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FOREWORD

Every once in a while a gathering of scholars discuss
and debate a particular topic that stands out as a
guidepost and significant turning point for an entire
field. I believe that this book chronicles the results of
just such an event. I deeply regret that I was not
present to listen to the obviously stimulating and pro-
vocative presentations at the November 2008 sympo-
sium in Stellenbosch that gave rise to this book.
Fortunately, they have been captured in a comprehen-
sive manner for those of us who were not there. The
contributors to this volume are certainly the leaders in
this field and have laid its foundations, including the
organizer of this remarkable event, David Richardson.

The theme that held this meeting together was a
retrospective examination of the field of invasion
biology, using the 50th anniversary of Charles Elton’s
landmark book The Ecology of Invasions by Animals and
Plants as an anchor for the discussions. What makes
the results of this meeting so special to me are that they
celebrate Elton’s seminal contributions to the field. I
read Elton’s book as a graduate student. Its messages
certainly resonated with me because it called to atten-
tion an issue of great significance to society as whole
and one where ecological science could contribute to
understanding the nature and consequences of what
was happening. He underscored the issue in penetrat-
ing language: ‘We must make no mistake, we are
seeing one of the great historical convulsions in the
world’s fauna and flora’. Although I did not get swept
into studying this major phenomenon in my early
career, Elton’s striking words and global assessment of
the issue stayed with me, which brings me to the
second reason I regretted missing the meeting. It was
held in the lovely town of Stellenbosch, South Africa.
In the surrounding countryside of Stellenbosch, which
had undergone a major transformation due to invad-
ing species, my colleague, Fred Kruger, and I were
prompted to initiate, in 1980, a post-Elton global
assessment of the status of invasive species under the
auspices of the Scientific Committee for Problems of the
Environment (SCOPE). This project initially updated

the current status of biological invasions globally.
Subsequently, with new partners, [UCN and CABI, it
took on the larger issue of what factors were driving
this phenomenon, and the options for stemming the
tide (Global Invasive Species Programme, GISP). This
third stage, with the GISP name continuing, focuses on
control strategies and methods.

The explosive development of the science of invasion
biology in recent years is the subject of this book. It is
a critical examination of the rapid progress that has
been made. It reveals the extraordinarily richness and
complexity of the field, where we have come to a
common understanding and where there are still
major disagreements. Can we say the field is now
maturing because it is attracting the attention of phi-
losophers? Two contributions in this book offer their
interesting and debatable viewpoints, and highlight
that invasion biology has major social dimensions,
including ethical values, and hence warrants deep
analysis and scrutiny. Given the social dimensions of
the field it is evident that more branches of the social
sciences need to become engaged in this area, as noted
by several contributors to the volume. At the same
time, more of the players of the major driving forces of
biotic change, such as globalized trade (for example,
the World Trade Organization), have yet to become
engaged in a serious manner in discussions, rather
than, as at present, often being distant observers.

In addition to the conceptual advances in the field,
which so are well outlined in this book, the power of
some new investigative tools are discussed, such as the
development of comprehensive databases developed by
Pysek and his colleagues, where they are able to docu-
ment the patterns of introductions and spread through
time. These data indicate that the rates of new intro-
ductions are accelerating, although not as fast as the
current publication rate on invasive species! Then, the
remote sensing inventories of invasive species, as
chronicled by Vitousek, might help shift us away from
sole concern about the end-points of long processes,
such as extinctions of a species, to the dynamics of

xi



Xii Foreword

population-size changes of both native and introduced
species as they interact.

The chapters in this book call for the development of
new directions for the field, building on the founding
platform of community ecology, which it so well sum-
marizes. They look to the many other relevant disci-
plines — such as biosecurity, economics, ecosystem
ecology, epidemiology, institution building, risk assess-
ment, sociology, to name a few — that are so crucial for
calling attention to the issue of invasive species and
that can bring about policies that will mitigate against
detrimental trends to human well-being and enhance
those that are favourable. The book then chronicles
the results of the initial dramatic explosion of knowl-
edge of the past three decades and the beginnings and

even bigger burst of new knowledge on one of the great
drivers of change, biotic homogenization, which ranks
alongside global warming as a major transformative
agent of the biotic base that supports human society.

In short order, as this field becomes larger, and more
dimensions are explored and integrated, the job of
tracking the literature will become even greater and
will call for just the kind of overall synthesis that David
Richardson has so ably orchestrated in this volume.
Let us hope he is ready for another round, which cer-
tainly will be called for in a shorter time than the 50-
year landmark that stimulated this book.

Harold Mooney
Stanford University, California, USA



INTRODUCTION

‘In the 1950s, the planet still had isolated
islands, in both geographical and cultural
terms—Iands of unique mysteries, socie-
ties, and resources. By the end of the 20th
century, expanding numbers of people,
powerful technology, and economic
demands had linked Earth'’s formerly iso-
lated, relatively nonindustrialized places
with highly developed ones into an expan-
sive and complex network of ideas, mate-
rials, and wealth’.

—Lutz Warren and Kieffer (2010)

This book grew from a symposium hosted by the
Centre for Invasion Biology at Stellenbosch University
in South Africa in November 2008. The meeting, enti-
tled ‘Fifty years of invasion ecology — the legacy of Charles
Elton’, was attended by 137 delegates from at least 14
countries (Fig. Intro 1). It set out to explore advances
in the study of biological invasions in the half-century
since the publication of Charles Elton’s book The
Ecology of Invasions by Animals and Plants, and to iden-
tify challenges for the future (Garcia-Berthou 2010).
Elton’s (1958) book is an important milestone in the
history of invasion ecology (Intro Box 1). There are,
however, many other good reasons that make it inter-
esting, important and exciting to examine changes in
the extent of, and scientific interest in, biological inva-
sions over the past half-century. The quotation cited
above neatly summarizes the context for this book.
Many processes were set in motion in the middle of the
20th century that were highly influential in shaping
the state of our environment today, including the
extent, magnitude and trajectories of biological inva-
sions. Although the seeds — literally and figuratively —
of many invasions were sown much earlier, the fact
that the global human population has grown two and
a half times and the global economy has grown eight
times since the 1950s (Perrings, this volume) has radi-
cally altered the course of biological invasions and

other environmental problems. The way in which
people perceive non-native species, including those
that become invasive, has also changed radically in
this period, but in distinct ways in different sectors and
societies and in different parts of the world. The inter-
actions between escalating invasions, other facets of
global change, and changing paradigms in ecology,
environmental management and ethics, and conser-
vation form the arena in which invasion ecology has
evolved, and is still evolving. Invasions are of interest
because of the damage they bring to invaded ecosys-
tems and the need to understand their causes and
driving forces in order to reduce impacts. They are also
of considerable interest to biogeographers, ecologists
and evolutionary biologists because they provide
natural experiments at temporal and spatial scales that
could never be achieved by intentional manipulation
for testing theories about the factors that structure bio-
diversity patterns and affect ecosystem functioning.
The study of invasions has borrowed concepts, para-
digms and terminology from numerous other fields of
enquiry along the way, but has emerged as a discrete
field of study, with a growing number of practitioners.
It has its own journals, academic centres and a vast
and rapidly growing literature. It also has its antago-
nists and naysayers: those who believe, for instance,
that labelling an organism as non-native, trying to
keep such organisms out and seeking to eradicate them
once they have arrived (even when they have been
shown to cause damage) is akin to xenophobia and
that this has no place in our homogenized world where
diversity of people, cultures, cuisines, etc. is often seen
as desirable. The number of stakeholders in decisions
about the management of invasive species has grown
enormously, creating the need for formal protocols
for integrating perspectives among disciplines and
domains that traditionally have had little contact.
Such developments form the complex backdrop against
which the ‘game rules’ for studying and managing bio-
logical invasions are taking shape.

xiii
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Introduction

Intro Box 1

British ecologist Charles Sutherland Elton (1900-1991,
shown here) was by no means the first author to write
about non-native species displaying invasive tenden-
cies. Several pioneering naturalists of the 19th century,
notably Charles Darwin, Alphonse de Candolle, Joseph
Hooker and Charles Lyell, mentioned invasive species
in their writings. In the first half of the 20th century,
Joseph Grinnell, Frank Egler, Herbert Baker, Carl
Huffaker and other ecologists also published important
contributions on introduced species. Many people do,
however, recognize Elton’s book as the starting point
for focused scientific attention on biological invasions.
It has been described as: ‘an accessible and enduring
classic’, the ‘bible of invasion biology’, a ‘classic book’,
‘the cornerstone work in [invasion ecology]’, an ‘inva-
sion classic’, a ‘magisterial book’, ‘one of the most
forward-looking publications in ecology’, a ‘pioneering
work’ and a ‘seminal work’. Whether it deserves such

hefty accolades is debatable, and this question is
indeed discussed at length in this book. Its citation
history shows that it has been extremely influential: it
has been referred to more than 1500 times in the inter-
national literature (more than any other single publica-
tion in the field), and continues to be cited more than
100 times a year. It is also held in high regard by the
most active researchers in the field today. The book
brought together previously disparate themes, includ-
ing biogeography, conservation biology, epidemiology,
human history and population ecology, to show the
true global scale and the severe and escalating implica-
tions of biological invasions for life on Earth. It placed
the phenomenon of invasions in the context of ecologi-
cal understanding of the time, and provided a map for
new research directions (Richardson & Pysek 2007,
2008). Photograph courtesy of the Department of
Zoology, University of Oxford.

Fig. Intro 1 Delegates at the symposium on ‘Fifty years of invasion ecology — the legacy of Charles Elton’, Stellenbosch
Institute for Advanced Study, South Africa, in November 2008 (photograph: Anton Jordaan).




Introduction XV

There is no shortage of excellent books dealing with
biological invasions and invasion ecology. Among the
most significant titles that deal with general topics in
invasion ecology with a more or less global reach in the
past decade are the following: Mooney and Hobbs
(2000); Groves et al. (2001); Pimentel (2002); Booth
et al. (2003); Myers and Bazely (2003); Ruiz and
Carlton (2003); Mooney et al. (2005); Sax et al.
(2005); Cadotteetal. (2006); Coates (2006); Lockwood
etal. (2007); Nentwig (2007); Blackburn et al. (2009);
Clout and Williams (2009); Davis (2009); Keller et al.
(2009); and Perrings et al. (2010). This list excludes
treatments that focus on particular regions, realms or
taxa, of which there have been many excellent
contributions.

This volume differs from those listed above and all
other invasion-related texts in that it aims to provide
a collection of thought-provoking essays by leading
researchers and thinkers on the evolution of approa-
ches, concepts and paradigms in the study (and man-
agement) of biological invasions, with special reference
to advances over the past 50 years. The book does not
provide comprehensive coverage of all facets of inva-
sion ecology; rather, it explores selected advances,
innovations and challenges. The list of contributors to
this volume includes many authors of the best-cited
and most influential papers in the field of invasion
ecology (Pysek et al. 2006) as well as younger authors
and those whose work is less well known in the main-
stream literature on invasion ecology. The assembled
authors hold a wide range of views, and several authors
disagree with others on various issues. Contributors
were given wide latitude but were asked to trace the
growth and development of their particular themes
over the past five decades in particular. They were
asked to consider what was known (or what could
have been known) about their subject in the 1950s.
Was it discussed in Elton’s book, and if so, how? If not,
why not? What prevented Elton and his contemporar-
ies from addressing certain issues that are now well
known or that have become widely accepted as funda-
mental drivers of invasions? How (in what directions
and using which technologies and scientific constructs
and in partnership with which other disciplines) has
knowledge accumulated in some key areas that were
already known in the 1950s? What are the challenges
and opportunities for the future?

The volume is divided into seven parts. The first
deals with historical perspectives and includes four
very different contributions. The first is by Roger

Kitching, a student in Charles Elton’s group at Oxford
University in the 1960s. This chapter provides an
engaging account of the academic milieu in which
Elton operated and gives important insights on Charles
Elton, the man who essentially formalized and pre-
sented animal ecology to the English-speaking world
in the first half of the 20th century. It describes Elton’s
contributions to ecology in general and how his inter-
est in invasions developed. In the next chapter, Daniel
Simberloff examines the influence of Elton’s book, and
other publications and events that have shaped the
study of biological invasions. James Carlton’s chapter
emphasizes the importance of Elton’s book in focussing
attention on the sea, until then virtually ignored in
writings about biological invasions. The section closes
with an essay by Matthew Chew and Andrew Hamilton
that chronicles the history of notions of ‘nativeness’:
the extent to which a given organism can be consid-
ered to ‘belong’ more in one place than in another.

Part two of the book comprises two chapters under
the heading Evolution and current dimensions of inva-
sion ecology. In the first, Hugh Maclsaac et al. discuss
patterns and the rate of growth of studies in invasion
ecology. They explore trends in research on animals
compared with plants, terrestrial compared with
aquatic habitats, and, for aquatic systems, vertebrates
compared with invertebrates. The second chapter
examines similarities and contrasts in two fields of
enquiry with their roots in the mid-20th century, but
with much longer historical precedents: invasion
ecology and restoration ecology. Richard Hobbs and
Dave Richardson show that both fields are, in some
senses, strongly ‘mission oriented’ in that they address
issues of real conservation and management signifi-
cance. However, they suggest that many aspects of
invasion biology have a stronger academic focus
(dealing with the evolutionary consequences of inva-
sions, community assembly, limiting similarity, etc.)
than is the case for restoration ecology. An interesting
distinction is that much (but not all) of invasion biology
originated with, and focuses on, problems, whereas
restoration ecology grew out of, and focuses largely on,
solutions. With the two fields set to interact and inter-
sect more frequently, as rapid environmental change
and increased biotic exchange act synergistically to
change biophysical envelopes, species’ distributions
and biotic assemblages, closer alignment is needed in
these two fields of endeavour.

New takes on invasion patterns (part 3) explores
the current level of knowledge and understanding of
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biological invasions in one important region (Europe)
and for one large group of organisms (tree pests and
pathogens). Petr Pysek and Philip Hulme review the
changes in the extent of invasions across Europe in the
past half-century. Using several examples cited by
Elton, they highlight the massive increases in the
number of invaders and the overall extent and impact
of invasions in this region. They describe results of a
massive data capturing exercise in the past decade that
has revolutionized knowledge of the extent and mag-
nitude of invasions in Europe. Michael Wingfield and
co-authors discuss trends relating to invasive patho-
gens that threaten the world’s forests and forestry. For
microbes, including fungal pathogens, determining
whether an organism is native or introduced is a sig-
nificant challenge.

Part 4 deals with the ‘nuts and bolts’” of invasion
ecology. It has nine chapters, each of which deals with
a theme selected to illustrate how advances in technol-
ogy, changes in scientific methods and paradigms, and
momentous changes in the extent and pervasiveness
of invasions, have driven changes in focus in research
on invasive species.

Asaf Tsoar et al. review the history of understanding
of seed dispersal as a fundamental factor in plant inva-
sions. They discuss the emergence of the field of ‘move-
ment ecology’, and apply these insights to introduce
and illustrate a general framework for elucidating the
role of dispersal mechanisms as a major driving force
in invasion processes.

The reigning paradigm over much of the history of
the study of biological invasions has been that com-
munities have ‘biotic resistance’ to invaders, a notion
that was central to Charles Elton’s understanding of
invasions. Jason Fridley gives a detailed review of
Elton’s view of biodiversity as a bulwark against inva-
sion and the history of the diversity—invasibility
hypothesis, one of Elton’s longest-lasting legacies in
invasion ecology. The chapter explores whether per-
spectives on the diversity—invasibility hypothesis
remain a useful component of a framework for study-
ing biological invasions.

The role of soil biota as mediators of alien plant inva-
sions was poorly understood in Elton’s time. Ray
Callaway and Marnie Rout explore the exciting
advances in this area. Studies that examined the effects
of soil pathogens in the context of invasions have
paved the way for groundbreaking work on plant—soil
feedbacks, and biogeographical approaches have been
applied in exploring shifts between invaded and native

ranges in these feedbacks. They then discuss current
research initiatives on various microbial mechanisms
underlying successful invasions in light of the different
effects invaders exhibit on soil biota and the biogeo-
graphical nature of these impacts.

Recent research has shown that positive (facilita-
tive) interactions are as important as negative interac-
tions in structuring communities and ecosystems. The
past decade has seen a flurry of research on the role of
mutualisms in facilitating invasions, especially for
plants. Anna Traveset and Dave Richardson review
the results of this work and discuss a framework of
ecological networks for elucidating how invasive
species are integrated into communities and the many
ways in which such integration can impact on the
functioning of invaded communities. They describe
how invasive species often disrupt prevailing mutual-
isms, and how insights from invasion ecology are shed-
ding new light on the role of mutualisms in structuring
communities and the fragility of many interactions.

Blackburn et al. provide an assessment of the current
level of understanding of birds as invasive species.
They tackle this by considering six key statements in
Elton’s book that touch on a wide range of potential
determinants of invasiveness and invasibility. They
describe major advances in our understanding of avian
invasions, and point to some important challenges that
lie ahead.

Developments in molecular techniques, especially in
the past decade, have shown that several genomic
processes can drive adaptation to novel environments
within 20 generations or less, providing viable alterna-
tive or synergistic evolutionary explanations for suc-
cessful invasions. Such advances are revolutionizing
invasion ecology, providing insights that researchers
in the 1950s, and even much more recently, could
never have dreamt of. Elly Dormonnt et al. discuss
emerging insights on adaptation as a mediator of bio-
logical invasions, focusing on two of the main ecologi-
cal explanations for invasion success: propagule
pressure and enemy release. Spencer Barrett highlights
recent theoretical and empirical work on the reproduc-
tive biology of invasive plants. The chapter covers evo-
lutionary transitions in mating strategies associated
with migration, the occurrence of pollen limitation and
role of reproductive assurance in invasive populations,
and strategies in outbreeding species for overcoming
the constraints imposed by mate limitation during
invasion. The use of genetic markers has provided
radical new insights into reproductive diversity in
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plants, and accurate information on reproductive
systems is crucial for understanding the biology of
plant invasions.

Lakes and rivers are among the ecosystems that
have been most invaded and extensively altered by
alien species. Freshwater studies comprise only about
15% of the invasion literature. Although they have
had a disproportionately small influence on our evalu-
ation of classical Eltonian concepts, they have been
very informative on the community- and ecosystem-
level impacts of invasions, particularly involving the
structure and function of food webs, the potential for
synergistic and cascading effects, and the role of eco-
logical naiveté in declines of native species. The chapter
by Tony Ricciardi and Hugh Maclsaac reviews this
information.

The concept of propagule pressure was developed
long after Elton’s book and is largely independent of his
influence. Propagule pressure has been shown to be a
strong predictor of the establishment of non-indigenous
species, but its effects on the ecological impacts of inva-
sions have hardly been examined. Tony Ricciardi et al.
review evidence that variation in propagule pressure
can alter the magnitude, direction and scope of impacts
through its influence on the abundance, functional
ecology and range size of invaders.

The aim of part 5 (poster-child invaders — then and
now) is to consider some prominent invasive species
that were well known half a century ago, to explore
how our knowledge of the species has changed and
whether the accumulated knowledge has helped to
formulate effective management strategies. Nathan
Sanders and Andrew Suarez discuss Charles Elton’s
insights on the ecology of ant invasions and examine
how these invasions have changed, and the many
ways in which our knowledge has grown. The other
case study deals with Bromus tectorum, a notorious
invasive grass that was well known in the 1950s and
has been well studied ever since. Richard Mack chroni-
cles the story of research and management efforts for
cheatgrass.

New directions and technologies, new challenges
(part 6) includes seven chapters. In the first, Mark
Davis considers two areas where he believes invasion
ecology has stumbled in its short history. First, he
argues that the field has relied for too long on a niche-
based approach to understanding invasions. His
second concern is that researchers have sometimes
overstated and misrepresented certain conclusions
and claims, and that this behaviour compromises the

scientific integrity of the field. In this respect he exam-
ines claims that invasive species pose the second great-
est threat to the survival of species in peril after direct
habitat transformation. His message is that the nascent
field of invasion ecology should guard against trans-
forming preliminary conclusions and tentative state-
ments into ‘invasion gospel’ and that all tenets in the
field must be subjected to rigorous scrutiny.

Radical advances have been made in our ability to
detect, identify and map invasive species. Two chapters
review the state of the art in technologies at opposite
ends of the spectrum in terms of spatial scale. Peter
Vitousek et al. discuss the evolution of methods for
remote sensing that are providing exciting opportuni-
ties for detecting, understanding and managing
ecosystem-transforming invasive species. They review
a variety of remote-sensing approaches that have
proved useful in evaluating invasions, and summarize
key results from work using light detection and ranging
(LIDAR) to detect structural features of the plant
canopy and substrate in Hawaii. Such technology,
with the ability to ‘see’ beneath forest canopies, is
opening new doors for understanding the dynamics of
invasions and the impacts they cause. At the opposite
end of the spatial spectrum, Hugh Cross et al. review
developments towards a standardized method for
species identification through the comparative analy-
sis of short DNA sequences, a technique called ‘DNA
barcoding’. There is huge interest in this approach for
assisting identification and confirming the provenance
of species, especially microorganisms and for a wide
range of other applications in invasion ecology. Philip
Hulme’s chapter describes the emergence of a special-
ized field within the broad field of invasion ecology:
biosecurity. Although ecologists and biogeographers
continue to study the ‘nuts and bolts’ of biological
invasions, research on invasive species is increasingly
becoming a multidisciplinary endeavour involving
taxonomists and population biologists, statisticians
and modellers, economists and social scientists, with
its agenda increasingly being shaped by politics, legis-
lation and public perceptions. One area that has
enjoyed much research effort in the past decade has
been the economics of biological invasions. Charles
Perrings reviews developments in this field. Among the
many growth areas in this field is the development of
approaches for calculating the financial costs of intro-
duction, establishment and spread of potentially
harmful alien species, an increasingly significant
externality of international trade. Another is the
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identification of efficient control strategies or policies,
which is complicated by the fact that costs of managing
invasive species are a ‘public good’ at several different
levels — national, regional and global — which, if left to
the market, will be undersupplied. The chapter dis-
cusses the many facets of this field.

Biological invasions are a spatial phenomenon.
Much research has been directed at explaining and pre-
dicting the spatial dynamics of invasive spread. Cang
Hui et al. review advances in spatial modelling of inva-
sions. They discuss different categories of spread models
and elaborate on advances in parameterizing and sim-
ulating dynamics at all stages of the naturalization—
invasion continuum. Jeffrey Dukes’ chapter examines
what is known about responses of invasive species to a
changing climate and atmosphere.

The widespread occurrence and increasing abun-
dance of invasive species worldwide and the increasing
levels of conflicts of interest where different sectors of
societies have radically divergent views on the costs
and benefits of certain introduced organisms raises
many philosophical and ethical issues. Johan Hattingh
examines some prominent challenges to mainstream
approaches to dealing with biological invasions.

A wide range of management approaches for dealing
with invasive species are underway in different parts of
the world. South Africa is selected as a case study to
show the evolution of strategies over time. The chapter
by Brian van Wilgen et al. reviews the history of dealing
with invasive species in the region, and describes the
rationale for, and successes and failures in, the 15-year
history of the widely lauded Working for Water
Programme, which seeks to integrate invasive species
management with socio-political priorities.

Part 7 (conclusions). In the penultimate chapter,
Dave Richardson explores the dimensions of the
current research agenda in invasion science and pro-
poses some profitable avenues for further work. The
book ends with a detailed compendium of essential
concepts and terminology in invasion ecology, which
is the first attempt to provide a systematic listing of
fundamental concepts in the field that applies to ter-
restrial, freshwater and marine ecosystems and across
all taxonomic groups.
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4 Historical perspectives

1.1 INTRODUCTION

In this chapter, I present a personal view of the Elton
canon: the body of work created by Charles Elton
during his whole working life. The Ecology of Invasions
by Animals and Plants (hereafter abridged as ‘Ecology of
Invasions’ or ‘EIAP’) was produced something like two-
thirds of the way through this long period of productiv-
ity. I suggest its origins and impacts are best appreciated
when viewed as part of Elton’s overall intellectual con-
tribution. That EIAP may be regarded as foundational
to a whole subsequent field of study is indisputable
(Richardson & Pysek, 2007, 2008; but see Simberloff,
this volume, for a different view) and yet, I shall show
that this is only one of several highly productive and
important areas of work that originated within the
body of work for which Elton was responsible during
his long life.

1.2 THE ECOLOGIST AND THE MAN

Charles Sutherland Elton (1900-1991) did not invent
the discipline of animal ecology: that evolved from the
many musings of earlier naturalists, beginning to pre-
cipitate into modern scientific form courtesy of Charles
Darwin, Alfred Russel Wallace and Victor Shelford,
among others. Indeed many of the concepts usually
associated with Elton’s ideas had existed in more or less
nascent form in earlier years. The idea of a food chain
(although not the phrase) had been described well over
100 years earlier (Bradley 1718; Egerton 2007). The
general notion of a pyramid of numbers or at least the
underlying ‘rule of ten’ had been stated clearly and
generally by Karl Semper in 1881. The broadening of
these simplifications of trophic interactions into food
webs began with a series of specific diagrams as early
as 1912 (Pierce et al. 1912) and these early efforts are
described in detail by Egerton (2007). Even the term
‘niche’, so often now eponymic with Elton, had been
used by Grinnell as early as 1904 and developed sig-
nificantly in his famous article on the California
thrasher (Grinnell 1917). It was Charles Elton, though,
who gathered up, clarified and connected these ideas
into a cogent whole in his 1927 book Animal Ecology
and, to my way of thinking, so set an agenda for the
entire emerging field of animal ecology. It also estab-
lished ecological ground rules that subsequently
underpinned the emergence of formal conservation
agencies in both the UK and USA.

This short text remains vital reading for all ecolo-
gists and is a model of clear thinking, pithy writing
and penetrating insight. As well as incorporating the
concepts already mentioned he also built substantially
on Shelford’s ideas on succession within natural com-
munities. The insights presented so well in Animal
Ecology had derived from Elton's years as a general
naturalist during his youth and early adulthood in
England. In addition, he had spent three very forma-
tive seasons before and after graduating from Oxford
on expedition in Spitzbergen and Norwegian Lapland
observing the ecological communities and animal
populations in that almost canonical landscape where,
perhaps, the grand patterns can be perceived more
clearly because the component parts, so confusing and
diverting in less extreme environments, are relatively
few in number.

Elton’s career has been described at length by his
thorough and sympathetic obituarists (Macfadyen
1992; Southwood & Clarke 1999). I repeat here only
the observations that Elton’s scientific contributions
during a long scientific career were marked by a series
of contrasting but perhaps surprisingly coherent set of
major books, each in itself a landmark for the develop-
ing subject. Animal Ecology (1927) was succeeded by
Voles, Mice and Lemmings (1942), The Ecology of
Invasions by Animals and Plants (1958) and, finally, The
Pattern of Animal Communities (1966). These undoubt-
edly seminal contributions should, in my view, be
joined by his swansong paper on tropical rainforest
biodiversity published in the Journal of Animal Ecology
in 1967. I shall return to this last major publication
towards the end of this account.

From 1932 until his retirement in 1967, Elton
worked with a small group of other ecologists and
graduate students in the Bureau of Animal Population
(the BAP), within but not physically part of the
Department of Zoology of the University of Oxford
(Crowcroft 1991). It was my privilege to join that
group as a doctoral student in October 1966: one of
two ‘final’ students of the BAP. I was supervised, for-
mally, by H.N. Southern but my entry to the Bureau
and progress within it were closely directed by Elton
himself. Elton’s influence within the Bureau was all
pervasive. A quiet, even unprepossessing, man, Elton
nevertheless imposed his style and philosophy on the
life of the Bureau and those of us who were part of the
enterprise were willing participants in what we took to
be a noble endeavour. I for one have not deviated from
that view in the ensuing 40 years.
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Life in the Bureau revolved around afternoon tea.
Coffee was indeed taken in the mornings but was a
low-key affair, usually huddled within the small
kitchen. Coffee was an event of small meetings: for us
students it was full of surprises. ‘Roger, I wonder if I
could introduce you to our visitor ... this is Julian
Huxley’ was just one of several unexpected encoun-
ters, later to be treasured as an era in biology gradually
passed away. But afternoon tea was of greater splen-
dour altogether. The library of the BAP, normally open
to questing undergraduates, would be closed. Elton
would preside at the head of the long scrubbed table
and the rest of us — staff, students, technicians, distin-
guished visitors and assistants — would range down
either side. If there was some event to be marked, the
‘boss’ (Elton) would shyly slide a large bag of cream
buns onto the table alongside the giant teapot. It was
at one such event that I arrived early and discovered
that, briefly at least, Elton and I were the only ones at
table. ‘Tell me’, he said, ‘what do you do for exercise?’
I diffidently said that I played a little squash but his
retort took me not a little by surprise. ‘T used to box,
you know. I knocked a man out once’. All this pre-
sented in a quiet, near whisper and emanating from
this small balding man renowned, among we post-
graduates, for routinely wearing at least one of his
several, concurrent, sleeveless pullovers, inside out.

Perhaps this anecdote, though, captures Elton’s
intellectual impact as well as the man himself.
Intellectually speaking he produced knockout blows
from what some thought of as an unlikely source.
Indeed his impact is, in my view, still not fully appreci-
ated. Much later, while I was a Bullard Fellow at
Harvard in 1998, Ernst Mayr, after grilling me about
my intellectual antecedents actually said, Ah yes,
Elton ... we expected so much more of him!’ It was not
exactly clear in this conversation exactly who ‘we’
were but I can only say that most of the current trends
in animal ecology now owe much to Elton: so perva-
sive are these debts that most do not question their
actual foundations.

1.3 ECOLOGY OF INVASIONS
IN CONTEXT

Ecology of Invasions, as much of this book testifies, is a
work of lasting impact (see also Richardson & Pysek
2008). I have heard it said that the book was ‘ahead of
its time’, but this is misleading. It was, in fact, very

much of its time, harking back to the very beginnings
of what was then seen as the modern renaissance in
biology, reviewing and critiquing the current state of
play and then setting a research agenda which is, only
now, receiving the attention it demands. Elton presents
his thoughts in EIAP very much as part of the ecologi-
cal sub-science of biogeography. It is significant that
Elton begins his thesis in EIAP with a reprise of
Wallace's views of biogeography. Bear in mind that, in
1954, the prevailing paradigm in biogeography was
an entirely dispersalist one. Wegener’s (1915) ideas of
continental drift were still considered by most as part
of the lunatic fringe (indeed, so I was taught during my
undergraduate years at Imperial College as late as
1965, admittedly by a very conservative and elderly
teacher). It was not until 1959 that Heezen, Tharp and
Ewing first published their findings confirming the
existence of the mid-Atlantic ridge which finally began
the process which eventually led to mainstream
acceptance of the ideas of a dynamic Earth with vicari-
ant continents (see Miller 1983, for a full, popular
account of this process). Of course, this is not to say
that Elton was unaware of Wegener's ‘crazy’ idea.
According to Macfadyen (1992) he was actually
a keen proponent and advocate for the ideas of
vicariance.

However, in 1954, Elton stated that the set of conti-
nents was to be regarded as always having been an
archipelago. Accordingly his preoccupation with
natural and anthropogenic animal movement was to
be seen as the very core of biogeography: spatial pat-
terns were to be understood only by examination of
past and present movements of organisms (or their
ancestors) across the face of the Earth. Davis et al.
(2001) draw a long bow (in my view) when claiming
that the 1958 book was an entirely new direction in
Elton’s work. Notwithstanding the fact that Elton’s
choice for a prize before his (unsuccessful) school grad-
uation, was a set of the works of A.R. Wallace
(Southwood & Clarke 1999), his earlier works are
redolent with ideas of animal movement across land-
scapes, and the process of what we would now call
community assembly. Indeed, as pointed out by Sir
Alister Hardy (1968), Elton compared the processes of
dispersal among locations (Elton 1930) with the
Mendelian rearrangements of genes that take place
within organisms. This was part of a set of ideas in
which Elton suggested that animals selecting habitats
through re-location should be regarded as a comple-
ment to the environmental selection of individuals that
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is at the heart of ideas of natural selection. Certainly in
EIAP he emphasizes the subset of species that have
been particularly effective at invading new territory,
especially if given a helping hand by humans. However,
I suggest this is simply the spin he chose to put on this
particular phase of his ongoing synthetic work rather
than a new direction of thought.

Preparation for this chapter has brought me into
contact with the (to me) more or less arcane activities
of historians of science. Two doctoral dissertations
have concerned themselves largely with the prelude to,
genesis of and consequences arising from EIAP and
Elton’s associated work (Cox 1979; Chew 2006). T
have had access only to Chew’s work. There has been
a, perhaps inevitable, hagiographic tone to most of the
recent writings about Elton. Chew, though, presents
his analyses as a sort of ‘anti-hagiography’ (to coin a
word) belittling Elton’s achievements, originality, even
the world-view of those who have created the field of
invasion biology subsequent to EIAP. Of course Chew
is entitled to his opinion and his accounts of the surviv-
ing private and professional correspondence of Elton,
particularly with the American proto-conservationist
Aldo Leopold, are both insightful and useful — even to
a hagiographer!

It true to say that Elton was a man of his time and,
in the English sense, of his class. He emerged from an
intellectual middle-class background, grew up and
lived in a time of global conflicts, and was deeply moved
and changed by early personal tragedies. That all of
this could be true without affecting his work is not to
be imagined. Yet to suggest that a preoccupation with
biotic invasions and clear contradistinctions between
‘native’ and ‘exotic’ biotas reflected both an inbuilt
militarism and, even, an incipient xenophobia is, to my
mind, overegging the pudding. Chew describes EIAP as
‘Elton’s idiosyncratic jeremiad’ and an ‘alarmist book’.

One other ‘yes, but ..." comment comes to my mind
from Chew’s writing. He suggests that Elton ‘seldom
played the public intellectual’. I suggest that this is not
the case but that the public nature of Elton’s contribu-
tion — in popular writing, broadcasting and committee
work — was of a different kind from that we associate
with ‘public intellectuals’ currently. The social struc-
ture of intellectual life in early to mid-century Britain
was both well established and formal. There remained
a tendency still to speak of ‘the Universities’ — meaning
Oxford and Cambridge (only) — and those who occu-
pied senior positions within them commanded both
public respect yet, themselves, followed an unwritten

code of behaviour both within and beyond academe.
Elton’s position as a reader within the Oxford system
was senior indeed — probably most closely to be com-
pared to a research chair currently. Accordingly, his
‘public’ impact was subtle and political rather than
highly visible and vocal. I return to this point when
discussing his role in the establishment of the Nature
Conservancy within the UK.

Ecology of Invasions was the first of Elton’s major
works that concerns itself entirely with an ecological
process rather than classifying, describing and hypoth-
esizing about the patterns he observed on the land-
scape. Perhaps the other outstanding and out-of-time
innovation in the book is its conclusions about conser-
vation. Conservation as an activity devoted to the pres-
ervation of natural landscapes (in contrast to the
maintenance of populations of game animals for
hunting) was not a mainstream activity in the early
1950s. Although advocated by Wallace as early as
1910, the British Nature Conservancy had been estab-
lished only nine years before the publication of EIAP.
In no small part the establishment of this body, now
known as English Nature, resulted from the report of a
committee of which Elton was a key member
(Macfadyen 1992). So, to find the final two chapters of
the book devoted to conservation in a very modern
way was a major innovation for its time (Richardson
& Pysek 2007). I happened on the following on page
145 of the book: ‘... only this [conservation] is con-
cerned with reducing direct power over nature, not
increasing it; of letting nature do some of the jobs that
engineers and chemists and applied biologists are fran-
tically attempting now.” I think we would currently
rephrase that as conserving to maximize ecosystem
services!

Elton had engaged in an extended (if sometimes one-
sided) correspondence with the American conserva-
tion advocate, Aldo Leopold, after their first meeting at
the Matamuk Conference on Biological Cyclesin 1931
(see also Hobbs & Richardson, this volume). Chew
(2006) presents an extended account of their corre-
spondence and the interplay of ideas which, in both
instances, contributed substantially to the subsequent
development of formal conservation efforts in both
their nations. In Britain this took the form of a powerful
and pervasive government bureaucracy with rela-
tively little private investment and involvement. In the
USA a much more ‘mixed’ model was adopted. As early
as 1942 Elton had set out principles for the establish-
ment of government-run nature reserves in a memo-
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randum to A.G. Tansley who was running a committee
of the British Ecological Society examining such
matters. This memorandum, analysed at length by
Chew (2006), ranged over many issues including that
of invasive species. It also raised the ideas of what we
would now call biophilia (sensu Wilson 1984) as well
as the more mundane aspects of reserve design. Much
of this manifesto was included in the final report of the
British Ecological Society Committee (Chew 2006).
Elton subsequently became a member of the Science
Policy Committee of the nascent Nature Conservancy
and remained a member until 1956 (Macfadyen
1992). During this period the highly influential Nature
Conservancy Act (1949) was formulated and voted
into law. According to Eric Duffey (quoted by
Macfadyen 1992) it was through Elton’s influence that
a research branch was added to the provisions of the
Act. He promoted ecological survey (with associated
taxonomic services) and detailed ecological work on
species (both native and exotic) of applied significance.
The system of field stations established as part of the
Nature Conservancy (later transmuted into the Natural
Environment Research Council) was the result and an
ongoing stream of influential ecological reports and
actions followed.

Elton was concerned about the conservation of com-
munities and, indeed, EIAP is primarily about com-
munity ecology: the breakdown of Wallace’s realms,
the impact of invasives upon native assemblages of
animal species, and the way in which exotics insert
themselves into existing food-chains within their recip-
ient communities. This overarching concern with
communities brings me to the final set of comments I
make in this attempt to put Elton into the context of
the history of ecology.

1.4 THE CONCERN WITH
COMMUNITIES

Like Wallace, Elton was as much concerned with the
community ecology of animals as he was with under-
standing individual populations. Of course, most of the
practical work undertaken at the BAP was about popu-
lations of mammals and birds, and most of the exam-
ples that are described so clearly in EIAP are of single,
often exotic, pest species for which adequate data had
been collected primarily by those concerned with
impacts or potential impacts on economic productiv-
ity. This did not, however, undermine Elton’s persist-

ent preoccupation with ecological communities.
Indeed yet another percipient aspect of EIAP was its
presentation (among the first) of the ongoing conun-
drum of the relationships between complexity and sta-
bility. To say that Elton’s comments in EIAP (together
with those of MacArthur (1955)) set running a robust
and muscular ‘hare’ would be an understatement
(although the invasive species metaphor amuses me).
Recent overviews of this ongoing debate include that
of Lehman and Tilman (2000).

This concern with animals within communities was
aunifying theme of Elton’s entire body of work, diverted
only during World War II into pest biology of rats and
mice (Chitty & Southern 1947). Since the 1930s there
had been, more or less, a split in ecology along taxo-
nomic and thematic lines. Population ecology was
regarded as the very stuff of animal ecology (at least
until John Harper’s seminal book in 1977) whereas
community ecology was principally about associations
of plants. I hasten to add ecology did not start out that
way but that is how things developed. The demands
and funding for pest control, fisheries management
and game conservation (for hunting) drove the single-
species approach so evident in animal studies. In this
binary world of the 1940s, 1950s and 1960s, Elton’s
approach ran counter to the mainstream.

Animal ecology as it blossomed in the first half of the
20th century was part of the diversification of biology
that stemmed from the earlier general acceptance of
Darwinian ideas of evolution, especially once these
were incorporated with Mendelism as part of the ‘new
synthesis’. It had been early appreciated that compara-
tive anatomy could only go so far in elucidation of the
mechanisms of evolution. Living organisms interact-
ing with their environments held the key to further
progress. Along with the ecology of animals (and
plants) the disciplines of animal behaviour (ethology)
and ecological and population genetics emerged. These
were the fields that looked explicitly at whole organ-
isms and complimented the advances in physiological,
cellular and biochemical biology that took place con-
currently. Not until the much more recent emergence
of molecular phylogenetics would we have more effec-
tive tools for examining the mechanisms and outcomes
of evolution.

Within ecology there was a tendency to regard
population ecology and, later, behavioural ecology, as
the ‘real’ fields of study within the evolutionary para-
digm. After all, selection works by modifying the
genetic heritages of individuals, and we measure this
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by examining changes in gene frequencies at the level
of the population. So how does community ecology —
the ‘tangled bank’ of Darwin’s remarks in Origin of
Species — justify itself under the bright lights of evolu-
tionary thought? The answer, of course, is that indi-
viduals and populations do not live in isolation. They
evolved and continue to exist (and evolve) in more or
less complex webs of interactions in a landscape of
locations which present a mosaic of physico-chemical
profiles among which organisms move to greater or
lesser extents. In a way, community ecology is the top-
down approach to understanding evolution in action
incorporating as it does both organism and environ-
ment as a dynamic whole. The ecology of individuals
and populations represents a bottom-up approach in
which we study the component parts of communities
in a reductionist fashion. These two approaches each
feed from the other — and no one was more aware of
this than Elton. His capabilities and propensities as a
naturalist — like my own — kept his enthusiasm at the
level of syntheses. His 1930 vision of animal popula-
tions and, by inference, the communities of which they
were part, responding to unfavourable conditions by
moving across a landscape of diverse selective environ-
ments, was perhaps the clearest statement of his
awareness of this community/evolution nexus.

The publication of EIAP really marked a transition
in Elton’s career. The University of Oxford had acquired
the Wytham Woods estate in 1942 and, from 1945
onwards, Elton had organized the work of the Bureau
and its students around a wide-ranging ecological
survey of the many habitat types occurring within the
estate (Grayson & Jones 1955; Elton 1966). This
survey was structured around a database system in
which species-specific ecological information was
cross-referenced with information on the different
habitat components. Nested within this quintessential
community-approach were many more or less inde-
pendent studies of the population dynamics of selected
(principally vertebrate) species.

This ground-breaking ecological survey began to
come to an end (although much ecological research
continued, and continues, on the Wytham Estate) with
the publication of Elton’s 1966 book The Pattern of
Animal Communities, and with the forced disbanding of
the BAP upon Elton’s retirement in 1967 (Crowcroft
1991). This book was Elton’s magnum opus, yet it never
received the prominence of some of his earlier works.
From my perspective there are two reasons for this.
First, the merely technical. Elton and his co-workers on

the Wytham survey were attempting to construct and
interrogate a database that was complex and multidi-
mensional. Modern electronic databases handle such
structures with ease: they were not available in the
1950s and 1960s. Elton erected procedures based on
record cards and kalamazoo slips, which were cumber-
some to use and somewhat opaque to the casual user.
Further, and of greater intellectual moment, was the
fact that the survey was based upon an insightful but
essentially static classification of habitats (Elton &
Miller 1954). For me, it was not until Southwood
(1977) published his marvellous ‘habitat templet’, as
part of his presidential address to the British Ecological
Society in 1976, that the synthesis between life-history
strategies, ecological processes, habitat type and com-
munity structure became clear.

Southwood, too, was part of the natural historical
school of ecology of which Elton was, perhaps, the pre-
eminent member and which had dominated the
science in Britain since its inception. Southwood,
though, was of a later generation with more quantita-
tive skills than Elton. (Much as Elton respected math-
ematical approaches he was never, by his own
admission, a skilled numerical analyst.) It was no sur-
prise, though, when Southwood inherited the mantle
of the premier ecological synthesist on the UK scene
after Elton’s retirement and, in 1991, his death.

Upon retirement, Elton continued the day-to-day
maintenance of the Wytham Survey and its vast body
of records, collections, literature and supporting infor-
mation. Neither he nor anyone else published exten-
sively on the survey as a whole after that time. He had,
though, one more ace up his sleeve. In 1973 he pub-
lished ‘The structure of invertebrate populations inside
Neotropical rain forest’ in the Journal of Animal Ecology.
At the time I remember distinct if mild controversy
over whether the approach taken was appropriate or
the insights justified: there was an unspoken notion
that it was the author’s name that got this manuscript
through the journal’s processes rather than its content.
I would say, in fact, that the paper’s ‘problem’ was that
it was more than a decade ahead of its time. It is only
in the light of the burst of ecological activity and com-
mentary that followed Erwin’s paper on tropical forest
diversity published in 1982 (see, for example, Erwin &
Scott 1980; Erwin 1982; May 1986; Stork 1988) that
Elton’s true prescience becomes apparent.

Elton’s 1973 paper is written in narrative style remi-
niscent more of the approach adopted in his books than
the dry and dull text typical of most scientific papers of
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the era. Nevertheless it is full of insights that subse-
quently have been addressed by whole schools of
research (most apparently unaware of the Elton paper).
In the 1973 paper he pioneered the use of a ‘morpho-
species’ approach to deal with a highly diverse, taxo-
nomically challenging tropical fauna. In addition he
promoted the idea of multi-method surveys of tropical
diversity for circumventing the biases inherent in any
one method. He noted the great dominance of tropical
invertebrate faunas by singletons. Elton measured and
commented on the apparent imbalance between pred-
atory and non-predatory species in his invertebrate
samples and compared available explanations for this.
He contrasted top-down explanations (where the
plethora of predators was responsible for the dearth of
non-predators) with bottom-up explanations (where
the low levels of non-herbivores reflected an evolution-
ary product driven by the scarcity of available resources
beneath the forest understorey). He recognized the
value of size/abundance analyses as a way of examin-
ing species packing. Finally he noted that the abun-
dance of invertebrates in what he called the field layer
(up to 2 m from the ground) was low and he speculated
on the relative importance and richness of the canopy
(which he had no means of accessing). In an Appendix
he added comments on the roles of ecological engineer-
ing species such as army ants. All of these insights
foresaw an agenda for tropical biodiversity studies that
has been realized over the past 30 years (for a summary
of this development see the papers in Basset et al.
(2003)).

Of course, I am not suggesting that those engaged in
tropical biodiversity research over that period pursued
the topics they did because of Elton’s paper: some did,
others did not. I simply make the point that the 1973
paper, like virtually all of the Elton canon, was extraor-
dinarily original, perceptive and trend-setting. Ecology
of Invasions was and remains an extraordinary, impor-
tant work. It stands out among Elton’s post-war prod-
ucts as having been noticed and appreciated yet it is
perhaps no more perceptive and insightful than most
of his other works.

Perhaps the social moral from this reflection on the
life and work of Charles Elton is that there is huge
intellectual and, in consequence, practical gain to be
had from allowing brilliant scientists to follow the
maze of their own imaginings. The only necessity is
that from time to time they produce lucid, accessible
accounts of their thoughts. As Elton wrote to Leopold
in 1945:

‘Don’t you think we must all resist the
deluge of ad hoc work and just sit and
think?’

Elton did this to perfection. Yet the tediousness of cen-
tralist bureaucracies eventually caught up with him,
undervaluing, even degrading, his life’s work. This
bureaucratic disease has become an epidemic since the
1970s. It is unlikely we shall see Elton’s like again, and
that will to our great disadvantage.
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2.1 INTRODUCTION

Charles Elton is seen as having founded invasion
biology as a new, distinct discipline (see, for example,
Rejmanek et al. 2002; Ricciardi & MacIsaac 2008;
Richardson & PySek 2008). This view rests on his
remarkable 1958 monograph, The Ecology of Invasions
by Animals and Plants. Indeed, the announcement for
the 2008 symposium in Stellenbosch leading to the
present volume says the monograph ‘is generally
accepted as the foundation for the scientific study of
biological invasions’ (Anonymous 2007, p. 39).
However, Elton is indicted by Davis et al. (2001) for the
very act of having, at its founding, separated invasion
biology as a discipline distinct from ecology, particu-
larly succession ecology, a persistent dissociation they
say has ill-served invasion biology. They speculate that
Elton went astray because experiences in the Second
World War led him to change his views on invasions.
Here I attempt to show that Elton’s views on invasions
began early, evolved gradually and did not change
radically during the war. His longstanding interest in
invasions did indeed culminate in the 1958 mono-
graph that is widely read by invasion biologists
(Richardson & Pysek 2007) and adumbrates most of
the ecological (but not evolutionary) current invasion
research programme. However, the monograph was
published too early to have founded the field. Contrary
to claims by Ricciardi and Maclsaac (2008) and
Richardson and Pysek (2008), Elton and his mono-
graph, in fact, had limited influence on the develop-
ment of invasion biology — he was a prophet, not a
founder.

2.2 THE EVOLUTION OF ELTON’S
VIEW OF INTRODUCED SPECIES

Elton’s interest in introduced species began in his pre-
First World War childhood in Liverpool, where he
haunted a shop displaying exotic animals (Elton 1955
in Coates 2003). His first substantial publication on the
topic was his 1927 book Animal Ecology, in which both
Elton and editor Julian Huxley argued that progress in
animal ecology had been hindered by its adoption of
methods of plant ecology and that animal ecology
required its own approaches. Nevertheless, Elton
(1927) accorded plant community succession a key
role (cf. Davis et al. 2001). He argued that animal
ecologists must understand plant succession to study

animal populations and communities, but, by the same
token, plant ecologists must study animals, especially
because animals often control succession. Where Elton
discussed introduced animals in this book, he empha-
sized how they damage systems formerly undergoing
gradual succession: ‘Then there are sudden disasters,
like fires, floods, droughts, avalanches, the introduc-
tion of civilised Europeans and of rabbits, any one of
which may destroy much of the existing vegetation’
(p. 20).

Davis et al. (2001) attribute significance to the facts
that Elton (1927) did not list ‘invasion’ in the index,
and ‘invasion,” when used, seemed not to apply par-
ticularly to introduced species. These facts, they argue,
suggest he had not begun the dissociation between
ecology and invasion biology that they feel pervades
the monograph. However, Elton’s second publication
on introduced species (Elton 1933a) was a newspaper
article headlined ‘Animal invaders’ beginning with a
list of introduced animals, repeatedly termed ‘alien,’
causing myriad problems for native species. The
muskrat in Britain was termed an ‘enemy’ (p. 13) and
the English sparrow in North America an ‘invader’ (p.
13). The same year, Elton published a short introduc-
tory text, The Ecology of Animals (1933b), repeatedly
using the word ‘pest,” stating explicitly that it can apply
to both native and introduced species, but focusing
heavily on the latter. He also wrote a popular book that
year, Exploring the Animal World (Elton 1933c), based
(as was his invasion monograph) on BBC radio broad-
casts. It closed with a chapter, ‘Plagues of animals,’
almost wholly about introduced species, both animals
and plants. While stressing that some introductions
benefit humans, he repeatedly termed them ‘plagues’
and ‘pests’ that ‘invade’ (pp. 103, 112) their new
homes. In 1936, El