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[-] Abstract and Keywords

This chapter reviews biodiversity science concepts that lead to both definitions and
metrics for tracking change. Beyond its general meaning, the term “biodiversity” is now
common in a wide range of situations, from ecology, through conservation biology, nature
conservation, environmental sciences, and environmental policy. Common approaches to
measuring biodiversity are outlined and its roles, state, and trends described in way that
is relevant for economics. There are many perceptions of what biodiversity includes and
how to measure changes over time and space. It is argued that the starting point for
economic valuation must come from accounting properly for the benefits that flow from
biodiversity. Included are the general categories of intrinsic and extrinsic values,
ecosystem services, heritage, adaptability, and resilience, and relevant components and
metrics of biodiversity for each of these are indicated, and areas where there are
significant gaps in knowledge and information identified.
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3.1 Introduction

A concern for nature and the conservation of the natural world trace back over
centuries, but the term ‘biodiversity’ and some of the concepts it encapsulates are
relatively new, tracing back to discussions in the US in the mid-1980s (Wilson, 1988). The
word is simply a compression of the two-word term ‘biological diversity’, meaning
essentially the variety of life (Reaka-Kudla et al., 1996). Numerous recent analyses have
documented the state of, and trends in, biodiversity, and all conclude that while our
knowledge is far from complete, global biodiversity is spectacular, extensive, and widely
appreciated. To very many people the rich diversity of life on Earth is the defining feature
of our planet. Yet, at the same time, biodiversity is in decline everywhere, largely as a
result of a growing human population and the demands for land and resources that
result. Concern about the loss of biodiversity also has a long history, but in its recent
form traces back to the Convention on Biological Diversity signed in Rio de Janeiro in
1992, from which many concepts in turn have their origins in the Brundtland Report
(1987). Pearce and Moran (1994) examined the economics of biodiversity just after the
Rio conference. They spelled out clearly how failures to capture the economic values of
biodiversity result in economic incentives being stacked against biodiversity conservation
and in favour of activities that deplete biological resources. Since then, the same patterns
have been observed repeatedly and, if anything, matters have deteriorated further.
Biodiversity is not included in economic accounts, because it is a public good, its values
are hard to estimate, and impacts of loss are often dispersed or remote from the causal
processes. In this chapter I review the growing understanding of what biodiversity is and
what it does for people (p.36) and the rest oflife on Earth. I use this to draw some
conclusions about how biodiversity might best be reflected in economic analysis.

3.2 What is Biodiversity?

Beyond its general meaning reflecting the variety of life on Earth, the term ‘biodiversity’
is now common in a wide range of situations, from ecology, through conservation biology,
nature conservation, environmental sciences, and environmental policy. It is used to
mean many different things, usually centred on the variety of species in a location
(DeLong, 1996), but it can mean all of life on Earth or sometimes, more symbolically, it is
perceived to represent wilderness, wild nature, or even natural heritage more broadly,
sometimes even including human history and artefacts (Fischer and Young, 2007). In this
chapter I will outline common approaches to measuring biodiversity, then describe its
roles, state, and trends—and in a way that is relevant for economics. There are many
other comprehensive discussions of the definitions of biodiversity dealing with the range
of theories and concepts involved (Gaston, 1996; Maclaurin and Sterelny, 2008; Faith,
201 3), or with approaches to its measurement (Magurran, 2003).

Biodiversity describes variation among units of life, but the units of biodiversity are
themselves many and varied. They include species, genes, populations, communities,
biomes, and ecosystems. In this list, genetic diversity is the most fundamental unit, but
species richness is used most often. Species are on the whole objective units on which
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evolutionary pressures act, and they share a common genetic history packaged up into
functioning organisms that have evolved, adapted, and interbred in a shared
environment. Species lists are relatively straightforward to compile, and resonate with
public and specialist interest in natural history. In many ways, therefore, species are the
natural units with which to measure biodiversity. Some problems arise because species
concepts are variable and fluid (Hey, 2000), they may not work well for microorganisms
(Fraser et al, 2009), and can lead to lists containing different numbers of species, with
different distributions, depending on the species concepts used (Agapow et al,, 2004;
Mace and Purvis, 2008; Maclaurin and Sterelny, 2008); but in practice species are
practical, biologically meaningful, and widely understood. On its own, however, the
species level is inadequate for biodiversity assessment because other biological
dimensions vary systematically in ways that are important for biodiversity form and
function.

Genetic variation that exists within and between species and populations represents the
raw material for structure, form, and function. It is changes in the genotypes (the genetic
make-up of an organism) resulting from natural (p.37) selection acting on genetic
variation that lead to the variation in phenotypes (the physical characteristics of an
organism) observed in the natural world. Many will argue that the fundamental unit for
biological diversity is therefore genetic variation which further enhances the adaptive
capacity of living systems (Mace and Purvis, 2008). After discounting genetic diversity
shared among species via a common evolutionary history, the entire suite of unique
diversity reflected in a phylogenetic tree is the best representation of the overall
diversity of those elements (species or populations) represented at the end of the
branches of the tree (Vane-Wright et al, 1991). The metric, phylogenetic diversity (Faith,
1992) is a surrogate for disparity or character diversity, and for information content
more generally. Character diversity seems likely to be more important for ecosystem
function than simple species richness, so maximizing the character diversity conserved
has obvious value and can be used for efficient conservation planning.

Populations and communities are significant units below the species level. This is where
ecological and evolutionary processes mostly act. Environmental and species interactions
within populations and communities comprise a rich and complex suite of dynamics which
have a large influence on future abundance and distribution of populations, and hence of
species. These interactions, both biotic (involving other organisms) and abiotic (involving
the physical environment), drive both the functioning of ecosystems and the fate of
species. Some have argued, therefore, that population declines, biomass, and community
change are more responsive measures of biodiversity change than species-level metrics,
have a greater relevance to ecosystem functions and services, and should take
precedence over species extinction rates for monitoring biodiversity change (Hughes et
al, 1997; Balmford et al., 2003).

In practice, any effort at biodiversity measurement is faced with enormous problems due
to gaps and biases in the information available. Probably less than 10 per cent of all the
species on Earth have been described and named, and what is known is strongly biased
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towards vertebrates, terrestrial, and temperate areas. Some of the most numerous and
diverse taxa, such as the invertebrates and fungi, are extremely poorly studied, and
estimates of the total number of species are still very uncertain (Costello et al,, 201 3).

Given the difficulty of identifying, counting, and classifying species, studies are
increasingly replacing taxonomic classifications with analyses based on units that reflect
structural and functional groupings. For example, estimating the abundance of trees
versus crops is relatively straightforward compared with counting all the component
species in an area of forest versus farmland, and can provide a practical means to
measure structural diversity in a landscape and its change over time. Functional groups
of organisms also allow extrapolations to ecosystem functioning—for example, examining
trends in the distribution of decomposers versus consumers, or plants with relatively
large versus small leaf areas, might represent high-turnover (p.38) or high-productivity
areas, respectively. Other functional groupings might represent the habits of different
species and potentially their vulnerability to, or impact upon, people. For example,
without knowing all the species individually, a biological community can be examined to
measure the biomass of predators compared to herbivores, or abundance of species
that are good invaders compared to species that are strong competitors. These kinds of
classifications of biodiversity based on structural and functional traits are gaining
popularity because they are comparatively tractable and allow extrapolations even with
limited data. Moreover, certain trait classifications allow for models and maps to be
developed that are useful for assessing biological community functions (Lavorel and
Garnier, 2002), modelling responses to anthropogenic pressures (Purves et al,, 201 3)
and with Earth system models (Kattge et al, 2011), especially for the interactions
between the biosphere and the climate system (De Deyn et al., 2008). They are also the
norm for assessing the diversity of microorganisms where the usual concepts for
species, populations, and even individuals break down. Increasingly, as the functional
roles of species and ecosystems take on greater significance in arguments for
conservation, traits and functions may start to eclipse the need for comprehensive
identification of species, although on their own such measures may miss important
diversity elements. For example, the definition of traits is often subjective or
idiosyncratic, and trait diversity does not then represent phylogenetic diversity.

Finally, to avoid the difficulties of enumerating species or groups of species, some recent
assessments simply consider the status of geographically defined areas such as biomes,
habitats, or ecosystems. These are all different approaches to classifying distinctive areas
of land or sea, distinguished by the dominant biota as well as the underlying physical
environment and biogeographical history. WWF has defined over 800 ‘ecoregions’
worldwide. It defines an ecoregion as ‘a large unit of land or water containing a
geographically distinct assemblage of species, natural communities, and environmental
conditions’. The ecoregions are mapped and species lists are compiled for them (Olson et
al, 2001), so they provide a practical unit for global analysis of the extent of pressures
and environmental change affecting areas with different amounts of species-level
biodiversity. Each ecoregion is unique, but they are further classified into twenty-six
major habitat types, sometimes called biomes. These describe different areas of the
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world that share similar environmental conditions, habitat structure, and patterns of
biological complexity, and contain similar communities and species adaptations. For
example, two biomes are the Tropical and sub-tropical moist broadleaf forests, and
Deserts and xeric shrublands. Biomes are practical units for assessing broad patterns of
biodiversity change globally (Lindenmayer et al., 2012). Further, in order to represent
the unique fauna and flora of the world’s continents and ocean basins, each major habitat
type is further subdivided (p.39) into seven biogeographic realms (Afrotropical,
Australasia, Indo-Malayan, Nearctic, Neotropical, Oceania, Palearctic). Analyses can then
be undertaken across major biogeographical zones, across major habitat types, or both,
and this approach has been effective for assessing status and trends in poorly studied
groups of plants and animals that would not otherwise be represented, especially non-
vertebrates.

Ecoregion- and biome-based analyses provide information on the composition and
diversity in different areas, but alone these are not enough to inform about biodiversity
processes. Processes are both a cause and consequence of biodiversity in a particular
location. Ecosystems are structured in many ways, reflecting history, process, and
function. On its own, biodiversity is an outcome of physical and biological processes that
have tended over time, and in the absence of major perturbations, to increase diversity.
Ecological and evolutionary processes, playing out on a biogeographical stage, generate
the variety and composition to be found in any one place. In recent times the major agent
of large-scale perturbations has been the growing size, distribution, and impact of people
on the Earth. Recent impacts (over decades to centuries) have resulted in rates of
biodiversity loss orders of magnitude higher than average rates in pre-human times, that
approach rates seen in the most dramatic mass extinctions of the palaeontological past
(Barnosky et al, 2011). However, different components of biodiversity are being lost at
different rates; changing composition and loss of extent and biomass in major biomes are
now much more marked than simple loss of diversity (Pereira et al,, 2012). Modelling
approaches that link patterns in the turnover of biological richness to spatial landscape
units as a means to assess biological change more generally are now being developed and
used, building on the growing availability of species records and tools for spatial mapping
of the landscape (Ferrier et al. 2004). Such approaches provide useful trend information
for both changes in biodiversity pattern and process, though the link to recognizable
biodiversity units is lost.

Different disciplines favour different measures of biodiversity. Ecologists tend to think
about biodiversity in terms of the forms and functions of organisms in a place, especially
in a community or an ecosystem, because it is the structuring of varieties in space and
time that leads to functions and dynamics that they seek to understand. Evolutionary
biologists similarly think about the dynamics, but with an increasing focus on the historical
or inherited variation, and therefore the genetic and phylogenetic attributes.
Conservation biologists are sometimes concerned with function and process, as they
should be, but often also with preservation of species or genetic diversity, seeking
efficient and achievable solutions to the allocation of limited resources. For nature
conservationists and wildlife managers, biodiversity often simply means the maintenance
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of wild habitats and species.

(p.40) 3.3 Measuring Biodiversity

The discussion to date shows that there are very many dimensions of biodiversity (e.g.
composition, function, structure). How then can all this complexity be measured, and
indeed should we aim to measure it all, comprehensively or integrally? Proposals have
been made to measure composition, structure, and function, independently in a nested
hierarchy that incorporates each one at four levels of organization: regional landscape,
community-ecosystem, population-species, and genetic (Noss, 1990). Clearly, the
definition and measurement of biodiversity can then become very complicated, and can
lead to requirements that greatly exceed the limited knowledge base. Even having done
this, it is not clear what the result could be used for; how the different dimensions and
levels should be weighted, and if it is really useful if some iconic or crucial element is lost
entirely but the overall statistic shows little change. The problem of measuring
biodiversity is not one that can be addressed by comprehensive suites of metrics, which
quickly become too complicated, or by a single, composite metric, that attempts to
capture all possible measures of interest. Despite many attempts to develop a composite
measure of biodiversity, the task is doomed to failure. In almost all cases it simply
confounds different metrics that represent different attributes, and the interesting and
important detail is easily lost.

Because it is so impractical to think we could ever enumerate all of these measures,
simple metrics, such as the number of species in a place, are most often used as
indicators of biodiversity, despite their evident inadequacies. Many legal and policy
instruments rely on species lists and other measurable aspects, even though these are
themselves incomplete and unrepresentative. Thus, for example, the primary datasets
reported by national governments tend to rely heavily on bird, butterfly, and flowering
plant species recording that is largely supplied by naturalists and NGOs. Any attempt at
comprehensive species monitoring faces the problem of data gaps and biases, though
new coordinated databases such as the Global Biodiversity Information System (GBIF),
spatial modelling approaches (Ferrier et al, 2004), the emergence of new networks such
as GEOBON (Scholes et al,, 2008), online efforts to integrate datasets (Jetz et al, 2012),
and new sampling approaches (Baillie et al., 2008), mean that progress is now being made
with available data.

It is clear that we need to design biodiversity observation and measurement systems
better (Scholes et al., 201 2), but this still begs the question of what the measures should
be better for. Of course, the most effective approach is to define the questions about
changes in biodiversity first, and then design the monitoring, measurement, and research
that specifically addresses the questions at hand (Green et al, 2005; Mace and Baillie,
2007), but even this apparently focused approach may often lead to a large suite of
metrics. (p.41) Pereira et al. (201 3), for example, suggest five classes of essential
biodiversity variables needed for global monitoring of biodiversity change (genetic
composition, species population abundance and distribution, species traits, community
composition, ecosystem structure and ecosystem function). Each of these may have
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several different metrics, reflecting different places or groups of organisms, over
temporal scales ranging from one year to several decades.

This section has illustrated the complex nature of biodiversity, the many different
perceptions of what it involves, and the problems that arise in determining how to
measure it, especially to assess change. Solutions start to flow more quickly when
addressing a narrower set of issues, or better still, asking specific questions that can then
focus the measurement more narrowly. In the next session I focus on biodiversity as
defined by the UN Convention on Biological Diversity (CBD), and use the CBD’s goals and
targets in 2010 as a basis for defining biodiversity, measuring its trends, and using this
information to assess the consequences of biodiversity decline for people and their
welfare.

3.4 A Widely Used Definition of Biodiversity
The Convention on Biological Diversity, established in 1992, adopted a broad, inclusive,
but biologically based definition that has proven useful for many purposes:

‘Biological diversity’ means the variability among living organisms from all sources
including, inter alia, terrestrial, marine and other aquatic ecosystems and the
ecological complexes of which they are part; this includes diversity within species,
between species and of ecosystems. (CBD, Article 2)

The CBD definition has several features; it makes the point that diversity can be
anywhere in land, sea, or freshwater, that the diversity can be within species (so
including genetic diversity), between species, and above the species level, including
ecological communities. It also includes the diversity of ecosystems. This is a slightly
curious level at which to observe biodiversity because ecosystems come in a very wide
variety of scales and types, ranging from a single small pond to an entire ocean, or a patch
of soil to an entire savannah or prairie. Ecosystems are also recognized to include both
abiotic and biotic components. Biodiversity is a part of an ecosystem, and by this
definition, ecosystems are part of biodiversity. In most usages where the level of
organization above the species has been used it appears as habitats or biomes, usually as
defined in the WWF classification (see earlier), and the variety of these can be catalogued
(p.42) and monitored over time. There are two other features of the CBD definition that
cause confusion. One is that it includes reference to the ‘ecological complexes’ of which
species are part, presumably reflecting the interactions among species and community-
level processes. From an ecological and evolutionary perspective this is important;
ecosystem functions and processes are mostly a consequence of interaction and
dynamics, not simply of the standing stock of organisms and species. Second, the CBD
definition is only about variability. This makes it a diversity-only definition. However, in
many common usages the loss of biodiversity means the loss of area, biomass, or
amount, rather than the loss of variation. Thus, to report that 10 per cent of forest area
was lost could not be used to mean that 10 per cent of forest diversity was lost. Mostly
this means just a loss of area, and although diversity increases with area, the relationship
is allometric—even a large proportional loss of habitat, such as 50 per cent, may leave
more than 90 per cent of species remaining, and for small proportional losses of habitat
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there will be much smaller losses of species. To look at it another way, 50 per cent of
global bird species richness can be captured in just 2.5 per cent of global land area
(Orme et al,, 2005), and the same pattern is evident in many other species groups.

Biodiversity is not the right term to use to reflect the changing state of nature overall,
which is better reported using metrics related to population size, numbers of populations
and habitat extent, instead of diversity (Balmford et al., 2003). Despite these small
difficulties, the CBD definition is widely used and is sufficiently inclusive to cover most
needs. Most significantly, it has led to a series of policy goals and mechanisms developed
by the Parties to the CBD (Table 3.1). The CBD strategic plan for 2011 to 2020 presents a
coordinated set of goals and targets, which aim to embed biodiversity conservation in
wider societal value systems, reduce direct pressures on biodiversity, safequard
species and ecosystems, ensure benefits from biodiversity, and support the provision of
resources. There are some significant challenges in achieving these targets that will
require concerted efforts from both biodiversity scientists and natural resource
economists working together. For example, targets 2, 3, and 4 require reform and
redesign of policies and subsidies in order to ensure sustainable flows of resources while
maintaining the system within safe limits. Targets 7 and 11 call for full accounting of
biodiversity considerations in production sectors, and the secure management of genetic
resources.

The Aichi targets in Table 3.1 present a clear agenda for global efforts to maintain
biodiversity. But there are potential conflicts among targets that will become more
apparent once the good, broad intentions are translated into practical action at and below
country level. At this point it will be necessary to consider in more detail what the roles of
biodiversity are, when and where it matters, and what aspects are more or less easy to
forgo. (p.43)

Table 3.1. Goals and targets agreed b¥ the 10th meeting of the
Parties to the Convention on Biological Diversity

Strategic goal A: Address Target 1: By 2020, people are aware of the values of
the underlying causes of biodiversity and the steps they can take to conserve
biodiversity loss and use it sustainably

Target 2: By 2020, biodiversity values are
integrated into national and local development and
poverty-reduction strategies and planning
processes and national accounts

Target 3: By 2020, incentives, including subsidies,
harmful to biodiversity are eliminated, phased out
or reformed

Target 4: By 2020, governments, business and
stakeholders have plans for sustainable production
and consumption and keep the impacts of resource
use within safe ecological limits
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Strategic goal B: Reduce Target 5: By 2020, the rate of loss of all natural

the direct pressures on habitats, including forests, is at least halved and

biodiversity and promote where feasible brought close to zero, and

sustainable use degradation and fragmentation is significantly
reduced

Target 6: By 2020 all stocks managed and harvested
sustainably, so that overfishing is avoided

Target 7: By 2020 areas under agriculture,
aquaculture and forestry are managed sustainably,
ensuring conservation of biodiversity

Target 8: By 2020, pollution, including from excess
nutrients, has been brought to levels that are not
detrimental to ecosystem function and biodiversity

Target 9: By 2020, invasive alien species and
pathways are identified and prioritized, priority
species are controlled or eradicated, and measures
are in place to manage pathways to prevent their
introduction and establishment

Target 10: By 2015, the multiple anthropogenic
pressures on coral reefs, and other vulnerable
ecosystems impacted by climate change or ocean
acidification are minimized, so as to maintain their
integrity and functioning

Strategic goal C: To Target 11: By 2020, at least 17 per cent of
improve the status of terrestrial and inland water, and 10 per cent of
biodiversity by coastal and marine areas are conserved through

safeguarding ecosystems, systems of protected areas

species and genetic o
pecte: g ! Target 12: By 2020 the extinction of known
diversity . .
threatened species has been prevented and their
conservation status, particularly of those most in
decline, has been improved and sustained

Target 13: By 2020, the genetic diversity of
cultivated plants and farmed and domesticated
animals and of wild relatives is maintained

Strategic goal D: Enhance Target 14: By 2020, ecosystems that provide

the benefits to all from essential services, including services, are restored
biodiversity and ecosystem and safeguarded
services

Target 15: By 2020, ecosystem resilience and the
contribution of biodiversity to carbon stocks has
been enhanced, through conservation and
restoration, including restoration of at least 15 per
cent of degraded ecosystems

Target 16: By 2015, the Nagoya Protocol on Access
and Benefits Sharing is in force and operational
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Strategic goal E: Enhance Target 17: By 2015 each Party has developed,

implementation through adopted as a policy instrument, and has commenced
participatory planning, implementing an effective, participatory and updated
knowledge management, National Biodiversity Strategy and Action Plan

and capacity building (NBSAP)

Target 18: By 2020, the traditional knowledge,
innovations, and practices of indigenous and local
communities and their customary use, are
respected

Target 19: By 2020, knowledge, the science base
and technologies relating to biodiversity, its values,
functioning, status and trends, and the
consequences of its loss, are improved, widely
shared and transferred, and applied

Target 20: By 2020, the mobilization of financial
resources for effectively implementing the Strategic
Plan for Biodiversity 2011-2020 from all sources
should increase substantially

Note: These so-called Aichi targets were agreed by over 180 nations present in
Nagoya, Japan, in October 2010, to represent the Strategic Plan for Biodiversity
2011-2020.

Source: Convention on Biological Diversity, Aichi Biodiversity Targets.

(p.44)

(p.45) 3.5 Why Does Biodiversity Matter?
There are a wide range of answers to this question, which I will summarize here only
very briefly as they are addressed elsewhere more fully (Faith, 201 3).

3.5.1 Extrinsic and intrinsic values

It is useful to consider the values that biodiversity holds for people across a continuum,
from use to non-use values (using the Total Economic Value typology). In addition,
however, it is important to acknowledge that for some people their values lie outside of
this spectrum of extrinsic values, and are intrinsic. Intrinsic value refers to the view held
by many people that the natural world, and therefore biodiversity, merits conservation
for reasons beyond any material benefits or measurable values. According to this view,
the intrinsic value of nature cannot be compared with any other value set, and therefore
proponents of this view not only find valuation unacceptable in principle, but also cannot
countenance comparisons or priority-setting among different components of nature.
Although some people consider that intrinsic values are captured through stated
preferences and option values, this is contested.

Intrinsic value should not be confused with the various kinds of extrinsic, non-use, non-
market values such as option, existence, and bequest values. These are difficult to
estimate but dominate many people’s concerns for the conservation and protection of
biodiversity and ecosystems, and there are various techniques available for obtaining
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relative measures of value, even if these are not very robust and impossible to tension
against monetary values (see Chapter 6 by Atkinson et al.). Use values include
biodiversity contributions to both direct and indirect values. Direct values are provided
by biodiversity that contributes to products and processes such as for food,
pharmaceuticals, and chemicals. Here there is a market, and market values can be
established. Non-use values are provided by various functions and services
underpinned by biodiversity, which include many public goods and assets for which
markets do not exist. Examples include pollination, pest regulation, clean water, and
recreational values. The use/non-use typology has been very influential, but for
biodiversity it has been largely taken over in recent years by the emergence of the
concepts of ecosystem service, and its increasing application in both science and policy
(Millennium Ecosystem Assessment, 2005a).

3.5.2 Ecosystem services

Ecosystem services are the benefits people obtain from ecosystems. As defined by the
Millennium Ecosystem Assessment (2005a), these include provisioning (p.46) services
such as food, water, timber, and fibre; regulating services that control climate, floods,
disease, wastes, and water quality; cultural services that provide recreational, aesthetic,
and spiritual benefits; and supporting services such as soil formation, photosynthesis, and
nutrient cycling. This classification has been revised recently to facilitate economic
valuation. The main changes have been to remove supporting services as a category,
since they are really fundamental ecosystem processes that underpin most other
services, and to separate ecosystem functions and processes from ‘final ecosystem
services’ which provide goods to people. The final ecosystem services are characterized
in the ecosystem, but the goods which have measurable values are in the wider economy
(Fisher et al,, 2008; Bateman et al., 2011).

Biodiversity and ecosystem services are often bracketed together as if they are the same
thing, and there is an interesting history about how the two concepts have co-evolved
over the past twenty years (Lele et al, 201 3). In the Millennium Ecosystem Assessment
(2005b), biodiversity is presented at the core, as one foundation of all ecosystem
services, but it is also described in many places as an ecosystem service itself, and as
being an ‘enabler’ or regulator of ecosystem services (Diaz et al., 2006). At the same
time, existence value and many of the non-use values of biodiversity are represented as
being one significant type of cultural ecosystem service. The literature is further
confused by frequent use of the phrase ‘biodiversity and ecosystem services’, linking the
two together as if they are in some way distinct yet completely linked. None of these
relationships is tenable on its own. Most ecosystem services rely on physical and chemical
inputs as well as biological inputs, and many biological inputs to ecosystem services do
not depend primarily on diversity. Some ecosystem services are enhanced with a
reduction in biodiversity (Cardinale et al,, 201 2)—for example, food production, which is
one of the successes of agricultural intensification. The conservation of diversity will
therefore not necessarily maximize overall ecosystem service delivery, especially over
short time scales.
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Mace et al. (2012) present a typology for the different ways that biodiversity and
ecosystem services are related. Here biodiversity can be (1) a regulator of underpinning
ecosystem processes; (2) a final ecosystem service; or (3) a good that is subject to
valuation. The first of these equates to the role of biodiversity in ecosystem processes
and functions, which is itself an area of continuing active research and debate in ecology
(Cardinale et al.,, 2012). The underpinning roles of biodiversity ecosystem functions and
processes include biodiversity contributions to primary production, decomposition,
nutrient cycling, as well as pollination and disease resistance. These roles are performed
primarily by microorganisms in soil and water, and by invertebrates and plants. The
second role concerns the extent to which diversity is itself of value to final ecosystem
services—for example, in bioprospecting, or for crop and livestock varieties. The third
relates to cultural values that come from wild nature and (p.47) ecosystems—primarily
the enjoyment, inspiration, and aesthetic pleasures that people derive from nature,
including striking diversity in, for example, coral reefs or the tropical rainforests, or from
seeing rare and charismatic species. Interestingly, the types of species and the
biodiversity metrics vary widely among these three levels. While the contribution to
ecosystem processes is largely from plants and microorganisms, and trait diversity
seems to be a key metric, the cultural values are largely from large-bodied, charismatic
birds and mammal species. Here rarity and distinctiveness are important. At the level of
goods, effectively the direct-use values, the fundamental metric is probably genetic
diversity, essentially a source of evolutionary novelty. This three-way distinction is one
way to view the complicated relationship between biodiversity and the benefits people
derive from it. Understanding this has important implications for both conservation and
ecosystem management (Mace et al,, 2012) where different biodiversity components will
have different values.

As already suggested, and as is obvious from brief reflection on landscapes that have
been modified for production or for some regulating services, the diversity of genes,
species, and traits is not always correlated with high ecosystem service delivery. Food
production has been enhanced by breeding selectively for particular strains with low
diversity that can reliably produce high yields. Grasslands managed for flood control have
low diversity of species; coastal dunes rely on a few species that are able to grow
extensive root systems in sand in order to protect the coastal strip from erosion.
However, the same is not true of biodiversity and ecosystem function relationships.
Cardinale et al. (2012) undertook a systematic review of research that has examined how
biodiversity loss influences ecosystem functions, and showed that almost without
exception, biodiversity in terms of genes, species, or trait diversity positively increases
the efficiency with which ecosystems capture and convert energy, and decompose and
recycle organic material. These are the most fundamental aspects of ecosystems, and
ones on which people ultimately depend for energy and nutrients. In addition, again in
most cases studied for biodiversity—ecosystem function relationships, more diversity
enhances stability and resilience. In contrast, a simple meta-analysis across multiple
studies showed that the relationships between biodiversity and ecosystem services are
often not positive, are sometimes mixed, and are often hard to predict. This is partly
because some ecosystem services depend less on biological components in the
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environment, and more on physical and chemical components, and partly because for
some services, efficiency is improved with low diversity. These studies emphasize the
important balance to be achieved between long-term resilience supported in diverse
ecosystems, compared with short-term high production achieved in low-diversity
systems. This is a critical area where agricultural and biodiversity scientists need to work
more closely together.

(p.438)
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Fig. 3.1. Schematic representation of the role of biodiversity in
supporting ecosystem functions and wider societal benefits from
ecosystems

Figure 3.1 is a schematic representation of the way that biodiversity underpins
ecosystem functions and services. It illustrates the tighter relationships between
biodiversity and ecosystem functions which then underpin other services and benefits,
but with increasing moderation by other factors.

Within ecosystems, fundamental processes require biotic inputs, and a positive
relationship affecting biodiversity-to-ecosystem functioning is common. Ecosystem
functions, such as production, nutrient cycling, and decomposition then support
ecosystem services. Ecosystem services generally require other forms of biophysical
inputs, as well as capital inputs for infrastructure and production systems. The
biodiversity—ecosystem service relationship is therefore a little weaker than the
biodiversity-ecosystem function relationship. However, resilience and security are also
increased with higher levels of biodiversity. Ultimately, the core needs of human society,
such as material goods, energy, security, and resilience, are underpinned in a range of
ways by biodiversity, but the significance of other forms of capital inputs increases from
the core areas of the diagram outwards.

There are two other key reasons to care about maintaining biodiversity, both of which
contribute to ecosystem services but which also merit consideration in their own right.
These are the contribution of biodiversity to heritage, adaptability, and resilience, and the
significance of biodiversity in representing the complete genetic library oflife. I turn now
to a discussion of each of these.
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(p-49) 3.5.3 Heritage, adaptability, and resilience

Current pressures from a rapidly growing human population and the intensifying
demands for consumption are placing a huge strain on the world’s landscapes and
seascapes. At the same time, environmental change, including climate change, is resulting
in species and ecosystems facing rates and intensities of change greater than at any time
in their recent history. These natural systems have a range of adaptive mechanisms at
their disposal. Evolution, dispersal, and adaptive radiation have allowed natural
communities to develop, fill new niches, and adapt to challenges in the past. But people
now dominate the Earth, natural habitats are reduced and fragmented, and dispersal
may be a much more limited option than it was in the past due to the loss and
fragmentation of most natural habitats. The raw material for adaptation is genetic
diversity, structured in populations, distributed across species ranges in interactions
with other species and different niche conditions. Without doubt, less diverse populations
and communities will fare worse in the future than more diverse ones. Loss of genetic
diversity at the level of individual organisms, within populations, or across species ranges,
all compromise the potential for adaptation. Loss of entire species represents the loss of
millions of years of adaptive evolution that can never be replaced. The genetic variability
represented in life on Earth is therefore an immense genetic library that forms a source
of resilience, and is our heritage and our responsibility.

It is at this point that the utilitarian needs for biodiversity come face to face with
biodiversity conservation.

3.6 Conservation of Biodiversity

Concern for nature has a long history, but as currently practised became common in the
twentieth and twenty-first centuries. The term conservation, as opposed to preservation,
is quite recent, becoming established only in the past fifty years or so. Preservation was
characteristic of colonial regimes and implied stasis, whereas conservation implies rational
use (Adams, 2009). The differences between rational use and more preservationist
concerns have remained in tension ever since—for example, in the debate between those
who argue that conservation is most effectively based on the sustainable use of
resources and those who argue for preservation, and between those who argue on
behalf of conservation versus those who favour rural poverty alleviation.

The driving concern for conservation is usually expressed in terms ofloss of species, but
as discussed earlier, defining metrics is far from simple, and information is sparse and
disorganized. Most commonly, organizations and (p.30) governments use measures
based on information that is available, and this is often a poor sample of what exists. Until
very recently, available information for conservation assessments was dominated by
species lists, most often concentrating on the vertebrates, especially birds and mammals,
but sometimes including butterflies, trees, or well-studied groups of flowering plants.
This is very far from a comprehensive sample of all biodiversity. These groups
themselves comprise much less than 10 per cent of described species, and little more
than 1 per cent of the total. More recently the availability of remotely sensed information
and the compilation of shared species data has led to burgeoning information on biomes,
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land use, and major habitat types, that generally complement species lists (Butchart et al,,
2010).These data are useful at large scales for overviews and syntheses of status and
trends, but more local information appropriate to conservation planning on the ground
remains patchy and incomplete, with an unhelpful bias towards better information in the
least diverse areas (Collen et al., 2008).

Recent assessments have also emphasized the distinction to be drawn between
biodiversity loss (generally species extinction, but some loss of genetic variation as local
populations lose range extent and abundance) and biodiversity alteration (changes in
abundance and community structure, range shifts) (Pereira et al,, 2012).
Conservationists are concerned about biodiversity alteration because a range shift can
be alocal extinction, and community-level changes can have consequences for ecosystem
stability and function. Biodiversity alteration is reversible (at least to a degree), while
biodiversity loss (with current conservation interventions at least) is not; in principle
habitats can be restored and local species populations recovered, while species extinction
is for ever. To date, biodiversity alteration has been far more significant than biodiversity
loss, especially at the species level, but future projections lead to the conclusion that
rates of loss must increase (Pereira et al, 2010).

Conservationists often talk about the importance of conserving not only species and
ecosystems, but also the evolutionary processes that formed them. This objective to
retain the potential for species to respond to natural selection through evolution is likely
to become more significant in future as environments and their pressures change at ever
increasing rates and intensities. Conservation is therefore not simply aiming to retain all
current species as if they were books in a library, but is seeking to maintain the elements
from genetics, environment, and natural selection that will allow future species to persist
and diversify, or analogously for new books to be written. Thus, conservation planning
requires networks of interacting populations preserved in a coherent set of sites where
habitat protection and species conservation are a primary goal of management.

Conservation plans directed at species or at habitats, and habitat conservation are most
effectively pursued through protected areas. The World Commission on Protected Areas
(WCPA) defines ‘protected area’ as:

(p.51) aclearly defined geographical space, recognised, dedicated and managed,
through legal or other effective means, to achieve the long-term conservation of
nature with associated ecosystem services and cultural values. (Dudley, 2008, pp.
8-9)

Protected areas need to be well managed to be effectively conserved, and protected
area systems need to be distributed across the full range of ecosystems—terrestrial,
freshwater, and marine—to be fully representative. However, protected areas can
become isolated and, once surrounded by other forms of land use (a forest surrounded
by agriculture, for example), they will lose species. Greater isolation leads to increasing
rates of degradation (Boakes et al., 2010), and reserves are increasingly becoming
isolated in a matrix of intensively managed land (DeFries et al., 2005). These kinds of
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concern have been matched by developments in the field of ‘landscape ecology’ and a
growing literature on the possibility of creating connections between ecosystem
fragments, along which species might move easily, developing further the ecology of
linked or ‘meta’ populations. There is increasing interest in the idea that conservation
should be pursued through sets of protected areas managed as part of ecological
networks in landscape-scale conservation.

Though there is no single agreement on what it means to conserve a species—other than
to keep it from becoming extinct—recent work has proposed six attributes of a
successfully conserved species. The species should be: (1) demographically and
ecologically self-sustaining; (2) genetically robust; (3) have healthy populations; (4) have
populations distributed over the full ecological gradient of the historical range; (5) have
more than one population in each of these ecological settings; and (6) be resilient to
environmental change (Redford et al,, 201 1). This list might be regarded as the
successful endpoint of species conservation, and is clearly far more than simply ensuring
the survival of those species outside threatened species lists, such as those maintained
by the IUCN and recorded in Red Lists.

A recent trend in conservation is to move from policies that are geared to the avoidance
of undesirable outcomes (e.g. species extinction) towards plans with positive goals
reflected in systematic conservation planning (Margules and Pressey, 2000), and to
integrate these into wider goals for management of natural resources on land and in the
sea. Thus, the CBD targets for 2020 (Table 3.1), for example, include species and habitat
conservation (Targets 11 and 12) within a broader framework for the overall
maintenance of biodiversity for the benefit of people and all of life on Earth.

3.7 Conclusions

Biodiversity is not a simple concept. It embraces not only a wide range of biological
attributes and functions, but it also means different things to (p.52) different people,
and its value is almost always going to be context-dependent. If economics is the science
that analyses the production, distribution, and consumption of goods and services upon
which wealth and welfare depends, then it will be necessary to disaggregate the
components of biodiversity that influence and are influenced by people’s wealth and
welfare.

If biodiversity is going to be successfully conserved for the benefit of people and of all life
on Earth, then its value must be fully incorporated into decision-making. Having no value,
or holding arbitrary values, cannot support decision-making that will break the loop
whereby economic forces continue to drive the extinction and loss of biodiversity, even
though it is clear that it has value and is valued. The starting point for economic valuation
must come from accounting properly for the benefits that flow from biodiversity. I listed
these earlier in the general categories of intrinsic and extrinsic values, ecosystem
services, heritage, adaptability, and resilience. These are overlapping categories, but
different kinds of classifications are appropriate to different contexts. For example, for
land-use planning and for achieving the successful integration of biodiversity conservation
into the production sectors, then an approach based around the valuation of ecosystem
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services is useful (Bateman et al., 2011) as long as longer-term considerations are not
neglected. This is appropriate for near-term decision-making, but longer-term
considerations for adaptability and resilience depend more on adequate stocks of
different biodiversity components, including genetic, community, and ecosystem
features. Natural capital accounting and inclusive wealth measures may then be relevant
(Dasgupta, 2010) though there remain many uncertainties about thresholds and limits in
these systems (Scheffer and Carpenter, 2003; Barnosky et al,, 2012). Conservation,
recreation, and cultural values tend to be dominated by a subset of species and habitats;
rational and efficient conservation planning at national and international level should be
able to incorporate both pattern and process if well designed (Pressey et al, 2007).

Identifying the important endpoints from biodiversity for well-being, resilience and
adaptability will simplify and focus the identification of the relevant metrics, provide means
for more accurate valuation, and should, in time, support the conservation of biodiversity
in all its important forms and functions.
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