ANIMAL BEHAVIOUR, 2008, 75, 631e637
doi:10.1016/j.anbehav.2007.06.024

Available online at www.sciencedirect.com

Social learning of food preferences in ‘dissatisﬁed’
and ‘uncertain’ Norway rats
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Formal models of trade-offs between individual and social learning predict situations in which animals
should increase their reliance on socially acquired information. In three experiments, we found, that as
theory predicts, ‘dissatisﬁed’ and ‘uncertain’ Norway rats, Rattus norvegicus, increased their reliance on social learning. When choosing between two unfamiliar foods, rats that had been maintained for 1 week on
either (experiment 1) an unpalatable, energetically dilute diet or (experiment 2) an unyielding surface in
a hot, constantly illuminated room, as well as (experiment 3) rats uncertain as to which of two unfamiliar
ﬂavours that they had ingested was associated with illness showed greater reliance on socially acquired information than did their respective ‘satisﬁed’ and ‘certain’ controls.
Ó 2007 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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Because learning socially can mitigate any costs of individual, trial-and-error learning, copying the behaviour
of others might seem to be always adaptive. However, as
numerous theoreticians have pointed out, copying is not
always advantageous (e.g. Boyd & Richerson 1985, 1995;
Rogers 1988; Giraldeau et al. 2002; Laland 2004; Kendal
et al. 2005). For example, if all members of a population
copy one another’s behaviour, no individual would be
monitoring the environment, the behaviour of population members could not track environmental changes,
and, in a varying environment, the behaviour of members
of a population consisting entirely of copiers would, in
time, become suboptimal. Only when copying a potential
model’s behaviour has a higher probability of enhancing
ﬁtness than does learning individually about the consequences of behavioural alternatives is copying the behaviour of others a superior strategy.
Laland (2004) reviewed a number of formal models and
provided a list of conditions that various theories suggest
should affect the ﬁtness consequences of reliance on
social rather than on individual learning (see also Kendal
et al. 2005). Here, we examined empirically effects on
use of socially acquired information of two conditions:
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dissatisfaction with payoffs resulting from current behaviour (Schlag 1998; Laland 2004) and uncertainty as to the
current state of the environment (Boyd & Richerson 1985,
1988).
To explore effects of dissatisfaction and uncertainty on
dependence on socially acquired information we used, as
a model system, the behaviour of female Norway rats, Rattus
norvegicus, faced with a choice between two foods. Results of
many earlier studies show that after a na€ıve rat (an observer
rat) interacts brieﬂy with a conspeciﬁc that has recently
eaten a distinctively ﬂavoured food (a demonstrator rat),
the preference of the observer rat for the food that its demonstrator ate is signiﬁcantly increased (Galef & Wigmore
1983; for reviews see, Galef 2005, 2007). For example, an observer rat that has interacted with a demonstrator rat fed
cinnamon-ﬂavoured food and then chooses between cinnamon- and cocoa-ﬂavoured foods will eat signiﬁcantly
more cinnamon-ﬂavoured food than an observer rat offered
the same choice after interacting with a demonstrator rat
fed cocoa-ﬂavoured food (Galef & Wigmore 1983).
Social inﬂuence on rats’ food preferences has been used
previously in our laboratory to explore effects of several
variables that formal theory suggests should affect whether
animals rely on socially acquired information when making
decisions (e.g. environmental predictability, Galef & Whiskin 2004; relative age of demonstrator and observer, Galef
et al. 1984; Galef & Whiskin 2004; success of the demonstrator, Galef et al. 1983, 1991; costs of individual learning,
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Galef & Whiskin 2006; and success of the observer, Galef
et al. 1991). Results of such investigations have sometimes
provided evidence consistent with theoretical predictions,
and sometimes not (for review, see Galef 2006).
Consistent with the copy-if-dissatisﬁed strategy that we
examine here, we have previously found that observer rats
maintained on a protein-deﬁcient diet are more likely than
rats maintained on a protein-replete diet to copy the food
choices of demonstrator rats (Beck & Galef 1989; Galef
et al. 1991). Although the enhanced use of socially
acquired information shown by protein-deﬁcient rats is
consistent with the hypothesis that dissatisfaction enhances reliance on social learning, such increased reliance
on social learning might not be a result of dissatisfaction
per se. Protein-deprived rats in the Galef et al. (1991) study,
although probably ‘dissatisﬁed’ with the situation in
which they found themselves, were also obviously ill. Consequently, illness, rather than dissatisfaction might have
been the cause of the observed heightened reliance on
socially available information in protein-deprived subjects.
In the three experiments described below, observers
choosing between two diets had opportunity to learn
individually about both the relative palatability and postingestive consequences of those diets as well as access to
information concerning them acquired socially from a demonstrator. Observers choosing diets on the basis of individual learning would not prefer the diet that their
demonstrators had eaten, while observers relying on socially acquired information would prefer that diet.
We examined effects on observers’ reliance on socially
acquired information of two potential causes of dissatisfaction: (experiment 1) maintenance on an energetically
dilute diet, and (experiment 2) maintenance in uncomfortable circumstances and (experiment 3) one possible cause
of ‘uncertainty’, ambiguity as to the cause of illness.

EXPERIMENT 1: DISSATISFACTION, DILUTE DIET
Schlag’s (1998) game-theoretical analysis of situations
when copying the behaviour of others would be beneﬁcial
indicates, ﬁrst, that an individual should copy others
when they are more successful than the potential copier,
and second, that the probability of copying should be proportional to the difference in success between potential
model and potential copier. In discussing Schlag’s work,
Laland (2004) labelled this strategy a ‘copy-if-better’ strategy and suggested an alternative that he labelled ‘copyif-dissatisﬁed’. In copy-if-dissatisﬁed, the amount of
reward an individual is receiving for current behaviour is
linearly related to its satisfaction, and the probability
that an individual will copy others is inversely related to
its current level of satisfaction. At evolutionary equilibrium, copy-if-better and copy-if-dissatisﬁed have equivalent ﬁtness consequences (Laland 2004). However,
because copy-if-dissatisﬁed requires evaluation only of
one’s own success, not of the relative success of oneself
and others, copy-if-dissatisﬁed seems more likely to have
evolved than copy-if-better (Laland 2004).
Here, we made subjects ‘dissatisﬁed’ by maintaining
them on an unpalatable, energetically dilute diet. We chose

a level of energetic dilution such that subjects could
compensate by increasing their food intake to maintain
both body weight and health. However, subjects maintained on the energetically dilute diet had to eat a relatively
unpalatable diet and experienced increased food-handling
time as a consequence of having to eat increased amounts.
Consequently, they should have been both relatively
dissatisﬁed and healthy.
METHODS

Subjects
We assigned 28, 9-week-old, female LongeEvans rats
(observers) obtained from Charles River Canada (St Constant, Quebec, Canada) to dissatisﬁed (N ¼ 12), and satisﬁed (N ¼ 16) conditions. These animals had served as
observers in previous studies of social learning, but had
no previous experience with one another or with either
the anise- or marjoram-ﬂavoured diets or the dilute diet
to which they were exposed in the present experiment.
An additional 28, 10- to 11-week-old, female rats that
had served as observers in previous experiments, served
as demonstrators. We used only young female rats as
both demonstrators and observers to reduce the probability of aggression when two individuals, unfamiliar with
one another, were ﬁrst placed together.

Apparatus and Diets
Apparatus
Throughout the experiment, we individually housed
demonstrators and observers in stainless steel, wire-mesh
hanging cages, measuring 20  20  34 cm. We presented
food to all subjects in semicircular, stainless steel food
cups (10 cm in diameter and 5 cm deep). To prevent spillage (monitored by inspection beneath cages) we ﬁlled
food cups to only half their depth.

Diets
We composed two diets by mixing either 1 g of ground
anise or 2 g of ground marjoram with sufﬁcient powdered
Teklad Rodent Diet 8640 (diet 8640; Teklad Mills, Madison, WI) to bring the mixture to 100 g. We purchased
anise and marjoram in bulk from The Horn of Plenty
(Dundas, Ontario, Canada).
To construct an energetically dilute diet (diet cell), we
mixed 150 g of a non-nutritive substance (cellulose nonnutritive ﬁller; catalogue number 160390, Teklad Mills,
Madison, WI) with 850 g diet 8640. In a 24-h choice test
between undiluted diet 8640 and diet cell, 20 individual
female rats similar in age and previous experience to subjects in the present experiment (see Subjects) ate a mean 
SE of 13.2  3.5% of diet cell, indicating that they found
diet cell considerably less palatable than diet 8640.

Procedure
Observers
We weighed observers and, for 1 week, fed them ad
libitum either diet 8640 (N ¼ 16) or diet cell (N ¼ 12). At the
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end of the week, we reweighed each observer and determined its change in body weight during the preceding
week.

While observers were being fed either diet 8640 or diet
cell, to ensure that demonstrators ate when we gave them
opportunity to do so, we placed them on a feeding
schedule, eating diet 8640 for 1 h/day for 3 consecutive
days. On the day that demonstrators were scheduled to interact with observers, we gave the demonstrators access to
either diet mar (N ¼ 14) or diet ani (N ¼ 14) during the 1-h
feeding period that occurred just before we moved each
demonstrator into the home cage of an observer.

Social learning
Six of the 12 observers maintained on diet cell and eight
of the 16 observers maintained on diet 8640 interacted for
30 min with a demonstrator that had been fed diet ani,
and the remaining observers interacted with a demonstrator that had been fed diet mar.
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Ethical note
The McMaster University Animal Research Ethics Board
approved the procedures used in all three experiments
reported here (AUP Number 04-06-28).

Results and Discussion
As would be expected based on the hypothesis that
dissatisﬁed rats would make greater use of socially available information than satisﬁed rats, the food preferences
of observers maintained on diet cell for 7 days showed
a signiﬁcantly greater inﬂuence of demonstrators than the
food preferences of observers maintained on diet 8640
(Student’s t test, t26 ¼ 2.56, P < 0.02; Fig. 1a). The data are
fully consistent with the hypothesis that dissatisﬁed animals are more likely to copy the behaviour of others
than are satisﬁed animals.
During the 7 days of feeding, all subjects gained weight
(as would be expected of young female rats maintained with
ad libitum access to food), and observers fed diet 8640 and
diet cell gained equal amounts of weight (Student’s t test,
t26 ¼ 0.33, P ¼ 0.75; Fig. 1b). Furthermore, there was no relationship between the amount of weight gain of observers
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Following the 30-min period of interaction between
demonstrators and observers, we removed demonstrators
from observers’ cages (and from the experiment), then
offered each observer, for 24 h, two weighed food cups, one
containing diet mar and the other diet ani. At the end of
the 24-h testing period, we again weighed the food cups
in each observer’s cage and calculated the percentage of
each observer’s total 24-h intake that was the diet that its
demonstrator had eaten (i.e. for observers whose demonstrators had eaten diet ani, 100  g diet ani/g diet ani þ g
diet mar and, for observers whose demonstrators had eaten
diet mar, 100  g diet mar/g diet mar þ g diet ani).
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Figure 1. (a) Mean percentage of demonstrator’s diet eaten by
observers fed diet cell (-) or diet 8640 (,) for 1 week before interacting with demonstrators, and (b) mean change in weight during
1 week maintenance on diet cell or diet 8640. Flags ¼ 1 SEM.

during the week preceding testing and their reliance on socially acquired information when choosing between diets
during testing (observers fed diet cell, Spearman’s rankorder correlation, rs ¼ 0.02, N ¼ 16, P ¼ 0.95; observers fed
diet 8640, rs ¼ 0.08, N ¼ 12, P ¼ 0.80). The similarity in
weight gain of observers maintained for 1 week on diet
8640 and on diet cell and the lack of correlation between
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change in body weight and reliance on socially acquired information both suggest that any effect of maintenance diet
on subsequent social learning was not a result of illness of
subjects maintained on diet cell.
EXPERIMENT 2: DISSATISFACTION,
UNCOMFORTABLE ENVIRONMENT
Dissatisfaction is an ambiguous term, and it is therefore easy
to suggest any number of environmental circumstances
that might make animals dissatisﬁed. Wild Norway rats are
crepuscular animals usually found in temperate climates.
They spend much of their lives concealed in underground
burrows where they construct nests in which they sleep and
rear their young. Here we maintained rats in constant light
on a relatively hard substrate without access to nesting
material and at an elevated ambient temperature to determine whether such generalized discomfort would increase reliance on social information when choosing a diet.

Methods
Subjects
Forty-eight female rats, identical to observers and
demonstrators in experiment 1, served here as observers
(N ¼ 24) and demonstrators (N ¼ 24). We randomly assigned 12 observers to comfortable and uncomfortable
conditions and 12 demonstrators to be fed diet ani and
12 to be fed diet mar.

Apparatus
For 1 week, we housed comfortable subjects in pairs in
standard transparent polycarbonate shoebox cages measuring 45.7  25.4  21.6 cm. Wood-chip bedding covered the ﬂoor of each cage to a depth of 3 or 4 cm and
strips of newspaper were available as nest-building
material. The cages resided in a colony room on a 12:12 h
daynight cycle and a temperature of 22  0.5 C. We presented food to subjects ad libitum in an overhead bin
that provided some cover.
Uncomfortable subjects lived in pairs in shoebox cages
similar to those housing comfortable subjects, however,
uncomfortable subjects lived on hardware cloth (0.5  1.0
in) ﬂoors that covered the wood-chip bedding and had no
access to nesting material. The room where cages of
uncomfortable subjects lived was constantly illuminated
and was heated to 29.5  0.5 C (The Canadian Council
on Animal Care recommends that rats be maintained at
20e25 C). To reduce uncomfortable subjects’ access to
cover, we presented food to them on the hardware-cloth
ﬂoors of their cages rather than in the overhead bin that
provided some cover for control subjects.

Procedure
The procedure was similar to that of experiment 1. Once
observers had spent 1 week in either comfortable or
uncomfortable circumstances, we exposed half to demonstrators fed diet mar and the remainder to demonstrators
fed diet ani and then determined the intake of each diet
by observers during a 24-h choice test.

Results and Discussion
We lost data from one observer when it overturned one
of its food cups during testing.
Consistent with the hypothesis that dissatisﬁed animals
are more reliant on socially acquired information than
satisﬁed animals, observers assigned to the uncomfortable
condition ate signiﬁcantly more of their respective demonstrator’s diet than did observers assigned to the comfortable
condition (t21 ¼ 2.53, P < 0.02; Fig. 2a). There was no significant difference in the change in body weight of observers
during their 7 days of maintenance in comfortable and uncomfortable conditions (t21 ¼ 1.12, P ¼ 0.27; Fig. 2b), and
no correlation between the weight gain of subjects over 7
days and their reliance on socially acquired information
during testing (uncomfortable group: rs ¼ 0.14, N ¼ 12,
P ¼ 0.68; comfortable group: rs ¼ 0.26, N ¼ 12, P ¼ 0.42).
EXPERIMENT 3: UNCERTAINTY
Boyd & Richerson’s (1985, 1988) models consider the relative ﬁtness consequences of individual and social learning in moderately variable environments. The models
start with the assumption that individuals must determine
the environment that they are in and then choose the behaviour appropriate to that environment. These models
lead to the prediction that, when fairly certain as to the
environment that they occupy, animals should rely on
their own experience, but should depend on socially acquired information when the state of the environment
is less certain. Laland (2004) labelled such bias towards depending on social learning in moderately unpredictable
environments as a ‘copy-when-uncertain’ strategy.
In the present experiment, we undertook manipulations
to make Norway rats either certain or uncertain about the
causal relationship between ingesting an unfamiliar ﬂavour and experience of gastrointestinal upset. We then
determined the susceptibility of ‘certain’ and ‘uncertain’
rats to socially induced food preferences.
We used a lithium chloride induced toxicosis (Nachman
1970) to teach observers that sampling unfamiliar food
was potentially dangerous (Galef & Whiskin 2006, experiment 3) and rendered some of these subjects certain, and
others uncertain as to which unfamiliar food they had
sampled was the cause of their illness. To produce observers certain as to the cause of their illness, we fed
them a food containing a single unfamiliar ﬂavour (cinnamon) and then injected them with toxin. To cause uncertainty, we fed observers a food containing two unfamiliar
ﬂavours (cinnamon and cocoa) and, immediately after
they had eaten, injected them with lithium chloride.
Twenty-four hours following induction of illness, we ﬁrst
allowed subjects assigned to both certain and uncertain
conditions to interact with demonstrator rats that had
just eaten either anise- or marjoram-ﬂavoured diet and
then gave all subjects access to weighed samples of aniseand marjoram-ﬂavoured food for 24 h.
If uncertainty increases reliance on socially acquired
information, then during the test, subjects assigned to the
uncertain condition, unsure as to whether cinnamon,
cocoa or the combination of cinnamon and cocoa caused
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uncertain (N ¼ 16) and certain (N ¼ 16) conditions. An additional 32, 8- to 9-week-old female rats that had served as
observers in previous experiments served as demonstrators.
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We placed both demonstrators and observers on a feeding schedule, and gave them access to diet 8640 for 1 h/
day for 3 consecutive days. On the third day of scheduled
feeding, we gave observers assigned to the certain condition weighed samples of either diet cin (N ¼ 8) or diet
coc (N ¼ 8) for 1 h and immediately thereafter injected
them intraperitoneally with 0.5% of their body weight
isotonic (0.13 M) lithium chloride solution.
We treated the 16 observers assigned to the uncertain
condition exactly as we treated observers assigned to the
certain condition except that we fed them diet cinecoc
when we fed observers assigned to the certain condition
either diet cin or diet coc.
Following induction of illness, we offered all observers
pellets of diet 8640 for 24 h, to allow them to recover fully
from the effects of injection with lithium chloride. We
then introduced a demonstrator rat into each observer
rat’s home cage for 30 min. Half the observers assigned
to the certain and half assigned to the uncertain condition
interacted with a demonstrator that had just eaten diet ani
for 1 h and the rest of the observers interacted with
demonstrators that had just eaten diet mar for 1 h.

Results and Discussion

Figure 2. (a) Mean percentage of demonstrator’s diet eaten and by
uncomfortable (-) and comfortable observers (,), and (b) their
mean change in weight during 1 week of maintenance in uncomfortable and comfortable conditions. Flags ¼ 1 SEM.

illness, might be expected to eat more of the diet that their
respective demonstrators had eaten than subjects assigned
to the certain condition.

Methods
Subjects
We randomly assigned 32, 7-week-old, experimentally
na€ıve, female LongeEvans rats (observers) obtained from

Consistent with the hypothesis that uncertainty increases reliance on socially acquired information, subjects
assigned to the uncertain condition showed a signiﬁcantly
greater reliance on information provided by their respective demonstrators than did observers assigned to the
certain condition (t36 ¼ 2.17, P < 0.04; Fig. 3)
GENERAL DISCUSSION
Results of the present experiments offer striking conﬁrmation of predictions from formal models that increases in
both dissatisfaction and uncertainty should increase the
use that na€ıve individuals make of information acquired
from conspeciﬁcs. The possibility that increase in reliance
on social information is mediated by a single underlying
variable, experience of weight loss, can be rejected on the
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Figure 3. Mean percentage of demonstrator’s diet eaten by observers
assigned to uncertain (-) and certain (,) conditions. Flags ¼ 1 SEM.

basis of the ﬁndings that manipulations that failed to affect
body weight still affected use of socially acquired information.
When Boyd & Richerson (1985) ﬁrst proposed that social learning was more likely to occur when prior personal
experience leaves individuals uncertain as to how to behave, they presented no data in support of that hypothesis. Kendal et al. (2005) recently reviewed empirical
evidence consistent with it, although most of the experiments that Kendal et al. (2005) discuss were not designed
speciﬁcally to determine whether animals are more likely
to attend to socially acquired information when uncertain. The present experiments thus contribute to a small
but growing body of literature both directly testing the hypothesis that uncertainty leads to reliance on social learning and producing results consistent with it (e.g. Coolen
et al. 2003; Dewar 2004; Kendal et al. 2004).
Of course, ‘uncertainty’ can be deﬁned in many ways.
Kendal et al. (2005), for example, identiﬁed three reasons
why an animal might be uncertain; it might lack relevant
prior information or its information might be either unreliable or outdated. Experiment 3 described above involves
ambiguous prior information, which could be considered
a possible fourth reason for uncertainty.
Like uncertainty, dissatisfaction can have many causes
and, in the present paper, we have explored effects on
reliance on socially acquired information of only two of
them. We know of no previous empirical investigations
designed speciﬁcally to test the hypothesis that dissatisﬁed animals are more likely to depend on socially acquired
information than satisﬁed animals and of no circumstantial evidence relevant to that issue. We do not know why
dissatisfaction has received less attention than uncertainty

as a cause of increased reliance on social learning.
However, manipulations likely to alter the certainty of
a potential social learner concerning its environment are
fairly commonly used as independent variables in studies
of learning generally, whereas manipulations altering
individuals’ level of satisfaction are rare.
It is important to note that in the experiments reported
here, we have explored effects of putative dissatisfaction
and uncertainty in only one model system, in only a single
sex and in only one species. Because, in nature, Norway
rats are a central-place foraging species, the conditions
under which they increase reliance on socially acquired
information may be unusual. Quite possibly, in other
systems or species, other results would be obtained, and
although weight loss and illness do not seem to be
a necessary substrate of increased attention to social
cues, there must surely be neurological or endocrine
correlates of increased reliance on social leaning awaiting
discovery. As recent reviews of the literature on trade-offs
between social and asocial learning suggest (Kendal et al.
2004; Galef 2006), we are only starting to understand
the conditions that affect the extent to which animals
rely on socially acquired information when choosing
between behavioural alternatives.
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