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Introduction

The storing of food, in birds as in other animals, appears to be an adaptation
for surviving predictable periods of food shortage (Vander Wall, 1990).
Food-storing birds among the parids (chickadees and titmice), corvids (jays,
crows and nutcrackers) and sittids (nuthatches) rely on spatial memory to
retrieve their caches, though perhaps not exclusively (Petersen and Sherry,
1996; Shettleworth, 1995; Balda and Kamil, this volume). They also have a
hippocampus that is larger relative to their brain and body size than the
hippocampus of birds that do not store food, and the hippocampus is
important for spatial memory in birds, as it is in mammals (Clayton and Lee;
Bingman et al., this volume). Thus storing food, an adaptively specialized
behavior that engages spatial memory, is accompanied by changes in a part
of the brain involved in spatial memory. But is it also accompanied by an
adaptive specialization of memory? Here we discuss some of the issues that
arise in trying to answer this question, starting with a discussion of what is
meant by adaptive specializations in cognition, why they are important and
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some of the problems in pinning them down. We then outline three ways
of formulating hypotheses about adaptation in cognition and illustrate them
with recent data from our laboratory.

Adaptive specializations in evolutionary biology and cognitive
psychology

Adaptive specializations are morphological, physiological, behavioral or
cognitive traits associated with ecological demands particular to a species
or group of species. A reliable association between a trait and the specific
challenges the species face in making a living indicates that the trait has
arisen due to particular selection pressures. There are three general ways
to test the hypothesis that a trait has evolved because it contributes to fitness
in a particular way: seeing whether the trait can be accounted for by
optimality modelling, performing experiments and applying the comparative
method (Ridley, 1993). All three have been applied to food storing. A model
(Andersson and Krebs, 1978) has helped to stimulate the research on food
storing that has been going on for the past 15 years or so. It showed that
food storing would evolve only if individuals that invested in storing were
more likely to retrieve their stores than conspecifics that did not store. One
of the ways in which they could do so would be to remember the locations
of their stores. More recently, experiments have shown that storing and
retrieving food do contribute to fitness. Nuthatches given extra sunflower
seeds to store early in the winter are in better condition later on than those
not so provisioned (Nilsson et al, 1993). Feld experiments have also
established that items stored by a particular jay or tit are more likely to
be retrieved by that individual than by other individuals (Brodin and
Ekman, 1994; Ekman et al, 1996). However, these findings do not
necessarily mean that food storers’” memory is any different from other
birds’ memory. It is possible, for instance, that they have more accurate or
detailed spatial perception or that the act of storing engages memory in a
particularly effective way. Evidence bearing on possible species differences
in memory has come primarily from applications of the comparative
method. This involves collecting data from large numbers of species to see
whether the trait in question is associated with the ecological conditions to
which it is a supposed adaptation. For food-storing birds, the most extensive
data of this kind are those showing that a relatively large hippocampus is
associated with dependence on stored food.

But surely there is already plenty of evidence for adaptations in behavior,
so why is it important or even interesting to test for adaptations in
cognition? There are at least two classes of reasons. First, well-supported
examples of cognitive adaptations have wide-ranging theoretical implica-
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tions. In psychology, the notion that cognition (by which we mean
information-processing abilities including perception, learning and memory)
exhibits species-specific adaptive specializations contrasts with the historic-
ally prevalent notion that the properties of learning and cognition generally
are the same across species and information-processing domains. As a result
of numerous developments in cognitive science, neurobiology and evolution-
ary biology in the past 25 years or so, there is now substantial support for
the view that, instead, cognition consists of a collection of specialized,
domain-specific modules that have been shaped by evolution to solve
specific information-processing problems (Barkow et al., 1992; Tooby and
Cosmides, 1995). This does not mean that cognitive mechanisms have no
shared characteristics. Common ancestry and/or common features of the
physical environment ensure that there is much in common across even very
diverse species, for example, in spatial cognition, timing and the detection
of causality (Macphail, 1982; Gallistel, 1990; Bitterman, 1996). In parallel
with the ecological or adaptationist approach to cognition in nonhuman
species, adaptationist analyses of human cognition have become popular
(Barkow et al., 1992). However, such hypotheses are often based on
conjectures about situations in distant evolutionary time, in early hominid
societies. For really compelling examples of how cognition is shaped by
evolution and for models of the kind of data required to back up
speculations about evolutionary specializations of cognitive processes, it is
necessary to turn to nonhuman species. They can provide particularly clear
evidence about what problems a system solves as well as comparative data
from large numbers of species.

A second reason for interest in adaptative specializations of cognition is
that studying them can contribute to behavioral neuroscience through what
has been called inverse neuropsychology (Shettleworth, 1995). Rather than
attempting to understand brain function by comparing normal to brain-
damaged subjects, as is usually done in neuropsychology, investigators taking
a comparative approach can look to examples of evolutionarily enhanced
function for clues to what specific brain areas do. Comparative studies
followed up with lesions or other neuroanatomical manipulations may reveal
relationships between structure and function that would not readily be
revealed by studies of any one species. In the long run, too, understand-
ing the developmental (see Clayton and Lee, this volume) and genetic
mechanisms underlying differences in cognition between closely related
species could be an important complement to the genetic engineering
approach to the molecular bases of cognition (Gerlai, 1996; Mayford et al.,
1995).

When Rozin and Kalat (1971) introduced the term adaptive specialization
into discussions of learning, they were primarily interested in the notion that
some species might exhibit qualitatively specialized kinds of learning for
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solving species-specific problems. Bird song learning and imprinting are
good examples of such species-specific kinds of learning. More generally,
however, adaptations consist of quantitative tweakings of traits shared by
many species. For instance, the suite of morphological and behavioral
adaptations for food storing in Clark’s Nutcrackers includes a long sharp
beak, used for prying pine seeds out of unripe cones before other birds can
reach them, and exceptionally early breeding, made possible by a continuing
store of seeds for feeding the young (Vander Wall and Balda, 1981; see
Balda and Kamil, this volume). At the level of gross morphology, the
hippocampal changes associated with food storing also appear to be
quantitative rather than qualitative, although detailed neuroanatomical
studies may reveal otherwise (Montagnese et al., 1993; Clayton and Lee;
Bingman ez al., this volume). A beak, a hippocampus and seasonality in
breeding are shared among birds, yet fine tuned in each species.

Researchers studying memory in food-storing species have generally
assumed that, by analogy to such adaptations, any cognitive adaptations for
food storing can be understood as quantitative enhancements of memory
capacity and/or persistence rather than a different memory system devoted
to locations of caches. On the whole, the relevant data justify this
assumption. For instance, Black-capped Chickadees remember the locations
of food ‘stored’ by the experimenter as well as locations of food they store
themselves (Shettleworth et al., 1990), and they remember the same features
of both kinds of locations (Brodbeck, 1994). Cross-species comparisons of
performance in both corvids and parids tend to produce the same pattern
of results in tasks ranging from retrieval of stored food in a large aviary
to matching to sample in an operant chamber. This also argues in favor of
any specialization of food-storers’ memory not being confined to memory
for cache locations (Shettleworth, 1995; see also Balda and Kamil).

An old issue in comparative psychology is how to distinguish species
differences in performance from species differences in inferred underlying
processes such as learning or spatial memory. Two species may perform
differently in a test of memory for a variety of theoretically uninteresting
reasons. One may be more hungry for the food reward, better habituated
to life in captivity, more sensitive to the stimuli being used, less distracted
by extraneous features of the testing situation, more adept at the responses
required, and so on. The list of potential confounding contextual variables
(Macphail, 1987) is nearly endless. In principle, those known to affect a
single species’ performance in the task in question, such as reward size or
amount of prior training, can be varied systematically to see whether they
influence species differences in performance (Bitterman, 1975). However,
this sort of approach is far from practical for testing sweeping adaptationist
hypotheses involving large numbers of species. In the next section of the
chapter we discuss three possible ways of making meaningful cross-species
comparisons despite the problem of contextual variables.
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Defining adaptive specializations in cognition: three approaches
Ecological comparative psychology

After examining data from a large number of vertebrates in standai
laboratory learning tasks, Macphail (1982, 1987) concluded there was no fir
basis for rejecting the null hypothesis of no differences among species :
intelligence, by which he meant learning ability. This startling conclusic
arose because Macphail accepted species differences in performance
evidence for species differences in learning only if no contextual variab
could reasonably have produced them. However, as Kamil (1988) pointe
out, this amounts to saying that the null hypothesis of no species differenc:
can be rejected only if the null hypothesis of no differences due to contextu.
variables can be proven. In effect, then, the traditional approach to comparir
learning ability across species is impotent to find species differences. Kamil
(1988) proposed remedy has two ingredients. First, it is necessary to compai
species for which there is some a priori prediction of species difference i
cognition based on ecology, as in the case of food-storing birds beir
discussed in this chapter. This ecological approach (Shettleworth, 199:
generates a principled selection of species to compare and capacities 1
compare them on. Second, ecologically derived hypotheses about specic
differences should be tested with a variety of tasks. Convergent evidence froi
several different tests of the same capacity is compelling as long as it
unlikely that contextual variables affect performance in all of them in th
same way. However, some variables that are virtually impossible to eliminat
like species differences in fearfulness, opportunism or compatibility wit
humans, may facilitate or inhibit performance equally on all laboratory task
(Lefebvre and Giraldeau, 1996). Therefore, is important to include tests i
which different patterns of species abilities are predicted (see Kamil, th
volume). In addition, as Kamil (1988) emphasized, the more species that at
tested, the less likely that results consistent with the predicted ordering ¢
their abilities have arisen by chance.

Applied to memory in food-storing birds, the ecological approach gene:
ates the following hypothesis: if contextual variables are controlled af
propriately, then food-storing species will perform better on tests of capacit
and/or persistence of spatial memory than species that store less food, an
this pattern of species differences will be specific to spatial memory. That i
on a similar procedure testing another kind of memory, the species will nc
perform differently or the ordering of species by level of performance o
the task will be different. Statistically, there will be an interaction of task b
species. This simple hypothesis is based on the belief that food-storing specie
do in fact remember a large number of stored food items for a long tim
in the field, and has motivated virtually all of the comparative studies ¢
memory in food-storing birds to date (Shettleworth, 1995). Nevertheless,
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Fig. 3.1 TFour possible outcomes of comparing the performance of two species on
a test of memory with memory load or retention interval varied. In (A), the two
species process and store the information equally well but forget at different rates.
In (B), they differ in initial information processing or storage. (C) and (D) represent
combinations of differences in both initial processing and retention.

will help to clarify the other approaches we will discuss to consider for
a moment what idealized data consistent with this hypothesis might
look like.

Figure 3.1 shows some of the possibilities for two hypothetical species
whose memory is tested at a range of task difficulties. In easy tasks the
animals have only a few items to remember (i.e. a small memory load) or
they have to hold those items in memory for only a short time (i.e. a short
retention interval). Difficult tasks have a large memory load and/or a long
retention interval. (Difficulty could be varied in other ways, for example, by
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varying the amount of initial exposure to the information to be remembered
or the amount of potentially interfering information present.) Example A
is the comparative psychologist’s dream. When the task is easy, the species
both perform well, but not too well. This shows that no animals are prevented
by unintended contextual variables from doing well, but since performance
could in principle be better than it is, we do not need to worry that a possible
species difference is being obscured by a ceiling effect. As the task becomes
more difficult, however, the ‘unspecialized’ species B performs less and less
well than the specialized one. Such an interaction is generally accepted as
revealing a difference in memory between two groups. An example can be
found in Olson’s (1991) comparison of operant delayed nonmatching to
sample in Clark’s Nutcrackers and Scrub Jays with one item to remember
at different retention intervals. However, not all comparisons among species
thought to differ in spatial memory have revealed this pattern of results, as
we will see below.

Example B is more problematical because the species differ consistently
at all levels of task difficulty. A pattern like this is found in experiments with
a single species when two groups are compared under conditions that differ
in how well information to be remembered can be encoded. For instance,
in pigeons, longer exposure to the stimulus to be remembered leads to a
constant increment in correct choices of that stimulus at all retention intervals
(Roberts and Grant, 1976). Thus, in between-species comparisons, the pattern
of data in B would be attributed to species differences in initial encoding
or processing of information rather than to differences in the ability to retain
information once processed. It is arguable whether parallel declines in
performance from different starting-points like those in example B should
be seen as representing identical rates of forgetting or not. For this reason,
behavioral neuroscientists interested in memory typically try to find tasks in
which the performance of all their groups can be equated in the easiest
version of the task. Equating animals for baseline performance in this way
may require training some groups more than others to begin with. However,
this introduces problems of its own. For instance, it must be assumed that
the rate of forgetting is determined only by the initial level of performance
and is not influenced by how much training was required to achieve that level
in the first place.

More complex patterns than those in examples A and B can readily be
imagined. Example C should warm the heart of a seeker after adaptive
specializations, since the performance of one group both starts higher and
declines more slowly than that of the other. However, in Example D, the
group that performs less well to start with forgets nothing while the group
that starts out better forgets almost completely. We dwell on these examples
to emphasize that inferences about memory are based not on single measures
from one set of conditions but on patterns of performance across variation
in memory load, retention interval or the like. The hypothetical data in each
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example could come from two kinds of tests of the same species such as
spatial vs. nonspatial memory tasks or from the same test given to different
species.

Of course, any conclusion about adaptative specialization in memory
requires data from more than two species. Balda, Kamil and colleagues have
compared up to four species of corvids in the same experiment (Kamil et
al., 1994; Olson et al., 1995). Clayton and Krebs (1994a) have compared two
corvids and two parids within the same experiment. Hilton and Krebs (1990)
compared four tit species, but collapsed them into two groups, storers vs. non-
storers, and Healy (1995; Healy and Krebs, 1992a) has compared food-storing
Marsh Tits to nonstoring Great Tits or Blue Tits. In Toronto we have
compared one parid to one nonparid. At present, therefore, attempts to
evaluate support for hypotheses about memory in food-storing birds rely on
data from several laboratories that are using slightly different procedures.
However, although all food-storing species are predicted to show adaptations
of spatial memory, there could be differences in the details of those
adaptations. For instance, Clark’s Nutcrackers might specialize particularly
in retaining spatial information for a long time (see Balda and Kamil, this
volume), while other species might be successful because they are especially
good at spatial discrimination or encoding,

Regression

In general, a large bird has a large hippocampus and a small bird, a small
one. Assessments of adaptive specialization of hippocampus and other brain
structures (Harvey and Krebs, 1990; Healy, 1996; Sherry et al., 1992) partial
out this overall allometric relationship by regressing hippocampal volume
against volume of the rest of the brain. Lefebvre (1996; Lefebvre and
Giraldeau, 1996) has suggested that, by analogy, in a test of adaptive
specialization in spatial memory, a number of species’ scores on tests of
spatial memory should be regressed against their scores on some ‘generalized’
test of memory. Data from species thought to be specialized for spatial
memory should then lie above the overall ‘allometric’ relationship between
performance on the spatial task and performance on the control task, as in
Fig. 3.2A. Alternatively, when two species are each tested on several spatial
and nonspatial tasks, performance of the food-storing species can be
regressed against performance of the nonstoring species, as in Fig. 3.2B. In
this example, the regression line for spatial tasks should lie above that for
nonspatial tasks. In the case of two species and two tasks, one of which taps
the ability thought to be specialized in one of the species, this approach
amounts to looking for a task by species interaction (Lefebvre and Giraldeau,
1996).

This proposal emphasizes comparing species on ‘specialized’ vs. ‘unspecial-
ized’ tasks rather than comparing them extensively in tasks assumed to tap
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Fig. 3.2 Hypothetical data illustrating the regression approach to species difference;
in cognition suggested by Lefebvre and Giraldeau (1996). In (A), individuals fron
each of two species are tested in two tasks that have similar demands except tha
one (‘specialized task’) taps an ability that is better developed in the ‘specialized
species. Each data point represents a single individual. In (B), groups of animals fron
two species are tested in a series of tasks, some of which tap the hypothesizec
specialized ability. Here each data point represents the mean data of a single pai
of groups in a single task.

the specialized ability of some of them. Moreover, it points to a concise anc
heretofore underexploited way of summarizing the results of such com
parisons. Most important, like applications of the comparative method tc
other features of brain or behavior, it prescribes basing conclusions o1
relative rather than absolute differences between species. However, most o















































































