SIOTIC CRISES IN
—COLOGICAL AND
= VOLUTIONARY TIM

Edited by
Matthew H. Nitecki




BIOTIC CRISES
IN ECOLOGICAL
AND EVOLUTIONARY TIME



Academic Press Rapid Manuscript Reproduction

Proceedings of the

Third Annual Spring Systematics Symposium:

Biotic Crises in Ecological and Evolutionary Time

Held at the Field Museum of Natural History

Chicago, Illinois , May 10, 1980

Sponsored by the Field Museum of Natural History and the
National Science Foundation



CoPYRIGHT © 1981, BY ACADEMIC PRESS, INC.

ALL RIGHTS RESERVED.

NO PART OF THIS PUBLICATION MAY BE REPRODUCED OR
TRANSMITTED IN ANY FORM OR BY ANY MEANS, ELECTRONIC
OR MECHANICAL, INCLUDING PHOTOCOPY, RECORDING, OR ANY
INFORMATION STORAGE AND RETRIEVAL SYSTEM, WITHOUT
PERMISSION IN WRITING FROM THE PUBLISHER.

ACADEMIC PRESS, INC.
111 Fifth Avenue, New York, New York 10003

United Kingdom Edition published by

ACADEMIC PRESS, INC. (LONDON) LTD.
24/28 Oval Road, London NW1

Library of Congress Cataloging in Publication Data
Spring Systematics Symposium, 3d, Field Museum of

Natural History, 1980.
Biotic crises in ecological and evolutionary time.

Sponsored by the Field Museum of Natural History and
the National Science Foundation.

Bibliography; p

Includes index.

1. Natural disasters—Environmental aspects—Con-
gresses. 2. Evolution—Congresses. 3. Ecology—Con-

gresses. I. Nitecki, Matthew H. II. Field Museum of
Natural History, Chicago. III. United States. National

Science Foundation. IV. Title.
QH545.N3S65 1980 575 80-39632
ISBN 0-12-519640-7

PRINTED IN THE UNITED STATES OF AMERICA

81 82 83 84 987654321



BIOTIC CRISES

IN ECOLOGICAL

AND EVOLUTIONARY
TIME

edited by
MATTHEW H. NITECKI

Department of Geology
Field Museum of Natural History
Chicago, Illinois

ACADEMIC PRESS 1981
A Subsidiary of Harcourt Brace Jovanovich, Publishers

New York  London  Toronto Sydney San Francisco



CONTENTS

Contributors
Preface

Acknowledgments

Introduction: What is a Crisis?
David M. Raup

The Astrophysical Framework of Life
David N. Schramm

Physical Disturbance in the Life of Plants
Hugh M. Raup

Community Effects of Introduced Species
Daniel S. Simberloff

The Pre-Phanerozoic Biosphere—Three Billion Years of Crises
and Opportunities
Stanley M. Awramik

Climatic Oscillations in the Biosphere
Alfred G. Fischer

The Great American Interchange— An Invasion-Induced Crisis for
South American Mammals
Larry G. Marshall

Living with Crises: Human Perception of Process and Time
Michael E. Moseley, Robert A. Feldman, and
Charles R. Ortloff

Listening to a Symposium—A Summary and Prospectus
Lawrence B. Slobodkin

Author Index

Subject Index

vii

xi

13

39

53

83

103

133

231

269

289
293



This page intentionally left blank



CONTRIBUTORS

Numbers in parentheses indicate the pages on which authors’ contributions begin.

Stanley M. Awramik (83), Department of Geological Sciences, University of
California, Santa Barbara, Santa Barbara, California

Robert A. Feldman (231), Department of Anthropology, Field Museum of Natural
History, Chicago, Illinois

Alfred G. Fischer (103), Department of Geological and Geophysical Sciences,
Princeton University, Princeton, New Jersey

Larry G. Marshall (133), Department of Geology, Field Museum of Natural
History, Chicago, Illinois

Michael E. Moseley (231), Department of Anthropology, Field Museum of
Natural History, Chicago, 1llinois

Charles R. Ortloff (231), Nuclear Energy Systems Division, General Electric
Company, San Jose, California

David M. Raup (1), Department of Geology, Field Museum of Natural History,
Chicago, Illinois

Hugh M. Raup (39), Harvard Forest, Harvard University, Petersham,
Massachusetts

David N. Schramm (13), Department of Astronomy and Astrophysics, University
of Chicago, Chicago, 1llinois

Daniel S. Simberloff (53), Department of Biological Science, Florida State
University, Tallahassee, Florida

Lawrence B. Slobodkin (269), Ecology and Evolution Department, State
University of New York at Stony Brook, Long Island, New York

vii



This page intentionally left blank



PREFACE

The purpose of the Field Museum Spring Systematic Symposia are (1) to establish
a regular forum for the exchange of ideas and methodologies among all system-
atists, (2) to stimulate new and better research projects in systematics and related
fields, and (3) to disseminate information about new techniques and theories in sys-
tematic biology.

The first symposium, Systematics and Ecology: Adaptive Morphology and Life-
History Strategies, was held in 1978, the second, Origin and Maintenance of Diver-
sity, in 1979, and the third, Biotic Crises in Ecological and Evolutionary Time, in
May 1980.

The news media frequently bombard us with stories about political and economic
crises around the world. Scientific journals and magazines often carry articles on
actual or impending crises such as the increase in atmospheric carbon dioxide, de-
struction of tropical rain forests, explosive growth of human populations, natural
disasters, and so forth. Clearly, ‘crisis’’ means different things to different people.
In this symposium, ‘‘crises’’ are defined as major instabilities that occur with suffi-
ciently low frequency so that species cannot adapt to or compensate for them. Such
events can take place in relatively short time frames (ecological time) or in longer
ones (evolutionary time). The disasters can be physical or biological in origin (for
example, flooding or a viral epidemic). This symposium explored the causes and
effects of these infrequent and unpredictable natural disasters. A basic question is,
Are the cumulative effects of rare phenomena more significant biologically than
normal phenomena?

The speakers have presented previously unpublished material. It is hoped that the
present volume will engender increased exchange and cooperation among system-
atists, paleontologists, ecologists, and anthropologists, and will also provide a stim-
ulus for new research activity, cooperative research programs, and graduate re-
search studies.
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INTRODUCTION: WHAT IS A CRISIS?

David M. Raup

Department of Geology
Field Museum of Natural History
Chicago, Illinois

INTRODUCTION

The symposium at Field Museum that led to this volume was
inspired by a growing awareness that ecological and evolutionary
systems are often perturbed (or disturbed) and that these
disturbances may have profound effects on the systems'
subsequent development. A growing number of biologists and
paleobiologists are convinced that natural systems cannot be
understood nor fully interpreted without taking disturbance
into account. This view is in sharp contrast to the
gradualistic or uniformitarian dogma that has dominated the
biological and geological sciences for a century and a half.

The new view stems from two main causes: (1) the lack of
success of some of the more elegant gradualistic models --
particularly those calling for a slow progression toward an
equilibrium or steady-state condition, and (2) new evidence
of sudden perturbations in natural systems over a wide range
of temporal and spatial scales.

In the first category, there are several models based on
gradualism that have proven resistant to convincing proof.
BIOTIC CRISES IN ECOLOGICAL Copyright © 1981 by Academic Press Inc.
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2 David M. Raup

In evolution, the fossil record has never provided clear
evidence for the pure Darwinian thesis that present day
diversity can be explained by the gradual accumulation of
minute changes. Darwin was aware of this problem, of course,
but excused it (as others have) on the basis of the
incompleteness of the fossil record. But since the
publication of a seminal paper by Eldredge and Gould (1972),
we have a large body of opinion (though it is by no means
unanimous!) that evolution of species and higher taxa is, in
fact, a jerky or spasmodic process with periods of stability
(stasis) interrupted occasionally by short-lived events of
great change: speciation and/or the origination of major
new Baupldne.

In ecology, the model of ecological succession has also
resisted general applicability to actual cases. Although
for many years even-aged stands of forest trees have been
interpreted (incorrectly) as the steady-state condition
predicted by succession theory, it is becoming increasingly
clear that stochastic elements (including disturbance from
fire, wind, etec.). are often essential to a satisfactory
interpretation. It has even been argued (H.M. Raup, this
volume) that an even-aged forest simply reflects the fact
that a pre-existing forest was blown down or burned over
at a time corresponding to the age of the present forest.
There is a feeling among ecologists now that the succession
model would work in nature if only the system were left
alone but that the frequency of disturbance is so high
relative to the time necessary to reach steady-state that
the probability is negligible that the system will be left
alone for long enough to attain that stability.

Other models in ecology are currently at risk of falling
by the wayside. As argued by Simberloff (this volume), some

basic theories of community dynamics (especially island
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biogeographic theory and the theory of limiting similarity
by interspecies competition) are difficult or impossible to
prove with actual data and that purely random events may
play a large role in community composition.

In the category of new information (2, above), several
discoveries in the past few years have forced practitioners
in several disciplines to accept the importance of sudden
change. Much of this has come from earth science.
Spontaneous reversal of the Earth's magnetic field has been
shown to be a relatively common occurrence geologically. The
continents and ocean basins are no longer seen as fixed and
permanent: it is now clear that continents have been in
motion since their formation and that this motion has been
anything but uniform, the variation being due to changes in
the rates of mantle convection (Fischer, this volume).

In evolution, perhaps the most dramatic example of new
evidence of sudden change is the recent work of Alvarez, et
al. (1980) (discussed by Schramm, this volume) on a possible
collision between the Earth and a large meteorite at the end
of the Cretaceous period and its implications for mass
extinctions. Although the idea of extra-terrestrial causes of
extinction is not new (see, for example, Schindewolf, 1962,
and Urey, 1973), the Alvarez, et al. work shows promise of
providing geochemical evidence for the collision event itself.
Although not yet fully established, the Alvarez et al.
scenario could solve a long-standing puzzle regarding the
Cretaceous-Tertiary extinctions and might by extension help
to explain other large and small extinctions in the history of
life. And this may, in turn, suggest why large scale
evolution shows little evidence of having reached an
equilibrium or steady-state condition with regard to

composition of faunas and floras (see D.M. Raup, 1978, for



