding in the open (6.0 � 65 g), we still found no effect of
indirect cues of predation risk observers’ reliance on socially acquired
information (Galef and Yarkovsky, 2009; Fig. 8).

Studies of foraging behavior in guppies (Poecelia reticulate) and stickle-
backs (Gasterosteus aculeatus and Pungitius pungitius) have been more
successful than our studies with Norway rats in providing evidence of
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increased reliance on socially acquired information in the face of indirect
cues of predation risk. For example, Kendal et al. (2004) report that guppies
rely more heavily on social information in choosing a foraging site when the
choice involves leaving the protection of contact with a shoal than when it
does not, and Coolen et al. (2003) found that three‐spined sticklebacks, that
are at greater risk of predation than nine‐spined sticklebacks, are also more
susceptible to social influence when selecting a feeding site. However,
studies of effects of direct cues of predation risk on social influences on
mate choice in guppies, like studies of direct cues of predation risk on food
choice in rats, have failed to provide evidence of enhanced reliance on
social information in the presence of predators (Briggs et al., 1996)

c. Increased risk of ingesting toxins Although tests of predictions from
formal models concerning effects of increased cost of individual learning on
reliance on social learning have generally looked at effects of threats of
predation on reliance on social learning, factors other than predation
risk that also increase the cost of individual assessment should similarly
increase reliance on social learning (e.g., Dewar, 2004). In particular,
observer rats with experiences suggesting that sampling unfamiliar foods
can lead to illness might be expected to increase their reliance on socially
acquired information when subsequently choosing between additional
unfamiliar foods.

We fed observer rats assigned to experimental conditions either one, two,
or four different unfamiliar foods and injected them with a mild toxin after
they ate each, whereas we injected rats assigned to corresponding
control conditions with saline solution after they ate each of one, two or
four unfamiliar foods. We then allowed all observer rats to interact with
demonstrator rats that had been fed one of two additional diets that were
unfamiliar to the observers before allowing observers to choose between
those two diets. Experience with toxic foods had no effect on observers’ use
of socially acquired information (Galef and Whiskin, 2006; Galef and
Yarkovsky, 2009).

5. Copy When the Environment Is Relatively Stable

Anumber of models (e.g., Aoki and Feldman, 1987; Boyd and Richerson,
1988; Laland et al., 1996; Rogers, 1988) predict that social learning is more
likely to be adaptive when environments are relatively stable than when
environments are highly unpredictable because in rapidly changing envir-
onments, the behavior of a potential model is likely to reflect past rather
than current conditions. Consequently, copying the behavior of others in
rapidly changing environments may prove maladaptive.
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We maintained observer rats that we had assigned to an experimental
group for 12 days under rapidly changing conditions (each day, we fed
each observer a different food at a different time of day for a different
length of time, and moved each observer from one cage to another). We
left observer rats assigned to a control group in the same cage for 12 days
(but removed each observer from and returned it to its cage daily) and fed
each of the observers on one of the 27 feeding regimes to which we
exposed each observer assigned to the experimental condition (Galef
and Whiskin, 2004).

After 12 days of exposure to either relatively stable or highly variable
environments, each observer rat interacted with a demonstrator rat fed a
diet unfamiliar to its observer and the observer then chose between that
diet and a second unfamiliar diet. As predicted, although both groups of
observer rats showed significantly enhanced preferences for their respective
demonstrators’ diets, interaction with demonstrator rats had a significantly
greater effect on the food choices of observer rats assigned to the to the
stable than to the highly variable condition (Fig. 9).
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B. WHO STRATEGIES

Formal models make predictions concerning not only the conditions that
should lead to enhanced reliance on social information, but also as to the
characteristics of individuals whose behavior would be most advantageous
to copy. Like the ‘‘when strategies’’ discussed in the preceding section,
these ‘‘who strategies’’ are open to empirical investigation.

1. Copy Older Individuals

Survival to adulthood depends on adequate response to myriad environ-
mental challenges. Consequently, behaviors engaged in by adults are likely
to be well adapted to the demands of the locales in which those adults live.
Juveniles are more likely than adults to be in the error phase of trial‐and‐
error learning, and a naı̈ve, young individual might, therefore, be expected
to have a greater probability of acquiring adaptive behavior if it copied the
behavior of an adult rather than that of a fellow juvenile.

In our first exploration of possible effects of demonstrator age on obser-
vers’ social learning (Galef et al., 1984), we used a 2 � 2 design to examine
the consequences of interaction of both old and young observer rats with
both old and young demonstrators. The results indicated that both young
and old observers learned from both old and young demonstrators, and
that there was little difference in the magnitude of social learning as a
consequence of the relative ages of demonstrators and observers
(Galef et al., 1984).

More recently (Galef and Whiskin, 2004), we both repeated a portion of
Galef et al.’s (1984) experiments and directly compared the relative influ-
ence of old and young demonstrators, one fed cinnamon‐flavored diet and
the other cocoa‐flavored diet when those demonstrators were presented
sequentially to the same observer. The results were in complete accord with
those of Galef et al. (1984). Adult and juvenile demonstrators had equiva-
lent effects on their observers and direct comparison of the effectiveness of
older and younger demonstrators revealed no reliable difference. If any-
thing, juvenile demonstrators had greater effect than adult demonstrators
on their observers’ diet choices.

Failure to find greater effectiveness of older demonstrators is not unique
to social learning about food in rats. For example, Lachlan et al. (1998)
report that small guppies prefer to shoal with others their own size rather
than with larger guppies, and shoaling is known to play a major role in
selection of a feeding site (Laland and Williams, 1997). On the other hand,
Gerrish and Alberts (1995) found that weanling Norway rats prefer a
feeding site where an adult is eating to one where a juvenile is feeding,
and Dugatkin and Godin (1993) report that mate choices of small female
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guppies are affected by observing the choices of larger (and presumably
older) females, whereas the mate choices of large female guppies are not
affected by observing those of smaller individuals. Clearly, much remains to
be learned about when and how demonstrator age affects demonstrator
effectiveness.

2. Copy Kin or Familiar Individuals

Theoretically, copying familiar individuals or kin should have greater
fitness benefits than copying unfamiliar or unrelated potential models
because: (1) social learning is useful only when models and copiers are
exposed to similar environments and experience similar outcomes as a
result of engaging in similar behaviors and (2) an individual is more likely
to share environments and behavioral outcomes with kin or familiar
individuals than with nonkin or strangers (Boyd and Richerson, 1985, 1988).

In many species, young spend more time interacting with parents, sib-
lings, or other kin than with unrelated conspecifics, and should therefore
have greater opportunity to acquire information from relatives than from
nonkin (Coussi‐Korbel and Fragaszy, 1995) Consequently, any observed
differences in the frequencies with which juveniles living in natural circum-
stances behave like relatives than like nonrelatives cannot be used to infer
that young treat information acquired from related individuals differently
than they treat information acquired from others. A ‘‘strategy’’ of copying
kin or familiar individuals requires such differential treatment of informa-
tion acquired from familiar/kin and unfamiliar/nonkin, and is probably
demonstrable only under controlled conditions.

In our first exploration of effects of familiarity and kinship on social
learning about foods in Norway rats (Galef et al., 1984), we found that
familiar and unfamiliar nonkin were equally effective in influencing the
food choices of their observers. Consequently, we were surprised when
Valsecchi et al. (1996) found, in studies of social influence on the food
choices of Mongolian gerbils (M. unguiculatus), that only demonstrators
that were both genetically related to and familiar with observers exerted
any influence on their observers’ food choices.

Subsequent work by Choleris et al. (1998) revealed that treatment of
gerbils with benzodiazepine chloride, an anxiolitic agent, resulted in famil-
iar kin and unfamiliar nonkin being equally effective in altering their
observers’ food preferences. This result suggests that at least part of the
difference between Mongolian gerbils and Norway rats in the role of
kinship and familiarity in affecting social influence on food choice might
be due to differences in the probability of anxiety‐induced behaviors when
rats or gerbils first meet conspecifics.
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The unfamiliar/unrelated, young female rats that have acted as demon-
strators and observers in essentially all studies of social learning about food
in R. norvegicus rarely fight when they meet for the first time, whereas
unrelated/unfamiliar adultM. unguiculatus, frequently interact aggressively
during a first encounter. If, as seems likely, aggressive interaction interferes
with extraction of information from conspecifics concerning foods that they
have recently eaten and anxiolitic agents reduce the probability of such
aggression when unfamiliar gerbils first encounter one another, then the
observed difference in the effects of familiarity and relatedness on social
learning about foods in gerbils and rats might be expected.

In a pair of recent studies employing 2 � 2 designs, we examined the
impact on an observer rats’ preferences between two foods, one fed to each
of two demonstrators, one familiar and the other unfamiliar to the observer,
when we presented the two demonstrators simultaneously to an observer.
We found, somewhat surprisingly, that observers in each of two experi-
ments tended to eat more of a diet after interacting with an unfamiliar than
with a familiar demonstrator fed that diet (Galef and Whiskin, 2008a;
Fig. 10).

To test the hypothesis that the greater effectiveness of unfamiliar demon-
strators might reflect a tendency on the part of rats to spend more time
interacting with unfamiliar than with familiar conspecifics, we looked at the
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behavior of naı̈ve observer rats placed in a large cage with demonstrator
rats fed different foods restrained behind screen barriers (Galef and
Whiskin, 2008a). Consistent with the hypothesis that observers spend lon-
ger interacting with unfamiliar than familiar demonstrators, observers spent
more time at the end of the cage closer to unfamiliar than to familiar
individuals (Fig. 11).

Saggerson and Honey (2006) have reported possibly similar results in two
experiments in which rats observed members of a familiar or unfamiliar
strain pull on a chain to receive a food reward. The subjects behaved
similarly to a demonstrator rat of an unfamiliar strain but not to a demon-
strator rat of their own familiar strain. Saggerson and Honey (2006) attrib-
uted this difference in social learning following observation of relatively
familiar and unfamiliar demonstrators to latent inhibition (i.e., reduced
attention to familiar stimuli).

The finding that rats spend more time in the vicinity of unfamiliar than of
familiar conspecifics (Galef and Whiskin, 2008a) suggests that the greater
effect of unfamiliar than familiar demonstrators on observers’ food choices
is the result of greater amounts of information passing from unfamiliar than
familiar demonstrators to observers. However, we have no direct evidence
that the duration of interactions between an observer rat and its rat dem-
onstrator affects the magnitude of the effect of demonstrators on their
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observers’ food choices. Unfortunately, it is not possible to either control or
measure the amount of relevant information passing from interacting rat
demonstrators to their rat observers.

As discussed in greater detail in Section I.B., analysis of the processes
underlying influence of demonstrator rats on their observers’ food prefer-
ences has shown that the critical stimulus passing from a demonstrator rat
to its observer is a combination of a food odor and chemical cues that are a
part of normal rat breath (Galef et al., 1988). We discovered some years ago
(Galef, unpublished data; Lupfer‐Johnson, personal communication, 2008)
that if a human demonstrator eats cinnamon‐ or cocoa‐flavored rat diet and
then breathes on a rat, the rat subsequently shows an enhanced preference
for the diet that its human demonstrator ate. Of course, a human demon-
strator can be instructed to breathe on an observer rat a fixed number of
times and can therefore vary systematically the amount of social informa-
tion provided to an observer rat. Consequently, we could use human
demonstrators to examine experimentally any effects of amount of infor-
mation passing from a demonstrator to an observer on observers’
subsequent food choices.

We have compared the magnitude of the effect on observer rats’ choices
between cinnamon‐ and cocoa‐flavored rat chow of exposure to 1, 2, 10, 20,
or 40 breaths from a human demonstrator that had just eaten 10 g of either
cinnamon‐ or cocoa‐flavored rat chow. We found a significant (P < 0.02)
positive linear relationship between the number of human breathes an
observer rat experienced and its reliance on such ‘‘social’’ information
when subsequently choosing between cinnamon‐ and cocoa‐flavored diet.
(Galef and Tong, unpublished data; Fig. 12).

An interesting instance of variation in tendency to associate with familiar
individuals social behavior has been provided by Frommen et al. (2007)
who recently reported that three‐spined stickleback prefer to shoal with
familiar fish when sated but with unfamiliar fish when hungry, a finding that
Frommen et al. (2007) attributed to avoidance of competition with
kin. Shoaling in stickleback is known to affect choice of foraging site
(Laland and Williams, 1997), so it might be predicted that stickleback
would learn socially from familiar individuals when sated but from
unfamiliar fish when hungry.

Taken together, results of explorations of the effects of familiarity/relat-
edness on the effectiveness of demonstrators suggest a rather complex
picture. Apparently, there are circumstances in which familiar/related
demonstrators have greater influence than unfamiliar/unrelated demon-
strators, and other conditions where the reverse is true.
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3. Copy Successful Individuals

Successful foragers that are eating a nutritionally balanced diet and
avoiding ingesting deleterious quantities of naturally occurring toxins will
be healthier than those failing to secure a balanced diet or ingesting
naturally occurring toxins. In particular, successful foragers should be less
likely than unsuccessful foragers to be suffering observable gastrointestinal
distress.

Numerous investigations both in our laboratory and elsewhere have
explored the possibility that healthy demonstrators are more effective than
ill demonstrators in altering their observers’ food choices. Some labora-
tories (Galef et al., 1983, 1990; Grover et al., 1988) have been unable
to provide evidence of a superiority of successful to unsuccessful demon-
strators; others, for example, Hishamura (1998, 2000) and Kuan and Colwill
(1997) may have had better luck. However, Hishamura (2000, p. 185)
injected his ill demonstrators with an extremely hypertonic LiCl solution
(0.7 M) that severely disrupted their behavior. ‘‘The injected demonstrator
rats struggled wildly immediately after injection. After a few seconds they
became quiet, and crouched for a few hours.’’ Perhaps such debilitated
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demonstrators were unwilling to engage in social interaction with potential
observers and consequently failed to affect their observers’ food choices.
An attempt in our laboratory to replicate Kuan and Colwill (1997) provided
marginal evidence of a superiority of poisoned to unpoisoned demonstra-
tors in altering their observers’ food choices, a result opposite that reported
by Kuan and Colwill (Galef and Whiskin, 2000).

Hill and Ryan (2006) report that female sailfin mollies (Poecilia lati-
pinna), a species in which males mate with both conspecific and hetero-
specific females but prefer conspecific to heterospecific females as partners
(1) increase their affiliation with nonpreferred conspecific males seen con-
sorting with conspecific females, but (2) decrease their tendency to affiliate
with nonpreferred males seen consorting with heterospecific females. Hill
and Ryan (2006) interpreted this finding as providing evidence that females
copy the mate choices of high, but not of low quality females, although
alternative interpretations of the observed result are surely possible. For
example, if male sailfin mollies compete for access to conspecific females,
observation of a male molly with a conspecific female would provide an
observing female molly with information as to the male’s quality, and she
might be expected to increase her preference only for males that appeared
to have been successful in competition for access to preferred females.
Consequently, whether focal female mollies should be thought of as
copying the mate choices of successful but not of unsuccessful female
models is not clear.

4. Copy the Majority

Chou and Richerson (1992) used social transmission of food choice to
look for evidence that the relative number of demonstrators eating each of
two diets would influence the subsequent preference of a naı̈ve observer rat
choosing between those diets. In each of four experiments, Chou and
Richerson (1992) found that the greater the proportion of five demonstra-
tor rats with which a single observer rat interacted that had eaten a diet, the
greater that observer’s preference for that diet in a subsequent choice test.
Galef and Whiskin (1995) have repeated that result.

In related experiments, Beck and Galef (1989) showed that three dem-
onstrator rats were significantly more effective than one in causing young
rats to ingest a relatively unpalatable diet containing protein when that diet
was presented together with three more‐palatable, protein‐poor diets, and
Galef (1986) found that interaction with two demonstrators that had eaten
a diet to which observers had previously learned a poison‐induced aversion
were more effective in reversing that aversion than was interaction with a
single demonstrator that had eaten the averted diet. Studies by Lachlan
et al. (1998) and Laland and Williams (1998) in guppies and by Lefebvre
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and Giraldeau (2002) in pigeons (Columba livia) provide additional evi-
dence that the probability that a naı̈ve animal will adopt a pattern of
behavior increases as the proportion or number of demonstrators exhibiting
that behavior increases. However, it has been argued that a linear associa-
tion between the proportion of demonstrators exhibiting a behavior and the
probability that an observer will adopt that behavior does not provide
convincing evidence of a strategy of copying majorities (Laland, 2004).

All else being equal, a naı̈ve individual should be exposed more frequently
to information provided by a majority than by a minority of demonstrators,
and as indicated in earlier discussion of copying familiar and unfamiliar
demonstrators, (Section II. B. 2) may simply respond to the relative amount
of information received regarding available alternatives. Indeed, the rela-
tively linear response of observers to the ratio of demonstrators that have
eaten each of two foods reported by Chou and Richerson (1992) and Galef
and Whiskin (1995) is consistent with the view that the greater the amount
of information an observer rat receives from conspecifics regarding a food,
the greater the social enhancement of its preference for that food. Only if
observers were to show a disproportionate tendency to copy a majority of
demonstrators would there be evidence of a strategy of copying majorities
(Laland, 2004).

5. Copy Good Social Learners

Whether copying good imitators is an effective strategy is a matter of
debate. Some theoreticians follow Blackmore (1999) in suggesting that
an enhanced ability to acquire cultural memes should prove adaptive
(e.g., Higgs, 2000), while others maintain the opposite, (e.g., Kendal,
2003). Empirical work on the issue is limited, although results of a few
studies suggest that at least some birds can identify good social learners and
are therefore consistent with the hypothesis that good social learners might
be preferred models. For example, Nowicki et al. (2002) report that female
song sparrows (Melospiza melodia) prefer the songs of males that copy
accurately, and suggest that ability to copy songs is a reliable index of a
male’s quality, while Hile et al. (2005) have proposed that, early in court-
ship, female budgerigars (Melopsittacus undulatus) prefer males that learn
rapidly to mimic their vocalizations.

Although it remains unclear just how rats, unlike birds, might identify
individuals that were better social learners than others, we have recently
completed a study in which, in each of three replicates, we allowed 18 naı̈ve
observer rats to interact with demonstrator rats fed a cinnamon‐flavored
diet, and then selected the six that, when subsequently offered a choice
between cinnamon and cocoa‐flavored diets for 24 h, showed greatest and
least preference for cinnamon‐flavored diet. The social learning exhibited
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by the six ‘‘best’’ and six ‘‘worst’’ social learners differed dramatically, with
the best social learners eating an average of 94.0 � 2.7% and the worst
social learners eating only 36.3 � 2.0% cinnamon‐flavored diet. We then
used these 12 observer rats as demonstrators for 12 new observer rats
(Galef and Whiskin, unpublished data) that first interacted with a demon-
strator fed cinnamon‐flavored diet and then chose for 23 h between
cinnamon‐ and cocoa‐flavored diets.

Although there was a tendency for observers to eat more cinnamon‐
flavored diet after interacting with a best than with a worst social learner
as demonstrator, the effect was not significant (Fig. 13). Further, when we
repeated the experiment with an additional group of 12 observers each of
which interacted simultaneously with two demonstrators, one chosen from
among six ‘‘best’’ social learners and the other from among six ‘‘worst’’
social learners and one fed cinnamon‐flavored diet and the other cocoa‐
flavored diet (counterbalanced across the quality of demonstrators’ prior
social learning), we found no effect of demonstrators’ previous perfor-
mance as social learners on their observers’ preferences (Fig. 13).
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III. CONCLUSIONS

A. OVERVIEW OF RESULTS

The series of experiments discussed above was undertaken to examine
predictions derived from formal models of social learning as to when
animals should increase their reliance on socially learning and from whom
they should learn. I hoped that examining multiple predictions from theory
in a single empirical system would provide both a picture of the adequacy of
current models and data of potential use in increasing their accuracy.

My students and I found that formal models had considerably greater
success in predicting when rats will rely on social learning than in predicting
who rats would copy (Table II). Our data were consistent with four of
five ‘‘when strategies,’’ (copy when dissatisfied, when unproductive, when
uncertain, and when the environment is relatively stable), whereas only one
of six ‘‘who strategies’’ (‘‘copy the majority’’) received any empirical
support, resulting in a nearly statistically reliable difference in the success
of formal models in predicting who and when rats would copy (Fisher’s
exact probability test, P ¼ 0.08; Table II). Further, as indicated in the
preceding discussion of ‘‘copy the majority,’’ (Section II.B.4) although the
results of several studies indicate that both rats and other animals show
a positive relationship between the proportion of demonstrators exhibiting
TABLE II

Summary of Results of Experiments Reviewed in the Present Manuscript Examining
Strategies of Norway Rats Learning Socially About Foods

‘‘When’’ strategies of social learning

Copy when established behavior is unproductive Yes

Copy when asocial learning is costly No

Copy when uncertain Yes

Copy when dissatisfied Yes

Copy when the environment is stablea Yes

‘‘Who’’ strategies of social learning

Copy older individuals No

Copy kin No!

Copy familiar individuals No!

Copy successful individuals No

Copy if better No

Copy the majority Maybe

Copy good social learners No

Not!, the opposite of the predicted outcome.
aNot considered in Laland (2004).
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a behavior and the probability that their observers will adopt that behavior,
the support such findings offer for a ‘‘copy the majority strategy’’ is weak at
best. Such proportional copying may reflect not a strategy of observers, but
a difference in the amount of information demonstrators in the majority
and minority provide to their observers.

If the data in Table II, describing the results of experiments using Norway
rats’ social learning about foods are analyzed, ignoring the ambiguous
evidence consistent with a strategy of ‘‘copy the majority,’’ then the differ-
ence in success of predictions of ‘‘when’’ and ‘‘who’’ strategies reaches
statistical significance (Fisher’s exact test, P < 0.05). Further evidence of
the lack of success of formal models in predicting who rats will copy, if
further evidence is needed, is provided by the tendency of observer rats, in
contradiction to theory, to copy unfamiliar demonstrators in preference to
familiar demonstrators. In general, Norway rats choosing between foods do
not seem to use the ‘‘who strategies’’ formal theory predicts.
B. WHY THE GREATER SUCCESS OF PREDICTIONS FROM ‘‘WHEN’’
THAN from ‘‘WHO’’ STRATEGIES?

Why formal models should be more successful in predicting when social
learning will occur than who will serve as a model for such learning is not
clear. Perhaps correlations between states of the environment and the value
of reliance on socially acquired information are stronger than correlations
between characteristics of potential models and the value of information
that they provide. If so, natural selection for attention to the state of the
environment would have been stronger than natural selection for attention
to characteristics of potential informants, and the greater success of predic-
tions of ‘‘when’’ than ‘‘who’’ strategies would be explained. However,
attention to at least some characteristics of potential models would seem
almost certain to have a powerful effect on the value of social leaning. For
example, selection might be expected to act strongly to favor copying the
behavior of healthy, successful rather than of obviously ill, unsuccessful
foragers. Indeed, the failure, despite many years of attempts both in my
laboratory and elsewhere, to find any evidence that rats are more likely to
adopt the behaviors of healthy, conscious potential models than of un-
healthy or unconscious ones remains something of a mystery.

Noble et al. (2001) have provided a model demonstrating that in envir-
onments containing exclusively lethal toxins, rats should copy the food
choices of both healthy and sick individuals, though it is of course unlikely
rats evolved in such an environment. Galef (1985, 1991) has proposed that,
because rats may most often become ill for reasons that have nothing to do
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with the foods they have eaten, lost opportunity costs resulting from not
eating foods ingested by unhealthy demonstrators might be greater than
any benefits resulting from avoiding such foods.

Although creating both formal models (Noble et al., 2001) and informal
arguments (Galef, 1985, 1991) as to why rats should not learn to avoid foods
eaten by ill or unconscious conspecifics is relatively simple, such post hoc
explanations are inherently suspect. Explanations in the literature of other
failures to find evidence consistent with predictions from social‐learning
theory (e.g., Briggs et al., 1996; Frommen et al., 2007) are similarly post hoc.

1. Adaptive Specialization

Hoppitt and Laland (2008, p. 133) have recently proposed that the social
enhancement of food preferences found in Norway rats is the expression of
a specialized learning mechanism that evolved to implement the general
adaptive strategy ‘‘eat what others eat.’’ If so, social learning about foods
might resemble taste‐aversion learning, the other proposed adaptive
specialization seen in rats’ food selection, in restricting the range of stimuli
to which rats attend when learning about foods.

As the name taste‐aversion learning implies, rats learn far more easily to
associate tastes than exteroceptive stimuli (e.g., sights or sounds) with
subsequent aversive gastrointestinal events, a phenomenon referred to in
the psychological literature as cue‐to‐consequence specificity (Garcia and
Ervin, 1968) or preparedness (Seligman, 1970). Such preferred association
of taste cues with gastrointestinal upset seems sensible in that food is tasted
in the mouth and ingestion has gastrointestinal consequences.

Three of the four ‘‘when strategies’’ (copy when individual learning is
unproductive, when dissatisfied, and when uncertain) that accurately pre-
dicted rats’ increased reliance on social learning each involve an animal
monitoring either the consequences of its own behavior (whether that
behavior was productive) or its own internal state (its level of comfort or
certainty about the state of the environment). The ‘‘when strategy’’ (copy
when predators are present) and the seven ‘‘who strategies’’ that were not
confirmed (copy familiar individuals, older individuals, etc.) each involved
monitoring features of the external environment.

As in taste‐aversion learning, rats may have difficulty using information
about the external environment to modulate their responses to socially
acquired information about foods. If so, as Hoppitt and Laland’s (2008)
analogy between rats’ social learning of food preferences and their
taste‐aversion learning suggests, then the greater success of predictions
from ‘‘when’’ than from ‘‘who’’ strategies might be expected. However,
why failure to attend to exteroceptive cures in social learning about foods
might be adaptive is not nearly so obvious as why rats should fail to attend



146 BENNETT G. GALEF
to such cues in individual taste‐aversion learning. Consequently, positing
evolution of a strategy to ‘‘eat what others have eaten,’’ as have Hoppitt
and Laland (2008) begs the question of why a strategies of ‘‘eat what
healthy others have eaten’’ or ‘‘eat what kin have eaten’’ did not
evolve instead.

2. Problems with Failures to Find Evidence

It might be argued that failure to find evidence consistent with predic-
tions from ‘‘who strategies’’ is not particularly informative because, as is
always the case with failures to find evidence consistent with predictions
from theory, the design of failed experiments might have been inadequate
to test the prediction. However, problems inherent in failures to reject null
hypotheses does not explain the difference in outcomes of tests of ‘‘who
strategies’’ and ‘‘when strategies,’’ especially given the greater ease of
designing experiments with high face validity to test the former than the
latter. Convincing tests of the hypotheses that rats attend to kin, to older
individuals, to the majority, etc., are far easier to design than are convincing
tests of whether rats are more likely to rely on social learning when, for
example, dissatisfied or engaged in unproductive behavior.

3. Alternative Priorities

As discussed in the sections on ‘‘copy kin or familiar individuals’’
(Section II.B.2) and ‘‘copy older individuals,’’ (Section II.B.1) when indi-
viduals participate in a social interaction, the social interaction itself may be
more important to participants than whatever social information might be
available during the interaction. For example, Choleris et al.’s (1998)
finding, in Mongolian gerbils, of an anxiety‐induced failure to learn socially
from unfamiliar demonstrators and Lachlan et al.’s (1998) report of young
guppies preferring to feed with age mates to reduce predation risk suggest,
as does our finding that rats spend more time interacting with unfamiliar
than with familiar demonstrators, that considerations having nothing to do
with social learning itself may be important in determining whether social
learning occurs in many potential social‐learning situations. More generally,
characteristics of interacting individuals along dimensions orthogonal to
their suitability as models for social learning, might determine the likeli-
hood that social learning would occur during an interaction (for review, see
Coussi‐Korbel and Fragaszy, 1995). For example, demonstrators of high
social status might be less effective than demonstrators of low social status
despite the potential superiority of individuals with high social status as
models, because the presence of high status individuals inhibits behavior in
low‐status individuals (Drea and Wallen, 1999; Nicol and Pope, 1994).
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4. Where is the Problem?

The fact that results of our tests of predictions from ‘‘who strategies’’ of
social learning were not consistent with theory suggests that there is some-
thing wrong either (1) with the theories from which the predictions derive,
(2) with our methods of testing those predictions, or (3) with our choice of
Norway rat’s social learning about foods that makes it inappropriate for
testing predictions formal theory. As discussed above, tests of copy familiar
individuals, copy older individuals, etc., are fairly straightforward, so it is
unlikely that methodological errors are the source of the problem. As is also
discussed above, there may be some reason to question the validity of
Norway rats’ social learning about foods as an empirical system for exam-
ining predictions from general theory. Indeed, instances in which empirical
tests of some ‘‘who strategies’’ have provided confirming evidence, for
example, the tendency of guppies to copy the mate choices of larger and
presumably older individuals, more experienced individuals (Dugatkin and
Godin, 1993) is consistent with the view that Norway rats may be idiosyn-
cratic in some way.

Last, it is of course possible that the models from which ‘‘who strategies’’
are derived are incomplete. In particular, as noted in Section II.B.1, results
of analyses of success (Choleris et al., 1998) and of failure (Galef and
Whiskin, 2008a) of predictions concerning the effects of familiarity and
kinship on social learning about foods by Mongolian gerbils and Norway
rats suggest that social interactions between individuals with differing char-
acteristics that are not considered in formal models of social learning may
be critical in determining whether predictions from such models are con-
firmed or refuted. For example, the tendency of Mongolian gerbils to attack
unfamiliar, unrelated conspecifics the first time that they encounter them
and of Norway rats to spend more time in olfactory investigation of unfa-
miliar than familiar conspecifics may interact with the processes that sup-
port social learning about foods (i.e., exposure to diet related cues carried
on the breath of mammals that have recently eaten) to produce either
consistent or inconsistent with predictions from social‐learning theory.
Thus, whether ‘‘who strategies’’ are confirmed or disconfirmed may depend
on how the specific mechanisms resulting in social learning in any particular
case are affected by the types of social interaction engaged in by potential
social learners and models with various characteristics. If the social inter-
actions elicited by the characteristics of potential models and social learners
determine the likelihood of social learning occurring, then accurate predic-
tion of the characteristics of individuals that increase the probability that
they will be exploited as sources of information may require incorporation
into models of social learning of variables other than those shaping the



148 BENNETT G. GALEF
evolution of social learning itself,. Our theories may be focused on the
factors affecting the evolution of reliance on socially acquired information,
but our animal subjects may have priorities other than acquiring social
information when they encounter potential models.
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