Social Learning in Rats

Historical Context and EXperimenm! Findings fessir

Abstract

This chapter reviews studies undertaken to understand how young Norway rats (Rattus norvegicus) .
use information acquired from others of their species to learn where and what to eat. The robust ehell
laboratory paradigms developed for studying social learning about foods in rats have proven useful in

asking a number of kinds of questions about the development, function, and causation of behavior.

Consequently, the results of this work have provided useful information not only about the role of

social learning in behavioral development, but also concerning the nature of traditions in animals, the

adequacy of formal mathematical models to predict behavior, the adaptive specialization of learning,

and the success of Norway rats as human commensals.

Keywords: Norway rats, food choice, social learning !

[atroduction
for more than 40 years, researchers in my labora-
bory have been conducting experiments designed to
increase understanding of how young Norway rats
(Rattus norvegicus) use information acquired from
clhera of their species to learn where and what to
ar, The willingness of members of the scientific
(wmmunity to support funding and publication of
tidies of social feeding in rats for so many years
Ind of graduare students to devorte a significant por-
‘i;on of their lives to such work suggest that informa-
fon abour social influences on rats’ food choices
ntinues o be relevant to the interests of the scien-
f'l'iﬁc community.
Maintaining interest in Norway racs’ social learn-
ing about foods in the face of an ever-changing sci-
thuﬁc zeitgeist has required considerable Aexibility

in presentation of our work. At one time or another,
Ol findings have been presented as relevant to prob-
ems in amma.] learning, food choice, and behavioral

,dmlﬂpmmt, as well as to the general concerns

o
iF ethologists, animal behaviorists, and behavioral

S _Kologlsts (Galef, 1991b). Suill, if the problem first

chosen for study had not been appropriate to the
interests of the scientific community, the research
program could not have acquired the momentum
needed to sustain it for decades. Consequently,
examining the context in which our research pro-
gram on socml influences on the food choices of
Norway rats developed may prov ide some insight as
to why, four decades later, the work continues to be
of sufficient interest to lead to an invitation to con-
tribute to this volume.

Studies of Social Influences on the Food
Choices of Norway Rats

Why Food Choice?

In 1968, the year in which [ completed my Ph.D. i
physiological and comparative psychology at 1h
University of Pennsylvania, progress in understand-
ing che factors governing the food choice of animals
lmd led to the study of food choice becoming one of
the most exciting areas in experimental psychology.
At the time, the processes of associarion learning
were assumed to have general characreristics that could
be discovered by studying learning in situations
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selected for their experimental convenience rather
than for their biological relevance. Experiments
conducted in the mid-1960s were to challenge thac
assumption.

John Garcia discovered in 1966 that, when form-
ing associations, rats showed a predilection to attend
to tastes and to ignore auditory and visual cues that
preceded aversive gastrointestinal events, and con-
versely, to attend to auditory and visual cues that
preceded shocks (Garcia & Koelling, 1966). Further,
contrary to findings in arbitrary situations, where an
association berween a stimulus and a subsequent
event could be learned only if the stimulus preceded
the event by a fraction of a second, rats could bridge
gaps of many hours berween tasting a novel food
and becoming ill and still learn an aversion to the
food (Garcia, Ervin, & Koelling, 1966). Garcia’s
discovery of both cue-to-consequence specificity and
tolerance for long delays in the conditioning of asso-
ciations berween flavors and illness violated what
were then assumed to be “general laws” of learning,
and it is hard to convey either the disbelief with
which these discoveries were initially greeted in some
quarters or the controversy that they generated.

Preferentially learning to associate Havors with ill-
ness and to tolerate long delays between cue and
consequence seemed to be ideal ways for rats living
outside the laboratory to learn to avoid repeated
ingestion of any toxic substances that they happened
to ingest when sampling among unfamiliar, poten-
tial foods. Not surprisingly, it was not long before a
number of investigators (e.g., Bolles, 1970; Rozin &
Kalat,1971; Seligman, 1970; Shettleworth, 1972)
were interpreting the novel properties of taste-
aversion learning as functional and suggesting that
the study of learning in biologically arbitrary situa-
tions might not be relevant to understanding how
learning occurred in at least some natural situations.
These authors (and others) suggested that specialized
mechanisms might have evolved to facilitate learn-
ing of biologically important associations. However,
the dominant view at the rime was that biology acted
to “constrain” learning rather than to elaborare learn-
ing processes in adaptive directions. Tt was the laccer
interpretation that subsequently became the received
view (e.z., Cosmides & Tooby, 1992). In any case,

o

Garcias work and interpretacions of its significance
introduced evolutionary or adaptive thinking into
the study of animal learning, a perspective that had
been lacking since Edward Thorndike initiaced the
Geld in 1898 (Galef, 1988).

A second revolution in understanding food
selection lay in Paul Rozin’s (1 967) brilliant turning
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Richeer had shown that, for example, Nof\"v.fiy

patterns of food choice as reflecting the acrig

that animals needed to prosper. Rozin explaineg T

. i the
same adaptive pattern of food selection by nutei.
: . . _ i-
Uona.ll.}r. dcﬁc.lcm animals as resulting from fi
acquisition of learned aversions to any foods eaten
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culated in learned aversions to more conventiong|

poisons.
This wave of unexpected findings conceming'_
food selection in rats suggested that understanding '
how rats learned what to eat and what to avoid
eating might be important in understanding behay- - ?ﬁperiﬁ_
ior more generally, and interest in the study of food = | pation
choice in rats was widespread among experimemﬂ A much
psychologis[s. jorism
surely
Why Social Learning? 4 mid-1!
Clearly, the food choices of humans are profoundly of bet
influenced by social context, with foods considered weake
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despite Harlow’s early experiments (Harlow, 1932)
demonstrating social influences on food intake in Why
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demonstrations of social effects on food selection in ment
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and behavioral development in gcncseﬂ, than it em
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gested that social learning should be importantin bo
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|:uossible, without incurring whartever €osts are an :' &
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costs are an

--l'ﬂcvjmble consequence of the mistakes that are an
"':lmpg['[ﬂn[ part of trial-and-error learning. In par-

jeular, weaning mammals leaving che relative safety
fa burrow or nest where they have been provi-
-.“»ﬂncd by their parents have to find a nutritionally
lequace diet both before they exhaust their limited

1ha:mﬂll amounts of toxins. Most important, any

# sung mammal must learn to choose appropriate
#fods in an environment that it shares with a parent
it other adults. To have survived, every adule must

fave learned to respond adaptively to each of the

fmny challenges posed by its local environment.

nsequently, a juvenile should be able to increase
q )

s relative fitness by parasitizing information from

e locally adaptive behavior patterns of adules with
ghich it interacrs.
In the late 1960s, the suggestion that the food

‘hoices of rats might be influenced by “informa-
Hijon” that they had excracted from others of
§heir species was not likely to be well received by

aperimental psychologists. Indeed, talk of “infor-
mation” in discussing animal behavior was pretty
nuch taboo in North America so long as behav-

“. . - . -
Yiorism provided the dominant perspective, as it

arely did in the late 1960s. However, by the

§ mid-1970s the grip of behaviorism on the study

of behavior in North America had substanially
weakened, and tolerance for more cognitive
approzlchcs to the study of animal behavior was
increasing rapidly.

Why Norway Rats?

Because so little is known of the historical environ-
ment in which Norway rats evolved, the study
of their behavior is, perhaps justifiably, highly
wspect in some circles. Yer Norway rats seemed par-
ticularly appropriate animals for investigation of
weial influences on feeding behavior, Wild Norway
rts are highly social animals chat, in natural envi-
onments, live in colonies that vary in size from a
mere handful o many hundreds of individuals
(Telle, 1966).

| Members of each colony share a burrow system,
1 place of refuge, from which colony members
tmerge to forage during the hours from dusk until
Gwn and to which they return berween foraging
bouts (Chicry, 1953). Such comings and goings of

: '-fﬂragers from a shared burrow system would appear

0 provide ample opportunicy for exchange of infor-

4 Mation among burrow residents about che foods

and feeding sites that they are exploiting (e.g., Ward

: l& Zahavi, 1973).

Norway rats are not only highly social, central-
place foraging animals, they are also dietary general-
ists. They have to compese a nutritionally adequate
diet from numerous constituents, and as a conse-
quence of planet-wide dispersal by humans, rats
often live in environments far remaoved from that in
which the species evolved. Rats could not depend
on evolved, hedonic responses to valuable foods
found in their ancestral native environment (wher-
ever it may have been) to guide their food selection
in adaptive directions. Consequently, if members of
any animal species learn about foods by extracting
information from others of their species, Norway
rats seemed likely candidates. Further, there was
even a report in the literacure (Steiniger, 1950) that
provided observational evidence consistent with the
view that Norway rats might learn from one another
what to eat and what to avoid eating.

In the dark ages before the coming of Google,
finding relevant literature was a challenge that
demanded skills that have been rendered largely, but
not completely, irrelevant by modern search engines
(there is, after all, a considerable liceracure published
before 1976, and much important work has been
published in places other than refereed journals).
Consequently, even today, numerous gems surely lie
undiscovered in early journals, foreign languages,
and edited books.

Among these invisible, but valuable, works was a
paper with the unappealing title Beitrage zur
Soziologie und sonsticen Biologte der Wanderratte
written by an applied ecologist, von Fritz Steiniger
(19530}, who had spent a substantial portion of his
career improving the efficiency of rodent-control
measures in his native Germany. Steiniger had
found that if he used the same poisoned bait in a
rat-infested area for an extended period of time,
despirte great initial success, over time acceprance of
the bait fell radically and remained extremely low.

Steiniger (1950) ateributed this “wraditional”
poison avoidance, as he called it, to the behavior of
older members of a clan, noting that their offspring
refused even to sample a poisoned bait for them-
selves so long as a few animals remained in their
colony that had learned directly to avoid it If
Steiniger’s interpretation of his observations were
correct, Norway rats learned socially what foods to
avoid cating.

Most important for the initial success of studies
of Norway rats” social learning about foods, in the
late 1960s, most research on feeding behavior in
animals was carried out using Norway rats as sub-
jects. As a result, not only were a wide variety of
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l techniques available for studying the feeding behay-
‘ ior of rats, but findings on social aspects of rats’
feeding behavior could be integrated easily into a
| large and growing body of knowledge.

i Why Laboratory Studies?

it Although observations of free-living animals such as

Steiniger’s (1950) were important in calling atten-

i tion to a potentially very interesting behavioral phe-
| nomenon, observation inuricontrolled ey

is rarely sufficient to determine

cesses supporting

wironments
the behavioral pro-
an observed behavior, For exam-
ple, and as mentioned above, Steiniger (1950) had
observed that Norway rats born to 2 colony whose
adults had learned o avoid ingesting a particular
poison bait would not eat thar bait. He hypothe-
sized thar adult rars deposited urine and feces ona
food thar they had learned 1o avoid and that chese
residual cues dissuaded younger, less experienced,
colony members from ingesting marked foods.

While Steiniger’s bel

I navioral observations of
i behav
i b

ior were surely accurate, his hypothesis con-
cerning the cause of the behavior that he observed
was probably not. Indeed, as discussed in a subse-
‘ quent section, the presence of urine and feces at a
! potential feeding site increases, r
the attractiveness of that
there is no way Ste

ather than decreases,
site to young'rats, though
iniger could have known that
g the feeding behavior of free-
living colonies of racs,

from simply observir

Norway Rats’ Social Learning About Foods
In late 1969, as 2 new assistant professor, [

started
I;1boratory work on the

possibility that Norway racs
making decisions as to which avail
ingest and which to refrain from
to gre

able substances to
cating might rely,
ater or lesser extent, on information ohtained

from others of their species. Luckily, young wild
| rats’ avoidance of a food that the adult members of
| their colony have learned to avoid described by
‘ Steiniger (1950) is a
i brought into the labor
| trolled conditions,

robust phenomenon, easily
atory for analysis under con-

My students and | Spent many evenings trapp-
— ping adulr, wild Norway rats on garbage dumps in
fi

il southern Onrario, We established the animals we
had captured

in mixed-sex groups of five or six in
5

<-m* enclosures, where for 3 hours each day we fed

from one another in color, taste

ating agent into one of the two

foods that we pro-
vided each colony. Colony memt
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gere O learning to avoid the food that the adules
A fiheir colony were avoiding. Wild Norway racs are
: uduglllﬁly reluctant to eat any food that they have
Ao previously eaten, and if offered only an unfamil-
ﬂ’ food to eat, will often starve themselves for days
A1fore they begin to sample it (Barnett, 1958; Galef,

.1:970; Rzoska, 1953). Censequently, once rats have
§umned to eat one food, they are unwilling to ingest
-ﬂjlablc alternatives (for review, see Galef, 1985),
pdas indicated in the next section, young rats learn

ghat foods to eat by interacting with adults.

Mechanisms of Social Learning

Hibout Foods

A5veral decades of work both in my laboratory and
Jewhere have revealed a half-dozen different ways

§ip which rats are able to influence one another’s

food choices. Such transfer of information about

hods begins before birth and extends throughout
fie lives of rats.

o

After weaning, a rat pup that has been exposed while
24l in its mother’s womb to a flavor injected into
ter amniotic fluid shows an enhanced preference
}or a food conraining the flavor experienced i usero
Smotherman, 1982). Further, in the days following
birth, young rats born to a dam who while pregnant
1te 2 food with a strong odor (such as garlic) show
Hmenhanced preference for the odor of the food that
their dam ate (Hepper, 1988).

Taken together, Smotherman’s (1982} and
Hepper's (1988) findings are surely consistent with
the view thar Aavors of foods a Norway rac ingests
while pregnant will affect the post-weaning food
preferences of her young, though these findings
done do not provide direct evidence that exposure
Wa flavor én utero affects food choices ar weaning.
Bilko, Altbacker, and Hudson (1994) have provided
Adirect evidence that the flavor of the food that a
tabbit (Oryetolagus cuniculus) dam eats while preg-
: inam affects the food preferences of her pups at
eaning, and there is no reason to believe that
Norway rats differ from rabbits in this respect.

ilﬂaming While Nursing

Rﬁsearchcrs in several laboratories have tound chat

the flavors of foods that a lactating female rat eats
duting the period she is suckling her young enter
her milk, and when the young wean to solid food,
they prefer foods that their dam ate while suckling
;Fhem (Bronstein et al., 1975; Galef & Henderson,
1972, Galef & Sherry, 1973; Martin & Alberts,

1979). Consistent with such a view, when we
expressed milk by hand from a lactating “donor” rat
maintained on a distinctively flavored diet and fed
that milk to rat pups whose own mother was eating
a bland dietr, the pups subsequendy showed an
increased preference for the dier that their donor
mother had eaten (Galef & Sherry, 1973).

Learning While Weaning

When a young rat leaves the safety of its natal
burrow to seel its very first meals of solid food, it
looks for adules at a distance from the burrow
entrance, approaches them, and begins to feed in
their immediate vicinity. Pups often come up to an
adult from behind, crawl along its belly to emerge
directly under the adults chin, and begin to feed
there. Consequently, rat pups tend to take their very
first meals of solid food from a food site that a feed-
ing adulc is exploiting (Galef & Clark, 1971b). Pups
that have been rendered unable to see do not show
similar movement towards adults feeding a few
meters from a burrow entrance and, consequently,
do not take their first meals where adults are eating
(Galef & Clark, 1971b).

Even an anesthetized rat draped over a food bowl
is arcractive to young rats, and they will approach
and eat far more frequently from whichever of two
available food bowls has an anesthetized adult
draped over it (Galef, 1981).

Adults need not be physically present at a feed-
ing site to cause pups to prefer a site the adults have
exploited to sites adults have not visited. While
feeding, adulc rats deposit residual cues both on
food and in its vicinity, and young rats rely on such
cues to guide their choice of a location in which to
forage (Galef, 1981; Galef & Beck, 1985; Galef &
Heiber, 1976; Laland & Plotkin, 1991). Further,
when an adult rat leaves a feeding site to return to
its burrow, it deposits a scent trail that serves as a
guide for young rats seeking food, bringing them to
a location from which adults have returned (Galef
& Buckley, 1996). In general, and contrary to
Steiniger’s (1950) suggestion that adult rats dissuade
young from eating poisoned baits by urinating and
defecating on them, residual odors left by adult rats
at sites that they have visited are attractive, rather

than repulsive, to rat pups.

Learning Throughout Life

Perhaps most surprising, and consequently most
thoroughly studied, interactions berween rats raking
place far from a feeding site can influence the
subsequent food choices of rats of all ages (as well
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as other mammals, from bats [Ratcliffe & rer
Hofstede, 2005] to hyenas [Yoerg, 1991; see Galef,
1996, for review]).

After a naive (observer) rat interacts with a con-
specific (demonstrator) that has eaten a food, the
observer rat shows a long-lasting enhancement of its
preference for the food that its demonstrator ate
(Galef & Wigmore, 1983; Posadas-Andrews &
Roper, 1983; Strupp & Levitsky, 1984). For exam-
ple, when we gave observer rats a choice between
cinnamon- and cocoa-flavored foods a month after
they had interacted for 30 minutes with demonstra-
tor rats fed either cinnamon- or cocoa-flavored
food, those observer rats whose demonstrators had
caten cinnamon-flavored food ate a significancly
greater percentage of that food than did observer
rats whose demonstrators had eaten a cocoa-flavored
dier (Galef, 1989; Galef & Whiskin, 2003).

Such socially transmitted food preferences are
not only durable, they are also surprisingly potent.
We taught observer rats to avoid eating a palatable,
unfamiliar diet by injecting them with a nauseating
agent immediately after they ate it, and a day later
allowed these observers to interact with demeonstra-
tor rats that had either eaten or not eaten the diet
that the poisoned rats had been trained to avoid. We
then gave both groups of observer rats a choice
berween the diet that we had crained them to avoid
and an unfamiliar diet.

As expected, poisoned observer rats that had not
interacted with demonstrators fed the diet thar the
observers had eaten before becoming ill ate almost
none of it. However, observer rats that had inter-
acted with demonstrator rats fed the diet that the
observers had been trained to avoid ate as much of
that diet as did naive, unpoisoned rats simply offered
a choice becween the same two diets. Social infor-
mation cotally reversed a profound, learned, taste
aversion (Galef, 1986).

Social information can also reverse preferences
based on diet palatability. Rats normally dislike rar
chow that has been adulterated with cayenne pepper.
However, after interacting with demonstrator rats
that had eaten cayennc—pcpper-ﬂ:wored rat chow,
many observer rats actually preferred that diet to
unadulterated rac chow (Galef, 1989).

What Causes the Change in Observer

Rats’ Food Preferences?

The question of how demonstrator rats effect
changes in the food choices of their observers can be
divided into two separate questions: (1) How do
rats identify foods that other rats have eaten? and
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2 W e "y .
(2) _\‘C hat causes the change in obseryer
preferences for foods that they learn demopg

! T5(
have eaten?

A series of studies have revealed, first .th;it |
) Ony X

those observer rats that sniff at che mouth ofad
onstrator rat show enhancement of thejr prefer.
for a food that a demonstrator ate, and second.
both food odors escaping from the digestive traey. £
a demonstrator rat and the scent of big Of:-'[-';, od'.
clinging to its fur and vibrissae allow an Obserive P '
determine what food its demonstrator hﬁs""'\eaf[’
(Galef & Stein, 1985). Tagh
However, simply smelling a food is not Sl-lfﬁden :
to cause an observer rat to increase its prefcrericfc: for
that food. Only if an observer rat experiences th;:
scent of a food and the breath of another rat S'mul- :
taneously will the observer rat show enhanced pref-
erence for a food (Galef & Stein, l985)_"rF5-,.
example, exposing an observer rat to a food on the

rump of a live, anesthetized rat or on the headofia s

dlead rac does not cause any increase in the observers
preference for thar food, whereas exposing an
observer to the same food on the head of a anesthe:
tized, live rat does result in the observer having an

enhanced preference for the food in question (Galef

& Stein, 1985).

Gas chromatography has shown thar rat breath
contains large quantities of two sulfur compounds:
carbon disulfide and carbonyl sulfide. Rats exposed -
to a food moistened with a dilute solution of carbon
disulfide subsequently show an enhanced preference
for that food, whereas rats exposed to the same food
moistened  with distilled water do not (Galef,
Mason, Preti, & Bean, 1988).

Taken together, the results described in the pre-
ceding two paragraphs strongly suggest that there is
something about the breath of rars that is important
in changing the food preferences of their observers.

Perhaps surprisingly, it isn't just rat breath that

will change an observer rat’s food preferences. Ifa
human “demonstrator” eats cinnamon- or C0cod
flavored food and then breathes on a rat observer
before the observer rac is offered a choice betweell
cinnamon- and cocoa-flavored foods, observer rats
that interacted with a human demonstrator who ate
cinnamon-flavored food show a greater preference
for cinnamon-favored food than observer rats that
interacted with a human demonstrator who ate
cocoa-flavored food (Galef, 2005; Lupfer-johmo“'
personal communication) Given that carbon disul
fide is a constituent of bath rat and human breath,
perhaps the ability of humans to act as demonstrds
tors for racs isn't so surprising after all.
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50Ph1sncat10n in Rats’ Communications

About Foods

V‘IH natural circumstances, before a rat leaves its

| purrow (O forage, it may well interact not only with
se\'cf?‘l rats, each of which has eaten a different food,

' puc also with individual rats that have each eaten
. veral different foods. Consequently, if free-living
| ats are 10 use all of the information that they might
- gequire from conspecifics, they would have to be
jble not only to remember information extracted
from multiple demonstracors, buc also to decode
“omplex olfactory signals emitred by individual
. demonstrators. There is reason to believe rats have

: vl SllCh abilitiCS.

If an observer rats interacts with a series of dem-
* nstrator rats, each of which has eaten a different
food, the observer subsequently shows enhance-
- ment of its preference for each of the foods eaten by

jts various demonstrators. So, for example, an
| observer rat offered a choice between cinnamon-

nd cocoa-flavored diets after it has interacted with
four demonstrator rats, one fed cinnamon-, one fed

vinegar-, one fed coffee-, and one fed marjoram-

flavored dier will eat more cinnamon-flavored diet
than an observer rat offered the same choice after

1 interacting with four demonstrator rats, one ted

cocoa-, one fed vinegar-, one fed coffee-, and one
fed marjoram-favored diet (Galef, 1983).

Similarly, if a demonstrator rat eats several differ-
ent foods before it interacts with an observer rat, the

observer develops a preference for each of the foods

that its demonstrator ate. For example, in one
experiment, before each member of one group of
demonstrator rats (Group 1) interacted with an
observer, we fed the demonstraror a three-flavored
diet (for example, anise-, cocoa-, and marjoram-
flavored rar chow). At the same time, we fed each
member of a second group of demonstrator rats
{Group 2) anise-, cinnamon-, and marjoram-fa-
vored rar chow before it interacted with an observer.

We then offered each observer rat a choice between

cinnamon- and cocoa-flavored rar chow. We found
that observers in the Group 1 preferred cocoa-fla-
vored diet whereas observers in Group 2 preferred
cinnamon-Havored dier (Galef, Acttenborough,
Whiskin, 1990).

In the real world, two rats that have each eaten
different foods are likely to interact with one
another, so there should be opportunity for infor-
mation exchange berween rats racher than for a uni-

 direcrional extracrion of information by an observer
Al from a demonstrator conspecific. To mimic such
" 4 situacion, we fed one rar subject (Condition 1)

either cinnamon- or cocoa-flavored diet and a
second rac subject (Condition 2) either anise- or
marjoram-flavored diet before allowing rats assigned
to Conditions 1 and 2 to interact. We then offered
subjects assigned to the Condition 1 a choice
between anise- and marjoram-flavored diets and
subjects assigned to Condition 2 a choice between
cinnamon-and cocoa-flavored diets (Galef, 1983).
As might be expected, given the results of our previ-
ous experiments, rats assigned to both Condition 1
and Condition 2 showed enhanced preferences for
the foods that their respective partners had eaten.

Consequences of Rats’ Social

Learning About Foods

Invading Novel Environments

Availability of social information concerning the
foods that others are eating can have important con-
sequences for rats living in environments where
simply eating whatever palatable foods are available
does not lead to construction of a nutritionally ade-
quate dier.

When we introduced individual young rats into
enclosures where they had access to four different
foods only the least palatable of which contained
sufficient protein for normal growth and develop-
ment, the young rats failed to eat sufficient amounts
of the protein-rich food to prosper. They rapidly
lost weight and surely would have died if left in the
situation for more than a few days. In contrast, pups
that shared cheir enclosures with adules that we had
trained to ear the unpalatable, protein-rich diet
grew at almost the same rate as pups maintained
on a standard laboratory chow (Beck & Galef,
1989). Subsequent analysis showed that exposure to
informarion carried on the breath of the demonstra-
tor rat, rather than attraction to the feeding site it
was exploiting, was critical in increasing subjects’
intake of the protein-rich food (Galef eral., 1991).

The finding that young rats can learn socially to
eat an unpalatable, but necessary, food suggests that
portions of the environment that are closed to inva-
sion by rats because some necessary nutrient is avail-
able only in an unpalatable potential food that rats
are unlikely to select can be invaded by rats once a
single individual learns to cat the unpalatable food.
Terkel’s (1996; Aisner & Terkel, 1992) demonstra-
tion that roof rats (Rattus rartus) learn socially to
strip the scales [rom pinecones has a similar implica-
tion. Efficient exploitation of pinecones for food
has permitted roof rats to invade pine forests in both
Israel and Corsica that would otherwise be closed to
them (Landova et al., 2006). Although, as yet, there
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is no evidence from outside the laboratory thac
learning socially to eat unpalatable foods has
permitted rats to invade otherwise inaccessible areas,
the possibility of such a discovery remains an excit-

ing possibility.

Traditional Exploitation of Foods

A litde more than a half-century ago, Steiniger
(1950, p. 368) suggested that Norway rats “appear
especially able to develop local traditions, more so
perhaps than other more-closely examined mam-
mals, possibly including the anthropods.” Steiniger
based this suggestion on comparisons of the feeding
behaviors of allopatric populations of free-living
Norway racs. For example, many members of some
colonies of rats living along the banks of the Po
River in northern Iraly dive for mollusks that inhabic
the river bottom, whereas no members of nearby
colonies do so (Gandolfi & Parisi, 1992), and on
the island of Norderoog in the North Sea, rats fre-
quendy stalled and killed sparrows and ducks
(Steiniger, 1950), although they have not been
reported to do so elsewhere; etc.

Steiniger’s method is an example of whar has
been called the “ethnographic,” “geographic,” or
“eroup contrasts’ method in more recent discus-
sions of traditions in free-living primates (Fragaszy
& Perry, 2003; van Schaik et al.,, 2003; Whiten
et al., 1999), While the findings resulting from the
method of group contrasts may suggest the existence
of raditions based on social learning, it is difficulr to
exclude ecological causes of the differences in behav-
ior scen in populations living in different environ-
ments. For example, Galef (1980) found that when
alternartive sources of nutriment are available on
land, diving is inhibited in Norway rats that have
previously dived for food. Possibly the reason why
some colonies of rats along the Po River dive and
other nearby colonies don’t reflects differences in the
abundance of food in colony territories on land.

Although there is considerable evidence consis-
tent wich the view that free-living animals develop
behavioral traditions, experimental evidence of pat-
terns of behavior passed from generation to genera-
tion in rats or any other animal is rare. To determine
whether social learning could support a tradition of
food choice lasting for generations, one of my grad-
uate students and | created two types of colonies
and raught all four members of each of a dozen
colonies of rats maintained in large Hoor enclosures
to avoid eating either a base diet flavored with horse-
radish or the same base diet flavored with cayenne
pepper (Galef & Allen, 1995).
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Once the members of each colony were reha‘bl’f ;
’ Dy

cating the appropriate food, immediately after cach
colony’s daily feeding period ended, we fﬂm0§ed

one colony member and replaced it with a naive far.

After 4 days, we had replaced all original CO’llony

members, and for 10 days thereafter, we replaced
the most senior remaining member of each colon"y"' -

with a naive rat. As can be seen in Figure 40.2, even

after we had replaced the replacements of the
replacements of the original colony members, we
could still see clear effects of the food choices 1ﬂa.rned ol
by original colony members on the food choices of

their “descendants” (Galef & Allen, 19953). 3
In subsequent experiments (Galef & Whiskin
1997) we found that: (1) the longer colonies hagd

access to food each day, the less stable the tradition,
S0,

(2) the shorter the time each rat spent as a coloﬁy_
member before being replaced, the more stable the
tradition, and (3) the more palatable the food thata
colony has been trained ro avoid. the less stable the
tradition. Taken together, these results suggest that
a complex interplay of direct personal experience of:
the consequences of eating available foods and social
acquired information as to which food to ear affects
the stability of traditions in colonies of animals (for
further discussion, see Galef, 2009).
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Fig. 40.2 Mean + SEM amount of cayenne-pepper—flav
diet (dier Cp) ingested as a percentage of wial amount eatent by
(diec W)
in colonies where founding colony members ate only diet Cp

{circles) or only diec W (squares). On day 1, enclosures
2 to 4, both

subiccts offered both diets Cp and wasabi-flavored diet
1

contained only founding colony members; on days
founding colony members and some replacement subj
days 5 to 14, successive generations of replacement subjects
(Galef & Allen, 1995: by permission of the American

Psychological Association).
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i PictUFC that has emerged from 40 years of study
.;I“ eradicions in Norway rats is that of a spe-
ble to exchange complex olfactory informartion
CINing currencly available foods. The evidence
_ots charsuch information allows a colony burrow

- We renlaced e . .
maining member of CacHi AT ¢as an informacdion center (Galef, 1991) where
s can be seen iy Figﬁre 40 2- ( . «sful foragers exchange information about the

laced the replacemen s they are exploiting and unsuccessful foragers
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effects of the food choicé"; loa)
members on the food ¢k,
' (Galef & Allen, 1995
experiments (Galef & Whiskin
hat: (1) the longer colonies had
day, the less stable the [rad
time cach rat spent as 5
ng replaced, the more stable the
he more palatable the food thata 2
lined to avoid, the less stable ¢
gether, these results suggest thar
"of direct personal experience of
feating available foods and social -
»n as to which food to eat affects

Jcarn what foods are available in the environ-
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Hings that Remain Difficult

i Me to Understand

arning from Unbhealtly Demonstrators
Bhhiaps che single most surprising finding regarding
. sophisticated capaciry for social learning about
Wods is the repeared observation that naive observer
s acquire a preference for a food after interacting

fiith asick or unconscious demonserator rat that has
itions in coloniesof animals (for jien chat food (Galef, McQuoid, & Whiskin,
see Galef, 2009). Silfed f99(}; Galef, Wigmore, & Kennett, 1983; Grover
aal, 1988). Both sophisticated formal models of
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- #tould not copy the food chaices of sick or uncon-
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wious animals, ver they very clearly do.

! : . 8 Although we have no definitive answer to the
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. fpsstion of why rats appear to behave in such
!;Jhoptimal fashion, there are some interesting spec-
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lliions as o why racs should prefer, rather than
dovid, foods eaten by those of their fellows that are
. fviously ill. For example, if rats that are living
fithout exposure to human attempts to poison
~fllem (as racs surely have throughour most of their
tolutionary history) rarely encounter toxic foods,

’ T : 10 that they rarely become ill as a consequence of

tting undesirable substances, then avoiding foods

ten by ill conspecifics might well be counterpro-

- Hlictive. Rars, like other animals, become ill for a

Days Hicty of reasons. They suffer from viral, bacterial,

- ; ©Wnd parasitic infections. They experience infec-

motnt of cayenne-pepperHAmE UMEE . Parasitic infections. -ch:} experience noninfec
a percentage of total amount eaten by lous diseases of various kinds. Ifillness due to causes
s Cp and wasabi-flavored dict (diecW) 1 gﬁ?lng nothing to do with ingestion is far more
\g colony members ate only diet Cp
quares). On day 1, enclosures % ;
colony members; on days 2 ta 4, both
s and some replacement subjects; on

?jmmon in rar populations than is illness due o
~f%esting toxins, then failing to learn to prefer foods
at ill conspecifics have earen might result in lost-
necations of replacement subjects #Pportunity costs that outweigh the rare advantage
permission of the American ~ #0be gained from avoiding foods eaten by demon-

ators thar are ill. And there is reason to believe

that rats that have become sick as a result of eating
something toxic are rarely encountered in natural
circumstances. Because wild rats (1) are extraordi-
narily hesitant to eat unfamiliar foods, (2) sample
unfamiliar potential foods warily at first, and (3)
associate gastrointestinal upset with any unfamiliar
foods they have eaten, wild rats are unlikely repeat-
edly to ingest any toxic substance. Consequently, a
naive rat is quite unlikely to interact with rac that is
ill because it ate something poisonous.

The probable rarity of encounters with rats ill
because they ingested a toxin may have impeded
evolution of behavioral mechanisms inhibiting a
positive response to information regarding a food
that ill rats have eaten (see Galef, 19914, for further
discussion). A similar hypothesis has been given
elegant expression in a formal model demonstrating
the feasibility of evolution of rats that do not learn
to avoid cating foods eaten by ill conspecifics. The
basic assumption of this model is that environmen-
tal toxins invariably kill those that ingested them,
thus reducing the probability that poisoned rats
would inceract with conspecifics to zero (Tuci,
Noble, & Todd, 1999). Of course, the unlikelihood
of such extraordinarily lethal toxins poses a problem
for cthe application of the model to events in che real
world, However, as indicated above, factors other
than the lethality of toxins could markedly reduce
the probability that naive individuals would interacr
with others that had recently eaten a toxic potential
food, and could therefore similarly reduce the
probability of evolution of a mechanism for learn-
ing to avoid foods caten by sick conspecifics.

Specificity of Social Learning About Foods

[t might be expected that experience of a food odor
on the breath of a conspecific would increase the
general attractiveness of that odor to those thac had
experienced it. However, rats do not develop a gen-
eral affinity for an odor experienced while interact-
ing with a conspecific demonstrator. To the contrary,
it appears to be only appetence for foods that is
affected by such experience. For example, as indi-
cated numerous times above, when we offered an
observer rat that had interacted with a demonstrator
rat fed cinnamon-favored food a choice berween
cinnamon- and cocoa-lavored food, it ate more
cinnamon-favored food than an observer rac that
had interacted with a demonstrator rar thar had
caten cocoa-flavored food. However, such observers
did not prefer cinnamon-scented to cocoa-scented
nesting material or cinnamon-scented to cocoa-
scented nest boxes (Galef & lliffe, 1994).
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Such findings suggest that social induction of
food preference is a learning process evolved specifi-
cally to facilitate foraging rather than the myriad
other activities in which rats engage. Exactly how
this works remains an unexplored mystery. Perhaps,
as Hoppitt and Laland (2008) have recently pro-
posed, social learning about foods, like long-delay
learning, is an adaptive specialization of the feeding
system, an hypothesis chat is intriguing but difficult
to test, at least at the behavioral level of analysis.

Using Rats’ Social Learning About Foods as
a Model System to Test Predictions from
Formal Theories of Social Learning

One of the more interesting developments in the
study of social learning during the past two decades
is the introduction of formal mathematical models
that consider: (1) the circumstances under which
organisms choosing among alternative courses of
action would be better advised to depend on socially
acquired information than on their own prior expe-
riences, and (2) which of the many conspecifics that
a naive individual might encounter it should use as
2 model for its own behavior.

All formal models start with the assumprigy i
learning for oneself the consequences of a-ltE:ﬁi at

ons s costly: i SRl
actions is costly. Not only is there some likelifipgy

that errors will be made, but the tdme speiin
. ; . n
exploring alternatives can involve exposure tg L:J"l'cd

ators, toxins, or other environmental threars, Sﬁfh

costs of individual learning suggest that it mlghtb
o ¢

advantageous to invariably copy others. Howeye
5

hough :r some Ci Stz £ -
although under some circumstances copying the

adaptive behaviors, copying others does not inyarj. :
ably enhance fitness. Copying others can lead 'ty -
increased competicion for resources, or the informa.

tion provided by others may be out of date. ;
To take an extreme example, if everyone allowed

the behavior of others to guide their own behavigr

and the environment changed, then, because ng-

individual would be monitoring the environmeﬁt,"‘-.;-‘
social learning would not result in population mem-
bers acquiring adaptive behavior (Rogers, ‘1988).,.--.,- .
Or, more realistically, as argued among others by'-.

Boyd and Richerson (1985), in an environment

that varies over either space or time (as essentially all

Table 40.1 Summary of the Relationship to Predictions from Formal Theory of Results of
Experiments Examining “When” and “Who” Strategies of Norway Rats’ Learning Socially

About Foods

“When” Strategies

Copy when established
behavior is unproductive

Consistent

Copy when asocial learning is costly
% B )

[nconsistent

Copy when uncertain Consistent
Copy when dissatisfied Consistent
Consistent

Copy when the environment is stable

“Who" Strategies

Copy older individuals

[nconsistent

Copy kin

Opposite to predicted outcome

Copy familiar individuals

Inconsistent

Copy successful individuals

[nconsistent

Copy if better

[nconsistent

Copy the majority

Possibly consistent

Copy good social learners

[nconsistent
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{.‘\Lloptcd from Galef, 2009, with the permission of Elsevier)
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that

chvironmencs do) a naive individual might mistak-
caly adopt the behavior of a model whose behavior
was adaptive in some other locale or at some prior
ime. As a resule of such considerartions, the decision
és to whether to rely on individually or socially
;‘lcquired informarion involves a trade-off berween

accuracy and cost. Individual learning provides

scourate and up-to-date, though costly, informa-

< in‘(aﬁ__ %

-~ jon, while social learning provides cheap, but

« orentially outdated or misleading, information.
- Further, adopting the behavior of some potential

:modcls (for example, the successful or experienced)
hould be more beneficial than adopting the behav-
ior of other potential models (for example, the
ansuccessful or inexperienced). Consequently, to
. pprimize fitness, animals should have evolved strate-
gies that both define the conditions when increased
reliance on social learning would be adaptive (“when
| strategies’) and  determine who social learners
should choose as models (“who strategies”; e.g. Boyd

& Richerson, 1985; Enquist et al., 2007; Giraldeau

* from a range of formal models are summarized in
 Table 40.1, adopted from a review by Laland (2004)

' that provides a concise overview of the literacure

' concerning both “when” and “who” strategies.

~aconvenient model system for testing such predic-

4 ‘tions from formal theory. Table 40.1 also provides a

~summary of results of our explorations of a number
of “who” and “when” strategies. It is a fairly simple
" matter to ask, for example, whether, as theory pre-
dicts, rats are more likely to prefer foods eaten by
 familiar or unfamiliar models, or whether rats eating
anutritionally deficient diet, and therefore relatively
dissatisfied, are more likely than rats eating an ade-
" quate diet, and therefore relarively satisfied, to rely
on social information when selecting foods. I have
recently reviewed this work at length elsewhere
 (Galef, 2004, 2009), so here [ provide only two
examples of our work: first, an examination of the
- ‘who strategy” “copy familiar individuals,” and
second, tests of the “when strategy” “copy when dis-
satisfied.”

- Who Strategies

- The procedures that we used to examine the ten-
dency of rats to adopt the food choices of older indi-
viduals (Galef & Whiskin, 2004),  familiar kin
' (Galef & Whiskin, 2008), and successful individu-

'.-:‘315 (Galef et al., 1983, 1990) were similar. [n each
; ;" case, we allowed observers to interact with demon-

Stracors fed either cinnamon- or cocoa-flavored diet

Norway rats social learning about foods provides .

(counterbalanced across the two types of demon-
strator) that were: (1) older or younger than their
observers, (2) familiar kin or unfamiliar non-kin
to their observers, or (3) relatively successful or
unsuccessful. In each case, we determined which
type of demonstrator had greater effect on its observ-
ers food choices.

COPY FAMILIAR KIN OR UNFAMILIAR NON-KIN
We fed demonstrators either cinnamon- or cocoa-
flavored diet for 1 hour and then placed each dem-
onstrator with an observer that was either: (1) both
born and weaned in the same litter as the demon-
strator and a cage mate of the demonstrator from
weaning to testing at 33 days of age (familiar/kin),
or (2) born into a litter and reared and maintained
separate from its demonstrator (unfamiliar non-
kin). At the end of the period of interaction of dem-
onstrators and observers, we offered each observer a
choice between cinnamon- and cocoa-flavored diet
for 23 hours. Contrary to prediction, the food
choices of observers that had interacted with famil-
iar and unfamiliar demonstrators were similar (Galef
& Whiskin, 2008; left panel of Fig. 40.3).

In a second study, we permitted each observer rat
to interact simultaneously with two demonstrator
rats—one fed cinnamon- and the other cocoa-
flavored diet and one familiar kin and the other
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Fig. 40.3 Left two bars: Mean + SEM percentage of
demonstraror’s diet eaten by observers that interacted with
cither a familiar or unfamiliar demonstrator. Right bar: Mean
+ SEM percentage of familiar demonstrator’s diet eaten by
observers that interacted with familiar and unfamiliar
demonstrators simultaneously (Galef & Whiskin, 2008;
reprinted by permission of Elsevier).
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unfamiliar non-kin—and once again then offered
each observer a choice between cinnamon- and
cocoa-flavored diets. As can be seen in the right
panel of Figure 40.3, contrary to prediction from
formal theory, the observers that had interacted
with unfamiliar non-kin showed marginally greater
(p < 0.07) social influence on their food choices
than did observers that had interacted with familiar
kin (Galef & Whiskin, 2008). When we repeated
the experiment, we again found a marginally greater
effect (p < 0.07) of unfamiliar than of familiar
demonstrators on their observers food choices
(Galef & Whiskin, 2008). We conducted two addi-
tional experiments to try to better understand this
failure of predictions from logically consistent
formal theory to predict the behavior of our
subjects.

Previous experience working with Norway rats
suggested that when two rats meet for the first dime
they engage in unusually prolonged olfactory inter-
action. We hypothesized that the duration of expo-
sure of an observer to olfactory cues emanating from
a demonstrator influences the magnitude of the
effect that demonstrator has on its observer’s subse-
quent food choices. To determine whether rats
spend longer interacting with unfamiliar than famil-
iar individuals, we placed an observer rat in the
central compartment of a choice apparatus sepa-
rated from conspecific demonstrators held behind
screen partitions. The demonstrators were restrained
at opposite ends of the central compartment. One
demonstrator was a familiar cage mate of the subject
rat and the other was torally unfamiliar to it; one
had eaten cinnamon-favored and the other cocoa-
flavored diet.

We observed the three rats for 30 minutes and
determined how much tme the focal subject rac
spent near each of the restrained rats and found, as
expected, that observer rats spent significantly more
time interacting with their unfamiliar than with
their familiar demonstrator (Fig. 40.4; Galef &
Whiskin, 2008). When we subsequently offered the
observers in isolacion a choice between cinnamon-
and cocoa-flavored diet, they again preferred which-
ever diet their unfamiliar demonstrator had eaten.

Of course, the finding that rats spend more time
interacting with unfamiliar than familiar racs does
not take us very far in understanding why unfamil-
iar demonstrators have greater effect than familiar
demonstrator rats on their observers’ subsequent
food preferences. We also need to know whether the
duration of interaction between a demonstrator and
observer affects the magnitude of the effect that
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It would be challenging to either control ar ey
sure the amount of olfactory informartion passmg
from a rat demonstrator to a rat observer. However,
the finding discussed above that humans can serye
as effective demonstrators for rats (Galef, 2005;
Lupfer-Johnson, personal communication, 2008)
allowed us to compare the magnitude of rat obsery-

¥ As

ers food choices when exposed to 1, 2, 10, 20, 0r. - 4 risfied
40 breaths from a human demonstrator that had = e %,iCS" e
just eaten 10 g of cither cinnamon- or cocoa: B predicre
flavored food. - excepti
We found a significant positive linear relation- costly”
ship between the number of breaths to which “mean v
observers had been exposed and their reliance on “of expe
socially acquired information when subsequently either ¢
choosing between cinnamon- and cocoa-flavored -+ § rlianc
food (Fig. 40.5; Galef, 2009). The failure of che pre- “that w
diction from formal theory as to the effect of famil- at a d
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onstantly illuminated room in cages with an
uncomfortable substrate (Galef, Dudley, & Whiskin,

1008). In each case, we found that “dissacished” rats

were more susceptible to social influence than pre-
wmably satisfied rats that we maintained under

fstandard laboratory conditions (for review, seg

Galef, 2009).

~As can be seen in Table 40.1, “copy when dis-
atished,” like the majority of other “when scrate-
ges” examined in my laboratory, successfully
predicted the behavior of our subjects. The sole
eception is “copy when individual learning is
costly” (which is usually raken in the literature to
mean when under threat of predation). In two sets
of experiments, we have failed to find evidence that
either direct or indirect threats of predation increase
reliance on social information in rats. Neither rats
that were exposed to cats nor rats that had to forage
at a distance from a safe harborage site showed
steater reliance on socially acquired information as
10 which of two foods to eat than did rats that for-
aged close to a harborage site or with no predator
present (Galef & Whiskin, 2006; Galef & Yarkovsly,
2009),

Conclusion

The robust laborarory paradigms that we developed
for studying social learning about foods in rats has
proven useful in asking a number of kinds of ques-
‘tions abour the development, function, and causa-

{ tion of behavior. The multiple uses to which our

txperimental paradigm can be put have enabled my

students and me to run the same basic experiment
several hundred times for more than 40 years and
still maintain the interest of a reasonably broad
audience.

The work has cast some light on questions not
only about social learning generally and the role of
social learning in behavioral development, bur also
about the nature of traditions in animals, the ade-
quacy of formal models to predict behavior, the
adaptive specialization of learning (Hoppite &
Laland, 2008), and the success of Norway rats as
human commensals. Choosing a phenomenon for
study that was, at least peripherally, related to a
number of active controversies and using diverse
intellectual frameworks ro analyze the resules of our
experiments (Galef, 1991b) has been sufficient to
sustain a lifecime of research. Consequently, | hopé
that, in addition to whatever its other virrues, the
study of social learning abour foods in Norway rats
may provide some modest guidance to those new to
the study of behavior when selecting a research
problem to which to devote their own professional
efforts.

Acknowledgments

Consistent financial support from the Nartural
Sciences and Engineering Research Council of
Canada has been critical to the success of the
research reported here, as has the enchusiastic par-
ticipation of many students (both graduate and
undergraduare) and technicians who actually con-
ducted the hundreds of experiments carried out in
my laboratory during the last 40 years. Preeminent
among the latter is Elaine E. Whiskin, whose dedi-
cation to the work of the laboratory for 22 years,
enthusiasm for research, and personal qualities so
greatly facilitated our progress.

I thank Phillip Miller for assistance in putting
pdfs of all of my laboratory’s published worl on
social learning in Norway rats on my website. All of
my published papers, listed chronologically, can be
found at www.sociallearning.info under Curriculum
Vitae.

References

Aisner, B, & Terkel, |. (1992). Ontogeny of pine-cone opening
behavior in the black rat (Rattus rateus). Animal Behaviour,
44, 327-330.

Barnetr, S. A. (1958). Experiments on “neophobia” in wild
and laboratory raws. British fournal of Piychelogy, 49,
195-201.

Beck, M., & Galef, B. G., Jr. (1989). Social influences on the
selection of a protein-sufficient diec by Norway rats. fournal
of Comparazive Poychology, 103, 132-139.

GALEF 8§15




Bilko, A., Altbacker, V., & Hudson, R. (1993). Transfer of food
preference in che rabbit: the means of information transfer.
Pl))‘fiﬂl:!)g}f ¢ Bebavior, 56, 907-912.

Bolles, R. (1970). Species-specific defense reactions and avoid-
ance learning. Psychological Review, 77, 32—-48.

Boyd, R., & Richerson, P. J. (1985). Culture and the evolutionary
process. Chicago: University of Chicago Press.

Bronstein, P M., Levine, M. J., & Marcus, M. (1975). A rat’s
first bite: the non-genetic, cross-generational transfer of
information. jowrnal of Comparative and Physiological
Psychology, 89, 295-298.

Chitty, D. (1954). Control of rats and mice. Oxford: Clarendon
Press.

Enquist, M., Eriksson, K., & Ghirlanda, S. (2007). Critical
social learning; a solution to Roger’s paradox of nonadaptive
culture, American Anthropologis, 109, 724-734.

Fragaszy, D., & Perry, S. (2003). Towards a biology of tradition.
In D. Fragaszy & S. Perry (Eds.), The biology of maditions:
Models and evidence (pp. 1-32). Cambridge: Cambridge
University Press.

Galef, B. G., Jr. (1970). Aggression and timidity: Responses to
novelty in feral Norway rats. fowrnal of Comparative and

. Physiological Psychology, 71, 370-381.

Galef, B. G., Jr. (1980). Diving for food: Analysis of a possi-
ble case of social learning in rats (Rattus norvegicus).
Journal of Comparative and Physiological Prychology, 94,
416-425.

Galef, B. G., Jr. (1981). The development of olfactory control of
feeding site selection in rat pups. fowrnal of Comparative and
Physialogical Psychology, 95, 615-622.

Galef, B. G., Jr. (1983). Utilization by Norway rats (R. norvegi-
cus) of multiple messages concerning distant foods. fournal of
Comparative Psychology, 97, 364-371. ’

Galef, B. G., Jr. (1985). Direct and indirect behavioral processes
for the social ransmission of food avoidance, ln P2 Bronstein
& N. S. Braveman (Eds.), Experimental assessments and
clinical applications of conditioned food aversions (pp.
203-215). New Yorl: New York Academy of Sciences.

Galef, B. G., Jr. (1986). Social interaction modifies learned aver-
sions, sodium appetite, and both palatability and handling-
time induced dietary preference in rats (R morvegicus),
Journal of Comparative Psychology, 100, 432-439.

Galef, B. G., Jr. (1989). Enduring social enhancement of rats’ pref-
erences for the palatable and the piquant. Appetite, 13, 81-92.

Galef, B. G., Jr. (1991). Information centres of Norway rats: sites
for information exchange and information parasitism.
Animal Bebaviour, 41, 295-302.

Galef, B. G., |r. (1991a). A concrarian view of the wisdom of the
body as it relates to food selection. Psychological Review, 98,
218-224.

Galef, B. G., Jr. (1991b). Innovations in the study of social learn-
ing in animals: A developmental perspective. In H. N. Shair,
G. A. Barr, & M.A, Hofer (Eds.), Methodological and concep-
tual isues in developmental psychobiology (pp. 114-125).
Oxford: Oxford University Press.

Galef, B. G., Jr. (1996). Social enhancement of food preferences
in Norway rass: A brief review. In C. M. Heyes & B. G.
Galef, Jr. (Eds.), Sacial learning and imitation: the roots of
culture (pp. 49-64). New York: Academic Press.

Galef, B. G., Jr. (2004). Theoretical and empirical approaches to

understanding when animals use socially acquired information

and from whom they acquire it. In J. R. Lucas &

816 SOCIAL LEARNING IN RATS

L. Simmons (Eds.), Essays in Animal Bebaviour: Celebray
years of Animal Behaviour (pp. 161-182). San Diego; Amdiuc
Press. :
Galef, B. G., Jr. (2005). Social learning. In 1. Q. Wishi
B. Kolb (Eds.), The behavior of the laboratory rat: 4 handsy:
with tests (pp. 363-370). New York: Oxford Upjyer

rsiy
Press. T |

§(alef, B. G Jr, &

observer diet pr
and- olfactory

‘ J 31-38.

i QGalEt. B. G, ]r., &

asocial learnin

Animal Behavi

Galef, B. G., Jr. (2007). Social learning in rodents, [ IP W ‘Calcf B.G.Jr. &

Sherman & J. Wolff (Eds.). Rodent societies (pp. 207.
Chicago: University of Chicago Press. :
Galef, B. G., Jr. (2009). Strategics for social lenrning: [e‘tSGf
predictions from formal theory. Advances in the S’"djf.iéf
Behavior, 39, 117-151. 4
Galef, B. G., Jr, & Allen, C. (1995). A new mode|
for studying animal tadition, Animal Bebavigy,
705-717.

Galef, B. G., Jr., Awtenborough, K. S., & Whiskin, E. E, (1990) 4
Responses of observer rats to complex, diet-related Signai;- ;
emitted by demonstrator rats. Journal of Camp'd'ﬁﬁw.

]’jyc‘ﬁulog}; 104, 11-19,

Galel, B. G., Jr., & Beck, M. (1985). Aversive and :‘mﬂt‘ﬁ'v:“

marking of toxic and safe foods by Norway rats, Behavigg)

and Neural Biology, 43, 298-310.

Galef, B. G., Jr., Beck, M., & Whiskin, E. E. (1991). i’rd[éin‘
deficiency magnifies social influences on the food choices Sl
Norway rats (Rattus norvegicus). Journal of Comparasiye

Psychology, 105, 55-59.

Galef, B. G., Jr., & Buckley, L. L. (1996). Use of foraging rrailes

by Norway rats. Animal Bebavionr, 51, 765-771. i
Galef, B. G., Jr., & Clark, M. M. (1971a). Social factors in the
poison avoidance and feeding behavior of wild and domesti-
cated rav pups. Journal of Comparasive and Physiological
Pyychology, 75, 341-357. 2
Galef, B. G., Jr., & Clark, M. M. (1971b). P:trcnl:—nﬁs'pr'ing

interactions determine time and place of first ingestion

of solid food by wild rat pups. Psychonamic Science, 25,
15-16.
Galef, B. G., Jr., Dudley, K. E., & Whiskin, E. E. (2008). Secial

,‘215):' . food preferenc

" ats. Learning
4 ilef, B G Jr
* mental stbilit
-~ food preferenc
68, 897-902.
galet, B. G, I €

i socially acqui

dons? Animal
alef, B. G, . 8
 ar kin and u

: 1“ food  choices

F 13811388
A Gilef, B. G, Jr.,

tion concerni

' the “informa
. 748-758.

SGalef, B. G, Je.
+ A failure o
Norway rats {
§ 97358363
4 Galef, B. G. Jr.

reliance on

in potential
! 1329-1335.
4 Gandolfi, G., &
© L. da parte
Naturalia, 8
Garcia, ]., Ervin
. prolonged ¢

learning of food preferences in “dissaisfied” and “uncertain’ 171122
rats. Animal Behaviour, 75, 631-638. L T, & T
Galef, B. G., Jr., & Heiber, L. (1976). The role of residual olfac- cans’cquenc‘
tory cues in the determination of feeding site selection and 123—124.
exploration patterns of domestic rats. Journal of Comparative Giraldeau, L.~

and Physiological Prychology, 90, 727-739. :

Galef, B. G., Jr., & Henderson, B W (1972). Mother's milk: A deter-

minant of the feeding preferences of weaning rat pups.fuﬁmaqu

Comparative and Physiological Pyycholagy, 78, 213-219.

Galef, B. G., Jr., & lliffe, C. P (1994). Sccial enhancement of
odor preference in rats: Is there something special about
odors associated with foods? Jenrnal of Comparative

Prychology, 108, 266-273.

Galef, B. G., Jr, Mason, J. R., Predi, G., & Bean, N. J. (1988).

Carbon disulfide: A semiochemical mediating socinll)'-indumd_

dier choice in vats, Physiology & Bebavior, 42, 119-124.

Galef, B. G., Jr., McQuoid, L. M., & Whiskin, E. E. (1990).

Potential di
tion. Philos
Series B, 35
Grover, C. A,
Davis, S. E
of informa
Psychologie:
“Harlow, H. E
U rat. fourna,
| Hepper, P G.
o garlic af

~935-936.

Further evidence that Norway rats do not socially transmit ?:'Hoppitt, W, ¢

learned aversions to toxic baits, Animal Learning & Behavior,

18, 199-205.

Galef, B. G., Jr, & Sherry, D. E (1973). Mothers milk
he Havor g0

A medium for the transmission of cues reflecting d

of mother’s dict. journal of Comparative and Physialogic®

Psychology, 83, 374-378.

1 inglearnin
| i the S{.’((l:}l [4
§ Liland, K. N
& Behavior, .

“Laland, K. N.

rounding




- Celebratipg s
Diego: Amd@!’nic

. Q Wiﬁlluw &

y rat: al)ﬂ”{!&g‘,k )

«ford U"i"'emlty

dents. In p W
¢ (pp. 207-215):

earning; tes o

in the Sf!l@ 0f . !

w model System

Bz‘f)az:ium; 50

in, E. E. (199,
et-related sjgpa)g
of Compartiyy

ve and attracrige
v rats. Behavigpe]

(1991). Progein
e foad choices of
of Comparative

of foraging trails
-771.

sial factors in the
7ild and domesti-
and Physiolagical

Parenc-offspring
of first ingestion
wmic Science, 25,

E. (2008), Sacial
" and “uncertain’

of residual alfac-
site selection and
al of Comparative

1ec’s milk: A deter-
ar pups. Journalof
113-219.
enhancement of
ng special about
of Comparaiive

an, N. J. (1988).
g socially-induiced
) 119-124.

in, E. E. (1990).
socially transmit

rning € Behavioty .

Mother's milk:
Jecting the .
and P/y:r'a!ﬂglm!

flavor -

: Galef, B. G., Jr., & Stein, M. (1985). Demonstrator influence on
observer diet preference: Analyses of critical social interactions
and olfactory signals. Animal Learning & Behavior, 13,
31-38.

Galef, B. Gu, Jr., & Whiskin, E. E. (1997). Effects of social and
asocial learning on longevity of food-preference traditions.
Animal Behaviour, 53, 1313-1322.

Galef, B- G., Jr., & Whiskin, E. E. (2003). Socially transmitted

[(}Cd p[l.‘fcl’cﬂcub can l)L' USCd o S[ud)’ long‘[cl‘m l'nl:ni“f"\' in

rats. Learning & Bebavior, 31, 160-164.

Galef, B. G., Jr, & Whiskin, E. E. (2004). Effects of environ-

mental stability and demonstrator age on social learning of

food preferences by young Norway rats. Animal Behavivur,

!

4 s 897902

Galef, B. G.. Jr, & Whiskin, E. E. (2006). Increased reliance on
socially acquired information while foraging in risky situa-
tons? Animal Behaviour, 72, 1169-11706.

Galef, B. G., Jr., & Whiskin, E. E. (2008). Effectiveness of famil-

iar kin and unfamiliar non-kin demonstrator rats in altering

food choices of their observers. Awimal Bebaviour, 76,

1381-1388.

$0alef, B. G, Jr., & Wigmore, S. W, (1983). Transfer of informa-

~ tion concerning distant foods: A laboratory investigation of

the “information-centre” hypothesis. Aninmal Bebaviour, 31,

748-758.

Galef, B. G., Jr., Wigmore, S. W., & Kennett, D. J. (1983).

A failure to find socially mediated taste-aversion learning in

Norway rats (R. norvegicus). Jonrnal .'Jf(:mnpr!.vr{.’u.':' Psychology,

97, 358-363.

SGlef, B. G. Jr., & Yarkovsky, N. (2009). Further studics of

reliance on socially acquired information when foraging

in potencially risky sitwations. Animtal Behaviowr, 77,

1329-1335.

Gandolfi, G., & Parisi, V. (1972). Predazione su Unio pictorum

L. da parte del ratto, Rartus norvegicus (Berkenhout). Acra

Naturalia, 8, 1-27.

Garcia, J., Ervin, F R., & Koelling, R. A. (19606). Learning with

prolonged delay of reinforcement. Psychonomic Science, 3,

121-122.

Garcia, J., & Koelling, R. A, (1966). The relation of cue to

consequence in avoidance learning, Prychonemic Science, 5,

123-124.

Giraldeau, L.-A., Valone, T. J., & Templeton, J. J. (2002).

~ Potential disadvantages of using socially acquired informa-
tion. Philosaphical Transactions of the Royal Society of London,
Series B, 357, 1359-1560.

Grover, C. A., Kixmiller, J. S., Erickson, C.A. Becker, A. H.

' Davis, S. E, & Nallan, G. B. (1988). The social transmission

- of information concerning aversively condidoned liquids.
Psychological Record, 38, 557-560.

Hulow, H. E (1932). So
rat. Journal of Genetic Psychology, 43, 211-221.

'prpf:r, P G. (1998). Adaprive fetal learning: prenatal exposure
to garlic affects postnatal preference. Animal Behavienr, 36,
935-930.

“.Hﬂ_Ppit[, W, & Laland, K. N. (2008). Social processes influenc-

-~ ing learning in animals: a review of the evidence. Advances in

. the S'm({;' r)fBL’f',’:’H"ier, 38, 105-165.

-:EéL‘md, K. N. (2004). Social iem‘ning strategics. Learning o

. Bebavior, 32, 4-14.

cilitation of feeding in the albino

3 .,h]a.nd, K. N., & Plotkin, H. C. {1991). Excretory deposits sur-

rounding food sites facilicate social learning and wransmission

of foud preferences in Norway rats, Animal Bebaviour, 41,
997-1005.

Landova, E., Horacek, L, & Fryma, D. (2006). Have black rats
evolved a culturally transmitted technique of pine-cone
opening independentdy in Cyprus and Israel? Tsrael Journal
nf'.‘;}:u[z.i‘g'y, 52,151-158.

Martin, L. T., & Alberts, J. R. (1979). Taste aversions to mother’s
milk: the age-related role of nursing in the acquisition and
expression of a learned association. Jowrnal of Comparative
and Physiological Psychology, 93, 430-445.

Posadas-Andrews, A., & Roper, T. . (1983). Social transmission
of food preferences in adult rats. Animal Bebaviour, 31,
265-271.

Ratcliffe, J. M., & ter Hofstede, H. M. (2005). Roosts as infor-
mation centres: social learning of food preferences in bars.
Biology Letters, 1, 72-74.

Richter, C. P (1943). Toral self-regulatory functions in animals
and human beings. Harvey Lecrure Series, 38, 63-103.

Rogers, A. (1988). Does biolagy constrain culture? American
Anthropolagist, 90, 819-831.

Rozin, I' (1967). Specific aversions as a component of specific
hungers. fournal of Comparative and Physiological Peychology,
64, 237-242.

Rozin, P, & Kalar, J. W. (1971). Specific hungers and poison
avoidance as adaptive specializations of learning. Psychological
Review, 78, 459-486.

Rzoska, J. (1953). Bait shyness: a study in rat behavior. British
Journal of Animal Behavior, 1, 128-135.

Seligman, M. E. P (1970). On the generality of the laws of learn-
ing. Pychological Review, 77, 406-418.

Shettleworth, S. J. (1972). Constraints on learning, Advances in
the .S'H(.;[).J nfBﬂfmuiar, 4, 1-68.

Smotherman, W. B (1982). Odor aversion learning by rat fetus.
Physialogy & Bebavior, 29, 769-771.

Steiniger, von E (1950). Beitrage zur Soziologie une sonstigen

Biologie der Wanderratte. Zeitschrift fur Tierpspeholgie, 7,
356-379.

Scrupp, B. J., & Levitsky, D. E. (1984). Social transmission of
food preferences in adult hooded rats (Rettus norvegicns).
Journal of Comparative Piychology, 98, 257-266.

Telle, H. J. (1966). Bietrag zur Kenntris der Ver haltensweise
von Racten, vergleichend dargestellt bei Rartus norvegicus
und Ratius ratus. Zeitschrift fur Angewandie Zoologie, 53,
129-196.

Terkel, J. (1996). Cultural transmission of feeding behavior in
the black rat (Rartus rattus). In C. M. Heyes & B. G. Galef,
Jr. (Eds.), Secial learning in animals: the roots of culture
(pp. 17-49). San Diego: Academic Press.

Tooby, J., & Cosmides, L. (1992). The psychological founda-
tions of culture. In |. H. Barkow, L. Cosmides, & J. Tooby

(Eds.), The adapted mind: Evolutionary piycholagy and the gen-
eration of enlture (pp. 19-136). New York: Oxford University
Press.

Tuci, E., Noble, J., & Todd, B M. (1999). I'll have whar she is
having: a simulation analysis of the copying of food prefer-
ences in Norway ras. In K. Dautenhahn & C. L. Nehaniv
(Eds.), Proceedings of the AISB'99 Symposinm on Imitation in
Animals and Arsifacts (pp. 74-79). Brighton, UK: Society for

the Study of Artificial Intelligence and Simulation of

Behaviour.
Van Schaik, C. P, Ancrenaz, M., Borgren, W., Godikas, B.,
Knott, C. D., Singleton, I. Suzuki, A., Utami, S. §., &

GALEF 817



Merrill, M. (2003). Orangutan cultures and the evolution of Whiten, A., Goodall, J., McGrew, W. C. Nishida, T,
material culture. Science, 299, 102-105. V. Sugiyama, Y., Tutin, C. E. G., Wranham, R, W k
Boesch, C. (1999). Cultures in chimpanzees, Nam? R

von Frisch, K. (1967). The dance language and orientation of bees.
682-685. i =

Cambridge, MA: Belknap Press.

Ward, P, & Zahavi, A. (1973). The importance of certain assem- Yoerg, S. L (1991). Social feeding reverses lu:u-;md'.ﬂa

blages of birds as “information centres” for food finding. bis, aversions in spotted hyena (Crocuta crocuta). faﬁ},;m
115,517-534. Comparative Psychology. 105, 185-189. L

_Absti

Reseal
in 199
two C
betwe
point
whict

Keyr
hypo

Three the
journey a
Jiaris) rest
‘man. Too
faid its ez
wvas Ody
panion |
decade ¢
{ rally ha

SOCIAL LEARNING IN RATS

818



