Cambridge University Press

978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and
Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre

Frontmatter

More information

Trophic Ecology

Bottom-Up and Top-Down Interactions across Aquatic and Terrestrial Systems

As researchers try to predict the effects of human modification at all trophic levels
and mediate the impact of rapid environmental change, it has become clear that
it is no longer a matter of agreeing that both bottom-up and top-down forces play
important roles in diverse ecosystems. Rather, the question is: how do these forces
interact across aquatic and terrestrial systems?

Bringing together the contributions of international experts in the field, this book
presents a unique synthesis of trophic relationships within and across ecosystems
that is a valuable foundation for the development of cross-system, multidisciplinary
research. It also provides new insights into population biology and community
ecology and examines the interactive effects of bottom-up and top-down forces on
biodiversity at each trophic level.

A one-stop resource for learning about bottom-up and top-down interactions, this
book encourages discussion and collaboration among researchers to identify
similarities and differences in trophic interactions across aquatic and terrestrial
systems.

TORRANCE C. HANLEY is an aquatic community ecologist, whose research focuses
on the role of diversity in trophic interactions in freshwater and marine systems. She
is also interested in how inter- and intra-specific diversity of producer and consumer
species impacts population and community dynamics, trophic interactions, and
ecosystem function.

KiMBERLY J. LA PIERRE is a terrestrial community ecologist, whose research
focuses on the effects of global change on trophic interactions and ecosystem
function. She is also interested in drivers of plant invasions, including the role of
herbivory and microbial mutualisms.

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



http://www.cambridge.org/9781107077324
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and
Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre

Frontmatter

More information

Ecological Reviews
SERIES EDITOR Phillip Warren University of Sheffield, UK
SERIES EDITORIAL BOARD
Mark Bradford Yale University, USA
David Burslem University of Aberdeen, UK
Alan Gray CEH Wallingford, UK
Catherine Hill British Ecological Society, UK
Sue Hartley University of York, UK
Mark Hunter University of Michigan, USA
Hefin Jones Cardiff University, UK
Heikki Setala University of Helsinki, Finland

Ecological Reviews publishes books at the cutting edge of modern ecology,
providing a forum for volumes that discuss topics that are focal points of current
activity and likely long-term importance to the progress of the field. The series is an
invaluable source of ideas and inspiration for ecologists at all levels from graduate
students to more-established researchers and professionals. The series has been
developed jointly by the British Ecological Society and Cambridge University Press
and encompasses the Society’s Symposia as appropriate.

Biotic Interactions in the Tropics: Their Role in the Maintenance of Species Diversity
Edited by David F. R. P. Burslem, Michelle A. Pinard, and Sue E. Hartley

Biological Diversity and Function in Soils
Edited by Richard Bardgett, Michael Usher, and David Hopkins

Island Colonization: The Origin and Development of Island Communities
By Ian Thornton
Edited by Tim New

Scaling Biodiversity
Edited by David Storch, Pablo Margnet, and James Brown

Body Size: The Structure and Function of Aquatic Ecosystems
Edited by Alan G. Hildrew, David G. Raffaelli and Ronni Edmonds-Brown

Speciation and Patterns of Diversity
Edited by Roger Butlin, Jon Bridle, and Dolph Schluter

Ecology of Industrial Pollution
Edited by Lesley C. Batty and Kevin B. Hallberg

Ecosystem Ecology: A New Synthesis
Edited by David G. Raffaelli and Christopher L. J. Frid

Urban Ecology
Edited by Kevin J. Gaston

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



http://www.cambridge.org/9781107077324
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and
Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre

Frontmatter

More information

The Ecology of Plant Secondary Metabolites: From Genes to Global Processes
Edited by Glenn R. Iason, Marcel Dicke, and Susan E. Hartley

Birds and Habitat: Relationships in Changing Landscapes
Edited by Robert J. Fuller

Trait-Mediated Indirect Interactions: Ecological and Evolutionary Perspectives
Edited by Takayuki Ohgushi, Oswald Schmitz, and Robert D. Holt

Forests and Global Change
Edited by David A. Coomes, David F. R. P. Burslem, and William D. Simonson

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



http://www.cambridge.org/9781107077324
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and
Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre

Frontmatter

More information

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



http://www.cambridge.org/9781107077324
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and
Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre
Frontmatter

More information

Trophic Ecology

Bottom-Up and Top-Down
Interactions across Aquatic and
Terrestrial Systems

Edited by
TORRANCE C. HANLEY
Nottheastern University, USA

KIMBERLY J. LA PIERRE
University of California, Berkeley, USA

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



http://www.cambridge.org/9781107077324
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and
Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre

Frontmatter

More information

CAMBRIDGE
UNIVERSITY PRESS

University Printing House, Cambridge CB2 8BS, United Kingdom

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of education,
learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781107077324

© Cambridge University Press 2015

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 2015
Printed in the United Kingdom by T] International Ltd. Padstow Cornwall
A catalog record for this publication is available from the British Library

Library of Congress Cataloging in Publication data
Trophic ecology: bottom-up and top-down interactions across aquatic and terrestrial systems |
edited by Torrance C. Hanley, Northeastern University, USA, Kimberly J. La Pierre, University of
California, Berkeley, USA.

pages cm. - (Ecological reviews)
Includes bibliographical references and index.
ISBN 978-1-107-07732-4 (hardback : alk. paper) 1. Multitrophic interactions (Ecology)
2. Food chains (Ecology) I. Hanley, Torrance C., 1979- editor. II. La Pierre, Kimberly J., editor.
QH541.15.F66T765 2015
577'.16 — dc23 2014036116

ISBN 978-1-107-07732-4 Hardback
ISBN 978-1-107-43432-5 Paperback

Additional resources for this publication at www.cambridge.org/9781107077324

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/9781107077324
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and

Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre

Frontmatter
More information

Contents

List of contributors
Preface

PartI Theory

page ix
xiii

Theoretical perspectives on bottom-up and top-down interactions

across ecosystems
Shawn J. Leroux and Michel Loreau

PartII Ecosystems

The spatio-temporal dynamics of trophic control in large
marine ecosystems
Kenneth T. Frank, Jonathan A. D. Fisher, and William C. Leggett

Top-down and bottom-up interactions in freshwater ecosystems:

emerging complexities

Jason M. Taylor, Michael ]. Vanni, and Alexander S. Flecker
Top-down and bottom-up interactions determine tree and
herbaceous layer dynamics in savanna grasslands

A. Carla Staver and Sally E. Koerner

Bottom-up and top-down forces shaping wooded ecosystems:
lessons from a cross-biome comparison

31

55

86

107

Dries P.]. Kuijper, Mariska te Beest, Marcin Churski, and Joris P. G. M. Cromsigt
Dynamic systems of exchange link trophic dynamics in freshwater

and terrestrial food webs
John L. Sabo and David Hoekman

134

Bottom-up and top-down interactions in coastal interface systems 157
Jan P. Bakker, Karina J. Nielsen, Juan Alberti, Francis Chan, Sally D. Hacker,
Oscar O. Iribarne, Dries P. ]. Kuijper, Bruce A. Menge, Maarten Schrama, and

Brian R. Silliman

Part III Patterns and Processes

Influence of plant defenses and nutrients on trophic control
of ecosystems
Karin T. Burghardt and Oswald J. Schmitz

203

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107077324
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and
Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre

Frontmatter

More information

viii CONTENTS

9

10

11

12

13

14

Interactive effects of plants, decomposers, herbivores, and
predators on nutrient cycling

Sarah E. Hobbie and Sébastien Villéger

The role of bottom-up and top-down interactions in determining
microbial and fungal diversity and function

Thomas W. Crowther and Hans-Peter Grossart

The question of scale in trophic ecology

Lee A. Dyer, Tara J. Massad, and Matthew L. Forister

The role of species diversity in bottom-up and top-down interactions
Jerome J. Weis

Plant and herbivore evolution within the trophic sandwich

Luis Abdala-Roberts and Kailen A. Mooney

Bottom-up and top-down interactions across ecosystems in an era
of global change

Kimberly J. La Pierre and Torrance C. Hanley

Index

233

260

288

318

340

365

407

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107077324
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and
Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre

Frontmatter
More information

Contributors

LUIS ABDALA-ROBERTS
Department of Ecology and
Evolutionary Biology, University of
California-Irvine, 321 Steinhaus Hall,
Irvine, CA 92697, USA
labdala@uci.edu

JUAN ALBERTI

Instituto de Investigaciones Marinas y
Costeras (IIMyC), Universidad
Nacional de Mar del Plata (UNMDP) -
Consejo Nacional de Investigaciones
Cientificas y Técnicas (CONICET),
Argentina

jalberti@mdp.edu.ar

JAN P. BAKKER

University of Groningen, Community
and Conservation Ecology Group, P.O.
Box 11103, 9700 CC Groningen, The
Netherlands

j.p.bakker@rug.nl

KARIN T. BURGHARDT
Department of Ecology and
Evolutionary Biology, Yale University,
Osborn Memorial Laboratories, 165
Prospect Street, New Haven, CT
06511, USA
karin.burghardt@yale.edu

FRANCIS CHAN

Oregon State University, Department
of Integrative Biology, 3029 Cordley
Hall, OSU, Corvallis, OR 97331,

USA

chanft@science.oregonstate.edu

MARCIN CHURSKI

Mammal Research Institute, Polish
Academy of Sciences, ul.
Waszkiewicza 1, 17-230 Bialowieza,
Poland

mchurski@ibs.bialowieza.pl

JORIS P.G.M. CROMSIGT
Department of Wildlife, Fish, and
Environmental Studies, Swedish
University of Agricultural Sciences,
901 83 Umed, Sweden
jcromsigt@hotmail.com

and
Centre for African Conservation
Ecology, Department of Zoology,
Nelson Mandela Metropolitan
University, PO Box 77000, NMMU,
South Africa

THOMAS W. CROWTHER

School of Forestry and Environmental
Studies, Yale University, 195 Prospect
Street, New Haven, CT 06511, USA
thomas.crowther@yale.edu

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107077324
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and

Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre

Frontmatter
More information

X LIST OF CONTRIBUTORS

LEE A. DYER

Biology Department, University of
Nevada, 1664 N. Virginia Street, Reno,
NV 89557-0314, USA
ecodyer@gmail.com

JONATHAN A.D. FISHER
Centre for Fisheries Ecosystems
Research, Fisheries and Marine
Institute of Memorial University of
Newfoundland, P.O. Box 4920, St.
John’s, Newfoundland A1C 5R3,
Canada
jonathan.fisher@mi.mun.ca

ALEXANDER S. FLECKER
Department of Ecology and
Evolutionary Biology, Cornell
University, Ithaca, NY, USA
asf3@cornell.edu

MATTHEW L. FORISTER

Biology Department, University of
Nevada, Mail Stop: 0314, 1664 N.
Virginia Street, Reno, NV 89557-0314,
USA

mforister@unr.edu

KENNETH T. FRANK

Department of Fisheries and Oceans,
Bedford Institute of Oceanography,
Dartmouth, Nova Scotia B4A 3V4,
Canada
Kenneth.Frank@dfo-mpo.gc.ca

HANS-PETER GROSSART
Leiibniz Institute of Freshwater
Ecology and Inland Fisheries, Dept.
Experimental Limnology, Alte
Fischerhuette 2, D-16775 Stechlin,
Germany

hgrossart@igb-berlin.de

and
Potsdam University, Institute for
Biochemistry and Biology, Am Neuen
Palais 10, D-14460 Potsdam, Germany

SALLY D. HACKER

Oregon State University, Department
of Integrative Biology, 3029 Cordley
Hall, OSU, Corvallis, OR 97331, USA
hackers@science.oregonstate.edu

TORRANCE C. HANLEY
Department of Ecology, Evolution,
and Marine Biology, Northeastern
University, Marine Science Center,
430 Nahant Road, Nahant, MA 1908,
USA

thanley@neu.edu

SARAH E. HOBBIE

Department of Ecology, Evolution,
and Behavior, University of
Minnesota, St. Paul, MN 55108,
USA

shobbie@umn.edu

DAVID HOEKMAN
National Ecological Observatory
Network, 1685 38th St., Ste. 100,
Boulder, CO 80301, USA
dhoekman@neoninc.org

and
Department of Entomology,
University of Wisconsin, Madison,
WI 53706, USA

and
Department of Biology, Southern
Nazarene University, Bethany,
OK 73008, USA
dhoekman@mail.snu.edu

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107077324
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and

Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre
Frontmatter

More information

OSCAR O. IRIBARNE

Instituto de Investigaciones Marinas y
Costeras (IIMyC), Universidad
Nacional de Mar del Plata (UNMDP) -
Consejo Nacional de Investigaciones
Cientificas y Técnicas (CONICET),
Argentina

osiriba@mdp.edu.ar

SALLY E. KOERNER
Department of Biology, Colorado
State University, Fort Collins, CO
80521, USA
sally.koerner@colostate.edu

DRIES P.J. KUIJPER

Mammal Research Institute, Polish
Academy of Sciences, ul.
Waszkiewicza 1, 17-230 Bialowieza,
Poland

dkuijper@ibs.bialowieza.pl

KIMBERLY J. LA PIERRE
Department of Integrative Biology,
University of California, 1005 Valley
Life Sciences Bldg #3140, Berkeley, CA
94709, USA
kimberly.lapierre@berkeley.edu

WILLIAM C. LEGGETT
Department of Biology, Queen’s
University, Kingston, Ontario
K7L 3N6, Canada
wleggett@queensu.ca

SHAWN ]J. LEROUX

Department of Biology, Memorial
University of Newfoundland, 232
Elizabeth Ave., St., John’s, NL, Canada,
A1B 3X9

sleroux@mun.ca

LIST OF CONTRIBUTORS

MICHEL LOREAU

Centre for Biodiversity Theory and
Modelling, Station d’Ecologie
Expérimentale du CNRS, 09200
Moulis, France
michel.loreau@ecoex-moulis.cnrs.fr

TARA ]J. MASSAD

Chemistry Department, University of
Sao Paulo, Brazil
tmassad77@gmail.com

BRUCE A. MENGE

Oregon State University, Department
of Integrative Biology, 3029 Cordley
Hall, Corvallis, OR 97331, USA
mengeb@oregonstate.edu

KAILEN A. MOONEY

Department of Ecology and
Evolutionary Biology, University of
California-Irvine, 321 Steinhaus Hall,
Irvine, CA 92697, USA
mooneyk@uci.edu

KARINA J. NIELSEN

Sonoma State University, Department
of Biology, 1801 East Cotati Ave.,
Rohnert Park, CA 94928, USA
karina.nielsen@sonoma.edu

JOHN L. SABO
Faculty of Ecology, Evolution, and
Environmental Science, School of Life
Sciences, Arizona State University,
427 East Tyler Mall, Tempe, AZ
85287-4501, USA
john.l.sabo@asu.edu

and
Global Institute of Sustainability,
Arizona State University, Tempe, AZ,
USA

xi

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107077324
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and

Terrestrial Systems
Edited by Torrance C. Hanley and Kimberly J. La Pierre
Frontmatter

More information

xii

LIST OF CONTRIBUTORS

OSWALD ]J. SCHMITZ

School of Forestry & Environmental
Studies, Yale University, 370 Prospect
Street, New Haven, CT 06511, USA
oswald.schmitz@yale.edu

MAARTEN SCHRAMA

University of Manchester, Faculty of
Life Sciences, Soil and Ecosystem
Ecology Group, Oxford Road,
Manchester M13 9PT, UK
maartenschrama@gmail.com

BRIAN R. SILLIMAN

Division of Marine Science and
Conservation, Nicholas School of the
Environment, Duke University,
Beaufort, NC 28516, USA
brian.silliman@duke.edu

CARLA STAVER

Department of Ecology and
Evolutionary Environmental Biology,
Yale University, New Haven, CT
06511, USA

carla.staver@yale.edu

JASON M. TAYLOR

United States Department of
Agriculture, Agricultural Research
Service, National Sedimentation
Laboratory, Water Quality and

Ecology Research Unit, Oxford, MS,

USA
jason.taylor@ars.usda.gov

MARISKA TE BEEST

Department of Ecology and
Environmental Science, Umed
University, SE-901 87 Umed, Sweden
mariskatebeest@hotmail.com

MICHAEL J. VANNI
Department of Zoology, Miami
University, Oxford, OH, USA
vannimj@miamioh.edu

SEBASTIEN VILLEGER

CNRS (Centre National de la
Recherche Scientifique), Laboratoire
Ecologie des Systemes Marins Cotiers,
Université Montpellier 2, 34095
Montpellier, France
sebastien.villeger@univ-montp2.fr

JEROME J. WEIS
Department of Ecology and
Evolutionary Biology, Yale University,
New Haven, CT, USA

and
Department of Entomology,
University of Minnesota, St. Paul,
MN 55108, USA
weis0550@umn.edu

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107077324
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07732-4 - Trophic Ecology: Bottom-Up and Top-Down Interactions Across Aquatic and
Terrestrial Systems

Edited by Torrance C. Hanley and Kimberly J. La Pierre

Frontmatter

More information

Preface

The idea for this book started as a series of lunch table conversations revolving
around our respective research projects. Torrie’s research at the time focused
on trophic dynamics in lakes, looking at the interactive effects of food quality
(specifically, algal carbon:phosphorus ratio) and predation on Daphnia life his-
tory and stoichiometry to better predict the effects of human modification of
bottom-up and top-down forces in aquatic ecosystems. Kim’s research examined
the effects of nutrient availability and herbivore presence on grassland com-
munity composition and production across the broad precipitation gradient of
the North American Great Plains. In discussing our respective studies, it became
evident that our conversations about the interaction of bottom-up and top-down
forces across aquatic and terrestrial ecosystems provided different perspectives
and important insights that broadened our conceptual base and benefitted our
research. This realization prompted us to organize a session for the annual meet-
ing of the Ecological Society of America in 2011 to bring together aquatic and ter-
restrial ecologists studying the interaction of bottom-up and top-down processes
in diverse ecosystems. During the session, similarities and differences in the
strength and nature of trophic interactions across ecosystems became evident,
stimulating dialogue between aquatic and terrestrial scientists. The success of
this session and the satisfying exchange of ideas that resulted inspired this book.

The goal of this book is to provide a cohesive summary of the interaction
of bottom-up and top-down processes across aquatic and terrestrial systems,
which may serve as a basis for future cross-system studies examining patterns in
these important drivers of community and ecosystems processes. In this book,
the definitions of “bottom-up” and “top-down” are purposely broad to include
a diverse group of studies and perspectives: bottom-up forces include nutrient
and resource availability, and top-down forces include herbivores, predators,
and parasites. Given the extent of human-induced global change, this topic
is particularly timely and important. As we try to predict the effects of human
modification at all trophic levels and mediate the impact of rapid environmental
change, a better understanding of the interaction of bottom-up and top-down
forces is instrumental to scientists and policymakers alike.
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Xiv  PREFACE

The independent effects of bottom-up and top-down forces are well understood
in a diverse array of ecosystems. But it is widely accepted that trophic ecology
is no longer a question of “bottom-up” or “top-down”; thus, it is important to
examine how these often conflicting selection pressures interact, both in the
laboratory and the field, to better understand the interactive effects of these
factors in a variety of systems. The first section of this book (“Theory”) describes
the state of theory related to trophic interactions and highlights a number of
approaches that apply across a wide variety of aquatic and terrestrial ecosystems,
emphasizing the potential for cross-system comparison.

The second section of this book (“Ecosystems”) focuses on aquatic and ter-
restrial ecosystems separately to clarify the state of our current understanding
of trophic interactions in each system type and to highlight areas for future
research. Each chapter describes the dominant bottom-up and top-down forces
within the system and then explores the interaction of these factors and resul-
tant effects on community and ecosystem processes. Despite the fact that this
section is structured by ecosystem type, it begins to integrate across systems:
Chapter 2 considers the strength and interaction of bottom-up and top-down pro-
cesses in marine environments that range in scale from the open ocean to bound-
ary upwelling systems to inland seas; Chapter 3 discusses bottom-up and top-
down interactions in diverse freshwater environments, including ponds, lakes,
streams, and rivers; Chapter 4 looks at trophic interactions in grasslands and
savannas - related but distinct terrestrial environments; Chapter 5 compares the
strength of bottom-up and top-down control in tropical and temperate forests;
and Chapters 6 and 7 examine trophic dynamics at the aquatic—terrestrial bor-
der, including a diverse array of systems, such as lake-shore and stream-bank
boundaries, the rocky intertidal, and salt marshes — all of which share important
commonalities and differences.

The third section of this book (“Patterns and Processes”) addresses how con-
sidering the interaction of bottom-up and top-down forces informs our under-
standing of a variety of ecological and evolutionary patterns and processes. In
this section, each chapter focuses on a specific ecological or evolutionary pro-
cess, comparing our current understanding of the role of trophic interactions
in shaping these processes across ecosystems, and considering how these pro-
cesses in turn shape trophic interactions. To facilitate communication across
this extensive field, the chapters in this section encompass a broad range of
aquatic and terrestrial ecosystems and cover a variety of observational, experi-
mental, and theoretical approaches. First, the direct and indirect interactions
of bottom-up and top-down forces are examined in detail: Chapter 8 highlights
the importance of resource availability in mediating plant defenses in response
to selection pressure from diverse consumers; and Chapter 9 discusses the role
of herbivores and predators in determining nutrient cycling, and thus amounts
and ratios of critical elements, such as carbon, nitrogen, and phosphorus. Next,
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PREFACE XV

Figure 1 This image represents the challenges of considering the interaction of
bottom-up and top-down processes across aquatic and terrestrial ecosystems; it
illustrates the myriad components of aquatic and terrestrial food webs - including
primary producers, consumers, and predators - the diversity of species within and
across trophic levels and ecosystems, and the interconnectedness of these species,
particularly at ecosystem boundaries. In addition, the image highlights the role of
spatial scale (e.g., relative distance from the ecosystem boundary) and temporal scale
(e.g., presence of diapausing eggs in the lake sediment) in trophic interactions, and most
notably, it also represents the important similarities and differences that may emerge
with cross-system comparisons of bottom-up and top-down processes.

(Credit: Tanya L. Rogers, Northeastern University.)
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XvVi PREFACE

Chapter 10 describes an oft-overlooked but critically important component of
the food web — namely, microbial and fungal processes —including consideration
of how bottom-up and top-down forces may affect their role in trophic dynamics
and how they in turn may affect trophic interactions in aquatic and terrestrial
systems. The aim of the next chapters is to highlight less commonly consid-
ered factors that likely play a key role in trophic interactions and may greatly
improve our understanding of trophic dynamics: Chapter 11 discusses how
consideration of spatial and temporal scale informs our understanding of the
strength and interaction of bottom-up and top-down forces across ecosystems;
Chapter 12 highlights how species diversity, both within and across trophic
levels, may influence the relative importance of bottom-up and top-down forces
and ultimately affect the nature of their interaction; and Chapter 13 addresses
the importance of evolution occurring at ecological time scales and how this
may alter trophic interactions and impact community and ecosystem processes.
Lastly, Chapter 14 tackles the all too timely topic of human-induced, global
environmental change, including altered nutrient availability, climate change,
loss of top predators, changes in biodiversity, and species invasions. Given the
extent of anthropogenic modification of aquatic and terrestrial ecosystems, it is
necessary to consider the interaction of multiple stressors and how they impact
the interaction of bottom-up and top-down forces. Looking across systems to bet-
ter understand these important drivers of community and ecosystem processes
is a critical first step to predicting and mediating the effects of anthropogenic
activities.

In sum, the goal of this book is to prompt more lunch table discussions,
joint lab meetings, and collaborations looking at the interaction of bottom-up
and top-down forces across aquatic and terrestrial ecosystems. While a lot of
progress has been made since the old “bottom-up” or “top-down” debate, there
is still much to be learned about trophic interactions in a variety of systems. Just
as thinking about these processes in a different system has greatly benefitted our
research and understanding of bottom-up and top-down interactions, we hope
that this book will stimulate cross-system studies that continue to explore and
identify key commonalities and differences in aquatic and terrestrial systems.

Torrance Hanley
Kimberly La Pierre
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