. eprints@whiterose.ac.uk
Whlte Rose https://eprints.whiterose.ac.uk

N
(®)) Research oni
N’ esearc niine Universities of Leeds, Sheffield and York

Deposited via The University of Leeds.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/1282/

Book Section:

Noble, J., Tucci, E. and Todd, P.M. (1999) Social learning and information sharing: an
evolutionary simulation model of foraging in Norway rats. In: Floreano, D., Nicoud, J.-D.
and Mondada, F., (eds.) Advances in artificial life : 5th European Conference, ECAL'99,
Lausanne, Switzerland, September, 1999 : proceedings. Lecture Notes in Artifical
Intelligence (1674). Springer Verlag, Berlin, pp. 514-523. ISBN: 3540664521. ISSN: 1471-
2970.

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

ﬁ <&, | University of

UNIVERSITY OF LEEDS & Sheffleld



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/id/eprint/1282/
https://eprints.whiterose.ac.uk/

White Rose

university consortium
A A Universities of Leeds, Sheffield & York

White Rose Consortium ePrints Repository
http://eprints.whiterose.ac.uk/

This is an author produced version of a paper published in Advances in
artificial life: 5th European Conference, ECAL'99, Lausanne, Switzerland,
September, 1999 : proceedings.

White Rose Repository URL for this paper:
http://eprints.whiterose.ac.uk/archive/1282/

Published as

Noble, J., Tucci, E. and Todd, P.M. (1999) Social learning and information
sharing: an evolutionary simulation model of foraging in Norway rats. In:
Advances in artificial life : 5th European Conference, ECAL'99, Lausanne,
Switzerland, September, 1999 : proceedings. Lecture Notes in Atrtifical
Intelligence (1674). Springer Verlag, Berlin, pp. 514-523. ISBN 3540664521

White Rose Consortium ePrints Repository
eprints@whiterose.ac.uk



Social learning and information sharing: An evolutionary

simulation model of foraging in Norway rats

Jason Noble, Elio Tuci and Peter M. Todd
Center for Adaptive Behavior and Cognition
Max Planck Institute for Human Development
Lentzeallee 94, D-14195 Berlin, Germany

Abstract

Social learning is distinguished from innate
behaviour and individual learning as a be-
havioural strategy. We investigate simple
mechanisms for social learning in an evolu-
tionary simulation of food-preference copying
in Norway rats. These animals learn prefer-
ences by interacting with conspecifics, but,
unexpectedly, they fail to learn aversions af-
ter interacting with a poisoned demonstra-
tor. They also follow each other to food sites.
Simulation results show that failure to dis-
criminate between sick and healthy demon-
strators may be due to details of food toxicity
in foraging environments. A seemingly com-
plex instance of social information transmis-
sion is explained through the action of simple
behaviours in an appropriately structured en-
vironment.

1 Introduction

Animal behaviour can be seen as the problem of
what to do next, or as Maes (1989) put it, “how to
do the right thing”. Natural selection is the force
that has shaped the behavioural strategies of the
animals we see today, but, clearly, natural selec-
tion has arrived at different solutions in different
species. For an animal facing a particular environ-
mental challenge, three broad sources of strategy
can be distinguished: instinct, learning, and social
learning. For example, suppose that a foraging an-
imal has to decide whether or not to eat a piece
of toxic, unripe fruit that it has found. The deci-
sion might be made instinctively: the animal has
an inherited tendency to avoid fruit of that colour
and texture. Alternatively, the animal might have
learned through bitter experience that such fruit is
unpalatable. Finally, it could have learned socially:

perhaps it has observed conspecifics rejecting this
kind of fruit, or has seen conspecifics become ill af-
ter eating it. In this paper we focus on the third
strategy source, social learning, to explore the way
in which simple specific mechanisms of social in-
formation gathering can interact with structured
environments to yield unexpected behavioural im-
plications.

The idea that animals sometimes learn from the
behaviour of others poses both why and how ques-
tions, i.e., questions of evolved function and ques-
tions of mechanism. In recent years there has been
some progress towards understanding the adap-
tive function of social learning. Models of cultural
transmission (Boyd & Richerson, 1985), highly hor-
izontal transmission (Laland, Richerson, & Boyd,
1996), and what economists call herding behaviour
(Bikhchandani, Hirshleifer, & Welch, 1998) help
to delineate the conditions under which it will be
advantageous for individuals to learn from others
rather than finding things out for themselves. How-
ever, these models tend to result in rather gen-
eral conclusions. For example, Laland et al. (1996,
p. 140) summarize the results of work on cultural
transmission thus:

When environments change very slowly,
all information should be transmitted ge-
netically, since the modest demands for
updating are easily met by the genetic sys-
tem responding to selection. When envi-
ronmental change is very rapid, tracking
by pure individual learning is favored. At
intermediate rates of change, social learn-
ing is an advantage.

Results like these are useful, but to get a com-
plete picture of any one instance of social learn-
ing we also need to understand the mechanism in-
volved: how exactly do the animals gain informa-
tion from the behaviour of their conspecifics? A va-
riety of mechanisms have been proposed (see Galef,



1988, for a review). Imitation is one type of social
learning that has received a great deal of attention:
the idea is that certain cognitively sophisticated an-
imals might “from an act witnessed learn to do
an act” (Thorndike, 1911). However, the precise
way in which this feat could be achieved has never
been properly spelled out. As is usually the case, a
seemingly complex behaviour may be produced by
a range of simpler mechanisms. For example, Galef
(1988) discusses “stimulus enhancement” in which
a tendency on the part of naive animals to ap-
proach conspecifics leads to their being more likely
to encounter one set of stimuli rather than another,
and thus shapes their (individual) learning experi-
ence. Galef also discusses “contagious behaviour”,
in which the performance of one behaviour, e.g.,
feeding, acts as a trigger for the performance of the
same behaviour by others. No long-term learning
is necessarily involved in contagious behaviour, but
it is nevertheless a means by which animals could
gain information from their conspecifics.

The power of these simpler mechanisms has prob-
ably been underestimated. Several phenomena that
were once seen as involving imitation, such as the
opening of milk bottles by birds (Fisher & Hinde,
1949) and the washing of food by monkeys (Kawa-
mura, 1959), have since been questioned (Sherry
& Galef, 1984; Galef, 1988; Cheney & Seyfarth,
1990; Byrne, 1995), and parsimonious explanations
have been offered in terms of processes like stimu-
lus enhancement. However, it is difficult to design
experiments that conclusively expose the mecha-
nism at work in particular cases. Especially with
regard to nonhuman primates, controversy contin-
ues over just how sophisticated animal social learn-
ing is (Byrne, 1995; Tomasello, 1996; Heyes, 1998).

We believe that the individual-based simulations
characteristic of artificial life can be useful tools in
the investigation of social learning, much as they
have been for studying the evolution of individ-
ual learning (e.g., Todd & Miller, 1991; Belew &
Mitchell, 1996). It has long been recognized within
artificial life that complex global phenomena can
arise from simple local rules, and this is precisely
what some researchers suspect is happening in an-
imal social learning: individuals follow a simple
rule (e.g., “stay close to your mother”) and, in
combination with associative learning, the overall
pattern of behaviour that arises makes human ob-
servers suspect imitation. Although work in arti-
ficial life has certainly considered social dynamics
in contexts such as foraging (Bonabeau & Cogne,
1996), communication (Di Paolo, 1997), and flock-
ing or schooling (Reynolds, 1987; Terzopoulos, Tu,

& Grzeszezuk, 1995), there has been relatively lit-
tle work on the specific topic of social learning.
The model most relevant to our own work is by
Toquenaga, Kajitani, and Hoshino (1995), who
constructed a simulation of foraging behaviour in
egrets. Toquenaga et al. demonstrate that stim-
ulus enhancement is an important determinant of
the evolution of flock foraging and colonial roost-
ing, and is more likely to evolve when resources are
patchy rather than evenly distributed.

We look at social learning in Norway rats (Rat-
tus mnorvegicus)—an opportunistic, central place
foraging species—to see how their specific and
rather surprising social learning mechanisms may
have evolved in response to environmental features.
These rats employ at least two simple mechanisms
that allow them to share information about food
(Lore & Flannelly, 1977; Galef, 1996). Firstly, they
have a robust tendency to copy the feeding pref-
erences of their conspecifics. A rat will develop a
marked preference for a novel food that it smells
on the breath of another, and the effect is strong
enough to make a rat choose the novel food type
over its normal diet, despite the fact that rats usu-
ally avoid new foods. Note that this is not imita-
tion, but the application of a simple behavioural
rule: “if others have been eating X, then X is
good”. The acquired preference is specific to the
context of food; the rat will have no special pref-
erence for nesting sites or nesting materials that
carry the same odor. The key stimulus is the de-
tection of the novel food odor in combination with
carbon disulfide, a component of rat breath. Rats
will not, for instance, develop a preference for foods
that an experimenter has wiped onto the fur of an-
other rat. Secondly, rats will spontaneously follow
conspecifics on foraging trips out of the nest; this
habit is especially pronounced in younger animals.
Such behaviour clearly suggests that stimulus en-
hancement may be occurring. One of the ways a
rat could come to exploit a new food source would
be simply by following another and learning from
the experience.

Galef, Wigmore, and Kennett (1983) uncovered
an apparent paradox in rats’ social learning. They
assumed that if rats could acquire food preferences
through social interaction, they would probably
also be able to learn an aversion to a novel, toxic
food by smelling it on the breath of a demonstra-
tor rat and simultaneously noting that the demon-
strator was suffering from acute gastro-intestinal
distress—that is, it was sick. Experiments revealed,
however, that this is not the case. Rats are not
sensitive to a demonstrator’s state of health, and



in fact only ever develop a preference for the novel
food.

This surprising finding was the starting point for
our own investigations. The adaptive value of dis-
tributed intelligence through copying conspecifics’
food preferences seems clear in an opportunistic for-
ager that must deal with new and potentially toxic
foods, especially when seen alongside the fact that
rats will normally avoid novel foods. But why don’t
they discriminate between sick and healthy demon-
strators? It is not because they can’t—rats per-
form well on a wide variety of discrimination tasks,
and are capable of identifying sick conspecifics us-
ing odor and behavioural cues (Lavin, Freise, &
Coombes, 1980; Bond, 1982). Curiously, other
species such as blackbirds (Mason, Arzt, & Rei-
dinger, 1984) and chickens (Johnston, Burne, &
Rose, 1998) do manage to learn both preferences
and aversions through observation.

We suspected that the answer might depend on
characteristics of the rats’ foraging environment;
specifically on the probability that eating a toxic
food would result in the death of the animal. To
test this suspicion we constructed an evolutionary
simulation, within which we systematically varied
the lethality of toxic foods in the environment, and
observed the effect on the evolution of a gene for
discriminating between sick and healthy demon-
strators. We were also interested in following be-
haviour, and extended the initial model to include
this possibility. In particular, we wanted to demon-
strate that these two simple mechanisms—copying
and following—could together account for appar-
ently complex social learning. We were also inter-
ested in determining whether there was any inter-
action between the two: are the benefits of copying
food preferences and those of following others in-
dependent, or do they interfere with each other in
some way?

2 The evolution of preference
copying

2.1 Modelling learning rats

In our simulation an initial population of 100 rats
foraged from five centrally located nests. Rats for-
age by night, and we divided each night into five
foraging periods. During each period, a rat could
visit one of 25 foraging sites: if it found food at that
site, it had to decide whether or not to eat it. If
a rat chose to eat, and if there was sufficient food,
it would fill its stomach immediately and return

to the nest—the night’s foraging was over. How-
ever, rats that rejected the food they had found,
and rats that ate only a partial meal due to com-
petition, would continue to forage until they had
eaten their fill or until all five periods had passed.
If a rat consumed nutritious food it gained energy,
but 10% of the food types in the environment were
toxic. If a rat consumed a toxic food there was a
parameter governing the probability that it would
die at once; otherwise it would lose some energy and
would show signs of poisoning when it returned to
the nest. Rats that consumed no food at all would
eventually die of starvation.

The rats were given a simple memory: any food
they encountered would either be novel, familiar or
aversive. For newborn rats, all foods were novel.
The first variable under evolutionary control was
the probability E that a rat would eat a novel food.
After eating a new food, the rat would remember it
as either familiar or aversive depending on whether
or not it was toxic. Rats would always eat familiar
foods, and always reject aversive foods. Rats were
also assumed to be capable of remembering where
they had foraged last night, and a binary gene P
controlled whether or not they would persist and
return to their last successful feeding site, if any,
during the first period of the subsequent evening’s
foraging.

Each individual had two more genes controlling
its preference-copying behaviour: a binary gene S
indicating whether or not the rat would learn about
new foods by smelling the breath of other rats, and
a binary gene D that controlled whether or not
the artificial rat (unlike real rats) would discrim-
inate with regard to the state of health of another
rat whose breath it smelled, avoiding foods eaten
by sick rats and preferring foods on the breath of
healthy rats. Thus, upon returning to the nest af-
ter each foraging trip, rats could potentially smell
the breath of a randomly chosen nestmate as a way
of gaining information about new foods in the en-
vironment. If a rat had only the smell-based learn-
ing ability, S, it would simply smell the breath of
a nestmate and become familiar with the type of
food the nestmate had eaten that day, if any. But
the rat might thereby develop familiarity with and
hence preference for a food that was in fact toxic:
some rats died immediately after eating a poisonous
food, but others made it back to the nest and were
ill. A rat that learned such a preference for toxic
food from a conspecific that survived the poison-
ing might not itself be so lucky when it consumed
that food. Only if the learning rat also had the
ability to discriminate, D, would it develop prefer-



ence or aversion for the new food type depending on
whether the nestmate was showing signs of poison-
ing. (A low level of error could also be associated
with this discrimination ability.)

When a rat had accumulated a certain amount
of energy, it would undergo simplifed asexual repro-
duction. The carrying capacity of the environment
was fixed at 100. This implied that if a newborn
individual could not take the place of a rat that had
recently died of poisoning or starvation, the current
oldest rat would be selected for death by old age in
order to make room. Newborn rats inherited (with
a small chance of mutation) the four-element be-
havioural strategy of their parent described above,
plus a level of starting energy to ensure that they
did not immediately starve.

Parcels of food appeared in random sites in the
environment at a constant rate. In order to ensure
that the rats always had to deal with novelty, a total
of 100 food types were used, but with a “window”
of 10 food types that could appear at any one time.
Every 16 days the window would advance, so that
one old food type stopped appearing, and a novel
one entered the scene. The lifespan of an individual
rat (which was an emergent property of the simu-
lation) never grew long enough for it to experience
all 100 food types.

While we have tried to make this model reflect
part of the lives of real rats, the parameters used
in the simulation' are not as closely matched to
real data as we would like. There is a great deal
of information available on the behaviour of rats in
the laboratory, but data on the ecology of wild rats
is not extensive (see e.g., Lore & Flannelly, 1977;
Lore & Schultz, 1989). We have therefore pitched
the simulation at a relatively abstract level, and in
so doing we hope to have captured some aspects of
the selection pressures impinging on social foragers
in general. However, we also anticipate that the
results of modelling will help us to reverse-engineer
the environment of real rats, by demonstrating nec-
essary connections between variables for which data
is available and those for which it is not.

2.2 Results

In accordance with our hypothesis, we varied the
probability of death due to eating a toxic food,

'Rat stomach capacity = 10 food units; cost of living =
1 unit per day; default error level in discrimination = 0.01;
mutation rate = 0.05, standard deviation for mutation of
real-numbered genes = 0.1; food parcel mean size = 100
units, standard deviation = 40, food parcel input rate = 5
per day; reproduction level = 1000 units, cost of offspring =
500 units, offspring starting energy = 400 units.
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Figure 1: Mean frequency of the smelling and dis-
crimination genes S and D by lethality level—solid
and dashed lines respectively. In this and subse-
quent figures, error bars show the standard error
across ten simulation runs.

to find out what difference this made to the be-
havioural strategies of the rats. For each level of
lethality investigated, ten evolutionary runs, each
200,000 days in length, were performed. If some
populations went extinct before this time limit was
reached, as sometimes happened in the more lethal
environments, the simulation was repeated until
ten complete runs had been recorded. The statis-
tics reported below describe the state of popula-
tions at the end of these runs.

When the lethality value was zero, i.e., in a be-
nign environment, there was no selection pressure
on the rats to smell each other or to discriminate:
Figure 1 shows that gene frequencies for S and
D remained close to 50%, the value expected by
chance. Nor were the rats particularly persistent,
as we will see later in Figure 7. At the same time,
the mean probability for eating novel foods (F) was
high at 89.8% (Figure 2). The mean lifetime of a
rat was 268 days, during which time approximately
17 new foods would have made an appearance. The
rats were, on average, familiar with 13.3 food types,
and had aversions to 2.1 foods: these frequencies
are not too far from the 10% base rate of toxic foods
in the environment. Thus, when poison results only
in a stomach ache and an aversion to trying that
food again in future, simulated rats are open to try-
ing new foods, and pay no special attention to the
eating habits of others.

It is clear from Figure 1 that as the lethality level
increases there is increasing selection pressure for
learning from others. Rats become more likely to
smell the breath of conspecifics, and to discrimi-
nate between the sick and the healthy when doing



Mean probability

0 0.2 0.4 0.6 0.8 1
Lethality

Figure 2: Mean value of the real-valued gene FE,
governing the probability of eating novel food, by
lethality level.

so. At the same time, they are still willing to try
new foods that they come across (Figure 2). How-
ever, when the lethality level reaches approximately
0.3, there is something like a phase transition in
the results. The probability of eating novel foods
drops dramatically; the overall mean probability for
eating a novel food, across all runs with lethality
greater than 0.3, was less than 1%. As lethality
approaches 1.0, there is a uniform strong selection
pressure on the gene for smelling the breath of oth-
ers. Importantly, though, the selection pressure on
discriminating decreases: as poison became more
and more dangerous, it was no longer important
to pay attention to the health of a demonstrator—
we will argue in section 4 that this result explains
the failure of real rats to discriminate. Aggregating
the results for lethality levels greater than 0.3, the
rats were familiar with about the same number of
foods (10.0), but they developed almost no aver-
sions (0.2). There were other effects: because the
rats were more cautious in their treatment of novel
foods, they generally ate less, which led to increases
in the inter-birth interval and the average lifespan.

The finding that selection for discrimination falls
off with increasing lethality could have something
to do with the error rate of the rats’ discrimina-
tive ability, normally set to 1%. After all, when
lethality is equal to one, all rats that have been
poisoned will die before returning to the nest. Un-
der these circumstances there is not much point in
discriminating, and errors in discrimination could
be positively harmful. We therefore considered the
evolution of the gene D under zero-error and 5% er-
ror conditions. Figure 3 shows that a higher error
rate indeed leads to selection against discriminat-
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Figure 3: Mean frequency of the discrimination
gene D given zero (solid line) and 5% (dashed line)
error rates in discriminative ability.

ing. But even with zero error, the frequency of the
gene D is close to the expected value for random
drift (i.e., 50%), given high levels of lethality. Even
if one’s discrimination ability were perfect, it ap-
pears that it would not be a selective advantage
in an environment where eating a poisonous food
would kill you four times out of five.

3 Adding following to the
model

3.1 Changes in the model

In order to make following behaviour possible, the
rats were given a fifth gene, F', that determined the
probability that they would follow a random con-
specific when leaving the nest on the first foraging
period of the evening. Following was only ever se-
lected if the rat was not being persistent. In other
words, the decision tree for the rats was as follows.

e Check persistence gene, P; if set, was I suc-
cessful last night? If so, return to that site.

e If either condition was not met, check percent-
age chance to follow, F; should I follow some-
one else?

e If neither of the above selected, choose a ran-
dom site.

Rats that followed simply went to the same site
as a randomly chosen conspecific who was not also
following, but there was no way for a rat to tell
whether it was following a persistent, conspecific or
one that had merely selected a site at random. In
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Figure 4: Mean frequency of the smelling and dis-
crimination genes S and D in the model with fol-
lowing.
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Figure 5: Mean value of the real-valued gene E
governing the probability of eating novel food in
the following case.

the unlikely event that all the rats chose to follow,
the dubious possibility that they would all stay in
the nest waiting for someone to leave was dealt with
by sending them all to random sites. The extended
model was in other respects the same as the basic
model.

3.2 Results

In Figures 4 and 5 we can see that the evolution
of the genes for smelling, discrimination and eating
novel foods are not much affected by the possibil-
ity that rats may follow each other to food sites,
although the transition between liberal and conser-
vative attitudes to new foods occurs at a lower level
of lethality.

The results for the evolution of the following gene
are shown in Figure 6. We were somewhat surprised
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Figure 6: Mean value of the real-valued gene F,
governing the probability of following other rats to
a foraging site. The solid line shows the standard
condition, while the dashed line shows the effect of
a less uniform food distribution (see text).

to find that following other rats was not strongly
selected for (solid line). There is a modest posi-
tive relationship between the mean value of F' and
lethality, but for the more benign environments the
data could just as well be the result of a random
walk. The large standard error values indicate that
there was a great deal of variation in the final pop-
ulation mean value of F' across runs.

To find circumstances that could select for fol-
lowing behaviour, we ran a variant of the simula-
tion in which food was less uniformly distributed
in the environment. Following others to food is
a kind of stimulus enhancement, and Toquenaga
et al. (1995) found that stimulus enhancement was
more likely given patchy food distributions. Instead
of five food parcels with a mean size of 100 units
arriving per day, one food parcel with a mean size
of 500 units was supplied; Figure 6 shows that un-
der these conditions following behaviour was indeed
more strongly selected for (dashed line).

Another way of looking at following behaviour is
to consider its effects on the gene for persistence.
Figure 7 shows the mean frequencies for the gene P
for the initial model and for the model with follow-
ing added. In the initial case (solid line), we can
see that persistence becomes more important with
increasing levels of lethality. In a dangerous world
where you don’t want to try anything new, it pays
to go back to the site of yesterday’s successful feed-
ing. However, when following behaviour is possible
(dashed line), there is not much selection pressure
on persistence.
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Figure 7: Comparison of the frequencies for the
persistence gene P with (dashed line) and without
(solid line) the possibility of following behaviour.

4 Implications for real rats

The failure of real rats to discriminate between sick
and healthy demonstrators may be due to the de-
tails of food toxicity in their foraging environments.
In the initial model, when the lethality value crosses
the threshold of about 0.3 the whole pattern of rat
behaviour changes. Rats become extremely wary
of new foods, but attend closely to what their con-
specifics are eating. However, because they “know”
that their nestmates are just as conservative as they
are about trying new and potentially dangerous
foods, the need to discriminate between sick and
healthy demonstrators is reduced. Observing a poi-
soned demonstrator would doubtless provide useful
information, but it becomes such a rare event that
there is little selection pressure for paying attention
to it.

The possibility of error in discrimination just
makes things worse. In the terminology of signal
detection theory, a hit would be correctly identi-
fying a food as poisonous after observing a sick
demonstrator who has eaten that food. A miss
would be failing to identify a food as poisonous un-
der these circumstances. Misses would certainly be
costly, but false alarms may at times be even more
so: given that one has a low likelihood of eating
new foods, and that there is a limited number of
foods present in the environment, believing falsely
that a palatable food is poisonous could deprive a
rat of a much-needed food source. As the error
rate for discrimination increases, there must come
a point when it is better to simply accept all foods
detected on the breath of others, thus risking oc-
casional poisoning but ensuring that no palatable
food source ever goes unexploited. It is not clear

what the error rates for discrimination would be in
real rats, but if we recognize that animals can be
ill for reasons other than food poisoning, and that
they may conceal illness when it exists, the levels
of 1% and 5% seem conservative.

Furthermore, discrimination in the real world
would not come for free. The animal would have to
pay the time and energy costs of developing a sen-
sory system and decision mechanism that allowed
it to detect sickness in others and then act accord-
ingly; the blind acceptance of any food odor that
is smelled in conjunction with carbon disulfide is
clearly a simpler way to do things. In the simula-
tion we did not attempt to model this fact, i.e., we
did not include any direct costs on the ability to
discriminate. The existence of such direct costs for
real rats would make discrimination even less likely
to evolve.

There is a clear empirical prediction arising from
the initial model. Firstly, if we consider foraging
populations with very low levels of danger associ-
ated with eating toxic food, animals in these pop-
ulations should be content to eat novel food and
ignore the experiences of others. Next, as lethal-
ity increases, individuals will become more likely to
pay attention to the eating habits of others, and to
discriminate as to the state of health of demonstra-
tors. Finally, above a certain threshold of lethality
we expect to find animals with a very low likeli-
hood of eating novel foods, a great interest in what
others are eating, and no strong tendency to dis-
criminate between sick and healthy demonstrators.
Norway rats appear to fit this last profile. Black-
birds (Mason et al., 1984) and chickens (Johnston
et al., 1998) may fit the second, while specialist
species probably fit the first.

The results for the extended simulation with
the possibility of following have less clear implica-
tions. In increasingly lethal environments, follow-
ing others to food sources is moderately favoured.
When the distribution of food is patchy, there
is reasonably strong selection pressure for follow-
ing behaviour; this is in accordance with Toque-
naga et al.’s (1995) findings that patchy food dis-
tributions will promote stimulus enhancement be-
haviours. But the interaction between following
and persistence (see Figure 7) demands further
analysis. The problem is that mean values for the
gene that governs the probability of following in the
non-patchy environment sit close to 50% and have
large standard error values over simulation runs;
this is exactly what would be expected if there was
no selection pressure on the gene whatsoever, and
suggests the conclusion that following is not partic-



ularly adaptive under these circumstances. Never-
theless, the observed means imply that about half
the time rats will be following a conspecific rather
than choosing a random food site, assuming they
are not being persistent and returning to the scene
of yesterday’s success. Comparing the initial model
to the model with following added, we find that the
gene for persistence is selected for in the former
case, but not in the latter. The apparently chance
levels of following behaviour are affecting the evo-
lution of persistence; one could even argue that fol-
lowing behaviour takes the place of persistence. It
is therefore not so clear that following behaviour is
adaptively neutral.

Presumably there is a trade-off between follow-
ing others to food but having to share it when you
get there, and thus taking a chance that you will
get less than a full meal, versus choosing a food
site randomly and having it to yourself. (However,
there were always more rats than food sites; on
average a rat would be sharing with four others in
any case.) This may also have something to do with
the results for persistence: if some fraction of the
population is going to follow you to your current
favourite food site, the benefits of persistence may
be swamped by the costs of attracting a large and
hungry crowd. Clarification of these issues must
wait for future work.

5 Conclusions

We see foraging behaviour in rats as a paradigm
case in which a seemingly complex instance of social
(or even cultural) information transmission can be
explained through the action of simple behaviours
in an appropriately structured environment—an in-
stance of ecological rationality (Gigerenzer, Todd,
& The ABC Research Group, 1999). In fact, the
behaviour underlying rat food preference copying is
even simpler than was originally expected by those
looking for simple mechanisms. That is, rats pay no
attention to whether the individual they are learn-
ing a preference from is suffering from food poison-
ing. Our model has added to this picture by show-
ing that this strategy may well have evolved just
because eating poison lessens the likelihood that a
rat will survive to influence any of its conspecifics.
Similarly, when following behaviour is possible and
occurs at arbitrary levels in the population, rats
do not even need to remember the site where they
found food the night before.

We plan to investigate further how environment
structure could have affected the evolution of dif-
ferent forms of learning in rats. As indicated in

section 1, Laland et al. (1996) have made general
predictions as to when social and individual learn-
ing will evolve with respect to the rate of environ-
mental change. We will extend our more specific
individual-based model to see whether this predic-
tion holds in the case of rat food-preference learn-
ing.

A particularly interesting extension to this work
would be to add possibilities for selfishness and de-
ception on the part of individual rats. It is conceiv-
able, for example, that rats might evolve the ability
to feign sickness in order to convince others that a
new food source was unpalatable, and thus keep it
for themselves. More simply, they might avoid con-
tact with other rats in the nest so that no-one else
came to know what they had been eating. Much of
the recent artificial life work on communication (see
e.g., Bullock, 1997; Noble, 1998) addresses this sort
of question, i.e., whether and how honest commu-
nication can be maintained in the face of possible
conflicts of interest. Although it is not normally
considered as such, social transfer of information
about food can clearly be a kind of communica-
tion; we hope to integrate the two perspectives in
subsequent models.
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