Cambridge University Press

978-0-521-70778-7 - Large-Scale Landscape Experiments: Lessons from Tumut
David B. Lindenmayer

Frontmatter

More information

Large-Scale Landscape Experiments

Landscape change and habitat fragmentation are key factors impacting biodiver-
sity worldwide. These processes have many facets, each of which is usually
studied in 1solation. The Tumut Fragmentation Study has run for 13 years and
has yielded extensive data on changes in both plant and animal populations in
areas of native forest and pine plantation. It is unique in the way that many
different factors and processes influencing a wide range of species groups have
been studied in a single large-scale natural experiment. Writing for academic
researchers, professionals and graduate students, David B. Lindenmayer uses the
Tumut Fragmentation Study and other relevant research to provide an overview
of the relationships between landscape change, habitat fragmentation, and bio-
diversity conservation. He details the background ecology of landscape change
and habitat fragmentation, the experimental design underpinning the establish-
ment of the large-scale natural experiment, the implementation of, and results
from, an array of key and strongly contrasting research programmes over the past
13 years. Key lessons are drawn on throughout the book on the design and
implementation of large-scale ecological studies, biodiversity conservation in
fragmented landscapes and the management of plantation landscapes for
enhanced nature conservation. The book highlights how important new insights
can be generated from integrating demographic, genetic and modelling research.

DAVID B. LINDENMAYER is Professor of Conservation Science and Ecology
in the Fenner School of Environment and Society at The Australian National
University, Canberra.
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The world’s biological diversity faces unprecedented threats. The urgent challenge
facing the concerned biologist is to understand ecological processes well enough to
maintain their functioning in the face of the pressures resulting from human population
growth. Those concerned with the conservation of biodiversity and with restoration also
need to be acquainted with the political, social, historical, economic and legal frameworks
within which ecological and conservation practice must be developed. The new Ecology,
Biodiversity and Conservation series will present balanced, comprehensive, up-to-date,
and critical reviews of selected topics within the sciences of ecology and conservation
biology, both botanical and zoological, and both ‘pure’ and ‘applied’. It is aimed at
advanced final-year undergraduates, graduate students, researchers and university teachers,
as well as ecologists and conservationists in industry, government and the voluntary
sectors. The series encompasses a wide range of approaches and scales (spatial, temporal,
and taxonomic), including quantitative, theoretical, population, community, ecosystem,
landscape, historical, experimental, behavioural and evolutionary studies. The emphasis
is on science related to the real world of plants and animals rather than on purely
theoretical abstractions and mathematical models. Books in this series will, wherever
possible, consider issues from a broad perspective. Some books will challenge existing
paradigms and present new ecological concepts, empirical or theoretical models, and
testable hypotheses. Other books will explore new approaches and present syntheses on
topics of ecological importance.

The Ecology of Phytoplankton
C.S. Reynolds

Invertebrate Conservation and Agricultural Ecosystems
T.R. New

Risks and Decisions for Conservation and Environmental Management
Mark Burgman

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521707787
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-0-521-70778-7 - Large-Scale Landscape Experiments: Lessons from Tumut

David B. Lindenmayer
Frontmatter
More information

Nonequilibrium Ecology
Klaus Rohde

Ecology of Populations
Esa Ranta, Veijo Kaitala and Per Lundberg

Ecology and Control of Introduced Plants
Judith H. Myers and Dawn Bazely

Systematic Conservation Planning
Chris Margules and Sahotra Sarkar

Assessing the Conservation Value of Fresh Waters
Philip J. Boon and Catherine M. Pringle

Bird Conservation and Agriculture
Jeremy D. Wilson, Andrew D. Evans and Philip V. Grice

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521707787
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-70778-7 - Large-Scale Landscape Experiments: Lessons from Tumut
David B. Lindenmayer

Frontmatter

More information

Large-Scale Landscape
Experiments

Lessons from Tumut

DAVID B. LINDENMAYER
The Australian National University

B CAMBRIDGE

By UNIVERSITY PRESS

A

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521707787
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-70778-7 - Large-Scale Landscape Experiments: Lessons from Tumut
David B. Lindenmayer

Frontmatter

More information

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town, Singapore, Sio Paulo, Delhi

Cambridge University Press
The Edinburgh Building, Cambridge ¢s2 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/9780521881562

© D.B. Lindenmayer 2009

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 2009
Printed in the United Kingdom at the University Press, Cambridge
A catalogue record for this publication is available from the British Library

Library of Congress Cataloguing in Publication data
Lindenmayer, David,
Seeing the forest and the trees : lessons on forest fragmentation, ecology, conservation, and
plantation management from the Tumut fragmentation study / David B. Lindenmayer
p. cm.
Includes bibliographical references and index.
1. Fragmented landscapes — Australia — Tumut (N.S.W.) Region. 2. Forest ecology — Australia —
Tumut (N.S.W.) Region. 3. Forest management — Environmental aspects — Australia — Tumut
(N.S.W.) Region.
I. Title
QH197.2.N48L56 2009
577.27—dc22
2008053642

1SBN 978-0-521-88156-2 hardback
ISBN 978-0-521-70778-7 paperback

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

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521707787
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-0-521-70778-7 - Large-Scale Landscape Experiments: Lessons from Tumut
David B. Lindenmayer

Frontmatter

More information

For Ross Cunningham

whose statistical insights and mentoring turned a good idea into reality.
For Karen Viggers

with thanks for her great patience with book-writing projects over the years.

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521707787
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-70778-7 - Large-Scale Landscape Experiments: Lessons from Tumut
David B. Lindenmayer

Frontmatter

More information

Contents

Preface page xiii
Acknowledgements XV

1 The science of understanding landscape change:
setting the scene for the Tumut Fragmentation

Study 1
A guide to using the book 5
A few caveats 6

2 The theory: an overview of landscape change

and habitat fragmentation 9
The ‘species-orientated’ to ‘patterns-based’ continuum 9
Conceptual models of landscape cover 14
Landscape context and landscape heterogeneity 23
Threshold responses to native vegetation cover 25
Patch size relationships 26
Habitat subdivision, habitat isolation and metapopulation
dynamics 27
Connectivity 29
Nestedness 31
Edges 33
Summary 36
3 The field laboratory: the Tumut study area
and the vertebrate animals it supports 39
Geology and climate 39
Plantation vegetation cover 40
Native vegetation cover 43
Disturbance 45

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521707787
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-70778-7 - Large-Scale Landscape Experiments: Lessons from Tumut
David B. Lindenmayer

Frontmatter
More information
X Contents
Fauna of the Tumut region 45
Birds 47
Mammals 50
Reptiles 57
Frogs 57
Other groups 66
Summary 66
4 Setting up the study: the design and
implementation of the main cross-sectional
study at Tumut 67
The experimental design underpinning the
cross-sectional study at Tumut 67
Reasons why the Tumut area was selected
for study 89
Limitations of the cross-sectional study of landscape
context eftects 93
Target groups selected for study 93
Summary 94
5 The core findings: the effects of landscape
context on animals and plants 97
Survey methods 97
Arboreal marsupials 98
Small terrestrial mammals 101
Birds 104
Reptiles 109
Frogs 111
Invertebrates 112
Vascular plants 115
Invasive vascular plants 115
Bryophytes 118
Summary of landscape context eftects for
different groups 120
6 Patch use: how animals use patches
of remnant eucalypt forest surrounded
by pine 123
Movement and other changes in patches
of different sizes 123
Bird calling behaviour within patches 128

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521707787
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-70778-7 - Large-Scale Landscape Experiments: Lessons from Tumut
David B. Lindenmayer

Frontmatter
More information

10

Contents - Xl

Patch—matrix interrelationships 134
Altered breeding behaviour and dispersal 135
Summary 136
Theory against data: testing ecological theories
and concepts 139
Conceptual models of landscape cover 139
Nested subset theory 144
Ecological thresholds in the amounts of native

vegetation cover 149
Landscape indices 153
Tests of the peninsula effect 161
Other tests of theory 164
Summary 164
Testing PVA models with real data:
melding demographic work with population
modelling 167
Population viability analysis (PVA) 167
PV A model testing at Tumut 168
Model testing for arboreal marsupials 169
Model testing for small mammals 177
Model testing for birds 182
Lessons from Tumut 186
Summary 190
Genes in the landscape: integrating genetic
and demographic analyses 193
Genetic analyses of Bush Rat populations 194
Genetic analyses of Agile Antechinus populations 201
Genetic analyses of Greater Glider populations 203
Genetic analyses of saproxylic beetle populations 208
Summary 209
Refining and extending the research programme:
additional studies at Tumut (and nearby) that
build on the Fragmentation Study 211
The Edge Experiment 212
The Nest Predation Study 214
The Nanangroe Natural Experiment 217
Summary 222

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521707787
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-70778-7 - Large-Scale Landscape Experiments: Lessons from Tumut
David B. Lindenmayer

Frontmatter

More information

xil - Contents

11 Recommendations for plantation managers:
implications for biodiversity and conservation

in plantations 225
The significance of plantation expansion as a form

of landscape change 225
Softwood plantation management and the conservation

of remnant native vegetation 226
The lack of indicator species 232
Summary 232

12 Lessons on running large-scale research studies:
some insights from running the Tumut
Fragmentation Study and directions for the future 235
The challenges of maintaining a large-scale,

multifaceted research project 235
Deficiencies in existing work and future work 238
Some concluding remarks 240

Appendix 1 List of collaborators /contributors to the Tumut
Fragmentation Experiment 241
Appendix 2 Detections of bird species in the Tumut
Fragmentation Study classified by four broad

classes of sites 245
References 253
Index 283

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521707787
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-70778-7 - Large-Scale Landscape Experiments: Lessons from Tumut
David B. Lindenmayer

Frontmatter

More information

Preface

The Tumut Fragmentation Study is a relatively rare beast in the world of
ecological research — it’s a large-scale, long-term ecological research pro-
gramme that incorporates observational studies that have run for over a
decade, experimental manipulations and integrated demographic and
genetic research. The research programme has provided a platform for a
range of simulation modelling studies. The Tumut Fragmentation Study
has also served as a wonderful test bed for a broad range of ecological
theory and a platform for modelling. And it all began with a glance out ofa
plane window.

In the early 1990s, I was flying to Melbourne from Canberra when
I saw a fascinating landscape near the timber town of Tumut in southern
New South Wales, south-eastern Australia. I saw vast areas of land in
which the native forest had been cleared for pine plantation, and set in this
plantation were numerous pockets of native forest that were now ‘islands
in a sea of pines’. The exciting thing was that these ‘islands’ were not the
unwanted parts of the landscape that you often find in pine plantations
where, for example, native remnants are only on rocky hills. Nor were these
remnants only representing riparian areas. They were, in fact, patches of
forest of the same type as the nearby intact native forest.

And from this observation immediately sprang a series of questions:
How does the biodiversity of these native remnants compare with the
biodiversity of the intact native forest? And, flowing on from this, what
contribution might these remnants make to conserving biodiversity in
production landscapes such as plantations? What role might they play in
assisting animal dispersal and movement in fragmented landscapes?

And so the idea for the Tumut Fragmentation Study was born. It
officially commenced in 1995.

The study is focused on the Buccleuch State Forest 100km west of
Canberra. The forest is a 50,000ha plantation of Radiata Pine established
by clearing native forest from 1932 until 1985. In the process, however,
patches of native bush ranging in size from half a hectare to 125ha were

© Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521707787
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-70778-7 - Large-Scale Landscape Experiments: Lessons from Tumut
David B. Lindenmayer

Frontmatter

More information

Xiv - Preface

left in place. And beyond the boundaries of the plantation are large
continuous areas of native eucalypt forest.

Field sites were established in the Radiata Pine stands (the plantation),
in large unfragmented forest (the control sites) and in the native forest
‘islands’” within pine stands (treatment sites). Initially data were gathered
on the presence and abundance of arboreal marsupials, small mammals,
forest birds and plants at each of the sites. However, the study grew to
include a range of other studies that examined aspects ranging from how
different groups of animals behaved in and around the patches to what was
the genetic make-up of the different organisms using these remnants.

The loss, fragmentation and degradation of native vegetation is the
single greatest driver of biodiversity decline in Australia. Finding ways
to improve the quantity and quality of native vegetation with optimal
conservation outcomes is critical to conserving biodiversity. The Tumut
Fragmentation Study is a rare long-term, large-scale ecological investiga-
tion that provides valuable empirical evidence on the ecological processes
at play and how we might best manage our production landscapes to
ameliorate the loss of biodiversity.

The data generated by the Tumut Fragmentation Study have led to the
publication of over a hundred journal papers and have contributed to four
books. However, while the study is still a ‘work in progress’, there has
been a growing call to write a book on what has been achieved, in order to
draw together the various strands of work and outline some of lessons
learned. This volume is an attempt to do this.

The book that has resulted isn’t perfect. Some will want more detail,
while others will find it overly technical. However, for anyone interested
in the science of landscape change, biodiversity conservation and the
realities of large-scale ecological studies, this overview of the Tumut
Fragmentation Study will hopefully be an illuminating read.

It’s not often that we have the opportunity to explore landscape change
over scales of hundreds of kilometres and time frames of decades. It’s my
hope that the lessons presented here, gleaned from many years of hard
work by many researchers, will benefit us all through the better conser-
vation of our precious biodiversity.

David Lindenmayer
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