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Introduction

Starting with the 17-century extinction of the Dodo &Rhus cucullatus)
continuing to the disappearance of the passenger pigetop{stes migratoriugh the
1800’s, ThylaceneTlfhylacinus cynocephalua)century later and the loss of the Chinese
River Dolphin Lipotes vexilliferjonly eight years ago, the human race has become
increasingly aware of its capacity to influence the natural world andtunéely, its
ability to irreversibly destroy other lineages with which it shamesxistence on earth.
The catastrophic loss of species diversity by means of anthropogenicierthnas
become a subject of growing concern for human beings in the last century, aneéhe ext

of its urgency continues to be unveiled.

E.O. Wilson (2002) describes the disastrous effects of human beings on natural
systems, explaining that the arrival of people has resulted in massivetiertievents in
every area newly-colonized by the species. It is only today that soeegiégginning to
understand the damage our actions have caused to the surrounding environment, and the

statistics are mind-numbing.

The IUCN red list, perhaps the foremost source of information on biodiversity
loss, provides frighteningly concrete evidence of this crisis. Of all knownesp&di% of
mammals, 12% of birds, 30% of amphibians are to some degree endangered or at risk of
endangerment or extinction. Of those species evaluated by the IUCN, 28%le$ rept
37% of freshwater fish 35% of invertebrates and 70% of plants are also at &l éft
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over 11,000 species are currently classified as at risk of extinction (IUCNHi&ed008-

10). Estimating a rate of extinction of between one- and ten-thousand specieligrer mi
for the present and coming decades, Wilson clearly conveys the grim tiiutat tieast a

fifth of the species of plants and animals [on earth] would be gone or committed/to earl
extinction by 2030, and half by the end of the century” (Wilson, 2002, pp. 102). Many
contemporary authors also claim that human beings are the cause 'dfitas$

extinction in known evolutionary history, equating anthropogenic effects to theidste
impact which wiped out the dinosaurs (Leakey and Lewin, 1996; Sarkar, 2005). Indeed,
as Sahotra Sarkar carefully concluded, the human race has entered a liipdigissof

its own making (Sarkar, 2005).

In the face of this crisis conservation biology, a “science of necessity” wa
formed; an odd amalgam of social movement and scientific study dedicated to the
preservation of Earth’s vanishing natural heritage. Indeed, conservation biology
represents the “intersection of science, applied science, and politicd’gMacand
Sterelny, 2004, pp. 5) in the effort to conserve biological diversity. The diffiaitkythe
discipline of conservation biology is that it “requires an unprecedented mix of biology
and ethics” (Rolston, 2003, pp. 206) which necessitates the cooperation and coordination
of scientists, politicians, philosophers, and the general public alike. The mealigcintal
parties involved with biodiversity conservation have resulted in widely disparate and
incongruous action in conservation initiatives, yielding inconsistent support to

endangered biological phenomena.

Thus, in the process of clamoring to preserve the planet’s immense wealth of

biodiversity, human beings have created an unstructured and largely subjesttve sly
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ethics, policy, and research by which conservation measures are developediatd car

out. Conservation is managed independently by dozens of governments and thousands of
organizations worldwide in equally numerous ways and by equally numerous ethical and
scientific standards. Consequently, efforts to preserve biologicalywareteft

disorganized and insufficient, and the biodiversity crisis is poorly addressed.

As James MacLaurin and Kim Sterelny put it, “From the beginning, there has
been potentially troubling ambiguity in thinking about biodiversity in conservation
biology” (MacLaurin and Sterelny, 2004, pp. 2). The sort of ambiguity createdtiay ini
human ignorance to the nature and value of biodiversity has left the field ofvairser
biology unprincipled and without a concrete framework for cooperation. Even now, many
philosophical and ethical issues regarding biodiversity and its conservationetdodg
addressed. As Bryan Norton admitted, “there remain important differeryaasireg how
much we should do, what we should do, and even what is of ultimate value” (Norton, pp.
110). Among the various issues on which conservationists differ, three questions surfac
which form the root of nearly every biodiversity debate: Whhtodiversity? Why
should we preserve it, and what value does it have? And lastly, but perhaps most

importantly: How can we preserve it?

The main objective of this work is to address these questions and attempt to find
universally applicable answers that clarify the goals of conservattoglp in order to
encourage consistency and unification of future conservation efforts. In iweifal
three sections, each of these questions will be confronted with respect ietyaofar
stances and opinions from various authors in the fields of biology and environmental

philosophy. Using this multidisciplinary approach, | will provide the precursor to a
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principled framework by which a global conservation ethic can be unified in both action
and direction. Keeping in mind the numerous academic disciplines involved in the
science of conservation biology, it follows that any attempt to answer thajretical
problems in the field must include a combination of scientific and philosophical thought.
This bifocal perspective will allow the strengths of each discipline to faear and
structured conceptual framework lacking neither practicality nor Ibgrosthical

soundness.

The three central questions around which this work is based will be addressed in
logical order. It makes sense that, before tackling issues like the valwestgi or how
to conserve it, one must have a clear concept of what is meant by diversitythEhiust
section of this work, “What is Biodiversity?” sets out to conceptualize the soatew
abstract notion of biodiversity and form a concrete definition by which consergigioni
can define what exactly it is that they value and wish to preserve. A review of
biodiversity definitions will accompany a growing and exhaustive list of conmiene
which make up the sort of phenomena which create biological variation, resulting
ultimately in an inclusive list of biodiversity components and the manner in which they

contribute to the variety and future stability of natural systems.

The second section, “Why Conserve Biodiversity?” addresses the myriad ethica
issues surrounding biodiversity conservation, primarily the question of jugtifyin
biodiversity conservation. In this section | outline a set of adequacy condiyievisdh
a conservation ethic can be assessed for its efficacy and soundness, artitprocee
examine the most prominent conservation ethics practiced today. Within this

examination, | describe the strengths and weaknesses of various common comnservati



ethics, and propose the use of a practical-pluralist ethic based on the applicdtes®of t

ethics in contexts where their particular strengths are best applied.

In the final section of “Of Ethics and Ecosystems”, | shall confront theirrat
daunting question diow exactly human beings should go about conserving biodiversity.
Given the practical nature of this question, an exhaustive response would be unattainable
for a project of this scale, so | take a more focused approach in the examafiatioase
study. By reviewing the successes and failures of the Republic of Costa Ricaftoae
world’s “greenest” countries—I highlight a number of common conservation issues
confronted within the country and the solutions with which they are addressed.
Additionally, | review the implications of the previous two sections—partityudamore
inclusive and multifaceted definition of biodiversity and a practical-pluredisservation
ethic—for conservation practices today and how they might be successfulgmeriked
in future actions. The section thus culminates with a list of suggestions ancideas t
improve biodiversity conservation at all levels, be they political, sociayraljlior

scientific.

It is through the conclusions of these three sections that | hope to provide the
basic outline for a larger conservation framework. The conclusions reacbedhbut
this work are intended not for speculation but for practical application. Thus,yt is m
intention that they form the precursor to a global conservation ethic or startdand w
may bring greater efficacy and consistency to biodiversity conservatt@tives

worldwide.



With these goals in mind, | encourage the reader to explore the observations and
arguments presented in the following pages and reflect on how they might be applied to
the growing number of conservation efforts throughout the world. Thus, in an effort to
provide satisfactory and practical answers to some of the most chajjepgistions
facing the field of conservation biology, | would like to start from scratch pioarg

the concept of biodiversity itself.

Section I: What is Biodiversity?

I.1 The Subjectivity of Biodiversity

Among the many daunting problems facing the biodiversity conservation movisnaent
deceptively simple question which, if left unanswered, dooms the diefil of thought to eternal
speculation. This question, of course, is the first obstacle encouirtéhedarduous path toward
a reliable and reasonable conservation policy: put bluntly, what is biati?eAs explained in
MacLaurin and Sterelny's aptly-nam@éthat is Biodiversity?biodiversity conservation is
plagued by a “troubling ambiguity in thinking” (MacLaurin and Sterelny, 2008 pp. Zhwhi
cripples the practicality of a discipline founded on urgent necessisglyMlisparate definitions
of biodiversity have been used for myriad purposes in conservation biology, rammgmtpé
strict “species count” definition to Sahotra Sarkar's liberal “bickdty interesting phenomena”

(Sarkar, 2002).

Needless to say, if biologists and philosophers of biology are unalilarecterize a
specific target of conservation, it is unlikely that policymakets wiore pragmatic demands will

be capable of identifying clear goals for conservation initiativesmfalstic definition like
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species count may be immensely useful from a practical point of view, butdiygesent a
complete picture. On the other hand, an all-inclusive definition leavespeataof nature
unprotected, but would be virtually impossible to put into practice. Befomnservation ethic or
policy can be formed, it must be clear what exactly is being valued and whkyseltion will
focus on the challenge of defining biodiversity, with the particularesteof finding a balance
between practicality and reality to encompass as many valuable adgiclsgical systems as

possible.

The concept of biodiversity is undoubtedly an abstract one. As sucH,bevedbmewhat
difficult to define subjectively, but more importantly, nearly impossible fmd@bjectively.
While the issue of actual measurement of biodiversity (and thus jiaetiob, scientific
definition) will be confronted in part 11l of this text, our current goal @rentheoretical. The idea
is to present in clear terms the dimensions and properties of a muttifacetcept and thus
outline a target for conservation efforts. This abstract notion of kawgity, as mentioned before,
is difficult to represent clearly in words. The UN conference on Envirahared Development

(1992) defined biodiversity as

“the variability among living organisms from all sources including.regtrial, marine,
and other aquatic ecosystems and the ecological complexes of which they;dhésgacludes

diversity within species, between species, and of ecosystems.”

A few key issues are immediately apparent in this definition tiiebevcentral to the
interests of this section. First, the word “variability”, the keystoiide entire description, which
implies immediately that disparity among biota is crucial to biodiversiégedless to say, this is
also implied by the “diversity” which makes up most of the concept's name, &ny parameters
outlined to make up biodiversity are recognized for the differences bethem. Plurality is

evidently an important aspect of a biodiversity definition, as evidaheinepeated listing of
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subjects above, including multiple settings in which biodiversity can be fouhtbems which it
can take. Taking from this definition its most basic elements, one comesdontiusion that a
definition of biodiversity must recognize differences, and recognize tiisrences in a variety

of ecological and evolutionary contexts.

What arises from this analysis is a clearer view of the proludya addressed in this
section, the “units and differences problem” (MacLaurin and Sterelny, 200&) asks
specificallywhich aspects of the natural world are important enough to be considered
“Biodiversity” (with a capitol “B”) and how the differences found viitlthose aspects can be
measured. Many would agree that the pluralist approach of policymakbesliiNtclause shown
above is certainly a good start; in fact, according to MacLaurin aneli8teit is unlikely “that
anyone really thinks there is a single natural property of a biologistra that captures all its
biologically relevant diversity” (MacLaurin and Sterelny, 2008, pp. 7). Wihih mind, | begin
this section by rejecting the possibility of a single metric of biodiyerdiow, then, will this

problem be approached?

I.2 A Piecemeal Approach

Thinking logically, when one is faced with a concept which cannot be enssatpas a
whole, one must view the sum of its parts. With biodiversity, however, itddmeutifficult to
guantify the “sum” of all factors contributing to a system's diversitg Best option, then, is to
encompass as much of the concept as possible, a “next-best-thing” appraelcauivh and
Sterelny (2008) take a similar approach by characterizing severaldaigith “surrogates”
defined as “readily identifiable and measurable features of biolayisE@ms.” These surrogates
serve as biodiversity indices which, given their practical adultgs are more manageable than

the intangible concept of biodiversity but still give information abtsutondition.
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Many of these surrogates, notably species or ecosystem richness, priésiecetly
partial representations of the full scale of biological phenomena foumature. As a result, in
the creation of a working definition of biodiversity, it may be worthwtdleombine various
surrogates and create a sort of “multifaceted” biodiversity conketite course of this section, |
will combine the concept of surrogates with the pluralist idea biegaig many separate
biodiversity metrics to form a definition of biodiversity which repreéséime great majority of

biological phenomena.

By accumulating a sum of “parts” which in one way or another repressotjical
variation, one can achieve greater proximity to a hypothetically exact bisitiwvconcept.
Because one cannot quantify the quality “B”, representing all things humdnsafuable and
worthy of conservation in biological systems, it may be easier to apppoememeal through the
inclusion of a variety of component phenomena. A mathematical analogy sef/&s describe
this approach. Anyone familiar with the basics of calculus may rbegitlea of Riemann sums;
the premise of which is, when calculating the area under a curve (awisthigrcalculable
value), a mathematician creates a number of measurable, rectanguldodimeath the curve
which touch it on one corner and thus accountrfostof the space in a specific area beneath the
curve. Summing the area of several of these rectangles will giudysafacurate estimation of
the area under the curve. Increasing the number of rectangles, one intreasesiracy of the
estimation. For the purposes of estimating another impossible-to-gquamtitept, in this case
biodiversity, it seems wise to take a similar approach, using bisdisurrogates as our
rectangles, and summing these values to obtain a reliable (though nopetact) of our goal.
Such a method, however, requires a certain attitude to avoid misuse. It mstriyeuriderstood
that the sum of our surrogate-rectanglesoishe actual property B or the area under our

biodiversity curve, but an estimation of that quantity. Thus, in the cgsaiofmaking and
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measurement (section lll), studies with this method as a conceto@viiork must not treat it as

an absolute, but as a “best-guess”.

In this way, a “workable” definition of biodiversity is acquired withdetying that
many more unknown factors may be involved. The value of this intermediatesvimvanly
that it combines the advantages of two opposing approaches to biodiversitgtbutises a
scientific mindset of acting on what appears to be proven without assuming#esgon of an
absolute truth. We have thus accomplished, at least in theory, a framewdeéfifing
biodiversity which matches our initial goals. It retains practicaliegiplity while refraining
from the assumption that all possible aspects of biological diversitpeuded within its
parameters. Maintaining this trajectory, we may move on to thetisgl®f factors which will

sum to a representation of biodiversity.

1.3 Species Diversity

The most obvious (and according to some, most important) element of biogiigetisé
concept of species richness. Usually measured as a simple “spmraisvathin the particular
region or ecosystem in question, species richness is considered the mtfablegaand concrete
component of biodiversity. This makes sense from a broad perspective; whbmkaef
differences between organisms, taxonomic differences are usually the @icene to mind. It is
without question, then, that great value is placed on species as an elebiediversity. In fact,
the importance of taxonomic diversity was recognized before the broauspt of biodiversity,
easily apparent in the early legislation of the Endangered Spextiesh® goal of the act, of
course, was to preserve species diversity by protecting endangeres $gmaroiextinction. If not
only hundreds of conservation organizations but also the United States govesremanaimoting

the preservation of species diversity, it seems indisputablefbates are an essential component
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of biodiversity. In fact, the first thing to come to mind at the mention ofi\mesity is a species-
count; many ecologists use species richness as a dependable measurees§ityoaind
ecosystem health (Vane-wright et al, 1991). The apparent concretengssies$ sichness makes
it a seductive candidate as a biodiversity surrogate, but does hidigbaityi hold true under
closer scrutiny? More specifically, are species a “natural Ry they provide an absolute

measure of one type of diversity?

MacLaurin and SterelnyWhat is Biodiversityprovides an exceptional analysis of the
concept of species in its second chapter, appropriately titled “Spad#sdest Proposal”. The
chapter begins by presenting a few “chinks in the armor” in the custdoiadogical species
definition, which defines species as genetically isolated populations whedncapable of
interbreeding. The authors cite a number of exceptions and potenbsdms for this definition,
including the presence of “intermediate” populations; genetically digihocips that can
interbreed and produce viable offspring. Such organisms exhibit a form of eatlinadrsity in
their genetics and would by one definition be called separate species, dugetwy can
produce fertile offspring, would not warrant such distinction by the widely reoeghiological
species concept. How should such factors be analyzed from a conservation yiew®divhich
definition would—or even should—be used? This example plants seeds tifiskem our

former faith in species as viewed through a biological lens.

MacLaurin and Sterelny, however, are interested in an even broadgrgatien of
species. After all, given the previous line of thinking, does it not followtkiese are different
definitions of species? The authors present a vast abundance dfatefiand perspectives on
species, and ask reasonably “are there reasonable prospects... ohausovissv of the nature of
species?” (MacLaurin and Sterelny, 2008, pp. 29) Needless to say, if tRinetehe case,
previous assumptions about the utility of species richness in biodiversstgurement would be

guestionable; biodiversity conservation would be without its most tfgsteogate. The nearly-
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ubiquitous utility of the species concept in the biological scienegsamts an effort to justify its

application to conservation issues.

MacLaurin and Sterelny continue systematically, listing comrpeniss definitions from
diverse standpoints. The list includes at least seven distingtepékes, including typological,
phenetic, biological, ecological, cohesion, evolutionary, and cladistic spécgpecific flaw or

gap is found in each, and a few of these will be reviewed briefly below.

Typological species, or species determined by a fixed set of déstics, are likely the
most pedestrian of species definitions. These species are mldatlly certain individual
characteristics and are “locked”, so to speak, within that identity by thasacteristics. This
conceptualization makes the assertion that individual species mdgssence” which determines
what they are (and are not). Thus, according to the typological speciept@pecies
themselves are a “natural kind” which is readily identifiable andngjigishable. According to
MacLaurin and Sterelny, because typological species are bound by tiesetsrof criteria,
they fail to account for a fundamental tenet of modern biology: that spziage over time. In
other words, typological species, by definition, imply that species do nogeleer time
(MacLaurin and Sterelny, 2008), a view which conflicts with the theogyolution and likely
the reality of most conservation situations. The reality of tliigism is obvious; in attempting
to preserve a particular species, are human beings willing to prevent tiienooéanother by

interrupting the evolutionary process?

Ecological species, defined by their niches or “roles” within aquéar ecosystem, are
explained to be unrealistic because a species can perform a varigtgtadris depending on the
ecosystem in which they live. In the words of the authors, “species do not haes. mistead,
they are ensembles of populations, each with its own niche” (MacLawtiStarelny, 2008 pp.

38). This criticism seems valid; it is not difficult to imagine thatomnivorous rodent might
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function as a primary consumer in one ecosystem and an insect-predator in ahether. T
argument against ecological species is that a species' relghiovighits environment (in its
geology and climate) is far too complex to be glossed over by somethimgpds as a unique

niche for each species.

MacLaurin and Sterelny continue reviewing and rebutting variousititehs of species,
outlining specific (and often shared) weaknesses in these conceiiadizaefore presenting an
approach which they claim avoids such shortcomings. The idea is olytwarch simpler than
those previously discussed, though its derivation is somewhat complicagedassification that
the authors present is the idea of “phenomenological species”, definetagHizable,
reidentifiable clusters of organisms” or more implicitly as tHeg@ch make field guides
possible” (MacLaurin and Sterelny, 2008 pp 40). From this standpoint, phenomendpgitiak
are a general and inclusive definition based more on appearances thanamarfygenetic or
phylogenetic isolation. The idea stems from the fact that the enviroriraéfatas on isolated
populations (smaller parts of a larger “metapopulation” now isolated fine whole) can impose
different selective pressures on these populations, eventually gisepra new species. In this
way, the largely abiotic factors of the surrounding environment can eeMsd the authors call
the “evolutionary brake” on evolutionary change which metapopulation dynamiabi@ading)
impose on the genesis of genetically distinct groups. The surface-champggsilations
separated in this way are simple phenotype change, and as the authdiSpseiation is not
required for phenotype change... but it is often required to make such changes p&rmane
(MacLaurin and Sterelny, 2008 pp. 39). The authors instead focus on the jpyowdssh
populations of changing phenotypes become isolated by geologic factors &atlaceundergo
speciation. Phenomenological species are thus those brought about by thispyenesal
referred to as a “life cycle” of a species. By this definition, any subpiiquldnat bears certain

recognizable differences and is to a significant extent reprodycisaated from nearby
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populations is considered a distinct species. In this way, even subpopulatiohskhdiw some
distinct “promise” of becoming separate species are recognized|aswedll-established

species.

MacLaurin and Sterelny explain that “phenomenological species sisluaptures a
crucial dimension of biodiversity” and that “the phenomenological spectasess of a region is,
in an important sense, a catalogue both of phenotypic variety and of thegbetasittionary
resources available in that region.”(MacLaurin and Sterelny, 2008 pp. #8)idda of
phenomenological species is, not unlike my approach to biodiversity, consadirest bet”
option and not an absolute solution. For instance, it is mentioned thastieeses “do not
represent equal amounts of evolutionary information and evolutionary potéhtadt.aurin and
Sterelny, 2008 pp. 40) between different lineages. Thus, under the inclugnttoteof
phenomenological species, different recognized species representtifeets of genetic
divergence and thus are not all created “equal’. The strength of phenomesidpguies, by
contrast, is that they embrace the process of evolution by including anyridéagg-evolving
lineage rather than only those isolated by more specific factors liletigésolation or ecological
function. This species definition also allows for greater flexibiti the classification of microbes
and other asexual organisms, to which the concept of interbreeding does gz In
such cases, the OTU’s (Operational Taxonomic Units) used to classify microbes based on
genetic differences act identically to a phenomenological spgefastion, providing the same

opportunity for practical application.

Is species richness, then, a shoe-in to any list of surrogates for bigg®/&ryan Norton
argues that this is not necessarily the case. Admitting that speeieasy to identify and have a
basis in biological facts, Norton calls the concept of specissifitation and conservation
“atomistic” and argues that they make an inherent assumption thaltenomena are largely

static (Norton, 2003). There is validity to his point; one of the priadigrhets of modern biology
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is the plasticity of species and their ability to form from geneétierénces among individuals
and individual populations. Thus, to improve the accuracy of our definition ovbisdy,
potential sources of new species (fitting the working definitigphaihomenologicadpecies)
must also be considered. Returning to the analogy of Riemann sums, thesalEmertés act

as additional “rectangles” along the curve of an abstract concbudifersity.

1.4 Morphological Diversity

The first of these to come to mind is what is known as disparity. Dispariyghly
defined as the morphological or phenotypic variation between individualisngam a
population or community. While species are viewed as “objective unitsurefi@ar “the atoms
of diversity” (MacLaurin and Sterelny, 2008, pp. 42) morphology makes up a tgler-
difference not completely encompassed by most definitions of species. Whees sftet
reflect distinct and recognizable genetic variation involving ismiadind separation, disparity
describes variability iexpressiorof a particular set of genes and smaller scales of variation
among individuals of a population. In other words, it is the outward expresgjenetic
variability, but not requiring division into isolated populations. Thig ef disparity occurs as a
result of different gene expressions of individuals within a populationelh@s more minute,
individual- or pedigree-based genetic differences. Morphological digpameasured thus by
the number of distinct phenotypes (for example fur color, antennae lenf$hdpa) in a

population of the same species.

For example, a population of goldfish in a pond with both black-spotted and pure-gold
fish consists of only one species. However, if certain selectigsymes abounded, say, predation
by a visual predator, brighter orange fish might be eaten more readily tlektedpa darker fish

with better camouflage. Eventually, the population would lose its brighterand even inactive
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genes for gold or bright phenotypes carried by speckled or darker adults watigbdlydoe
selected out of the population. This would soon result in a new phenomenologices sphesi
not difficult to stretch this example to other organisms. Thus, dispatityeba individuals in a
population is a valuable addition to a definition of biodiversity becausa itead to speciation. It
thus acts as a “key ingredient” in the evolutionary process, the ummdgplpcess responsible for
biological variation. As an additional source of speciation and thus malogriation, it forms a

crucial addition to a growing definition of biodiversity.

While—unlike species richness—morphological disparity seemshagd/to measure, it
is still considered a relevant and valuable part of biodiversityalitelmethodology for the
measurement of morphological disparity are discussed thoroughly by MatkadriSterelny but

will be reviewed in part 11l of this work.

I.5 Developmental Diversity

Adhering to a causal investigation of sources of biological variatiomkes sense not
only to investigate sources of species diversity like morphologigaéudtig, but also the sources
of those sources. Differences in organism development—among specidiioluials of a single
population—are the principle sources of phenotypic disparity. It followsftbattain genetic or
environmental differences in an organism affect its development, phendtgparity of
individuals will occur within populations. It thus seems conceivable, st Wéith respect to the
pluralist and inclusive definition formation under way, that developmentakéeiftes may also
be an important source of biological variation, be they caused by genatiironenental
differences. Nonetheless, a closer look at the relevance and importaimsecohcept is

necessary to warrant its inclusion.
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In Chapter 5 of their work, “What is Biodiversity?” MacLaurin and &ter focus on
development and its contribution to the concept of biodiversity. Developmeieived as an
additional factor in morphological disparity, the utility of which lies inpplementing a
phylogenetically informed species richness measure of biodiverskyaviitictable and
principled concept of morphological diversity” (MacLaurin and 3tgr€2008, pp. 85).
Development serves this general purpose as a way of creating ebteaatd principled”
concept of disparity. “The developmental system of lineage”, say MisicLand Sterelny,
“determines those aspects of phenotype that can vary independently...’a{Miachnd Sterelny,
2008, pp. 85) and thus is a key factor in determining disparity or even assegsotgrital to
arise. As discussed earlier, developmental differences play rctlistie in determining
phenotypic variation. Furthermore, organism development is often used iguishing the
taxonomic relatedness of species. The question remains, however, how &x&aiality of

variation can be observed.

MacLaurin and Sterelny introduce the concept of “evolutionary pigstas a tool to
conceptualize developmental differences. Evolutionary plastidibeigbility of a species or
lineage of organisms to have phenotypic variety; the type which naeidseer to greater
resilience of the population to environmental changes or eventuagelivar and speciation—
both properties of great relevance to biodiversity. This concept featmework by which
developmental differences are added to the growing definition of bisitiuePlasticity is an
“elemental resource”, a value of an organism or species which prgslighslity to have greater
variety in its population and thus change and adapt to a changing environmerg.alatoad
perspective, it is not hard to imagine that phenotypic disparity iresdhe ability of a population
or species to change and adapt, as species richness may for an ecosiystase,L
developmental diversity makes morphological differences more fregadrthus promotes the

same benefits of diversity up the causal chain.
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In order for a population to have plasticity, at least three things arechaedording to
MacLaurin and Sterelny. First, variety must be added to the population throemgtity
novelties” (MacLaurin and Sterelny, 2008, pp. 88). These can come in theffarpopulation
structure which features crossbreeding, mutations, or any other sbgemetic variation. Next,
there must be some factor by which the variation can be accumulated. fidwes @xplain how
moderate environments with few selective pressures can “storetipjaspreserving genetic
variation that would otherwise be eliminated from the gene pool” (MacLaod Sterelny, 2008,
pp. 90). In this way, genes which are not expressed due to lack of necessity aifatitonand
plasticity by not affecting the phenotype of an individual in a negative wiaile those which are
expressed but are also harmless in the context of the current envirgmoeaé the same
contribution to diversity. The last important point is the use of thesdigeaeations in the
developmental processes of an organism, thereby tying variation to howaheorgvill grow
and mature. At this point, differences in organism development are this ggenetic

differences, and a new conceptual bridge can be drawn.

The key connection sprouting from developmental biology is that “lineages are
evolutionarily plastic because organisms are developmentally pl@dacLaurin and Sterelny,
2008, pp. 91). In other words, the variation in development of organisms can lead to
morphological variety and even eventually speciation. At this pointL.Bam and Sterelny hit
the core of their argument. Organisms, seen as “developmental mpbaies’parts and aspects
which develop independently of one another. This, using the aforementioned paikingf li
evolutionary with developmental plasticity, means that individual aspediody parts of a
lineage of organisms can evolve, and hence that greater developraeiatébv leads to better
“evolvability”. In other words, phenotypic differences in organisms—hlikieie to developmental

differences—are subject to change, thus providing a mechanism fortigpecia
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This concept is no doubt strikingly important for any definition of biodityerisecause it
outlines clearly the role of both disparity and developmental diyershioth the changing state
of species and the possibility of creating new ones. It will also laterdretsat developmental
biology provides the principles for selecting dimensions to examine intigatsns attempting

to measure disparity and thus makes the process far simpler and mdneeeffec

I.6 Behavioral Diversity

Moving further and further from the traditional surrogate of spe@ibaess, | am
motivated to stretch for sources of variation even further removed.doneegarely considered
is the possibility of behavioral differences among individuals or subpignsavithin a species.
Not unlike other surrogates added to this patchwork definition of biodiyeghavioral
variation can influence developmental and morphological disparity batarganisms,
conceivably playing a role in the eventual divergence of new spedtias, fiehavioral
differences—specifically those which are independent of genetmr$aepresent a unique and
powerful influence over the evolutionary process. In fact, this idea i$oa p@nt in the study of

animal behavior, in which the adaptive effects of organism behaviossualied.

Before behavioral variation can be considered as a separate afur¢heeeessary
component to the definition of biodiversity being formed, it must be understood tdibetdis
from the genetic diversity accounted for by other components like specidswsidpmental
differences. Though indeed many behaviors are known to be geneticallyidetertnose which
are important for conservation are thos¢included in and dependent upon an organism’s
genome, but instead those which are independent and therefore perpetyalbydearning and
cultural transmission, constituting a form of biological informatiepasate from genetic

diversity.
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It is not unthinkable that learned behaviors or tendencies might evegrafiatit genetic
aspects of a population including development and physiology, perhaps leadirgygenice
given sufficient time; as a hypothetical example, consider a spfaies which develops a
penchant for following a pack of canids and scavenging the remains of théihkilcat's body
would develop differently within its lifetime, accounting for a switch fratitary hunting to
scavenging for food. It might have a leaner build and lower metabolism foemgresistance to
starvation, while the lifestyles of its conspecifics necessliatsts of movement and power for
attacking and killing prey. If remarkably successful, this cat might grasisese behaviors to its
offspring through cultural transmission, resulting in a subpopulation with leebantirely
different from those of the rest of the species. Developmental and physablciggracteristics
would arise as selected by the demands of this new lifestyle. This sulimpweae to changes
in physiology and development brought on by this new behavior or by the advent of some
geographic barrier from other populations, might eventually form a new phenomenologica

species.

Indeed, evidence of this process has surfaced throughout the fieldnaf Behavior.
Recent research on a number of taxa illustrates the concrete link hdteheesior and lifestyle,
tacking behavior as another way in which organisms adapt to their surrouaddchtisus
introduce further biological variation. One recent example is a studygp@mdse macaques
(Macaca fuscatg in which frequency of thermoregulative behaviors (like huddling and

sunbathing) were observed to change with seasonal temperature fluctuddiops ét al, 2007).

Even more convincing are the various subpopulations of killer whaleswihasgent
behavior has some taxonomists wondering if they should be called separats. 3@moous
killer whale populations have been observed which display vastly disparatédog fiavfeeding
on equally divergent prey: great whales, seals and smaller sea nsamneblarge fish (Schrope,

2007). Orcas have also been observed hunting in behaviorally complex ways, “drownikg” shar
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at the water's surface and washing seals from icebergs with wavesegtbgrtheir flukes
(Schrope, 2007). At least two distinct subpopulations, like those hypothetsaussed in the
earlier example of the wild cat, have been established for Orchalimgone which feeds
almost exclusively on mammals, and another which feeds almost exclusivelly.orhfisigh it is
still debated whether these populations represent isolated “sipieges” (distinct species which
only appear similar) or simply subpopulations, the vast differences in tiivibe provide a
telling example. Interestingly enough, behavioral differences as latbe ase (or non-use) of
echolocation are observed between these populations. While both subpophkt®tise ability
to echolocate, those which hunt mammals do not echolocate or communicatey veball
hunting to avoid alerting their prey, which have the ability to hear echolncaitalizations.
Meanwhile, orcas who hunt fish which are deaf to their echolocation find akdheicprey
using echolocation (Barrett-Lenard et al, 1996). In this way, though physiologieeaaty the
same (the mammal-eating “transient” whales havéasbtheir ability to echolocate), behaviors
account for a huge difference in role and impact on the environment and ¢bustsor

substantial variation.

An even more extreme case of the biological variation arising from ioelsfound in
tool use. Specific subpopulations of both chimpanzees and dolphins have been obsegved us
tools for foraging and problem solving in the wild. Chimpanzees have been obsengesitickis
to extract ants and termites from the mounds, while a population of bottlenpbadaiear
Shark Bay, Australia are often seen using sponges to protect theime$tom sea urchins
during benthic foraging (Jackson, 1942; Smolker et al, 1997). Furthermorepthisécappears
to be aradition in these subpopulations, meaning that it is not conveyed genetically batipas
down through imitation from adult to offspring (Kriitzen et al, 2005; Suggya 997). With this
in mind, it is clearer that preservation of genetic components of biolaljpeasity already

included in our definition would not preserve these unique behaviors; théypeyisvithin the
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community of organisms whose culture preserves them through cultural gaiegmOn an
intuitive basis, one can imagine how the complex cognitive abilities of humagsheay have

developed the same way, eventually leading to a genetic change.

It is also worth mentioning that behavioral diversity represents aeaifogon of
biological information in and of itself. While the potential to change tyemgormation in the
form of changing selective pressures on an organism is indeed importahauld se noted that
the value of unique, non-genetic behaviors stretches beyond this potentitzctTinat
behavioral diversity is a form of information independent from the physiogdnic aspect of
evolution makes it all the more valuable, leading to adaptively-impartemge in a community
of organisms that is completely independent of their genetic makeup. fitwghta population
of chimpanzees adept at using tools has certainly not yet become a uniqug gpetiehavioral
adaptation shared in its culture constitutes a large part of its adagtatsurvival. Would it pay

to exclude such a step in the evolutionary process from a definition of bisitlive

Despite the convincing case made by numerous examples of behavior, § featdes
and criticisms with regard to behavioral variation must be taken intuatbefore it can
dependably be included in a definition of biodiversity. First, to avoid redupgdiaebavioral
differences must, like the cultural traditions among Shark Bay dolphinsaaiodis
subpopulations of chimpanzees, be independent of genetic factors alreapgdasiunted for.
Naturally, bioreductivist thinkers may deny the inclusion of behavioratgityen biodiversity
by attributing it solely to genetic and developmental differences, the ¢ikwhich were already
included in earlier portions of the growing definition. This may indeeddedbke with some
organisms, in which behavioral differences can be accounted for byaydiffetiences, but not
for species such as chimpanzees, dolphins, and killer whales which &dribéd behavior and

trends of cultural transmission. With this in mind, it should be addedtihatertaintypes of
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behavioral diversity should be included in an inclusive biodiversityiefn to avoid

redundancy.

Second, they must be readily transmittable between individuals. Ne&ul&sy, if only a
single organism has the ability to perform a certain behavior, no mdaatithe importance or
effect of this action, it will die with the organism. Thus, in order fbehavior to be a
evolutionarily valuable source of biological variation, it must beragpingsource of variation,
and must be transferred from parent to offspring or more widely among sirgaimi a
population. Adding the above stipulation of separating behaviors from geifietierttes, such a
behavior must be taught to the offspring or learned through passive observaisoedgUirement
may exclude certain organisms, notably particularly asocial ones erwimsh do not interact
(through rearing or other social means) with their offspring. Additipnahy organisms which
cannot “learn” (arguably many plant and fungal species) or have lowtisegromplexity may
also be excluded. Thus, behavioral diversity only acts as a sourceatibvan certain select

species.

At this point in the ongoing pursuit of an inclusive and accurate appatioin for
biodiversity, it is evident that the “source of a source” method of aeradditional sources of
biological variation is exhausted. Recognizing the evolutionary linksdegtwarious
components of natural variety—for example, that disparity can lead to tspcéand that
behavioral changes can lead to developmental changes—I have been abledd fideri
candidates for addition to the growing biodiversity concept formed isdietion. However,
further derivation seems problematic. There is no readily-discerragknt” by which new
behaviors come to exist, unlike the way that changes in development carlgiaddao
changes in phenotype, and so on. Thus, for the reminder of the section, | will focuteT a

component of biodiversity at a different “end” of this causal chain.

27



I.7 The Case for Ecological Diversity

Returning to where it all started, the study of species richness (amsitgtlvé revisit the
criticisms of this surrogate posed by Bryan Norton. In his 2003 work, “Searahring f
Sustainability: Interdisciplinary Essays in the Philosophy of ConsenvBiology” Norton
addresses what he calls the “scale problem” in conservation biologprdliiem lies in the fact
that, according to Norton, the attention of conservation biology has been too.rnderexplains
that a gradual broadening of our lens of conservation (from individual ongémispecies, from
species to taxa, from taxa to ecosystems) is the correct courseonf aotil that at present we are

emerging from the second of three phases which he calls the biodiversigy(pluaiton, 2003).

According to Norton, “the biodiversity phase represented a distiveinae in
conceptualization because of the introduction of multiple layers ofsitly@nd the emphasis on
varied dynamics and habitats as well as species” (Norton, 2003, pp. 114). Therbitydphase
is explained to be the prominence of thinking not unlike that which this wéoknsled upon;
that there arenultiple factors in nature which necessitate preservation, beyond a simple species
count. Additionally, it is a certain focus on processes in nature, nataist elements (Norton,
2003). The problem with this method, however, is that it focuses pedwpsich on processes

and not enough on the elements currently present.

Norton argues that though this perspective is a good one, it still presemtew scope

which must be widened further to what he calls the “sustainabilityosfystem health” program
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supposedly in use today and destined for use in the future. By this perspbeteféotts by
conservationists up to the current decade have been too narrowly focusealhstsare
conservation. Norton's perspective “argues that policies to protectibadldiyersity must
monitor and protect larger ecological units, such as ecologicainsy5{Norton, 2003, pp. 115).
This perspective stems from the observed correlation between tecodyesalth and species
abundance, thus implying “that saving species may eventually play eeletsat role in
biodiversity policy” (Norton, 2003, pp. 121). Norton’s argument is essentidlbfistic one,
implying that the health of an ecosystem can provide us with the “wtatiergdi which
represents all (or most) other components of biodiversity and thus byfiesgeswing pluralist
definition being assembled in this work. Needless to say, this is allesral, as each
additional component of biodiversity necessitates further measurameetaluation for
application in the policy-making world. A simpler definition would make lifdeyaibit easier.
Such practical matters of measurement and application will be diddasgeater depth in the

third section of this work.

My disagreement with Norton's view is minor, and mainly nominal in naturesirApty,
it is my argument that what Norton presents in his work, rather than apmwach to
biodiversity, is a strong case for the inclusion of ecosystems andhbalth” in the patchwork,
frankensteinian approximation of biodiversity being formed in this work.ddrdaly in name, |
argue that conservation biology has not escaped the “biodiversity phase” yhog sienply
expanding and adding to the definition of that ideal it works to presernau@se, in both
acknowledging the importance of ecosystem health and management ofesnesysd denying
the fact that they are an all-inclusive representation of biaityet am taking an intermediate
stand on the holist view of the environment. Specifically put, it is my opthatrholist
arguments regarding biological phenomena are commonly correct but ndy exufifieient; thus

ecosystems and ecosystem health are a valoabiponenof biodiversity, but cannot account
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for it as a whole. A noteworthy examination of the role of ecosystemsdivbisity is given in
MacLaurin and SterelnyWhat is Biodiversity®hich, up until the recent discussion of
behavioral variation, has closely matched the growing biodiversity tiefirdstablished in this

work.

MacLaurin and Sterelny (2008) gauge the potential of ecosystems arwirtmeicities
which inhabit them as surrogates for biodiversity. Their ideaiis/&stigate the possibility that
communities present an additional dimension of biodiversity that shotiékée into account in
conservation. Like in other chapters, a question has been confronted bthtirs,aand they set
out with the apparent intent to provide a working answer to it. However, unéikesps chapters,
they seem to be getting tired of this process, and fail to really prove cowdidpe idea presented
above. Instead, they provide a “framework for investigation” (Maahaamd Sterelny, 2008, pp.
130) which, though frustratingly ambiguous, sets the stage for the explgratp@ses of this

work, and will be used as a “launching pad” for the pursuit of a more decisictusion.

Their analysis is framed around three main problems which must b@mesto include
ecosystems as a distinct source of biological variation. The fitlsese will be called the
“coherence” problem, and questions the very existence of biological cotiesufihe second,
named in this work the “holism” problem investigates the possibility ofhmanities having any
distinct properties not included in the sum of their parts (and thus in th@oents of
biodiversity already included). Lastly, the “boundaries problem” posescalagpjection to the
idea of ecosystems and communities. The boundaries problem argues thsg biestanct lines
cannot be drawn where one ecosystem ends and another begins, that ecosysteshs ma
existence as objective units. If they do not exist thus, is it possibmnsider them independent
sources of biological diversity like individual organisms? Neadiesay, if ecosystems don’t
exist in the same way, diversity between ecosystems cannot be alttibtiie ecosystems

themselves and they may not be properly recognized as sources of biclagatéon.
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In defining communities, the authors are quick to present a dichotomy thatidraws
limbo all efforts to include ecosystems and communities in conservahendivide is over the
nature of biological communities and forms the basis for the “cohérpratdem. According to
the authors, there are two possibilities explaining the nature of wal@apmmunities as seen in
nature. These are outlined as follows: the first is the “assgalf indifference”; the
“individualist” point of view, which states that species do not affectammather but instead form
phenomenological communities simply because of abiotic factorsliikate conditions. By this
view, what are viewed as “communities” are simply overlapping zones désphstribution due
to common aspects of their respective tolerances for abiotic condilie@®pposing view, and
the one most in line with an ecosystem-health or holist point of viewatisdmmunities are
“organized local systems” which are regulated internally by spatmsctions. Each species
affects the other within the ecosystem and thus the aspect to be galuedohesive whole and
not simply the patchwork of species which seem to be overlapping. This idearafaunity is
explicit about the uniqueness and importance of communities due to theriimtaciions
occurring within them, and that an ecosystem has value and characteridhes ity

independent of the biodiversity within it.

MacLaurin and Sterelny present a number of justifications supportihdhippobtheses,
and seem ambivalent throughout the chapter whether ecosystems hold indepsndeag
sources of biological variation or if they are simply phenomena illudttgtéhe summation of
their parts. Frequently, they seem to be convinced that the “organizedyistsahs” explanation
is true, with statements like “we can infer from the qualitativieiltiaof communities that they
are networks of biological interaction...” (MacLaurin and StereR®08, pp. 118) and
“organisms do not just eat, breed, and die. They reorganize [and subsegfieat]yheir
environment” (MacLaurin and Sterelny, 2008, pp. 116). Despite this, thieytimst we “cannot

assume that persisting communities are internally regulated.” @gicLand Sterelny, 2008, pp.
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118) and fail once more to make a stand on the subject. The authors provide sbofgeotions
to the more holist argument on the grounds that there is little observatateriae of the

competitive exclusion principle, and that in some cases competition |y bbsgrved at all.

MacLaurin and Sterelny later address a second potential problartheitiniqueness of
communities as a component of biodiversity, the existence of chastcseof the community
separate from (but not independent of) the individuals which make up the casnrammergent
properties are essentially properties of an ecosystem that arsulieféhe ecosystem itself and
not the total actions of its members. It is the biological acknowledgméme adea that “the
whole is greater than the sum of its parts”. The existence of suchtmsclosely tied to the
nature of communities as “organized local systems” rather thansesrtakges of indifference”,
and would certainly suggest that communities do exist as more than simpépewér
distribution. A number of examples of emergent properties are provided, nglkechsystem
stability (due to varied tolerance and functional redundancy) and ¢éswsgsrvices, noting that
“There is a near-consensus in ecology that, in some measure, there iva paationship
between diversity and stability” (MacLaurin and Sterelny, 2008, pp.122). Honwee more,
MacLaurin and Sterelny refrain from decisiveness and explain thastablish an emergent
property of hypothesis, the covariation between the emergent propertg apparent effect
must be robust” (MacLaurin and Sterelny, 2008, pp. 123). Apparently, the observations of
ecosystem services and increased ecosystem stability foundraeral ¢rend in the field of
ecology are insufficiently robust to prove the existence of thesmyentegroperties. Their
hesitation lies in the idea that empirical evidence may thedtetiradifficult to obtain for some
systems given that productivity rates must be assessed for indivildialsl data collection, and
that ecosystem success and stability may not directly reflaeidodl success. Thus, MacLaurin
and Sterelny argue, there is insufficient empirical data to prove thsystems involve more

than the summation of the organisms within them.
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Another factor relevant to the dichotomy which plagues the use of ecosystems i
conservation is the concept of “boundaries”. If communities were “trgghtocal systems” they
must feature distinct boundaries where one organized local system endetied begins. The
individualist theory would not necessitate such organization and delinegtieyintroduce a
hypothesis by Richard Lewins and Richard Lewontin which says that strong we@kis
interactions between organisms can be determined through comparison, andridatibs
should be formed by the presence or absence of stronger interactions. With stienaitsigs
claimed that communities will be “roughly spatially identifiablMacLaurin and Sterelny, 2008,
pp. 126). MacLaurin and Sterelny explain that such a view “presuppose[s]iteatpaf
interaction are clumped,” (MacLaurin and Sterelny, 2008, pp. 126) and that organilsims w
those communities interact more strongly with one another than other organitsitde their
clump. The authors seem unclear as to whether this form of boundary iscrealisbbservable.
They reference a potential mechanism for the formation of bounded “gabéinedbitats based
on examples in which organisms modify their environments and create glotésties for
themselves and other organisms, but make no definitive assertion to supptute the

existence of ecosystems and community boundaries (MacLaurin and Sterelny, 2008).

By the end of their discussion, MacLaurin and Sterelny have made moretzarding the
existence of ecosystems and communities and their importance (or le)tlas components of
biodiversity. Instead, they present three clear obstacles which anytaiztion of
ecosystems must overcome before they can be considered a sourcegidddighriation
independent of the myriad factors which compose them. Before engaging fiavdetigation of
the nature of ecosystems, these obstacles must be challenged. Totdmitfrohe “coherence”
problem and “emergent properties” problem, | would like to examine a fewpdasuof biogenic

ecosystems.
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While it can be argued that all ecosystems are in some formro@nd though this
claim would support my argument even more strongly, it shall not be madedeeta)) specific
examples of biogenic ecosystems—those that are formed by the actions aiichtiwd of
specific organisms, and thus cannot exist without them—are powerful enouwilémge the
aforementioned objections regarding the more widely-held understandingnaittine of
ecosystems. Biogenic ecosystems, by definition, prove a level of coheremcecosystem by
showing the importance of interactions between certain organismsogéc ecosystems by
necessity depend on the relationships between several distinct fdifasrobrder to exist in the
first place. Needless to say, if coral polyps were absent from a stefrgythe reef system and
the thousands of species and millions of organisms associated with it wwag#lto exist.
Ignoring for now the widespread effects on other ecosystems assodihtdioevabsence of reef
systems, at the very least all biological phenomena contained withieethare either absent or
severely degraded if the reef itself is absent. Thus, a cofalaeot be a “community of
indifference”, because the algal symbionts, peppermint shrimp, sea anemaoes,fisr larvae,
and countless other species which can survive only in the environmentatt afrateoral reef
can liveonly in a coral reef; their overlap is not simply due environmental todess but a salient

necessity for their mutual existence.

One would be hard-pressed to argue that such biogenic ecosystems are desofunit
indifference. However, MacLaurin and Sterelny argue that becaugeighittle to no evidence
for such intense interdependence in other ecosystems, it is doubtizdti@aunities and
ecosystems (as distinct units of complex interdependence and interagiginYhe first flaw in
the coherence problem is thus that it assumes that because ofaygptaient exceptions,
communities cannot exist anywhere. Though | will not deny that certain eotceptay exist, |

will assert that communities and ecosystems are certainlpimagical phenomena, though their
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tangibility may vary substantially. | refer here to a princigleanlogy neglected by MacLaurin

and Sterelny's analysis, the intermediate disturbance hypothesis.

This hypothesis states that as environmental stresses inteosifgetitive interactions
decrease, and vice-versa (Connell 1975, 1978). Using this hypothesis as a fiamevaam
understand why certain ecosystems appear to be more closely-knit coresrilnaib others,
especially if (as implied by MacLaurin and Sterelny) competitieraction is the main criterion
used for identification. In habitats with extreme conditions (extremely dridow temperature,
salinity, precipitation, etc.) competitive interactions lose mucheif importance because few
organism populations can ever reach a high enough density to compete with one anotbker or oth
species. Thus, in such physically stressful environments, the coherenoenainanity is
decreased. It is not impossible, then, that under an extreme (let ugtsaatth or South Pole,
or in geyser vents) conditions, communities of indifference may exist, thtdre these and
coral reefs are a multitude of “shades of gray” in which the realism and appeaf
communities increases steadily. It may be, then, that the strength aneihcehefrcommunities,
as well as their inclusion as a distinct aspect of biodiversity, elsanigh nature of the ecosystem
itself. Deserts and other high-stress ecosystems with poor spgeiastion may have most of
their biodiversity “invested” solely in species and other sourceardadtion, while a coral reef as
a whole has a more distinct component of variation invested simply in tiee Veet of
interactions it represents. This is not to say that some ecosylstéthno importance as
ecosystems in and of themselves; it must also be noted that MacaadrSterelny neglect to
mention certain inevitable interactions between organisms, incluginkjatic relationships and
predator-prey interactions, which are presemlisystems and thus at least show some evidence

of emergent properties amongst ecosystems.

If it is clear at least that ecosystems do exist, though along @gradiprominence, it

must also be established that these ecosystems have certainpsalierties beyond the sum of
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their “parts”. My opposition to this “problem” lies in essentially the satiscussion as for
biogenic ecosystems. A coral reef is more than the sum of its specessdeone of these
individual parts could survive independently from one another. In order far plaets to be
considered distinct from one another, they should have some considerabéealegre
independence, but this is not the case. If corals are missing, none dédf@islof dependent
species can survive. If coral grazers and resident filter-feade@sent, corals will die due to
slow growth, excess of dead tissue, and sedimentation which kills theosignaligae from which

they draw a large portion of their energy.

Beyond that, as mentioned briefly earlier, there exist certain dfeatse(l will not
stretch to call these “benefits”, though the arguments supporting ¢hétrang) of a reef's
presence which impact other non-adjacent systems. For example, etgdreak waves and
often protect coves by substantially reducing wave-stress in which mpecigs (and
ecosystems) intolerable of such stresses could not otherwiseestre existence of the coral
reef, then, independent of the abundant life within it, has other effethe avorld which would
not be present if the ecosystem as a whole were was not present. Fugheemain migratory
fish species have young which can only survive in the shelter of a rebbuMihis shelter, the
fish would not grow to adulthood and have certain interactions in other ecosy(stietimes
across the ocean) and therefore exert additional effects indepehdee presence of the species
contained in the reef. If one is unwilling to accept these more literabemteproperties, there are

also more conceptual forms which might be easier for nonscientists tctamdier

In ascribing conceptual emergent properties to ecosystems, dudgh briefly on the
field of biodiversity conservation, a subject to be explained in greatér hepart Il of this
work. In attempting to preserve a species, if the species is théhordyvalued, an area from
which that endangered species has been extirpated is not a tamgetdervation. Because the

species is not present there, and only non-endangered species inhataiatliels of no concern
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to conservation biologists. However, there is an important connectiwediethis area and the
endangered species which is being valued (what type of value, or how much exadciwitha

be an issue discussed in section Il of this work). The area is lstibitatfor this endangered
species, a collective set of conditions each of which is necessarynta fmwne where the
endangered species can live. Thus, the area is attributed value @tertsgh to hold this
endangered species. From a practical standpoint, this is almost an indeiéiybut it presents
certain underlying implications valuable to the current discussion.dtasystem is to be valued
or recognized aslaabitatfor a particular species, and thus recognized to have certain
characteristics which make it a habitat, one cannot simply attritese tharacteristics to a small
portion of the biodiversity components within the system. Becausedbeg®nents are largely
connected and each needed to maintain the other, the property of balvitatlies not in a few

choice species but in the entggstenwhich provides those conditions.

The third major problem with communities investigated by MacLamthSterelny is the
“boundary” problem, which regards the idea that “if communities are ecalayistems with
casually salient properties, then, presumably, they have objective bounaiati@dacLaurin
and Sterelny, 2008, pp. 124). In other words, there must be “a zone after which we stop,counting
as addition to diversittheremakes no difference to the extent of buffervage (MacLaurin and
Sterelny, 2008, pp. 124). As was mentioned earlier, the authors concede thatatiyetaal
conditions do not need to change markedly across ecosystem borders, nor musaitwkich
ecosystems or communities certain populations belong to. Basing theBisuoayhe assertion
by Richard Lewontin and Richard Levins that communities are defined byffiéredces
between relatively “strong” and “weak” interactions, MacLaurin atedefy present only one
criterion for an ecosystem's borders: the “clumping” of interactioms.rdot of the problem

stems from the lack of consistent empirical or logical evidencei®clumping.
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My argument concerning the boundary problem is similar to that for otherctéssto
the notion of communities and ecosystems; simply because one factommsreatiately
apparent and consistently so between all ecosystems does not mean it doss fidiees are
some ecosystems—once again, biogenic and highly competitive ecosgstegnsat examples—
for which boundaries are inherently obvious. The strong interactionsdyetweal and various
coral-reliant species end where coral stop growing, where the propgati s the ecosystem
ends. Though various species who affect the reef may leave it andtBetezamnmunities and
ecosystems regularly, being affected by organisms there, the imesastithese species with
those in both ecosystems are likely weaker, thus still enabling thle deisggnation of a
“boundary” by the definition of Lewontin and Levins. It must be carefully noted thi wi#é be
exceptions to this rule; if nothing else is clear from texts irptti®sophy of biology, it is that the

natural world and disciplines which study it are constant sources of exaeption

As before, my way of accounting for the inconsistency of ecosystemsriclérgy and
distinctness is to place them on a continuum regarding the factousstsl above. Some
ecosystems (like my biogenic examples) are particularly disthit boundaries end when a
specific set of species stops appearing and can be delineated dirdatlye€»systems, usually
those with high abiotic stresses that prevent equilibrium conditions amgktitve or mutualistic
interaction among species, lack complex (or as complex) webs of irteraotl may have much
more subtle communities that are difficult to distinguish. At the sange thmre are communities
and ecosystems that are distinct sources of biological variation itrength and complexity of
their interactions, have clearer boundaries, more obvious (and often imparteytem
services, and stronger and more numerous strong interactions between maeustiesy of
biodiversity like species. Not all ecosystems are created equal.@ortndute more and some

less to biological diversity independent of the phenomena they contain, anthttasmtribute
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more will be more important targets for conservation in addition to the comisarfe

biodiversity which exist within them (IE the species and their respgubipalations).

From a practical standpoint, such a model is quite useful. Not only does ihgkpla
vast differences in “problem” characteristics observable betdi#f=rent communities, but it
enables a distinction between ecosystems which would benefit immemseli}Nérton's
“ecosystem health” approach to conservation and those for which indigple@ks would
benefit more from independent conservation measures. In light of the heditataised before,
it is logical that organisms which need a specific ecosystesuriive are those who need clearly
bounded and interaction-heavy ecosystems; these species have more obotirgecpibperties
and more prominent organism interactions. If an endangered species lived wramneent in
which it had few specific interactions but many more general and wea&swith a variety of
organisms, one specific set of these organisms would not only be difficattagnize but would
be less important for the conservation of that species. It would alwegshather set to rely on,

another area to shift its biological “weight”.

Thus, while | will not make the ecologically troubling assertion thatystess are not
sources of biological variation or aspects of nature which should be vatiesgendently of the
diversity they contain, | will certainly concede that not all ecesys haveequalvalue as sources
of biodiversity. In other words, all ecosystems fall within a spectrumevandpoints are defined
by two (purely theoretical) ecosystem types. On the far left (this sidehesen arbitrarily) is a
“community of indifference” in its purest state, in which the ecosystestf ltas no independent
value as a source of biodiversity, having no emergent properties, vergrunaisdaries for
conservation, and little to no deterministic species interaction whadssitates explanation
beyond shared distribution. On the right side of the spectrum is the ideblagisacommunity
whose value as a biodiversity source is completely independent of its rseififieecosystem

has obvious physical boundaries and all species within it rely so heavily np@mother that
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their distribution is solely based on shared presence and the estabtigiiimabitat. The
ecosystem exhibits a number of valuable and easily distinguishableesingrgperties such as
ecosystem services and providing habitat for an immense number of spieiciesire absolutely
incapable of surviving without the whole ecosystem. | hypothesize thretadl/stems fall
between these extremes, and thus for the purpose of identifying bidgivecsisystems are a
matter of degree. Their contribution to biodiversity (and as willdserded, subsequently their

value) varies between ecosystems.

1.8 An Inclusive Biodiversity Definition

By this point an inclusive and multifaceted approach to defining biodiverstiden
completed. Starting with the “calculus analogy”, the most fundamentalesotibiological
variation, species, was included after some specification, followed bsatefds “derivatives”

(I use the term only in analogy), including morphology, development, and behavior. Fanally
new model for defining the biodiversity of ecosystems was presented atkoowledges them
as a variable source of biodiversity with degrees of value (agemmaused lightly) independent
of their parts. In this way, it is clear that the term biodiversity reptesa great variety of natural
phenomena which are identifiable, measurable, and unique to different d¥¢indespecies are
assessed according to taxonomic or phylogenetic distinctness and ecedysthair coherence,
phenotypic plasticity creates developmental variety distinct from stheces. Behavioral and
morphological differences, in addition to developmental variation, acéoutite biodiversity
observed within species not included in the customary “species couhtateas of

biodiversity. The result of these observations is the formation of arsineldefinition of
biodiversity, one which encompasses the myriad natural phenomena both irteorpoend

influencing the continued process of evolution.
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While it is indeed a great step forward to formulate a well-méat and inclusive
account of all that we value in the earth's biota, one great uncertairsiysanhich until the
present—to avoid complication—has been avoided. That is, the subsequent qaeasiion t
current claim, “This is valuable to us.” How valuable? Needless tondale a formalized
definition of biodiversity is a great conceptual resource, befaanithave any practical
application thevalueof concepts defined must be clarified, starting first with a surprisingly

formidable stumbling block for conservation biologists: Why conserve biodi/2rsi

Section Il: Why Conserve Biodiversity?

I1.1 The Intuitive Consensus

While it is helpful to have a concept of what exactly human beings valuedageisity,
and just how far such a definition goes, there is still a major logagabetween a definition of
biodiversity and the application of appropriate conservation measurestification for
biodiversity conservation is needed; specifically, a compelling answes tutstion Why
conserve biodiversity?” The question is surprisingly difficult to camifrindeed, what sort of
value does biodiversity hold, and how does this compare to the prioritizatiertashcsocial and
economic issues? What sort of obligations on a moral or ethical basis do hungsnhioéd
concerning the components of biological variety outlined earlier, and where doltigs¢éions
come from? According to Sahotra Sarkar, “to get such an obligation” toward b&tiard the
environment, “we have to analyze carefully the nature of our relatidr tertvironment. For
instance...whether the environment embodies some set of values that nesjtiresfrain from

harming it” (Sarkar, 2005, pp. 6). For many people, it is intuitivelyrdlesst such value exists.
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As Bryan Norton explains, “Any discussion of the value of biological dityessiould start with
the recognition of the breadth of consensus favoring the protection of bailloggources”
(Norton, 2003, pp. 116). The problem for biodiversity conservationists is thas iggue of
agreeing that such values and the obligations that come with them exisiwbedctly those

values are attributed.

Fortunately, there is no shortage of ethical systems being appttad problem.
Strategies range from the existence of intrinsic values to thedtdenf future generations and
nearly all conceivable possibilities in between, not to mention appeassgséem services and
the potential to alter human preferences. In fact, the number is sohgitesaty account of
biodiversity ethics usually starts with a “Goldilocks” approacth&dubject, reviewing briefly
each main category of valuation and eventually settling on one whichtsijos. Though this
section will follow this trend to some extent, it should be clearly statdhe goal of this work
is for practical application, and that ethics will be chosen on this.l@snsequently, it is not in
my interest to denounce or devalue any particular ethical framework, onlyidw e criticisms

each has received and compare their practical advantages and desgelvarith others.

I1.2 Adequacy Conditions for a Biodiversity Conservation Ethic

Before one can make a consistent analysis of a set of conservhiisn @&framework
for analysis must be provided by which these ethics can be assessed. &isatiafvould be
useful by which to compare and contrast the ethical consequences and cosicluaranteristic
of different perspectives. In his 2005 work, “Biodiversity and Environmental $ifitoy”,
Sahotra Sarkar provides a stringent set of conditions that must befaretdoeonservation ethic
can be considered acceptable. While it is not my interest to “rank” eatiserethics and make

any normative claims regarding how other human beings should interact witbrtdearound
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them, | believe Sarkar's “Adequacy Conditions for a Conservationisf’ ptiovide a solid
foundation for analysis. These conditions will be reviewed in depth to seagesfer an

investigation of prominent approaches to conservation ethics.

Early in the text, Sarkar selects six conditions which serve aadliefbr his analysis of
various contemporary conservation ethics. The first of these conditalied the generality
condition, is directly related to part | of this work. According to Sarkar,derao satisfy this
condition, an ethic should attribute value “to biodiversity in generall its @omplexity”

(Sarkar, 2005, pp. 48). The importance of this condition is intuitive, if not r&bgraefinition.

If biodiversity consists of the components of natural systems which humaegqiveluding their
variation), then, naturally, at leastmevalue should be attributed to each of these components as
they occur in a natural system. This condition makes no assertionsacas touich value should

be attributed to various components of biodiversity, only that some shouldedahésIsome
much-needed flexibility for the formation of an ethic according to such a cemefmition of
biodiversity. For the purposes of this work, the only alteration to this thtmmdihall be that the
definition of biodiversity in use is that presented in section | of thi&veord not that adopted by

Sarkar.

This condition forms the foundation of any biodiversity ethic and forms thefitato
parts of the “objective” of biodiversity conservation, simply the predmn of endangered
biological phenomena. A second condition, however, is necessary in order to eissoingettive
is met. Even if all components of biodiversity are attributed some vall@es not mean that

they will be conserved as a result.

The second condition, the “moral force condition” concerns the ethical obligations
involved with the value mentioned above. In order to satisfy this condition, amaikt

“produce an obligation to attempt to conserve all biodiversity” (Sarkar, pp039),
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necessitating human action and management to some degree. Thus, not onlyuaumst val
attributed to components of biodiversity, but when these components and their galue ar
threatened, an ethic must create cause for action. This condition, tatedrgsriority in an ethic
and is difficult to dispute. Components of biodiversity which human beinge waligt be
protected when threatened, so policies must generate an obligation to thadegphenomena
that are valued. A conservation ethic is thus not practically usekgaiitigenerates the need for
“real-world” action distinct from conceptual recognition of value. Thigdd@n is naturally an
integral part of a working conservation ethic and for the analysigsoivork will be considered

the most important.

Sarkar's “collectivity” condition states that a conservatiort etlust have some holist
element, attributing value not only to individual organisms but to the brésderomic groups
of which they are part and the ecosystems and habitats which they sungparnt supported by.
According to Sarkar, a conservation ethic must “attribute value to loidiieer-level entities along
both the structural and taxonomic hierarchies” (Sarkar, 2005, pp. 49). Thus, Sakkararclear
stand on the holist vs. individualist debate mentioned in part I, and couples &awiemvork to
the ideal conservation ethic. In the context of the definition of biodiversitgtructed in part I, it
should also be noted that the generality condition mentioned earlier may partapdaies|
condition by attributing value to ecosystems and larger structural units.rkiglo@omic units,

however, are uniquely covered by this condition.

It should be noted that the attribution of value to taxonomic and ecologitalanger
than individual organisms is a heavily debated subject. Though it was geestablished in
part | that these larger units will be given value, this condition Bsngbecondary importance

given that its fundamental concepts are not universally accepted.
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The logic behind this condition seems to be sourced in the precautionarplpringih
the idea that though some value cannot be readily attributed to some bigibgitemena
(higher taxonomic units like families, for instance), this doesmplyi that such value may not
exist. While there is uncertainty regarding the value of higher taxordasises, Sarkar seems to
assert that a good ethic still gives them value. Due to these untiesiahe importance of this
condition for the purposes of this work is diminished with relation tbériglasses. In relation to

ecosystems and habitats, its purpose may already be served by the firgircondit

Touching upon the idea of taxonomic classes once more, Sarkar adds taex8All-
condition, which requires that an ethic attribute value to all species asds;last simply
charismatic species. Needless to say, this sort of condition is aarga@ss, as conservation
measures and effort toward the preservation of charismatic awegafre notoriously greater
than those toward less appealing species (to use a famous example| tatena The all-taxa
definition requires that an ethic provide solid justification for thegpegitial “treatment” of one
species or taxa over another. Presumably, this sort of justificatiolvés some comparison in
the value attributed in previous conditions by some scientific of philosaphodel. This

question is addressed in Sarkar's next adequacy condition.

The next condition is one of considerable practical concern. Theitysetting”
condition requires that an ethic provide some framework for the prioritizétspeoies and other
components of biodiversity in relation to one another. For conservation measiaies
framework is essential. Naturally, resources for conservatiortete limited and thus must be
focused toward the biological phenomena of greatest value or of the modtnegd of
conservation management. Without such a priority-setting frameworkhianetuld prevent the
effective preservation of valuable biological phenomena and thutsfpiiimary objective. Due
to the practical emphasis of this work, this condition will be considered iamp@nd stressed in

subsequent ethical analysis.
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Sarkar's sixth and final condition is also the one he considelesastamportant. What he
calls the “non-anthropocentrism” condition predictably requires toahaervation ethic allows
the “attribution of value without reference to parochial human intréSarkar, 2005, pp., 50). It
is understandable why such a priority would be considered less importantmifithebjective of
the ethic is still to properly conserve endangered biological phenorheeams reasonable to
say that this objective may be independent of the justificatichfasection. The requisite
conclusion for this logic is that if humans are the source of justditétir biodiversity

conservation, the necessity for conservation is only present as long as lane)dos.

While this may seem initially problematic, when taking a broad enough ecallogi
perspective on the relationships between biological phenomena and the biosphere as a
whole, this relationship would be maintained unless humans were completely absent from
earth. Thinking logically and environmentally, this absence would also elintiveate
anthropogenic risk of extinction, the type of problem upon which conservation measures

focus.

With this in mind, the non-anthropocentric condition is also treated with
secondary importance. Based on the assumption that conservation should combat only
anthropogenic biodiversity loss (thus avoiding “species hoarding”), anthropogenic
problems will only arise in the presence of humans, and when that presence is removed
(from all interactions, thus the entire biosphere) the necessity for action dissiphtes.
for the purposes of this work, an anthropocentric ethic is still considered aceeggabl
long as it obeys the above conditions, especially the satisfaction of the mogadridrc
generality conditions. It should be noted that this argument does not by any means

discredit or disprove non-anthropocentric ethics, but provides some rationale that the
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interests of anthropocentric and non-anthropocentric ethics may overlap to eelgree d
and that differences between them may be considered trivial for the prpatipases of

this work.

That being said, the non-anthropocentric condition is certainly not an wedhaoridition
for an ethic; many thinkers insist that an anthropocentric view is inh@odaunethical. Thus, if
an ethic could possibly satisfy the arguments of these thinkers, it wartéihty add to the value

and applicability of the ethic.

In light of the practical focus of this work, | would like to introduce an auttidi
adequacy condition, one that is relevant to the application of an ethic. Witlatdll the
“comprehensibility” condition, which states that in order to be effeciv@nservation ethic
must be readily understandable for the average person. Additionally, amestibe effective in
small-scale conservation decisions of the sort that nearly allhbeiags make on a daily if not
hourly basis. Such decisions occur frequently and in huge numbers, the majtiréytiofe
independently of federal law or its enforcement. For example, whether frdiiycts that may
be harvested, produced, or disposed of unsustainably, whether to use fiee fopdte of land at
the risk of burning nearby forest, or whether to throw back an endangered fistcavigit. This
sort of decisions are frequently not governed by federal conservationraarssistently
regulated between political boundaries, or insufficiently enforced. ddmagrehensibility”
condition thus necessitates that an ethic allow all (if not the vastitgajf) people to have an
intuitive understanding of a conservation ethic and have the ability to apgignt the need
arises. It should be noted that whether or not peopleldigatedto obey this ethic will depend
on the satisfaction of the “moral force” condition explained earlier. Dtiget increasing number

of conservation decisions, conscious or otherwise, being made by human beirgslpasis
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and the relatively poor enforcement of environmental laws in ogutats of the world, this
adequacy condition is given importance secondary only to the generality and nemal for

conditions.

For the following investigation of contemporary conservation ethicgrthrary criteria
for a working ethic will be called the “core” adequacy conditions, nathel generality and
moral force conditions. The prioritization and comprehensibility conditoaplaced in the
category of “practical” adequacy conditions. The all-taxa and coligctionditions are
considered subsets of the generality condition that simply specify waysdh ivshould include
particular components of biodiversity. The non-anthropocentric conditiobevidbnsidered
unessential but still beneficial. These three conditions withftire “secondary” adequacy
condition group for their diminished importance with regard to the purposes onétysia.
Using this framework for assessment, | will review the most promineicakflystems in

conservation biology and attempt to outline those which show the most promiggplication.

I1.3 Intrinsic Value Ethics

Since the time when Aldo Leopold's “Land Ethic” sparked interest andsgdisn of our
philosophical relationship to the environment, appeals to the intrinsic @ahatural phenomena
have been immensely popular. Before this, many spiritual and religiousqpiles attributed
such value to natural phenomena. Sahotra Sarkar explains that ethidssitimalue claim that
an entity, rather than a quality, has value, and thus attribute suchrvedpective of any
instrumental or other quality of the entity (Sarkar, 2005). He further dtssaifrinsic value
systems as being one of two types. The first is a system in which valiigbisted to an entity
without comparison to anything else; this sort of intrinsic value &ctlyr opposed to extrinsic

value, or any value emerging from a relation to another entity. The secorid &ypgstem in
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which an entity is valued without regarding it as a means to any sort dfdridstead as an end
in and of itself. This Kantian perspective is of course the oppositstoéimental value systems

in which an entity receives its value because of its potential use ts.othe

Holmes Rolston 11l (1989) presents an environmental ethic built on thddtian of
intrinsic value. Rolston's ethic represents what Sarkar definde disst “type” of intrinsic value
ethic, focusing on the value of entities (in this case, species) imdimeof the existence of any
other entities. Rolston supports his position that all species have aliehable and intrinsic
value by making an analogy with the human ethic, arguing that in the same wayhzeapée
duty not to end one-another’s lives, it is also our responsibility not to ennhifpge lineage of a
species. In Rolston's words, “Humans have learned some intraspecifsnaliffbe challenge
now is to learn interspecific altruism” (Rolston, 1989, pp. 208). Rolston argaiess greater
processes related to forms of life, species have intrinsic value béyindge to an ecosystem or
any human needs. Citing a variety of species including the Beggars tickyaptent family
with adhesive seeds of which one particular species is endangered, Rolstsritrobgar that
though all species may not have instrumental value, there is still sdugepresent that humans,

as ethically concerned organisms, cannot ignore.

Rolston's arguments for the existence of this value are focusemhldigtinct proof
(after all, this would be difficult if not impossible) but in critizig opposing views. Rolston
explains that anthropocentric perspectives are “submoral and funddynexpioitative” and
insists that ethical systems are “about partners with entwineidide5{Rolston, 1989, pp. 208).
In this way, Rolston illustrates his view that anthropocentric etliiesnherently immoral and
opposing to our own moral standards toward one another. “Morality,” he explainegtied
whenever the vulnerable must be protected from the powerful” (Rolston, 42821 1).

Certainly, this statement applies to the current interaction of humdrth@rest of the biosphere.
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Rolston addresses another criticism of intrinsic value with regasplecies, one which
could also be posed toward any of the other myriad components of biodiversitgcetrlier.
“Perhaps species do not exist” (Rolston, 1989, pp. 209) Rolston muses, facing the thablem
moral obligations cannot exist toward phenomena that are nonexistesithe@énakes an
argument similar to my own in the first section of this work regardoogystems and habitats;
while the boundaries are not always clear and while classificat@iways different, species, like
geological phenomena, are “phenomena objectively there to be mapped” (R2&dnpp. 210)
and thus unquestionably exist, despite uncertainbpwafthey exist. From there, he makes the
simple step of asserting that certain duties exist to these phenomeniajrexpleat, though there
is no moral “contract” between humans and other species, the same duijeeggpulless of a
pen-and-paper agreement. Because of our position of power, it is our dasyte that our

actions do not cause undue harm to biological phenomena, regardless of tiesio we.

In fact, Rolston extends this morality, explaining that the question “Ougtiespg to
exist?” is simply “a single increment in the collective question 'oufghth Earth to exist?"”
(Rolston, 1989, pp. 212) to which the (hopefully) obvious answer is yes. Thugaeh
anthropogenic extinction, human beings are essentially conceding thasthereaiue to life
itself; by failing to attribute value to a larger unit of life, we essentially arguing that there may
be no value to the larger whole. The extinction of a species, Rolstors giggadorm of
“superkilling”, which is either equally or more morally deplorable becausdiitguishes not
only a single life form but an evolutionary trajectory of forms. He asgetsnodern human
beings are faced with a unique situation as the first “superkilbergarth. With the technological
and numeric potential to remove entire forms of life from the biosphere amththability to
commit superkilling, a new and more sensitive ethic is required of humare 2dtcentury.

“If,” Rolston concludes, “in this world of uncertain moral convictions, it nsakey sense to

claim that one ought not to kill individuals without justification, it mskeore sense to claim that
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one ought not to superkill the species, without superjustification” (tgl4089, pp. 213). Thus,
a greater form of justification is needed to risk the extinction oh#ireespecies than would be

needed to risk the lives of the individuals making up that species.

Rolston also extends this ethic to ecosystems, insisting that the goaisefvation is
“not [simply] the preservation of species but of species in the systemeéldgsive” (Rolston,
1989, pp. 216). Naturally, if species and the forms of life which make them upiragesakied,
the ecosystems which they form and on which they depend are additionally impbesat
ecosystems are part of the evolutionary process in which these spredi@golved and form the
support network which allows them to continue. Using this logic, it may alsesasenmable to
extend this ethic of intrinsic value to other components of biodiverdiig extrapolation
requires the acceptance of on a few assumptions, however, notably thigutheras made in
the first part of this work regarding what phenomena contribute to leicdty are true. If
agreement has been reached regarding which elements characteogeddiobriety, the ethic of
intrinsic value can be extended to some degree to all of these componkmespétct to their
contributions. It is, however, unclear how far this sort of “life ethic” caexiended and how

muchintrinsic value will be attributed to different components of biodiversity

Rolston makes an initially convincing case for the attribution of absedlite to other
forms of life and possibly other biological phenomena related to the perpetoflife. It is
difficult to argue against such value when considering the “paradox thandge moral species
acts only in its collective self interest toward all the reR@I§ton, 1989, pp. 212). Indeed, there
is an intuitive pull to this concept which makes it difficult to deny. H@veN remains to be seen
how this value system satisfies the adequacy conditions outlined &arker effective

conservation ethic.
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As mentioned above, it may be possible to extend Rolston's more sensitivad ethic
intrinsic value to other components of biodiversity, because, as estdbhghet |, these
components all make some contribution to the variation and perpetuation ottitebiosphere.
In this way, while it was initially directed only toward species, Rolstetilic to prevent the
“superkilling” of biological phenomena on a greater scale than simpkdodis can be
transformed into a “life ethic” which encompasses all recognizeganemnts of biodiversity. It
may thus satisfy the first adequacy condition, which necessitatesdttabutes value to all
aspects of biodiversity which are desirable to value. By definition,sfisatthe “non-
anthropocentrism” condition, though this does not make any significant contribwtten t
practical application. Additionally, it would conceivably satisfy tHdata condition by
attributing such intrinsic value &l natural phenomena, regardless of their appeal to humans or
other uses. The collectivity condition is addressed by Rolston's extensienathic to
ecosystems and larger taxonomic classes, which will be valued asuaitgeof the “life” which
is given intrinsic value. The moral force condition of this rather powetfut is undoubtedly
satisfied; no human being wants to be classified as a “superkillestdRaohakes it clear that the
same duties and obligations we normally assign to other human beings also applyftrothe
of life, what he calls a “biologically sounder ethic, though it revises whatfarmerly thought
logically permissible or ethically binding” (Rolston, 1989, pp. 215). Addiignthe
comprehensibility condition is satisfied by the simple extension of tledinsircle” used in
Rolston's ethic. There is no need for excessive contemplation, simply #rstanding that
humans have a great capacity to destroy other forms of life, and that mamdligthical
consideration naturally arise in such situations. This thought preckissly intuitive to a great

number of people.

The main problem(s) with this ethic arise in response to its olgattbasurement. While

it is clear that value will be attributed to all aspects of biodityerns is very difficult to sayhow
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much The ethic contains no conceivable method of prioritization, and thus wouldumlyir
impossible to implement in a legal setting. Besides that, ther#daddgical basis for this
extension of morals. While it does, indeed, obey virtually the same lBgiedgolden rule”
perspective on human ethics, it would be very difficult to convince lawmadkat such an
extension is necessary. As other authors have admitted, such ethicast value are “little
help in policy matters” (MacLaurin and Sterelny, 2008, pp. 118) and pose “impdiffantities
for those who seek to integrate environmental ethics with scient#fatipe” (MacLaurin and
Sterelny, 2008, pp. 150). Indeed, though there is intuitive draw to ethics lig®Rg] it is not
necessarily enough to prove its own case; thus it is a difficult “féatingstify, and even harder

to really apply.

A number of potentially problematic situations come to mind with respeloist
difficulty. Any comparative dilemma, for instance, where the value of peeies needed to be
weighed against the other, would be immensely difficult, like decidingheh&h save one baby
versus another from a burning building. Some concrete method of prioritizingspeci
necessary to enable the use of such an ethic, or else it does litdénbarce the already
commonly-held suspicion that it is better to prevent the loss of a spleaieto promote it.
Additionally, this type of approach presents interesting implicationstfar types of
“biodiversity”, for instance, man-made biodiversity in the form oésitock or other domestic
breeds. Are certain duties due to milk cows to avoid the “superkilbhghe unique bloodline,
or will value somehow be diminished for certain types of species@rtisstrange to consider
preserving a population that humans themselves “created” in the dicst pithout proper
prioritization, it is impossible to justify the decision to conservpezific coral reef or prevent
the loss of a new color of pansies. Though the intuitive appeal afghrsach is undeniable, it is

clear that its lack of logically-binding justification makes impéstation difficult.
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This is not to say that there have not been more logically-basdittistns for the
attribution of intrinsic value. Sahotra Sarkar reviews a numbeleséthystems in the third
chapter oBiodiversity and Environmental Philosophy: An Introductittrough he finds all of

them unsatisfactory according to the adequacy conditions outlined earlier.

For example, appeals to the value of sentient beings are considered iaidedmErause
it fails the collectivity and all-taxa conditions. Naturally, someaoigms might not be considered
sentient—for example a bacterium or plant—and these would be excludedliioah e
consideration. Perhaps even more troublesome, aspects of biodiversitydanttime first section
of this work that are non-sentient (essentially everything asideifrdividual organisms) would
also be outside of ethical consideration. This sort of justifinatiould thus fail to accomplish its
objective of preserving what we consider valuable biological phenomendiofddly, issues
like the culling of particular species to avoid the destruction otdislor extinction of other
species become problematic, because prioritization of values (urdassin@d simply in number

of sentient lives saved) is also virtually impossible.

Other attempts to logically justify intrinsic value ethics, sucRad Taylor's “Respect
for Nature” ethic stem from appeals to interests or a “will-te*lim an attempt to attribute
intrinsic value to thénterestsof organisms, thus eliminating the issue of sentience (Taylor,
1986). In order to have intrinsic value, an organism must simply have some ftprafefence”
in that it behaves a certain way, preferring certain conditions ovesoth@wever, not only is it
incredibly hard to quantify and attribute a “will-to-live” or “will-i@produce”, but again it
requires a logical stretch to assign such interests to non-argdraemponents of biodiversity,
such as higher taxonomic classes, types of behavior, ecosystems, and so on. Tollectikiy
condition is again left unsatisfied, and these logical attempts aheggigtrinsic value to

biological phenomena are largely unsuccessful.
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From the preceding analysis, it seems likely that logical justifios for the attribution
of intrinsic value are largely fruitless and unsatisfactory for thedtion of a biodiversity ethic.
In fact, the only somewhat acceptable perspective on this ethic woRldisten's rather intuitive
understanding that human beings require a more sensitive ethic now thatthagable of
causing much greater destruction to the biosphere. Again, ignoring the nestbfoal
justification and purely logical thought, there is great moral pull torduengent that the purpose
of morality is to intervene where the weak must be protected from the ,strmhthat in our
current position of immense strength, human beings may indeed have need far whiethcan
encourage such morality. While admittedly useless for policymakinggaget$cale decisions,
there does seem to be some value in this form of ethic. As Sahotra Sarkarsexpmirinsic value
ethics are “endorsed on the grounds that [they] will lead to a btited@ on our part in our
interactions with other living forms” (Sarkar, 2005, pp. 58), and not necgdsargovernments
to create and enforce laws. According to Sarkar, the idea “that a fiteeatoward the
nonhuman world, an attitude different form the one we customarily display, et
safeguard biodiversity and environmental health, is almost certainictq®arkar, 2005, pp.
59). The point Sarkar makes here is an important one considering the imparenddity of
intrinsic value arguments. While they may be of little use for dewsias a governmental level,
they encourage a more careful and morally-bound attitude toward the natudabmtne part of
every human being who encounters them, and thus can contribute to conservation orra broade
“grass-roots” scale. It is not hard to imagine how an ethical, intyustéication for
conservation might appeal more to an uneducated or scientifically apatlatidual, while
complicated logical explanations citing utilitarian and biological benef biodiversity might
fall short. Thus, while an ethic of intrinsic value does not belong ingltedf lawmaking, it

certainly has its place in the future of conservation.
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I1.4 Demand Value Ethics: The Anthropocentric Approach

The second large category of conservation ethic is composed of allWwhih attempt
to attribute value to biological phenomena relative to their importancéeo aiganisms or
interest groups. These ethics include the anthropocentric justifisdtir conservation often
decried as base and immoral by intrinsic value conservationistsaNjatthis category of
instrumental and extrinsic value is the polar opposite of ethicahnsystiscussed earlier, and

focuses on the use of more rational rather than intuitive concepts to stgplaims.

In their discussion of ethics What is Biodiversitydames MacLaurin and Kim Sterelny
describe such utilitarian attempts at attributing value as “demand vatedrding to the
authors, demand value systems stem from “theories that tie the mattalofvan action to its
effects on the maximization of minimization of some natural propertyt{Mdarin and Sterelny,
2008, pp. 151), notably happiness, pleasure, or “well-being” or the minimizationaifueeg
properties like unhappiness. These are measured by the interests of gramiqussin the subject
at hand, in this case any organism benefited by the biological phenomena vadligetivassity.
The obvious issue with such values is what the authors call the “aggregabtangro
(MacLaurin and Sterelny, 2008, pp. 152), which essentially poses the questicabfedb
whom?” The idea of demand value results in a “weighing of interests” betiwdividuals that
can lead to the questionwhichdemands are worth appeasing and which aren't. Naturally, a
squirrel has different demands than a dairy farmer, and the subsequent obirfterests therein
would be difficult to account for from a conservation standpoint. It would bieuiffo satisfy
many of our earlier-outlined adequacy conditions without being clear whicbfsoterests were
being given value. Specific interest groups must be identified in ordeabdesthe use of

demand value arguments for conservation.
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To avoid the aggregation problem, many philosophers refer to a sppetiG€tinterests,
notablyhumaninterests. These anthropocentric arguments focus on economic, @odiaven
spiritual benefits which components of biodiversity can provide to humatis.régard to such
ethics, “the values involved in protecting biodiversity are fully@spnted in an accounting of
the welfare of humans in the present and in the future” (Norton, 2003, pp. 117). Thus,
components of biodiversity are valued for their propertieessurcefor human use. In
“Searching for Sustainability: Interdisciplinary Essays in the Philogop Conservation
Biology” Bryan Norton insists that “Protection of biological diveysian be justified because of
the many ways in which species and ecosystems provide services thatildetherwise have
to supply. In general, anthropocentric justifications easily satsfyrtoral force condition by
showing the utility of a biological phenomenon directly to human beings, which wouakl pla
conservation directly in their best interest. The priority-sgttiondition may also be satisfied,
given the human ability to attribute monetary and economic value to mostoesand benefits.
“Willingness to pay” surveys are commonly used to attribute this typaloéwo phenomena
which are not readily monetarized. In this way, biological phenomena coulduiee vy the
monetary worth of the services or benefits they provide, and prioritizedier of value. The
comprehensibility condition is also easily satisfied, because the toganserve something that

benefits oneself is relatively straight-forward.

Issues arise when faced with the generality condition (and its sprdificonditions, the
collectivity and all-taxa condition), as it is not clear how distiratti@s can be attributed to each
and every part of a broad and inclusive definition of biodiversity. The plitysélrises that a
species or ecosystem characteristic exists that no one can direetfif frem in a utilitarian
fashion. This possibility fails to satisfy the all-taxa condition, Wiitates thaall species (and
other biological phenomena), even those which are not particularly chidgmimmediately

useful, be attributed value. Needless to say, a “worthless” species Beourdefensible from the
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perspective of demand value. The problem here is that demand value “doesondiviesity per
se. Rather, it ties [value] to specific uses” (MacLaurin and $tgr2D08, pp. 153). One attempt

to resolve these collectivity conditions is through the citation ofliversity-stability hypothesis.

The diversity-stability hypothesis is usually the first intuitiveftisfactory move for the
creation of an anthropocentric conservation ethic which satisfiggetierality condition. This
hypothesis links biodiversity (in all its forms) to the stability of a Bpeecosystem or collective
body (be it a population or biome). In so doing, it places value on all aspects of tibgive
stressing that each of these aspects is at least somewhaamhpothe stability of the
ecosystem. Also keeping in mind that the biosphere itself depends on tlieutioms of many
ecosystems and populations through ecosystem services and other fundtbows that each
component of biodiversity has some value given its contribution to thetpatipa of these

services.

The diversity-stability hypothesis, at its very simplest, radigshe ecological concept of
functional redundancy. Functional redundancy is the phenomenon when a singlesat¢sys
community) has more than one member that can fulfill a particular role or. fiichs, if
conditions change that make it difficult for one species to survive, othagesman fill in their
place and make sure the role is still fulfilled. Diversity thusvjates additional functional
redundancy. The idea, then, is that this additional functional redundaneg e@dsystems and

subsequently the entire biosphere more stable and capable of continuinfaoetbechange.

In the last few decades, the diversity-stability hypothesis andhioaleconclusions
which can be drawn from it have come under attack in the works of sevesatlifauthors.
These researchers showed that certain cases existed in whichyddecstased stability.
Though initially this seems to be an insurmountable defeat of this line ofrtpjrkis is not

necessarily the case. As MacLaurin and Sterelny explain, one of the measadrthe hypothesis
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researcher, Robert May (1973) identified biodiversity only as spéciewss, and thus excluded
the vast majority of other components discussed in part | of this work (Maoland Sterelny,
2008). Additionally, fault may be found in May's definition of stability, whiclereficed only
population size; specifically, the population size of individual speciedvied in the ecosystem
(MacLaurin and Sterelny, 2008). Naturally, given the explanation of furdttedundancy
above, the diversity-stability hypothesis makes no reference to thétgafihdividual
populations; in fact by definition it functions é@countfor such natural fluctuations. More
specifically, the concept of ecosystem stability is not that popuakatuvill remain constant, but
that the effects of one fluctuating population on its environment will be bdfisranother
population with different characteristics and thus different populatiorufitions under the same

conditions.

In the same study, the stability of ecosystem services is found to mcttasr
researchers, notably David Tilman argue that these properties darbegbane more stable in
more diverse communities, and that more diverse communities are moretpedacLaurin
and Sterelny, 2008, pp. 122). Much of the research done in this area, however, wastlvaed e
on plants (Tilman 1996, 1999, Tilman et al. 2005) and may not apply as easily to more complex

animal and plant-animal relationships.

Sahotra Sarkar is equally skeptical of the formation of an ethindrthe diversity-
stability hypothesis, explaining that other authors “have produced equally dompehpirical
evidence that richness is inversely coordinated with stability, imetiegh as resilience and
resistance.” While again, as with the case of Tilman and May, thetiefinused for this
research may be criticized, it is clear that opinions vary graattg the utility of the diversity-

stability hypothesis.
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Thus, though according to some there is a near-consensus that the pelatimeship
between diversity and stability exists (Hooper et al., 2005), the subgditi ‘fsot”.
Subsequently, some authors eschew its use in conservation ethics entitelyhadueriticisms it
has received and the uncertainty behind it. Both Sarkar and MacLadrBterelny chose to
abandon the diversity-stability hypothesis in the formation of theirezeaton ethics and,
interestingly enough, end up making similar ethical appeals in the probessthics created by
these authors form a third category in which ethics are based on appkalprecautionary

principle or the somewhat abstract idea of “prudence”.

I1.5 Precautionary Ethics

In Biodiversity and Environmental Philosophy: An Introducti®athotra Sarkar (2005)
addresses the concept of “transformative values”, which attribute afsntellectual value to
biodiversity. According to Sarkar, biological phenomena have transfeematlue because they
have the ability to change a human being's perspective or preferences. Incotiserather than
having direct demand value, biological phenomena hold value potketialto change such
demand values. Sarkar presents two types of transformative valuesadténdirect. Direct
transformative values are attributed to phenomena which can bring aboaga ohaemand
values, while indirect transformative value is attributed to thosethwdan lead to other events
that transform demand values. (Sarkar, 2005) In this way, direct transtormalue stems
simply from the experience of a certain phenomena, while indirect valusuightrabout by its

potential intellectual contributions.

Biodiversity is thus being valued for its intellectual apeal only that. In Sarkar's

words, “the best argument for the conservation of biodiversity rentaimsellectual promise”
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(Sarkar, 2005, pp. 85). Value is thus due to objects which can change oactn#tlboints of

view and the values which come from them.

The most obvious—and potentially most challenging opposition to this type of argume
is the “directionality problem”, which addresses the possibilityagfativetransformative value.
Atfter all, if value is simply being placed on the changes in valuelagital phenomenon can
bring abouit, it is not specified that this change must be a good thing. It wakéllile sense to
attribute value to a negative experience with biodiversity. Hypothigteg@eaking, we would not
want to value a species or behavior of some organism that was so incuegtilelgsant it induces
undesirable changes in human values; for instance causing them to stop valuimgritai
other human lives. Sarkar's initial response to this objection is to #iat such negative
experiences are highly unlikely, and that a component of biodiversity “is muehlikely to
have positive than negative transformative value” (Sarkar, 2005, pp. @pthg that this may
not be the most convincing answer—indeed, for some it may not be convincing Saetar
adds that “the most convincing argument in response to the directionalitgmris based on the
indirect transformation of demand values that biodiversity gendtatasgh its contributions to
science” (Sarkar, 2005, pp. 99). In this way, the potential for new sciensifiowdiry and
understanding as a result of biodiversity research is considered thprorgsing source of
value for components of biodiversity. Thus, as biological phenomena are emplcydyeass of
research or sources of inspiration for further intellectual undhelisig, they create an indirect
benefit to human beings. According to Sarkar, the only potential negativgechesulting from
knowledge of biodiversity would be further discoveries of agents of biabgarfare. It is thus
much more likely that scientific research on components of biodiyaeveilld be beneficial than
harmful. As Sarkar explains, “Given how much we have yet to learn about ity wdilife on
Earth, biodiversity studies have more potential in this way than probaplgther field” (Sarkar,

2005, pp. 103). Through this line of thinking, it is evident that while the \iabilidirect
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transformative value is certainly crippled by the directiopgdibblem, indirect transformative
value may still maintain some utility through its connections to seiand other forms of

intellectual development.

James MacLaurin and Kim Sterelny ultimately make a simifpuraent for the
attribution of value to biodiversity, referring to what they call tOgtion value Option”. This
idea of value stems from the concept that a thing’s value is in tlemesor freedoms) it can
provide in the future. Thus, something is valued not just for its use prélsent, but for the
possibilities of its future value; option value becomes a way for humans toe“tiezigbets”
when it comes to biodiversity resulting in an ethical system whichs'lirtkity much more
closely to diversity” (MacLaurin and Sterelny, 2008, pp. 154). This “option Veduet at all
unlike Sarkar's indirect form of transformational value, which attribedge to phenomena
whose presence can lead to discoveries or experiences which changeesanpesf In fact, the
authors add that the future preferences of human beings are one of the mdaninyoémnown
factors in the evaluation of biodiversity, and are the point at whiehdfition value approach

connects to the transformative value approach” (MacLaurin andrgte2608, pp. 156).

MacLaurin and Sterelny base their approach on two possibilitieBrghéthat species
(or for that matter ecosystems) that are not of value to us at preagttecome valuable at some
later time”, and the second, that “as our knowledge improves... we will comectovdr new
ways in which species can be valuable” (MacLaurin and Sterelny, 2008, ppA&4h
Sarkar's indirect transformative value, components of biodiverstya being valued for their
present utility, but for theotentialthey may possess for future utility or in the future ability to
change our preferences for utility altogether. Economically speakingnogiue could be
defined as “the additional amount a person would pay for some amenity over and above its
current value..to maintain the option of having that amenity availabtadduture...” (van

Kooten and Bulte 2000, as taken from MacLaurin and Sterelny, 2008, pp. 154).

62



The sort of “bet-hedging” and precautionary arguments put forth by Sarkar and
MacLaurin and Sterelny seem viable when considering the adequacyamth be used in this
analysis. As MacLaurin and Sterelny admit, “the crucial point aboutroptlue is that it makes
diversity valuable” (MacLaurin and Sterelny, 2008, pp. 154). In other wordsgtthic may
simply be constructed because it satisfies certain adequacy conditiob$y tietagenerality
condition, effectively. Indeed, it is clear that the generality condition ismoeto mention the
collectivity condition, as no currently-known utility of any species onpheena is required. The
all-taxa condition is a bit harder to apply, though again it is not unthiekhat option value
could be applied to higher taxonomic classes. The moral force argumegely katisfied by the
anthropocentric focus of the ethic. In fact, the only conditions on which thess stem to fall
short are the non-anthropocentric and the comprehensibility condition. laidltde the ethic is
anthropocentric, and thus would not satisfy the first of these two conditiecsnd the logic
behind its development, though in many ways quite sound, may well be outsidasthefga
large portion of the human population, or else so complex that it could not adggead@iplied
in practical, day-to-day situations in which little time for delittierais permitted. Furthermore,

educating the public on such an ethic would be highly problematic and time-consuming.

While the concept of a precautionary ethic seems initially straigbafor, it is easy to
become mired in the conceptual twists and turns employed by proponents of prepasatiing
in the effort to overcome logical opposition like the directionality pmobl€hus, if precautionary
ethics were to be taught in an environmental education format, they wouldneidteto ignore
glaring issues like the directionality problem altogether, or includessige explanation and

reasoning in order to prove the somewhat convoluted logic reinforcing sudfian et

Furthermore, additional criticisms to these ethics existimtiraw attention to their
potential failings. MacLaurin and Sterelny address a subdtarmialem with the idea put forth

by Eliot Sober in his work “Philosophical Problems for Environmentaligrhfs “ubiquity
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problem”, according to Elliot Sober, lies in the fact that option value seebes“turning
ignorance of value into reason for action” (Sober, 1986, as taken from MachadrBterelny,

2005, pp. 156).

Amongst his varied criticisms of common environmental arguments, Blier$1986)
addresses transformative value and other precautionary argumeémésanitical focus. As
mentioned earlier, Sober's powerful objection to the use of precautioheyistthat a logical
“jlump” is made from a position of ignorance or uncertainty to a point at whichisiateis
made. Ignorance, Sober rather rationally argues, is not reason for actionvordss“If we
literally do not know what consequences the extinction of this or that spesydsrimg, then we
should take seriously the possibility that the extinction may be benef&ciaéll as the possibility
that it may be deleterious”(Sober, 1986, as taken from Schmidz and Willott, 2002, pp. 176). In
other words, the mere uncertainty of an outcome associated with a paictitn does not
present justification for action. The logic of this criticism forcesppnents of precautionary

ethics to take a step back and temper the claims of this point af view

MacLaurin and Sterelny's response to Sober's problem is that some knastiedlgkebe
gathered for option valuation; in other words, we “need to be knowledgeabléngnaggore
very remote possibilities” and be “ignorant, but not too ignorant” (Machaurd Sterelny, 2008,
pp. 156). This “partial ignorance”, they argue, is what makes option value eaoréervation
scientists can place value on a large number of aspects of biodiversitiydmalémited (but
convincing) knowledge of the sciences without having to place value on pgsitiwghing and
everything that might possibly have value at some point in time. The emphtsssathic is thus
on probabilities meaning circumstances which, according to our knowledge, are likely (or
probable) to occur, as opposetssibilitieswhich are any circumstances which might possibly
occur. It is evident that there must be some cutoff, then, at which theofaispecies (or the

circumstances or preferences leading such value) becomes probabltheatlsmply possible.
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Naturally, this would be when current research points in this directima strongly than
knowledge to the contrary. This hypothetical “cutoff probability” may thugieabove a half-
and-half chance. If human beings are surer that benefits will come fraing/al species than
they are that harm will come from it, it makes logical sense tbuatitrsome value therein. How
muchvalue, for that matter, may simply depend on how convinced human beings are of the

potential benefits versus the potential costs.

It should be noted that this version of a precautionary ethiatisquivalent to the sort of
probability-to-value calculations by which demand values of uncertain ouscaraeletermined,
for instance, those in which a 50% chance of gaining $100 is valued at $50. Bhihbifities of
certain beneficial effects of species conservation were knowie, Weaarld be no issue regarding
the evaluation of species. In the case of option value, no real probability is;ki@wncertainty
still exists, but certain indications, logical or intuitive, suggleat a desirable outcome is more
probably than an undesirable one. I, for one, would hesitate to blame the ethicest@ouraged
the conservation of great whales even if in centuries to come great wieaéethe cause of some
great human catastrophe. The undesirable effect of conservation incas#seems unlikely,

and thus the potential benefits outweigh these costs.

While this amendment to the option value option eliminates a good dealanfidal |
issues, it should be noted that it causes precautionary ethics tdkiepgadvantage over demand
values; the satisfaction of the collectivity condition. Though they haretained the satisfaction
of the prioritization condition and have been made more convincing and logicahyl,
precautionary ethics lose out on inclusiveness. Because value can ornipbeedtto biological
phenomena that human beings believe will have some value or the potential to change
preferences in the future, certain hypothetical speesgeciallythose about which humans are
particularly ignorant, are not attributed value. Thus, precautionapsetiot unlike demand

value ethics, sacrifice some inclusiveness for practicality andalogicindness. In contrast to
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demand value ethics, precautionary ethics are substantially morevieciubkich is reasonable.
A major disadvantage, however, as mentioned earlier, is that precauedmasyare difficult to
conceptualize and, given more recent modifications regarding probable stiacwes, require

substantial research to be effective.

1.6 Further Ethical Considerations for Conservation

Having addressed the three main categories of biodiversity evaldatitrinsic,
demand, and precautionary—and their respective advantages and disagdy@ntaees sense to
discuss additional considerations for a biodiversity ethic that do natseaie fall into any of

these three specific categories.

In his essay “Philosophical Problems for Environmentalism”, Eliot Sob&86}18veals
a powerful concern for biodiversity ethics while relating a commonadthigument for intrinsic
biodiversity ethics to arguments regarding abortion. What Sober sifipéry slope” arguments
state that, because no line can be drawn in situations of “degree” (ltiessprtinction) where
many increments stand between one state and another, each incrementgivest the value or
priority of the entire state change to prevent the change from auguorielse they may simply
encourage the mindset that they have no value at all. With regard to eresitatism, Sober
explains that “if it is thevholesala@mpoverishment of the biosphere that matters, one would
apparently have to concede that each extinction matters a little, butlitié.& but if species
are valued this way, people may be “inviting the wholesale impoverishmemtablal be an
unambiguous disaster” (Sober, 1986, as taken from Schmidz and Willott, 2002, pp. 177). Thus,
with these arguments in mind, allowing the extinction of a single speciegptreextinction of

the next, and so on, thus eventually leading to the catastrophic resultsydtem failure.
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Sober likens this mindset to arguments used in the abortion debatestintgdy enough,
ones which serve both sides. Anti-abortionists, for example, argue that biedangeide is
considered extremely unethical, and no distinct line can be drawn betwertiized egg and a
9-month old where it is or is not considered as valuable as an infant or nevitostioneat any
age must be equally unethical. Thus, it must be unethical to kill a zygote aagayb
development in order to prevent the sort of thinking that permits infdatiéit the same time,
such arguments are used to justify abortion, with the logic that becasipeitmissible to abort a
zygote or a fertilized egg, and no clear defining line can be drawn betweenglaaideg fetus at

advanced stages of development, abortion should be permissible at any age.

Both of these “slippery slope” arguments, as explained by Sober, rely ontttieatac
there is “no place to draw the line”, but, he argues, “the fact that you caamoadine does not
force you to say that two alleged categories collapse into one” (Sober, 1%&ragom
Schmidz and Willott, 2002, pp. 178). Sober thus argues that situations of dedrekn@c
abortion, species extinction, and the loss of other biological phenomenai reglifferent way
of thinking. Regarding species loss, Sober explains that “Since the badldifferences are ones
of degree, not kind, one may want to adopt the position that the moral differemtikewsise
matters of degree” (Sober, 1986, as taken from Schmidz and Willott, 2002, pp. 178). In thi
regard, while it can be granted that all species (and other componérddivérsity) have some
value, this value increases with their rarity; as more and mor&spgrextinct from human
action, greater and greater justification will be needed to wamghef human-caused
extinctions. According to Sober, “This means that one can value divergityut being obliged
to take the somewhat exaggerated position that each species [or componeadiverfdity], no
matter how many there are, is terribly precious in virtue obitériution to that diversity”

(Sober, 1986, as taken from Schmidz and Willott, 2002, pp. 179).
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This sort of thinking eventually leads to the framework of a sépa&nvironmentalist
ethic, one which may apply quite well to biodiversity conservation. Sobertsetaesthic is
explained through a comparison of biological phenomena to works of art and thewajue
them. As Sober explains, “our attachments are to objects and people asltheyeenot just to
the experiences they facilitate” (Sober, 1986, as taken from Schmidz antt,\2i?, pp. 189).
In terms of art and biological phenomena, this means that what people vélesdnhings is not
simply their instrumental value as a provider of certain experiences sotne actual
connection humans make with those phenomena. This sort of thinking forms a nevajiostif
for a sort of intrinsic value ethic based on aesthetics. Though issderost intrinsic, it should
be noted that this sort of valuenistindependent of the “valuer”; while some concept of an
object or concept’s connection to a human being (it's “genuineness”) is beuragl vHie

connection being valued cannot exist unless both the object and the “vaiser” e

Continuing to draw parallels between components of biodiversity and ayt3alkr also
asserts that an aesthetic evaluation would promote the evaluatighef drganizational levels
of biodiversity including ecosystems and larger taxonomic classes.rdeuoes the idea that
works of art are valued not just in substance babirtext Just as a work of art is valued more in
its original setting, an endangered species would be additionally valtieel ¢ontext of its
habitat. As Sober explains, “This leads to the more holistic positionrésgping ecosystems,
and not simply preserving certain member species, is of primary impettéSober, 1986, as
taken from Schmidz and Willott, 2002, pp. 189). By this logic, aesthetic value cénibeed to
all organizational levels of biological phenomena, thus satisfyingdhectivity adequacy

condition.

Sober next addresses his earlier ideas with regard to mattkrgret, explaining that in
a system of aesthetic value, rarity is also an important quality. Blothes “A work of art may

have enhanced value simply because there are very few other works by thetisaingaber,
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1986, as taken from Schmidz and Willott, 2002, pp. 190), and subsequently, when “viewed as
aesthetic objects, rare organisms may be valuable because traga(8ober, 1986, as taken
from Schmidz and Willott, 2002, pp. 189). In this way, Sober's aesthetic ethic makddisse
earlier assertion regarding matters of degree, and thus remveioblem of using “slippery
slope” arguments, which often reduce the value of biodiversity to eithellypatrinsic or purely

instrumental, and opens an avenue for species prioritization based oariteir r

Focusing more keenly on the adequacy conditions outlined at the beginning of this
section, it is evident that Sober's aesthetic value ethic is indeedessful candidate as a
conservation ethic. The generality condition is satisfied, because@eappreciation has no
real limit towhatexactly can be valued. The only constraints on the inclusivity of this ethic
would be in the aesthetic desires of those who hold it; naturally it wouldsbatdle that through
environmental education human beings find all biological phenomena azsdthetluable. It is
thus conceivable that all components of biodiversity outlined eadidd be valued in this sense.
The collectivity condition is also thoroughly satisfied, because asédained, often what is
aesthetically valuable about pieces of art is tbeitext and thus the surrounding phenomena of
larger organizational levels are also to be valued as relateddmaspecially valued
phenomena. In this regard, the entire ecosystem and community understode to eekspecific
endangered species would be given equivalent or near-equivalent valuepecikes gself. At
the same time, the individuals that make up that species would also &é. Valthis way, the
aesthetic value ethic serves to attribute value to all organizhbliéwmeds, not simply species or
individuals. The all-taxa condition is initially concerning, as human beilegsly tend to place
more value on the aesthetics of charismatic species, but, as Sober explatns tmly valued is
the object (or phenomenon), and not the experience it gives. Thereford) aowks of art that
are not necessarily “charismatic”, aesthetic value is attitritAs mentioned earlier, the

priority-setting condition is satisfied by the evaluation of rarity inalsthetic value ethic, which
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necessitates increasingly great justification for allowing agimenon to become “extinct” as it

becomes rarer.

The ethic fails the “non-anthropocentrism” adequacy condition, though, givemitaal
importance, this is a negligible shortcoming. The aesthetic valueestbbunters the majority of
its problems when confronted with the comprehensibility condition, and for a nufieeisons.
From the very beginning, its name may pose a problem, suggesting at firssahadfahollow
valuation of species simply as objects of viewing pleasure. This smisiiterpretation creates
the sort of reflexive opposition aesthetic value ethics commonly encountethieamst of the
environmental community. Sober hypothesizes that environmentalists nehthdeaesthetic
concerns are frivolous” or “antithetical to a proper regard for the wigds’ (Sober, 1986, as
taken from Schmidz and Willott, 2002, pp. 191), and though he assures readers that such
responses are unfounded, their prominence as an immediate reaction.renthiasvay,

without additional explanation and analysis, this ethic loses mucs iofuitive pull.

11.7 Is there no “Just Right"?

The preceding review of ethical values ascribed to various componentslioEbsiy
should provide the reader with a thorough and organized account of the sort of ogitaidea
to conservationists in justifying their efforts and the respectivargtages and disadvantages
involved with each. It is evident that no “one ethic” has been constructet fidniviessly
accomplishes all the goals of a conservation ethic while addition&jysag conditions of
adequacy and rational criticism. Instead of one grand or universal solutiomvetiosésts are
faced with a set of ethical tools which are appropriate for separatexts and appeal to different

interest groups.

70



Intrinsic value ethics are perhaps the easiest to understand of commervatos
ethics, with almost spiritual implications regarding morality andgaliions toward other forms
of life. The intuitive appeal of these arguments makes them mbfticapplication in “grass-
roots” movements and in non-legal sectors of conservation. A lack of patielyal justification
and prioritization makes these somewhat cruder ethics difficulhéoimplementation of

conservation legislation and largely unconvincing to cynical or selfestted individuals.

Demand-value ethics or anthropocentric ethics tend to be the mogtgiract
commonly cited, with strong intuitive pull and logical soundness. Their maakness lies in the
uncertainty in scientific knowledge regarding biodiversity and theswitayenefits human beings,
particularly regarding the diversity-stability hypothesis. Demaalde ethics are easy to
understand and difficult to argue against, though they may fall short uéitig value to all
aspects of biodiversity. A distinct reliance on scientific regear a key hindrance to these ethics,

and one upon which their future success will depend.

Precautionary ethics have some reasonable intuitive appeal ape &se weaknesses of
demand value ethics with their reliance on complete information andakes&hese ethics
bridge the gap between the satisfaction of human interests and thainbgarolved with the
benefits of certain components of biodiversity to the rest of the biosphéhe process,
however, they expose new vulnerabilities, including problems of direatyorfadiditionally,
precautionary ethics may be particularly difficult to conceptualize aydb® inaccessible to
uneducated individuals or those who must make conservation decisions withite@ é#mount
of time or with limited available information. For this reason, sucit®thay be inappropriate
for some educational purposes and for encouragement of environmentatisképvan societies

with poor education systems.

71



An aesthetic value ethic avoids claims of instrumental value to hunragstand instead
values a sort of “connection” between human beings and the authentic dimé¢ttey value.
Aesthetic value also eliminates the reliance on the heavily dispiveErdity-stability hypothesis
and avoids the directionality issues of precautionary arguments. Suchcapretfdes a rational
explanation for why rare species, though possibly less influential orethneronment, should
still be preserved. In so doing, aesthetic value ethics satisfy the ljgreard all-taxa conditions,
and with the additional necessity to conserve “context” as well as et obvalue, also satisfy
the collectivity condition. The moral force condition, by contrast, may nottisfied, as many
human beings see aesthetic interests as frivolous or unimportant. Aaléiitisach ethics may
not distinguish the value of components of biodiversity above culturcsti which could pose

substantial obstacles for conservation.

Thus, amidst the sometimes overwhelming wealth of ethics avaitathie
conservationist, it seems there is no particular ethic thatssright”. Though | will not deny the
possibility that such an understanding or relationship with the natural exidts which might
form a perfect ethic, | will assert that this “perfect ethic” hasgéetfound. For this reason, as
mentioned earlier, the utility in the preceding analysis is not in a ‘mghkif the best to the
worst available ethics, but to highlight the particular strengths ankhesses of each. With this
information, a given ethic may be more effectively applied to a gbimavhich it is particularly

effective or useful.

11.8 A Pluralist Conservation Ethic

The ethical approach which arises from this perspective on biodivetisitg is certainly
a pluralist one; to consider a variety of ethics appropriate fonetyarf contexts, one must
concede that there is no overriding “master ethic” which governs thentatrding to Andrew

Light (2003), a “master ethic” is not feasible in an environmental egitieer (1) theoretically,
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because the sources of value in nature are too diverse to accaaorargrsingle value theory or
(2), practically, because an environmental ethics sufficient to metaraiugh people to extend
moral consideration to the nonhuman natural world would have to appeal to a baogeeof
intuitions about the value of nature than is found in the work of any singleaabpto
environmental ethics” (Light, 2003). My adherence to a pluralist etliwtivated by the latter
reasoning. While | do not necessarily believe that no “master ethic” erists exist, | do
believe that human knowledge of natural systems is insufficient to crediteus ethic. For that
reason, not unlike my approach to a similar problem in part I, | propose abesbdhing”
approach with the interest of finding a workable solution to a prolsiesmich time is of the
essence. Thus, | make the case here for a “practical plugdistpective on biodiversity ethics,
not denying that some great “divine ethic” may exist, but taking the reghohsimble and
cautious stance that the human race may yet to have discovered suub. sksekndrew Light
put it, “we literally do not have the time to await agreement all thedeayn,” (Light, 2003);
ethical systems are needsalvto provide a rational framework for conservation, and it is clear

that certain ethics fit some situations better than others.

Thus, “as long as our different moral frameworks are oriented towardrthe s

environmental priorities, we can ignare for the time beiramy of the issues of the truth about

which reason for valuing nature is actually right” (Light, 2003). As explaiméige beginning of
this section, it was never my intention to label one ethic as right and aastiveong; it is
instead to propose a practically effective ethic involving a mexédithe preceding perspectives.
Naturally, this strongly pluralist perspective is not without its ogjmosiThere is considerable
controversy in philosophy between monist and pluralist perspectives, andimathmaragraphs
of this section | will briefly defend this pluralist perspectigataelates to the application of

conservation ethics.
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J. Baird Callicott (2003) takes a formidable stand against pluedigts which is well
worth mentioning in this section. Attacking the customary definition of jdunawhich explains
that an agent may shift from one set of ethics to another wherencttiis are more
appropriate, Callicott explains that such thinking leads to a sort of I'mamaiscuity” in which
an agent will simply employ whatever ethic “gets the job done”. Such “rpovaliscuity” could

conceivably lead to the justification of horrible acts (Callicott, 2003

Andrew Light's response to this objection is one regarding spediffode pluralism in
its purest form may indeed create the possibility of moral plangfisactical pluralism, by
contrast, employs pluralism only by necessity and not as a standard;atkmasviedges the
superiority of a “master ethic” if such a thing were to exist, bikemao in its absence. As Light
puts it, “the practical pluralist does not necessarily advocatedtd for a single agent to shift
from one moral theory to another based on the relationship at hand, but ratheages thue
articulation of a diversity of moral arguments for the same endjh¢(L.2003, pp. 236). It is
evident that the practical pluralist employs a pluralist perspgectutiously; such is the approach
with my suggestion of a pluralist biodiversity ethic. Especially withowerwhelming consensus
in favor of some form of biodiversity conservation, | am confident that the wselafalist ethic
will not lead to the justification of deplorable action. This istocsay that a pluralist approach

does not have its problems.

The most prominent stumbling-block of any pluralist ethic is the idea oframtintory
indications”. Naturally, if ethics are different, in certain sitoas they may differ in what sort of
action they prescribe. In a biodiversity conservation context, the use gblmelinics may
conceivably create several different courses of action regardingla set of circumstances. For
example, assume that the only population of a certain distinct subspggeiwslaoeed lived in
the same meadow in which a children’s hospital was to be built. Optioa-trahkers would

suppose that the value of saving hundreds of youngsters from injury and diseakeutwalgh
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the potential genetic value held in a rare subspecies of an oth&isliseommon plant, while
intrinsic value thinkers may have a more complicated situation weighinfponef life against
the other. Demand value conservationists, by contrast, would have litllegonent at all. Thus,
which ethic, if any, is to be given priority, and how will such conflicts be ved@l As Callicott
explains, “attempting to act upon inconsistent or mutually contradictory efiinalples results
in frustration of action altogether or in actions that are either inenher mutually cancelling”
(Callicott, 2003, pp. 208). It is clear from this line of thinking that incoest@es pose a threat to

the viability of pluralist ethics.

Referring once more to the overwhelming consensus regarding biodiensitgrvation,
| first make the simple argument that such cases of blatant césagmewill be for the most part
rare, and certainly not impossible to resolve through legal mediatitar.al, conflicts of
interests are an everyday part of the real world which policymakers twidta@like continually
encounter. The possibility of conflict and argumentation has been presdinpolitical and
ethical systems; to forbid or intentionally prevent such issues woaldbeat resemblance to a

dictatorship.

Conceding still that a consistent system for conflict settlemer@asssary, | believe
that—until a more universally applicable conservation ethic is founldiead decisions within
this pluralist framework should be settled as similar decision®dag:tby the government or
courts. More specifically, because | have suggested that particutzs atbiespecially
appropriate for certain contexts, | assert that ethical decisionswiildilte these contexts should
be bound by those ethics, and each “context” should have use of whatever atmarityally
vested in it. Because precautionary and demand value ethics are applaeemibst logically
sound and practically applicable methods of evaluation, it makes sense yhz¢ the to use in
governments, and thus that government action in conservation be accorstiet ethics. By

contrast, intrinsic value or aesthetic value ethics, far less ajpgafor policymaking but more
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intuitively appealing and easy to understand, are better employed in envitahatkication and
on cultural grounds, especially for those who lack the philosophical arstisghtiraining to
make complex assessments involved with precautionary ethics. Tihid atiitude toward
intrinsic evaluation of natural phenomena is often congruous with a respeatif@r cultural or

religious views necessary for positive interaction.

Following the way most societies are organized today, precautionay ettuld thus
have some priority, as government powers are generally responsible fgnjading, though the
larger public, likely more disposed to intrinsic value ethics, woul@ tia& ability to contest
decisions and influence policy. Thus, my idea for a pluralist ethic isvebdthics employed
where they are most fit, and then allow decisions to be made the way thegiandar ethical

debates where disagreements arise.

In this way, | propose here the use of a pluralist biodiversity ethictétintention of
providing well-rounded justification for conservation management and pngvéd ethical
framework for the great diversity of ethical relationships humans Wwakean even greater
diversity of biological phenomena. This approach is not intended to be atl eptlstion to
biodiversity ethics, but a step in the right direction, a best posgpie®ach to utilize until
something more fitting is available. As with other issues in consemaiblogy, human beings
do not necessarily have the time to await theoretical perfection lzafting to save biological
variety. Instead, like with our growing definition of biodiversity, adapthanagement must be

guided by adaptive ethical frameworks.

The perspectives formed in the preceding two sections are agaly aggningless
without application to real-world conservation situations. As is ofiet sonservation biology is

a “science of necessity”, and thus values practical application asanubboretical
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understanding. In the third and final section of this text, the real-world irtiphseof earlier

theoretical arguments will be explained and suggested for applicattomservation biology.

Section lll: How to Preserve Biodiversity?

I11.1 Applying Theory under Uncertainty

While theoretical challenges like defining biodiversity andfiyisly its conservation are
integral parts of any effort to conserve natural phenomena, such answifiss#t-ds they are to
attain—are not enough to resolve issues of global conservation. Natprattical issues—from
planning to application—must also come into play if philosophical and etimdairstanding will
be put into practice. As Bryan Norton put it, “the problem is that the britlearetical insights
of Leopold have proven frightfully difficult to operationalize” (Norton, 2003,1dpt). From a
practical standpoint, no amount of correct thinking and logical or spigtiwathen will manifest
actual change unless properly applied. In regard to the previous twensedftthis work, the
words of Bruce Lee come to mind: “Knowing is not enough, one must apply. Willing is not

enough, one must do.”

Thus, though | have already provided a tentative outline for defining biodywers a
practical-pluralist ethic to clarify the necessity and targef(spnservation, a great “how” clause
is left unanswered, and it follows that discussion should shift to how beshifestdhis
understanding in conservation measures in the future. Even if thecatstifi of biodiversity

conservation is not agreed upon, the general consensus remains in favor mationsé\s a
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“science of necessity”, “the protection of biological diversity mustgedt even “amidst

considerable uncertainty” (Norton, 2003, pp. 126).

The third and final section of this work focuses on evaluating thep@i®on practices
in use today and presenting suggestions based both on the concepts of the $estibms and
on the work of other authors. Needless to say, the full range of consemegasures and
practices employed worldwide is an enormous and varied study subjectrdw tiee scope of
analysis to a level appropriate for this work, a single case stilldyevemployed as a focal point

for criticism and an exemplar for future projects.

I11.2 The Republic of Costa Rica: A Case Study in Conservation

The Republic of Costa Rica, a country with no military and an economy basdy targe
ecotourism, has a reputation as an environmental leader:; it edr&hin the world by the 2010
Environmental Performance Index for its efforts to conserve its astounaiinggl heritage (Yale
Center for Environmental Law & Policy 2010). Often considered the “greeaestry in the
world”, Costa Rica makes good use of the wealth of biological phenomena rincayteoughly
the size of Virginia, with income from ecotourism exceeding that @xgibrts combined since
the late 1990's (ICT 2006). By 1999, revenue from tourism composed 9% of the nation's GDP,
about $950 million. In its tiny landmass, Costa Rica is thought to contain abouttbéovedrid's
known species, with at least 500,000 identified species (INBio Website, 20addition, over
25% of the national territory falls under some form of legal protectionofservation purposes
(INBio Website, 2010). Costa Rica makes an ideal case study for angatiestiof conservation
policy and action, referred to “as an example of a country that has whodetearnbraced

sustainable development with protected areas as the centerpiemed @By 2004, pp. 299).
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Indeed, the country has shown a long-standing commitment to environmental and
conservation issues, evident in the myriad laws and government agéheigslévoted to such
purposes. In fact, the environment is included in the constitutional rightsaitizens (Salazar,
2004). The constitution of the Republic of Costa Rica lists amongst itsipgaritnservation and
the protection of natural beauty, and grants all its citizens a righthedlthy and ecologically
balanced environment,” (GOCR 1984). In a more recent amendment, this statesedatthat
“Every person has the right to a healthy and ecologically balanced@emant. Therefore, he or
she is justified in denouncing any act that infringes upon that right andgrodgieparations for

the damage caused” (GOCR 1994).

Over the last 30 years, the government of Costa Rica has also deleyaimuheental
responsibility to a variety of organizations created often exclusigedgldress conservation
issues. For example, in 1978 the National Parks Foundation was created, deglioafed to the
management, protection, and planning of the country's many national pgtitsydars later, the
government designated a ministry intended to bring conservation pmkgyutl status with
extractive policy (forestry, mining, agriculture, etc.), which broulggsé policy decisions to a
single organization. MINAE (The Ministry of Environment and Energy)t was called, worked
to solve a problem common to most Latin American countries stemming from isteonsi
government policy and low prioritization of environmental issues (Brandon, Ro@kl and
Roper 1996, 1997). Over the next three years, SINAC (The National Systeoms#ration
Areas) was established as a conservation-focused subset of MINAE, Biod Nétional
Biodiversity Institute) was formed to create a central authoritgueritory the country's
abundant biodiversity (Brandon, 2004). A more recent program started in 199&ksthhl
number of market-based mechanisms encouraging conservation, includirignthatiein of
subsidies toward activities which degraded the environment, antiatire€ revenue flow from

users to providers of environmental services. In this way, the owner of tepagarve

79



containing a mangrove ecosystem which improves water quality mighteqmaiments taken
from environmental taxes paid by a corporation which regularly depostesia the same
aqguatic systems (Brandon, 2004). With such powerful legislation supportingreneintal
sustainability, and a multitude of ministries and organizations devoted totiservation of
biological phenomena, it is clear why Costa Rica might be lauded as an exeigan
nation”. Predictably, though, and like any other country, Costa Rica has itsrpspinaking it
clear that even a country with this level of environmental commitmiirtiast much room for

improvement.

Given the prescriptive purpose of this section, greater emphdidie\piaced on the
environmental and conservation-relapgdblemsin Costa Rica than on its accomplishments. |
would like to emphasize, however, that these shortcomings are not uniquéadricasand that
they in no way belittle its respectable efforts toward biodiwersinservation and sustainability.
Much can be learned from the successes and stumbling blocks of various atoosamitiatives
undertaken in Costa Rica over the last few decades, but the countrysensassimplishments

in conservation are far from negligible.

Perhaps the greatest problem with Costa Rica's seemingly unmatoh@iment to
conservation is summed up in a quote from the Ministers of the Environment Warld For
(2000), which states that “there is an alarming discrepancy between tooamisi and action.”
Though the strength of legislation described earlier seems absolutet Benuslerstood that,
like any abstract idea, a law has no effect unless accurately fdlloezein lies a large issue for
Costa Rica. As Roxana Salazar (2004) eloquently explains, “In Costa Ricanenental
destruction is, at least in part, the product of poor interpretation adndflanforcement of the
laws, as well as the shortcomings in the laws and public policies tivesisgSalazar, 2004, pp.
281). Indeed, most critics of Costa Rica's environmental efforts citarpptmentation of

admittedly aggressive and generally solid policy (Brandon, 2004). ThHese and observers of
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the country’s environmental policy cite one issue with overwhelming unanieniforcement.
“The most serious problems lie in enforcement,” explains Saladdingthat various judicial
boards all-too-often approve funding for projects which are detrimientiaé surrounding
environment (Salazar, 2004, pp. 282). Enforcement, says Salazar, is “hinderedibigaoyedf
clear policies, inadequate budgets and human resources, and lack of folleatugtien and
verification mechanisms” (Salazar, 2004, pp. 281). The scientific igoeraf legal officials and
local staff are also commonly bemoaned inhibitors to the proper implenoenof Costa Rica's

impressive policies (Bustos, 2004; Quesada & Stoner, 2004; Salazar, 2004).

Though it is clear that regulations are not being adequately impleméraguhlicies
themselves are not without their shortcomings. According to Julio tallBerstos (2004), the
government's tendency to pass green laws with little thought or conisidéeaids to an
overabundance of conflicting and overlapping legislation which often muddlesmmental
issues beyond recognition (Bustos, 2004). In this way, issues can rarelyrlyerekedved and
guestions of environmental and ethical justice are left largelysuvered. A statistic provided by
MINAE states that, despite attempts at legal enforcement, athisisangle of legislation and
weak enforcement more than 25% of all commercial wood harvested in Ccstia Ragal.
Bustos explains that the overwhelming impunity of violators of environmizwtak due to the
complex web of environmental organizations and officers (MINAE, the ©ffiche
environmental Comptroller, the environmental Tribunal, the Environmentad@nus, etc.)
through which information must be passed to bring criminals to justice. Commaomiaat
power distribution between these various parties is patchy and inconsiseltingdn an

overcomplicated and often ineffective legal system.

Environmental criminals, then, due either to apathy, ignorance, lack of emiemt or
discombobulated judicial processes, go largely unpunished for their ast€ohleept was clearly

illustrated to me during my stay in Costa Rica, where streams runnirthéntecean from a
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banana plantation nearly five miles away often ran a slight silveryithdertilizers and
pesticides, and where a local man told me without hesitation that he egokched eggs of the
endangered Hawksbill sea turtierétmochelys imbricaavhile helping his best friend—an
employee for a local sea turtle conservation project—put up posteosidiging the

consumption of turtle eggs.

Among the myriad problems arising from the poor enforcement and theustrat
Costa Rica's environmental policies, even ecotourism, usually reputedudtinthée, mutually-
beneficial environmental solution combining economic and environmental beaefes
immense problems for conservation. In the case of the endangered sqaopuithtions who rely
on Costa Rica's two coasts for nesting grounds, ecotourism has become an epohbiens
Due to the incredible growth of the tourist industry, land development in CostanRieased by
600% from 1998 to 2008, and with a lack of proper infrastructure, 97% of sewage fremekhes
developments runs untreated into rivers, streams, and eventually the ocean¢8h2008).
Resulting algal blooms smother offshore coral reefs and the inardaiduliversity they support,
not to mention the source of revenue which brought tourist operations thieedinst place. At
the same time, sea turtle nesting sites are constricted by risingssiayes and sea level due to
global climate change and the gradual descent of tourist developmemés &urtl further onto
Costa Rica's beaches. With shrunken nesting sites and high illegaingoaatas, the Pacific
population of the endangered leatherback sea tdde{ochelys coriacgehas declined more

than 97% since 1988 (Rosenthal, 2009).

The issue for ecotourism in Costa Rica appears to be not simply iic@tauatin
mindset. Ecotourist enterprises have allowed the environment to be useekipl@itative
fashion when they were intended to protect it. Many authors cite the imgy@asnber of luxury
resorts dotting the Pacific coast, which provide everything from swigpools to golf courses

for alleged ecotourists (Rosenthall, 2009; Sherwood, 2008,). Considerinpitizd issues
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reviewed earlier in this book, it appears that demand-value ethicgéavaith ecotourism
become harmful and exploitative when not tempered by a solid understanding ofcatolog
principles and scientific research. What was originally intendedriaect economic and
environmental wellbeing has instead resulted in large-scale ecdldggradation. As illustrated
by the majestic and gigantic leatherbacks, when ecotourism runs unchedkstrays the very

phenomena on which it thrives.

The troubling contrast between Costa Rica's reputation and actual @mohditie lead to
substantial efforts toward rectifying the situation and conservmditidiversity that is still so
heavily threatened. For the last two decades, countless authorsearthers have been
addressing the problem and putting forth their own suggestions based on varynenegge
with conservation work. | will summarize a generalized list of suggesfor biodiversity
conservation initiatives from the work of these authors and allowatfisoaden to more

universal guidelines as this section continues.

111.3 Data Collection and Inventorying

Paul Hanson (2004) explains that the first shortcomings in biodiwvemsiservation
efforts arise in the collection of scientific data used in deigmand assessment of conservation
areas. Non-inclusive and biased inventories skew results and canciséwoge” regions of the
real value of their biological phenomena. If conservation decisions ag ineide upon false
data, they are simply not fulfilling their purpose. As Hanson explains, “iosgng and
monitoring have involved organisms that are relatively well-known—taxazaiyi—for
example, vertebrates and vascular plants. Yet the poorly known groupsraorga constitute
the majority of the species” (Hanson, 2004, pp. 299). According to some resgatdbehese

“taxonomically difficult” and generally less heavily studied groups—iliteects, fungi,
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microbes, and some plants—that are often better indicators of envirahclenge (Hanson,

2004).

Hanson bemoans the decreased importance attributed to taxonomic resdavetoped
countries, notable in the decreasing entrance of graduate studentsinfekls of study and
funding cuts to natural history museums. Biological collections, he argedsvary bit as
valuable as their more dazzling counterparts in nuclear physiagdacil(Hanson, 2004, pp.
299), in that they, too, hold potential value in the untold secrets theyireesaa argument
strongly based in the precautionary ethics explained in the previoumsédtis value, Hanson
explains, is further increased in the field of conservation biology,envmaurate assays of
biodiversity (in this context, measured simply by abundance of speciesyalable for

conservation decisions.

INBio, Costa Rica's institute dedicated to biodiversity inventpsiets a good example
for future conservation programs in other countries in both its sucasbézilures. Hanson
(2004) reviews the methods employed by the various INBio research centersarR©asand
presents suggestions for their improvement. The institution is foomseataloguing as many of
the species present in Costa Rica as possible, and thus abides by areeryat@ost traditional
definition of Biodiversity—that is, as defined only by a species count. Tleé mieichanism by
which surveys are carried out is through the work of “parataxonomistal,deople from
villages adjacent to protected areas that are trained inmh&pacimen collection. The
specimens brought in by parataxonomists are then identified, classified, @lodwad by trained
technicians (Hanson, 2004; Janzen et al, 1993). Apparently, the method of emmloging |
parataxonomists is very productive, and enabled INBio to collect massougés of data. As
Hanson explains, “the team of parataxonomists in Guanacaste Conservaadmase produced
more specimen-based information on host ranges of parasitoids than wasglyeknown from

all of tropical America” (Hanson, 2004, pp. 231).
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While this form of data collection does enable rapid sampling on a lafdgeisdmes
have its shortcomings. Certain species are difficult to acquine graaticularly rare in certain
areas and thus often not collected. In other cases, overzealousrgpliact yield to
oversampling of more common and easily acquired species. Even afterespgeanm acquired, it
is often incredibly difficult to identify them accurately (everhi¢ tspecies has a name—many are
yet nameless) without assistance from experts. All technicians and tastsmiomiNBio research
centers are either experts from foreign universities or trained by thehis way, the programs
rely heavily on training form outside professionals for expertise and dawetahlarge enough
knowledge base to run independently. Naturally, this creates a huge demaachéd personnel
and the money to afford further training and employment of trained personne mention
access to scientific literature which might contribute to tebleeknowledge base (Hanson,

2004).

Beyond issues with staff, INBio experiences more concrete limitationts biodiversity
inventories. For example, Costa Rican law only requires that trees andateddd® included in
environmental impact studies (Hanson, 2004). It is understandable how suohwastape
might limit biodiversity assays, especially when around 300,000 of Costa B&3000 named
species are thought to be insects (INBio website, 2010). Additionalbntiories are only carried
out in national parks and protected areas, but not in private reservesvatel gmoperty not set
aside for conservation (Hanson, 2004; Herzog and Vaughan, 1998). This seenbrying
gives a “patchy” and incomplete look at the country's biodiversity, and would faileot det
potential hotspots for conservation if they existed on property not cyrlezitlg protected. From
the standpoint of this paper, it is clear that even if expanded to includ&althe INBio
approach to biodiversity inventories may still be too narrow a pergpetb provide an accurate
and clear assessment of valuable biological phenomena, many more componebésstudied,

including behavior, disparity, community composition and entire ecosystems.
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Even if INBio is forming an accurate portrayal of Costa Rica's bévsiity, Hanson
argues that their discoveries are not adequately publicized. As Hansonsxfamnformation
obtained from inventories has to be made available for a variety of utaslyrszientific
advancement, environmental education, and conservation management,” (Hanson, 2829, pp.
Though publications are produced, they are poorly distributed and do not eljectach
policymakers and conservation biologists in a reasonable timeffdeedless to say, if
information so painstakingly collected cannot be put to use for its mdigmaipose, further

efforts at accurate data collection are useless.

It is clear that inventories are a crucial part of the coasiervprocess. Without an
accurate idea of what biodiversity is found and in what locations, human kel be
helpless to conserve components of biodiversititu As the most widely practiced and
practical method of data collection available, biodiversity inventariesertainly a critical part
of any conservation plan. As Hanson explains, “the urgency of the currernbsitgguires us to
select areas that need protection on the basis of existing informatioamd biodiversity
assessments” (Hanson, 2004, pp. 233). Biodiversity inventories are stilbshefficient way to
obtain such information. However, the accuracy of biodiversity inventritzsy leaves much to
be desired. Most inventories are based only on species counts and occadassiligation of
ecosystems. With regard to the definition of biodiversity estaddiglarlier, such criteria are
understandably too narrow. While it is not unthinkable that surrogates acdtardifor
biodiversity may exist, inclusive assessments of biodiversitytidirenportant and may even be
required to identify such surrogates. While the participation of Eroployees and volunteers is
a powerful tool, it must be reinforced with sufficient scientific knowkedgd staff expertise.
Thus, funding for hiring trained professionals and providing access taicipurnals is
immensely important. Lastly, information gained from inventories mustdbebdited to both the

public and other targets of interest so that it can properly be put to us&ingma management.
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In addition to the suggestions presented by other authors for biodiveveihtorying, |
would also like to address the implications of part | of this work to thigisEhe type of
biodiversity inventories described by Hanson—and being carried out arowvdride—focus
almost exclusively on a species count. The first section of this wakycladicates that such
measurements—while they do encompass a very important part of theomasluprocess—do
not assess biodiversity in the myriad forms by which it is defined. Thuse foitediversity
inventories should devote resources to a more inclusive study of bidlegstams, taking note
not only of species count but other important and valued phenomena like ecogysilems

morphological disparity.

While it is easy to criticize those who carry out modern biodivensitgritories, it is
quickly obvious that the use of species-counts for inventorying is largelyter mgpracticality;
the measurement of other components of biodiversity is unclear and likekgdinsuming. With
this in mind, | concede, as do other authors, that when time and resources @ad\yesparce,
species counts function as an acceptable—though far from ideal—surrogatdt, it will be
necessary to provide some suggestions on how to measure the additional contbaneatgue

should be taken into account.

Fortunately, many authors making similar arguments felt the sagdeto@resent
constructive suggestions along with their criticisms of the commonitit@fiof biodiversity.
These suggestions shall be summarized here in addition with my ownaltachnd Sterelny,
for instance, suggest the addition of morphological and developmentaltgitetsiodiversity
assessments, providing a surprising solution for the problem of quansiyomgphenomena. The
concept of a “morphospace”, according to MacLaurin and Sterelny, “ceasegp patterns of
phenotypic evolution independently or issues of phylogeny and species sic{fiMasLaurin and
Sterelny, 2005, pp. 82). A morphospace is a theoretical space which assigdsiahdiv

dimensions to specific traits or characteristics to a set of orgarfidacLaurin and Sterelny,
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2005). Each individual organism can thus be placed as a set of points pe avithin the space
based on those characteristics, enabling a quantified comparison of mgyauitis the
characteristics they share. MacLaurin and Sterelny hastilyt teconcept of “global
morphospaces” which compare all possible organisms, explaining that compdirisganisms
which do not share certain traits would be largely ineffectual. Instesylstiggest the use of
“partial morphospaces” to compare organisms within a population or spedégtsshiare a set of
common characteristics. In this way, morphospaces become a powerful andtybiCdor
assessing qualities of morphological disparity between subsped#soismaller subpopulations

of a larger taxonomic unit.

Some key questions regarding the use of morphospaces are left unagvibred
explanation. For exampleshich characteristics of a given species or population will be used? Of
the conceivably infinite traits one could ascribe to a given organism, wid@¢heamost
appropriate? MacLaurin and Sterelny explain that developmentalkdiffes play a key role in
solving this problem. They maintain that the developmental traits of an snganbvide the
“principle” which can standardize and regulate an investigation of displardygh the use of
morphospaces (MacLaurin and Sterelny, 2005). “The developmental systesagtlinexplain
MacLaurin and Sterelny, “determines those aspects of phenotypenhatrgandependently”
(MacLaurin and Sterelny, 2005, pp. 85) and therefore provides insight intb effaracteristics
deserve attention and comparison in a morphospace. With this in mind, &rithelethe
morphospace is not a perfect solution to the issue of measuring phenlspaicty, but a tool

which, if properly used, can be of great use in this context.

Thus, by restricting the use of morphospaces to smaller taxonomic unith whi
comparable characteristics and structures exist and proposingtbedevelopmental

differences to select targets of comparison, MacLaurin and Sterelsgnpwhat | consider a
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viable analytical system to quantify morphological and developmentatyarithe natural

world.

As mentioned in part |, the potential for developmental variation in a spacie
population is measured by its phenotypic plasticity. It follows that investofidevelopmental
variation should focus on the phenotypic plasticity of a particular spasian independent

characteristic by which it contributes to the overall diversity gfséesn.

Behavioral variation, too, is an additional source of biological vaaietiythus a
candidate for addition to biodiversity inventories. The concept of megsamid quantifying
behaviors is one already—and rather thoroughly—addressed by the fielchaf bahavior.
Observational techniques employed in this field prove more than sufficiprnbviding data
regarding variations in organism behavior. Behavioral inventories foy sj@ecies are already
available, and the organizational formats they use would make theisiorcin biodiversity
inventories relatively straightforward. Though the level of expeftisbehavioral inventories is
highly variable and dependent on the organisms being inventoried, | would argihe @waount
of training necessary for this type of data collection would be roughly @guaivf not
superficially greater than that required for specimen collectionitidddlly, the use of video and
sound recording technology may enable untrained staff to collect evidelbebasfiors without
the need to identify them. Knowledge of behaviors carries further teef@fitonservation by
allowing conservation strategies for certain organisms to be devisedlag to their respective

behaviors.

The addition of ecosystems to accounts of biodiversity is hardly a novedptobut still
one worth mentioning in this review. The study of ecology provides a numbgsteins which
categorize specific ecosystems and allow their accurate idatitih, for example by observation

of organism interactions and relationships or by more obvious, physical basideithe edge
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of a pond. As explained in part |, the degree to which certain ecosysterpparend as some
whole greater than the sum of the interactions of species withinhthgigreat implications for its
importance in conservation. In addition, more cohesive ecosystems exbibitdtution”, in
which distinct lineages within the community interact and influence oothar’s evolutionary
trajectory through their relationships to one another. In the case ofntloes&oherent systems,
the preservation of species’ distinct evolutionary trajectory depdsmigmthat of one or more
other species within the community, warranting the protection of the estimnmunity. Thus, the
assessment of ecosystems in biodiversity inventories should foceseosmiting the
“coherence” of the ecosystem and its value independent of the organisinsitwvMore obvious
and coherent systems should be recognized as independent (though certdialy taagats for
conservation, while systems formed by much weaker levels of interdepee need not be

strongly recognized.

Sahotra Sarkar (2005) points out that advances in computer programming suclaes GIS
invaluable for questions of space delineation, and are thus a powerfulrtted fjuantification
of ecosystem diversity in biological systems. Such programs enablety whvalues to be
assigned to specific areas, with clear or “fuzzy” borders to indicatstténgth of transition to
one state or another. As a result, these programs represent perhaps giremmisstg method of

measuring and describing ecosystems in biodiversity inventories.

[11.4 Environmental Education and Public Exposure

Once biodiversity information has been both acquired and distributed fosiandlis
essential that the lessons learned in biodiversity studietamedsfor application elsewhere.
While government and private institutions have the most centralized remal foower to

confront conservation issues, the public sector retains the greatestghofentiith my
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discussion of the “comprehensibility condition” in section Il of this work, lioomtto stress here
the importance of public participation in conservation initiatives andtdaeeryday interaction
with the environment. Without the support of the public, a government is virtuipheseto
implement environmental policy. Even if enforcement, a great missikgnlitoday’s

biodiversity legislation, is adequate, it can never be universal vengday decisions (like
littering or use of pesticides) cannot be constantly monitored. A good systemsafrvation thus
focuses not only on solid policy and enforcement but on education and dissemination of

information to keep the public informed to environmental issues and howdhehelp.

Gordon S. Frankie and S. Bradleigh Vinson (2004) explain that environradntzation
is the solution to this problem. They define environmental educatiorefabtad EE) as “the
interdisciplinary process of developing a citizenry that is knovdedig about the total
environment—including both its natural and built aspects—and that has thity}capd the
commitment to engage in inquiry, problem solving, decision making, and action thassutle
environmental quality” (Frankie & Vinson, 2004, pp. 248). By this definition, espewibkre
the term “commitment” is employed, it is evident that EE includes ngtaminformative but an
ethical component. Though naturally environmental educators must be cafitioeisdea of
indoctrination or forced education, the idea of including environmentakéathaducation is a
crucial one for affecting the countless numbers of seemingly insignifieagtyday decisions
made by the public in their interactions with the environment. It is ingpkcation of ethics to
EE that the previously established “comprehensibility condition” comegiay to a greater
extent, where more easily understood ethics are more appropriate for gubhdien given their

greater accessibility.

Frankie and Vinson (2004) cite one particular case where this ssttuohtion worked
particularly well. In the late 1980s, problems with forest fires in thedsoBarbudal Biological

Reserve in the Tempisque Conservation Area of Costa Rica were exiaggpbablems of exotic
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vegetation invasion and devastating local plant and animal spak&d\vény local citizens used
burning techniques to destroy “pest” plants on roadsides and fields, but oftéanalty
triggered wildfires, an unnatural phenomenon in local ecosystemseRtssal the local town of
Bagaces were trained in firefighting technigues in conjunction witfotineation of “Los

Amigos de Lomas Barbudal”, a locally-based conservation organization. ire¢ighiters
worked to combat fires once they had started and educated park rangers rlodatpersonnel
with the help of the authors and professional firefighters from the U.S tRSmeasce in
California (Frankie & Vinson, 2004). Volunteers from a local high schoodakso enlisted, and
regular workshops were held teaching methods of fire prevention and exptaming
environmental damages caused by fires. Most importantly, in thel®8fys the authors started
the Center for Conservation of Nature in Bagaces, which held regulingsgfer discussion of
environmental issues, offered EE seminars, and sponsored a liltitatyoaks about the natural

world for local children (Frankie & Vinson, 2004).

Though most of the conservation efforts initiated by Frankie and Vinsonmetreith
great success, others showed room for improvement. A visitor centedcatdhe Lomas
Barbudal reserve flourished under outside financial support, but wheo iesf own devices it
encountered financial problems. With some minimal assistance from ther&ltyi of Costa
Rica, the visitor’s center was stabilized and was able to contswu®ik (Frankie and Vinson,
2004). The lesson to be taken from this experience is that EE projéciftem, if not always,
require outside support. Though this does not necessarily mean a gesaiham, it is clear that

some continued assistance is necessary.

Among other advice for EE, the authors explain that “It is importardtadbksh and
maintain a variety of working and friendly relationships with local eoafors and leaders” to
keep local participation high and encourage eventual increased autononkygfarad Vinson,

2004, pp. 251). Furthermore, outsiders seeking to establish EE programs must “know thei
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audience”, and be conscious of cultural beliefs and traditions of local popslaiVith regard to
outside assistance, Frankie and Vinson emphasize that “theneésl&r more professional
biologists to become involved in the process of transferring their bisiivand conservation

knowledge to audiences other than their own colleagues” (Frankie asohy2004, pp. 255).

Proceeding past the practical concerns of managing EE programmntasliately
apparent that, aside from the informational portion, there is a prongitiecel element to
environmental education. Referring to the practical-pluralist approadnsevation ethics
outlined in part 11, I would like to reiterate the utility of demand-value atrthsic-value ethics
in environmental education. While most government policies regarding comsemeadlect a
strong precautionary perspective, a knowledge of biological systedithe variety of indirect
benefits they can provide are both essential to understand such ethics armbaftenplex to be
conveyed outside an academic institution. In order to combat the aforemeptiobksns of
enforcement in sectors where educational resources and govenangot are limited, a strong
environmental or conservation ethic must be passed on to the populace. Changes $chadil
curriculum might be a bit much to ask, but environmental education programsceitginly

want to consider placing greater emphasis on environmental ethics.

It is far more effective to provide human beings with their own consciousnwbf
ethical judgment than to try to prevent environmentally destructive lmebakirough law
enforcement and constant monitoring. Many religious and culturalitraglinclude some system
of attributing intrinsic value to the natural world; support of thisuraltperspective, rather than
the introduction of potentially unconvincing or overwhelming academic ethizddwikely be a
more effective method of ethical education. One particularly approprabepde of the
relevance of local religious beliefs in conservation is that@f¢cological monks” working to
conserve forests in Thailand. Buddhist monks throughout northern Thailanddevesing the

moral and practical guidelines of their religious beliefs to educateefa and other landowners

93



in ecologically sustainable land use, naturally encountering much greatess than foreign
education movements (Darlington, 1998). Thus, by enforcing the intuitive appetrlrafic and
short term demand-value ethics, conservationists can provide effiestifieation for
conservation methods without the need for substantial academic educatlws®who are

unwilling or unable to receive such an education.

The intuitive appeal of intrinsic and demand value ethics is likely dileitocongruence
with the traditional and cultural beliefs held by many societieslavhany “eastern” and Native
American religions tend to attribute intrinsic value to natural phenomeost “western” schools
of thought tend to focus on the instrumental (demand) value of the natural waild.|\Wave no
desire to rank one of these attitudes over the other, | will stresgpropriateness of a pluralist
conservation ethic in environmental education in this context. A mohistwebuld somehow
need to reconcile the disparate cultural beliefs and traditionsrebirgany societies in order to
acquire consistent cooperation in conservation efforts, while a plwtilistcould tailor
environmental education programs toward specific societies in wagh @it minimally conflict
with their traditional beliefs and practices. In this way, the consernvatovement might garner

greater support and achieve greater success in collaboration with tiee publ

It is clear that EE is an effective and powerful tool for the exchangsedtl
conservation knowledge between scientists and local populations. Frankisnaod do not
exaggerate when they say that “EE is a necessity if [any] systeatwhl areas is to be
conserved and protected for the future. There is both ignorance to displet aneeddl for new
information by technically competent professionals” (Frankie andorin2004, pp. 254).
Environmental education presents a strong solution to the ldrgelgnproblem in biodiversity
conservation, targeting the ignorance and bias which results in ecdipgeanful actions.
Nonetheless, there are other tools for the effective communication ofvatse ethics,

practices, and rationale.
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Gilda Aburto (2004) makes a case for a surprisingly unexpected allyoftiv®isity
conservation: the media. Citing John Muir, Rachel Carson, and the explosité of the
internet, Aburto lauds the communicative power and efficiency of the rimeitéavarious forms.
Adding a touch of desperation, the author explains that “Whereas yesterdaydgepar were
sufficient to battle the ax, today chainsaws and tractors have gieivantage to the
destroyers,” (Aburto, 2004, pp. 258) making it clear that the rate of biodivkrss now far
exceeds its former limits. “Biologists alone cannot stop this wggin,” Aburto writes, “only
through communication can biologists transmit their much needed knowledgeptdbtive
empowering it to act” (Aburto, 2004, pp. 258). This transmission must be bo&ntapowerful;
the sluggish progression of scientific publication and communication betwieaguies is not
nearly sufficient. But, “by means of radio or television, informatiamlitarally circle the globe
and reach millions in a very short time” (Aburto, 2004, pp. 258). In parallel with ¢tfente of
necessity” background of conservation biology, Aburto cites the sevettg giroblem as the
main reason for media action. Without the sort of public exposure provided bydfe me
conservation initiatives will be left without sufficient support (b@ itianpower, funds, or public

opinion) to succeed.

To illustrate the importance of the media’s function, Aburto refers todghservation of
La Mula Creek, a forest of valuable timber located between two |prgescted areas in the
Guanacaste province of Costa Rica. The Costa Rican Institute ofakgbavelopment (IDA)
planned to clear-cut the area and divide it among local farmers who did/nd&and. While the
adjacent town of Bagatzi and conservation scientists on their owntheadffitct in protesting
the decision, when both parties began contacting the media and speakirngalijbdrnalists,
their influence on the decision became more noticeable. Frequent corresgsnaihwisiting
journalists from throughout the country as well as letter-writing to atig®and a few

publicized, formal studies by conservation biologists quickly turneddbef the struggle and
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placed immense public pressure on the IDA. The institute instead donaladdhe Costa
Rica’s Ministry of the Environment (MINAE), who declared it a protecegian (Aburto, 2004,

pp. 259).

With this success story in mind, Aburto’s first suggestion is a pattipebetween
journalists and conservation researchers. Scientists, she clairoigar®o “shy” with their
research and results, and are hesitant to publicize anything but fulyyechdata. In the media,
however, the more important content is often simply what is beingrcbselband why it requires
such research. Thus, scientists should be in regular contact with offézd#s, providing
frequent updates to the public regarding the nature and progress ofghaicheand raising
awareness to the conservation issues it confronts. Given thé wdiela biodiversity (in its
myriad forms, including habitats, unique and non-inheritable behaviors, dieihgslost,
infrequent scientific publications, rarely comprehensible to the @ubié insufficient to initiate
the scale and strength of effort needed to preserve biologicalityiverghis way, if scientists
continue to be as conservative with their work as they have been until nowatteo mow high-
guality the information they gather, data will be “too late” to semed intended purpose.
Scientists are thus left in a precarious position: will they com@® their scientific reputation by
publishing what may be viewed by others as sensationalist stories ladioutdrk, or wait to

perfect their research, only to have failed the very purpose of gestrod in the first place?

The solution to this conundrum, says Aburto, lies in relationships with indlIsicdren
are more prone to public exposure like politicians and journalists. As Aburtairexpl
“experience has repeatedly shown that journalists can be vecyivedfand, above all, swift when
communicating important information presented to them by biologistir{62004, pp. 258).
Politicians, meanwhile, thrive on media attention of any sort and are nottprbeehunned for
citing information beyond the scope of scientific data. At the same tene pbast the sort of

charisma and power needed to reach the media effectively (Aburto, 2004, pp. 259). Betle of t
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parties function as “links” between scientists, public ac8yite government, and the public,
keeping the flow of information constant and fresh (Aburto, 2004, pp. 259). Through the
incorporation of a journalist or political partner, data and research on catigeiissues can be
“translated” effectively to a format more easily understood by the puldi¢ransferred directly
to the public knowledge base, where it can be effectively utilized byststand governments

alike.

Aburto also provides a number of suggestions for scientists and theiiatesséor the
publication of scientific information on conservation issues. Firstiest published through these
partnerships should be “humanized” to grant them comprehensibility and appeaider
audience. In order to be humanized, these stories should include not onlydbe&io
phenomena they strive to conserve, but also the human beings involved in theTéffsrssrt of
humanization is especially necessary for cases which do not involventdidicisnegafauna,
which require some additional component to attract public attention. Scipntlications are
too often based solely on data and therefore less accessible to theopublpersonal basis
(Aburto, 2004). These partnerships should also strive tofregeentpublications to maintain
public interest and release new information as it becomes avadadiieady stream of
information in smaller amounts is more “digestible” than moreemfent and larger updates

(Aburto, 2004).

It is also important to recognize that the variety of modes of commumaadiw at any
organization’s disposal is growing on a day-to-day-basis. While televand radio remain
fantastic tools of communication, the growing powerhouse of the last tyeaty is the internet.
Networking and social sites like MySpace, Facebook, and Twitter, haveextgigantic
followings in the last decade, while with the growth of handheld computer drmhoak

technologies, human beings are more and more capable of accessing the intdnsewvay, it is
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growing easier than ever for conservationists to publicize theit®#iod stories to the rest of the

world; all that remains is to seize the opportunity.

Setting aside the more rarely discussed subjects of media atterdiemaronmental
education, | will shift at last to more concrete and well-establishedestoficonservation
biology, particularly the management of wildlife and preserves. In thek W hreats to the
Conservation of Tropical Dry Forest in Costa Rica”, Mauricio Quesadi&atinryn E. Stoner
(2004) review the current state of conservation of an endangergatecosn the Tempisque and
Guanacaste conservation areas of Costa Rica and make further sngdestiow these
methods could be improved for future conservation initiatives. Thisstagg will serve as a
solid introduction to the final portion of this section which reviews then rclaallenges to and

solutions for biodiversity conservation and management.

I11.5 Parks and Reserves

Neotropical dry forests in Costa Rica are threatened by unintentizaat fires and
excessive logging by the cattle industry. According to one study, before 198@aftteendustry
in particular was responsible for more deforestation than all other eaoaotivities combined,
including commercial logging (Lehmann, 1992). As mentioned earliersfiséen used to clear
roads, pastures, and properties of unwanted vegetation; such fires mlofted to burn
uncontrolled and can easily become very ecologically destructive. Thougstabshiment of
ecological preserves served to protect a good deal of Costa Ric&seaitg, forests outside of

protected areas were still heavily exploited. In 1988, the government mattenapt &0
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encourage more responsible use of unprotected land by launching a number of economic
incentive programs to encourage reforestation, though due to insufficfenteament and rapid
turnover in government administrations these had little effect (Qa&s&toner, 2004). The
issue of enforcement and monitoring, as mentioned before, is a severe orlegahlbgging
and extraction, even from national parks, continues largely unchecked, bgpdwa
conservation officers are off duty, particularly late at night or on wekkéishor and
Constantino 1993). Heavy logging of unprotected areas like agricultural zomesmamnt forests
causes greater problems still, as some studies have indicatemblidizd trees act as “stepping
stones” or biological corridors for gene flow of animal and plantig&veen protected areas

(Aldrich and Hamrick, 1998).

Quesada and Stoner review the conservation methods employed at two parkégpntai
tropical dry forest; Parque Nacional Palo Verde and Reserva Bialtginas Barbudal, both
located in the Guanacaste province of Costa Rica. Though cattle gressmgermitted before the
declaration of these parks as preserves, it was forbidden upon thbliseshent and only
reinstated in part during the late 1980’s to early 90’s. During this perialeé-gedzing was used
as a management practice to control fires (by reducing invasive plants antuetk for
wildfires) and prevent invasion of wetlands (Mozo 1995, Quesada and Stoner, 24104). C
grazing was also used at the Palo Verde reserve’s wetlands taimajpg¢n waterbird habitat

(Vaughan et al. 1995).

Numerous studies on these reserves have shown that the cattle gazaggment plan,
though it did provide some income and incentive for local support of the ydsmeas, failed to
preserve diversity or control invasive organisms within the reseAccording to the authors of
the study, the wildlife management plans for both the Palo Verde and Lommgl8&preserves

initiated these management plans with little to no systematic chsefpublished information
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regarding the effectiveness of cattle grazing for ecosystanagement (Quesada & Stoner,

2004).

Reviewing the difficulties of this policy, Quesada and Stoner preseamber of
recommendations for the management of parks and preserves which wilhsex\convenient
segue into a broader review of issues and solutions in conservation managehe authors are
quick to assert that protection of intact ecosystems (in this casepieatdry forests) is
essential, and that the practice of establishing and protectingye®s@d natural parks is an
irreplaceable method of biodiversity conservation. Quesada and Stoner (BoGggest a
variety of methods for the protection of dry forest ecosystems frenafid invasives. The
general advice to be taken from their more specific suggestidre ihds and personnel are the
most important tool for a preserve, and are necessary for the typegohiatemanagement
systems necessary to protect biological phenomena from a var@dtgmiunique and situational
threats. In regard to the difficulties encountered by the Palo Vadleanas Barbudal
preserves, Quesada and Stoner suggest that management practices shtabldgbed®n a firm

foundation of systematic research and published scientific liter@uresada and Stoner, 2004).

The authors next stress the importance of restoration ecology, explaiainig t
particularly threatened ecosystems are to be conserved, not only masdtithesisting be
protected, but “restoration and natural regeneration programs...need to haemigle
immediately, within both protected areas and privately owned land’s@@aeand Stoner, 2004,
pp. 277). They add that economic incentives given to private landownerd bleogieater for
total protection of ecosystems than simply for restoration to encouragevattesn over
exploitation. To help create more scientifically sound and effectiveageament plans, they
recommend the formation of a scientific panel for each large resea¢hat is familiar with its

particular conservation issues and how to address them (Quesadareard Z8104).
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In regard to ecotourism, Quesada and Stoner admit its viability as & sé@wwonomic
revenue from conservation, but emphasize that it should be regulated heavilygbydghement.
Recalling the gruesome “dark side” of ecotourism discussed at the begifitiirig section, it is
clear that such regulation would be necessary. The authors add that aatiatelather tax on
ecotourist activities might be another powerful tool, directing préfgsmaintenance and
management activities of natural parks and preserves while cigiog environmentally

detrimental business practices (Quesada and Stoner, 2004).

The suggestions of Quesada and Stoner represent some of the most basidignd r
apparent solutions to conservation and management; notably that gredtemfersonnel, and
training than is currently allotted to biodiversity conservati@racessary. In addition, greater
organization of these assets is required. At the same timedrefédes like restoration and
ecotourism must be both encouraged and carefully monitored for eneintedrimpacts. These
necessities for improving conservation and management of biodivaesitgeated throughout
the literature of conservation biology like some sort of managemanitra: money, people,

information, enforcement, legislation.

I11.6 Adaptive Management

Beyond the sort of archetypal suggestions to improve today’s conserva@sungs are
a number of more specific and salient issues in conservation which--thoughattragit much
more thorough attention--will be examined here only in passing as part géadarvey of
conservation issues and solutions. The first of these concerns yheatare of conservation
management as a practice; if biodiversity conservation is lasggtjence of necessity and is thus
justified even in some level of uncertainty, how can management be conductéidedyfevith

uncertainty?
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Among other like-minded thinkers, Bryan Norton (2003) makes a case forsndftdn
called “adaptive management”, the concept of employing a managena¢egsicharacterized by
constant change (or adaptation) according to certain changing conditionscéisehef
biodiversity conservation, the success of biodiversity conservatiohdgpkend more on a
willingness and ability to react to new information than on a singé&vésrbinding choice”
(Norton, 2003, pp. 112). Because conservation biology must rely on only the most recent
information provided, it must be allowed to change with the growing and changingekiyewI
base to which it is bound. As Norton explains, “chosen policies should, givenstreevhiable
science at the time of their implementation, protect both specidb@edological processes
associated with them” (Norton, 2003, pp. 111). Though the definition of biodiveositgived in
this work is considerably broader than what Norton mentions here, his pwiet igith
agreement: if the conservation and management of biodiversity is to wadk®fits reliance on

current information, it must be flexible enough to change with shifts inrstacheling.

An additional component of adaptive management is the role of research. Norton
explains a multifaceted role for conservation management, claiming teit@samust “protect
species [and other components of biodiversity] while continuing to expkys te be more
sensitive to... ecosystem-level processes and characteristiasdiNB003, pp. 122). Though
again Norton’s ecosystem-level definition of biodiversity is consalaegrow in comparison to
the definition created in part | of this work, the clear lesson in hisnséat rings true.
Management must not only consist of protection and constantly changing methoatectiqn,
but also must strongly emphasize research, particularly in certais thag are suspected to be
particularly important for conservation biology as a science and the sraeagof individual
phenomena (a list of possibly important research subjects will be atwenhlater in this

section). Thus, adaptive management must function as a self-fuelirggroonstantly evolving
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based on the best information available, but also seeking out new informatiomamgend

important subjects.

Beyond the structure of conservation biology as a global effort angldiedie myriad
problems for the protection of biodiversity, one of which will be covered irhdepthe

remainder of the section.

I11.7 The Prioritization Problem

Perhaps the most marked problem for biodiversity conservation, egpeciaht of
management practices, is the issue of prioritization. Naturallycisumif resources will never be
available to preserve and protect all conceivably valuable phenomeatia, even by the
standards of a very restricted definition and shrunken biodiversity €thus, some method of
prioritizing phenomena so that greater effort may be put toward those @rgralate becomes
necessity, for fear that a unique behavior in botfly larva might be causatthe expense of the
last patch of rainforest. As evident in the prioritization adegeaadition mentioned in section
I, this prioritization is immensely important in conservation biology andssential “bridge”
between the theoretical and the practical. This issue is cliselptthe ethic adopted by the

conservationist, and thus is largely dependent on ethical perspective.

According to Sahotra Sarkar, the issue in biodiversity conservatinrchoosing which
areas or spaces to be preserved over others. This “place prioritizatobenpi is “critical to
biodiversity conservation because not all places that are of some bibliotgcest can be
conserved in practice” (Sarkar, 2005, pp. 160). Sarkar presents a numbeirief layitwvhich
areas may be ranked for conservation; all of these depend in one way or andtigeproperty
of one or more biodiversity “surrogates”, or phenomena representative ofettad! biodiversity
present in a system.
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As mentioned previously, there is a great deal of debate over thenegi®f biodiversity
surrogates; is it reasonable to expect that a single (or small group ednpdrea be a “litmus
test” for the biological diversity of a single system? Thisngiaay, like the existence of a
diversity-stability connection, is a vastly important research tapicdnservation biology, and

one which should be thoroughly investigated in the future.

Asserting that reasonable surrogates for biodiversity can be foukdr Saggests that,
aside from the abundance (or richness) of surrogates, their rarity anceownrity should be
considered. The rarity of a surrogate is the rather intuitive idés @ferall inverse abundance,
while complementarity is defined by the number of surrogates unique foattigtlar system
(Sarkar, 2005). Thus, areas may be prioritized by any combination of topsetigs, with “ties”
in properties for one particular surrogate being broken by the next rareesbunique
surrogate, and so on. Bryan Norton takes a similar approach to prioritizaiting that
ecosystems themselves are the target of conservation, and tharation should also be
between physical areas, though perhaps by means of economic value for fyagticetbn,

2003).

When considering the inclusive and pluralist definition of biodiversitméar in the first
section of this text, the prioritization problem becomes all the moiiewdifaind complex. Are
places really all that should be prioritized? Do certain areas haability to include most of the
biological phenomena to which value is attributed? My response is thet tiosnecessarily the
case. Though place prioritization is clearly the most practical solgtimman beings have been
mapping out the world and drawing lines across it for millennia—it may nteqtrall
phenomena outlined earlier in this work. To illustrate this point, one need loaktherfthan
most migratory seabirds, for example, the arctic tS8tarGa paradisagaa seabird which—
though not at all endangered—travels more than 24,000 miles annually inrssionigrom

nesting grounds in the arctic to feeding grounds in the southern hemispheraeg jdertaken
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largely over the ocean (Cramp, 1985). If by some unfortunate turn of eveatstibdgern were
declared critically endangered, how would place prioritization measurespitdt\Would
separate marine reserves at both ends of its migration be protwotaxyld its entire range of
migration routes (spanning nearly all of the Pacific and Atlantiarm&ebe preserved? The point
is that a prescribed area on its own does not necessarily encompassautigiien-be they
species, behaviors, or morphological forms—that it may contain at onemptime. While
territorial species or species with traditional mating and cougiiognds may be restricted to
prescribed areas, it must be understood that—especially given drestbpaccelerating rate of
global climate change—biological systems are dynamic and oftenngpiitée. The drawing of

lines for reserves alone might not preserve all that humans wisheto sav

While Norton’s stand on the issue implies that ecosystems arelyhEmency” of the
myriad components of biodiversity for prioritization, | am less convindédle ecosystems are
certainly important and often do encompass much of the biodiversity of a |santegion, as the
discussion of communities in section | implies, this is not always the Tass, while valuean
and oftershouldbe attributed to ecosystems and specific areas, they are not the ordyngha
which deserve inclusion in prioritization. Sarkar's use of surrgdateplace-prioritization is a
logical and efficient approach to this problem, but | would add a slighttagjns Not only
should places be valued for their surrogates, but these surrtigateselvesf they are
recognized to exist and represent other phenomena, must be given priarigdervation. The
difference in management which might result would be between creatisgrag@n which, for
example, all of Yellowstone National Park’s wolves were proteated protecting also the
wolves themselves. If wolves left a protected area under normal piacézation, they would
be subject to culling. If the wolves, too, were given priority and protected samphey are, their

protection would not depend on their location.
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Though | propose here that various phenomena (as surrogates or individuailg)ksho
given value during management and prioritization, | have not addressed thgugstain created
by my assertion: how are these phenomena to be priorititedespecto one another? This
guestion necessitates a great philosophical and scientific inquiry wiehd not hope to
address in this work. However, | would like to make it clear that tlisasher important
guestion for conservation biology which, if answered, would have immense bdoefiie
discipline. A major focus of future research should be in seekingectie¢ framework for

organizing the myriad phenomena which constitute biological diversity.

In order to avoid completely shirking responsibility for my earlier rtieses and
abandoning any investigation of possible prioritization methods for theugacbmponents of
biodiversity, | will propose a theoretical method of prioritization by Wididferent phenomena
might be compared. The system is based on that used in my investigatiamabdie/alatural
phenomena in section |, what | call the “evolutionary” approach. Thebel@ad this approach is
to evaluate natural phenomena with respect to the dynamic procelskloftey are a part, that
is, evolution. Different sources of biological variation are thus vieagedifferent distinct “units”
of evolution. While conventionally species have been the objective’ ‘afrét/olution, it is
undeniable that less prominent sources of variation—such as behavior or derdhkip
differences—could eventually lead to divergence and evolution under teetcamvironmental
circumstances. Thus, components of biological diversity are rankegantance by their

potential role in the evolutionary process.

From this perspective, it makes sense that great value is placeccms gpel ecosystem
diversity in existing accounts for biodiversity conservation. All @xisspecies are doubly valued
as both the discernable products of the evolutionary preceisss the predecessors of future
species. Phenomenological species provide a simple way to identify andspefines, but

greater “resolution” for prioritization is needed for prioritina betweerspecies. Both of the
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methods used today—based on rarity and distinctness—are more than soitdti¢egurpose.
While the rarity of a species—usually determined by its total nundveesrge—is fairly

intuitive, the concept of distinctness requires a closer lookoBeml is the primary tool for
determining the unigueness of a given species. It is the goal in prigsitita give greater
priority to species which represent a more independent evolutionasyyhiste that might not
easily be repeated or replaced by another, similar species, iptti¢s or lineage were to go
extinct. Thus, an organized account of speciation events and the refepeties to one another
is necessary to allow the prioritization of more unique lineages wanéichinlikely to arise again;
this sort of understanding, though difficult, is currently studied with gueatess using a mixture

of molecular and morphological traits (Williams et al, 1991).

Ecosystems, as established in part I, lie on a spectrum in the degreeltaghelyicarry
their own unique properties and “exist” as objective units. It followsatadystems which have
more emergent properties and form more coherent “wholes” deserve unigas/abas in their
own right, while those which lean more in the direction of a “community offerdifice” would
be better managed by the preservation of the individual species and popd@ilationdich they
are formed. Thus, prioritization with respect to ecosystems should folbovtfreir position on
this “scale of coherence”, where more strongly apparent ecosystemgraater organism
interdependence are given higher priority for conservation than thosle wbidd be covered

simply by species conservation.

Ecosystems are considered the most valuable component of biodiversityimg¢o the
“evolutionary” approach to prioritization for many of the same reason8tiiah Norton gave in
his case for ecosystem conservation. Ecosystems—patrtictiagy with strong webs of
interaction and clear emergent properties—represent perhaps tist teeghkly-conservable unit
of the evolutionary process. An intact ecosystem features a greatmainibeages evolving

simultaneously. Characteristics like emergent properties and emmsysrvices add greater
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priority to such larger phenomena, but are not necessary to provide adequayefqrior
conservation. Because ecosystems reflect a broad range of bibglieensponents and, as
targets for conservation, protect many phenoniessétu, they are given the highest priority in
the “evolutionary” approach to prioritization. It must be noted, howeverthisgpriority varies
according to the interactions within the system and the benefitsv@rdgent properties it carries.
An ecosystem far to the “coherence” side of the spectrum would have\aditsepriority far
above that of just the species within it, while a “community of iedgihce” would have total

priority equal to that of the conservation of its parts.

Morphological disparity, particularly in “subspecies” and other tydefistinct
populations not considered separate species, constitute a logical apéxhdhe prioritization of
biodiversity components by an evolutionary approach. While subspecies, caibst-ford other
morphologically-distinct populations are for one reason or another not catssiparate
species, they represent some genetic diversity and a strong “poteottifié formation of a
separate species. As discussed in part I, the divergence of distinct satipopuue to changes
in selective pressures or reproductive isolation are common circuestanche formation of
species. Thus, though by most definitions (genetic, biological, or phenomeaflogic
morphological differences between organisms do not carry the sameygdpgbnservation as
separate species, the variety they represent haetetialto create new species and may thus

necessitate some lesser—though still important—priority.

Continuing down the same logical chain presented in part I, the link between othe
components of biodiversity—particularly developmental and behavioratehifes—and those
that are customarily given value is clear. Differences in theldpment of an organism due to
environmental conditions can lead to morphological differences which icaaraventually
result in speciation. Behavioral differences may alter both envinstaineonditions and selective

pressures on an organism, resulting in different developmental foegniRg to the calculus
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analogy made in part I, each rectangle outlined beneath the immeasurablefcbiodiversity”

is given smaller and smaller priority as a theoretically completi@ition of biodiversity is
approached. In this way, the prioritization of components of biodiversity camtezext upon the
conceptual framework of modern biology, the evolutionary process. Byudittig value and
priority according to this progression, conservation effort can béeekera manner proportional

to the evolutionary importance of a given phenomenon.

[11.8 Suggestions for Conservation

Over the course of this section, a great many suggestions and improvemeriiedra
reviewed for their utility in biodiversity conservation. To concludeould like to summarize
these suggestions, both those which emerged from my own research and thoske ipytofbetr

authors.

Perhaps the least surprising and widespread suggestions for futseevedion were
reiterated throughout the section and mentioned repeatedly by authors remgetisptirate
beliefs and disciplines. These ubiquitous suggestions advise thaiaflazfancreased funds
toward conservation measures, as well as an increase in thabiitaibf personnel and training
for management and research. Public education on a variety of conservatisrisisadely held
as an effort of great importance to the conservation movement. An educated@osible
public provides great support for conservation initiatives and would retedtee sort of
problems an ignorant populace would. Where problems still occur (and magnvtable)
enforcement is cited as a necessary measure that is often lackitgladfslation may often be
functional, if it is not properly enforced it cannot be put into practice alhdotieffectively
“deliver”. Lastly, it is almost unanimously accepted among conservstisotfiat scientific

knowledge regarding these issues is incomplete. Thus, a systenptif@adanagement is
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necessary to ensure that management always proceeds despite updeutatinat in the process

it is consistently founded upon the best available research at the tapplichtion.

Moving on to more specific suggestions, I'd like to address a few of thefigsthat
can be taken from Costa Rica’s experience in law and policy. In regdma ewedrly complex
laws adopted by the country, it is evident that pagsiognuchegislation in favor of
conservation can be just as harmful as too little, confounding managemeitt oseis
functionality. Conservation legislation should thus be strong, simple, adsdehat it can be
correctly implemented and enforced. Costa Rica has also clearly destwshsive potency of
environmental laws which provide economic incentives for “ecosystarntegt and other
environmentally conscious decisions while discouraging ecologicatigfbibactivities through
taxation. Such economic influence is a powerful motivator and should cgtieimhplemented

elsewhere.

Hanson’s discussion of biodiversity inventories presents a numbeewntlsuggestions
to the practice of gathering information on biodiversity, notably that dewtlopentries should
understand that taxonomy is certainly not a dead science and that tHeatassand
organization of information on natural systems continues to be an importatiteptaday. The
exchange of information between institutions in developed nations with goatlaesand
educated professionals and developing nations with huge stores of undocumeirNedsiiyod
should certainly be increased, encouraging a flow of both monetary and humanessourc
bolster the struggling efforts at documenting the massive amounts of logityiyeit at risk by
development. Given the additional amendments to the customary definition oepsitgi made
in this text, it follows that future inventories should include saivesmponents of biodiversity in
addition to species diversity, including behavioral, ecological, morpholpgivad developmental

diversity.
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Information gathered from inventorying and research should, as Aburto, Framdkie,
Vinson explain, be disseminated to the public as quickly and efficienftpssible. Scientists
working in conservation should not be “shy” and report only data through academielshanit
should either freely communicate with journalists about their work t@d@eareness or align
themselves with a political figure to garner advocacy for theirtstféurthermore,
environmental education efforts must be integrated with local cultureoarad practices to
enable free exchange of information between conservationists and theolpekation, avoid an
attitude of indoctrination or forced education, and promote interaction oldzadtby mutual
respect and understanding. With regard to the pluralist ethic sbedbin the second section of
this work, it is evident that ethical education is also a subdtaatitof environmental education,
and that intrinsic and demand-value ethics are the most effectiuedon a non-academic
setting. Thus, both information and ethical perspective should be more freehuoarated with
the public to promote a healthier attitude towards and relationship wigntir®nment on the
part of people who will have frequent and unmonitored interactions with vulneraiobel

phenomena.

Through the work of Quesada and Stoner (not to mention many other authors), it is clea
that the protection of natural areas remains one of the most effewtithods of preserving
biological variety employed today. They advise, however, that emphasis $feoplaced on
preserving natural systems which are stifhct, rather than waiting before they are threatened to
protect them, when valuable phenomena can be harmed or lost entirely. Quesadaeralssto
emphasize the importance of contiguity between protected and non-pi@esds and the
necessity for wildlife “corridors” to enable free exchange of gerstd material resources
between the biota of protected regions. Furthermore, the authors advisedhat attention
should be paid to restoration practices in order to regain lost “ground” in ghisservation

efforts and relieve the strain on protected regions which may be unidueatehed.
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The protection of biological phenomena should focus not only on specific areas, but on
the phenomena themselves (species, populations, or otherwise) whiclonegutside these
management areas and still deserve protection. In addition, pricoitizdtthese myriad
phenomena is necessary to direct conservation effort and resources to afptapgéts given
the circumstances. The evolutionary prioritization model provides one @ossiplof organizing
phenomena, thus ranking their importance according to their role as ‘lnnit&’ continued
process of evolution, with ecosystems and species at the forefronth stduattributing value to

phenomena like unique, non-genetic behaviors and morphological disparity.

Finally, a number of salient questions remain which have been targeted itkiasv
ones which warrant special attention in the near future. For th#igistaent of a potential,
universally binding demand ethic for conservation, further research int@tihee of the
diversity-stability hypothesis is essential. Furthermore, moremyic methods of conservation
prioritization (like the evolutionary model suggested here) are s&get® give greater structure
to conservation efforts. Lastly, in an effort to simplify the complex natficenservation by
these new suggestions, it is important to investigate the possiliieneri®f biodiversity
“surrogates”, or phenomena which can give a simple and effective readingoaddhersity of

an area without great effort and inventorying or data collection.

Thus, in the course of this work, a great many prescriptive suggestobfisiag-home
lessons” emerge that are worth consideration for the further improvedeonservation. It is
my sincere hope that these improvements and ideas (the majority of whsrtainly not novel
or original to this work) are implemented in the future and can beheftonservation of

biological variety in coming years.

Conclusion
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In the short span of this work, | have presented what | believe to be gsattifal
responses to three of the broadest and most challenging questions aapftunfield of
conservation biology: specifically, the “what”, “why”, and “how” of biodivigr&€onservation.
Addressing each in logical order, | reviewed the thoughts of contemporargrhimk each of
these subjects and gleaned what | viewed as the most valuable pogriseduhctional answers

to these difficult problems. In the concluding paragraphs | would like torbeiw these

responses and remind the reader of their intended purpose.

In section |, | expanded upon the traditional definitions of biodiversity (@pead
ecosystems) with the addition of other sources of biological varietyhlgdtense suggested by
MacLaurin and Sterelny (morphological and developmental) and preseyteabmfor the
addition of unique, non-genetic behavior. | also made the assertion thagtentsyere a
valuable and unique source of biological diversity, but that their valudistinictness was
heavily dependent on the strengths of interactions of the communities thiginn. Drawing an
analogy from Riemann sums in calculus, | treated the definition of bisdiyeas a subjective
term largely impossible to formally define, but instead presentelbse’t approximation” by
means of the summation of several smaller components. In this way, | hopsdnt@n
inclusive biodiversity definition which allows the attribution of value anddinection of
conservation effort to all sources of biological diversity. Usimg inclusive definition,
policymakers will not only have a consistent and somewhat formalized aafounat is meant
by the term “biodiversity,” but will also be able to provide protectiortiermyriad phenomena

previously excluded by policies of species protection.

The second section of this work confronted the widespread uncertaihtsegard to the
value of biodiversity. Acknowledging the overwhelming consensus thagdnitihe many
components of biodiversity do have value and warrant conservation, | set oattéoacre

practically applicable ethic which could promote the effective conenvaf biological variety
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in both a political and social setting. Borrowing from Sahotra Sarkar'sdéatey Conditions for
a Conservation Ethic”, | presented an additional adequacy condition of my-tbxen
comprehensibility condition—and organized these conditions into the cordcalrzanid
secondary categories. | then reviewed a sampling of conservatios mthsented by
contemporary thinkers and assessed their respective strengths and sesaknapplication.
Concluding that no “master conservation ethic” yet exists, | adopted a pragp@toach and
created a practical-pluralist conservation ethic which encouragesehs a variety of ethics to
reflect the various relationships human beings have with the environmerg.presentation of
this ethic | hope to give conservationists the freedom to adopt a wideal gidspective of

biodiversity issues and to utilize ethical systems where their tisebgst apply.

Section Il began with an investigation of Costa Rica’s action anddégisiin favor of
biodiversity conservation, reviewing both the successes and failuitesttbng commitment to
environmental sustainability. | next summarized the experiences andsagg®f several
authors on the process of biodiversity conservation, also explaining thedtiguis of an
inclusive biodiversity definition and pluralist ethic on these peastiLastly, | proposed the
“evolutionary prioritization method” by which the myriad components of biodiyepsesented
in part | might be prioritized for conservation and management. By the end efttansl
presented a simplified list of suggestions from both myself and otherswit ways to improve

today’s conservation methods and better protect earth’s biologicasitiver

Though | am confident that the philosophical solutions proposed in this waak are
effective contribution to the theoretical and practical problemiadanodern conservation
efforts, | wish to make it clear that the ideas reviewed in the diregéhree sections are but a
step in the right direction. It is my hope that other conservatiorastgngprove and build upon
my thinking or find more suitable alternatives for the same questiongit®asy assertion of

their functionality, it is clear that these practical conclusamasfar from ideal. Thus, it is my
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hope that future research in addressing these difficult conservatidiogadscus on the pursuit
of more objective solutions, such as a clearer or more principled hisitiveoncept or a
universally applicable “master ethic” for the evaluation of bimalgphenomena. Thus, while
management practices must adapt continually to the best availinleesthe principles behind

conservation, too, must continue to improve with the advances in philosogsieaich.
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