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BACKGROUND

The Aspen Global Change Institute (AGCI) was founded in 1989 to help scientists and
policy makers understand and respond to global change and environmental issues. The
ultimate goal of the Institute is to help all ofus gain more accurate knowledge ofOUT' global
environment and to foster responsible action to deal with the consequences oflarge-scale
change.

AGCI offers a summer program which provides an in-depth forum for scientists from
around the world to explore the latest understanding ofthe global environment and how
human activities affect Earth systems. Each two-week session assembles a cross-diseiplin­
ary group of researchers from both the natural and social sciences to further knowledge of a
selected topic in global change research.

A subcommittee of the AGCI Advisory Board selects the themes for the summer program
(three, two-week sessions> as well as session chairs who represent expertise in those areas.
The chairs then invite participants to attend their respective sessions. In 1991, a total of 101
participants from 13 countries attended the AGel summer program in Aspen, Colorado.

Key to the dynamics ofeachgroup is the diverse representation ofboth cultures and disci­
plines. The result is exciting exchanges and insights into the knowledge base required to look
at Earth systems from an integrated pel speetive, For example, remote sensing specialists in
extended dialogue with vector-bome disease researchers explore the potential ofcombining
6e1d-based and image-based risk mapping for the design ofintegrated and effective disease

.1 -1. _.- -- __ --- - .. t-L- __ .. _ 1 11 _ _.. ~L __~ .. .-.! _

control strategies. Universities and government labs rarely allow researchers to experience
such cross-discipJinary and cross-institutional exchange.

Earth systems are not well understood. Ifwe are to discem human impacts on the environ­
ment, such as increasing carbon dioxide concentration in the atmosphere, we must:make a
comprehensive global effort to further Global Change Science. It is imperative that we
gather this infonnBtion and share it with industrial leaders, educators, policy makers and the
public at large to build a consensus on how to create an environmentally sound blueprint for
the future.

AGel session participants create an international network ofscientists (summer program
"alumni") who have been stimulated by and connected to other researchers they otherwise
would not meet. The output of these synergistic sessions include national and international
research coUshorations, a series of reports avmlable to the research community, science
managers and public policy leaders, and the generation ofeducational materials for students
K-12through the Ground Truth Studies program.
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SUMMER PROGRAM 1991

Session I Remote Sensing, Environmentnl Change and Human Health

Session 11 Biogeochemical Cycles and Population Dynamics

Ssssion III Extinction and Global Change: Toward a Common Agenda for
Biodiversity, Conservation and Sustainoble Development
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EXECUITVE SUMMARY

The destruction ofn8!Unll habitats and the associated extinction ofvast nwnbers ofspecies is
a global change ofuatnudtmtld magnitude with potentially disastrous consequences. One­
halfofan the life fDnns on the planet could be lost in a single human lifetimeas a result of
deIoratalion and pollution. The prime agent ofglobal biotic impoverishment is undeniably
the human population. Development policies and practices which do Iitdeto protect and
conserve the n8!Unll reaource base, including biodiversity, are at the core ofa mass extinc­
tion event.

The bulk ofthe world'. existing biodiversity is found in remote Iropical forests and traditional
&gropastoral ecosystem8. It is essential that steps be taken to maintain a wide variety of
these ecosystems along a spectnml ofCOll8en'ationluse areas which are complementary in
several ways, 80 that different systems meet different combinations ofobjectives. This report
summarizes the discussions and conclusions of the Aspen Global O1ange Institute's third
session of the 1991 summer program. on Biodiversity. Conservation and Sustainable Devel­
opment. held in August 1991. The participants identified relevant unifying themes among
scientific diaciplinea in an effort to contribute to a more comprehensive understanding of
potential conflicts and linkages between biodiversity and development:

• The capacity ofecological assemblages to respond to natural change is a vital attribute
of the biosphere. Species depletion. however. will challenge the ability of the biosphere
to adapt to future climate change and may nega!ively affecthuman abilities to tuijust to
global wanning.

• Misunderstanding, under-valualion or ignorance of local knowledge and man&gemenl

expertise, 88 well as local patterns ofcustomary rights. often result in erosion of
biological diversity and undermine sustainable development objectives.

• When products &om or knowledge about biodiversity resources are passed dinlCdy to
outsiders. appropriate economic benefits rarely 8CCn1e to the primary source popula­
tion. Policies that promote secure local access to resources and long-tenn incentives
for their use are best able to maintain biodiversity and SU8taU1 international develop­
ment.

• Our knowledge ofplant and animal species (plll1icularly in the tropics). as well as their
distribution. abundance, ecology and relationship to human weU-being and develop­
ment. is emanely &mired. Biodiversity is inextricably linked to human resource use;
understanding such linkagesn:quires fw1her intl:grated cross-disciplinary resean:h.

• The objective ofenvironmentaleducation is to nurture environmentally literateworld
citizens. Recognizing that education is a two-way process, economically poor people
in biodiversity-rich 8I"e88 have substantiol indigenous knowledge to sharewith and
leach to the people ofmore developed countries.

PlII1icipants in this discussion offer recommendations ful1hering these efforts through policy
changes. management, research and education.

.~..

------··~t~-~: ------­BltxJiwrsity E!I IHw/otml",t '?, . e 1991~ GlobQI ChlJnl' /rutiIrM

s



PARTICIPANrS I SESSION ill
6 Dr. Milton MoClaRn, SeNion Qo.Chair

Aaooiale ProfClUOr. Eduo8&ion
Simon Pruer Univcnity
CANADA

Dr. ChrialDpher S. Potser. Seuion Co-Chair
Nldional R-.Jh Counoil Aaaoo.
NASA/Am. ReeoerohCenter

Mr.lohnKa~

DireotDr. Alpca GIobel Change lnatitute

Dr. Janis AIoom
Program OfIioer. Biodivonity Support Program
WorldWiIdlifoPImd

Dr. Miguel Altieri
At-iale Profenor. Diviaion of Biologioa1 Control
UniYOrlity ofCelifomia

Dr. CIvil BaineI
Environmental ComullDnt
UNlTBD KINGDOM

Dr. Ste¥on Benriok
Development AltenuItivoa

Dr. Rick Chappell
At-w. DirootDr for Soieneo
NASAIManhaIl SpaDO Plight Center

Dr. Rot-t CoetanzaIJI'. noDiii '-"041__

EavUv~.tuarinoStudies
a..apeak· BioJogioeJ Lab
Univonity of MlII"Yland

Dr. lama S. Diana
At-w. Profe.lOr. School of Natural RceoURCe
UniYenity of Michigan

Dr. Thurmsn Grow
Environmontal progrem Officer
W'mrook International

Dr. Guy Hllrtlhom
V_ President, CoftlOl'\lation Roeoaroh
WorldWiJdli(o Pwxi

Mr. Cbuok Hopkina
SabooISuporintlDndent. TorcmlD BoenI orBducaeion
CANADA

Dr. George L Jeoobeon.Jr.
BoIBnyJQuet.mlll"Y StudioI, BolDny Oopanment
Univonity of Maine

Dr. Richard Johnson
USRA/Star LabondDry
Staaford Univonity

Dr. CIviIlDpherJuatioo
NASAIGocIdard Space Plight Cenla'

Dr. Owen Lynoh
WorldRceouroca Inatitute .....,.,.,.,

Dr. Gregory Miller
Direotor. South Amerioan program.
Tho Naturo Conaorvanoy

Dr. Norman Myers
Conaultant, BnvironmentlDevelopment
UNITED KINGDOM

M.. RobynMy...
Eanh Syetem8c:lic:noe Divilion
NASA/Am. Reaean:h Center

Dr. Howard T. Odum
Director. Cen_ for Wedanda
Phd.. LlIboratDry
Univonity of Florida

Dr. M8I'1Ie1'Y 01dfieJd
Dcparuaent ofWiJdlifeIFiahcriol
Toxu A&M UniYenity

Dr. Clriatino Padoch
Aleociaro Sciontilt, InatituWEoonomio Botany
NY BotanioalGanIm

Mr. Paul Paryeki
CoordinatDr
PiaMsoll)'a Biosphere RoeenroProjoot
Univonity of Florida

Mr. Miguel Pinedo-Vaequaz
School or POIWlI'YlEnvironmentai Studio.
rW'WIAJUI UI ~U~u-tIa;,J'YV\IIUII"'YII,,",,1.UUIIIlI.

Yalo Univcnity

Mr. Charla Roth
Bduoational DoYeiopment Center

Dr. TolIUII Sohlichll:r
CATIB
COSTA RICA

Dr. S.H. Sohmor
Biodivonity OfrlClOr
Bureau for Sci_ and Technology
Agonoy for Inlllrnational Development

Dr. Amy Vedder
Coordinalor. BioiogioeJ Divonity Programa
New York Zoological Soeiety

M.. Reboooo Vccado Roj..
Co-DirootDr
Corporacrion Amlnute y Deeearrollo
ECUADOR

Dr. Caudo Villeneuve
Centre BcoIogiquedu Lso St. Jean
CANADA

Dr. William w....
At_tent Director (or Coneervation
WildlifeColllOn'ation International
N_ York Zoological Society

-,

J
r

..J

I
.J

,
(

...,)

I
\

.-J

J
I

J

J

J

J

1
J

J
,
I

..J

1
J

J
J

]
J



L
L
L
L
L
L

L
L
L

L
L

L

L

L
L
L
I
~

L
L

INTRODlJCflON

Our biosphere is undergoing a change ofsignificant proportions toward the mass extinction of
up to SO% ofaU species in the next century alone. Approximately 1500 species, most ofthem
unknown to humans, are being destroyed every year, a rate ofdisappeanmce that is hundreds,
perhaps thousands, of times faster than the "natural" background rate of the past 600 million
years (Myers, 1989).

Experts estimate that during the next 20-30 years alone, approximately 25% ofaU remaining
species may become extinct (Ehrlich and Ehrlich, 1981; Raven, 1987; Soule, 1986), leaving
behind relatively barren landscapes and a potentially unstable biosphere. Simply put, the loss
ofbiodiversity represents a catastrophic and largely irrevenn"ble global change.

Biodiversity extends to all fonns oflife - from crop plants and domesticated animals to individ­
ual wildlife species and, ultimately, to human beings. Global change resulting from biodiversity
depletion may be more critical to tife on Earth than the projected effects ofglobal climate
change. Unlike biomass carbon sinks, a natural species - as we know it - cannot be replaced
or recreated over meaningful human time scales. Once extinct. the valuable genetic and
cultural infonnation contained in a species is lost to the planet forever. Moreover, species
extinction and habitat loss are inextricably linked to today's most pres.~ingsocioeconomic
problems - exponential population growth, extreme poverty, landlessness, overconsumption of
nonrenewable resources by industrial societies, widespread environmental degradation and
pollution. While biodiversity is a global problem, it is of particular concem in tropical regions
because ofthe extraordinary combination ofrich biological and cultural diversity and the rapid

inmmein aplBilldsn BRIIUIi§D8~ 1118 Jilinn:

In contrast to global climate change, the causes ofbiodiversity loss are generally agreed upon,
and can be traced to humans. Human beings, in attempts to improve quality oflife for the
short-term, have appropriated and converted vast areas of the globe for urban settlement,
mono-cultural crop production and industrial development. Consequently, our activities are
resulting in the depletion ofbiodiversity at unprecedented rates and scales.

While people have caused mass extinctions, we have also demonstrated that we are equally
capable ofslowing and reversing the destruction ofbiodiversity. C...onserving and restoring the
planet's natural habitats, however, wiD require us to adopt a very new set ofvalues and
priorities related to socioeconomic justice and the environment. Highly innovative compro­
mise between economic development, equity and environmental protection objectives will be
essential.

In recent years, we have begun to recogni7.e and better understand linkages between
biodiversity and development. Such linkages have fostered the pre-eminent paradigm for
conservation science over the past decade. The applications of this science are directed toward
the mitigation ofconflicts through socially and ecologically sound conservation and develop­
ment. This session of the Aspen Global Change Institute was convened in recognition of the
importance ofbiodiversity loss as an irreversible and potentially catastrophic fonn ofglobal
change. Its mission was to assess the state ofknowledge and activities in the field and to make
recommendations for future action. This document represents a synthesis of thinking in this
area from a diverse membership ofnatural and social scientists and educators.

7
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GENERAL PRINCIPLES

There are several fundamental tenants that should be accepted a priori in any consideration
of the linkages ofbiodiversity and development. The following principles support a paradigm
for blodlversirvconservation and sustainable development science and application.

• Biodiversity is fundamental to the maintenance of critical evolutionary processes, as
well as to the healthy, sustained functioning of virtually all ecological systems at all
scales.

• Biodiversity represents the primary resource base for all sustainable human develop­
ment.

• Biodiversity and cultural diversity are closely interrelated. The current and future
status ofbiodiversity depends upon human actions moderated by our various cultures.

• Biodiversity is affected adversely by the unparalleled global increase in human popula­
tion. While rapidly growing populations in developing countries will inevitably require
more land and resources - with undeniable impacts on local biodiversity - high con­
sumption societies must bear primary responsibility for current resource depletion
trends, despite comparably lower rates of population increase.

• Biodiversity has evolved under conditions ofchange at variable scales and magnitudes
in reaction to the impacts ofgeologic, climatic and human activity on the Earth. The
current rate and scope ofhuman-induced environmental change, however, is overrid­
ing the inherent ability ofspecies, societies and systems to respond to change in order
to maintain balance.

• Biodiversity conservation requires environmentally literate populations which are

~nBwleJleablsabBH~§pEsie§ 9i¥Egi{f; SEBIB!ism rslaDBp.§hip§ iID9 Yn~Bis§ bsnrssn
patterns ofresource consumption and conservation. New and more effective forms of
environmental education and training arc keys to attaining this level ofliteracy.

DEFINITIONS

Biological diversity (biodiversity) refers to the variety of the Earth's living organ·
isms. their genetic components and the ecological systems which they inhabit. It is
an integral part of all the planet's ecosystems - temperate grasslands, arctic tundra
and deserts. as well as the more species-rich coral reef communities and tropical
moist forests. From a purely human perspective. biodiversity is the foundation of
our life-support system and the basis for sustainable development.

Sustainable Development refers to progressive transformations in societies and
economies that are designed to meet the human needs of the present, particularly
those of the world's poorest nations. without compromising the ability of future
generations to meet their own needs (WeED, 1987). Sustainable development
takes into consideration access to resources, degradation of the environment and
distribution ofcosts and benefits over time.

...;.;~-~.'-------_.·<-:.:......_~t..
Biodiversity & Development ""\~ e 1992 Aspen Global Change Institute,
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Figure 1

Biodiversity Corllillulllft Ba.tl 011 lrllnuity 0/H-.- Us«

Conceptual Framework
Biological diversity is found along a continuum that ranges from wild, uninhabited areas

(!l9b1llly hi!h in bi9mysnitY) tBlutif!; indmmel emI§ (~gbel!y!9W in bi9diy~f§itY): Th~
vast bulk of the world's biodiversity is found in remote wildlands. forests and traditional
agro-ecosvstems and nomadic systems. As the ~obaleconomy expands into these areas. the
leading edge of modem agricultural systems and urban industrial areas, low in biodiversity,
is encroaching rapidly on previously remote areas.
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As a framework for examining these relationships between biological diversity and develop­
ment, one can conceptualize a series ofecosystem types arranged along a continuum of
intensity ofhuman use or modification (Fig. 1). From left to right along the continuum,
ecosystems can be characterized from the extremes ofwild to converted, with systems of
intermediate modification found between. Such a spectrum is multi-banded, i.e, separate
bands indicate different biomes or Iifezone systems (e.g. tropical rain forests, grasslands.
tundra. ete.).

BioairJemty & DeveltJpmem

Maintenance ofa variety ofsystems along the spectrum results in a mosaic ofconservation!
use areas which are complementary in several ways:

• Discrete systems along the continuum meet various combinations ofobjectives con­
cerning biological conservation and development. Some of these objectives conflict
and cannot be addressed simultaneously within a single system. Many objectives.
however. can be achieved within a suite ofsystems.

• Effective and sustainable systems at any point along this spectrum are dependent on
functioning systems at other points. For example, diverse agricultural systems arc
often dependent on biodiversity and ecological services provided by less-modified

•••••••••••••••."/~;iig:~~j.'·•••••••••••••••••
". :~l~~. ~ 1992 Aspen GltJbal Change Institute
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systems: conservation of wild areas is dependent on stabilization of land use in more
modified surrounding systems.

• Diverse systems across and along this continuum ensure conservation of genetic.
ecological. cultural and economic diversity. In addition to the intrinsic values derived
from individual components. diversity at all of these levels provides a basis for adapta­
tion to changes at many scales and frequencies. Given the need for both conservation
of biological diversity and sustainable development. maintenance of a variety of
systems along the continuum is vital.

Conservation of biological diversity on a global scale requires consideration of the total
diversity - a&roSS all bands of the continuum. as well as akJn, each one. As described
above. the wild states of the various biomes are characterized generally by very different
levels ofdiversity. For example, tropical forests and coral reefs are far more species-rich
than boreal forests or temperate lakes. As a general role, the greatest variance in
biodiversity among systems of generally equal modiJication - but under different manage­
ment practices - is likely to be in the intennediate zone (Fig. 2). Higher variation at these
intermediate levels indicates that here, given a detennined degree of modification. choices
concerning management practices are most open to promotion or degradation of biodiversity.

People who live on the margins, where disturbance is encroaching on biodiversity-rich areas.
rapidly find themselves converting from a "traditional" to a "modem" existence as the global
market economy penetrates into the shrinking periphery. Under "traditional" existence
(Scott 1976), conditions reflected relatively high biological and cultural diversity, a locally­
based economy, dependence of the poor on nature for goods and services. low cash needs,
high value placed on biodiversity, high locale-specific knowledge ofnature, local "legal"
l'nntrnl nf~llrce..~.t:rncfiti0R~1cBRservaO'8R systems and I "subsistence ethic" (FiS!.3).centro 0 resources, O'aClIUO m c serva systems ana --su o:n:iu:m;t: c:UU\; \L·I~. a),

After the transition to "modem" culture, we find relatively low biological and cultural
diversity, a market economy, dependence of the poor on the state for jobs, high cash needs,
dependence on few species and habitats, preference for low diversity, poor knowledge of
nature. legal state control of resources. unstable "bullets and barbed wire" conservation
systems. conversion of nature to capital or commodities for sale, and the emergence of the
capitalist ethic.
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Figure 2 I Variation in Biodivenily Along Continuum Bands
U3inltrOflical rai,. /ore313 a3 an exampk. the biologicalJitln-Jily 0/lillk.motlirletl/orat3 is high, with a re14titlelysmaU
1'0"1'0/variation. Untln managnnmt. tlitlW3i1y0/31U:/s /or,sl3 may tl,tlin, a smaU or Ir,at _nt. tletwntlinlOft the

type30/manlJlmletd f'rDCtice3 tuJofJI,tL For,xample. many mJitltlen &jI3tIfrQ 0/agrinIlJ"r, resull in ItiglserktleU 0/
divenily t/san domore pnmDMftI 3_U holtkr tJot3.
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CHOICES

Loc.11zed cu~ Modern -GQneumet' cu~re
DI~ manaeemedofnaturefor floodelNrYlcee ColIWrelon of nature~~p~1
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Figure 3 I Global Temporal Trends Related to Biodiversity
Cultural.economic. political. agriculturaland technological changes have negativeimpactsonbiodiversity. These

factors.includinghuman'inducedclimatechange are. in thefinal anab'3is. reducing the biosphere's adaptivepotential.
Fragmentation of the landscape. erosion ofgeneticdiversityand rapid habitat change all reducethe biodiversity

avaiJabk-forhuman useand maintenance ofrelativelystabk biosphere conditions in coming centuries- andfor the

~~!!!!!!!~~ !!!I!?!! !!~~!?! ~ ~!!!~!!~ ~?!!!I!?!!!!~ !!ri.{!: !!!~~!?!I !~!!! ifI!!~~!~!!!!!!!!?!!~~!!!?!I~!O~!!!!!!?!~?!!!
treaties.however.offernew opportunitiesfor responsible resource management.
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Unifying Themes
There are many different stakeholders along the biodiversity continuum. Development can
serve the needs of a few or many. As members of the scientific community endeavor to
contribute to a more complete understanding of these potential conflicts and linkages, they
also must identify unifying themes and concepts among disciplines.

What follows is an analysis based on six major themes:
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I Global Change
II Sustainable Development
III Equity
IV Policy and Resource Management
V Research
VI Communication
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12 'IimME I: GWBAL CHANGE

Change at all time scales is fundamental to the Earth's climate and to all life. Evidence from
the fossil record suggests thB4 by lKtiusting abundance and distribution, plants and animals
generally respond individuaJly to the continuous and often large shifts in climate that have
characterized the Quaternary period (the past 2.4 million years). Through time, these
biologic81 responses have produced many ecological assemblages - the most recent examples
being modem biomes and communities that developed within the past few thousand years.
nus ability to respond 11> natural change is an essential attribute ofthe biosphere and the
millions ofspecies inhabiting Earth. .

Impending global changes, however, will challenge the extent to which the biosphere can
adapt to future climate change. These changes also may affecthuman abilities to adapt to
nudor environmental changes. Hwnan activities ofthe past few cenbJries -especially post­
WWII- have produced unprecedented new environmental conditions. ScientistB project that
global climate change, resulting in part &om human-induced changes in atmospheric chemis­
try, will be different from any changes that occurred during the past 10,000~ Land­
scapes over which continent-scale biotic reorganizations nonnally would take place have
been fragmented extensively by land-use practices that interfere with natural systems in
many parts of the world.

Although climate change, perse, has not destroyed biodiversity in the past, broad-scale
deseuetion ofbiodiversity today may well affect the ability of the biosphere to adapt in a way

that con pmvide Qhobitot capohle ofsupporting hll1!e bunum popu1stions, atleast at current
standards ofliving.

EXTINCfION FACfS

• Tropical forest biomes are being deforested at a rate ofgreater than 1% annually,
which may ultimately involve the extinction of roughly 50%ofall species.
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S,.,.&a: Brown. 1989: Myn-I,1989: OTA.1987

• High diversity coral reef and wetland ecosystems are being depleted even faster
than forests.

• Each year, an area of about 6 million hectares ofland (nearly twice the area of
Belgium) is degraded beyond practical hope ofrestoration.
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• The vast rnl\iority of tropical forest depletion can be attributed to four hwnan
activities: logging, fuel-wood gathering, catde ranching, and slash-and-bum cultiva­
tion.
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Case Study

SATElLITE MONITORING OF TROPICAL FOREST

Remote senaingoffenI the potential for monitoring the tropical forestBof the world. Landsat
technology haa been available since the early 1970s. providing data with which to map
general forest type and srea. The U.S. Govenunent has dedicallld considerable effort and
resources to tr8n8fening LANDSAT data inte:rpletabon techniques to tropical countries;
yet the opereDonal use of these data is yet to be fully ree1ized. The financial resources of
national forestmonitoring agencies have been inadequate to permit extensive use of temOte

sensingtechnology to 8 1q&ment conventional methods offorest monitoring. Efforts to com­
mercialize data from space in the 19808 continues to limit data availability in the 19908.

While coverage ofcritical areas in the tropics hasbeen limited, there are specific examples,
such as in Bl'IIZil and India. where nationa1sateUite data collection policy and satelIite-based
forest mapping have provided comprehensive national mapping projects. Additional high
resolution data from the French SPOT satellite has provided increased potential for data
acquisition, but aa with the LANDSAT 8}'8tem, the use ofthe data is constr8ined by prohibi­
tivelyhigh pricing. The development ofcoane resolution saaellite analysis, has led to im­
proved monitoring capability of forest fires andvegetation status. 'The launch ofthe Euro­
pean E8r1h Remote SensingSatellite (ERS·I) microwave system holds additional potential
for monitoring the tropics.

TC}Cj~y~~cems about fIlobalch~ and biodiversitr arel~ to increased attention to
the tropical forest I'CIIions and there are several efforts underway to provide improved
estimates ofdeforestation. For example, a U.s. Interagency Initiative led by NASA was
developed in 1991 to provide improved data coverageand infer1m=talionofCutTellt and
historical LANDSAT data for a large portion ofthe tropical belt, with the objecdve of
contributing more precise infonnation about global carixx'a fluxes. The European Conunu­
nity is planning an international collaborative effort to produce a global map ofthe tropical
moisthumid foresm using 1km spatial resolution data from the National Oceanicand
Atmospheric Administration's Advanced Very High Resolution Radiometer (AVHRR)
sensor.

Our cunent knowledge of the extent andthe rates ofchange of the world's tropical forestB is
poor. Statistics IlI08t often quollld are those produced by the United Nations Food and
Agriculture Orgsnizaaion in 1980 as part oftheirTropical Forest Assessment (TFA).
Thesedata were a compilBlion ofexisting national statistics with very lilde primary data
generation. In IOIDC C88C8, the national estimateswere derived from maps and data sources
generatedseveral }'e8I"8 before the assessment.

The statistics for Zaire, for example, were produced l8J1lely from maps made in the 1950&
As part of the 1980 TFA, a remote sensingdemonstration study was produced for Togo,
Benin and Cameroon using LANDSAT data which generated new infonnation. The
approach. however. was not continued or expanded to provide comprehensive mapping of
countries where the existing statistics were clearly inadequate.

-------m~.•'.-------­
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Since the 1980 assessment. new regional and global statistics have been gathered and have.
at best. offered educated guesses as to the remaining area of forest and rates ofdeforestation.
Some of the more advanced national monitoring programs have provided up-to-date re­
motely-sensed base maps of forest resources, but such studies have been limited to a small
number ofcountries within the tropical belt. There is now a need for the space agencies.
satellite data providers and the forest monitoring agencies to work together to implement
effective operational monitoring of the global tropical forests.
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Case Study

CONSERVATION LESSONS FROM THE GEOLOGIC REcoRD

Global climate ofabe pat 2.4 million years ("11te Quaternary Period") has undergone
regul8l" glacial cycles, which are driven by variations in insolation associated wiab abe E8I1h's
orbital p8l"8llle!enl. Each ofabese cycles experiences a process of:

• gndue1 cooling
• development and apansion ofcontinental ice meets to maximal,

but unstable, po&itjona
• rapid collapse ofabe ice sheets
• relatively briefwarm period (interglacle1)

The last nine ofabe glacial cycles have had a dominant &equency of100.000 years; earlier
cycles were clOlerto 40.000 years. Superimposed on these relatively long osciDations are
high-&equency variations at time .:ales ofcenturies, decades and years. PaJeo.ecologica1
n:construetions demonstnlle abat vegdalion hes varied almost continuoualy wiab the fluctu­
atingclimates. Through time, abe individue1istic responses of taxa to changing conditions
have led to reorganization ofbiotic 8S8OCiations at local, regional and even continental scales
- changes that are variable in rate. but virtually continuous. Particular biotic assemblages
that existtoday have lilde intrinsicevolutionary signi&cance because Ihey were maped
largely by abe conditions ofabe present interglacie1 period - itselfa highly unusual time in
recent Earth history. This and other interglacial periods account for only 10% ofabe time
d~ dIep~t 2.4mil60n yean; abe~ 90S ofabe time eocperienced colder, "ice-."
conditions.

Hunter et al. (1988) propoeed a new approach to maintaining biological diversity based on
some ofabe peaspectives gleaned from Quaternary paleo-ecology, especially evidence from
fossil pollenstratigraphies (studies ofabe difFerent types and amounts offossil pollenin
difFerent geologic layers, see also, Graham 1988). These stratigraphies indicate that plant
taxa have responded to past climate change wiab highly individualistic changes in ranges, and
thus cannot be members of tigbdy evolved conununities that persistfor long periods of
ecological or evolutionary lime. Therefore. the prolection ofbiota or a aep. eseiltaDve array
ofcommunities should be based on consideration ofphysical environments as arenas of
biological diversity. rather than on abe particular assemblage ofspecies temporarily occupy­
ing those environments.

The prospect ofglobal change engenders two fmther suggestions. First, nature reserves
mould encomp_ a widerange ofphysical environmenls to allow organisms to adjust their
local distribution in response to long-termenvironmental change. Second, nature reserves
should be connected. ideally by large-scale (continental) corridon. to allow species to change
their geographic distributions in response to l1U\ior changes in climate - much as they have in
the past.
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1iml\m II: SUSTAINABLE DEVELOPMENT

Development is a legitimate human aspiradon and goalfor any nation and Corany people.
DeYeIopment eftOrts invariably have an imptM:t on biodiversity which can be either positive
or negative. Convenlional development st::rat.egies seeking to improve our weJI-being by
raising the GNP. however. do not usually value biodiwnity. Economic development
typically promotes growth without qualitative improvemen1B. Most~ development
projecaa have direcdy or indirecdy eroded biological diversity. 'The lossofbiodivenity
genendly undermines development objectives, p8lticulariy in nandsectors. Ultimately,
integnded conaeI'V8tion and lUltBinable dewIopment projecIB have the best chance of
conserving our planet's biodiversity.

Cost-benefit analyees nonnally assess only the short-tenn potenlial market values oCbiologi­
cal elemenlB considered 88 nBtural resources. Altemative models that include conceplB of
future opIiona and long-term 8U8t8insbility (e.g., Daly &Cobb, 1989; Odum, 1988), subsis­
tence value and food eecurity issues wsrrant serious consideration by mulIinationaidevelop­
ment banks, other development agencies and naaional g<Jvemment& Beyond bwlitional
economic values, other development-reIaII:d values 81'8 being incre88ingIy recognized. 'These
include aesthetic, scientific. heritage and edUca1 values. Though it is dif6cult to quanlify
the&e values, aaempI8 81'8 being made to integrate existence values and inter-generalional
equity into economic analyBe8 (Norgaard, 1991).

Local organizations are more successful at meeting the development needs ofcommunilies
while conserving biodiversity. When local participaboD is involved from early planning
Ihrough implementation stages ofprojecl8, their ch8RCC8 ofeffectiveness increase. Experi­
ence has shown that local knowledge ofuse and mansgement ofbiodiversity can be Sl'OC Il LIS

fully incoJ"l)Ol'8lalinto both conservation and ftII'B1 development project& Conversely,
failure to acknowledge and utilize valuable local reIIJOUI'Ce8 can be dev8Il8Iing for l!IU8tainable
development. Misguided development policies that result in non-suatainable resource WJe8

reflect extemal forces such 88 pressures to service foreign debIB. Some irmovative prognuns,
such 88 conservation b'U8t8 and debt-for-Ds.ture swaps, can help a1leviare these pressures.

New leChnologies offer considerable potential for improving biodiversity management. Yet
tnInsfer oftechnology for monitoring environmental change (e4.. remote sensing, nlUunll
resource indicators, monitoring) and organizing environmental infonnation (e.g., geographi­
cal infonnation~) often faiL Ironically, technologies that degradebiodivenity have
been readily aooepted, Environmental COII8 and benefilB of technology applications 81'8

&e1dom analyzed and evalualed in development project&

Some teehno1clgical innovations banned in developed countries 81'8 sIi11 manufactured (or
export to lesser developed conntriest where applications of the technology 81'8 uncontrolled
(such as unidentified, dangerous pesticides sold in nnlabeled containen). Recendy, more
biodiversity-friendly technologies (such 88 in1llgnlled pest man&gement and pollulion reduc­
liord are entering the technology transfer tnck.
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Case Study

TROPICAL FOREST MANAGEMENr AND BIODIVERSITY

The Palcazu project is an innovative sustainable development project based on the manage­
mentofspecies-rich aropical forests in a small Peruvian valley at the weslem edgeofabe
Amazon basin (Hartshorn, 1989),see figure 5, page 20. The aropical rain forests in the
lower valley (300-500m elevation) average 185 tree species per hectare (for aU trees 100m or
more in diameter at breast height) and Ihere III'e an estimared 1,000 species of trees in abe
smal1 (20 x 10km) va1ley. Land-use capability of the lower valley gives the following maxi­
mum sustainable uses; seasonal crops (1.6%); puture (13.3%);perennial crops (14.4%);
production forestry (46.2%); and protected forests (18.6%).

Approximately 60% ofthe 6,000 inhabitanIB of the Palcazu valley are Amuesha Indians
grouped in 11 naDve conununities. Nearly half ofabenatural foresta in abe lower valley abst
are suitable for production forestry IIJ'e on landcontrolled by abe Amuesha nalive communi­
ties. Vutually all ofthe steep lands above 600m are in the Yanachaga-Olemillen National
Park, two protection zones and a communal forest reserve; the latter for, and under the
control of, the Amuesha Indians •

Prior to initisting the Palcau project, local land use wu mainly in extensive pastures for
beefcaule. Amuesha Indians were entering into cattle raising through share cropping
offered by the economically-dominant colonists. Thus thelowervalley was at the threshold
ofsignificant deforestation dueto the preference for cattle 118one of thefew economically-

- - - -

viable aetivilies for colonists and Indians. 'The Palcazu project offered the Amueaha an
allemaDve to cattle ranching: sustainable forestry. The Ymesha Forestry Cooperative
(COFYAL) was fanned in 1986 by 6ve native communities and nearly 100 individual
Amuesha members as a mechanism to organize the production forestry activities and
distribute abe profila from sellingprocessed timber. COFYAL is the first forestry coopera­
live in the Amazon basin.

In order to add value to typical forest products such as timber, a small processingcenter was
built on land ceded by the Shiringamazu naDve community to COFYAL. Processing
capllbility includes a small sawmill, a portable chlll'C081 kiln, and a separate facility for
preserving round-wood (5--35 em in b8llC diameter). Preservation ofposts and poles is done
with a presCap that fila over thebase of a debarked pole and uses hydnw1ic pressure to
replace the sap with a pleservalive. orthe 250cubic meters ofhlU'Vestable limber per
hecllll'e, about 60% goes to the sawmill and -40% for round-wood preservation. Unusable
timberand scraps are converted to chan:oal. Local processing enables COFYAL to market
virtually all the timber from their production forests.

Natural produclion forests in Amuesha naDve conununities III'e managed by abestrip clear­
cut technique. This technique promotes outstanding natural regeneration ofhundreds of
native tree species. The nuVority oftropic" American tree species appear to bedependent
on natural gaps in primary forests for successful regeneration. Furlhennore, most of the
light hardwoods and many of the heavy hardwoods (e.g••Swietenia, Diplotropis) are gap-
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dependent species. A strip clear-cut is an elongated gap that simulates the natural gap phase
dynamics of tropical forests. Two demonstration strips «.5 hal established in the Palcazu
valley in 1985 had over 200 tree species in less than three years after clear-cutting, The
number of tree species per 10 x 10m subplot averaged 40-50 species. The strip clear-cut
technique is an excellent means of maintaining tree species diversity in tropical forests.

The Palcazu forestry project is integrated vertically and horizontally, Vertically, the
Amuesha native communities through COFYAL control their production forests, process
the timber locally and market sawnwood, preserved posts and poles and charcoal to a variety
of markets. Horizontally, the Palcazu project integrates ecological. economic and socio­
political principles into a production system for the sustainable development of tropical
forests that conserves local biodiversity and counters tropical deforestation.

Population and Consumption
• Since 1900, the human population has increased three-fold and consumption

of fossil fuel energy has increased 12-fold.
• Population growth is greatest in the tropical regions. For example, the popula­

tion of Rondonia in the southern Amazon has increased ten-fold between
1975-1986.

• Humankind currently appropriates about 39% of the Earth's net terrestrial
primary productivity.

• The average North American utilizes 150 times as much energy and other
natural resources as an average Bangladeshi, Ethiopian or Bolivian.

• Ifeveryone adopted eating habits common in the United States, the planet
could produce only enough food to support about half its current human
population.

• The greatest population explosion is still to come.

SOtlrCI~: Bf"Oft11l, 1989: Katn et aL. 1989. ,uynJ. 1989. 1990: Vitou~d et ai; 1988
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'THEME ill: EQUITY

Equity issues afl'ect biodiversity conservation at multiple levels and must beviewed from a
broad perspective. The m.vority of the planet's biological wealth is found in poor, economi­
cally less-deveJoped countries, while the financially wealthy nations tend to harbor much less
diverse biota. For example. Ecuador is one of the poorest countries economically and yet
one of the richest &om the standpoint ofits biodiversity. 1l1ere are groaly unequal economic
relations between the less- and more-developed countries; the latter control both terms of
trade and conditions ofdebt. More-developed countries have an interest in preserving
biodiversity, whiJe Jea.deveJoped countries seek to share ofthe costs of thebunlen.

While inequity is a serious problem for North-South relations, it also is a problem withi"
many nations and cultures. Where there are estab6shed elites controlling access to land and
other resources. the development potential ofleas-favored populations inevitably is limited,
forcing them into more~alizedfonns ofexistence and ultimately into direct conflict
with conservation interests.

Most nations claim ownership ofnearly all forest and aquatic resources located within their
t.erritoriallimits, encompassing most natural habitats rich in biodiversity. Nations usually
ignore. however, the customary property rights held by many ofthe more than one billion
people (approximately 20%of the world's human population) who are direcdy dependent on
tropical Corestsand near-shore marine resources. Govemments in developing nations
£requendy lack the administrative, technical and/or financial capacity required for conserva­
tion and deveiopmenL

There is a pressing need to create and/or recognize existing local-level, short- andlong-term
incentives that promote the sustainable use ofnabmll resources. Partnerships belween state
and community offer opportunities to overcome these problems. Policies that promote
secure local access to resources and long-term incentives for their use are best able to main­
tain biodiversity andsustain economic deve10pmenL One effective and cost-e8icient re­
sponse entails the recognition ofexisting, community-based customary property and/or
marine rights bosed on long-tenn occupancy. Another option is granting community rights
through social forestry and community fisheries programs.

In many traditionalcultures, knowledge ofplll"ticular qualities and uses ofplant and animal
products repleseiltS a Conn oC accumulated wealth. When these products, or knowledge
about them. is pased to outsiders, the benefits rarely accrue to the primary source popula­
tion. Acceptance of the twin concepts of"geneticpatents" and "intellectual property rights"
- while complicaaed - would help to reduce this inequitable situation.

---------...m~i:;• •·~ ·---------­Bi«Jiwnity e DIw/opmmt ";"·'~1;,».... C 1992 Asp". Global Cha",. In.stil1ll,
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Success or failure in achieving conservation is related to ethical commitments that influence
decision-making. Communities dependent on biodiversity traditionally operate under a
subsistence ethic (Scott. 1976) that defends biodiversity and recognizes human rights to
subsistence. Modem cultures, however, value nature as something that can be converted to

capital for investment elsewhere. Unless modem cultures reincorporate an ethical commit­
ment to maintenance of a common human planetary resource base of which biodiversity is
an integral component, future options for economic development will be increasingly limited.

Finally, from the philosophical field ofethics, the concept of intergenerational equity holds
that human populations have an obligation to pass on the fullest possible range of resource
use options to future generations. Wider adoption of this ethic has clear implications for the
conservation of biological diversity across all current cultures and populations.

..~~-,." .'••••••••••••••••.
Biodiversity l!:J Dwelol'ment ,,' e 1992 Aspen Global Change Institute

I

~

I

J

I
I

"""
"
I

d

I
...J

I

i
..J

J

I
d

,
I

..J

i
.J

J



r

L
(

I
b.J

L
(

l,

L

r
L.

f
Lv

L

r
\
I;;;J

r
J
I
6.,

i
I

Lu

r
I

~

Case Study

COl\1l\1UNITy-BASED CONSERVATION IN THAILAND

Throughout the world, outsiders overlook biodiversity management by rural residents within
traditional conservation systems. National governments. eager to generate income from
forests. dcny communities the right to forests they traditionally have occupied. Thailand
provides an illustrative example (Lynch & Alcorn 1991).

Community forests here are administered by user-groups, but communities do not have legal
tenure to these lands. Management ofmost community forests consists ofselective protec­
tion: i.e, there is minimal interference with the natural forest. From their forests. fanners
reap the ecological services ofwatershed protection. as weU as a wide variety of nonwood
forest products including foods. medicines, craft and construction materials. Surveys of
villages with community forests reveal that halfof the annual household consumption needs
are met from forest products, either directly or from cash derived from their sale.
Communities regulate harvesting, while villagers take responsibility for watching for illegal
activity in the forest and for arresting and fming those who violate the roles.

But in spite ofsuch conservative use. hill tribes are. in effect, punished for their protection of
forests - their lands are being declared protected areas: rights of residence are denied, along
with rights to maintain the forests. A recent effort to extend the protected area system to
include 15% ofthe land area led to the inclusion ofstill more villages inside the boundaries of
National Parks. In a typical case, the cultivated lands, the traditional irrigation system and

the forests ofvillages iii Wang Nua District of Lampani! province were inooi;iORileit info Doi
Luang National Park in April 1990. While villagers have 90 days to protest by law, they
were not notified of the demarcation until the deadline had passed. Even district level
officials were not informed of the demarcation.

The Thai government now is considering giving communities long-term leases for
community forests, but only if the forest is certified as "degraded." Debate continues. A
recent analysis ofbiodiversity conservation in Thailand (Lohmann 1991) concludes that
villagers, not the state, are the principal defenders ofbiodiversity.
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THEME IV: POUCY AND RESOURCE MANAGEMENf J

Policy and resource management can be the most serious constnUnm IDconservation and
wiseuse ofbiolClgicaJ diversity. The exploitation ofnatural resources often is based on a
mispenx:ption that these resources ere unlimited, resulting in laws and regulations that
promote resource depletion. Management in thebroedest sense deem meet natural sys­
tems. Vu1ually all8}'8tems are influenced eitherdirecdy or indirecdy, by various combina­
tiona ofpolicies, practices and cumulative efl'ectaofhuman activities.

Policies promoting secure local access IDresources and long-tenn incentives for their use are
best able IDmaintain biodivenity and 8WIt8in development. The integration oflocall'e8OUl'Ce
management atnUegies, such as extractive reserves, villsgelake and forest reserves inlD
regional and nalionallevel programs, is important for their etIectiveness and long-Ienn
success. Sustainable resource management systems are those that are well adapted to local
social and ecoIogioal conditions, while oriented to the maintenance or enhancement of
biological diversity.

A trend isgrowing in the internadonal development commnnity to include biodiversity
concems in programportfolios. Biodiversity projects, however, tend to be isolated or mar­
ginallD core development issues. Furthennore, international organizations usually do not
include a specific program focus on integrating biodiversity consen'aIion with sustainable
development.

Case Study

MOUNfAIN GoRILLAS AND MULTIPLE USE

The African nabon ofRwanda has proven to be an excellent laboratory for testing effOr1B to
integnUe conservadon and development interesbl since the laJe 1970&Covering only
26,338Jan2 ofrogged temJin,landiocked and void ofmiUor mineral resources,Rwanda has
been forced to depend on its rich land resource base IDsabsfy both the subsistence and
development needs ofits populaDon. 90% ofwhom work in the fanning sector. This task is
complicated by a human populaDon density ofmore than 300 per kmzand an annual p0pula­
tion growth raIe of3.7%. Yet, despite such pressure on the land resource base, more than
16% ofRwanda remains in natural savanna, wetlands and forests. providing critical hsbitat
for a surprising diversity ofspecies. Resolving the conflicts inherent in this situation is the
principal challenge ofseveral development projects.

The Vmmga volcanoes rise to heights of4,5OOm along a 65km range in northwest Rwanda.
Covered with rain forest and alpine plant communities, thearea was set aside in 1925 88

Africa's 6nt nabonal parle in an effort to preserve the rare mountain gorilla. Fifty yean
Isla', though much more is lmown about this special creature through the work ofGeorge
SchaUer and Dian Fossey, ita end&ngen:d status is further heightened by a nearly 50%
populadon decline to barely 250 individuals.
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Faced with the prospect of their imminent extinction. an interdisciplinary research project
was undertaken to study the causes of the gorilla's decline and to recommend appropriate
courses of action based on the results. The first part of this study involved classic conserva­
tion biology. The results of a new census, combined with existing long-term data on popula­
tion dynamics. showed the clear effects ofpoaching and habitat loss.

The second part of the research initiative focused on social, economic and political factors
affecting gorilla conservation. Beyond the obvious problems related to overpopulation,
poverty and landlessness. several other key issues emerged in the course ofthe study. First,
local populations perceived no inherent value - scientific, esthetic or moral- in wildlifeor
forest preservation, per se. Among non-consumptive economic values, only a minority cited
tourism, probably because annual park income totalled only a few thousand dollars. As a
result, political authorities permitted clearing of almost 40% ofthe Pare des Volcans in the
late 1960s, and a majority of the local population wanted another 33% for a cattle ranching
development scheme in 1979.

Armed with this infonnation and faced with continued poaching and the prospect ofmore
forest conversion. a multi-faceted effort to save the gorillas was conceived in 1979. Known
as the Mountain Gorilla Project (MGP), this initiative had three key components:

• hiring, equipping and training guards to control poaching and illegal forest use
• education to increase understanding ofconservation issues and to affect local attitudes

toward wildlife
• tourism development, focused on gorillas, to generate employment and revenue at local

and national levels

Although results in each sector were impressive, the tourism program was the driving force
behind conservation over the next decade. In 1989 alone, more than 6,000 visitors paid over
S1 million in direct park entry fees to see wild mountain gorillas. while spending an additional
3-5 million dollars in the course oftheir visits to Rwanda. nus, in turn, generated several
hundred local jobs and a significant increase in popular goodwill, not to mention the political
will of Rwandan authorities to take seriously their commitment to conservation. Not
coincidentally, the mountain gorilla population increased dramatically during the 19808, from
its low of barely 250 to 320 individuals - still endangered, but faring far better.

Although initiated by non-governmental organizations in collaboration with the Rwandan
government, the success of the MGP in balancing conservation and development through
tourism also attracted the interest of international development agencies in the late 19808.
The U.S. Agency for Intemational Development, in particular, provided both direct support
to the project and. perhaps more significantly, indirect assistance through efforts to improve
general land resource use in the Ruhengeri watershed outside of the park. While the results
of this latter initiative remain to be seen, a similar partnership already has proven effective in
a parallel project in the Nyungwe Forest in southern Rwanda.
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Case Study

WllDLIFE ISSUES IN WESTERN NORTH AMERICA

YeUowstone National Pmk and its ecosystem can be used to illustrate many of the land use
issues which surround the conservation ofbiodiversity in the developing world. YellowslDne
is our oldest national park (in a real sense, the oldest in the world). partly because ofits
spectacular natural resources. These include threatened and endangered species, such as
thegrizzly bear, bald and golden eagles, bighom sheep. bison and (possibly) wolf. The park
covers over3.000square miles - one ofNortb America's largest protected areas.

At about the time the park was constituted, the indigenous native Americana were dispos­
sessedof the land in the area. Ranchers came to the valleys to graze catde. Stock and
people-threatenjng predators were killed by the ranchers and the early guantians of the
Park. Despite effortsto institute controlled hunting ofbig game, irrevocable changes tran­
spired. Wolves were extirpated in Montana by the end ofthe Second WorldWar. 'Therange
ofthe northern Yellowstone Elk herd eventually exhibited some of the most overgrazed land
in America.

In contemporary times, land uselbiodiversity issues are as volatile as ever. Ranchers do not
want a retum ofwolves; villagen who nm concessions. g8l"8iles and other tourism-related
services want fire protection; hunters do not want elk culled to preserve the degraded range.
Meanwhile, abe American publicat large witnesses the controversies with little understand­
ing ofthe issues surrounding their fIaphip park.

Fortunately, it appears that in the 19908, for ~e first time, the entire ecosystem is being
considered as a meaningful management unit. Public discussion is facilitadng communica­
tion between custodial and user conununities; GreaterYeUowstone Interagency Manage­
ment committeesalso are dealing with resean:h needs. Under proposal are such issues as
introducing wolves back into the system. It remains to be seen if thisnew, integrated ap­
proach to the entire system will result in more equitable management or in a restoration of
fonner diversity. There is more hope now than in the past, however. because ofan ap­
proach which addresses the seminal problem - an incomplete island ofdiversity in an in­
creasingly allocated landscape. Similar situations in the developing world abonnd.

,;~:: ;~f....... _
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TImME V: REsEARCH

Over the last 10 yean there have been significant advances in our understanding ofbiodiver­
sity. There are still. however,~ gaps in our knowledge. For example, we do not have
comp1de biological inventories for any place on B8db; we know very little about the interd~

pendence ofspecies within discrete communities; and we can only speculate about the ability
of fragmentedconununities to reorganize in response to human-induced and natural climate
forcing. R ~ Iiearchis fUndamenlBl to integrabng the objectives ofsustainable development
and the conservation ofbiodivenity, and to understanding theirin~reIaJ:ionshjps.

Biodivenity is linkedinemicably to human resource use. Understanding theee linksgee
requires directed on:hestraaion ofcross-disciplinary research. Currendy, there are~or
obstac1es to conducting truly crosa-disciplinary research in tenns of the disciplinary orienta­
tion offunding agencies and research institutions. Furthermore, there are several institu­
tional gaps for the supportof the necessary research and development. Cross-disciplinary
research that focuses on integrated conservation and development projects requires long­
tam visionand planning; it can not be accomplished on the short funding cycle (generally
three years) offered by most research institutions.

The current knowledge-bsse associated with previous research and development experience
is not readily avBilable to those concemed with resource man&gement. Mechanisms for
project reporting and evaluation ofdevelopment projects result in infonnation that is not
acceasible. In addition. procedures for incorporating and transfonning the resulta ofscien­
tific reaeardl into appropriate policy are inadequate, often resu.lting in an institutional chasm

lietweeii reiCsre6 iii~ policy.

Our knowledge oftropical plant and animal specics, 88 Wel188 their distribution, abundance,
demography and paleoecology is extremely limited. Reliable and quantitative inventories are
fundamental to the study ofbiodiversity in s1I systems. Linking the resu1tB ofbiodiversity
researchat diJl'erent scales is inherendy problematic and has )'et to be adequately addressed
by the reseBJcll community. Remotely sensed data have the potential to focus on some of the
questions ofscale. The availability ofhigh resolution satellite data most appropriate for this
type of research is effectively limitedto the research and development community by exorbi­
tant cost, with incomplete and non-systematic data coverage, thus hindering ulHO-<late
inventories ofbiodiversity and rates ofchange.

Traditional resource use is often ignored in the developmentofmanagement st:rBtegies.
Recent research has shown that there are considerable benefils to incorporating traditional
methods ofresource use and management. Research on practices relies on descriptive
approaches. The variation inherent in biodiversity and resource utilization presenls prob­
lems for research to identify generally applicable approaches to resource management.
Local-scale research appears to provide the most promising resu1ta. The chsllenge is to
coalesce local management approaches with regional management schemes.

-------•..;.~~1itiJ·'·--------­BitJdiwnil1 8 IHwlopm"., p<,~ 0 1992~... Global Chtm,./rutiluU
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There is a consensus that long-term monitoring will be required to fully evaluate the effects
of human impacts and climate forcing on global biodiversity. The strategies for long-term
monitoring must focus on critical areas of unique and/or high biodiversity and key environ­
mental gradients, rather than on indicator or specific species. Long-term monitoring will be
required to assess the sustainability ofdevelopment in the context ofconserving biodiversity.
Most research and development projects do not include a monitoring component, let alone
the long-term monitoring crucial for assessing change, understanding systems and evaluating
project accomplishments.

Modelling is an important tool for understanding the interactions and dependencies among
the various components of natural and human systems. There are few examples, however,
of models that link biophysical, cultural and economic clements to provide useful input for
policy making. Large-scale mini-models that drive landscape models offer some promise in
this respect.
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1'HEl\1E VI: COMl\ruNlCATION

Free flow ofinfonnalion concerning biodiversity promotes and facilitates conservation
through discussion, training, exchange, education and extension. Education is an essential
preoeondilion for construcbve changes in our relabonahip with ocher human and non-human
clemen.. of the globel envil'orunent. A public educued about biological diversity will appreci.
ale the inleidependence between diversity and the welfare ofall life fonns, be aW&re of the
uq&ency to protect diversity and value its c:ontinuance. This understanding includes the
recognilioo that coneervlllion ofbiodinaBity in the long-term entai1s conserving dynamic,
ewlving ecosyBtem& An envirorunentally litende pubticwill be prepued to make decisions
that result in ecologically 8U8t8inable activities.

The long-team objective ofenvironmental education is to nurture environmentally litende
world cilizens. In pBl1icular, we need to target and enOQUi'8ge policymakers on local,
regional and national levels to make decisions &hat willresult in aclions to conserve
biodivenAty and embody practices of sustainable development. RecogniDng that education is
a two-way process, we shouldpromote the use ofall means ofconununicadon necessary to
educate as many people as possible. Local, economicaDy.poor people in biodiveasity·rich
areas have much to teach to the OVeNXXl8uming people of l1lOl"O'developed countries.

While there is a growing awaaeneu of the value and vulnerability of the Earth'. biodivenity.
it is shallow and serves to create a sense ofhopeJessness. The public requires relevant and
comprehensive infonnaDon that offers greateremphasis on opportunities for positive action
to arrest and reverse the decline in biodivenity.
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Case Study

LAND USE ALTERNATIVES FOR 1HE AMAzoN

In the penman Amazon, both govemment institutions and theF~on DepBl1mental de
Campesinos y Natives de Loreto (FEDECANAL). a nmd union. want to protect
biodiversity while developing the region. Although both institutions agree that economio.
legal and technical incentives should be given In local conununities, perceptions ofhow In
pursue larger goals vary. Govemmentinstitutions treat biodiversity conservation and
development as separate goals. They promote agriculture and cattle production while
establishing national parka and reserves to protect biodiversity.

FEDECANAL's approach is to promote the diversification ofland and resourceuses to
protect biodiversity and to promote sustainable development in the region. Rural villuges,
with the help ofFEDECANAL, have confronted land use problems by establishing village
and inter-village lake or forest reserves. 'The Mahuizo.cocha inter-village lake reserve of
Dos de Mayo, San Cristobal and Nuevo Dos de Mayo is one ofmany lake and forest re­
serves that exist in lowland Amazonia. 11Uslake reserve was estAblished in 1967by resi·
dents of the threevillages along the Ucayali River. Inter-village regulaliona conb'ol fishing,
hunting and timber extraction within the reserve. Due to the enforcement ofsuch rules and
local pBl"licipation these villuges 8Je maintaining a large number offish and animal species
within the reserve. They also are preserving overexploited populations of the most valuable
fish and game species.

In spite of this successful approach, however, the govemment's approach appears to be
winning. Vsst areas offorest land have been converted to agricultural land in the upper
Peruvian Amazon. High value timber, fish and game species are overexploited due to an
unconb'oUed cornrnercial extraction. aearty, communication and compromise among
stakeholders are essential to safeguard the region's biodiversity and potential for sustainable
development.

. :t}i:~:: :::~'...•••••••••••••••
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RECOMMENDATIONS

The following recommendations aepteseDt long-standing, but still unresolvedissues as well as
concerns dose to the cuUing-edge of important subBt'e8St such as poIioy, management.
resell'Ch and eduoaaion: .

1Jmg-standingunresolved issues
• Human ftlIIOUI'CC8 (professionals and institwions) dewted to biodiversity conservation

IIW8t be adequaaely funded and strenglhened through cross-disciplinary training and
coopea ation at local, national and intemalionallevela.

• National and local govemmenlB must accept their legal and eIhical responsibililies for
biodiwnity conaervldionand promote and enforce regulations that protect biodiver­
sity.

• NBIional and intemalional regu1aIion should control c:xploitalion ofbiodivenity
reIOlIft)C8 80 that due and just compensation oan be made to COW1tries and communi­
lies for the uutizldionoftheir biodiversity reeources.

• All govemmentB, as an inll:gnd part of their national planning po1icy for 8U8t8inabJe
development, should consider the relationships between populationsize,consumption
IeveJa and remaining natural resOurces, particularly biodiversity.

• In tnIn8fering technology, govenunenlB and industries should consider the
aociopoIitica1 conlal: inwlved in the transfer to 888UJ'e the technology is oulturaUy and
environmentally &ppiopriate.

• Biological inwntories and systemabo studies should beinoreued in oritioalecosystems,
includiruf linkues to IJ:INitu conservalion prqllans.
.MUiiiiil ..lI'~ ..................... """-_•• -_•• r · ..... ---

• Education regardingbiodiversity should emphBSize Iifo.long learning and be communi­
cated through boIb(onnal and non-fonnal educational agencies in ways that are both
cuIcura1Iy appaopriate, sensitive and effecIive.

Cutting.edge issues
Policies and MafJ(Jgemtml
• Govemments should a1100Bte significant long-termfunds &om nldional budgets (with a

target of >1%) to biodivenity conservation, with particular emphasis on gras&room
community participation and consideration of tradilional natural resources use models
ofnativepeoples.

• AIlstratl:gies to conaerve biodiversity should consider recognilion of the righm to land
andnatunll reIOUI'Ce8 of local communities, traditional groups and individuals.

• ValuaDonof goods and services shou1d include costB ofenvironmental degradalion,
destruction of biodiversity and depletion of natural resources.

• Efforts to CODIeI"Ve biodiversity should stress the preservation of diverseecosystems
and physicalenvironmenl8tnot just singlespecies or genotypes. All nldions should
consider"endangered ecosystem" legislalion.

• Nldional sgricultund. policies should promote systems management based on applied
ecologioel principles, sustained biodiversity and tradilional wisdom.with the goal of
producing food crops while enhancing soil fertility and reducing nonrenewable &gro­

~ca1inputs.
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• Teat and promote naIUrBI forest management techniques that minimize biodivenity

loss and diversify sustainable production of forest products with appropriate economic
incentives.

• People who inhabit remaining areas ofhigh biodiversity should have the opportunity to
try altemBtive income generating practices that do not involve the destruction of
species habitat. Such practices include aquaculture, the local production ofuseful
moc:macts and artisanal craftB using native and endemic species.

• Evaluare ecocourism as a means offacilitating the conservation ofbiodiversity and
SUlblinable development for the eeononUc benefit oflocal communities, where appro­
priam.

Cross-disciplinary Research
• Describe and quantify resource use systems, including fIUI'Vey8 ofhuman dependence

on biodiversity resources, historical models, ethnobiological systems and local commu­
nity participation to assess elements ofsuccess and failure in development.

• Initiate long-term field studies, coupled with historical and paleoecological analysis, to
evaluate the function and dynamics ofcriticalecosystems, especially thoee at low
latitudes, to decennine the responses oforganisms and couunWlities to global change.

• Explore short- and long-term monitoring strBSegies which combine field inventory
techniques with remote sensing for key areas and critical ecosystems at local, regional
and global scales.

• Enhance nationalsaaellite-bued mapping and inventory programs to meet the chal­
lengeofproviding timelyand accurate estimates ofremaining tropical forest 88 the
baais for improved~

; Implement iBlqr;liaa ardiEipliRBJ:J knawl&dae ps:8nW IB SBlIISllllian ond dnS:
opment through cooperative field WOIk, mathematical or descriptive modelling and the
use ofgeographic infonnation systems.

• National and intemational collaborative programs should be established to prioritize
biodiversity and conservation research needs, to fund research and to manage and
distribute infonnation produced.

Education and Cmnmunicalions
• '1M M..,. Personal UCestyie choices made everyday have an impact on biodivenity

on many scales. It is esaeotial that thismessage isconveyed and understood by people
ofall nations. cultures, ages, education and socioleconomic stnUa.

• '1M Tart. Both policyand decision makers who interact direcdy with the environ­
ment sbouId be the primary audience. The pub6c at large represents a secondary
audience; thisgroup embraces the potentialfor asserting political pressure and COIl­

cern.
• '1M M.,."gns Coaununica&ion specialista and educamrs working with biodiversity

1'e8e8I'Cbers should step up effinu to developa set ofguidingprinciples that communi­
caae the important linkages between biodiversity conservation and sustainabledev~
ment to the educational conununity 88 well 88 to policy and decision makers.

• '11w M,chanism Succe&8fu1 approaches to conservation ofbiodiversity and sustainable
development should be documented and developed into an accessible infonnation
bank/network.
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CONCLUDING REMARKS

We all depend for our long-tenn survival on the rich diversity of the Earth's plant and animal
life. The complex ecosystems that have evolved in harmony with the world's changing
environment are humankind's life support system. Biodiversity extends to all fonns oflife ­
from crop plants and domesticated animals to individual wildlife species and ultimately to
human beings.

Each element ofthe surviving global gene pool is irTeplaceable over any relevant human time
scale. Nevertheless, we are destroying this vast biotic wealth at an a1anning and ever­
increasing rate. Inappropriate exploitation ofresources combines with poDution to drive
more and more species to extinction. From the ocean's reefs to the mountain peaks. from
the tundra to the tropical forests, life on Earth is under serious threat.

As we degrade and destroy complex ecosystems such as rain forests, we lose increasing
numbers ofplant and animal species forever. Many species have potential as valuable
sources ofnew food. medicines, nBJura1crop protection agents or simply for their inherent
aesthetic qualities. Equally important, thisdiminishing genetic wealth offers the only avail­
able mechanism for adapting to other aspects ofglobal change, including greenhouse warm-
mg.

There may still be time to save those wild~tems that have survived human impact - but
most are found in the under-developed countries of the world where pressure for continuing
exploitation is enonnou& Long-tenn conservation here will require huge intemational
lVUft_i......Aft. nro th...nro... hand. and fit.. d ......t- _._.t en..thlOlnI'!al ftIOnnl...'.. knn_l-IctA and
COI1U1Utment on tne one hand, and tar greater respect tor the oem people's know eage and
wisdom on theother. It will most certainly demand a right of access to decision-making for
all those who have a contribution to make.

Where we already have wreaked havoc on the Earth's surface. we must accelerate the task
ofrestoring biodiversity. Using our understanding of the few undamaged wild lands and
successfuUy-mansged ecosystems. we can begin rebuilding natural soilfertility. restabilizing
eroded mountain slopes, driving back expanding deserts and cleaning up the oceans.

We cannot resurrect extinct species; we can. however, slow the continuing loss ofspecies. If
we commit to conserving the rich fragments that still survive, use all our knowledge and
inventiveness to reverse the decline, begin the process ofrestoration and secure the Earth's
capacity to adapt to inevitable change, then we can help the Earth recover - but we must
start now.

-------·..~:r:f:i~;:····---------
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