
Chapter 2

Sciences of Biodiversity Conservation

Chapter 1 noted how the term “biodiversity” was actively promoted by scientists with an
explicit agenda of influencing public policy towards the designation of extensive resources for
conservation, especially through the designation of large segments of land and seascapes as
protected areas. In order to sell this project to donors and, especially, the body politic that
would have to acquiesce in such resource allocation, they needed some specificity about what
biodiversity is. Even though the discussion of the last chapter shows that many proponents of
biodiversity conservation among scientists recognized the normative aspect of that concept,
in practice, much of the rhetoric promoting its conservation relied on the authority of science
to impress and influence the wider public.

Consequently, attempts to define biodiversity formed part of multiple programs to create
a science for its conservation. In a sense all of these programs are part of conservation
biology. Nevertheless, three distinct programs have emerged which differ as to how they
approach the normative aspect of biodiversity. These three are the original “conservation
biology” of the 1980s, its recent competitior, “conservation science” as promoted in North
America in the 2010s, and “systematic conservation planning” which originally emerged
in Australia in the 1990s. These three development will be discussed next, folowed by a
discusion of the scientific attempts to define biodiversity (which they use). The chapter will
end with a reconstruction of the recent acrimonious debate between conservation biology
and conservation science. The deep divergence between the values embedded in these two
programs underscore a major theme of this book, that the concept of biodiversity must only
be understood in the context of the norms that guide its conservation.
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2.1. Conservation Biology.

Chapter 1 discussed the emergence and institutionalization of conservation biology as a dis-
cipline in North America in the late 1980s. Its “postulates” as explicated by Soulé (1985)
in his manifesto provide the foundation for one of the three programs for a science of bio-
diversity conservation that are being distinguished. But, before we begin analyzing Soulé’s
manifesto, we should note how unusual it is. Biologists do not typically work by formulating
“postulates” for disciples; several commentators have previously noted the self-confidence,
perhaps even self-indulgence, of these early conservation biologists (Takacs 1996; Guha 1997;
Sarkar 1998b, 2005).

The Functional Postulates

Soulé distinguished between “functional” and “normative” postulates; by “functional” he
means empirical or scientific postulates, factual claims about the world that do not have
explicit normative component. His postulates are listed in Table 2.1. Postulates of this
kind may play a variety of possible roles. One possible role is that they reflect the deepest
assumptions of a science. Another possible role is that they are axioms that have certain
desirable logical properties, for instance, that they are the smallest number of logically
independent claims from which all claims of the filed can be derived. Soulé seems to have
pretensions of some such logical virtue insofar he derives “corrolaries” from the axioms, an
exercise akin to Euclid’s strategy in his Geometry but with very few, if any, precedents in
biology. His axioms do not live up to such high expectations: the scope of the second, about
all ecological processes subsumes that of the third, about genetic and ecological processes.

Postulates are presumably also supposed to be true: it is unlikely that Soulé’s third
satisfies that requirement. He claims that all ecological processes have lower and upper
thresholds below and above which they become discontinuous, chaotic, or suspended. Take
population growth modeled as a continuous process: is there a single model in which there
is such an upper and lower threshold? Soulé does not provide any example or any other
reason to support his grandiose generalization. The same can be said of nutrient flows in
ecosystems. There does not appear to be a single example of an ecological process that has
both a lower and an upper threshold—but this is an empirical claim open to correction.
Soulé discussion of an example of appeal to convenient ecological intuition with no attention
to data, a scientifically illegitimate epistemological strategy for which conservation biology
would soon come to be severely criticized.

Perhaps the most sympathetic interpretation of Soué’s postulates is that they were sup-
pose to capture ecological claims that were important for the design of conservation biology
but were not recognized at he the time by most ecologists and others concerned with con-
servation. The corrolaries then draw out those consequences which were supposed to me
the ones most pertinent to conservation. The potentially inaccurate claims (e.g., the second
and third axioms) do not help here. Turning to the first, is it true that ecologists interested
in conservation in the 1980s required it to be pointed out to them that organisms interact
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with each other and, consequently, coevolve? There is some ground for skepticism but this
remains an empirical issue to be decided by sociological evidence.

From the present perspective, the fourth functional postulate is the most relevant because
it is the only one that explicitly touches what biodiversity is supposed to be.14 Though he
does not make this explicit, Soulé seems to endorse pluralism about the units of biodiversity
discussed in the last chapter. But the formulation of the postulate introduces a theme
that would remain constant in Soulé’s future views, an infatuation with large animals, most
notably, carnivores. His argument for this in the manifesto is astonishing for the proliferation
of confused biology. Small reserves for large animals is supposed to prevent speciation:

“speciation . . . will not operate for rare or large organisms in nature reserves
because reserves are always nearly too small to keep large and rare organisms
isolated within them for long periods, and populations isolated in different re-
serves will have to be maintained by artificial gene flow if they are to persist.
Such gene flow would preclude genetic differentiation among the colonies” (p.
730).

Presumbaly what Soulé is trying to argue is that there is a good chance that populations in
small reserves would become extinct before speciation. Nevertheless, spatial isolation is the
most important mechanism for reproductive isolation and the preferred mode of allopatric
speciation.

The Normative Postulates

With Soulé’s normative postulates, we truly entire the realm of the surreal. Consider how
postulates are supposed to be justified. For empirical postulates, each postulate is supposed
to be connected to evidence. Loosely speaking (ignoring many epistemological subtleties),
this means that each postulate leads to some unique consequences that have empirical sup-
port.15 Earlier, we criticized some of Soulé’s claims for lacking empirical support—that is
the kind of reasoning appropriate for empirical claims (including the postulates.

The strategy of appealing to empirical support is not available for normative claims.
(”Normative” claims are those about how the state of affairs should be rather than what
it [empirically] is—this crude distinction will suffice for present purposes.) Their justifica-
tion requires normative reasoning in their support or the support of some other normative
principle from which they can be derived. For instance, the influential seventeenth-century
philosopher Immanuel Kant and his followers will typically involve the rationality of an ac-
tion or rule as a desired feature thus arguing that being rational is what we should have as
our ultimate aim. If someone disagrees they may appeal to myriad reasons about why it is
desirable to be rational. But the question is not fully adjudicated by appeal to empirical
data. In contrast, some utilitarians may claim that what is desirable is pleasure and what
is not is pain and simply expect universal acquiescence.

14Given that it was 1985, before “biodiversity” entered the lexicon, Soulé understandably does not use
that term but refers to biotic diversity.

15In the philosophy of science, some such criterion is often taken to allow demarcation between science
and non-science—see, for instance, Sarkar (2011).
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One important difference between empirical and normative claims, first clearly formu-
lated by another seminal seventeenth-century philosopher David Hume, is that the latter
cannot you be logically derived from the former: we cannot derive an “ought” from ”is.”
No matter what the state of the world is, we can always question whether that is what it
ought to be, whether we can do better. From some perspectives, this is what makes morality
possible—and plausible. Hume’s reasoning is known as the “is-ought” fallacy. Philosophical
“naturalists,” those who want to establish continuity between empirical and normative rea-
soning (really, science and ethics) have tried to develop strategies around this fallacy—but,
so far, these are not regarded by philosophers as successful.

Soulé does not follow the strategy outlined earlier to justify his normative postulates.
Rather what the manifesto offers are ex cathedra announcements. The first is that biodi-
versity is “good” which Soulé explicitly notes cannot be tested or proved and, thus, so far
he is not guilty of the is-ought fallacy. Unfortunately, such modesty disappears when Soulé
then invokes as partial justification Wilson’s (1994) biophilia hypothesis, that humans have
an innate love for nature. The point is that even if Wilson is correct—and there is little
evidence of that (Sarkar 2005)—it does not follow that we should love nature any more than
that, if we are innately prone to violence, we should indulge in paroxysms of violence. That
is the thrust of the is-ought fallacy.

The next two normative postulates present even more interesting problems. These are
that ecological complexity is good and evolution is good and. For both, following the tem-
plate provided by the is-ought fallacy, we can ask why? Again, for the first, Soulé acknowl-
edges the force of the fallacy but ends up by offering no reason at all. He seems to suggest
that the properly initiated devotee is able to embrace this postulate (even though its force is
not always apparent: that devotee “is in a better position to fully appreciate the complexity
in a tidepool or forest” (p. 731).

For evolution, it is instructive to derive some corollaries from Soulé’s postulate (though
he draws none himself). Now evolution consists of three principal processes: adaptation, the
increasing fit between organism and environemt; diversification, generating the apparently
endless variety of living forms; and extinction. By some measures, more than 99 % of
the species that have ever lived on Earth are extinct. Most evolutionary biologists would
not question the claim that extinction is the fate of every taxon. Because of this it is a
logical consequence of Soulé’s postulate that: adaptation is good, diversification is good,
and extinction is good.

Surely, it would be an odd normative claim for conservation biology to hold (though
albeit only a corollary rather than as a postulate) that extinction is good? Presumably,
though Soulé does not say so, he meant to distinguish between anthropogenic extinctions
and those that are not. However attractive that may seem to most conservationists, it still
needs normative justification. What that justification is supposed to be would show, for
instance, whether there is any obligation to ward off nonanthropogenic extinction, especially
in cases where that is feasible. There is also the difficult issue of how to define extinctions
as anthropenic when most are due to a mixture of human-induced and other causes. For
instance, is every extinction induced by climate change, even if the effect of climate is
minor, anthropogenic. Soulé’s ex cathedra approach, besides its other problems, provides no
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guidance on conceptually challenging issues.

Soulé’s final normative postulate wades into controversial philosophical territory. Stated
more fully than in Table 2.1, it runs “Biotic diversity has intrinsic value, irrespective of its
instrumental or utilitarian value” (p. 731; emphasis in the original). The question whether
non-human natural entities, including aggregates such as species, had intrinsic value had
been dividing environmental ethicists for at least a decade at the time when the manifesto
was written. Some thirty years later, it is still unresolved in the way philosophical disputes
tend to be, though the vast majority of philosophers have concluded that intrinsic value
attributions are illegitmate or at least unnecessary for developing an ethics of environmental
concern (Sarkar 2005; McShane 2007).

In North America this reaction has been underpinned by the elaboration of a perspec-
tive called environmental pragmatism, especially by Norton and those who have been influ-
enced by him, that eschews such potentially irresoluble excessively theoretical—and perhaps
arcane—philosophical dispute to focus on questions of practical ethics and policy on which
there may be agreement by individuals with different theoretical perspectives (Sarkar and
Minteer 2018). For Soulé, however, this postulate was the “most funamental.” This attitude
was typical of many, perhaps most, North American conservation biologists and was part of
an ideology of “deep ecology” that many of them endorsed. That ideology, deeply politically
objectinable, came under scathing criticism from the South starting with Guha (1989). That
dispute is beyond the scope of this book.16

Conservation Biology in Practice

Moving beyond Soulé’s postulates, the early years of conservation biology in North America,
starting about a decade before Soulé’s manifesto was dominated by a dispute about whether
single large or many small (SLOSS) reserves were better at protecting biodiverity (Shrader-
Frechette 1990; Shrader-Frechette and McCoy 1993; Sarkar 2012a). The theoretical basis for
answering this question was supposed to be provided by the theory of island biogeography
because nature reserves in islands were supposed to be analogous to islands in oceans (Di-
amond 1975a, b), an assumption that came under severe criticism by those more involved
in the practicalities of reserve design and management beyond North America (Higgs 1981;
Margules et al. 1982). Moreover, for many critics, island biogeograpy theory itself was of
little relevance to practical context being, according to them, a theory about characterless
species on featureless plains (Sauer 1969). By the time Soulé’s manifesto was published there
was some consensus that the SLOSS dispute had no general answer: the appropriateness of
reserve design depended on local context (Soulé and Simberloff 1986).

Early conservation biology’s most lasting unique contribution, that is, one that it enabled
independent of ongoing work in ecology and other related disciplines, was the development
of techniques of population viability analysis (PVA) to estimate parameters related to the
prognosis of a population such as the expected time to its extinction given its structure,
demographic history, and the state of its habitat.17 Early work was dominated by attempts

16For an entry into that literature, see Sarkar (2012) which, while unsympathetic to deep ecology, provides
citations to its supporters.

17The only history of PVAs appears to be the very short discussion in Sarkar (2005); much work remains
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to establish “minimum viabile populations (MVPs)” for each species that provided a guide
to when a species was (relatively) immune from threat of immediate extinction. The ex-
pectations for population viability analysis were grandiose. In 1994, Shaffer who had been
instrumental in suggesting that MVPs were acceptable scientific measures (Shaffer 1981); in
1994, he announced:

“Like physicists searching for a grand unified theory explaining how the four
fundamental forces . . . interact to control the structure and fate of the universe,
conservation biologists now seek their own grand unified theory explaining how
habitat type, quality, quantity, and pattern interact to control the structure and
fate of species. Population viability analysis (PVA) is the first expression of this
quest” (in Meffe and Carroll 1994, pp. 305 -306).

MVPs proved to be elusive unstable estimates to provide guidance for conservation measures
but PVA has established itself as an important part of conservation biology. However,
even PVA, as practiced in North America, also came under criticism from Australia by
Caughley (1994) who argued that its focus on small populations and stochastic analysis was
less important than the analysis of ecological factors of decline in large populations.

What is most relevant here is the extent to which work on population viability analy-
sis was influenced by policy demands based on underlying normative assumptions. Three
features deserve special mention. First, the focus on species and estimating their progno-
sis was itself a result in the United States of the mandate of the Endangered Species Act
(ESA) of 1973. Second, the ESA required planning for the recovery of at-risk species and
subspecies (those that were either deemed to be endangered or threatened, and these cat-
egories themselves were imbued with normative assumptions of levels of risk that society
found acceptable). Typically, these taxa had small population which is what made them at
risk, and small populations were subject to chance factors requiring, in turn, stochastic anal-
ysis. In contrast, Caughley was used to large populations that were declining in Australia.
Given the difference in context, it is not surprising that he emphasized the causal analysis of
large populations through careful ecological experiments over the stochastic techniques being
developed in North America. Third, the introduction of the concept of a minimum viable
population was itself a result of the requirement of the National Forest Management Act of
1976 in the United States which required the U. S. Forest service to maintain “viable pop-
ulations” of native vertebrates in each national forest. As this book maintains, biodiversity
conservation is imbued with normative assumptions.

to be done.

28



Table 2.1: Postulates for Conservation Biology and Conservation Science. These
are being quoted from Soulé (1995) and Kareiva and Marvier (2012). For further discussion,
see the text.

Conservation Biology Conservation Science

Functional Postulates

“Many of the species that constitute natu-
ral communities are the products of coevo-
lutionary processes” (p. 729).

“‘[P]ristine nature,’ untouched by human
influences, does not exist” (p. 965).

“Many, if not all, ecological processes
have thresholds below and above which
they become discontinuous, chaotic, or sus-
pended” (p. 730).

“[T]he fate of nature and that of people are
deeply intertwined” (p. 965).

“Genetic and demographic processes have
thresholds below which nonadaptive, ran-
dom forces begin to prevail over adap-
tive, deterministic forces within popula-
tions” (p. 730).

“[N]ature may be surprisingly resilient” (p.
965).

“[N]ature reserves are inherently disequlib-
rial for large, rare organisms” (p. 730).

“[H]uman communities can avoid the
tragedy of the commons” (p. 966)

“[L]ocal conservation efforts are deeply
connected to global forces” (p. 966)

Normative Postulates

“Diversity of organisms is good” (p. 730). “[C]onservation must occur within human-
altered landscapes” (p. 966).

“Ecological complexity is good” (p. 731). “[C]onservation will be a durable success
only if people support conservation goals”
(p. 966)

“Evolution is good” (p. 731). “[C]onservationists must work with corpo-
rations” (p. 967).

“Biotic diversity has intrinsic value” (p.
731).

“[O]nly by seeking to jointly maximize con-
servation and economic objectives is con-
servation likely to succeed” (p. 967)

“[C]onservation must not infringe on hu-
man rights and must embrace the prin-
ciples of fairness and gender equity” (p.
967).
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2.2. Conservation Science.

By the turn of the century, even in North America, Soulé’s program for conservation biology
was perceived by many to have become dated. Soulé had argued that conservation biology
was a “crisis discipline”; by the early 2000s even collaborators and symphathetic commenta-
tors had begun to eschew crisis talk (e.g., Redford and Sanjayan 2003). Soulé’s emphasis on
the interdisciplinarity of the conservation entreprise remained. He had also drawn an anal-
ogy between conservation and the practice of medicine as a goal-directed enterprise. That
analogy also continued to be influential.

However, beyond these issues, the framework developed by Soulé was of little continued
relevance to most practitioners post-2000. One problem was that Soué’s empirical postulates
operated at a distant theoretical level of little relevance to the practicalities of devising,
testing, and assessing conservation policy in the field. Consider genetics and evolution.
Practitioners needed to remember that inbreeding may create a problem in some (though
not) all species in the wild; that outbreeding can sometimes equally be a problem in captive
populations because it could disrupt functionally integrated loci (Templeton 1986); that
stochastic factors influenced small populations, and so on. But Soulé’s grandiose claims
about disequilibrial and chaotic dynamics, even if empirically sound (and that was always
doubtful), had little practical relevance. By and large practitioners could remain agnostic
about evolutionary claims because they operated on time horizons much larger than what
they had to address when they tried to ensure that biota persisted and flourished for the
next few decades.

Perhaps even more important, Soulé normative postulates, and the controversies they
carried with them, were irrelevant to practitioners. Of course, the accepted that biodiversity
is desirable—otherwise, they would not be in that profession. What conceivable practical
significance could there be to whether ecological complexity or evolution are good? And why
should one indulge in esoteric arguments about intrinsic value and what entities bore them?
Few practitioners, if any, would have heard of environmental pragmatism, but that is what
they practiced, for instance, when they analyzed how to prioritize different components of
biodiversity for active conservation under resource constraints.

The most important difference from Soulé’s manifesto was the recognition and acceptance
that humans were part of nature and intextricably intertwined with the non-human parts
of nature. Excluding humans and impinging on ethically legitimate human interests, for in-
stance, through measures such as their forcible removal to create nature reserves was ethically
corrupt as Guha (1989) and other critics of conservation from the South (e.g., Sarkar 1998b,
1999) had long pointed out. In the North, these policies advocated by conservation biolo-
gist were publicly criticized by journalists (e.g., Dowie) and subjected to scathing political
analysis by political ecologists (e.g., Brockington 2002; Nelson 2003; Neumann 2004).

Most of these trends were codified in a new manifesto for the science of biodiversity
conservation published by Kareiva and Marvier in 2012. Their manifesto was supposed to
provide a foundation for “conservation science” as opposed to conservation biology. Perhaps
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unsurprisingly, given that “biodiversity” had long become central to the conservationist
lexicon, they spend no time in discussing, let alone, defining the term. In practice they
implicitly presume that it embraces natural variety and uses the measures that will be
discussed below in Section 2.4.

Kareiva and Minteer begin with praise of what Soulé had achieved with his manifesto but
go on to note why an update was necessary due to changed circumstances brought about
by the intervening decades. They follow Soulé in formulating functional and normative
postulates (Kareiva and Marvier 2012; see Table 2.1). While recourse to postulates still
remained idiosyncratic for this context (though less so since there was Soulé’s precedent), it
enables an easy comparison between the two frameworks and shows how they in effect define
two different sciences of biodiversity conservation.

The Functional Postulates

For both empirical and normative postulates, what first strikes the reader is the relative
modesty of Kareiva and Marvier’s claims. Instead of Soulé’s grandiloquence we have what
appear to be nuggets of limited insight with few pretensions other than providing some guid-
ance to the practice of designing and executing conservation measures. All five empirical
postulates express ecological features that Soulé (and his followers) had chosen to ignore
but are critically relevant for successful conservation: as such they each have normative
implications. The discussion that follows will emphasize why the points being made de-
served emphasis in a twentieth-century update but also note where these axioms also make
questionable assumptions.

The first two emphasize that humans are part of nature, a view not even to be implicitly
gleaned from Soulé’s framework (Table 2.1). In discussing the first, Kareiva and Marvier
explicitly note the ethical and political harm that has been caused by Northern conservation-
ists in the name of wilderness protection and Fortress Conservation, the creation of reserves
that exclude people, in many cases their forcibly expelled former residents, using armed
force—there will be a lot on this issue later in this book. Here, Kareiva and Minteer show an
ethical sensitivity nowhere to be found in Soulé’s manifesto and rare among the conservation
biologists of that era. The second postulate also reiterates the theme of human interconnect-
edness with the rest of nature, noting that the fate of each is intertwined with that of the
other. One example they used was that in which livestock grazing helped maintain habitat
quality, for instance, the diversity of grass, fish, and bird species in India’s Keoladeo Ghana
National Park (Vijayan 1987; Sarkar 1999; Lewis 2003).

The third postulate claims the opposite of the entire tenor of Soulé’s postulates and marks
a radical departure from the worldview of earlier conservation biology. Whereas Soulé had
emphasized the fragility of nature and that claim helped underpin his sense of an ongoing
biodiversity crisis. Kareiva and Marvier claim that “nature can be surprisingly” (emphasis
added; p. 965) and, as their examples show, nature can be so resilient. Here, some caution is
necessary: the relevant question is how often, and under what conditions, nature is resilient.
The evidence is far from decisive and this postulate open to challenge. Whereas, Soulé is in
error to the extent that he suggests that nature is always fragile, Kareiva and Minteer may
be equally unjustified.
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The fourth postulate also challenges a tenet that had been central to Northern environ-
mentalism for a generation, that there always will be a tragedy of the commons, that formally
unregulated individuals will indulge is such self-interested behavior that they will destroy
common resources if left to make their own decisions (Hardin 1968). That assumption has
long been controversial though a discussion of the large body of work it has generated is
beyond the scope of this book.18 Though Kareiva and Minteer do not mention this work, a
wide variety of behavioral economic evidence shows that individuals tent to behave as self-
interested when policies are designed to reflect that assumption but behave co-operatively
(displaying “moral sentiments”) when policies expect them to have more than unenlightened
self-interest (Bowles 2008). The upshot is that conservation policies may well have a better
chance of success if they assume ethical behavior from people rather than the adversarial
approach of Fortress Conservation.

Kareiva and Marvier’s fifth postulate should be relatively uncontroversial and marks one
important way in which the context had changed from the 1980s. Even more so than then,
local conservation actions had to take into account the global forces generated by neoliberal
capitalism (about which Kareiva and Minteer remain remarkably uncritical—see below).
They are not entirely unaware about the problem noting: “conservationists need to worry
as much about deliberations of the World Trade Organization as they do about designing
networks of protected areas” (p. 966).

The Normative Postulates

With the normative postulates there is an even clearer break of conservation science from
Soulé’s conservation biology. Kareiva and Marvier begin my noting: “Soulé’s normative
postulates were statements of value and tenets of a potential ecological philosophy meant
to guide conservation actions. We deviate from this approach and, instead, offer practical
statements of what conservation should do in order to succeed” (p. 966). Concern for
practicality leads to a welcome modesty.

The first is barely normative, apparently mundane, that conservation must occur in
human-altered landscapes (and, by implication, seascapes). But the implications that Kareiva
and Marvier draw are far from mundane. Two of them stand out. First, conservationists
must take into account that habitat features, including those that are favorable for the per-
sistence of biodiversity, are typically a result of human presence: an imagined habitat bereft
of humans may not be the one that drew attention for conservation in the first place. Second,
they reiterate that strategies such as Fortress Conservation have little chance of success when
the habitats to be conserved are part of the livelihoods of people. The last point leads to
the second normative postulate, that local support is critical for the success of conservation
measures, the normative implication being that conservationists must devise policies that
can generate such support.

Neither of these postulates is unexpected or particularly given Kareiva and Minteer’s
ideological stance. Their next postulate is another matter altogether: they insist that con-
servationists must work with corporations. Moreover, even though they explicitly worry
about the potential for greenwashing, they insist: “We do not view working with corpora-

18See Rose (1986) for a challenge and an entry into the literature.
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tions as merely a necessary evil; in fact, corporations can be a positive force in conservation”
(p. 967). They offer a few examples but not in sufficient detail to allow a skeptic to judge
whether or not they are instances of greenwashing. Neoliberal captitalism reigns supreme
apparently having now bought its way to the conservationists’ table. This postulate would
generate sufficient backlash, mainly from adherents of the old conservation biology, that
it would lead to a vicious public dispute that would dominate conservation biology in the
United States for a few years—it will be discussed in some detail later in this chapter.

Suffice it here to note that the postulate of corporate munificence, as we may dub it,
fits uneasily with the rest of Kareiva and Marvier’s normative framework and it is far from
clear that there are cogent intellectual reasons for elevating that assumption to the status
of a postulate. With their final postulate, they return to the spirit of that framework by
inisisting that conservation not infringe on human rights and embrace principles of fairness
and gender equity. Over all, within the bounds of biodiversity conservation, the framework
could hardly be more different than Soulé’s embrace of intrinsic value for biodiversity.
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2.3. Systematic Conservation Planning.

Kareiva and Marvier (2012) provide no indication of any new scientific methodologies spawned
by conservation science as distinct from earlier work on conservation biology. What they
should have mentioned in this context is systematic conservation planning (Margules and
Pressey 2000; Margules 2007). Given that conservation science ignored systematic conserva-
tion planning, it will be treated here as a distinctive science of biodiversity conservation.19

Systematic conservation planning (SCP) emerged in Australia in the 1980s with efforts
to design techniques for the optimal selection of “networks” of protected areas (later dis-
tinctively called “conservation areas”) so as to maxmimize the representation of biodiversity
within them when not all areas of conservation interest could be put under protection.20 The
SCP framework received its first full formulation somewhat later by Margules and Pressey
(2000). That framework evolved on multiple fronts over the next few years with a book-length
formulation by Margules and Sarkar (2007); there were further modifications by Pressey and
Bottrill (2009), Sarkar and Illoldi-Rangel (2010), and many others.

The Australian socio-political context for biodiversity conservation was markedly differ-
ent from that in the United States. Section 2.1 noted how the mandates of the Endangered
Species Act (1973) and the National Forest Management Act (1976) influenced the devel-
opment of biodiversity conservation methodologies in the United States including the intro-
duction of the ill-conceived notion of a minimum viability population and a focus on small
populations in population viability analysis. It was noted that in the Australian context of
the management of large populations it was natural for Caughley (1994) to ask for a different
focus for population viability analysis. In the 1970s Australia faced another constraint—or
opportunity—unique among wealthier nations (those part of the global North in spite of
geographical location): there were as yet large swathes of forested or otherwise biologically
rich or unique habitats that were slated for anthropogenic transformation but with a polit-
ical will to protect some of them. This situation set the stage for some characteristically
Australian contributions to biodiversity conservation (Margules 1989).

Framework

Systematic conservation planning shares with conservation science an avoidance of the grandiose
claims incorporated in Soulé’s postulates for conservation biology. Margules and Sarkar
(2007, p. 8) describe systematic conservation planning as “a structured step-wise approach to
mapping conservation area networks, with feedback, revision and reiteration, where needed,
at any stage.” Conservation areas are those that are managed primarily for the represen-
tative biodiversity within them. They were originally called reserves both in conservation

19A personal note may help further motivate this choice: I was one of the referees for Kareiva and
Marvier (2012) for BioScience and (in a signed review) suggested that they at least cite work in systematic
conservation planning (SCP). The suggestion was ignored which I interpret as indicating that they believed
that SCP was not part of the new field that they were framing.

20The most detailed history is in Sarkar (2012a) but see, also, Justus and Sarkar (2002); but much more
remains to be done. For some personal reflections, see Sarkar and Margules (2014).
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biology and systematic conservation planning. In the latter, “reserve” was replaced by “con-
servation area” around the turn of the century to reflect two developments (Sarkar 2003):
it was recognized that management for biodiversity could consist of a variety of strategies
with reservation being just on of them, and what the most appropriate strategy is in a given
context should be determined by empirical data rather than an a priori decision of declaring
a reserve; and that reservation which implied removal of human residents was often a very
ethically and otherwise inappropriate conservationist strategy.

The stages of systematic conservation planning are listed in Table 2.2; feedback arrows
indicating interactions between the stages are shown in Figure 2.1. Not all stages will be
described in full detail here (but see Sarkar and Illoldi-Rangel [2010] and Sarkar [2014)]
here; they will be explained as the arguments of this book are developed. The salient feature
of this characterization of systematic conservation planning is that the central goal is the
prioritization of conservation area networks (CANs) for the persistence of biodiversity; here
“network” is intended to mean a set of areas with no implied spatial connectivity though
that is often an additional desirable feature of CANs. The task at hand is to achieve this
goal optimally.

Thus, the prioritization of conservation area networks through systematic conservation
planning has has three explicit goals (Margules and Sarkar 2007)21:

• Representativeness : A conservation area network should represent within it the bio-
diversity of the planning region. From the perspective of this book the most salient
implication of this goal is that SCP requires a comprehensive operationalizable con-
cept of biodiversity; otherwise performance with respect to representativeness cannot
be assessed.

• Persistence: Adequate representation of biodiversity in conservation area networks is
only a preliminary step towards successful conservation. The most important goal is to
design and implement management strategies that ensure the indefinite persistence of
biodiversity into the future. As yet, no deep theory exists towards this goal (which is
also problematic for conservation biology and conservation science). Techniques such
as those of population viability analysis and habitat-based viability analysis (Boyce et
al. 1994) provide partial solutions.

• Economy : Sysematic conservation planning is unique in the three programs for bio-
diversity conservation being discussed here because it explicitly intrdoduces a goal of
achieving economic efficiency, what it calls economy (or sometimes “efficiency”) It ac-
cepts that resources for conservation are always going to be limited given other social
goals that demand attention. This means, for instance, that not every area of inter-
est for biodiversity conservation can be set aside for that purpose. Consequently the
optimum use of available resources is at a premium.

The stages of systematic conservation planning are outline din Table 2.2 and depicted in
Figure 2.1); the table provides detail on each stage of the process. What deserves emphasis

21The original program of Margules and Pressey (2000) only mentioned the first two of this leaving the
third implicit; this was changed later to emphasize the extent to which social constraints and opportunities
are embedded in SCP.
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here is that the process is not a linear progression of stages and that the envisioned feedback,
revision, and reiteration, especially as conservation area networks are created and managed,
place the process under the rubric of adaptive management (Sarkar 2005).

The planning process begins with the delineation of a planning region, the selection of the
biodiversity units (the “constituents,” of biodiversity, a technical term that will be discussed
in detail in Chapter 6), and the identification of legitimate stakeholders, in a set of stages
that intimately interact with each other. The problem of selecting biodiversity units is that
of defining biodiversity, the main problem that concerns much of this book. All three of these
stages of systematic conservation planning require deliberation between stakeholders as does
the next stage of setting goals for biodiversity and other features including quantitative
targets for biodiversity representation; the last stage typically also requires more technical
input from conservation scientists and other professionals who can provide advice on what
representation targets are appropriate.

Very often resource constraints mean that the biodiversity constituents cannot be ade-
quately mapped within the time horizon of required decisions and a technical problem of
identifying adequate measurable “surrogates” for them must be broached using a variety
of techniques developed in the 2000s (and, once again, see Chapter 6 for a more complete
discussion). In most cases, data must be refined and treated, for instance, should the biodi-
versity surrogates include species, their spatial distributions must typically be modeled (and,
ideally, corroborated in the field).

Using the output of all these stages, existing conservation areas must be assayed for their
performance at representing biodiversity, and new ones selected to satisfy known constraints
of economy and also the biodiversity representation targets and other relevant criteria. Area
selection or prioritization is the central problem of systematic conservation planning and
much effort has been expended to devise satisfactory techniques for this purpose—this stage
of the SCP process will be further discusses later in this section.

Sets of prioritized areas must also be refined using what is known about the biological
and socio-political vulnerabilities of different potential conservation areas. This means that,
at this stage, some assessment must be made whether putative conservation areas are at
tangible risk due to local ecological issues, global changes, or soico-political threats such as
inappropriate transformations for development. If so, these areas must be removed from a
notional conservation area network and the area selection process reiterated.

Multiple criteria may enter into the initial prioritization of areas as just described or can
be subsequently incorporated by generating large portfolios of notional conservation area
networks that each satisfies biodiversity representation targets that can then be ranked using
the other criteria. These have been called “iterative stage” and “terminal stage” protocol
(respectively) for area prioritization or selection (Moffett and Sarkar 2006). Both have been
used in practice. Chaper 5 will illustrate the multi-criteria analysis using a practical example.

Another way in which systematic conservation planning is unique among the programs
being discusse here is that it accepts that there are multiple legitimate uses of habitats
(landscapes and seascapes) besides the protection of biodiversity including human habitation,
production (e.g., agriculture or pisciculture), and resource extraction (see, also, Borgerhoff-
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Mulder and Coppolillo, 2004). Thus habitat use policy is necessarily a multi-criteria poblem
and these criteria will not not all be mutually compatible; thus, tradeoffs must be introduced
(Faith 1995; Sarkar 2005; McShane et al. 2011): Tradeoffs are inevitable in systematic
conservation planning (Sarkar and Garson 2004; Moffett and Sarkar 2006). The point is to
carry out tradeoffs systematically and that is what this stage of SCP envisions.

Note, moreover, even if we restrict ourselves only to biodiversity-related issues (if only
as an academic exercise), we must still navigate between multiple criteria. For any notional
conservation area network, criteria of adequacy must include spatial criteria that influence
the persistence of biodiversity such as the size and shape of individual units, their dispersion
across land and seascapes, their connectivity, their alignment with habitat types, and the
number of replicates of each surrogate in different spatially connected component in the full
conservation area network. These criteria are often in conflict: for instance, attention to
shape would typically dictate increasing compactness of conservation areas but alignment,
say, along a watershed would pull in the opposite direction.

Finally, management plans must be devised, implemented, and then monitored for per-
formance, all three critical components of systematic conservation planning that are only
beginning to be systematically studied and still remain poorly understood. At least there is
now widespread recognition that implementing plans is primarily a socio-political task that
requires sustained attention including the ability to communicate and negotiate with stake-
holders. In retrospect what seems ludicrous is the extent to which this aspect of conservation
planning was not recognized in the early decades of conservation biology.
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Table 2.2: Stages of Systematic Conservation Planning See Figure 2.1 for how these
stages interact with each other.

Stages

Choose and delimit the planning region: Precise geographical boundaries of the
planning region should be explicitly discussed and chosen. Note that even how
boundaries should be drawn, for example, whether they should be based on political
or ecological criteria may raise normative issues. This stage must interact strongly
with the next one (identifying stakeholders) which would typically be initiated in
parallel or even earlier.

Identify stakeholders : Stakeholders include those who significantly affect or are af-
fected by conservation plansthey have a legitimate stake in what happens. There
could be feedback between this stage and almost any other stage. One of the most
troubling—and unresolved—problems in SCP and other areas of biodiversity con-
servation is that of identifying legitimate stakeholders rather than those anointed
by structural power relations. This problem will be central to the discussions of
Chapter 4.

Compile and assess data: As explained in the text, relevant biological, ecological,
and socio-political data must be collected in a cost-effective manner.
Treat data; build models if necessary : Data that can be collected are typically far
from being representative of the planning region and treatment through statistical
analysis is often required. Modeling is needed when treatment is insufficient to
produce spatial data on relevant biological and socio-political factors.
Identify and evaluate biodiversity units (the “constituents”) and surrogates : Stake-
holders identify biodiversity units or constituents which requires discussion of nor-
mative commitments as discussed in great detail in Chapters 4 and 6. Surrogates
consist of quantitative estimators of biodiversity constituents—see Chapter 6.

Set goals and targets : Quantitative targets for biodiversity representation must be
set as will be discussed later in the text; other goals include spatial configuration
of the conservation areas to enhance likelihood of persistence. It is pointed out in
the text that criteria for spatial coherence of CANs may require tradeoffs through
mutli-criteria analysis.

Review existing conservation areas : Any existing conservation area network must
next be analyzed to determine the extent to which it already satisfies the specified
goals and targets.

Prioritize areas for conservation: New areas must be prioritized to meet the goals
and targets that were set earlier. The objective is to achieve adequate representation
of all biodiversity features while satisfying other desired goals. This is the area
prioritization or selection problem; developing techniques for its solution has been
central to research in systematic conservation planning. It is discussed below in
detail in the text.
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Assess biodiversity and site vulnerability : Because persistence (beyond representa-
tion) is one of the three goals of SCP, prioritized areas and relevant biodiversity
features must be assessed for vulnerability due to all factors. This is where various
types of viability analysis and similar techniques provide insight. As discussed later
in the text, the amount of risk deemed acceptable is also a social choice.

Refine networks : If initially selected areas are vulnerable, they may be excluded from
nominal conservation area networks, and the selection process may be reiterated
without them.

Incorporate additional criteria, if necessary : All the criteria that are relevant to the
prioritization of a CAN may be incorporated during area prioritization (in an itera-
tive stage protocol). However, these criteria may need to be incorporated later (for
instance, in a terminal stage protocol). In both situattions, multi-criteria analysis
must be used to evaluate trade-offs between criteria.

Devise management plan: The next step is to devise adequate management plans for
the persistence of biodiverstiytaking into account local context, resource availability,
etc., besides “internal” ecological dynamics.

Implement conservation plan: The management plan must be implemented for con-
servation to work. Consultation with local stakeholders will be imperative for both
ethical and practical reasons.

Monitor plan performance: Plan performance must be monitored to devise responses
as necessary for adaptive management into the future.
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Figure 2.1: Systematic Conservation Planning: Arrows indicate which stages directly
influence others. A bidirectional arrow indicates interaction between stages. Only major
influences are shown as there is potential for interaction between almost any two stages.
Green indicates that a stage is relatively well-understood (in terms of scientific capabilities);
blue indicates those that are fairly well-understood; and red indicates the least understood
stages. For more discussion of the stages and the interactions, see the text.
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Optimization and Area Prioritization

In systematic conservation planning economy in the representation of biodiversity in conser-
vation area networks is implicitly incorporated into its methodology by requirint the solution
of two related constrained optimization problems that are used to delineate potential con-
servation area networks (Margules and Sarkar 2007):

1. Minimum area problem: The representation of biodiversity features (up to a specified
level or “target”) must be accomplished in a minimal set of conservation areas.

2. Maximum representation problem: Given a maximum total area that can be set aside
for conservation, a set of conservation areas within this budget constraint must be cho-
sen so as to maximize the representation of biodiversity surrogates (up to the required
levels or targets).

A defining aspect of systematic conservation planning is that these problems are approached
algorithmically using a wide variety of software decision support tools. A discussion of
these techniques is beyond the scope of this book but have been extensively reviewed in the
literature (Sarkar et al. 2006; Margules and Sarkar, 2007; Moilanen et al. 2009).

What is relevant here are that these algorithms require quantitative targets of represen-
tations for the biodiversity features in conservation area networks, for example, the number
of independent populations of an at-risk species or the percentage of some habitat slated
for protection. In theory, these targets are supposed to ensure the persistence of the corre-
sponding features in the conservation area networks. In practice, ecology provides very little
reliable guidance to setting these targets; rather they are normative in the sense that they
reflect what the planners deem as acceptable risk. For instance, it is customary to set higher
targets for at-risk versus other biotic features slated for protection.

Contrast with Conservation Biology

Even though, temporally, systematic conservation planning emerged during the same period
in parallel with the institutionalization of conservation biology in the 1980s, it is instructive
in the context of this book to emphasize four important features that distinguish the two
programs:

• Reserve selection: Both conservation biology and systematic conservation planning
recognize the importance of the spatial configuration of conservation areas in a network.
Conservation biology, as mentioned earlier, relied on the theory of island biogeography
to solve this problem, a move that was criticized at the time as being of dubious value
and is rarely invoked any more. For systematic conservation planning, the prioritization
of conservation area networks remains a central problem and one that was provided
with multiple solutions.

• Economy in achieving conservation goals : While conservation biology began with ex-
plicit normative postulates, these incorporated what it deemed desirable for non-human
natural features. In contrast the goal of economy in systematic conservation planning
admits and accepts human welfare as a decisive criterion. It accepts resourced devoted
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to biodiversity are legitimately constrained by other social goals including alternative
uses for habitats that may also contribute to the persistence of biodiversity.

• Legitimacy of multiple criteria and relevance of multi-criteria analysis : The acceptance
of these other goals legitimizes the use of multi-criteria analysis in SCP. In contrast,
Soulé’s framework for conservation biology seems to operate in a socio-political vacuum
with biodiversity as its only consideration. (Even for spatial organization of reserves,
the framework makes no mention of multi-criteria analysis.

• Interpenetration of norms and science in biodiversity conservation: Compared the
manifestos of conservation biology and conservation science, the first statement of the
principles of systematic conservation planning (Margules and Pressey 2000) has the
form of a standard scientific paper: it does not indulge in postulation. There is also
no dedicated discussion of norms. However, as also is the case of much of Kareiva
and Marvier’s manifesto for conservation science, norms permeate the principles of
systematic conservation planning in a way absent from most functional postulates
of conservation biology. The second and third distinguishing features of SCP just
discussed show how SCP is imbued with this normativity.

In contrast, with respect to the last three of these features, there is much greater overlap
between conservation science and systematic conservation planning.
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2.4. Criteria, and Indices, and Measures.

Of the three scientific programs for biodivesity conservation that were discussed above, only
conservation biology spent much time trying to define biodiversity, perhaps because it was
institutionalized at the time of the introduction of the term, with both events occurring in
the United States (which systematic conservation planning, the being framed in Australia
remained independent of these developments. All three approaches shared four assumptions
about what they took biodiversity to be.

First, they were pluralistic about what the units of biodiversity should be; returning to
the discussion of Chapter 1 (§1.4), they were tolerant of all three hierarchies and all levels
of these hierarchies. In practice, though, they ignored the hierarchy of functional processes
which present severe problems for conservation, an issue that will be taken up in Chapter 5
(§5.4).

Second, conservation biology as well as conservation science implicitly accepted in prin-
ciple the universalist definition of biodiversity (diversity at all levels of taxonomic, sructural,
and functional organization). In practice, as noted in Chapter 1 (§1.4), this definition is
impossible to operationalize for use in the field. Consequently, in practice, choices had to be
made to restrict the scope of the concept. An important lacuna of these strategies was that
these chocies were ad hoc; there was no set of rules to be followed for making these such a
choice so as to make the process replicable with the same results. Systematic conservation
planning could not afford such vagueness because the algorithmic approach to the prioritiza-
tion of conservation areas required quantifiable measures of biodiversity. Reflection on how
this should be done and, especially, how it should incoroporate the ambient normativity of
biodiversity conservation led to the first version of the framework that is being elaborated
in this book.

Third, it has been emphasized earlier in this book that all three approaches to biodiversity
conservation embrace the normativity of their goals. Nevertheless, in practice, all of them
(including systematic conservation planning in its earlier versions) implicitly assumed that
norms did not enter into the definition of biodiversity (what the concept is) rather than why
and how it is conserved. Philosophers such as Callicott et al. (1999) and Norton (2003,
2008) have long pointed out that this assumption is unwarranted. However, over the years
some philosophers have accepted scientism about biodiveristy, that it is a “real” property of
ecoystems (whatever “real” is supposed to mean); these discussions endorse the relevance of
metaphysics, a sub-discipline dear to the hearts of a certain class of philosophers.22 In spirit
of environmental pragmatism there will be no further comment on scientism in this book.

Fourth, if biodiversity is a descriptive property of habitats, then it makses sense to
attempt to device quantitaive measures and indices for it. (In the following discussion,
“index” and “measure” will be used as common in the extant discussion; there is no important
distinction between the two.) Indeed, several such quantitative measures have been used in

22For some instances of this position, see . . .
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the literature some of which are drawn from prior developments in ecology discussed in
Chapter 1 (§1.3). As noted there, with the exception of richness, none of those traditional
measures have found much intake in any of the programs for biodiversity conservation.
The most important measure in our context is complementarity, used extensively within
systematic conservation planning; it was introduced independent of prior discussions of β-
diversity to which it is related.23

Four criteria are relevant for measures of biodiversity: richness, evenness, difference, and
uniqueness. Over the years, all of these except evenness have been used, either singly or in
combination, in proposed measures. In what follows we will assume that the relevant unit
for which biodiversity must be measured, for instance, a habitat patch, can be minimally
described as a set which will thus be viewed as a collection of some taxonomic group (species
in all the examples).24

Richness is the number of units in a set; it has traditionally been the most popular
measure of biodiversity. Takacs (1996) refers to it an an “inventory” concept of biodiversity.
However, it suffers from two problems. The first is the evenness (or equitability) problem
which is best explained by an example: Let two sets A and B have two units (such as
species) φ and ψ. Let A consist of 90 % of φ units and 10 % of ψ units; let B consist of
50 % of φ units and 50 % of ψ units. There is an obvious sense in which B is more diverse
than A. Yet, both sets have the same richness. In other words, richness does not capture an
important aspect of biodiversity, one known as evenness or equitability. This is a well-known
problem and in the context of ecological α-diversity, many measures have been developed so
as to incorporate both richness and evenness. These include the Shannon index (the entropy
function) and the Simpson index (which itself is defined in a variety of ways)—see Chapter
1 (§1.3) and Magurran (2003) for further discussion of these indices.

Strangely, evenness has very rarely been used as a criterion for biodiversity though there
are a few exceptions (e.g., Sarkar et al. 2004). Its use should be promoted because it captures
an important feature about diversity in general. The following example illustrates this poin:
In India, from any perspective, the tiger (Panthera tigris) is an important component of
at-risk biodiversity. In the Sariska Tiger Reserve in Rajasthan, habitat degradation and
other problems have led to a decrease of the tiger population since 1988, reversing a trend
of increasing popultion size from 1972 to 1988 (De and Chauhan 2015). By 2005 the tiger
had been extirpated from the reserve. There were consequent changes in the ecological
community marked by the immigration of new species and rapid increases in the deer and
monkey species’ populations. Conservationists and skeptics all agree that the biodiversity
of the area has been hard hit. Yet, the only quantitative analysis of the data on species’
presence and distributions showed an increase in richness (De and Chauhan 2015). But
the decline is captured by the Simpson index which shows a consistent decrease in diversity

23In the following discussion of quantitative measures for biodiversity, for precision, some set-theoretic
concepts and notation will be necessary. The reader is expected to tolerate the following: the concet of a
set S, its cardinality |S| which is the number of elements in it. Given two sets S1 and S2, their union is the
set S1 ∪ S2 consisting of elements of either of them, their intersection is the set S1 ∩ S2 consisting of the
elements common to both of them.

24Richess and evenness were already introduced and discussed in Chapter 1 (§1.3) but there will be some
repetition here to ease expository flow.
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post-1988.25 In this example, not only does richness not capture evenness but it also does
not capture the importance of the uniqueness of the tiger as a species once present in the
reserve.

The second problem with using richness is that of duplication. Suppose sets are selected
on the basis of richess. For three sets, A, B, and C, let A and B have higher richness than
C, that is, |A| > |C| and |B| > |C|. Suppose, two, that only two of these sets can be
selected. For instance, A, B and C could be potential areas to be slated for biodiversity
conservation and budget constraints limit selection of only two of them. Now, it is possible
that |A∪B| < |A∪C| and |A∪B| < |B ∪C| if |A∩B| is large, that is, A and B have many
units in common or, in other words, there is a large amount of duplication between them.
Returning to the selection of conservation areas, two areas with high richness, for instance,
close to each other in a tropical lowland forest, may have a high duplication of species but
have very few species in common with an area in a desert. This the duplication problem. Its
solution requires abandoning richness as a criterion and adopting complementarity instead,
as will be discussed below.

Difference and uniqueness have both been interpreted in multiple ways. The concept of
difference that has been central to these discussions is complementarity, closely related to
β-diversity (Chapter 1, §1.3). Let A and B be two sets (for instance, habitat patches). A
simple-minded measure of the β-diversity could be βAB = |A ∪ B| − |A ∩ B|. Note that
βAB has many of the desired properties: the value increases with the number of units only
in A or only in B and decreases at there are more shared elements in them. What matters
here is that this measure is symmetric, that is, βAB = βBA, a property that is shared by all
usual measures of β-diversity. Complementarity, in contrast to β-diversity, is an asymmetric
measure: if A is the collection of sets that have already been selected for some purpose (such
as conservation), the complementarity of a new potential set, B, to be so selected, κ(B|A),
is the number of new units B would bring. In general, κ(B|A) 6= κ(A|B). (Magurran [2003]
was the first to point out explicitly the connection between β-diversity and complementarity.
She identified the two concepts which is not correct.)

A crucial insight of systematic conservation planning is that the duplication problem
makes richness an inappropriate measure to use for the prioritization of areas. An example
will clarify the importance of using complementarity instead of richness. In Texas in the
United States, salamander species are often regarded as important components of biodiversity
because the region has a very high richness of these species many of which are endemic.
For instance, and these are among the most extreme of examples, two such species, the
Barton Springs Salamander (Eurycea sosorum) and the Austin Blind Salamander (Eurycea
waterlooensis) are microendemic to the extent that they only occur in one spring in the
middle of the city of Austin.

Now consider salamander species and subspecies in three National Wildlife Refuges
(NWRs) in Texas, the Aransas NWR, labeled A below, the Texas Mid-coast NWR Complex
(centered around the San Bernard NWR), labeled S below, and the Trinity River NWR,

25The Simpson index was computed using
n∑

i=1

f2

i
where n is the species richness and fi is the frequency of

the i-th species (De and Chauhan 2015).
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labeled T below.26 These three NWRs have the following salamander species:

A: Rio Grande Lesser Siren (Siren intermedia texana), Small-mouthed
Salamander (Ambystoma texanum), and Eastern Tiger Salamander
(Ambystoma tigrinum tigrinum).27

S: Western Lesser Siren (Siren intermedia nettingi), Central Newt (No-
tophthalmus viridescens), Marbled Salamander(Ambystoma opacum),
and Small-mouthed Salamander (Ambystoma texanum).28

T : Central Newt (Notophthalmus viridescens).29

We carry out the following computations. A, S, and T have the following richnesses resepec-
tively: 3, 4 and 1, Now βAS = βSA = |A∪S|−|A∩S| = 5; βAT = βTA = |A∪T |−|A∩T | = 4;
βST = βTS = 3; κ(A|S) = 2; κ(S|A) = 3; κ(A|T ) = 3; κ(T |A) = 1; κ(S|T ) = 3; and
κ(T |S) = 0.

These computations have the following consequence for the prioritization of conservation
areas if complementarity is used. Suppose that we already have T present as a conservation
area and we are constrained to choose only one more. Richness would dictate we choose S.
But complementarity does not allow a distinction between A and S because κ(A|T ) = 3 =
κ(S|T ). Thus, if other costs preferred A over S, the former is the more economical choice.

Returning to the general discussion of difference, even if the units chosen are to be
taxonomic groups, there is no theoretical reason must be species. That higher level taxa may
be more salient than species has been suggested and often seems prima facie reasonable—
differences between these higher taxa are sometimes called disparity and it is open to question
whether disparity should be used as a measure of biodiversity, whether it is different from
biodiversity, or whether it should be a conservation goal along with and beyond biodiversity
(Margules and Sarkar 2002; Sarkar 2002; Maclaurin and Sterelny 2008).

Finally, uniqueness (or, equivalently, the distinctiveness) of the (typically biotic) enti-
ties in a unit is often taken to be indicative of its biodiversity content. It has commonly
been interpreted as irreplaceability, rarity, and endemism (among other ways). In partic-
ular, Pressey (1999) has argued for prioritization of areas for the irreplaceability of their
contents rather than complementarity; for him, conservation area prioritization should use
two criteria, irreplaceablity and vulnerability. Here, irreplaceability refers to the level of
difficulty of conserving biodiversity features (the entities) using other potential units of con-
servation. Vulnerability refers to the probability that a unit would be irreversibly changed
if conservation action is delayed to some other time (if any) in the future.

Uniqueness has also been interpreted as rarity. Rarity itself has also been defined in a
variety of ways using the size of the geographical range (which is supposed to be inversely
correlated with rarity) or habitat specificity (correlated with rarity) or (local) population
size (inversely correlated with rarity) (Rabinowitz et al. 1986). Geographical rarity becomes
endemism when the range of an entity (almost always a species or somewhat higher taxon)
is limited to a specified geographical region and that alone. (The contrast here is when
some entity has a total restricted range but is widely distributed in small pockets over a

26In this example subspecies are being treated on par with species because of mandate of the U.S. ESA
(1973) which is relvant for NWRs.
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large biogeographic zone.) When the geographic zone is highly restrictive, the entities are
said to be microendemics. (Neither “endemic” nor “microendemic” have precise accepted
definitions.) Endemism has widely been used to assess biodiversity content though, typically,
with other criteria, especially richness (for instance, in Myers’ [1988] identification of golbal
“hotspots” of biodiversity).

Table 2.3 lists six different measures that have been constructed using the criteria of
richness, differnce, and uniqueness. These have been discussed in detail recently in Sarkar
(2017a). The most important feature about these proposed definition is that, with the
exception of using richness alone, there are cogent arguments for each them and it is unlikely
that empirical evidence or scientific arguments can credibly resolve disagreements about their
relative merits.
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Table 2.3: Measures of Biodiversity

Measures Explanation

Richness The number of units (taxa, habitat types, etc.) in a set (repre-
senting an area, a group, etc.); this is the most commonly used
measure of biodiversity. It is one measure of α-diversity but suf-
fers from the problem that it does not incorporate evenness (or
equitability). When multiple sets are required, its use also suffers
from the problem of duplication: two sets with high richness may
have many units in common and, together, may thus have lower
γ-diversity measured by richness (compared to a pair of sets with
lower richness). For conservation decisions the use of richness has
been explicitly endorsed by Gaston (1996), Maclaurin and Sterelny
(2008), and many others. Takacs (1996) and others (e.g., Norton
2008) have called this the inventory approach to biodiversity.

Difference The most basic measure is β-diversity, not often used in biodiver-
sity conservation in its customary interpretation as a symmetric
measure of the difference between sets. However, a closely related
asymmetric measure known as complementarity is probably the one
most commonly used in conservation biology, in particulary, in sys-
tematic conservation planning for the prioritization of conservation
areas. Complementarity is the number of new units a set adds to
those already present in previously selected sets. It thus avoids the
duplication problem faced by richness. It has been emphasized by
Margules in various works, e.g., Margules et al. (1988); Sarkar and
Margules (2002) and Margules and Sarkar 92007). Typically the
taxa are species but can be habitat types (e.g., Sarkar et al. 2007)
or traits (Vane Wright et al. 1991).

Richness and Difference Complementarity is equivalent to richness when the set of already
selected units is empty; for example, conservation area selection can
be initiated by richness and continued iteratively by complementar-
ity. The goal is to maximize γ-diversity (measured as richness) in
this way. This endorses an implicit definition of biodiversity as rich-
ness and difference; it was first used by Kirkpatrick et al. (1980)
and Kirkpatrick and Harwood (1983); subsequently it was used by
many others within systematic conservation planning.
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Uniqueness Uniqueness been interpreted in three major ways: (i) irreplaceabil-
ity, the difficulty of replacing a set by some other set, for instance,
a potential conservation area with some other one because of the
units present in the set (Pressey 1999); (ii) rarity, which can itself
be interpreted in a variety of ways (see below); and (iii) endemism,
when some entity is restricted to a region (which results in microen-
demism if the region is very small). Rarity of a unit can be a result
of: (a) small geographical range; (b) habitat specificity; or (c) small
population size (Rabinowitz et al. 1986). Rarity alone is typically
not used by itself as a measure biodiversity. However, it has been
implicitly used in explorations of conservation area selection using
rarity alone (Csuti et al. 1997; Sarkar et al. 2004). Irreplaceability
has been advocated by Pressey (e.g., 1999). Endemism is univer-
sally recognized as a critical criterion for biodiversity assessment.

Richness and uniqueness When uniqueness is interpreted as endemism, the use of uniqueness
together with endemism (as noted in the text) has been one of
the most influential measures of biodiversity, for instance, for the
determination of global biodiversity “hotspots” (Myers 1988; Myers
et al. 2000).

Difference and uniqueness This is similar to richness and uniqueness except complementarity
replaces richness to avoid the duplication problem. If uniqueness
is interpreted as rarity, also using rarity in a measure of biodi-
versity avoids the potential problem that complementarity could
result adding mostly common species at some iterative state dur-
ing conservation area selection. This criterion has been advocated
by Sarkar et al. (2002).
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2.5. Varieties and Alternatives.

The discussion of the last section does not exhaust the list of biodiversity measures that have
been proposed in the literature though it includes those that have been the most influential

yy
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2.6. The “New Conservation” Dispute.

Given the recent history of conflicts within the conservation community in the United
States—though not mimicked anywere else—the discussion of this chapter would be in-
complete without some discussion of the so-called New Conservation debate. Unfortunately
it has been a sordid affair that does not bring credit to many of the self-styled purveyors
of Old Conservation, a program descended from Soulé’s program for conservation biology
(§2.1) as opposed to Kareiva and Minteer’s program for conservation science. As we shall
see, even framing “New Conservation” in this way is inaccurate.

Besides a desire for completeness, there are two reasons for broaching this sordid story.
The more important one is that what divided the two sides were questions of ethics (and,
consequently, politics). To the extent that there were also differences in scientific judgment,
they remained subsidiary to the vitriolic public statements—to be fair, the vitriol came
entirely from a few individuals within the Old Conservation camp. That this dispute was
driven by ethics and politics helps underscore a dominating theme of this book: we cannot
make sense of biodiversity without taking into account its normative roots, content, and
implications.

The second reason is only slightly less important. The dispute between Old and New
Conservation brought to the forefront an ongoing “parks versus people” deabte. We will
shortly describe this debate in some detail because the issues it raises are central to the
discussions of Chapter 4 (and elsewhere in this book). It was foreshadowed by Guha’s
(1989) Southern critiqe of the assumptions of conservation biology in the 1980s (recall §2.1).

Returning to the framing of “New Conservation,” in 2008 Ben Minteer and Thad Miller
organized a symposium “The New Conservation Debate” for a meeting of the Society for
Conservation Biology in Chattanooga, Tennessee. The symposium title was a more formal
version of the “parks versus people” debatementioned earlier. On the “parks” side were those
who wanted to protect what they believed to be pristine nature no matter what the cost, for
example, by setting up militantly patrolled fenced national parks or reserves after expelling
all the traditional residents (see Chapter 4). In the global South, particularly in Africa
where this model of conservation is often dominant, this conservation strategy had come to
be called Fortress Conservation. It was vehemently resisted by those on the “people” side, a
much more diffuse and diverse group of environmentalists that agreed mainly on the moral
duty to address the basic human rights and needs of those affected by conservation policies.
Members of this group ranged from those who primarily promoted economic development to
those who wanted conservation initiatives that were based on local community participation
and engagement. Some such as Kareiva and Marvier (2012; see, also, Kareiva et al. 2012)
embraced capitalism and a role for private corporations in conservation projects; others
endorsed communitarian control of resources (Sarkar 1998b; Sarkar and Montoya 2011).

In spite of its title, perhaps unexpectedly, this debate receded to the background at the
Chattanooga symposium. What emerged instead were two points of consensus. First, there
was a recognition that the philosophical divide between the two sides (“parks” and “people”)
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probably reflected deep personal ethical commitments that may not be resolvable. Yet, in
many practical situations, accepting these differences and adopting a pluralist tolerance
allowed the formulation of policies that were welcome to all sides of these philosophical
disputes. In this way environmental pragmaticsm prevailed and it raised the possibility
that progress could potentially be made towards common goals while disagreeing about
foundations.

Second, the conflict between conservation and development was accepted as genuine in
the sense that there are few, if any, “win-win” solutions in which biodiversity conserva-
tion can be successfully achieved along with the promotion of economic development. That
had been the aim of a large number of expensive Integrated Conservation an Development
Projects since the 1990s (Wells and Brandon 1992).30 At Chattanooga, no one questioned
that these projects had failed. For instance, bio-fuels were being touted as “win-win” devel-
opmental strategies for countries in the South. Yet, across the tropics, bio-fuel production
had been the cause of deforestation, land tenure conflicts, food security problems, and denial
of fresh water access to local residents (McShane et al. 2011).Achieving either conservation
or development without entirely abandoning the other required compromises, that is, trade-
offs between divergent criteria incorporating conflicting. Development would almost always
require tolerance for some biodiversity loss; conservation would require forgone development
opportunities. How best to achieve these tradeoffs remained a matter of discussion—and
constituted state-of-the-art research programs for many of the symposium participants.

The audience at the symposium at the symposium cannot be blamed if they thought
that the “people versus parks” dispute was on its way to an eventual resolution or, at
least, a temporary lull while methods to achieve compromises were worked out and tested
in the field. Yet, less than five years later, the dispute exploded with an unprecedented
rancor that has barely dissipated over time. On the “parks” side now were traditional
conservation biologists, follower’s of Soulé’s manifesto, and others who have been the public
face of biodiversity conservation for the preceding generation and and had been targeted by
Guha (1989) as purveyors of a morally decreptit “radical American environmentalism.” On
the other (“people”) side were a new cadre of self-styled conservation scientists, following
Kareiva and Minteer (2012), who had begun arguing that conservation must recognize and
assimilate the are that there are vanishingly few ecosystems that are not inextricably linked
to human social practices. Thus, attempting to exclude humans from conservation plans
was not only practically futile but often also deeply morally questionable. Soulé and Kareiva
even met in a debate at the 2014 conference of the Western Society of Naturalists in Tacoma,
Washington but at least that particular encounter was decorous and free from the rancor of
the past few years (Kloor 2015).

By now the label “New Conservation” was no longer associated with the original debate,
as it had been for Minteer and Miller, but had come to be assigned as a name, initially by
critics, for the agenda of conservation science, rather than conservation biology. Indeed, as
was noted ealier, the contrast between Soulé’s and Kareiva and Marvier’s manifestos was
stark. What was most relevant to the New Conservation debate was that the creation of
strictly protected areas was central to the agenda of conservation biology, and the larger these
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were, the better they were supposed to protect the biodiversity within them though Soulé
seemed to suggest that even the largest feasible protected areas would still not be enough.
Another emphasis was on protecting wildernesses, that is, areas with minimal human impact,
which was viewed as the ideal state for protected areas.

Soulé had envisioned the field as the vanguard of an activist movement and, indeed, that is
what transpired. Advocacy was central to the discipline’s ethos. Imperial in tone, it wanted
to carry the torch of environmental fundamentalism into the rest of the world, particularly to
the tropics in the South which contained most of the world’s biodiversity (no matter how it
was measured). (In the late 1980s, Soulé and Kathryn Kohm [1989] even argued for changes
in the United States federal law to allow for the use of federal funds to purchase lands
in the South.) The field did not tolerate dissent. In a 2015 interview with Kloor (2015),
Kareiva recalled the publication of a paper in Ecology in the 1990s that contradicted an
assumption that populations of neotropical warblers were declining. According to Kareiva,
conservation biologists were outraged and responded viciously because such a publication
had the potential to erode the political will to halt tropical deforestation. Advocacy was
governing what would be acceptable as science.

That aspect of conservation biology that lies at the roots of the bitter disputes that have
broken out during the last few years. For example, in 2012, the Editor of Conservation
Biology, Erica Fleishman, was forced out of her position by the governing board of the
Society for Conservation Biology because it was felt that she had been removing advocacy
statements from research reports (Stockstad 2012). That decision enraged many of those in
the field who saw themselves as scientists with due respect for facts. Even within the Society
there was sufficient outrage at this blatant political inference that several members of the
Editorial Board resigned in protest. These included David Ehrenfeld, the founding Editor of
the journal. The President of the Society for Conservation Biology felt compelled to appoint
a committee to ease tensions. Eventually, the appointment of an Australian editor, someone
who had been far from these disputes, brought a measure of calm to the journal.

It was in this atmosphere that Kareiva and Marvier’s manifesto appeared. Though their
tone was markedly less messianic than Soulé’s had been, as was noted earlier, the most
striking contrast with Soulé was an acknowledgment of the salience of human interests for
biodiversity conservation. That it was no longer conservation biology but, rather, conser-
vation science showed that it accepted the interpenetration of biological and social science
techniques in devising conservation policy. They embraced the “Anthropocene,” that hu-
mans had become a dominant geological force for the natural world with global consequences.
In contrast to Soulé, they emphasized the resilience rather than the fragility of natural sys-
tems. They also emphasized the relevance of globalization: local actions could not longer
function without taking into account the global context.

Kareiva and Marvier’s normative postulates appeared mundane compared to Soulé’s
grandiose claims. They acknowledged that human behavior should be taken into account
in these postulates since humans have significant impacts of their habitats and not all such
impacts are detrimental to biodiversity. Most controversially, they claimed that conserva-
tionists should work with corporations.
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In this and other pieces, Kareiva did not exclude protected areas but he dethroned them.
There were two reasons. First, conservation biologists had implicitly pursued protected areas
as pristine places bereft of human interference to be dedicarted for biodiversity conservation.
Kareiva’s objection was empirical: such places did not exist any more. He thus endorsed one
of the oldest arguments against wilderness preservation. Second, he noted that protected
areas as islands in the midst of anthropogenically transformed landscapes would have little
chance of success. Attention should shift to the landscape matrix in which protected areas
would be situated. Kareiva was hardly on controversial ground here: globally, conservation-
ists had been emphasizing the importance of the landscape matrix for more than a decade
(Margules and Sarkar 2007). But it was apparently news to conservation biologists in the
United States though it appears that few of them had paid attention to all the arguments
for the shift away from a total—or perhaps even a main—focus on the creation of protected
areas.

The response was furious and part of the depth of the reaction can probably be explained
by Kareiva’s unique role in the discipline: as Chief Scientist of The Nature Conservancy
(TNC), he was potentially in the position to set the agenda of the group which claimed to
be the world’s largest conservation organization. Its resources were vast and it appeared that
TNC would no longer focus on land acquisition and the creation of protected areas, would
make compromises with corporations, and indulge in the unAmerican practice of sustainable
development.

New Conservation came under many attacks from a wide spectrum of traditional conser-
vationists but the low point was undoubtedly a piece by Pimm in Biological Conservation,
one of the premier journals of conservation biology. Pimm’s piece was supposed to be a re-
view of a book, Keeping the Wild (Wuerthner et al. 2014), a compendium of (mostly sober)
criticisms on New Conservation. Pimm (2014) began:

“I confess to having had a teenage crush on Julie Christie, the actress in ‘Doctor
Zhivago’ and ‘Darling.’ In the latter film, she has a scandalous affair with a
married intellectual. When, at last, he finds that she’s having other affairs too,
he walks her to the subway, refusing to send her home in the usual taxi. When she
asks why, he replies: ‘I don’t take whores in taxis.’ I teach this as a metaphor for
academic discourse. Now, I spend my life in scientific debate: it’s what makes
science so effective. That some scientists desperately seek attention, however,
does not make giving it to them desirable” (p. 151).”

The piece continued with personal attacks on Kareiva interspersed sporadically with a few
enthusiastic remarks about the essays in the book. It ends: “TNC and its corporate sponsors
need to understand some hard truths about what has succeeded in conservation, solid facts.
They need to hear the voices of experienced conservation professionals, not prostituting
messages designed to greenwash industrial business-as-usual. Above all, I admire this book’s
patience. I hope the taxi fare it paid was worthwhile” (pp. 151 -152).

It is no surprise that Pimm’s review generated enough of a storm that the Editor of
Biological Conservation, along with the publisher, Elsevier, felt compelled to respond: “We
would like to inform our readers that parts of the book review Keeping the Wild: Against the
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Domestication of the Earth by Stuart Pimm, Volume 180, pages 151 -152 are denigrating to
women. We have taken action to prevent such use of inappropriate language from recurring,
and emphasize that the language used in this book review in no way reflects the policy or
practice of Biological Conservation or Elsevier”(Primack and Broerse 2014). There was no
apology or retraction, and no explanation of why or how the editors of the journal allowed
such a piece to appear in the first place.

In retrospect, in what was perhaps the most thoughtful critique of New Conservation,
Doak et al. claimed: “The priorities of [New Conservation] rest on ethical values, not
science.” The discussion here underscores this assessment though, as was noted earlier,
systematic conservation planning complements conservation science in a way that provides
both a normative and a scientific foundation for New Conservation.

55


