Preface

Writing this book has been an illuminating and
rewarding journey. Before beginning the project I
thought I had a reasonable idea of just how exciting
and vibrant the subject of sensory ecology is. | was
wrong! [t was only as I really got stuck into working
on the book that 1 truly realized just how much
incredible and innovative work is being undertaken
every year in this field, and the many remarkable
examples of natural history that have formed the
inspiration for much of this research. I hope I have
done the subject at least some of the justice it
deserves.

Sensory ecology as a scientific discipline has
boundaries that are hard to define. It is perhaps for
this reason that few books specifically on sensory
ecology actually exist, despite the subject’s substan-
tial importance in modern day biology and its rapid
growth in the last decade or so. Historically, sensory
ecology emerged as discipline that linked conven-
tional ecology with studies of animal behaviour,
grounded in the idea that animals need to obtain
and use information to behave appropriately in a
given environment. This was the approach that
Dusenbery’s (1992) seminal book, Sensory Ecology
took, and the idea of information is still central to
sensory ecology today. Dusenbery focused on the
physics of how different modalities work (for exam-
ple, sound, light, chemicals), and related this to
various ethological examples, such as navigation,
searching, and so on. Undoubtedly, this approach is
important and the content of that book remains
valuable. However, partly thanks to the rise and
continued popularity of subjects like behavioural
and evolutionary ecology, sensory ecology today
deals with all that Dusenbery discussed, but spans
across into behavioural ecology and evolutionary
processes. For that reason, a modern book on sen-

sory ecology should cover the way that sensory sys-
tem work, the principles and areas of animal
behaviour, through to evolutionary processes.
Clearly, to cover all of this in depth would require a
massive book, therefore this text should be seen as a
broad introduction. The principal aim is not to
present an updated version of Dusenbery (1992),
but to introduce the subject of sensory ecology,
including how sensory systems work and sensory
processing, from a more behavioural and evolution-
ary framework (reflecting how the field has evolved
in the last two decades).

I also did not wish to write a book that dealt with
each sensory modality one by one in isolation. There
are various excellent books devoted to specific sen-
sory modalities and that go into far more detail than
I do here. On the contrary, I wanted to produce a
book that dealt with the role of sensory systems in a
modern behavioural framework, including what
sensory systems are used for and how they guide
the many behavioural tasks animals must complete
during their lives. T also wanted to give the book an
evolutionary context, showing how important sen-
sory systems are in processes like diversification
and speciation. The various sensory modalities in
the book are discussed together, and the aim is to
highlight common principles (and differences)
across sensory modalities, and what they mean in
terms of the way that animals behave and process
information. There is much that I have omitted
regarding sensory physiology and processing, but
my aim was not to present a book focusing only on
how sensory systems work. Instead, I have sought
to present enough information for the reader to
understand important concepts so that the more
behavioural and evolutionary issues and discus-
sions could be understood from this basis. Some
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sensory modalities are presented and covered in
more detail, whereas others arise less often or with
respect to only some subject areas. This partly
reflects the state of play in the subject, with some
modalities being worked on from a more behav-
ioural/evolutionary perspective, but also no doubt
limitations in my expertise. It is not a suggestion
that some sensory systems are more or less impor-
tant than others, because, as we shall see, the value
of any sensory modality depends on the species,
environment, and specific behaviour. That said, I
acknowledge that this book necessarily reflects
some bias in the literature towards studying sen-
sory modalities that are particularly important to
humans (especially vision) and consequent relative
understudy of some ecologically important modali-
ties (e.g. electroreception and magnetoreception)
that we lack.

Generally, this book is more focused on recent
work and discoveries, rather than presenting an his-
torical overview of the various topics introduced.
The intention here is certainly not to do disservice to
older work, which is of course fundamental for new
work to build upon. Rather, any bias towards more
recent studies is to help illustrate where the field
currently stands, to show the diverse and exciting
work that is being done today, and to hint at where
the important next steps might be. As stated above,
this book is intended to be an introduction to sen-
sory ecology. There were various studies that I could
not include, and some subjects that are discussed
only briefly. For those studies that have been left
out, it is not a reflection on their quality, but rather
an inevitable outcome when trying to summarize
such an diverse and vibrant field. Sometimes [ have
used well-studied systems or species in several
chapters. This is partly intended to help with conti-
nuity across the chapters and to highlight the depth
of understanding to which researchers have gained
from some species and systems. Finally, this book
does not explicitly discuss cognition and ‘higher’
level processes. Clearly these are important in deci-
sion making too, yet this goes beyond the sensory
scope of this text.

The book is intended to present stand-alone chap-
ters, while also providing a progression from one

chapter to the next. It begins with key concepts such
as information, and then moves onto the various
sensory systems, sensory physiology, and nerve
cells, through to important areas in behaviour and
communication, and finally to fundamental issues
in evolution, such as arms races and divergence.
The first chapter discusses how the sensory infor-
mation available to animals varies greatly across
species owing to the sensory systems they have. It
introduces the idea that sensory ecology deals with
how animals gather and use information from their
environment, and that the ecology of a species
shapes the form and function of its sensory systems
to best acquire and process information and to use
it in behaviour.

The following three chapters deal with how sen-
sory systems work. Chapter 2 introduces the differ-
ent types of sensory system that have evolved to
capture information from sound, light, electric,
magnetic, mechanical, and chemical stimuli. It
describes the overall features of these different sen-
sory modalities, including the sensory receptors
involved and what tasks the sensory system is used
for. The chapter also describes how some animals
have evolved an active sense with an ability to emit
signals or calls into the environment and measure
changes in the properties of returning reflections to
assess the world around them. Chapter 3 focuses on
some specific examples in more detail, mainly from
vision, hearing, and olfaction to demonstrate the
neural mechanisms that exist in sensory processing
to encode important information. Tt covers key prin-
ciples demonstrating how sensory systems remove
redundant information and encode change in the
environment, including filtering, feature detectors,
receptive fields, adaptation, and parallel process-
ing, and how these processes are made possible by
the flexibility of connections between nerve cells
and circuits. Chapter 4 discusses how sensory sys-
tems face energetic costs, as well as trade-offs in the
way that they work to encode different types or fea-
tures of stimuli. The chapter deals with if and when
sensory systems are optimized for one task, as
opposed to having features that have evolved to
work in many. The second half of the chapter
describes how sensory systems do not work in



isolation, but rather that animals often integrate
information from several modalities and that
this can decrease uncertainty about a stimulus or
environment.

Chapters 5-8 cover important areas regarding
communication in animals. Chapter 5 introduces
fundamental concepts relating to signals, cues, and
communication in general. Tt defines what signals
and communication are (and the controversy that
still surrounds this), and how signals differ from
cues. The chapter also argues that to understand the
diversity of signals and communication systems in
nature fully, we need to carefully consider how sig-
nals have evolved in response to the sensory system
of the receiver. Chapter 6 introduces the idea of
multimodal signals, which involve the use of signal
components across two or more sensory modalities.
The chapter discusses a framework for understand-
ing multimodal signals and what constitutes one. It
covers explanations for the existence and benefits of
multimodal signals, including facilitating effective
signalling under noisy or variable environments,
and allowing receivers to extract different informa-
tion (‘messages’) from a signal. Chapter 7 begins by
discussing how signalling and communication
carry significant costs, not just in terms of energet-
ics, but also through how signals are exploited by
eavesdroppers, such as predators, prey, and com-
petitors. The chapter then describes how animals
might reduce risks of eavesdropping, including
evolving less conspicuous or localizable signals,
changes in behaviour, or signalling in a modality
that the eavesdropper cannot detect or to which it is
insensitive. Finally, the chapter discusses when and
how organisms combine multiple functions with
the same signal form to perform multiple tasks. The
final chapter in this section, Chapter 8, discusses
how many signals in nature are dishonest, includ-
ing various forms of mimicry. This can involve
organisms exploiting the communication systems
of other species in order to deceive an animal into
mistaking it for something else, or exploiting pre-
existing biases in the sensory systems of animals to
manipulate the receiver’s response. The chapter
discusses how sensory exploration and mimicry is
widely found in mating signals and communication
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systems, and how exploitation and sensory biases
can lead to exaggeration in signal form.

The final three chapters discuss the role of sen-
sory systems in key evolutionary processes, and
how the environment shapes sensory systems and
communication. Interactions between species or
groups of organisms, both cooperative and antago-
nistic can be powerful generators of biological
diversity. Chapter 9 focuses on two such driving
forces: arms races and coevolution. It discusses how
predator—prey relationships provide clear examples
of arms races, but also how there is little evidence
for genuine coevolutionary responses in the sensory
systems of the predators to overcome prey defences.
In contrast, coevolution seems widespread and
diverse in brood and social parasites in birds and
insects, and this has lead to extraordinary defences
and counter-adaptations in both parasite and host
across a range of modalities. Chapter 10 deals with
how the environment affects the way that sensory
systems work and how organisms interact and com-
municate. It outlines how organisms use different
signal forms in different environments, switch
between sensory modalities, or tune their sensory
systems to cope best with features of their habitat.
The chapter then discusses how different habitats
and environments influence the way that informa-
tion is acquired, how signals are transmitted, and
how environmental noise (including those from
anthropogenic sources) can interfere with obtaining
relevant information. The final chapter (Chapter 11)
discusses how sensory and communication systems
are involved and are crucial in leading to divergence
between populations and speciation. The chapter
outlines how we are starting to understand more
fully both the molecular mechanisms underlying
some of these changes, as well as the selective
advantage incurred, and how certain mechanisms
can lead to divergence and speciation, including
reproductive character displacement, disruptive
selection, so-called magic traits, predation pressure,
and mate selection, and how these factors operate in
different groups and sensory modalities. Finally, the
chapter discusses how the environment may cause
divergence and speciation in some groups through
the process of sensory drive.



