
Chapter 1

Introduction

During the first three months of 2018 there appeared 718 scholarly publications that had
“biodiversity” in their titles1; and almost certainly many more popular articles with the word
in their titles and in translaton into multiple languages. By the end of the year there would
probably be three to four thousand scholarly publications of this kind. By any measure the
term “biodiversity” is now well-entrenched in both scientific and popular lexicons. Almost
all users of “biodiversity” are likely to be aware that the term refers to an aspect of nature
that merits protection: in this sense, the term is honorific. It conjures up images of tropical
rain forests and coral reefs, a unique million-year-old clump of trees, the last Bengal tigers,
a fish breeding only on a single table-sized underwater shelf, a salamander restricted to a
single spring, a spider from a single cave, and so on.2

Yet, it is very likely that few users will be aware that the word “biodiversity” is of
very recent vintage; its first use appears to have been in 1985. But it was not still born.
Seven years after the word’s first appearance, the conservation of biodiversity became the
goal of an international agreement, the 1992 Rio Convention on Biodiversity. Indeed, few
terms have spread as rapidly and have acquired as much scientific and popular purchase as
“biodiversity.”

Just as few users realize how new “biodiversity” is, perhaps even fewer realize that the
concept has never had satisfactorily defined.3 Most users presumably associate biodiversity
with natural variety and probably assume that there is some scientific discipline (most likely,
conservation biology) in which the concept has been made precise. However reasonable it
may seem, this is a false assumption: while there have been many discussions about what
biodiversity should mean over the years, there has never been any consensus. Moreover, in
recent years (since 2010) there have been very few discussions about the meaning of biodi-
versity within the scientific literature though interest in this issue seems to have blossomed
amongst professional philosophers. Not only do the sciences of conservation not seem to
require any precise definition of the concept, the ambiguity is probably useful for many con-
servationists: it enables them to demand the conservation of any biotic feature they value
by claiming that it is a component of biodiversity. For some, what matters are salamanders,

1Based on a Google Scholar search; 01 April 2018.
2Rain forests and Bengal tigers aside, it is left as an exercise to the reader to instantiate these categories—

each one subsumes at least one species.
3The shift from “term” to “concept” without commentary in the text is intentional. Throughout this

book, while there will be occasional use of “biodiversity” (the term) for the sake of accuracy, the dominant
concern will be with the concept of biodiversity. There is thus an underlying assumption that presuming a
one-to-one correspondence between the term and the concept does not confuse the issues that concern this
book.
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for others flowering plants, and for yet others freshwater invertebrates (which are among the
most at-risk taxa in North America).

But the lack of precision comes at a cost. It allows biodiversity potentially to include
even the diversity of pathogens causing deadly diseases with no known cure, for instance,
Ebola, where this natural variation may make it more difficult to design counter-measures
such as vaccines or drugs. Ambiguity about the scope of biodiversity potentially enables the
protection of Ebola diversity to emerge as a social goal because biodiversity is supposed to
be conserved. The honorific connotation of biodiversity gets us into trouble. Indeed we could
end up having to applaud the ability of bacteria to mutate and evolve diversity in order to
evade the next generation of antibiotics.

The purpose of this book is to make sense of such undesirable outcomes and to see if they
can be avoided without introducing post hoc restrictions on the scope of biodiversity. It pro-
poses a way to conceptualize biodiversity that integrates a fundamentally normative account
of the concept with those scientific intuitions that played a large role in its introduction and
early history. The normative account allows cultural choices for what aspects of natural
variety to mark for protection. Scientific adequacy conditions restrict which these choices
merit the designation “biodiversity.” The rest of this book will elaborate this proposal.

This book is intended as contribution at the boundary between philosophy and science,
one that does not recognize a sharp distinction between the two arenas. While the account
of biodiversity proposed here is new in its entirety, some parts of it have been previously
published in the philosophical literature (Sarkar 2002, 2008, 2017a, 2018) while other parts
have appeared in the scientific literature (Sarkar and Margules 2002; Sarkar et al. 2005;
Margules and Sarkar 2007). What is new here is the attempt at synthesis.

In motivating and developing this account of biodiversity this book critically reviews
various alternatives including those that advocate what are supposed to be purely scientific
accounts, those that emphasize normativity at the expense of any contact with the science
of biodiversity conservation, and those that suggest the concept’s elimination altogether.
(This survey of divergent viewpoints is not intended to be a comprehensive review; rather
it is selective, restricting itself to representative instances in the literature exemplifying
the divergent positions and to those accounts that appear to be the most innovative or
influential.) It engages, though only to a more limited extent than ideal, with the political
controversies surrounding biodiversity conservation, especially those that have arisen because
of Northern environmentalists’ attempts to impose their values on the global South. What
the book does explicate in more detail is how definitions of biodiversity can be integrated into
scientific protocols developed for its effective protection within the framework of systematic
conservation planning.

The discussion of the concept of biodiversity below illustrates how all concepts, including
those of science, can only be properly understood in their proper historical context. How
we can best understand biodiversity depends on how, when, and why the concept was intro-
duced, in particular, why its introduction was at all necessary given (as we shall see below)
that there already was a rich discussion of various concepts of diversity within ecology, the
scientific field that has most in common with traditional conservation biology. This histor-
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ical context is critical to specifying how biodiversity should be understood. Thus, the next
section delves into the history of the introduction of “biodiversity” into the scientific lexicon
in the 1980s during which there was a clear intent by the term’s promoters to influence public
policy on biological conservation. That history sets the stage for an analysis of attempts to
define biodiversity later in the book and also for the introductory discussions that occupy
the rest of this chapter. It also grounds a fundamental assumption of this book: that that
the concept of biodiversity must be understood to embody a normative component.
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1.1. The Word “Biodiversity.”

The first book with “biodiversity” in its title was edited by E. O. Wilson in 1988 (though
the title was spelt “BioDiversity” [Wilson 1988]). In it Wilson attributed the the coinage of
the term to Walter G. Rosen of the (U.S.) National Academy of Sciences (1988, p. vi). The
date was some time prior to a “National Forum on BioDiversity” held in Washington, DC,
under the auspices of the Academy and the Smithsonian Institution from 21 -24 September
1986. Rosen is supposed to have initially introduced the term as a convenient abbreviation
of “biological diversity” in internal paperwork related to the organization of the Forum.
Later, though, he apparently came to view the term as one that would help the cause of
conservation with the general public (Wilson 1994).

This story was elaborated by Takacs (1996) in the first book to look critically at the
history of the term and the creation of a science of conservation biology around it. According
to Takacs, Rosen quipped that “biodiversity” came from “biological diversity” by taking “the
‘logical’ out of ‘biological’ (p. 37).” Rosen (1997) confirmed the story in an otherwise ill-
tempered review of Takacs’ book: “I made it clear that biodiversity is a contraction of
biological diversity, which I coined as a convenience (p. 710).” Subsequently the story has
been repeated by most commentators who have written on the topic (e.g., Ghilarov 1996;
Sarkar 1998b, 2005; Väliverronen 1998)). The 1986 Forum has acquired the status of a
founding myth for the emergence of biodiversity conservation as a socio-political goal and
Rosen gets the credit for the coinage of a term that captures one of the paramount goals of
global campaigns for evironmental protection.

Unfortunately, Rosen claimed too much though his story has been uncritically accepted
by those who have written on the topic. The term “biodiversity” was already in the air
at the time of his intervention and there were at least two prior published instances of its
use, in 1985 and 1986, both in BioScience, a publication for which Rosen reviewed books.
(BioScience was and remains the most visible publication to non-academic biologists in the
United States.) The first use was in an article by Laura Tangley (1985) about a report to the
United States Congress on a strategy to conserve biological diversity in developing countries
prepared by 11 federal agencies led by the Agency for International Development (USAID).
The report itself did not use the term “biodiversity.” However, a box in Tangley’s article (p.
336) summarized the major policy directives in that report; the fourth is “Support research
related to biodiversity conservation and inventories of species and ecosystems” (emphasis
added). There is no further comment.4 Thus, apparently accidentally, “biodiversity” entered
our lexicon.

The second use appears to have been no more self-conscious. In a 1986 reply to a

4Tangley (personal communication) does not recall consciously introducing the term. She noted that she
was in contact with Rosen in 1986 and perhaps in 1985 and may have heard the term from him. However, her
article must have been prepared in early 1985 at the latest, given the lead time for publication in BioScience.
There is no evidence to suggest that Rosen had coined the term as early as that but all available evidence
suggests that he introduced the term independently.
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comment on a previous article he had co-authored on global warming, Robert L. Peters
(1986, p. 140) wrote: “In conserving biodiversity measures like those suggested in our
paper, such as designing reserves with climate in mind, might be helpful.”5 Both uses—
Tangley’s and Peters’—are clearly contractions of “biological diversity.” Both also presume
that biodiversity is a target of conservation.

Rosen’s use was more deliberate and self-conscious but otherwise not different. Wilson,
perhaps the most prominent biologist involved in the organization of the 1986 Forum thought
that the term was “too glitzy” but later came to accept its value (Takacs 1996, p. 37). In
his memoirs he explains:

“Because I edited the volume BioDiversity in 1988, it is widely thought that
I also coined the term. I deserve no credit at all. The expression was put
into play by Walter Rosen, the administrative officer of the National Academy
of Sciences who organized the 1986 Washington forum. When Rosen and other
NAS staff members approached me to serve as editor of the proceedings, I argued
for ‘biological diversity,’ the term I and others favored at the time. Biodiversity,
I said, is too catchy; it lacks dignity. But Rosen and his colleagues persisted.
Biodiversity is simpler and more distinctive, they insisted, so the public will
remember it more easily. The subject surely needs all the attention we can
attract to it, and as quickly as possible. I relented.

I am not sure now why I resisted the word at all, in view of the quickness
with which it acquired both dignity and influence” (1994, pp. 359 -360).

Acquiring honorific status contributed to the dignity of the term especially as it became en-
trenched as the goal of the emerging science of conservation biology which, in turn, nurtured
its growing popularity and influence. Takacs (1996, p. 39) notes: “In 1988, biodiversity
did not appear as a keyword in Biological Abstracts, and biological diversity appeared once.
In 1993, biodiversity appeared seventy-two times, and biological diversity nineteen times.”
The first journal with “biodiversity” in its title, Canadian Biodiversity, appeared in 1991
and changed its name to Global Biodiversity in 1993; a second, Tropical Biodiversity, began
appearing in 1992; Biodiversity Letters and Global Biodiversity followed in 1993.

In fact, conservation biology as an institutionalized discipline emerged at the same time
in parallel with the introduction of the “biodiversity” (Sarkar 1998b, 2005). The crucial
period was between 1985 and 1987. In the 1980s, oncern over the ongoing destruction of
natural habitats, and the inferred extinction of species (Sarkar 2005), certainly aided this
process. But, as Väliverronen (1998) has pointed out, it was aided by the growing importance
of biotechnology and an increased perception of the commercial opportunities presented by
biological materials that were still new to technoscience—but these are issues beyond the
scope of the book.

5Peters (personal communication) also does not recall consciously introducing the term. Around that
time he was organizing the first conference linking global warming and biodiversity loss. His “guess is that
the term ‘biodiversity’ popped up in these informal discussions [about organizing conferences] as a short-
hand way of saying ‘biological diversity.’ I doubt one person coined it. It’s more likely that it evolved among
us organically as a short hand expression.”
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So long as we do not take such microhistory too seriously, it is possible not only to place
and date, but it is even possible to time, when conservation biology formally emerged as an
organized field: at about 5 p.m. (EST), 8 May 1985, in Ann Arbor, Michigan, at the end
of the Second Conference on Conservation Biology (Soulé 1987). Two ad hoc committees,
chaired by Jared Diamond and Peer Brussard, had met during the conference to discuss the
need for a new society and a new journal. Following their reports, an informal motion to
found the society was passed, and Michael E. Soulé was given the task of organizing it. A
decision was also made to found a new journal, Conservation Biology.6

Things moved quickly from the Ann Arbor conference. In December 1985, Soulé pub-
lished his manifesto, “What is Conservation Biology?” in BioScience; that manifesto will
be discussed in some detail in Chapter 2 (§2.1). It defined the precepts of conservation bi-
ology for a broad audience and argued that it was a new inter-disciplinary science based on
both empirical (Soulé called them “functional”) and normative ethical postulates that was
being created to conserve what still remained of our biological heritage. This science was
ultimately prescriptive: it prescribed management plans for the conservation of biological
diversity at every level of organization. Setting the tone for much of the discussion during
the early years of North American conservation biology, Soulé emphasized that the new field
was a “crisis discipline.” The first issue of Conservation Biology appeared in May 1987 and
the first annual meeting of the new society was held in Montana State University in June
1987. Within ecology, Janzen’s (1986) very influential exhortation to tropical ecologists to
undertake the political activism necessary for conservation fortuitously appeared in 1986.
However, it had an entirely different tenor arguing that conservation biologists had to em-
bed themselves into local cultures in order to establish conservation as a local societal goal.

Thus, between 1985 and 1987, conservation biology emerged in the United States as an
organized academic discipline. In Soulé’s manifesto the goal of the discipline was to conserve
biological diversity (he used “diversity of organisms” in his ethical postulates). Once the term
“biodiversity” was introduced, conservation biology became a discipline with the explicit goal
of protecting biodiversity. A sociologically synergistic interaction between the use of the new
term and growth of the new discipline re-configured the discourse of environmental concerns
that led to biodiversity conservation emerging as a central focus. The Rio Convention of
1992 documents the extent of that reconfiguration.

6That a successful European journal, Biological Conservation, devoted to the same topic, had been in
existence since 1968 apparently went unnoticed. As Sarkar (1998b) has cynically noted, the founders of
conservation biology gave the impression that thwe were creating a Brave New Science with no antecedent
to liberate nature from human bondage.
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1.2. What Is Biodiversity?

But what is biodiversity? Those who first introduced the term had made no attempt to
define it or to establish its scope. However, in the decade after the term was introduced, the
question of what it was supposed to capture was widely discussed. In the mid-1990s, several
compilations appeared that recorded the diverse ways in which conservation biologists (and
others) viewed biodiversity. Two of the most ambitious of these compilations were used to
construct Table 1.1. Gaston (1996b) used published sources for definitions of “biodiversity”
and “biological diversity”; only the former are recorded in Table 1.1. Takacs (1996) relied
on extensive interviews with conservation biologists. These resulted in long quotations from
which the most salient parts are extracted in Table 1.1.7

In these quotations there is almost complete consensus that a new concept has been
introduced, that it is very general in its scope, and that what is at stake is variety. There
is only a slightly lesser consensus that there can be widespread disagreement about its
meaning, and that these differences are legitimate, and that biodiversity includes aspects of
the living world other than species. (Only Ehrenfeld, Iltis and Pimentel restrict biodiversity
to diversity at the species level.) Many of those who are quoted emphasized genes, species,
and ecosystems. Iltis stands out in another way by emphasizing uniqueness rather than
vareity. In contrast, Falk emphasizes differences. In being new, biodiversity was perceived
to be different from earlier goals of conservation such as wildlife, charismatic species, or even
endangered and other at-risk species. Most of the quotations, though not all, suggest that
there is more to biodiversity than richness (even though everyone seems to be aware that
species richness had most commonly been used as a measure of diversity in biology).

Almost all respondents in Takacs’ oral interviews are well aware that the concept was
loaded with the political agenda of enhancing and targeting conservation efforts. What
is left out of Table 1.1 here but was present in Takacs’ interviews are multiple occasions
when respondents emphasized the importance of communicating “biodiversity” to the public
beyond defining it for scientific use. The normative role of conservation was never far from
the surface. Thus, no account of what biodiversity should mean can do justice to the concept
if it does not address its intended and actual role in framing conservation policy, a point
that is central to the account of biodiversity developed in this book.

7For E. O. Wilson, only the published definition is reported since, presumably, it more accurately reflects
his intent rather that what he said in the interview with Takacs.
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Table 1.1: What Is Biodiversity? The definitions are being presented in alphabetical
order of the authors (by last name). Definitions with citations are from Gaston (1996b);
the others are from Takacs (1996, pp. 46 -50) from interviews that he conducted in 1992.
Quotations from Takacs’ interviews are typically extracts from the published version. In
both cases, definitions of “biological diversity” are excluded.

Definitions and Explanations

Bibby et al. (1992): “Biodiversity is the total variety of life on earth. It includes all
genes, species and ecosystems and the ecological processes of which they are part.”

Brussard: “The standard definition is species diversity, and then diversity of com-
munities or habitats that the species combine into, and then, on the other side of
the scale, the genetic diversity that the species are comprised of.”

Ehrenfeld: “I don’t have a definition of biodiversity. . . . But mostly when I think of
biodiversity, I think of plain, ordinary species diversity.”

Ehrlich: “To me biodiversity is the living resources of the planet.”

Eisner: “Biodiversity is the total number of genetic lineages on earth.”

Falk: “I think of it as fundamentally a measure of difference. And the most im-
portant part of the definition for me is that it exists at many different levels of
biological organization, even though we tend as a mental habit to focus most on
species diversity.”

Fiedler and Jain (1992): “Full range of variety and variability within and among liv-
ing organisms, their associations, and habitat-oriented ecological complexes. Term
encompasses ecosystem, species, and landscape as well as intraspecific (genetic) lev-
els of diversity.”

Funk: “I guess . . . biodiversity to me means importance: which areas do we have to
concentrate on, or which groups are more ‘important’ in terms of preserving than
others.

Iltis: “Well, it’s just the diversity of living things on the face of the earth. . . . It’s
the number of species and the uniqueness of species.”

Janzen: “The whole package of genes, populations, species, and the cluster of inter-
actions that they manifest.”

Kim: “. . . the variation or the variability or the variety of living organisms . . . ,
which includes intraspecific variation. . . . You’re looking at the community level,
you’re looking at ecosystem level, at landscape level, and so on.”

Lovejoy: “The term is really supposed to mean diversity at all levels of organization.
But the way it’s most often used is basically relating to species diversity. . . . I think
for short operational purposes, that species diversity is a good shorthand.”

Lubchenco: “Biodiversity encompasses the number, the variability, and the variety
of life on Earth. And it’s usually considered at three different lavels of biological
organization: genetic, species, and ecosystem.”
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McAllister (1991): “Biodiversity is the genetic, taxonomic and ecosystem variety in
the living organisms of a given area, environment, ecosystem or the whole planet.”

McNaughton: “The total biotic diversity as indexed by the number of species and
genetic diversity they encompass.”

Noss: “Well, biodiversity, to me, is shorthand for the richness of life. . . . I define it
simply as the variety of life and its processes.”

Orians: “Biodiversity is very comprehensive term which reflects the diversity of
living organisms at all levels, from . . . populational—genetic and geographical—
diversity to species, to lineages, and higher taxonomic categories, to ecological sys-
tems.”

Pimentel: “ [The term] really focuses on the mix of species or diversity—I’ll use the
word diversity—of species that exist in a particular ecosystem—or world, for that
matter, which takes the whole system.”

Raven: “The total sum of plants, animals, fungi, and microorganisms in the world
including their genetic diversity and the way in which they fit together into commu-
nities and ecosystems.”

Ray: “It’s a fundamental property of life. And what we’re looking at in biodiversity
is the history of biology, the history of life in all of its forms in the entire time it’s
existed on our planet.”

Reid and Miller (1989): “Biodiversity is the variety of the world’s organisms, includ-
ing their genetic diversity and the assemblages they form. It is the blanket term for
the natural biological wealth that undergirds human life and well-being. The breadth
of the concept reflects the interrelatedness of genes, species and ecosystems.”

Rosen: “Biodiversity is something that occurs at a community level, at a species
level, you know, that it’s genetic as well as—whatever.”

Sandlund et al. (1993): “. . . the structural and functional variety of life forms at
genetic, population, species, community, and ecosystem levels.”

Soulé: “[There are] only two ways to define biodiversity. . . . The short way is the
best. And it’s life in all of its dimensions and richness and manifestations, not only
at the level of individuals and species, but at the level of aggregations, communities,
or what you have.”

Wilson (1992): “The variety of organisms considered at all levels, from genetic
variation belonging to the same species through arrays of species to arrays of genera,
families, and still higher taxonomic levels; includes the variety of ecosystems, which
comprise both the communities of organisms within particular habitats and physical
conditions under which they live.”

Woodruff: “I take a very holistic view of biodiversity. It’s made up of individuals
that make up populations that make up species. . . . I have a definition of biodiversity
that runs all the way from individuals and species, the traditional elements, through
to community-level relationships, which are essential for the survival of individual
elements. And from there you go along towards the way those systems affect the
atmosphere and oceans of the planet.”
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1.3. Whatever Happened to Ecological Diversity?

In our context what is perhaps most telling is that none of these characterizations of biodiver-
sity refer to the discussions of ecological diversity that had formed a major part of theoretical
ecology between the 1950s and 1980 (Sarkar 2007). Those discussions were conceptually and,
often enough, formally sophisticatedc. The first quantitative index for ecological diversity
goes back to Fisher, Corbet, and Williams (1943) and related the number of individuals to
the number of species in a sample of individuals drawn from a natural community. What
Fisher and his collaborators were interested in is the number of new species encountered as
the number of individuals increased in the sample. They used a parameter α to define a
frequency distribution for the number of species, If α is large, many new species are encoun-
tered; if α is small, the opposite happens. Perhaps because ecology was never one of Fisher’s
dominant interests he went no further. However, starting in the late 1940s, Preston (1948,
1962a,b) attempted to generalize Fisher’s work. Preston’s models remained phenomenologi-
cal, attempting to generate a fit between model predictions and data rather than elaborating
ecological principles of a theory of diversity.8

During the same period MacArthur (1957) developed mechanistic models for quantify-
ing diversity; for instance, his broken-stick model for diversity assumed that species in a
community apportioned resources at random like parts of a broken stick. In the late 1950s,
MacArthur as well as Elton (1958) proposed and promoted a diversity-stability hypothesis.
This was the claim that diversity leads to ecological stability of communities; for Elton it
provided a critical reason (though not the only one) for the conservation of what he called
“natural variety.” This was probably the first time that this potential link between diversity
and stability was proposed as a normative basis for the conservation of biodiversity though
there is no mention of it in the early work in conservation biology (such as that discussed
earlier in this chapter).

However, the most common diversity measures to be introduced into ecology from that
era emerged from a different conceptual background. Simpson (1949) introduced an index
of “concentration” for an ecological community; let pi be the frequency of the i-th species
in a community with n species. Then the index of concentration for that community is
n∑

i=1

pi. Its complement (1−
n∑

i=1

pi) and inverse ([
n∑

i=1

pi]
−1) are both known as Simpson indices

for diversity. Ten years later, Margalef (1958) proposed the use of Shannon’s measure for

entropy (or information),
n∑

i=1

pi ln pi which came to be known as the Shannon index for

diversity. (Earlier, MacArthur [1955] had used the same index but as a measure of stability.)
The inverse version of the Simpson index and the Shannon index were both known to belong
to Rényi’s (1960) family of entropy measures. The introduction of these two measures led
to a variety of other simnilar proposals and to a wide range of empirical studies in the 1960s

8However, more recently Hubbell (2001) has attempted to give a theoretical foundation for Fisher’s and
Preston’s work.
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that attempted to explore the relationship of diversity to stability.9

Nevertheless, the most fundamental question remained unanswered: what is the justi-
fication for any of these measures? (How do we make sure that a proposed measure is a
measure of diversity? Of various acceptable measures, what makes some measures preferable
to others and why?) Hurlbert (1971) posed this question forcefully and, arguably, no fully
satisfactory answer has ever been produced. This problem was widely recognized by the
1980s when “biodiversity” was introduced.

Conceptually there are at least two good strategies for answering Hurlbert’s question:
(i) We could show that a proposed measure captures some widely (ideally universally) ac-
cepted intuition about diversity by laying down explicit adequacy conditions and proving
that some proposed measure is the only one that saisfied these conditions. (ii) Alternatively,
we could connect the measure to well-characterized ecological processes. There are again
two ways in which this second strategy can be carried out: (a) The proposed diversity mea-
sure may describe capture ecological phenomenon that is predicted from the operation of
well-characterized ecological processes. (b) The proposed definition may be connected to a
parameter that plays a determining role in how ecological processes operate. Starting in the
1960s, all three of these strategies of justification were recognized tried but attempts to use
them successfully had very limited success.

Historically, five different parameters have been used to generate adequacy conditions
for a measure of diversity. In each case, the value of the measure is suppose to covary with
diversity10:

1. Richness : Number of species in a community (Simpson 1949; Margalef 1958; Patil and
Taillie 1982).

2. Evenness or equitability : Equal proportional occurrence of all species in a community
(Simpson 1949; Margalef 1958; Patten 1962; Fager 1972; Hill 1973; Pielou 1975; Alatalo
1981).

3. Average abundance rarity : Low proportional occurrence of a species in a community
(Simpson 1949; Margalef 1958; Hurlbert 1971; Patil and Taillie 1982).

4. Distinctiveness : Phenotypic or taxonomic uniqueness of a species at a site (Rao 1982).

5. Abundance transfer : Transfer of a proportion from a more abundant species to a less
abundant species (that is, the rare species increases in frequency while the frequency
of the more common species decreases) (Simpson 1949; Margalef 1958; Hurlbert 1971;
Patil and Taillie 1982).

The trouble with these adequacy conditions to justify a diversity measure is that no proposed
measure seems to satisfy all five of them though this result has apparently never been proved

9These were reviewed by Hutcheson (1970) and have since been analyzed in Sarkar (2007).
10The citations indicate works which use each parameter. All of these were originally stated using species

as the unit and an ecological community as the composite; however, they are applicable to any set as a
composite and its elements as units.
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in full generality in a unified mathematical framework (Sarkar 2007). However, Pielou (1969)
showed formally how the Shannon and Simpson measures satisfied conditions (1) and (2). In
general these two indices perform better than all other measures with respect to the number
of conditions they meet.

Efforts to find connections between diversity measures and ecological processes have also
foundered. Patil and Taillie (1976, 1979, 1982) initiated an ambitious program of deriving
diversity, interpreted as average abundance rarity, from models of probable inter-specific and
intra-specific encounters. The Shannon and Simpson indices then emerge from different ways
to compute the average.11 Most commentators since the 1980s have ignored these efforts.
The trouble is that these models seem to have no obvious bearing on any other question in
ecology.

However, if diversity is interpreted categorically as richness, any attempt to derive species-
area curves from fundamental principles is a model of diversity. Thus some of Preston’s work
mentioned earlier becomes relevant. Similarly, the theory of island biogeography (MacArthur
and Wilson 1972) is also such a theory of diversity (as, more explicitly, is Hubbell’s (2001)
neutral theory of biodiversity). Moreover, Hutchinson’s (1959) justly famous question about
the cause of the decrease of species richness with latitude constitutes a call for such a theory
of diversity. But, as we shall see in some detail next chapter, there is much more to diversity
than richness, a point to which the other adequacy criteria listed above (such as evenness)
testify.

What is most pertinent for our purposes is that all this work within ecology was entirely
ignored during attempts to define biodiversity in the late 1980s and early 1990s as conserva-
tion biology was emerging as an organized discipline (that is, in the work discussed earlier
in this chapter). So was another set of distinctions that Whittaker (1960) first elaborated in
1960. These are the distinctions between α-diversity or the diversity within a site, β-diversity
or the diversity between sites, and γ-diversity or the total diversity of a region, including
both α- and β-diversity. All the indices discussed earlier are measures of α-diversity. As we
shall also see in the next chapter, β-diversity is closely related to a concept that is widely
used in conservation biology and is also a measure of diversity, namely, complementarity.

Why was all this work in theoretical ecology ignored by the newly-minted conservation
biologists of the 1980s and 1990s? In retrospect, it appears that they were reinventing the
wheel when they attempted to define biodiversity from scratch. But, is this is a correct
assessment? Probably not. One possible reason why conservation biologists ignored the
earlier discussions of ecological diversity could be that they were aware that the introduced
measures and their theoretical analyses had not achieved much of recognized value within
ecology. In particular efforts to establish the diversity-stability hypothesis had faltered:
empirical results remained inconclusive while theoretical work on model ecosystems in the
1970s suggested that diversity spawned instability (May 1974; Sarkar 2005). However, the
writings of conservation biologists (as well as Takacs’ interviews) provide no evidence that
conservation biologists ignored this earlier work on ecological diversity because they were
aware that it had led to a dead end.

11Earlier, Hurlbert (1971) had made related suggestions and MacArthur (1957) used similar models though
not with an explicit agenda of justifying diversity measures.
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A better explanation may well be that attempts to forge a new concept, biodiversity,
were indelibly marked by the explicit formulation of conservation biology as a normative,
goal-driven science. Unlike ecological diversity, biodiversity was framed from the beginning
to be a concept with a normative component and one that could be used to influence public
policy. The available concepts and associated measures of diversity were descriptive in their
intent (as is typical for concepts of science); consequently, they were not really relevant for
characterizing biodiversity as fundamentally incorporating a normative component. So, a
new beginning was necessary.
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1.4. The Units Problems.

Returning to the earlier discussion in this chapter of what biodiversity means, what should
strike us that there are three themes that run through most of the definitions. The first
two are explicit: biodiversity is about natural variety, rather than about any particular
type of entity; and biodiversity is supposed to embrace all of the living world. With the
notable exception of Funk, the third theme, normativity is not explicit but crucial to the
concept of biodiversity: it is something that should be conserved. The reason why this third
theme is not explicit in these quotations is simple enough: the quotations attempted to
describe how biodiversity should be conceptualized within the context of conservation, that
is, those quoted knew that conservation was the goal, and that what was being characterized
was something that should be conserved. There was thus no further need to be explicitly
normative. Also, al quotations are also from within ten years from when “biodiversity”
first entered the lexicon (that is, 1985) and within five years of when it became a matter of
international concern (the Rio Convention of 1992). Normativity was implicit in probably
all discussions of bioversity by conservation biologists.

All three of these themes will be incorporated into the account of biodiversity that will be
elaborated in this book. Two points should be noted here. The first point is that the second
theme urges that biodiversity be considered as broadly as possible. Three hierarchies have
been constructively used to organize the living world; which of these three hierarchies are ap-
propriate for determining units of biodiversity is the first “units problem.” The first hierarchy
is the taxonomic one, from genes (as alleles) through linkage groups, genotypes (individuals),
subspecies, species, genera, families, and so on, all the way to phyla (Sarkar 1994). The sec-
ond hierarchy is the compositional hierarchy starting with the smallest biomolecules through
macromolecules, organelles, cells, tissues, organs, organisms, communities, ecosystems, and
larger spatial units. The third hierarchy is that of functional processes12 from intracellular
processes through interactions between cells, tissues, and organs, organismic behavior in-
cluding migration, to community and ecosystem dynamics, and on to more global biological
processes such as carbon and nitrogen cycles.

Is the taxonomic hierarchy the only appropriate one for conceiving biodiversity as, for
instance, is implicitly assumed whenever discussions of conservation focus on species and
only species? What about communities such as rain forests and coral reefs? Are these fitting
units of biodiversity only because they are rich in species? It may initially appear that the
third hierarchy is irrelevant to conservation, given that it has so often been ignored. But is
the continental migration of the Monarch butterfly (Danaus plexippus) in North America,
discussed in Chapter 5, not worth protecting? Or the synchronous flowering of bamboo
species, sometimes after several decades, across thousands of kilometers of separation in
India?

These hierarchies are “leaky” in the sense that levels and units within levels do not

12In contrast to work in the philosophy of evolutionary or organismic biology, “function” is being construed
very broadly here to include all biologically relevant processes.
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have very precise boundaries. Are membrane receptors within or outside cells? To which
spatial hierarchy does a migrating animal belong? However, biological research has not
been irrevocably bogged down because of these difficulties and neither should biodiversity
conservation.

The second units problem is to determine which of the levels and units of these hierarchies
constitute the relevant units of conservation. For instance, within the taxonomic hierarchy,
are species and sub-species the only appropriate units of conservation as, for instance, man-
dated in the United States by the Endangered Species Act (ESA) of 1973? Are they even the
appropriate units rather than genera or higher level units? Within the compositional hier-
archy, at what level should biodiversity be assayed. At the level of rain forests or should we
distinguish between tropical and temperate rain forests? Within the former, should we even
go one level further and distinguish between wet and moist forests? A successful account of
what biodiversity should help resolve—if not completely solve—both units problems.

The second point is that there is a tension between the second and third themes that
is not easily resolved. As just discussed, the second theme requires biodiversity to have a
very broad scope, the third that it should be preserved. Suppose, in accord with the second
theme, we define biodiversity as diversity at all levels of taxonomic, structural, and functional
organization. Biodiversity would then come to include all of the living world, a point duly and
critically noted by Takacs (1996), and we would be claiming that all of it merits protection
(in accordance with the third of the three themes gleaned from earlier sections). Not only
can such a concept of biodiversity not be operationalized for use in the field, there is good
reason to doubt whether we really intend the honorific term “biodiversity” to have such
catholic scope. Do we include the full variety of the microbiomes on our bodies? If so, we
should stop using soap, perhaps stop even cleaning ourselves—it could be very entertaining
to consider the full range of consequences if we adopt the most general possible concept of
biodiversity and then demand its protection.13

However, if the scope of “biodiversity” should be restricted, how should that be done?
That is what this book is about. Throughout this book we will use the term “natural
variety” (from Elton [1958] and also used by Norton [1987]) to refer to the differences within
the living world at all levels of taxonomic, structural, and functional organization. But
we will distinguish that from “biodiversity” which will have a much narrower scope. In
particular, not all natural variety merits protection; all of biodiversity does.

13This exercise is left to the reader.
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1.5. Plan.

Chapter 2 turns to purely scientific attempts to define biodiversity. It begins with analysis of
how three different disciplinary configurations—conservation biology, conservation science,
and systematic conservation planning—have conceptualized the science of biodiversity con-
servation. It analyzes how and to what extent each of these three disciplines have approached
the problem of characterizing biodiversity. While many concepts and associated measures
have been proposed, and the most important ones are discussed there, the chapter also notes
that no single approach has emerged as preferable over all the others. Finally, the last few
years have witnessed to a bitter dispute between proponents of conservation biology and
conservation science and the chapter concludes by pointing out that this dispute has been
driven by divergent values rather than scientific disagreements.

The non-existence of any canonical scientific explication of biodiversity has historically
generated deflationary accounts that downplay the significance of the term. In the last few
years this trend has been taken to its logical extreme in several proposals to abandon the
term altogether. Chapter 3 takes up these proposals and deconstructs the arguments that
motivate them.

Chapter 4 begins the articulation of the positive agenda of this book. It begins by arguing
why any adequate concept of biodiversity must embrace a normative component, a position
which it dubs “normativism.” It then broaches the unavoidably controversial question as to
what norms (that is, whose norms) are the ones that are most appropriate to embrace. It
distinguishes between global norms and local norms and argues that the promotion of the
former at the expense of the latter has (in practice) exploited asymmetries of power between
global entities (including powerful non-governmental actors) and local communities in ways
that are subject to debilitating ethical objections. It defends the primacy of local values in
conceptualizing what biodiversity must be.

However, invoking local values comes with both practical and deep theoretical problems.
The most pertinent practical problems are those that impede the formulation and imple-
mentation of successful conservation policies in the field. There is potential for dissonance
between the spatial scale of policies and spatial extent of affected communities; there can also
be problems generated by differences about values between communities. Chapter 5 copes
with these issues. The last part of this chapter explores the extent to which multi-criteria
decision analysis in a group setting can help establish tradeoffs to ameliorate such problems.

Chapter 6 turns to the theoretical problems faced by local normativism, in particular, how
it must be constrained to avoid falling into vapid cultural relativism and also to ensure that
not all locally ensconced natural values end up under the rubric of biodiversity. It does so by
introducing adequacy conditions for what counts as biodiversity. Features that satisfy these
adequacy conditions are potential constituents (or veridical components) of biodiversity.
These adequacy conditions are motivated by the scientific proposals discussed in this chapter
as well as Chapter 2. Thus, deploying them to adjudicate between proposed normative
definition leads to a synthesis, though an admittedly modest synthesis, of normative and
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scientific criteria. In conservation planning, when sufficient information about biodiversity
constituents is not available, surrogates must be used in making decisions and Chapter 6
concludes with a short discussion of the problem of determining adequate surrogates for
biodoversity for use in systematic conservation planning.

Finally, the concluding chapter takes up two themes that are often part of discussions
of biodiversity but are ignored earlier in the book. The first is the use and relevance of
“biodiversity” in taxonomy. The second is wilderness preservation which is distinguished
sharply from biodiversity conservation.
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