Cambridge University Press

978-0-521-09541-9 - Bird Navigation, Second Edition
G. V. T. Matthews

Frontmatter

More information

CAMBRIDGE MONOGRAPHS IN
EXPERIMENTAL BIOLOGY
No. 3

EDITORS:
P. W. BRIAN, G. M. HUGHES
GEORGE SALT (General Editor)
E.N. WILLMER

BIRD NAVIGATION

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521095419
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-09541-9 - Bird Navigation, Second Edition
G. V. T. Matthews

Frontmatter

More information

THE SERIES
1 Vv.B. wiGGLESWORTH. The Physiology of Insect Metamorphosis

G. H. BEALE. The Genetics of Paramecium aurelia

I8

G. V. T. MATTHEWS. Bird Navigation. 2nd edition
A. . LEES. The Physiology of Diapause in Arthropods
E. B. EDNEY. The Water-relations of Terrcstrial Arthropods

LILLIAN E. HAWKER. The Physiology of Reproduction in Fungi

N O O W

R. A. BEATTY. Parthenogenesis and Polyploidy in Mammalian
Development

8 . moyLE. Comparative Physiology of the Nervous Control of
Muscular Contraction

9 J. W.s. PRINGLE. Insect Flight

10 D.B. CARLISLE and SIR FRANCIS KNOWLES. Endocrine Control
in Crustaceans

11 DAVID D. DAVIES. Intermediary Metabolism in Plants
I2 W. H. THORPE. Bird-song

13 JANET E. HARKER. The Physiology of Diurnal Rhythms

14 J. E. TREHERNE. The Neurochemistry of Arthropods

15 R.N. ROBERTSON. Protons, Electrons, Phosphorylation and Active
Transport

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521095419
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-09541-9 - Bird Navigation, Second Edition
G. V. T. Matthews

Frontmatter

More information

BIRD
NAVIGATION

BY

G. V. T.MATTHEWS, M.A., PH.D.
The Wildfow! Trust, Slimbridge

SECOND EDITION

CAMBRIDGE
AT THE UNIVERSITY PRESS
1968

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521095419
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-09541-9 - Bird Navigation, Second Edition
G. V. T. Matthews

Frontmatter

More information

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore,
Sdo Paulo, Delhi, Dubai, Tokyo

Cambridge University Press
The Edinburgh Building, Cambridge CB2 8RU, UK

Published in the United States of America by
Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9780521095419

© Cambridge University Press 1968

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

First published 1955
Second edition 1968
Re-issued in this digitally printed version 2009

A catalogue record for this publication is available from the British Library

Library of Congress Catalogue Card Number: 68-23181

ISBN 978-0-521-07271-7 Hardback
ISBN 978-0-521-09541-9 Paperback

The royalties on this book are being given to the
Wildfowl Trust, Slimbridge

Cambridge University Press has no responsibility for the persistence or
accuracy of URLs for external or third-party internet websites referred to in
this publication, and does not guarantee that any content on such websites is,
or will remain, accurate or appropriate.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521095419
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-09541-9 - Bird Navigation, Second Edition
G. V. T. Matthews

Frontmatter

More information

CONTENTS

Preface to the Second Edition page vii
Preface to the First Edition ix
Author’s Note X
I FIELD OBSERVATIONS OF MIGRATION I

Examples of migration. Ringing. Visible and audible migration.
Radar. Form and process of migration. Probable use of astronomical
clues.

2 EXPERIMENTAL EVIDENCE FOR BEARING-
AND-DISTANCE NAVIGATION 10
Transplanting of young birds. Adoption of foster homes. Displace-

ment of migrants. Inborn nature of migration orientation. Direc-
tional training in Pigeons. ‘Nonsense’ orientation.

3 THE PHYSICAL BASES OF DIURNAL ONE-
DIRECTION NAVIGATION 22

Use of caged migrants. Automatic registration. Possible effects of
Earth’s magnetic field and rotation. Sun-compass orientation.
Artificial sun. Time compensation. Clock shifting. Shifts in longitude
and latitude.

4 THE PHYSICAL BASES OF NOCTURNAL ONE-
DIRECTION NAVIGATION 41

Utilization of stars. Independence from time. Orientation by star
pattern. Interrelations between time, longitude and season. Planet-
arium experiments. Evolution. Moon orientation.

5 HOMING EXPERIMENTS 54

Pigeons. Variation in ability. Seasonal effects. Non-breeding wild
birds. Breeding wild birds. Outstanding feats. Conditions for fast
homing. Individual variations. Random and biased search. Deter-
mination of homeward track. Aerial pursuit.

6 HOMING ORIENTATION 76

Techniques. Pigeons. Time required for orientation. Confusion with
‘nonsense’ orientation. Effect of distance. Sun-compass and land-
marks. Inborn ability. Limitation of experience. Wild birds, free-
flying and caged.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521095419
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-09541-9 - Bird Navigation, Second Edition
G. V. T. Matthews

Frontmatter

More information

7 THEORIES OF SENSORY CONTACT WITH HOME
AND OF INERTIAL NAVIGATION page 94

Direct vision. Atmospheric sensitivity. Extrasensory perception.
Inertial navigation theory. Practical tests. Stable ‘instrument bed’.

8 THEORIES OF NAVIGATION BY
GEOPHYSICAL ‘GRIDS’ 101
Grid navigation. Farth rotation. Coriolis force. Earth’s magnetic

field. Tests of magnetic sensitivity. Conjugate point experiments.
Radio and radar transmissions. Unknown factors.

9 THEORIES OF NAVIGATION BY
ASTRONOMICAL ‘GRIDS’ 112
Development of theories. Evidence for use of sun. Sun co-ordinates

versus sun-compass. Planetarium evidence for use of star co-
ordinates. Basic theory of astronavigation.

10 THEORIES OF NAVIGATION BY A ‘GRID’
DERIVED FROM THE SUN’S CO-ORDINATES 122
Sun arc extrapolation hypothesis. Theoretical difficulties. Rate-of-

change of altitude hypothesis. Ambiguities. The two hypotheses
compared.

I1 FIELD TESTS OF THEORIES OF NAVIGATION
BY THE SUN’S CO-ORDINATES 132
Making use of seasonal changes in sun altitude. Conflicting results.

Impairment of homing by restricting view of horizon. Effect of
massive time shifts. Conflicting results. Effect of small time shifts.

12 THE ANATOMICAL AND PHYSIOLOGICAL
LIMITATIONS OF THE AVIAN EYE 142

Movement detection and measurement. Extrapolation. Retinal
structure. Dioptric apparatus. Resolution. Dark adaptation.

13 MOTION, TIME AND MEMORY 152

Stability of head. Blind flying. Gravity receptors. Temporal stereotypy
of movements and calls. Circadian rhythms. Accuracy versus
rigidity. Memory excellence. Functions of bi-coordinate navigation.

Scientific names of species mentioned 164

References 167

Index 193
vi

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521095419
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-09541-9 - Bird Navigation, Second Edition
G. V. T. Matthews

Frontmatter

More information

PREFACE TO THE SECOND EDITION

The first edition of ‘Bird Navigation’ preceded a period of in-
tensive activity which threw everything back in the melting
pot. When the book sold out three years later the Cambridge
University Press suggested that it should be reprinted. But it
had already become so out of date that I asked to be allowed to
revise it extensively. The Press, for whose forbearance I am very
grateful, agreed to put scientific considerations before com-
mercial ones.

A measure of the intensification of research in this field is
given by the list of references. This includes some 350 post-1954
titles as against 220 earlier ones. The latter remain after heavy
pruning carried out in the interests of keeping this a slim volume.

The text has been completely re-written and I have en-
deavoured to present a reasonably unbiased review of the field.
It does, of course, remain a personal interpretation and state-
ment,

A particularly hard blow to development in our field was
occasioned by the premature death of Gustav Kramer in 1959.
His contributions need no stressing, and this book is respectfully
dedicated to his memory. He would have preferred, I know,
that points of controversy should not be glossed over, and I have
not done so.

Finally, I must thank all those friends and colleagues who
kept on pressing me to get this book finished, not least among
them my wife, Janet Kear. I also owe a particular debt to
Don Griffin, who has ever been a stimulation and has most
kindly subjected this text to ruthless criticisms. Eleanor Temple
Carrington patiently and meticulously prepared the typescript.

The work was carried out while I held a post at the Wildfowl
Trust financed by the Natural Environment Research Council.
I am grateful for the support and encouragement of both these
bodies, and expecially for that of Peter Scott.

G.V.T. M.

November 1967
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PREFACE TO THE FIRST EDITION

The presumed navigational powers of animals, and in par-
ticular those of birds, have attracted scientific attention for more
than a century. It is during the last ten years that a fresh
impetus has been given by the advancement of new theories
and the development of new experimental techniques. This
monograph attempts to survey the present position which,
perhaps momentarily, appears to have some coherence. The
path of progress in this field is littered with discarded theories
and it is possible that the one at present favoured may be found
inadequate. But both the existence and the physical bases of
bird navigation are now firmly established, and it is more likely
that future developments will lie in a better appreciation of the
way in which a bird interprets and acts upon the information
available to it.

I should like to acknowledge my debt to those who both
encouraged and enabled me to undertake research in this field,
particularly Professor Sir James Gray, F.R.S., and Dr W. H.
Thorpe, F.R.S., and to those bodies which provided financial
backing, the Department of Scientific and Industrial Research
and the Royal Society. I am most grateful to Dr George Salt for
his help and advice in the preparation of the monograph.

G.V.T.M.
3 November 1954
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AUTHOR’S NOTE

In view of certain semantic controversies I would state that
‘navigation’ is used to mean the ability to initiate and maintain
directed movement independently of learned landmarks.
Directed movement with reference to the latter may be con-
sidered as ‘pilotage’. ‘Orientation’ is not, to my mind, a sub-
stitute term for any form of navigation. It should imply the
taking up of a direction in relation to a stimulus or stimuli—and
no more. Qualifying adjectives should refer to the stimulus
concerned, but I am aware that I have sinned by perpetrating
‘nonsense’ orientation, Still, no-one is likely to be misled into
thinking that birds are orientating by, with or from nonsense.
I have, however, eschewed ‘celestial navigation’, which has too
much flavour of Kai Lung and would be better used in account-
ing for the movement of angels in pre-radar days.

Bird species are referred to by their vernacular English (or
American) names, but a list of their Latin names appears at
the back of the book. With so much interesting work being done
with other animals, reference has perforce been made to them
at various places. Here the generic name is inserted in the text
to bring home the point. However, no attempt has been made
to review thoroughly the massive literature on the invertebrates.
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