What is Conservation Biology?

Introduction

Conservation biology means di erent things to di erent peoge. For the purposes of this
course, conservation biology covers all of those topics that b chosen to include in the
course and none of those topics that | haven't chosen to includ8eriously though, there are
reasons | chose what | chose to include. To understand what theyeaiit may help to begin
with a little history.

| don't think | have to convince anyone in this room that the wald we now live in is far
di erent from the one that was here a few thousand years ago. Ereason for that di erence
is two-fold: the growth of human populations and the enormairesource demands we make
on the planet.

The enormous increase in human population . The world had fewer than 3
billion people in in when | was bornt It reached 6 billion people in 1999. The increase
has been faster than exponential (Figure|1).

That's the bad news. The good news is that rates of population growth

appear to have slowed. The best guess from the United Nation's population
program is that world population will level o at about 9 billion in 2050 (Figurel 2).
Of course, 9 billion people is dot of people, and it means adding as many people to
the plant in the next fty years as were alive when | was born.

The enormous resource demands we make on the planet . Our numbers
alone would be enough to ensure a great impact, but we also use maf the planet's
resources. Peter Vitousek, Pam Matson, and Paul Ehrlich [6] estineal almost 20 years
ago that human beings capture over 40% of global net primary@ductivity, meaning
that we are responsible for consuming nearly half of the annuahergy input into the
world's ecosystems. A more recent attempt to estimate the same quiy [4] empha-
sizes how little we now about our cumulative impact. Nonetheds, the authors estimate
that humans appropriate at least 10% and possibly as much as 55%terrestrial net

INo, | wasn't born in the Dark Ages, just the 1950's. OK. Maybe that was the dark ages.

Cc 2003-2007 Kent E. Holsinger



Figure 1: Human population growth over the last 10,000 years.

/'

B —— High /
= 10+ —— Medium
z
i
X gl
o
5]
=
&
5 8F
a.
1)
a.
& 7r
=
Q

6

PRINCIPLES OF BIOLOGY, Third Edition, Figure 1.2 Associates, Inc.

Figure 2: Population projections for human populations though 2050.



photosynthetic production (TNPP). Their best estimate is that we appropriate about
32% of TNPP.

But that's only the impact we have on net primary production. | can't do it, but
it's conceivable that someone smarter than | am could imagine scenario in which
humans co-opt 50% of net primary production without a signi @ant impact on other
inhabitants of the earth. | can't come up with a sustainable sceio that allows us
to co-opt 50% of net primary productivity because of how much eive already altered
the face of the planet [7].

{ 10-15% of the earth's land surface is occupied by row-crop agiture or by urban-
industrial areas, and another 6-8% has been converted to pastland. Total
a ected: between 15 and 25%, 40-50% of land surface has beeansformed
or degraded.

{ 22% of marine sheries are overexploited or depleted, anothd4% are at their
limit of exploitation.

{ Humans use about 50% of the runo water that is fresh and reasoabéccessible.
Human activities add at least as much xed nitrogen to terrestial ecosystems as
all other sources combined.

{ Human activities are now responsible for xing as much nitrogeasall terrestrial
nitrogen xation by bacteria, and anthropogenic nitrogen xation is projected to
increase by more than 60% between now and 2050 (Figure 3).

All in all, 83% of the earth's land surface has been directly iruenced by human activi-
ties (Figure 4), and our impact is pervasive in densely populatl areas like the northeastern
United States (Figure 5). Peter Kareiva and colleagues poirdut that \we have domesti-
cated landscapes and ecosystems in ways that enhance our foodpsiap, reduce exposure
to predators and natural dangers, and promote commerce" [3, A866]

The Millenium Ecosystem Assessment [1] summarizes the four key ndjs of their study
this way:

Over the past 50 years, humans have changed ecosystems more tg@dd extensively
than in any comparable period of time in human history, larggl to meet rapidly
growing demands for food, fresh water, timber, ber, and fuelThis has resulted in a
substantial and largely irreversible loss in the diversity of lé on Earth.

The changes that have been made to ecosystems have contributedsubstantial net
gains in human well-being and economic development, but the gains have been
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Figure 3: Current and projected rates of annual nitrogen x&on due to human activities [1]

Figure 4. The human footprint index re ects human population density, land transformation,
access, and electrical power infrastructure [5]



Figure 5: The human footprint index clearly shows metropolén areas in the northeastern
United States. In addition to Boston and New York, which are labeld, it's easy to pick out
Providence, RI, Hartford, CT, Spring eld, MA, Worcester, MA, and Portland, ME. If you
know the freeways in the area, it's not hard to pick out 1-95,-91, 1-90, and others.



achieved at growing costs in the form of the degradation of mgrecosystem services,
increased risks of nonlinear changes, and the exacerbation overty for some groups
of people. These problems, unless addressed, will substantiallyndiish the bene ts
that future generations obtain from ecosystems.

The degradation of ecosystem services could grow signi cantlyovge during the rst
half of this century and is a barrier to achieving the Millenium Development Goals.

The challenge of reversing the degradation of ecosystems whiteeting increasing
demands for their services can be partially met under some sceapna that the MA has

considered, but these involve signi cant changes in policiegstitutions, and practices
that are not currently under way. Many options exist to conserg or enhance specic
ecosystem services in ways that reduce negative trade-o s orathprovide positive

synergies with other ecosystem services.

In the United States, it is possible to recognize three di erentesponses to these problems.
Groom et al. [2] refer to these responses as \ethics" because eachntended to provide
guidance about how we should act and the choices we should makeghwegard to our
interaction with nature.

The Romantic-Transcendental Conservation Ethic

In the mid-nineteenth century Ralph Waldo Emerson, Henry Daw Thoreau, and
John Muir waxed eloquent about the wonders of nature in a mystal, almost religious
language. Their writings convinced many of the need to savelwiplaces, regardless of
whether those places provide any direct economic bene t. TH&ierra Club, which was
among the earliest of the formal conservation organizationstagyv out of Muir's e orts
to protect Yosemite and other parts of the Sierra Nevada.

The Resource Conservation Ethic

In the late nineteenth century Gi ord Pinchot, Teddy Roosevét, and others recognized
that it was in our own best interest to protect at least some portins of the natural
world. Their motivation for doing so, however, was that we déved important \natural
resources” from the earth. Unlike the philosophical conservatdsts, who hoped to
protect natural areas for their own sake, Pinchot and the utitarians hoped to protect
natural areas for what they could do for us.

The Evolutionary-Ecological Land Ethic

The most eloquent exposition of this approach is, of course, in Adld_eopold'sA Sand
County Almanac It is, in many ways, a synthesis of the preceding two. It lacks,
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mostly, the quasi-religious overtones of Thoreau and Muir, @hit lacks the strictly
utilitarian approach of Pinchot. Fundamentally, the land ehic recognizes that we do
derive bene ts from nature, but the connectedness of ecologi systems means that it
is di cult, if not impossible, to identify only some componentsas useful.

The rst rule of an intelligent tinkerer is to keep all of the pieces. Aldo
Leopold, The Round River

We'll return to a more complete discussion of these ethical issuesthe last lectures of
this course. For now | just want to point out that the rst and thir d of these ethics are widely
accepted within conservation circles, but only the second hagén persuasive to those not
already committed to conservation. As a result conservation erts, especially those prior
to about 1960, were predominantly either concerned with:

Land conservation | setting aside parcels of land for protection and public enjoyment
or for scienti c research, e.g., theNature Conservancy

Wildlife conservation | management of game animal populatians to provide opportu-
nities for hunting, shing, and observation, e.g., theAudubon Societies and the
National Wildlife Federation

Interestingly, conservation e orts, at least until the early 1%0's, were almost entirely con-
cerned with biological conservation. In the 1950s and especially in the 1960s, these @ans
broadened into more general concerns about pollution and aation (Rachel Carson,Silent
Spring; Paul Ehrlich, The Population Bomb. Still, academic biologists in departments of
botany, zoology, or biology were little involved in providing advice to resource manager
charged with protecting endangered species or with managimgrks and nature reserves.
Resource managers were trained largely in departments of detry, natural resources, and
wildlife management|departments whose faculty often had litle contact with colleagues
doing basic research in ecology, evolutionary biology, and sgstatics?

In the late 1970s and early 1980s Mike Souk and others in tlgional biology departments
began describing the need for a eld of conservation biology @h would take the basic
principles of ecology, evolutionary biology, and systematicand apply them to the problem
of saving endangered species. Souk and Bruce Wilcox edited@ok, published in 1981, that

2There weren't any ecology and evolutionary biology departments until the mid 19®s, so far as | am
aware.

3Aldo Leopold was appointed Professor of Game Management at the Universjtof Wisconsin in 1933,
the same year he publishedsame Management



those in traditional biologists often regard as the founding acument of the eld.* In the
nearly twenty- ve years since Souk and Wilcox aSociety for Conservation Biology

has been founded, programs in conservation biology have sptexli(often in departments of
forestry and natural resources) around the country, and tradibnal biologists have shown
increasing interest in the questions conservation biologists g@ The focus of the eld has
also broadened. Two strains can be recognized within it:

Conserving endangered species | Demographic and genetic cogsences of small pop-
ulation size, population viability analysis, biology of small ppualtions, manipulative
techniques that enhance survival probability and design of mare reserves for particular
species.

Conserving functional and structural aspects of important e@ystems | Diversity and
stability of ecological communities, habitat fragmentation landscape ecology, island
biogeography, and restoration ecology

More recently, we've come to realize that the idea that thete a \nature" out there sepa-
rate from human in uence is wrong. There are degrees of humamuence, or domestication
as Kareiva et al. [3] call it. The course roughly follows theséémes.

The syllabus

First 40% of course deals with the biology of small populations

Middle 40% of the course deals with reserve design and with ecogystand habi-
tat conservation

These are often complementary but need not be

{ Few species on Federal list of endangered species in Connettiout we have the
largest tidal undisturbed tidal marsh habitats in the Northeast

{ Clarkia tembloriensissubsp.calientensig Only three or four known populations,
each with 100 or fewer individuals. The habitat? Completely nremarkable sand
hills near Bakers eld, California that are otherwise uninteesting biologically.

41t's worth noting, however, that the journal Biological Conservation began publishing in 1968. Moreover,
many biologists working in resource-oriented departments have regarded what thegio as conservation biology
since the 1930s.



Final 20% of the course deals with patterns and values associeith biodiversity
There are many relevant topics we won't deal with at all:

{ Pollution|air, water, groundwater, disposal of radioactive waste, pesticides,
electromagnetic elds

{ Resources|energy, forest products, petroleum products

{ Population

{ Politics | how to get policy recommendations implemented, how political con-
straints a ect policy recommendations, although we will deaé little bit with the
economics of biodiversity conservaticon

The discipline of conservation biology

Ecologists, evolutionary biologists, and systematists often suspgkfjudgement rather than
reaching de nitive conclusions.

Is inbreeding depression due primarily to the expression of reséve deleterious alleles
or to loss of heterozygosity?

To what extent does competition structure ecological commiitnes?

What are phylogenetic constraints and to what extent do they etermine the form of
animals and plants?

We may have strong opinions about these, but we (usually) recage that intelligent peo-
ple can disagree with us. Our most common statement is \Much moreovk is needed to sort
out this problem.” We seek the challenge of solving problemsdhare di cult, interesting,
and controversial. We sometimes enjoy the debate almost as muah the discovery.

Ecology, evolutionary biology, and systematics | Identify problems of interest, then se-
lects methods of investigation.

Conservation biology | Problems are chosen for us, must select mbbds of response
(management) and identify what we need to know to select thoseatihods.

SWe will obviously deal with politics to a limited extent. It's unavoidabl e when talking about conservation
issues. Our focus, however, will be on théiological issues associated with conservation, not the political
ones.



Conclusion
Conservation biology is a crisis-oriented science.

There's a lot we as scientists would like to know about the demaaphy of spotted owls.
We may feel uncomfortable making a recommendation because kveow how much we
don't know, and we don't want to make a suggestion only to be pren wrong.

A decision must be madenow about how much forest is necessary to prevent it's
extinction.

{ We are always tempted to say: \We just don't know enough now. Weeaed to
study the problem further.”

{ It sometimes feels as if we are being asked to provide an answerewtihe data
just don't justify it, but

{ Recommending that 10 years of additional demographic datanahe northern
spotted owl is necessary before any decision can be made is edentao deciding
now that 10 years of current practices will not doom it to extincton. Deciding to
recommend further studyis a decision. It is a decision that if there is a problem,
we can still correct it later.

{ Type I versusType Il error. As basic biologists the \cost" associated with re-
jecting a null hypothesis that is true is greater than that assaated with failing
to accept an alternative hypothesis that is true. As conservain biologists, the
\cost" associated with failing to accept an alternative hypotlesis, that thereis a
population decline for example, may be much greater.

{ We cannot avoid decisions or giving advice. We can only makeettbest decision
or give the best advicewith the data that are currently available

The vast number of species facing extinction precludes us frogaining a detailed
knowledge of more than a few of them.

Our understanding of natural ecosystems is so limited and the mtactions among their
components so complex that we can't hope to fully understand ém before we start
to manage them.

We'll talk more explicitly about methods for dealing with these uncertaintites later in
the course, but they will underlie much of our discussion througtut the semester.
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I'm going to argue in this course that biologists have the most t@ er to conservation
programs when they are:

Providing rough and ready guidlines for decisions made witliitle data.
Identifying what data will be most useful for future decisions.

Developing adaptive strategies that start out with the small arount of information
already available and build on it in a way to increase the chaes of success.
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