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“Nature’s contributions to people” (NCP) is an important expansion beyond the
standard ecosystem services framework, particularly as a pathway to better address
global/regional biodiversity values. NCP18, “maintenance of options,” refers broadly to
the capacity of ecosystems, habitats, species, or genotypes to keep options open
to support a good quality of life. “Biodiversity,” interpreted as living variation, is an
important, but under-appreciated, aspect of “maintenance of options.” IPBES refers to
“the “option values of biodiversity,” that is, the value of maintaining living variation in order
to provide possible future uses and benefits.” IPBES assessments include biodiversity
option value, and use phylogenetic diversity (PD) as an indicator of change in status
of NCP18. At the same time, IPBES notes the need for greater appreciation of option
values of biodiversity. Popular ecosystem services framings forget the long history of
consideration of these global benefits of biotic diversity to humanity, and their normative
links. Popular ecological definitions mean that many current valuations of “biodiversity”
neglect the benefits of biodiversity-as-variety. Economic valuations of “biodiversity”
typically have focused on ecosystem aspects, not variety; related ecosystems framings
value “biodiversity” with a focus on those critical elements relating to functioning of
ecosystems. Greater appreciation of biodiversity option value and NCP18 may depend
on clearer messaging from academia, better highlighting of the link between biodiversity
and intergenerational justice, and greater communication of stories of past surprising
discoveries of benefits from species that highlight biodiversity as an ongoing source
of future benefits. An important pathway for better appreciation of insurance and
investment benefits of variety is to understand and communicate the reasons why we
value these benefits from variety. Biodiversity-as-variety is valued because we care about
the welfare of future generations.

Keywords: biodiversity, phylogenetic diversity, IPBES, option value, value, maintenance of options, nature’s
contributions to people

INTRODUCTION

The term “Nature’s contributions to people” (NCP) refers to all the positive and negative
contributions of living nature to people’s good quality of life (Díaz et al., 2018). This broad
NCP framing has been used extensively in the Intergovernmental Platform for Biodiversity and
Ecosystem Services (IPBES) Regional and Global assessments, and NCP is the basis for a major
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goal of the Convention on Biological Diversity (CBD) post-2020
framework1. The urgent need to maintain NCP prompted the
IPBES Global assessment to call for “transformative change” - a
fundamental reorganization across technological, economic, and
social factors, including values, as needed to achieve goals for
conserving and sustainably using nature (IPBES, 2019).

This article is a contribution to a Frontiers research topic,
examining how transformative change supporting nature’s
contributions to people can build on valuation, increased
awareness, and concrete actions. The goal of this article is to
explore these themes for one of the most challenging of the NCP,
“Maintenance of options” (“NCP18”). While progress has been
made in recognizing this NCP and its link to biodiversity option
value, here I hope to provide further progress by suggesting
some under-explored potential pathways to address the current
limitations in its appreciation.

The 18 different NCP categories cover many aspects of
“nature” and many ways to think about its “contributions” (Díaz
et al., 2018). This article will focus specifically on “biodiversity” –
interpreted, following early historical discussions of biotic
diversity and its value (see Faith, 2017a, 2021), as living variation
at multiple levels. Linking the term “biodiversity” specifically to
variety allows a critical focus here on challenges of valuation,
appreciation, and actions in this fundamental context – and how
this may contribute to transformative change.

This perspective is relevant to the CBD Vision to better
appreciate the value of biodiversity and to halt its loss. This
reference to biodiversity “loss” acknowledges the biodiversity
crisis and loss of living variation. The CBD post-2020
global biodiversity framework “sets out an ambitious plan to
implement broad-based action to bring about a transformation in
society’s relationship with biodiversity . . .” (CBD/WG2020/2/3).
Importantly, the CBD post-2020 framework includes an
explicit goal to maintain Nature’s Contributions to People (see
text footnote 1).

Among the 18 NCP, one stands out as particularly relevant
to the contribution to people arising from biodiversity-as-
variety. “Maintenance of options” (“NCP18”) is described (Díaz
et al., 2018) as the “Capacity of ecosystems, habitats, species
or genotypes to keep options open in order to support a good
quality of life.” This may include contributions both from
individual elements and from variety itself. IPBES assessments
have referred to “Maintenance of options” as capturing a
fundamental benefit/value related to biodiversity-as-variety. The
IPBES conceptual framework (Díaz et al., 2015) refers to this
as: “The “option values of biodiversity,” that is, the value of
maintaining living variation in order to provide possible future
uses and benefits” (for review, see Faith, 2017a, 2021). I note that
early work, summarized in IUCN (1980), highlighted two values
of variety that link to maintenance of options, called “insurance
and investment.” Biodiversity option value – the focus of this
article – is a kind of investment value, while insurance value
relates more to the way in which variety serves in responding
to environmental changes (for reviews, see Bartkowski, 2017;
Faith, 2017a, 2021).

1https://www.cbd.int

Several IPBES assessments have discussed biodiversity option
value under NCP18 (IPBES, 2018b). The IPBES Asia Pacific
Regional Assessment (“AP”) concluded:

“The NCP “Maintenance of options” (NCP18) accords well with
the IPBES Conceptual Framework listing of anthropocentric values
including “the option values of biodiversity as a reservoir of yet-
to-be discovered uses from known and still unknown species and
biological processes” (Díaz et al., 2015). Because these benefits are
typically global, they are distinguished from others within-ecosystem
benefits. . .. NCP18 refers to “Benefits (including those of future
generations) associated with the continued existence of a wide
variety of species, populations and genotypes.” “Wide variety” is
another way of saying “biodiversity.” Thus, this statement echoes
early discussions that identified biodiversity itself as providing a
benefit corresponding to maintenance of options”

Significantly, this assessment found support for biodiversity
option value in early discussions of “biotic diversity,” which
preceded the actual coining of term “biodiversity” around 1985
(for reviews, see Mazur and Lee, 1993; Faith, 2017a). For example,
Haskins (1974) summarized a meeting where participants called
for “an Ethic of Biotic Diversity in which such diversity is
viewed as a value in itself and is tied in with the survival and
fitness of the human race.” Haskins linked this to biodiversity
option value: “Plants and animals that may now be regarded as
dispensable may 1 day emerge as valuable resources.” Thus, his
phrase “value in itself ” was not a reference to intrinsic value
but to the idea that variety “in itself ” is valuable to people.
Myers (1976) similarly argued that “loss of species will affect
generations into the indefinite future, whose options to utilize
species in ways yet undetermined should be kept open.” IUCN
(1980) summarized such foundational discussions: “we may learn
that many species that seem dispensable are capable of providing
important products, such as pharmaceuticals. . .”

The IPBES regional assessment report for Europe and Central
Asia (“ECA”; IPBES, 2018c) and the IPBES Global Assessment
(IPBES, 2019) also discussed biodiversity option value under
NCP18, and these assessments adopted an informative measure
of biodiversity in this context, called “phylogenetic diversity
(PD)” (Faith, 1992). The ECA concluded “The maintenance
of options is a contribution that depends on the existence of
biodiversity, and its status and trends are reflected by those of
biodiversity measures, including PD.”

While any measure of biodiversity as variety can be linked
to biodiversity option value (Faith, 2017a), “phylogeny” (the
evolutionary “tree of life”) is naturally informative about the
variety of evolutionary features that may prove beneficial in the
future. Phylogenetic diversity is a form of biodiversity, because it
indicates the variety of units (broadly, the full range of different
evolutionary features of a nominated set of species; Faith, 1992).
Technically, PD is quantified as the sum of phylogenetic “branch
lengths” (typically measured in millions of years) spanning a
set of species. PD is a useful indicator of biodiversity option
value because the corresponding feature diversity (including
features not currently known) preserves the possibility of future
surprising benefits (Faith, 1992). An example study documented
how three different traditional cultures (in Nepal, New Zealand,
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and Cape of South Africa) independently have used the same
plant medicinal property – a feature that evolved in the shared
ancestor of the three different plant species found in the three
different regions (Saslis-Lagoudakis et al., 2012). The sharing of
the same useful medicinal evolutionary feature among distant
peoples illustrates how a feature from the tree of life may be a
global public good (see Rands et al., 2010).

The IPBES definition of “biodiversity”2 reflects this idea of
phylogeny and feature diversity, in referring to the variety
of phylogenetic “attributes”: “The variability among living
organisms from all sources . . . This includes variation in
genetic, phenotypic, phylogenetic, and functional attributes. . ..”
The IPBES Global assessment reported estimated expected
PD losses, over multiple taxonomic groups, as an indicator
of the changing status of this biodiversity option value
aspect of maintenance of options. This indicated a decline
in NCP18, as part of the reporting of global trends in
the capacity of nature to sustain contributions to good
quality of life from 1970 to the present (Figure 1 in Díaz
et al., 2019a). Key message 3 of the assessment concluded:
“. . .. some contributions of nature are irreplaceable (well
established). Loss of diversity, such as phylogenetic and
functional diversity, can permanently reduce future options . . .”
This IPBES PD indicator (Faith et al., 2018) also has been
proposed for the CBD post-2020 global biodiversity framework
(CBD/SBSTTA/24/3Add.1) as an indicator to monitor progress
in addressing biodiversity option value aspects of NCP18,
within the broader CBD goal to value and conserve nature’s
contributions to people.

Significantly, the IPBES assessments also noted limitations in
the appreciation of these values. The ECA concluded “Society’s
appreciation of maintenance of options is only moderate, as
indicated by previous assessments of Europe and Central Asia, and
by the recent call for greater appreciation of maintenance of options
from conservation NGOs” (see Gascon et al., 2015; Faith, 2017a).

The AP discussed these challenges, noting that the Biodiversity
Barometer (2015) report for Asia-Pacific countries found that,

“respondents from these countries had low scores when asked to
define “biodiversity” demonstrating their lack of understanding
that it means “living variation.” Understanding the definition
is foundational for a community appreciation of the idea that
biodiversity provides maintenance of options. The shift in focus
by IPBES from “ecosystem services” to NCP helps to overcome the
neglect of the typically global-scale option values of biodiversity.”

This echoes the argument (IPBES, 2018a) that,
“It has to be recognized that the concept of “nature’s

contributions to people” has evolved in a context where
challenges related to the loss of biodiversity are addressed and
assessed on global and regional levels. The implications of this
widening from the ecosystem service framework . . . is largely an
issue that remains to be explored.”

This background sets the stage for the following two sections
of this article. First, I discuss the challenges in increasing
appreciation of biodiversity and NCP18. Then, I consider

2https://ipbes.net/glossary/biodiversity

possible pathways to increase awareness of the value of the
biodiversity option value aspect of NCP18.

CHALLENGES

Biodiversity option value, as a benefit and value of variety, has
strong roots in early historical arguments about biotic diversity
(Faith, 2021). Given this history, we might expect greater current
appreciation of this core value of variety. Bartkowski (2019)
argues that, in reality, discussions of values of “biodiversity”
typically have focused on individual elements, with the less-
attention to the actual values of variety itself, including both
option and insurance values (for review, see Faith, 2017a, 2021).

The IPBES assessments suggest that distinctions between
ecosystem services and NCP framings may help to explain this
neglect. Ecosystems provide many services to people (clean
water, etc.), and these benefits naturally suggest one case
for conservation of “biodiversity”. The ecosystems framing
adopts the perspective that “biodiversity” is the basis for these
important ecological functions and services. This gains support
through ecological diversity definitions of “biodiversity” –
thus, linking, by definition, to ecological factors that are
important for ecosystem services (see Faith, 2017a, 2018). For
example, the Routledge Handbook of Ecosystem Services says:
“Biodiversity broadly encompasses the number, abundances,
functional variety, spatial distribution, and interactions of
genotypes, species, populations, communities, and ecosystems”
(Balvanera et al., 2016). This inclusion of many aspects of
ecology may distract from the core idea of biodiversity as variety
(Faith, 2017a).

Such ecological definitions in turn are reflected in the
statements about value and valuation of biodiversity (including
PD), implying less emphasis on the global scale option value
provided by variety of species or other elements. For example,
the Encyclopedia of Biodiversity chapter on “The Value of
Biodiversity” (Dasgupta et al., 2013), claims that: “The value of
biodiversity derives from the value of the final goods and services
it produces. To estimate this value, one needs to understand
the “production functions’ that link biodiversity, ecosystem
functions, ecosystem services, and the goods and services that
enter into final demand.”

The within-ecosystems focus, and neglect of global
biodiversity option value, sometimes has been supported by
an historical accounting, in which “biodiversity” was all about
intrinsic value until the ecosystem services framing forged links
to anthropocentric values (for discussion, see Faith, 2017a, 2018).
For example, Reyers et al. (2012) envision improved biodiversity
conservation: “. . ..by adopting the concept of ecosystem services
and by arguing that the conservation of biodiversity matters
not only because of its intrinsic value but because it is essential
for human well-being”. Thus, a lack of appreciation of the
long-standing arguments for global biodiversity option value
makes it appear that ecosystem services is the only basis for
anthropocentric values of biodiversity.

A risk in focusing on local ecosystem values of different
elements or aspects of ecosystems (all called values of
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“biodiversity”) is that we lose track of the value of variety
at the global scale. For example, Pascual (2020) constructively
focused on integrating diverse values of different people, by
considering the many different values for what he called “aspects”
of biodiversity. This strategy broadly captures local values of
aspects of nature, but may neglect the value of global biodiversity
as variety. Owen et al. (2019) present an analysis illustrating
how a conservation focus on functional traits and services within
ecosystems could lead to the global loss of PD and its option
values. A challenge is to recognize that there are costs and trade-
offs among competing local to global conservation goals, and that
this requires planning that integrates global option value with
other goals (Pollock et al., 2017).

Conservation for global biodiversity option value requires
that it be “on the table” along with other goals. Faith (2017b)
reviewed case studies in which an ecosystem focus and
neglect of global biodiversity option values determined
corresponding limitations of conservation actions (e.g., regional
planning). Faith contrasted these with early planning case
studies that successfully integrated more localized (ecosystem
and other) values with global biodiversity option value.
The IPBES assessments, and other discussions of NCP,
call for similar integrated broad recognition of multiple
benefits/values of nature as part of transformational change.
Transformational change supporting such integrated planning
would benefit greatly from increased appreciation of the
biodiversity option value associated with NCP18. In the next
section, I sketch three potential pathways that might increase
such appreciation.

PATHWAYS

Clearer Messaging From Academia Can
Produce Clearer Messages for
Decision-Makers
Some popular presentations of NCP obscure important aspects
of NCP18. For example, Peterson et al.’s (2018) critique of
NCP referred to “maintenance of options,” as “the capacity
of ecosystems to keep options open in order to support a
good quality of life” (Díaz et al., 2018: SM).” Peterson et al.
(2018) misquoted the Díaz et al., description of “Maintenance
of options” as the “Capacity of ecosystems, habitats, species or
genotypes to keep options open.” The misrepresentation gives
the impression that the maintenance of options is only about
how ecosystems support human-well-being (for discussion, see
Faith, 2018).

The influential Global Biodiversity Outlook 5 (Secretariat of
the Convention on Biological Diversity, 2020) imposes a similar
equation of NCP with ecosystem services: “most ecosystem
services (nature’s contributions to people) are in decline.”
Further, the report misrepresents the key Figure 1 legend of the
IPBES Global SPM (“Global trends in the capacity of nature. . .”)
as “Global trends. . . in the capacity of ecosystems. . .” This
misrepresentation under-mines appreciation that the capacity of
the global tree of life phylogenetic diversity is a contribution

that spans many locations/ecosystems in providing the global
biodiversity option value of NCP18.

A major review (Kadykalo et al., 2019) compared ecosystem
services and NCP framings, concluding that “the generalizing
perspective of the NCP framework provides no great addition
beyond what has already been done in terms of classification in
ES research.” This appears to reflect a conventional ecosystem-
services-based interpretation of “biodiversity.” The first phrase
of their article is: “People depend on functioning ecosystems. . .”
and they refer to “living systems (i.e., biodiversity in its broadest
sense)”. Kadykalo et al. (2019) did not discuss the existing
conceptual issues about the option value of biodiversity-as-
variety (Faith, 2018), under their discussion of “Conceptual
Claims which distinguish NCP from ES.”

Greater awareness, and appreciation, of biodiversity option
value will benefit from clearer consistent presentation of NCP,
including discussion of the contributions to people from
global biodiversity.

Intergenerational Justice Considerations
Increase Appreciation of Biodiversity
Option Value
Díaz et al. (2019b) noted a relevant leveraging point for enabling
transformative change: “unleashing existing, widely held values
of responsibility to effect new social norms for sustainability.” A
sense of responsibility to future generations is widely held, and
this may help effect a social norm about preserving biodiversity’s
maintenance of options. The early discussions of the value of
biotic diversity critically linked to ideas about ethics, and justice
for future generations (reviewed in Faith, 2017a, 2021), and this
supported appreciation of biodiversity option value. Building on
these early discussions, the Brundtland Report’s (WCED, 1987)
discussion of “sustainable development” stated a requirement:
“The loss of plant and animal species can greatly limit the options
of future generations; so sustainable development requires the
conservation of plant and animal species.” That requirement
indicates a normative obligation with regard to our relationships
with future generations.

Similarly, Schroeder and Pisupati (2010) argued that the
core objective of the Convention on Biological Diversity, the
conservation of biodiversity, is about attaining intergenerational
justice. They concluded that “to deplete the planet of essential
resources and leave to future generations a world which severely
limits their options, is unjust.” This argument highlights how
biodiversity has a current value to society because we care about
the welfare of future generations.

These normative justifications for biodiversity option value
accord with Chan and Satterfield (2020) arguments that:
“policymakers should think of values as not only the outputs
of valuation, but also the preferences, principles and virtues
that people have about relationships involving nature (relational
values, Chan et al., 2016).”

Faith (2017a) links biodiversity’s maintenance of options to
a kind of relational value, relating the present generation to
future generations: “the best argument for what we call the
option value of biodiversity is that we see many currently
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beneficial units, and maintaining a large number of units
(biodiversity) for the future will help maintain a steady flow of
such beneficial units. . . Biodiversity option value therefore links
“variation” and “value”: providing a fundamental relational value
of biodiversity reflecting our degree of concern about benefits for
future generations.”

This perspective may overcome the miss-perception that
NCP18, maintenance of options, does not enter into assessments
of current well-being, because all the benefits are in the future.
For example, Brauman et al. (2020), in their assessment of
links between NCP and well-being, argue “We do not provide
results across the types of contribution for habitat creation and
maintenance of options; their influence on quality of life is felt
through their role supporting other contributions of nature.” In
contrast, the idea that there is a relational value of biodiversity,
reflecting our degree of concern about benefits for future
generations, opens the door to appreciating the maintenance of
options provided by biodiversity as a contributor to our current
quality of life.

Stories About Surprising Discoveries
Increased awareness and appreciation of maintenance of options
can build on our awareness of many currently beneficial
species. This promotes an appreciation that retaining biodiversity
for the future will help maintain the ongoing discovery
of such benefits. Chan and Satterfield (2020) suggest that
“we need to focus more on stories. quotes, images and
videos that viscerally express value, and more directly engage
audiences.” Greater appreciation of biodiversity option value
therefore may be found in stories about surprising discoveries
of useful species.

IPBES assessments not only reported expected loss of PD
(Faith et al., 2018), but also provided some recent stories,
in each region, about recent surprising discoveries of benefits
from the tree of life. The IPBES ECA concluded: “Phylogenetic
diversity (Faith, 1992) over multiple taxonomic groups is
also an informative metric of the capacity of biodiversity to
deliver maintenance of options . . .. . .. The appreciation for this
contribution from nature to people is also found in the greater
awareness of recent unanticipated benefits from biodiversity.. . .”
The ECA stories included the “un-expected global benefit”
emerging from the discovery that a moth caterpillar can eat
through plastic (Bombelli et al., 2017). Another story reported
“the recent published role of golden jackals (C. aureus), long
regarded as a pest, as a remover of domestic animal carcasses”.
Similarly, the IPBES AP reported the recent discovery that the
venom of the Australian funnel web spider (Hadronyche infensa)

is the unlikely source for a drug to ward off brain damage
caused by strokes.

The ECA concluded that “The appreciation and value of this
contribution from nature to people can also be estimated through
the ongoing reporting of surprising discoveries in the popular
press. For example, the golden jackals’ example was widely
communicated through a New Scientist article. Such examples
can reinforce people’s relational value, linking biodiversity to
future generations’ quality of life. . ..”

While such stories were seen as important, the IPBES
assessments found that, for a given region, there was no clear
source of such stories of recent discoveries of benefits. A growing
collection of such examples would boost awareness of option
value of biodiversity. Further, such collections, for different
taxonomic groups, may allow a way to test the link between
PD and biodiversity option value. For example, Forest et al.
(2007) used a compendium listing all the known human uses
of flowering plants in South Africa’s Cape Floristic Region, and
asked ‘if we did not know these uses, would maintaining the
PD of this group have been a good strategy for keeping options
open to find these uses?’ The study found that conservation of
PD significantly maintained the opportunity to discover these
future benefits.

The Forest et al. (2007) study suggests that appreciation of
biodiversity (PD) option value will continue to be found through
two kinds of phylogenetic observations. First, we see that already-
known uses/benefits that are shared by species typically reflect the
species’ shared ancestry – the shared feature can be explained by
shared ancestry (as in the plants example above). Second, we see
that surprising benefits continue to be found throughout the tree
of life. It is this PD that ensures possible future benefits. These
observations in combination can help to appreciate the core of
biodiversity option value – it is not about already-known uses (we
can target those species directly); it is about how variety maintains
the prospect of surprising new uses.

I conclude that, within NCP18, biodiversity’s maintenance
of options can help motivate the needed transformative change
to conserve global biodiversity. That role is based on a greater
appreciation of the core idea that variety itself has value,
and that we are ethically obliged to preserve this variety for
future generations.
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