CHAPTER 1

What [s Comparative
Cognition About?

omparative cognition is the study of cognitive processes in all

species of animals, humans included. In this book, cognition

embraces all processes involved in acquiring, storing, and using
information from the environment, from perception to decision making,
from a mouse’s memory for familiar odors to a chimpanzee’s apparently
planful use of tools. The term comparative implies explicit comparisons
of two or more species, but much comparative cognition research might
be called the study of animal cognition because it focuses on just one non-
human species or another. The goal of such research may be to compare
the findings to those known from humans or to understand how particu-
lar species find their way around, choose food or mates, or the like. Either
way, it contributes to the bigger picture of understanding the “endless
minds most beautiful” (Finlay, 2007) of the other creatures on this planet,
what they share and how they are unique, how and why they might have
evolved.

From prehistoric times, interactions with other animals as prey,
predators, or subjects of domestication have provided practical reasons
for people to be interested in their minds and behavior. Practical con-
siderations still motivate some research on animal cognition, such as that
addressing issues in conservation and animal welfare. For instance, on
some views how we treat animals in captivity should be determined by
how closely their cognitive abilities resemble ours (see Dawkins, 2006).
And much contemporary animal cognition research has the practical
goal of developing “animal models” of human cognitive processes for use
in investigating their neurobiological or genetic basis. This approach has
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brain, perhaps the ability to teach complex skills to others and to learn
from them. But there are a number of problems with this anthropomor-
phic assumption, beginning with the idea of intelligence itself as applied
to animals. Most people think they know what they mean by intelligence
in everyday language; such an understanding is part of our folk psychol-
ogy. But surprisingly often animal behaviors that appear intelligent at
first glance turn out to be the product of remarkably “stupid” mecha-
nisms (Shettleworth, 2010b). For example, a desert ant wandering out
from its nest in search of food runs straight back home even from hun-
dreds of meters away once it finds a prey item (Fig. 3.1c in Chapter 3).
The ant looks as if it knows exactly where its home is, but in fact it knows
only what distance and direction it needs to travel to get there. Place the
ant with its food down somewhere else before the homeward trip and
it runs in the same direction and for the same distance, then starts cir-
cling around as if expecting to find the nest. An ant wandering across
the featureless desert has little spatial information other than distances
and directions. It encodes these with great precision (Chapter 3), but the
simple experiment just described reveals that it uses only the informa-
tion it needs under normal conditions. Whether we want to describe it
as intelligent or not is beside the point when it comes to analyzing the
mechanisms underlying its behavior. We might want to say that “intel-
ligence” is behavior that promotes survival and reproduction, that is, fit-
ness, in natural conditions for the species, but this would render the term
almost meaningless. We might also note that a person trying to perform
like the ant on an appropriate relative spatial scale might fail miserably.
Besides highlighting the anthropocentrism (i.e., human-centeredness)
in applying intelligence to animal behavior, the homing of the desert ant
underlines a second point: intelligence in humans implies the general over-
all ability supposedly measured by IQ tests, whereas cognition in animals
(and to some extent in humans) is modular. Modularity, the property of
being made up of somewhat self-contained and independently function-
ing parts, is almost the rule when it comes to biological structures, but in
the cognitive sciences the suggestion that human cognition is modular
has been surprisingly controversial (see Barrett & Kurzban, 2006). How-
ever, other species provide plenty of evidence for a modular organization
of cognition, with distinct abilities for distinct domains of information
that have distinct abstract computational requirements. The desert ant is a
superb navigator, but it doesn’t use tools. It computes the distance it travels
over the ground by implicitly counting steps (Wittlinger, Wehner, & Wolf,
2007), but it probably cannot enumerate arbitrary items as monkeys do
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(Chapter 3). As another example, Clark’s nutcrackers store thousands of
pine seeds for the winter and have the excellent spatial memory required
for retrieving them, but in laboratory tasks nutcrackers remember colors
no better than other corvids and are worse than more social corvids at
remembering the locations of items they saw other birds store (Balda &
Kamil, 2006). That is, desert ants or Clark’s nutcrackers are not exception-
ally “intelligent” in general, just especially good at specific skills that are
important for their survival and reproduction.

The nutcracker’s exceptional spatial memory is an example of an
adaptive specialization of cognition, an ability (spatial memory) shared
across species but tweaked in each one in a way appropriate to its way of
life. Physical structures and sensory systems (Chapter 2) provide many
examples of adaptive specialization of shared characters. For instance
all b.irds have beaks but their shapes vary according to how they feed—’
tearing meat, cracking seeds, digging for worms, probing for neétar, and
$0 on. Specific beak shapes are referred to as adaptive because they are
assumed to have evolved as individuals with approximations to them
experienced increased fitness compared to conspecifics (others of the
same species) with other kinds of beaks. Of course, specialized struc-
tures are often accompanied by specializations in behavior and cognition.
F.or instance, a hawk-like beak goes along with excellent stereoscopic
vision and the ability to catch fast-moving prey. Cognitive adaptations
would be expected to be reflected in neural specializations. An exam-
ple in food-storing birds such as nutcrackers is correlation of the size
of the hippocampus, a structure important for spatial memory in birds
and mammals, with dependence on storing and retrieving food (Sherr
2006). i’

. It is rarely possible to prove hypotheses about adaptations because evo-
lution proceeds so slowly, but evolutionary biologists have several kinds of
evidence for them. These include comparing closely related species to see
whether they differ in ways appropriate to differences in the environments
they inhabit and observing how well present-day structures and behaviors
work. The fact that animal species differ in cognitive specializations sup-
ports a modular analysis of cognition. But modular organization need not
preclude some processes common to or cutting across domains (Barrett &
Kurzban, 2006; Jeffery, 2010; West-Eberhard, 2003). These include percep-
tion, memory, and the simple forms of learning discussed in Chapter 2.
In any case, evidence for modularity in animal cognition undermines the
assumption that animals have some sort of general intelligence analogous to
human IQ (but see Matzel & Kolata, 2010).
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by innate we mean performed without any relevant experience. And if
we mean by innate not modifiable by experience once it is performed,
that cannot be correct either. Every moment of an organism’s develop-
ment from the very beginning results from a seamless interplay of the
learned and the innate, or genes and environment. Genes determine
how the environment influences development and subsequent behav-
ior, and the reverse. Nothing in behavior or cognition is either wholly
learned or entirely innate. Even species-specific abilities such as bird’s
singing a certain kind of song are the product of both the individual’s
species-typical genes and a species-typical developmental trajectory,
including contact with singing adults of its species. Thus, as with intel-
ligent, classifying behavior as innate or genetically determined versus
learned or environmentally determined is meaningless, if indeed it ever
made sense outside of folk psychology (Bateson & Mameli, 2007).

Two major approaches to research in comparative cognition con-
verge in the studies of tool use by New Caledonian crows, the traditional
psychological or anthropocentric approach on the one hand and the eco-
logical or biological approach on the other. The one tradition focuses on
studying cognitive processes in animals (here those underlying tool use)
as they may illuminate or resemble processes in humans, whereas the
other addresses cognitive mechanisms underlying ecologically relevant
behavior in nature and does so in the context of Tinbergen’s questions
about evolution, function, proximal causation, and development. In the
rest of the book we will often be looking at the psychological building
blocks of such synthetic research, for example, the effects of reward or the
characteristics of memory, based on studies of a few species in the labora-
tory. But there will also be further examples of ways in which such find-
ings are enriched, challenged, and extended by integrating information
from other areas of behavioral biology. In the early twenty-first century
anthropocentrism means thinking about the phylogeny and evolution of
human cognitive capacities: which are shared with other species by com-
mon descent or convergence and which are unique to humans and why.
These questions are the focus of Chapter 5.

How This Book Is Organized

This book takes a “bottom-up” approach to comparative cognition,
going from basic domain-general processes shared across vertebrates
and many invertebrates and building up to apparently more complex
domain-specific processes such as social understanding and language.
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Thus, it traces Darwin’s argument from the processes most widely shared
to those possibly unique to humans. This organization also reflects the
development of much comparative cognition research within experi-
mental psychology by starting, in Chapter 2, with the processes that have
been studied the longest and hence are best understood: animal percep-
tion, memory, habituation or learning about single events, associative
learning (classical and instrumental conditioning), discrimination, and
category learning. With this foundation we can better appreciate the
specialized or modular aspects of the processes for dealing with specific
domains of physical and social information. Chapter 3 looks at pro-
cesses specific to acquiring, storing, and acting on information about
the physical world: space, time, number, tools and the consequences of
action. In Chapter 4 we look at processes specific to individuals’ inter-
actions with one another: social learning, imitation, understanding of
others’ goals and intentions, and communication. Chapter 5 integrates
material from the rest of the book by revisiting Darwin’s claim that
humans differ mentally from other species only in degree, not in kind.
We will see that the recent explosion of comparative research has given
reason to qQuestion Darwin’s claim and provided grounds for proposing
some quite specific ways in which human cognition is unique as well

as yielding new evidence for sophisticated nonverbal processes that we
share with other species.

Suggestions for Further Reading

These are mainly books with further depth and detail on the approaches
to animal cognition and behavior introduced in this chapter. The Web
sites of the Comparative Cognition Society and the Animal Behavior
Society are also recommended for links to news and Web sites of indi-

vid}Jal scientists, many of which have photo and video illustrations of
their research.
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CHAPTER 2

Basic Processes

/T The simplest behavior consists of reflexes, direct connections
between sensory channels and response-generating mecha-
- nisms. But most behavior of interest in this book implies some
more elaborate internal intervening structure or process. For instance,
inputs from multiple sensory channels may be integrated into represen-
tations of objects and situations. The effects of sensory events may be
retained, as evident in changed behavior toward later occurrences of the
same events; that is, animals exhibit memory. And repeated encounters
with the same temporal or spatial pattern of events may result in learning
their relationship.

The basic processes of perception, memory, and learning char-
acterized by these statements are found in all sorts of animals (Papini,
2008). They can be the building blocks of more complex processes such
as learning categories and concepts, finding one’s way around in space,
and navigating complex social networks. Nowadays, applying Morgan’s
Canon (Chapter 1) often means trying to distinguish behavior based
on such simple phylogenetically general cognitive processes from that
based on apparently more complex or specialized ones. Indeed, for some
authors, only the latter are meaningfully “cognitive” (see Shettleworth,
2010a). However, this book embraces all mechanisms involved in acquir-
ing, storing, and acting on information from the environment, how they
work, what distinguishes them from one another, and which species have
them. Thus, we begin with basic mechanisms of perception, memory,
and learning, and the job of this chapter is to convey them. Along the
way we will encounter some important foundational issues. How can we
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