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Abgtract

INESCO’s Man and the Bigcsphere Program (MAR) was established in
1971 to promote the integrated use of the natural and sacial
aciencea in developing and auataining harmoniousa relationahipa
hetween human activities and the environment at the local,
regional, and global levels. It provides an increasingly
important framework for intergavernmental and institutional
cooperation in addressing interrelated environmental, land use,
and sociceconomic problems. MAB’s best known project 1is the
international network of biocaphere reaerves, which includes 269
gites in 70 countries. Each =asite is intended as a permanent
hub for baseline monitoring and comparative reaearch in represen-
tative ecoaystems, and for developing the knowledge, askills, and
attitudea needed for their conservation and rational uae, and the
mitigation of environmental problems. The paper reviews the
characteristica of biocsphere resexrves, progress in developing
their multiple roles, and examples of the concept In practice:
and the case for strengthening use of biosphere reservea as
bellwethers of environmental contamination and research to
determine reliable indicatora for characterizing and forecasting
environmental hexalth.
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INTRODUCQTION

The Man and the Ricsphere Frogran ({MAK? is prekakliyvy the best
knaown of UNESCO’s ascience pragramsa, and the international network
of biosphere resgerves standa ita most significant asingle accom-
nplishment. MABR’a basic wmission 18 to promote and facilitate
intergovernmental and institutional cooperation in developing the
knowledge, akills, attitudes, and trained personnel needed for
rational use of ecosystems. Each biosphere reserve is intended
to provide a permanent center for carrying out this mission in a
particular biogeographical region. MAB now counts 114 parti-
cipating nationa and has aponsored maore than 1000 field research
and demonstration projects during its first 15 vyears. Since
UNESCO deaignated the firat biocaphere reservea in 1976, MAB’a
global network haa expanded to 2689 sagites in 70 countries,
including many of the areas moat responasible for developing the
theory and practice of ecolagy.

MABR’a organization ia atructured to facilitate intergovernmental
and intersectorial cooperation (UNESCO 1587). The MAR national
committees serve as the focal point for the MAR program within
the participating member atates aof UNESCO. Each is responsible
for developing its own MAB program and for regiocnal and inter-
naticnal cooperation under the MAB aegis. Under MAR guidelines,
national comaittees should include of eminent natural and sacial
scientists from a8 wide range of disciplines and representing
universities, research institutions, and government agencies,
which collectively contribute the intellectual, financial, and
lagiatic rescourcea to plan and coordinate the MAR progranm. In
the lUnited States, the National MAB Committee operates azs a
voluntary partnership consiating of aenior scientiats repre-
senting academia, industry, and =seven co-funding agencies (1)
which collectively contribute about $1 million (U.S.> to support
MAB research, symposia, and administration. The committee is
aided by ten MAR project directorates, each respaonaible for
planning and coordinating activities 1in a particular biome ar
area of MAB scientific interest, and in day-to-day adminiatration
by & secretariat at the Department of State.

At the international level, MAB is supervised, prioritized and
coordinated by the International Coordinating Council for Man and
the Biocaphere (ICC)H, containing repreaentatives from 30 member
gstates, half of which are elected every twa vyears. United
Nationa agenciea, nongovernmental organizationa, and Statea auch
as the U.S. which are not members of the Council may =end
repregentativea  as observera. The International Council of
Scientific Unicns (ILSU2 and the Internaticnal Unicen for the
Consexrvation of Nature and Natural Rescurcea (IUCN) are advisory
bodies to the Council. The Council is assisted in its work by
the MAB Bureau, a small executive committee consisting of the
Council’s officers which meets regularly to provide substantive
gquidance, and a Secretariat in UNESCO’a Division of Ecolagical
Sciences which provides administrative support for the Council
and the MAB Bureau and in coordinating international MAR acti-



vities. The ZSecretariat has a professicnal staff of 14, which is
augmented by a number of secundments by national MAR committees
and consultants enlisted for apecific tasks. The current budget
from UNESCO and direct national contributions is about $7 million
(U8

The regicnal and 4glcbal nature of contemporary enviromental
lisauea are increasing the attractivenesse of MAB as a framework
far acientific cooperation, as evidenced by growing institutional
participation and budgeta, and the willingness of leading
acientista to become involved. The prodigioua diveraity of
international agencies and nongaovernmental organizations partici-
pating in MAB is due to the relevance of MAB’a interdiasciplinary
problem-oriented approach to the interests of science, conserva-
tion, and development sectors. This ias increasingly true at the
national 1level, where MAB can provide a neutral framewark for
cooperation among these sectors in  developing the perspective
needed to address interrelated environmental, land use, and
sociceconomic problems. Biosphere reserves are increasingly
recaognized as places for demonstrating the value of theze
partnexships.

MAB RESEARCH PRIORITIES

The MNAR program has traditionxlly bheen arganized to encaourage
reasearch in particular types of ecoaystems or on particular

sources of impacts, such as environmental pollutants and the
etfecta of environmental transformationa an the Dbebhaviar,
demography. and genetice of human populations. Although natianal
MAB organizationa were free to set their own prioritiea, MAR’a
international resourcee have heretofore been directed primarily
toward aix projecta: coastal areas and iaslands, tropical foresats
and woaodlands, marginal lands, temperate and arctic zaones, urban

ecoayatema, and biasphere reservesa. The program evolved in
practice as a “loose coordination of heterogeneous packages of
national prajecta," some of which provided valuable theoretical

insights into interrelationships between human activities and
ecoavatema {(diCaatri 1986). However, for the mosat part, emphaszia
focused rather narrowly on characterizing natural processes in
the absence of human intervention or on the impacts of particular
human activities on natural ayatema, rather than on man a&as an
integral component of the biocaphere at all levela, from laocal to
glchbal. In order to foster MAB’s evolution toward a focus on man
IN the biocaphere, the ICC has adopted four complementary research
orientatione to provide direction for MAR in the 1390=a.

o Ecocaystem functioning under different intensities of human
impact, with emphasis on local and regicnal compariscons tao
inprove ouxr ability to distunguish, characterize, and forecast
the effects of natural and anthropogenic influences.



o Management and restoration of human-impacted rescurces, with
aemphasiz on developing ecologically and culturally apprapriate
typea and patterns of sustainable usases

<« Human response to enviranmental stress, inciudina kath
poaitive and negative effecta of natural hazards, enviran-
mental pollutants, pesticides, fertilizers, and other influences
on human culture, health and welfare, and the reciprocal influ-
ences on the environment.

o Assesament of the relationship between human investmenta of
knowledge, tinme, and money in fostering social welfare, economic
development, and ecolagical health, with emphasis on developing
the scientific basis for concurrently fostering all three at the
local, regicnal, and 4global levels. The emphasia reguires
unprecedented and innaovative integration of natural and social
aciences in developing a aufficient understanding of the coevo-
luticon of natural, social, and economic systems, upon which to
hase enlightened management policies.

The selecticen and maenitoring <f indicators <f husan and eccla-
gical health and well-being are relevant to each of thesae
research themes, and c¢c¢an be expected to be given increasing
canaideration in MAR reasearch designs, particularly in the
biocaphere reserves.

CHARACTERISTICS AND ROLES OF BIOSPHERE RESERVES

The khicephere reserve concept was influenced strongly kv the
Conaervation of Ecosystemsa Project af the International Biologi-
cal Praogram, and by similar efforta in developed countries to
establiaeh protected aitea for ecological inventory and mani-
toring. The asuccessful eatablishment of “Decade Stationa“
for the Internatiaonal Hydroalogical Decade also lent credence to
the idea of establishing coordinated global network of protected
areas aa a territorial and laogistic base for MAR {(Gilbexrt ana
Gregg 1981, Batisse 1586).

When MAR was lasunched in 1971, developing an internaticnal
network of bicsphere reserves thus became a kev element of MAR
Praject 8, which focuases generally on the conaervation of natural
areas and the genetic material they contain. The purpose of the
project was to help provide the sacientific basis for new ap-
proaches faor conserving bioclaogical diversity in light of the
increasing ineffectiveness of strict protectiaon approaches, aa
exemplified by national parks and nature sanctuaries, in dealing
with the effects aof external land use changea and environmental
pollutants, illegal clearing and harvesting of vegetation and
wildlife, and other human influences. Aa the praject evolved,
kigephere reserves were seen increasingly as the centers far
developing and demonstrating thease approachea under the vasat
range ©of conditiona in different countries and biogeographical
regions. Taday, it ia Qgenerally recogqnized that significant



natural areas are part of larger scociceconcmric and couvltural
regiona, and that improving human well-being anust be part of an
eftfective conservation sastrateqgy. A unigque purpose of biocaphere
resexrves ia to praovide a aymbalic and practical framework for
this integratian.

BRicephere reserves are ecoclgogically representative areas de-
signated by UNESCO because «of their capability or potentiasal tao
genexrate and share useful Knowledge for conserving biclogical
diversity within the context of types and patterns of human use
and development which are culturally, economically, inatitu-
tionally, and environmentally appropriate and asustainable.

A Dbicaphere reserve 1ia uniquely defined by three principal
roles:

o The Consexvation Role, concerning the area’asa capability and
potential to conserve the characteristic ecaosvatems and natural
genetic diversaity of a biogeographical region

@ The leogistic Fele, concerning the arex’s coapakility and
potantial to c¢carry out long-term monitoring, baaic and applied
field research, and related educational and training activities,
and to participate in aharing information through the MAB
netwarik,

o The Development FRaole, concexrning the area’s capability and
potential to demonstrate methods for austainable uses of ecoays-
tems, and to invalve reqgional agencies, arganizations, and
local people in planning and management.

The benefits of hiosphere reserves to society depend upcen the
coordinated pursuit of these three roles, which themselves depend
upon a growing base of scientific knowledge and technological
capability. A few countrie=s, such as Mexico and Haonduras, are
eatablishing biosphere reservea as a separate legal category of
praotected area {Halffter and Ezcurra in press: Tangley 1988).

In mast countries, legal mandates, management objectives, small
size, boundary confuguration. and other factors limit the ability
of eatablished national parks, ecological research aites, and
other protected areas to carry out all three roles, although many

do well in implementing one, or even twa of thewm. Faor this
reason, biosphere reserwves in such countrieese increasingly contain
coamnplenentary aites under multiple adminisastratora. In these

cages, the biocaphere reserve c¢c¢an sgserve as a framework for
coardinating monitoring, reaearch, and educational activities on
igsues of @wmulti-sector, regional, and in sasome cases global
COoONcCearn. In order to encourage auch cooperation, recently
designated and proposed biosphere reserves typically bear the
names of regions which make sense both ecolaogically, culturally,
and inatitutioconally such as the Pinelands {(New Jersey), Lake
Torne {(Sweden), and the Lake Baikal Region (lUSSR). Sane, such aa
the Waddensee (The Netherlanda and West Germany) and the Chanm-
plain Basin {New York, Vermont, and Quebec), are transborder



regiane where the bicsphere reserve can provide the aegis for
international cooperation. Moat are expansive areas--the median
size of reserves designated since 1984 is about 125,000 ha.
(range: 8,017 ha ta 7,200,000 ha; Gregqg in_press’, and typically
include a representative range of land uses and environmental
nroblema, and, in 2ome cases, sizeable human populatiansa.

UNESCO guidelines arganize kicosphere reserves intce three descrip-
tive zones: the core area, buffer zone, and transition area
(UNESCO 1974, 1984, 1987). The core area is a legally protected,
and typically large, natural area for conserving the natural
ecological processes and biocological diversity of one or more of
the characteriastic ecosystems of the region. It is protected as
a regional benchmark of environmental quality. Baseline ecolo-
gical monitoring is encouraged., and human diasturbance ias kept to
a minimum. Because of their remote locationsa, secure protection,
and sacientific wmission, core areas of biocaphere reserves are
aoften ideal laocations for monitoring background levelas of
anthropogenic pollutante, and a pilot network of sitea in the
U.S., Chile, and the U.S.S.R. has been established through as
part aof the Global Environmental Monitoring System of the United
Nations Environment Programme (Gwynne 1982; Wierama and others
1978, 1981, 19862. Each biosphere reserve must contain at least
ane core area, and many contain multiple core areas.

The buffer zZone ad3locins, and citen surrgounds, the core area. It
is normally defined by a legsal boundary, which usually corres-
pands to that of a national park or othexr administrative area.
The buffer zone provides for a variety of uses and activities,
including in some caaes aettlementa, which are managed compatibly
with the protection of the core area. The buffer zone is often a
centex for manipulative research, demonatration proajectsa,
environmental education, and training and extension programs.
Like core areas, hiosphere reserves often contain many bufferxr
Zones.

The transition area, alac called the =zone of cooperation,
surrounde the core area{(s) and buffer zonedl{s). It is typically
an open-ended multiple use area where efforts are made to use the
knowledge and methodsa developed in the biosphere reserve for the
practical benefit of the aurrounding region. Ita boundary, which
could ultimately extend to the biogeagraphic limita of the
region, is rarely shown on a map, and normally variea in apace
and time depending on the caooperative programs taking place. it
nav, however, includes a numbexr of delineated experimental
regearch and demonsatration areas which participate actively in
the reserve’s praogramsa. The transition area containa a full
range of human uses and activitieas characteristic of the region,
and often includes sericuasly degraded ecosystems and large human
populations. In lang-settled areas =such as central Europe, it
ray encompass landacapes illustrating harmoniocus patterna of land
use. In other regions, especially in developing caountries, it
nay provide important localities foxr atudying the traditional
uses of natural ecoaystems hy indigenous populations, and



applyving traditiconal knowledge to advantage in  eccsysier manage-
ment . It normally is the area affording the greatest opportu-
nitiea to build a caonstituency for the biosphere reserve approach
thraough education, extension, and demconstration praogramns of
abvicus benefit to lacal peaple.

UNESCO’s "Actien Plan for Ricephere Feserves," approved ky the
I0C in 1984, has provided an important catalyst for the funct-
ional development of biosphere reserves {(UNESCQO 1984). The plan
established nine abjectives for the international program,
relating to the three basic roles of biocsphere reserves, and
recommended 35 actiona for implementation by MAB national
committees and the participating international agencies and
organizations. Moatr of these have been at least partislly
implemented. In a 1986 MAB survey of the glaobal network, nearly
80% of responding sites reported that they were pursuing

seven or more of the nine objectives; with the highest per-
centages reported for abjectivea relating to long-term environ-
mental monitoring (98%2, conservation of representative natural
ecoayatems (98%), in situ conservation of genetic rescurtces
{95%), environmental education and training {(92%) and experi-
mental reasearch (91%) (Gregqg 1987).

ROLE OF BIOSPHERE RESERVES IN ASSESSING GLOBRAL CHANGE

One of the mast promising peossibkbilities far the keneficial use of
biosphere reservese is in the assessment of global change. R=acent
advances in ecological nodelling, computer and inatrumentation
technolaogies make it possible to extrapolate information from
mnany different saites to provide nore general perspective on
bicgeochemical éycling and energy transfers (Dyer and Crossley
1986 . Recause of their particular role in developing heolistic
approaches in environmental and ecolaogical sciences, mnany
bhicaphere reserves are eapecially well posed to contribute in
addressing extraregional and global problems.

In 1986, the International Council of Scientific Unions cconvened
a series of workshops which conceptualized a global ascientific
effort to improve our understanding of the complex phyaical,
biclogical, and chemical processes which contrel macro-scale
changea in the Earth’a enviraonment. The resulting Gecsaphere-
Bioaphere Praogram, now 1in the planning stages, could benefit
aubatantisally from the MAB network. The principal invaolvement of
MAR is likely ta be through the inclusion of selected biosphére
reserveas as key parta of a hierarchical ayatem of “biocaphere
ocheservatories" at which basic ecological and biophysical data can
he collected on a variety «of apatial and temporal acales for
studying specific global change phenomena (Dyer, diCastri, and
Hanaen 1988>. One possible camponent would involve the eatab-
lishment of satellite-based monitoring of transects, from subre-
gional to continental in acale, across areas believed ta bhe
suitable as bellwethers of global change, such as deserts,
treelines, forest-grassland borders, and dynamic coastal areas.



In additicn tca facilitating understanding <of glchal processes.,
the IGBP data sets may alsc find important secondary applications
in conservation, regional ecconomic develcopment, and environmental
assessment, which <can be productively explored in biocsphere
resgerves, thus increasing the qverall sccocietal henefits of the
Program.

A CASE STUDY IN THE SQUTHERN APPALACHIAN HIGHLANDS

The U.S5., MAR PFPragram has recently selected the Scuthern Appa-
lachian region in the sasoutheaatern U.S. aa the aite of a pilot
praoject to demonstrate the benefits of the biocaphere reserve
approach. The region haa a long hisatory of involvement in

MAB, beginning with designation of the Great Smoky Maountains
National Park, adminiatered by the National Park Service, and the
Coweeta Hvdrolagical Station, adminiatered by the Forest Service,
as bioaphere regervea 1in 1976. The large strictly protected
national park, predominantly a core area, is the largest and
noat biologically diverae reserve in North America’s deciduaus
foresat. It haa an extensive history of basic research, eapecial-
ly on vegetational atructure and asuccession, but ias precluded asa
a matter of policy from extensive manipulation for research
purposes. The Hydrological Station has a complementary hiatory
of long-term studies of the effects of experimental manipulatiaons
in amall wateraheda, but lacka a large core area for baseline
studies. The twa esites were nominally paired in order to
atrengthen the baaia for acientific cooperation. Becauae of its
clase ties with the twoe, sites, the Tak Ridge Natigenal Enviran-
mental Research Park, although not formally designated, was
included as a functional part of the association--in effect, as a
satellite research saite within the tranaition area. The asso-
ciation of noncontiguous complementary sites came tao be known
intexrnationally as the ‘“'cluster concept' of building functional
biocsphere reserves {(Johnson and Bratton 1978;: Johnson, JOlson, and
Reichle 1977).

Alsa in 1976, the Scuthern Appalachian Fesearch and Rescurce
Management Cooperative was established alceng MAR principles to
provide a forum for cooperation among agenciea and regional
universgities in developing persapective for addressing regional
environmental and resource management iasues. In asubsequent
years, the park was selected as a pilot site for developing a
multimedisa background pollutant monitoring program for biaoaaphere
regerves (Wiersma, Brown, and Crockett 1978);: and the region
hecame a facuse of MAB-aponaored research and ayntheaias on
regiaonal ethnobatany, the design of protected areas, the genetic
effecta of land use and management on small populationsa, the
‘nitrogen dynamice of natural and managed ecosyatems, and the
coupling of ecological atudies with remote sensing. In recent
years, MAB har alsoc been used &g an aegis for develaoping a
variety of educational media on regianal and global environmental
and natural rescurce issues. In 1984, the regicon was the site aof
an international conference on the nanagement of hiocsphere



C resEerves.

In 198S, a MAB panel recommended that the exiating bicaphere
regerves and cother important conservation and research sites

in the region be united to form a Southern Appalachian Biosasphere
Feserve, which could provide a framewark for atrengthening the
already considerable benefita of regional cooperation. To
determine the feasibility of implementing thia expanded concept,
MAR sponsored a regional study to inform regional institutions
and community leaders on NMAB 4goala and bhenefits, identify
environmental and natural resource issuea of greateat concern,
assess interest in MAB as an aegis for cocperation in develop-
ing and sharing perapective for addresaing theae iasues, and
recommend a processa for institutionalizing cooperatian {(Gilbert
1986). Among the aeveral major iasuesas identified for apecial
attention were the need to incorporate ecolagical principles
effecta of toxic air and waterborne pollutanta on ecosyatems and
human health. The study documented broad-based enthusiasm for
using MAB as an aegis for cooperation, and recommended a series
of MAB-sponsored workshops to develop the terma aof reference far
the program and apecific praojecta. This process is well under-
way, and an interagency agreement invalving state and Federal
agencies representing conaervation, acience, and development
sectara ias expected to be signed in the near future. Amrong its
proviaiona ia the esatablishment of a coordinating aoffice, which
would be asupported jointly by participantse to azs=ist in program
adminiatration and encourage regional, national, and inter-
national participation in its wvariocus projects. Although the
acope of the pilot program haa yvet to be finalized, a3 number of
elements are either already ongoing or have support amaong
participating agenciea. These include:!: an integrated program for
inventorying and monitoring program the region’s bioclogical
diveraity, and for training specialiats in these fieldsas; a model
plan for managing natural and cultural resource collections, with
emnphasis on coordinating collections with monitoring and research
programe {(perhaps including the conceptual basis for develaping a
pilot enviranmental apecimen banking program, uaing the guide-
linesa described by Lewia 1987): development of landacape azsesg-
nent methodologiea and coordinated geographic information ayastems
to serve regional research, resource management, and economic
development needa; the development of a coordinated atrategqy for
regional participation in studies of global change: and continued
development of public educational materials on regional iasues
and trends.

CHALLENGES AND QOPPORTUNITIES

Ricsphere reserves cffer an unprecedented Iframewerk Ifor cocpe-
ration among the natural, aocial, and environmental aciencea;
among conservation, science, and economric development sectors:
and between nationa with shared concerna regarding regional and
global environmental problems. It has heen suggested that, when
the international network is mature and the multiple functiona of



itse federated sites, fully developed, it will represent “in
nicrocosm as perfect a model of the biosphere conceived as a
cooperative organic whale as it is posasible to achieve™ {Engel
1985, In providing the basis for auatainable relationships
hetween human sccieties and rparticular eccsvstens, the reserves
callectively offer the promise of a asustainable and cooperative
relationship between man and biosphere as a whaole.

The aynboliém of the biosphere reserve is compelling, and haa
great potential to motivate peocple on ita behalf. Hawever,
MAB must move beyond aymboliam to function.

The first challenge is to communicate the practical kenefits of
an effective biocsphere reserve Program to its many potential
constituencies, ao that the development of asuch a pragram becomes
4 scurce of regional pride and shared commitment.

The second is to institutionalize individual bicsphere reserve
pragrama in order to provide the resources needed to carry out
the multiple roles aof biosphere reserves in particular biocgeaogra-
phical regiona. To date, thias haa been done in only a few
cases. Cooperative mechaniams, such a= the one being developed
in the Southern Appalachians, must become the rule rather than
the exceptian if Dbiosphere reserves are to becaome proactive
frameworks for addressing regional problems.

The detecticn, ranitering and assesement of taxic substances
should be considered in planning the integrated research programns
of such instituticnalized biosphere reserves, - with saspecial
emphaais on . the baseline monitoring programa of the core areas.
In many regiaons, biocsphere reserves may be the sites of chaoice
for auch programs because the underatanding of ecoayatem struc-
ture and function enables more realistic selection of target
procesaea and organiamsa.

The third challenge ia to atrengthen inter-regional and inter-
national cooperation through comparative studies and creative
aynthesea which provide theoretical and practical knowledge far
monitoring and forecaating enviranmental change and addresasing
shared environmental problema. There are many promiasing exam-—
ples, but the challenge remains enoOrmous. For example, UNESCO
haa established a multi-national Northern Science Network for
coordinating integrated =studies in tundra and taiga ecoavatems,
which haa identified a cooperative biocaphere reserve program as a
rajor oblectives. “he U.S. and iZanadian MAR programe are
developing concepta for a coordinated network of biosphere
reserves in coastal and marine areas of the east coast. A pilot
nulti-media background pollutant monitoring program in biocsphere
reserves has been initiated as part of the Glabal Environmental
Monitoring Sysaten. Comparative ecosysten studies involving
biosphere reserves in the U.S. and the Peoples Republic of China
are naw getting underway. The IGBP may afford a significant
role for biosphere reservee in assessing global change.
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