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Series Preface

The Springer Handbook of Auditory Research presents a series of comprehen-
sive and synthetic reviews of the fundamental topics in modern auditory re-
search. The volumes are aimed at all individuals with interests in hearing
research including advanced graduate students, postdoctoral researchers, and
clinical investigators. The volumes are intended to introduce new investigators
to important aspects of hearing science and to help established investigators to
better understand the fundamental theories and data in fields of hearing that they
may not normally follow closely.

Each volume presents a particular topic comprehensively, and each serves as
a synthetic overview and guide to the literature. As such, the chapters present
neither exhaustive data reviews nor original research that has not yet appeared
in peer-reviewed journals. The volumes focus on topics that have developed a
solid data and conceptual foundation rather than on those for which a literature
is only beginning to develop. New research areas will be covered on a timely
basis in the series as they begin to mature.

Each volume in the series consists of a few substantial chapters on a particular
topic. In some cases, the topics will be ones of traditional interest for which
there is a substantial body of data and theory, such as auditory neuroanatomy
(Vol. 1) and neurophysiology (Vol. 2). Other volumes in the series deal with
topics that have begun to mature more recently, such as development, plasticity,
and computational models of neural processing. In many cases, the series ed-
itors are joined by a co-editor having special expertise in the topic of the volume.

RicHARD R. Fay, Chicago, Illinois
ARTHUR N. PoPPER, College Park, Maryland



Volume Preface

Basic science studies of the auditory system have provided neuroscience with
some of its most instructive examples of highly specialized functions arising
from unique structures. Working out the developmental mechanisms by which
these structures and functions arise continues to provide information of great
value to general developmental biology as well as increases our understanding
of how the many complex elements coalesce during normal development to form
a functional auditory system. Such an understanding of the developing auditory
system could potentially impact the optimization of treatment of developmental
hearing losses in humans during the first years of life when the auditory system
is most plastic, and thus serve in the mitigation of hearing problems in the large
numbers of people who experience significant hearing loss.

The chapters in this volume provide a unique understanding of the develop-
ment and plasticity of the auditory system. In Chapter 1, Parks and Rubel
provide an overview of the rest of the volume, as well as discuss the meaning
and use of the concept of plasticity. Rubel, Parks, and Zirpel (Chapter 2) focus
on development of the cochlear nucleus (CN), among the best understood of the
central nervous system (CNS) auditory centers. In reviewing the extensive re-
search literature on normal development of the mammalian superior olivary
complex (SOC), Friauf (Chapter 3) notes how many key events occur prior to
the onset of hearing: neurogenesis, cell migration, axon and dendrite outgrowth,
target selection, and synaptogenesis. Moore and King (Chapter 4) note that
adjustments in binaural hearing are probably involved in the natural response to
growth-related changes in head size and other natural changes in interaural cues,
as well as disease- and injury-induced hearing asymmetries. Although studying
plasticity in the auditory cortex is important, it is particularly difficult, for rea-
sons Weinberger considers in Chapter 5. Analysis of auditory neuron function
in awake behaving organisms has yielded some of its most impressive resuits in
the study of birdsong. As Brenowitz and Woolley (Chapter 6) discuss, the study
of neural plasticity in birdsong has also led neuroscience to recognize
the existence of ongoing generation and replacement of projection neurons in
the endotherm brain and hormonally induced seasonal changes in the morphol-
ogy, pharmacology, and physiology of CNS neurons. Finally, Lakes-Harlan
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(Chapter 7) approaches plasticity in the insect auditory system by considering
four contexts in which it occurs.

As is often the case with chapters in the volumes in the Springer Handbook
of Auditory Research, related chapters are often found in other volumes. The
structure and function of the CNS discussed in most of the chapters in this
volume are considered in great depth for mammals in Vol. 15 (Integrative Func-
tions in the Mammalian Auditory Pathway). Related chapters in hearing in birds
can be found in Vol. 13 (Comparative Hearing: Birds and Reptiles) and on
insects in Vol. 10 (Comparative Hearing: Insects). Most extensively, issues on
development of the auditory system are also found in Vol. 9, which can almost
be considered as a companion to this one, Development of the Auditory System,
and especially in chapters by Sanes and Walsh on development of central au-
ditory processing and Cant on structural development of the central auditory
pathways in mammals.

THoMAS N. Parks, Salt Lake City, Utah
EpwiN W RUBEL, Seattle, Washington
RicHARD R. Fay, Chicago, Hlinois

ARTHUR N. PoppER, College Park, Maryland



Contents

Chapter 1 Overview: Development and Plasticity of the Central
Auditory System . .. ... ..
THOMAS N. PARKS AND EDWIN W RUBEL

Chapter 2 Assembling, Connecting, and Maintaining the Cochlear
NUCIEUS . . .ottt e e
EpwiN W RUBEL, THOMAS N. PARKS, AND
LANCE ZIRPEL

Chapter 3 Developmental Changes and Cellular Plasticity in the
Superior Olivary Complex . ........................
ECKHARD FRIAUF

Chapter 4 Plasticity of Binaural Systems ......................
DAviD R. MOORE AND ANDREW J. KING

Chapter 5 Experience-Dependent Response Plasticity in the
Auditory Cortex: Issues, Characteristics, Mechanisms,
and Functions . ............. ...
NORMAN M. WEINBERGER

Chapter 6 The Avian Song Control System: A Model for
Understanding Changes in Neural Structure and
Function ........ ... ... .. . . .
ELioT A. BRENOWITZ AND SARAH M.N. WOOLLEY



X Contents

Chapter 7 Plasticity in the Auditory System of Insects . .. .........
REINHARD LAKES-HARLAN



Contributors

ELioT A. BRENOWITZ
Departments of Psychology and Biology and Virginia Merrill Bloedel Hearing
Research Center, University of Washington, Seattle, WA 98195-1525, USA

ECKHARD FRIAUF
Abteilung Tierphysiologie, Fachbereich Biologie, Universitit Kaiserslautern,
D-67653 Kaiserslautern, Germany

ANDREW J. KING
University Laboratory of Physiology, Parks Road, Oxford OX1 3PT, UK

REINHARD LAKES-HARLAN
Georg-August Universitit Gottingen, Institut fiir Zoologie und Anthropologie,
37073 Gottingen, Germany

DAvID R. MOORE!
MRC Institute of Hearing Research, University Park, Nottingham NG7 2RD,
UK

THOMAS N. PARKS
Department of Neurobiology & Anatomy, University of Utah School of Medi-
cine, Salt Lake City, UT 84132-3401, USA

EpwiN W RUBEL

Virginia Merrill Bloedel Hearing Research Center and Department of
Otolaryngology-Head and Neck Surgery, University of Washington, Seattle, WA
98195, USA

NORMAN M. WEINBERGER
Center for the Neurobiology of Learning and Memory and Department of Neu-
robiology & Behavior, University of California, Irvine, CA 92697, USA

'Former address: University Laboratory of Physiology, Parks Road, Oxford OX1 3PT, UK

xi



Xii Contributors

SARAH M.N. WOOLLEY
Department of Psychology, University of California, Berkeley, CA 94720, USA

LANCE ZIRPEL
Department of Neuroscience, University of Minnesota Medical School, Minne-
apolis, MN 55455, USA



