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One of the distinctive and fascinating features of ecological systems is their
extraordinary complexity. An ecosystem is often composed of thousands of different
species that interact in myriad ways at the scale of a single hectare. Each species is
composed of many individuals that vary due to differences in their genetics and their
particular experience of their local environment. These complex local systems are
strongly connected to each other, and aggregate into larger and larger entities, from
the landscape scale to that of the entire biosphere, where it becomes evident that
they exert a major influence on the physical and chemical properties of our planet.
How can such enormously complex systems be studied?

During the second half of the 20th century, two increasingly divergent
approaches to ecological systems developed within ecology, which have gradually
led to two largely distinct disciplines, community ecology and ecosystem ecology. A
community is defined broadly as a set of species that live together in some place.
The focus in community ecology has traditionally been on species diversity: what
exogenous and endogenous forces lead to more or less diverse communities? How
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do species interactions constrain the number of species that can coexist? What
patterns emerge from these interactions? An ecosystem is the entire system of biotic
and abiotic components that interact in some place. The ecosystem concept is
broader than the community concept because it includes a wide range of biological,
physical, and chemical processes that connect organisms and their environment. But
the focus in ecosystem ecology has traditionally been on the overall functioning of
ecosystems as distinct entities: how is energy captured, transferred, and ultimately
dissipated in different ecosystems? How are limiting nutrients recycled, thereby
ensuring the renewal of the material elements necessary for growth? What factors
and processes control energy and material flows, from local to global scales?

In a sense, community ecology provides a microscopic perspective on
ecosystems because it analyzes their parts, while ecosystem ecology provides a
macroscopic perspective on the same systems because it studies them as a whole.
The distinction between micro- and macroscopic, however, does not necessarily
apply to the spatial scales considered by the two disciplines. Although much of
community ecology does consider species interactions at small scales, a growing
fringe, known as macroecology, considers patterns of species diversity and species
distributions at vast spatial scales. The focus on species — species distributions,
species diversity, species interactions — is more central to the community approach
than the spatial scale considered. Similarly, ecosystem ecology studies the fluxes of
energy and materials at various spatial scales. What distinguishes the ecosystem
approach is its focus on the system as a whole, often without considering the species
that compose it.

At a time when humankind is rising to the status of a major global
biogeochemical force and raising the prospect of a global ecological crisis, it is
important to step back and ask whether individually studying communities and
ecosystems is the best path to follow. Human environmental impacts include the
destruction and fragmentation of natural habitats, pollution, climate change,
overexploitation of biological resources, homogenization of biota, and biodiversity
loss. These impacts affect species and ecosystems indistinctly. Moreover, they
interact with each other, which may lead to synergistic effects. For instance, climate
change is likely to cause massive additional biodiversity loss. Biodiversity loss in
turn is likely to decrease the ability of ecosystems to resist the effects of climate
change, with possible feedbacks on the climate system itself. Species, communities,
and ecosystems have always been inextricably linked, but the major disruptions
generated by humans in the current period make this reality plainly obvious. A
synthetic approach to ecology, which integrates populations, communities, and
ecosystems, is required to develop appropriate responses to the global ecological
crisis we are entering.
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Community ecology is a dynamic field of research in which knowledge has
accumulated rapidly during the last 60 years or so based largely on a modern
hypothetico-deductive approach. However, theories and hypothesis building have
often outpaced empirical studies and hypothesis testing in community ecology,
which hinders steady scientific progress. As a result, this subdiscipline has few
“laws” or robust generalizations, except for some large-scale empirical patterns such
as species—area relationships (Rosenzweig 1999). In contrast, ecosystem ecology is
a subdiscipline that has traditionally had a strong empirical basis. Its theories are
largely based on inductive generalizations from field measurements, with
comparatively few theory-driven hypotheses and experimental tests. There is no
doubt that the ecosystem approach has been instrumental in developing our
understanding of the global biogeochemistry of the Earth system and of current
global environmental changes. Yet, despite these successes, a number of authors
have questioned its relatively static view of ecological systems and even its
scientific relevance, calling for a fundamental rejuvenation of the discipline (O’Neill
2001). Strengthening theory, experimental tests and their interactions, and paying
due attention to ecological dynamics and complexity are key ingredients of such a
rejuvenation.

On balance, community ecology and ecosystem ecology provide two
perspectives on complex ecological systems that have largely complementary
strengths and weaknesses. Both disciplines have been called into question, and each
would benefit from the perspective developed by the other. Developing theories
about interactions between species and between these and their environment with
the ultimate goal of predicting ecosystem functioning and ecosystem services would
help to focus community ecology on issues that are both scientifically important and
socially relevant. Incorporating the diversity, complexity, and dynamical nature of
communities in its view of ecosystem functioning would help ecosystem ecology to
be livelier and to provide more reliable, if probably more uncertain, predictions. It is
becoming increasingly clear that merging the two perspectives is necessary both to
ensure continued scientific progress and to provide society with the scientific means
to face growing environmental challenges (Loreau 2010a, 2010b). A more
integrative ecology also needs to include humans, not just as an external force that
disrupts ecosystems, but as an integral part of the biosphere that interacts with its
other components.

The new biodiversity and ecosystem functioning (BEF) research field that
emerged in the 1990s and expanded over the last decades has greatly contributed to
moving ecology forward in that direction. The idea that plant diversity enhances
plant biomass production is arguably foundational in ecology, dating back to
Darwin’s Principle of Divergence (McNaughton 1993; Hector and Hooper 2002),
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but this idea did not catch on for more than a century because of the success of
Liebig’s law of the minimum and the lack of rigorous theory and experimental
designs in agricultural sciences. Agriculture gradually shifted to a new model based
on the industrial production of artificial fertilizers, the mechanization of agriculture,
and the use of monocultures of artificially selected crop types. It is only when the
detrimental ecological consequences of the modern industrial model, and in
particular the threat of biodiversity loss, started to be widely recognized at the end of
the last century that interest in the effects of biodiversity loss on ecosystem
functioning emerged. This interest then spread rapidly, penetrated experimental and
theoretical ecology, and led to the emergence of an entire new research field at the
interface between community and ecosystem ecology (Loreau et al. 2001, 2002;
Hooper et al. 2005; Naeem et al. 2009; Loreau 2010a; Cardinale ef al. 2012; Tilman
etal. 2014).

Interest in this issue grew largely out of practical concerns about the potential
ecological consequences of current biodiversity loss caused by the increased impact
of human activities on natural and managed ecosystems. There is growing
recognition that the world’s ecosystems provide society with a wide range of
“ecosystem services” (Millennium Ecosystem Assessment 2005), or “nature’s
contributions to people” (Diaz et al. 2018), that are crucial to human well-being and
sustainable development. These services or contributions are derived from the
normal functioning of ecosystems, raising the important question whether
impoverished ecosystems may in some way function less efficiently than the more
species-rich systems from which they are derived, and hence gradually lose their
ability to deliver ecosystem services to human societies. However, beyond this
eminently practical motivation, the new BEF research field has had a much broader
and deeper transformative role in ecology.

One of its main benefits has been to foster integration of community ecology and
ecosystem ecology. Ecology has traditionally regarded, implicitly or explicitly,
species diversity as an epiphenomenon driven by a combination of abiotic
environmental factors (such as temperature, rainfall, and soil fertility), ecosystem
processes that are themselves determined by these abiotic factors (such as
productivity, biomass, and nutrient cycling), and biotic interactions within
communities (such as competition and predation). This tenet was shared by both
community ecology and ecosystem ecology. Community ecology was devoted
historically to explaining patterns and processes of species coexistence and
diversity. Ecosystem ecology often ignored species diversity as some sort of
“background noise” irrelevant to ecosystem functioning. Thus, the two disciplines
considered species diversity in contrasting ways, which explains their historical
divergence. However, both have shared the basic assumption that species diversity is
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an epiphenomenon. The new BEF research field has overthrown this central tenet by
considering biodiversity — in particular species and genetic diversity — as a driver of
ecosystem functioning (Naeem 2002; Loreau 2010b). This simple paradigmatic
change has had far deeper consequences than might appear at first sight. If
biodiversity affects ecosystem functioning, ecosystem ecologists can no longer
ignore the dynamics of biodiversity within ecosystems. Similarly, community
ecologists can no longer ignore the potential feedback that biodiversity has on its
own maintenance through ecosystem functioning. The basis for the historical
separation of the two disciplines then vanishes, even though it may take some time
until both sides recognize the full implications of this change.

The BEF research field also contributed to transforming ecology in other ways.
Historically, ecology had an unfortunate propensity to disconnect empirical and
theoretical research, with a profusion of poorly generalized empirical data and an
equal profusion of poorly tested theories. As a result of this disconnect, there were
few attempts at resolving controversies through consensus building within the
ecological scientific community, leading to periodic shifts in fashionable research
topics. In this context, the scientific process through which the BEF research field
developed was quite remarkable. First, the BEF research field established a strong
foothold in controlled experiments, which were still relatively rare in ecology at that
time. Since the first flagship BEF experiments in the 1990s (Naeem et al. 1994;
Tilman et al. 1997a; Hector et al. 1999), several hundred BEF experiments have
been carried out to assess the repeatability of previous findings, determine their level
of generality, or disentangle the mechanisms underlying the effects of biodiversity
on ecosystem functioning (Cardinale et al. 2012; O’Connor et al. 2017). Second,
theory quickly developed hand in hand with experiments (Tilman et al. 1997b;
Loreau 1998, 2000) and provided a valuable approach to interpret and generalize the
results of BEF experiments. Theory played a key role in resolving the early
scientific controversies that arose over the interpretation of BEF experiments along
with this high level of replication studies (Huston 1997).

Scientific controversies are often the result of a lack of clarity in the theoretical
framework, a lack of appropriate tools, or a lack of sufficient empirical evidence to
distinguish among clearly identified competing hypotheses. The controversies over
BEF were no exception and combined all three problems. Theory helped to resolve
these controversies in two ways. First, it helped to clarify the conceptual framework in
which BEF experiments were being conceived and interpreted, yielding a consensus
on the possible mechanisms and outcomes of these experiments (Loreau et al. 2001).
Second, it helped to devise a new additive partition methodology inspired by (although
conceptually different from) the Price equation in evolutionary genetics to disentangle
the two main classes of mechanisms underlying the results of BEF experiments
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(Loreau and Hector 2001). Application of this methodology to multiple BEF
experiments revealed that the positive effects of biodiversity effects on ecosystem
functioning are usually driven by a combination of both classes of mechanisms
(Cardinale ef al. 2012), but functional complementarity between species tends to play
an increasingly important role as biodiversity and time after experimental
manipulation increase (Loreau and Hector 2001; Cardinale ef al. 2007; Fargione ef al.
2007; Reich et al. 2012). The tight link between theory and experiments is a major
legacy of the BEF research field. Experiments helped to build a more practically
oriented theory, and theory helped to analyze and interpret experiments more
effectively. This interactive process allowed clear but balanced conclusions to be
drawn, thereby providing healthy ground for consensus building and future studies.

Like many successful new research fields, BEF research did not remain confined
in its initial scientific boundaries, but expanded its scope to encompass a wide range
of fundamental issues in ecology, such as the functioning of food webs (Thébault
and Loreau 2003; Duffy et al. 2007), the spread of diseases (Keesing et al. 2006),
and the spatial dynamics of metacommunities (Loreau et al. 2003), as well as re-
igniting interest in the relationship between the diversity and stability of ecological
systems. Progress achieved on the diversity—stability relationship has been
particularly significant given the long, controversial history of this issue in ecology
(Pimm 1984; McCann 2000; Ives and Carpenter 2007). Two decisive features
distinguish the new theoretical and experimental approaches to the diversity—
stability relationship developed within the BEF research agenda from earlier ones:
first, these new approaches have explicitly differentiated, and linked, stability
properties at the population level and at the aggregate community or ecosystem
level; and, second, they have abandoned the traditional assumptions that the
environment is constant and that populations and ecosystems reach an equilibrium in
order to explicitly incorporate population dynamical responses to environmental
fluctuations. As a result, we now have a much better and more complete
understanding of the diversity of diversity—stability relationships that can arise at
different levels of organization and of the mechanisms that generate them (Loreau
and de Mazancourt 2013).

Lastly, because its initial impetus was provided by the societal relevance of the
issues it was addressing, BEF research has also had a strong impact on biodiversity
management and policy. It has done this by reaching out to and attracting applied
ecologists as well as economists and social scientists working on environmental
issues (Naeem et al. 2009). This has allowed the field to spread yet further and
influence policy. In particular, it provided vital scientific knowledge in support of
the ongoing slow but steady shift towards more sustainable practices in agriculture
and forestry, and played an important role in major international assessments such as
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the Millennium Ecosystem Assessment (2005) and the Intergovernmental
science—policy Platform on Biodiversity and Ecosystem Services.

This book bears witness to the extraordinary scientific expansion and progress of
BEF research during the last three decades. It offers a comprehensive synthesis of
current scientific knowledge on both the ecological and societal consequences of
biodiversity loss for a wide audience of upper undergraduate students, postgraduate
students, and academic and research staff. Although no book can perform all roles,
we hope it will provide both an up-to-date overview of the field and serve as a
textbook to support teaching in this area. In this respect, this book differs from
previous books on BEF (Loreau et al. 2002; Naeem et al. 2009), the goal of which
was primarily to provide research syntheses and perspectives.

The book is organized in five parts. The first part provides a general introduction
to biodiversity, ecosystems, and the various concepts that are used throughout the
book. Chapter 1 sets the stage for the book by providing a broad overview of the
major changes in biodiversity that have occurred in the past, that are occurring in the
present, and that are likely to occur in the future. Chapter 2 explains in more detail
what biodiversity is and how it can be measured, which turns out to be a much more
complex issue than most people imagine. Chapter 3 explains what ecosystems are,
how they are shaped by abiotic and biotic factors, how they change over time and
space, how they function, and how they affect and are affected by humans.

The second part of the book reviews the core principles and results of BEF
research, that is, how biodiversity affects ecosystem functioning. As mentioned
above, BEF research played a transformative role in ecology by tightly linking
theory and experiments. The first two chapters in this part reflect this evolution.
Chapter 4 provides the theoretical foundations of BEF research. It explains why
biodiversity tends generally to promote ecosystem functioning from basic niche
theory, and how this prediction can be extended to more complex ecosystems that
have multiple trophic levels and are heterogencous in space and time. Chapter 5
reviews the experimental evidence for how biodiversity affects ecosystem
functioning. It explains why experiments are a vital tool to increase ecological
knowledge, how experiments tested BEF theory and provided insights into
underlying mechanisms, and how they extended classic theory. Chapter 6 shows
how the basic knowledge gained from theory and experiments can be used to design
and interpret observational studies. Ultimately, theory and experiments are useful to
the extent that they help understand the real world. Disentangling the relationships
between multiple dimensions of biodiversity and changing environmental
conditions, management context, and ecosystem functioning, however, poses serious
methodological challenges under natural conditions. Chapter 6 examines the
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benefits, challenges, and results of analyzes observational data, as well as possible
ways in which the design and analysis of observational studies can be improved.

The third part of the book reviews current knowledge on how biodiversity affects
ecosystem stability. As mentioned above, the relationship between the diversity and
stability of ecological systems has been a controversial topic through the history of
ecology. It is remarkable that BEF research was able to provide fresh perspectives
on this topic, and largely resolve the historical debate, in a relatively short time.
Again, the combination of theory and experiments played a key role in this progress.
Therefore, this part adopts the same structure as the previous one. Chapter 7 first
reviews the key theoretical advances that made progress possible. It clarifies the
various meanings of the multifaceted stability concept, shows how its various
components are connected, examines the mechanisms that explain the stabilizing
effect of biodiversity on ecosystem stability, and discusses how diversity—stability
relationships can be scaled up in space. Chapter 8 then provides an in-depth review
of the available experimental evidence for these theoretical predictions. It shows that
experiments have largely confirmed both the main predictions and the mechanisms
identified by the new theory. Lastly, Chapter 9 assesses the balance of evidence
regarding the direction of biodiversity—stability relationships and their underlying
mechanisms in natural ecosystems, based on both observational studies along
natural gradients of biodiversity and global change experiments assessing how
environmental drivers influence temporal stability.

The fourth part of the book addresses some of the social and economic
consequences of BEF research, in particular how biodiversity affects the provision
of ecosystem services to human societies. Chapter 10 reviews the multiple
documented benefits of crop genetic and species diversity in agriculture and forestry
and argues that biodiversity has the potential to support a new green revolution in
managed ecosystems. Chapter 11 examines the linkages between biodiversity and
human health. It shows that the new Anthropocene era is re-organizing the great
ecological and evolutionary game between microbes, hosts, non-hosts, and humans,
leading to new pandemics such as the recent COVID-19 outbreak, and argues that
facing future pandemics will require an acute consciousness that human health is
intimately linked to biodiversity. Chapter 12 provides a roadmap of the economic
valuation of biodiversity and ecosystem services. It seeks to clarify what economic
valuation is (and is not) and provide a brief introduction to the existing methods of
valuation, highlighting their applications and limitations.

The fifth and final part of the book zooms out to provide a global view of the
future of biodiversity in our changing planet. Chapter 13 emphasizes the linkages
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and feedbacks that exist between biodiversity change and climate change — today’s
twin major global environmental crises. It describes how life on Earth responds to
climate change in both terrestrial and aquatic ecosystems, how this response will
affect ecosystem functioning, and how human societies can cope with these twin
environmental crises. Chapter 14 shows how biodiversity and human societies are
inextricably connected by multilayer feedbacks that alter decision-making, impact
agriculture production, influence well-being, alter income groups, and shape
ecosystems. It argues that taking these feedbacks into account is critical to devise
successful biodiversity policies and management strategies. Lastly, Chapter 15
reminds us that protecting and restoring biodiversity is crucial for the sustainability
of ecosystem functioning, stability, and services and discusses the merits and
limitations of two widespread conservation strategies, protected areas and ecological
restoration. It also describes how protecting biodiversity can simultaneously help
protect ecosystem functioning and services and how increasing the levels of
biodiversity in restoration schemes can increase their efficacy.

We hope the content of this book will inspire early-career students and
researchers to further advance this science and apply this knowledge to conserve the
world’s biodiversity and ecosystems.
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