Timein
Animal Behaviour

M. Richelle and H. Lejeune




PERGAMON INTERNATIONAL LIBRARY
of Science, Technology, Engineering and Social Studies
The 1000-volume original paperback library in aid of education,
industrial training and the enjoyment of leisure
Publisher: Robert Maxweli, M.C.

Iime in Animal Behaviour

THE PERGAMON TEXTBOOK
INSPECTION COPY SERVICE

An inspection copy of any book published in the Pergamon International Library
will gladly be sent to academic staff without obligation for their consideration for
course adoption or recommendation. Copies may be retained for a period of 60
days from receipt and returned if not suitable. When a particular title is adopted or
recommended for adoption for class use and the recommendation results in a sale
of 12 or more copies, the inspection copy may be retained with our compliments.
The Publishers will be pleased to receive suggestions for revised editions and new
titles to be published in this important International Library




Other titles of interest

CORSON, S. A.
Ethology and Nonverbal Communication in Mental Health

HANIN, I, and USDIN, E.
Animal Models in Psychiatry and Neurology

KEEHN, J. D.
Origins of Madness
The Psychopathology of Animal Life

REINBERG, A. and HALBERG, F.
Chronopharmacology

SAUNDERS, D. S.
Insect Clocks

UPPER, D., and CAUTELA, J. R.
Covert Conditioning



lime in Animal Behaviour

BY
MARC RICHELLE
AND
HELGA LEJEUNE

with contributions by

Daniel Defays, Pamela Greenwood, Frangoise Macar,
and Huguette Mantanus

PERGAMON PRESS
OXFORD - NEW YORK - TORONTO - SYDNEY - PARIS - FRANKFURT



UK. Pergamon Press Ltd., Headington Hill Hall,
Oxford OX3 OBW, England

U.S.A. Pergamon Press Inc., Maxwell House, Fairview Park,
Elmsford, New York 10523, U.S.A.

CANADA Pergamon of Canada, Suite 104, 150 Consumers Road,
Willowdale, Ontario M2 JIP9, Canada

AUSTRALIA Pergamon Press (Aust.) Pty. Ltd.,, P.O. Box 544,
Potts Point, N.S.W. 2011, Australia

FRANCE Pergamon Press SARL, 24 rue des Ecoles,
75240 Paris, Cedex 05, France

FEDERAL REPUBLIC Pergamon Press GmbH, 6242 Kronberg/Taunus,

OF GERMANY Hammerweg 6, Federal Republic of Germany

Copyright © 1980 Pergamon Press Ltd

All Rights Reserved. No part of this publication may be
reproduced, stored in a retrieval system or transmitted
in any form or by any means: electronic, electrostatic,
magnetic tape, mechanical, photocopying, recording

or otherwise, without permission in writing from the
publishers

First edition 1980

British Library Cataloguing in Publication Data

Richelle, Marc

Time in animal behaviour.—(Pergamon international
library).

1. Animals, habits and behaviour of

2. Biological rhythms

3. Time perception in animals

I. Title II. Lejeune, Helga

591.5 QL7753 79-40953

ISBN 0-08-023754-1 (Hardcover)
ISBN 0-08-025489-6 (Flexicover)

Printed in Great Britain by A. Wheaton & Co. Ltd, Exeter



TO JEAN PAULUS, WHOSE TEACHING WAS SEMINAL TO ALL
CONTRIBUTORS OF THIS BOOK, AND WHO CONVEYED TO US
PIERRE JANET’'S INTUITIONS ABOUT TIME



This page intentionally left blank



Contents
List of Contributors Xi
Foreword Xiii
Part I: Scope and Methods

I. INTRODUCTION (M. R. and H. L) 3

1.1 Behavioural study of time and chronobiology

3
1.2 Animal clocks and the psychology of time 6
1.3 Historical survey of research on temporal regulation and estimation in animals 7
II. METHODS (M. R, H. L, H. M. and D. D) 9
2.1 Instrumental procedures 9
2.2 Pavlovian conditioning procedures 10
2.2.1 Delayed reflexes 1
2.2.2 Trace conditioning 1
2.2.3 Temporal conditioning 1
2.2.4 Discrimination 12
2.2.5 Temporal conditioning and disinhibition 12
2.3 Operant conditioning procedures 12
2.3.1 Temporal regulation of the subject’s own behaviour 14
A. Spontaneous temporal regulation 14
a. Fixed-Interval schedule (FI) 14
b. Modified FI schedules and other contingencies inducing

spontaneous temporal regulations 19
B. Required temporal regulation 22
a. Differential Reinforcement of Low Rates (DRL) 22

b. Modified DRL schedules and other procedures requiring a
temporal regulation 27
C. Negative contingencies 30
a. Non-discriminated Sidman-type avoidance 31
b. Fixed-cycle avoidance 32
2.3.2 Temporal discrimination 33
A. Discrimination of duration of external events 33
a. Stimuli used 36
b. Methods of presentation of the temporal stimuli 36
c. Types of responding 37
d. Data analysis in duration discrimination 38
B. Discrimination of complex temporal properties of external events 43
a. Rhythm 44

b. Movement velocity 44
vii



Part II: Basic Results

III. TEMPORAL PARAMETERS AND BEHAVIOUR
(H. L, M. R, H. M. and D. D)

3.1 Temporal regulation of the subject’s own behaviour
3.1.1 Properties of spontaneous regulation
A. Absolute delays and relative timing behaviour
B. The determinants of spontaneous regulation
C. Suprasegmental properties of FI behaviour
3.1.2 Properties of required regulation
A. Rate of responding, frequency of reinforcement, and temporal
adjustment
B. Absolute or relative time
C. Suprasegmental traits in required regulation
3.2 Control of behaviour by temporal properties of external events
3.2.1 Generalization
3.2.2 Thresholds
3.2.3 Scaling
3.3 Summary and discussion
3.3.1 One clock or several
3.3.2 The relativeness of behavioural time: Weber’s law

IV. COMPARATIVE STUDIES (M. R. and H. L)

4.1 Studies of various species
4.1.1 Mammals
4.1.2 Birds
4.1.3 Fish
4.1.4 Insects
4.2 Problems of comparison
4.3 Comparative studies
4.4 Temporal regulation and evolution: some hypotheses

V. FACTORS INFLUENCING TEMPORAL REGULATIONS
(H. L, M. R. and H. M)

5.1 Contingencies of reinforcement

5.2 The reinforcer
5.2.1 The nature of the reinforcer
5.2.2 The magnitude of the reinforcer

5.3 The response

5.4 Developmental and historical factors
5.4.1 Developmental factors
5.4.2 Historical factors

5.5 Interindividual differences

5.6 Chronobiological factors

Part III: Mechanisms

V1. PHYSIOLOGICAL MECHANISMS
(F. M, P. G, H. L. and M. R)
6.1 The search in the central nervous system
6.1.1 Lesional studies

A. Role of the septal and hippocampal structures
B. Role of other cerebral structures

viii

108

108
111
111
112
120
124
124
125
130
135

143

143
143
143
151



6.1.2 Cerebral stimulation
6.1.3 Electrophysiological correlates
6.1.4 Single unit studies
6.2 Peripheral mechanisms
6.2.1 Visceral pacemakers
6.2.2 Proprioceptive feedback and timing
A. Anticipatory timing
B. Related animal studies
C. Proprioceptive feedback and collateral behaviour
D. Feedback and voluntary movement
6.3 Drugs and timing
6.4 Miscellaneous: body temperature

VII. COLLATERAL BEHAVIOUR (P. G. and M. R)

7.1 Experimental data
7.2 Origin and function of collateral behaviour

VIII. TEMPORAL INFORMATION: TEMPORAL
TION AND EXTERNAL CUES (H. L. and M. R)

8.1 External clocks

8.1.1 Types of external clocks

8.1.2 Control exerted by external clocks

8.1.3 Limits of the external clock control

8.1.4 Discriminative or reinforcing function of external clocks
8.2 The structuring power of contingencies

8.2.1 Definitions and hypotheses

8.2.2 Control by the periodic structure of contingencies

8.2.3 The periodic reinforcing event: a further analysis
8.3 Reinforcement and response related events

8.3.1 Stimuli associated with the reinforcement

8.3.2 Feedback from the operant response

IX. TEMPORAL REGULATION AND INHIBITION
(M. R. and H. L)

9.1 Disinhibition

9.2 Generalized inhibition

9.3 Aversiveness of schedules involving temporal regulations
9.4 Behavioural contrast

9.5 Omission effect

9.6 The inhibition-discharge balance

References

Index of names

Subject index

REGULA-

153
155

161
161
165
169
171
174
175
176
181

188

188
193

200
200

201
203

207
207
210
212
214
213
217

222

224
226
229
230
231
232

237

263



This page intentionally left blank



List of Contributors

Marc Richelle (M.R.), Professor of Experimental Psychology, Director Psychological Laboratory,
University of Liége, Belgium.

Helga Lejeune (H.L.), Dr. Psychol., Chargée de Recherches F.N.R.S., Psychological Laboratory,
University of Liége, Belgium.

Daniel Defays (D.D.), Dr. Sc. (Math.), Assistant and Research Fellow, Institute of Psychology and
Education, University of Liege, Belgium.

Pamela Greenwood (P.G.), Lic. Psychol., Fellow Fondation Hela, University of Liége, Belgium.

Francoise Macar (F.M.), Chargée de Recherches C.N.R.S, Institut de Neurophysiologie et de
Psychophysiologie, Département de Psychobiologie expérimentale, Marseille, France

Huguette Mantanus (H.M.), Lic. Psychol., Psychological Laboratory, University of Liége, Belgium.

Xi



This page intentionally left blank



Foreword

THE PRESENT book aims at filling a gap in the scientific literature on biological and
psychological time. There are dozens of books on biological rhythms, reflecting the
tremendous development of chronobiology and, after years of pioneering work, the
wide acceptance of this field by biologists at large. There are also a few excellent
books on the psychology of time mainly or wholly devoted to the human level. There
is a missing link between these two aspects of the study of time in living organisms,
namely the experimental analysis of behavioural adjustments to time in animals.
Numerous facts and hypotheses accumulated during the last 25 years or so have not
yet been put together in a concise synthesis. This is what has been attempted here, for
the benefit, it is hoped, not only of psychologists, but of all those fascinated by the
problem of time in living matter. If it helps chronobiologists in becoming familiar with
and in integrating behavioural data in their endeavour to build a general theory of
biological time, and if it induces psychologists to take into account chronobiological
data and thinking in their future research, this book will have fulfilled its goal.

This book stems from a long-lasting interest in the problem of time in our labora-
tory, an interest that materialized in a number of researches, many of which remained
unpublished. This has been the case, especially, for final dissertation or even doctoral
theses, done by psychology students. Their work has been abundantly quoted and
used to illustrate some of the problems to be discussed here. Their contribution is fully
acknowledged. The nine chapters have been written by a group of authors who have
been or are currently working at our laboratory. Except for one of them (Pamela
Greenwood), the authors do not use English as a native language. Despite careful
reading and correcting by our British colleague Derek Blackman and by Pamela
Greenwood herself—both of whom deserve gratitude from the team—and after expert
final revision by the publisher, the text certainly still suffers from many stylistic and
lexical defects. These are due to the linguistic habits of the authors, and are the price
to pay for the very success of the English language as a tool for scientific communica-
tion.

The help of the members of the technical staff of our laboratory has been crucial
at one stage or another in the preparation of the manuscript or in the research on
which it is backed. We express our gratitude to all of them: S. Lénaerts, N. Fayen,
R. Lénaerts, C. Vanderbeeken, M-A. Thunissen and F. Letihon.

MARC RICHELLE
HELGA LEJEUNE
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