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John M. Bancroft

EDITOR'S NOTE

We here at The Arid Lands Newsletter -together with
many of you, I imagine -in the past few months have
begun to explore the largely uncharted and rapidly
evolving landscape of the World Wide Web on the
Internet.

We even have begun to colonize that cyber version of
terra incognita. This issue of ALN, for example, is being
published simultaneously in its traditional print form

and online via the
Web. The full but
unillustrated text of
the previous two
issues, THE DESERTS IN

LITERATURE and DESERT

ARCHITECTURE III:

BUILDING A SUSTAINABLE

FUTURE, have been

available online since
last October. All can
be found at the
electronic address-
or, in Webspeak, the
URL-on the page
opposite this one.

We also have
undertaken the
building of a Web
site for The Interna-
tional Arid Lands
Consortium (TALC),
an independent,.
nonprofit research
organization sup-
porting ecological
sustainability in and
and semiarid lands

worldwide. The site is still under construction
(Webspeak, again), but you're welcome to look in by
firing up your Web browser (Netscape, NCSA Mosaic or
any of its commercial versions, MacWeb, and Lynx are
among the better known and most easily accessible) and
entering the following URL:

http:// ag .arizona.edu/OALS/IALC/Home.html

That's the address of The IALC Home Page, and from
it a series of mouse clicks or key strokes will take you to
other pages within the site or lead you to other Web
sites on other computers just about anywhere on the
planet. The experienced Web navigator is never sur-
prised to find herself in Arizona at 12:01:15 on a Friday
afternoon and in The Netherlands at 12:01:18.

I chose the Home

Page of the

Biodiversity and

Ecosystems Network

as my point of depar-

ture and then spent a
profitable hour ex-

ploring the World
Wide Web, collecting

shiny bits and pieces
of useful information
as I went.

BIODIVERSITY AND THE WORLD WIDE WEB

The world of the Web is one of information, and
although it and the rest of the Internet have come to be
popularly known collectively as The Information
Superhighway, this madly proliferating collection of
interactive sites might more properly be thought of as a
wild and scenic river, complete with exhilarating but
dangerous rapids to shoot and placid backwaters where
nothing much ever happens. On the Web, promising
leads sometimes go nowhere and leave you stranded
there, a trip to the corner for a pack of statistics can
turn into an unexpected tour of back alleys in which
outlaw cyberpunks lurk, and useless diversions and
digressions pop up like billboards on old Route 66 to
obstruct the view.

It can all be very frustrating, but perseverance will
pay off.

In preparation for a presentation to an undergradu-
ate colloquium dealing with online sources of infoinia-
tion on biodiversity here earlier this spring, I decided to
follow one of who knows how many possible Web
threads to one of its equally multifarious possible ends.
My goal was to demonstrate to the students that setting
out on an electronic expedition armed with a clear idea
of where one hoped to wind up, even though one had
little idea about how to get there, did not necessarily
equate with setting out on a wild goose chase. That's
what I hoped, and luck was with me.

I chose the Home Page of the Biodiversity and
Ecosystems Network (BENE) as my point of departure
and decided simply to see where the hot links (more
Webspeak) I found there took me. It turned out to be a
sound decision, and I spent a profitable hour exploring
and collecting shiny bits and pieces of information; I
could have gone further and spent longer doing it, but I
declared the last site I visited in this thread -a site at
Cornell University devoted to yet more biodiversity
resources -the logical terminus of my jaunt. Along the
way I compiled a hotlist (read on) of the useful (to me)
sites I visited, so that I could find my way back to them
later. And that's the key to navigating the World Wide
Web: leave a trail of URLs behind you as you go if you
don't want to wind up hopelessly lost.

Fortunately, Web browsers make leaving a trail
relatively painless. Most will automatically track you
during a single session online, and if you know
where to look among the pull -down menus you can,

Continued on page 24
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Gary Paul Nabhan

Do WE CARE ONLY ABOUT ENDANGERED SPECIES, OR

ARE WE LE E LLEGIANCE

TO LL LS OF lODI isrrv?
THE DAY OF THE DEAD

I believe it was The Day of the Dead, El Día de los
Muertos. We were sitting around a big, sterile room in
Washington, D.C., as if we were a group of hospital
interns performing autopsies on failed lives. Those failed
lives included the 1984 reauthorization of the Endan-
gered Species Act, U.S. leadership at the 1992 Earth
Summit in Rio de Janeiro, and subsequent discussions
relating to the Biodiversity Convention, as well as
dozens of other legislative actions and international
policies that may be needed to keep the remains of this
ark we live on afloat.

For a group of interns, it was an impressive bunch of
individuals, each with some remarkable accomplish-
ments under his or her blue scrubs. Some had played
key roles in getting ranchers, researchers, and resource
managers involved in regional plans for endangered
species recovery or reintroduction. Others had worked
with farmers and gardeners to save threatened
seedstocks of hard -to- come -by vegetables, grains, and
medicinal plants. Still others had initiated public
awareness campaigns on migratory birds and sought to
restore their coastal wetland corridors of passage
between breeding grounds and winter roosts.

When each told how his or her recent work related in
some way to educating the broader public and
policymakers about biodiversity, it was hard to fathom
why we were doing autopsies rather than sending our
charges out from the recovery room. We all seemed to
be bright, creative people who knew how to effectively
care for the natural world and the creatures we share it
with.

And yet, whatever we had been doing the last few
years as advocates for biodiversity had hardly been
enough to change anyone's mind about anything, let
alone keep all our patients, neighbors, and fellow
species alive. Just as we had finished patting each other
on the backs for doing such a good job on our various
rainforest protection campaigns, species survival
programs, and environmental education projects, the
morticians arrived to tell us just how many lives left
under our charges had been lost.

We learned that biodiversity did not rank as a major
environmental problem in any of the major public
opinion polls taken between 1990 and 1994 (Commu-
nications Consortium Media Center 1994). We were
reminded that only one -fifth of all Americans even
recalled having ever heard the term "loss of biodiversity."
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Of those who had heard, there was little consensus on
what it meant and hardly any notion of the prevailing
causes.

Even though most Americans were aware that the
Earth Summit occurred in Brazil in 1992, virtually none
was aware that biodiversity was a major topic of discus-
sion there or that the U.S. government's positions were
at odds with the prevailing paradigms of how to
structure further protection of Earth's diverse habitats
and lifeforms.

And despite a more recent Harris survey, in which 39
percent of the Americans polled claimed that they were
"very concerned" about the current mass extinctions of
plants and animals, the American Museum of Natural
History (1994) conceded that "they are clearly unaware
of some of the most fundamental facts about the
diversity of life."

HERE COME THE
PRAGMATIC REDUCTIONISTS

Perhaps these grim statistics did not disturb me as
much as I was disturbed by some of the interns' re-
sponses to them. For example, one intern suggested that
we retreat to the simplest possible message, since the
American public obviously could not get the drift of a
notion as complex as biodiversity.

I tried to scribble down her entire statement, but my
pencil lead broke somewhere during her soliloquy,
perhaps owing to too much pressure.

"Just tell them that it means endangered species," she
said. "Or better yet, drop the term biodiversity alto-
gether, and tell them that every time we lose a unique
plant or animal we may be losing a cure to cancer or to
AIDS. That's what they worry about."

Another colleague was perfectly happy to let surveys
tell us what we should emphasize: "If surveys of school
children tell us that they feel the most threatening
environmental problem is the extinction of tigers, then
let's help them organize a Save the Tigers campaign.
That's an image they see on TV, so they feel compassion
for tigers. Instead of explaining biodiversity to them,
just tell them that tigers need safe places to live, and if
we get tiger habitat saved, you and I know that a lot of
biodiversity will be saved with it."

Such strategies are based on the assumption that
Americans currently can't stand anything complicated,



ONMATOEa AND PURPLE POTATOES
A CHEF S PERSPECTIVE. ON 13I0DIVERSITY

BY JANOS WILDER

Long before I make my way to the kitchen in
the morning, the decisions that are going to
inform, my menu have been made by my garden-
ers and other suppliers. They more than I, are
responsible for what guests at Janos will have for
dinner tonight.

The sort of cooking I do is at odds with the
food corporate America seems determined to
produce. I want twenty different kinds of
tomatoes from which to choose, a dozen varieties
of eggplant, and a rainbow of basils from citrus to
cinnamon. I want to make sorbet from chocolate
mint. I love the purple Peruvian potatoes that
taste like the earth in which they're grown and
the creamy, buttery taste of the Yukon Golds. I
want the unique, the unusual, wild colors,
different scents. That's what keeps my cooking
lively and my customers coming back.

We live in an era when geneticists are capable
of creating tomatoes with high yield, drought
resistance, long shelf life, and uniform size, shape
and color, but these engineered foods all too
often are of mediocre quality. The tomato picked,
packed, and shipped before its prime does not
taste as sweet and is not as juicy as the one
picked at its peak. Chickens that are hybridized,
hot mone'- packed, and stacked in pens for life are
not as succulent as free- range birds on healthy
diets allowed to come naturally to size.

Standardization and uniformity meet the
demands of chain restaurants and supermarkets,
which value efficiency and the bottom line above
all and which understandably require consistency
and predictability. But the consumer is the poorer
for it. Commercialization of the food chain has
provided abundance, but it also has led to a
sameness and blandness in the food many of us
eat. If we demand strawberries in January, they're'
not going to be the sweet, juicy, fragrant straw-
berries we remember from Augusts past. Worse
still is when producers grow the same strawberry
in August as in January.

Working toward
consistency and
sameness cari have the
dangerous side effect of
limiting the gene pool,
even of making some
foods extinct. The
temptation is to discard
the species that aren't -*

up to the standards of mass marketing. A case in point is
the turkey. Thanks to commercial breeding, there is now
only one gene pool from which to draw worldwide. If I
want turkey, I have no choice in the matter. There is
only one kind on the market.

The threat to restaurants like Janos -which relies for
its menu on the freshest local produce, meats, and fish
and on a wide variety of flavors, textures, and colors -is
clear. Without choices we are locked in to standard
products and so lose the flexibility that is the key to our
cooking.

In response, small organizations are cropping up a
over with the goal of preserving the gene pool. They are
working to collect native and heirloom seeds, both as
means of maintaining our cultural archives by preserv-
ing variety in our food sources and to save from extinc-
tion those traditional crops that we are in danger of,--
losing altogether..;

The challenge to the food industry is clear: provide
consistent, good tasting, nutritious products for the
mass market while maintaining the biodiversity on .
which the food chain depends. I'll be delighted if
corporate farming can produce consistently sized an
shaped red tomatoes year- round -so long as I can sti
put a salad of crazy tomatoes and grilled heirloom
eggplants with melting chevre and opal basil vinaigrette
on my menu in July

so it is best to reduce any issue either to an icon or to
the lowest common denominator.

I reject not only those strategies, but also the
premise upon which those strategies are based. To say
that biodiversity can ultimately be conserved by
reducing it to its lowest common denominator-

Janos Wilder is chef and proprietor of Janos, a celebrated
restaurant situated in an historic adobe house across a
courtyard from the Tucson Museum of Art. He is the author o
Janos: Recipes & Tales from a Southwest Restaurant. s'

whether that be a longing for cures to human ills or guilt
over the extinction of the charismatic animals that
frequent our cartoons and breakfast cereal boxes -is
insupportable. And to base those strategies on the
conventional wisdom that contemporary Americans
have an attention span no greater than the longest



commercial during prime -time TV is both arrogant and
unproductive.

ENDANGERED SPECIES AND

BIODIVERSITY ARE NOT SYNONYMS

While reauthorization of the Endangered Species Act
(ESA) is a biodiversity issue, biodiversity and endan-
gered species are not synonymous. Nor is the ESA
enough to insure the conservation of biodiversity within
the U.S. Likewise, as a desert ethnobotanist, I do not
care to see more traditionally -utilized plants extirpated
owing to our neglect of them; their cultural utility,
however, is not the primary reason I believe they have
the same right to exist that I do.

As David Ehrenfeld (1981) has convincingly argued
for more than two decades, a conservation ethic based
only on the utility (or even the presumed uniqueness) of
a species as a resource is bound to fail because that
approach simply rationalizes the sacrifice of species of
no known use. In addition, once a cancer -fighting
chemical like taxol from yew trees becomes artificially
synthesized in the laboratory, some idiot chemist will
claim that the plant itself is expendable -that is, if
overharvesting has not already wiped it out.

In a similar lapse of logic, we tend to give undue
attention to naturally rare species, while formerly
widespread species such as the passenger pigeon or
grama grass cactus can be rapidly depleted throughout
their ranges before resource managers recognize what
has happened. Even if we were to guarantee that
population samples of all federally -listed endangered
species were protected in at least one zoo, seed bank,
garden, park, or refuge, we could easily run the risk of
ending up living in an exceedingly impoverished world.
By reducing the entire issue of biodiversity to the
number of species being wiped out-or even the
number being "saved " -we have boiled conservation
biology down not to its essence but to a tasteless sludge.

SO WHAT IS BIODIVERSITY?

This concern recently was raised in a letter to the
editors of Conservation Biology written by Katherine Jope
(1994) of the U.S. National Park Service: "While zoos
may conserve a species' genetic resources, at least for a
time, they fall short of conserving the interrelationships
and emergent properties of an ecosystem.... For too long
we have accepted without question [a paradigm of
species conservation that] is proving a hindrance to our
ability to conserve the biodiversity of the Earth."

In a recent issue of Biodiversity Letters, Australian
ecologist D. M. J. S. Bowman (1993) takes issue with the
premise that biodiversity should be treated simply as the
number of species remaining in a particular place, as if
biodiversity can be reified as a thing:

"So what is biodiversity? My belief is that the variety
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of life on the planet is like an extra -ordinarily complex,
unfinished and incomplete manuscript with a hugely
varied alphabet, an ever expanding lexicon, and poorly
understood grammar... Ripping the manuscript to pieces
because we want to use the paper makes little sense,
especially if the manuscript says that 'to survive you
shall not destroy what you do not understand."

It is the poorly understood grammar -that is, the
ecological interactions among the plants, animals, and
microbes that form biotic communities -that should
humble us the most and keep us from assuming that a
reductionist approach will land us anywhere near where
we need to be. For some reason, most public discus-
sions of biodiversity remain fixed on species diversity -
or, conversely, the loss of species -rather than also
taking into account landscape -level and genetic hetero-
geneity (Office of Technology Assessment 1987). We
must begin to include within our definitions of
biodiversity the varied habitats, the co- evolved guilds of
plants, pollinators, and seed dispersers, the mycorhizal
and rhizobial associations of plants, and the microbial
mutualists in animal guts. Because we know we cannot
simply replace a native, oligolectic solitary bee with an
introduced honey bee and expect the same fidelity to
endemic flowers, the same pollination effectiveness per
floral visit, and the same resulting rate of seed set, we
cannot afford to give the public the impression that
biodiversity is made up simply of numbers of inter-
changeable parts.

That is one of the theoretical weaknesses of most
mathematical treatments of biodiversity: they are based
on the premise that species are analogous to "informa-
tion bits." Such treatments cannot take into account the
emergent properties apparent in co- evolved mutualists,
which, although few in number in most communities,
play a disproportionately large role in structuring those
communities. Fig/fig wasp mutualisms or the relation-
ships between nectar -feeding bats and ancient cactus
forests are two examples of ecological interactions that
temporally and spatially shape the communities of
which they are a part.

Similarly, species/area curve predictions of extinction
probabilities tend to treat species as interchangeable
units and cannot assign probabilities of extinction to
particular keystones species and their associated guilds
(Koopowitz et al. 1994). What's more, even somewhat
ecologically literate science journalists assume that such
models should be equally as applicable to birds, fish,
and migratory invertebrates as to sessile organisms such
as plants and intertidal invertebrates (Mann and
Plummer 1995). As a result, they question the validity of
conservation biology theory when these models fail to
predict real extinction rates.



AND WHAT Do WE Do ABOUT IT?

The upshot is that conservation biologists seldom
win at the numbers game, so why are we still playing it?
Instead, why not attempt compellingly to communicate
the gestalt of biodiversity at all levels (as well as the
values imbedded in it and the equally important concept
of wildness) if that is what really concerns us? If you do
not believe that such a complex concept can be con-
veyed in both a careful and inspiring manner, then I
suggest you reread E.O. Wilson's Biophilia (1984), or
take a look at filmmaker Godfrey Reggio's Anima Mundi
(which he prepared for the Earth Summit), or scan
photographer /entomologist David Cavagnaro's montages
of fruit and seed diversity prepared as posters, yearbook
inserts, and calendars for the Seed Saver's Exchange.
Complexity itself can be communicated to child and
adult alike in elegant ways; its portrayal need not be
so complicated that no one but technicians can
understand it.

We have, to date, generally failed to make
biodiversity intelligible and wonderful to a wider
audience. We have been preaching largely to the saved,
rather than engaging the unconverted.

The challenge before us is to make a complex subject
of vital interest to the many, to people from all cultures
and all walks of life. In fact, metaphorically relating
biodiversity to cultural diversity may be one of the most
socially relevant hooks we have. And yet, how many
ecologists are aware that six of the nine recognized
centers of linguistic diversity (containing 60 percent of
all extant human dialects) occur within countries
considered to be megadiversity centers of higher plants
and animals (Toledo 1994)? We must begin to explore
metaphors and images that appeal not only to those of
us trained in Western science, but also to the many
stakeholders whose daily work depends upon sustaining
interactions with a variety of plants and animals:
beekeepers, fishermen, basket weavers, butterfly
farmers, herbalists, furniture makers.

Unless we can further engage a diversity of people in
the conservation of biodiversity, the epitaph for our
movement years from now will be: "We died of a
peculiar strain of reductionism, complicated by an
attack of elitism, even though there were ready cures
near at hand."
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By reducing the entire issue of biodiversity to the number of species being wiped

out -or even the number being "saved" we have boiled conservation biology down
not to its essence but to a tasteless sludge.
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THE THR T F % C SSES 0 THE
BloDlsiRsrry OF SEMIARID ECOSYSTEMS

Is THERE SUCH A THING As
A GOOD PLANT OR A BAD PLANT?

On an Arizona Native Plant Society field trip a few
years ago, I pointed out the abundance of red brome
(Bromus rubens) to some new society members. I
explained that it was an adventive introduction from
Eurasia and had spread over most of the American
Southwest within the last 200 years. In casual conversa-
tion I said that it was a bad plant, which provoked a
new member to ask how a plant could be bad. Easy
answer, I thought. I began to explain how red brome,
among other exotic grasses and weeds, likely was
responsible for the decline of native flora and the
degradation of much of the Sonoran Desert, but as I
explained I realized that plants are perceived differently
by those not trained in or familiar with native ecosys-
tems.

Most of our neighbors have little or no idea of the
effect exotic plants have had on natural ecosystems.
Thousands of plants have been introduced, both
intentionally and unintentionally, within the last several
hundred years. Many have seriously impacted native
ecosystems worldwide, and the Sonoran Desert of
northwestern Mexico and southwestern United States is
no exception.

Southwest have origins elsewhere than in the
Sonoran Desert. Our lives and economy depend on
them and alone these species, when confined to agricul-
tural or horticultural contexts, have little impact on
native ecosystems beyond the fields devoted to their
cultivation. There are, however, a large number of
introduced plants that have become serious weed
problems and many of them are drastically altering the
species composition of the Sonoran Desert.

ENVIRONMENTAL WEEDS

Many of the problematic exotic weeds have origins in
Eurasia. These include red brome, wild barley (Hordeum
spp.), wild oats ( Avena fatua), Mediterranean grass
(Schismus spp.), wild mustards (particularly Brassica
spp.), tumbleweed (Salsola spp.), and a host of others.
These Eurasian plants are predominantly annual, cool
season species. They germinate with the fall and winter
rains and mature, set seed, and die in the spring,
summer, and fall. Their seeds persist in the soil for years
in varying degrees of dormancy, and a portion of these
germinate when conditions are right. These plants are
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fast growers, using quantities of nutnents and creating
biomass at many times the rate of most native species.
They are very competitive.

Another group of invasive exotic plants has origins in
Africa. The main culprits are Lehmann lovegrass
( Eragrostis lehmanniana), Cochise lovegrass (Eragrostis
trichophora), buffel grass (Pennisetum ciliare), Fountain
grass (Pennisetum setaceum), Johnson grass (Sorghum
halepense), and common bermuda grass (Cynodon
dactylon). These are all perennial, warm season species.
They germinate and become established in the spring,
summer, and fall. They grow and set seed during the
warm period and go dormant in cold weather or under
drought conditions. Most of these species have only
recently (within the last 75 years or so) been introduced
to the Sonoran Desert. In contrast to the Eurasian
species, which are almost wholly accidental here, the
African grasses have been intentionally introduced for
range improvement, both as forage and for erosion
control. Fountain grass is used as an ornamental in
residential landscapes and has been seeded on some
public works projects for erosion control. It has been
seeded extensively on much of the highway system in
Southern California.

Many people see these plants merely as more herbage
in a wide array of unidentifiable plant material. Some
see them as beneficial, as forage, ground cover, or
ornamentals. But their long -term impact on native
ecosystems should be of great concern to those inter-
ested in preserving drylands biodiversity.

AGGRESSIVE COMPETITORS

These exotic plants typically grow at faster rates than
do native species and can outcompete them for water,
nutrients, and light. This is critical enough, but there is
another factor that makes them an even more serious
pest problem: what most of us consider to be the
common climax botanical components of the Sonoran
Desert, the paloverdes and various cacti, are not fire
dapted, but the exotics are and so they thrive under fire

cycles.

When the desert burns -often owing to an increased
fuel supply courtesy of the extra biomass generated by
exotic weeds -the fast -growing, fire -adapted exotic
species not only survive but spread into niches created
by the loss to fire of native species. The absence of
perennial native species and the loss of the cryptogamic



crust associated with many stabilized climax desert soils
create an ideal habitat for many of the exotics. Thus a
cycle of disturbance is created: as the biomass of exotic
species increases, so does the probability of fire; the
burning episodes continue the disturbance and favor the
invaders because they are fire -adapted; the native species
decline and the biomass of the invader species increases
further, and so on.

TIME To RECONSIDER
THE DEFINITION OF A WEED

Traditionally, "weed" has been an agricultural term
and has been defined as those plants that are harmful to
crops or that have a detrimental effect on cultivated
areas. Graham's Basic Dictionary of Science defines a weed
as "any wild plant of no use to man which makes
its way into farm fields
and gardens where it is
not desired," and the
Arizona Department of
Agriculture's list of
"weeds" consists
entirely of plants that
fit the narrow
definition of an
agricultural pest. (And
why not? They are, after all,
the Department of Agriculture.) To an ecologist,
however, this narrow definition is unpalatable.

I've always liked the definition that says a weed
is simply "a plant out of place." This definition
broadens the concept. Given that many exotic
plants are pests in the broader environmental
sense -in that they certainly can be considered
plants "out of place " - perhaps it is time to recon-
sider the traditional definitions.

Under our broader definition, the exotic grasses
being seeded on public lands certainly should be
considered environmental weeds. The agricultural
weeds are restricted for import into the state
because of their economic impact on agricul-
ture. Isn't the loss of native flora and fauna an
economic impact, too?

Many of us living, working, and paying
taxes here value our natural surroundings
highly and a good many tourists from the
world over come to Arizona to see the
unique flora and fauna of the Sonoran
Desert-and along the way they

deposit millions of dollars in local pockets in return for
food, lodging, fuel, and souvenirs.

The downside is that so much of what makes this dry
country attractive to taxpayers and tourists alike is being
lost to exotic environmental weeds and to those policies
that foster their spread.

FOR FURTHER READING

An excellent paper on this subject is: D'Antonio and
Vitousek. 1992. Biological invasions by exotic grasses:
the grass/fire cycle and global change. Annual Review of
Ecology and Systematics 23:63 -87.

Dan James, Revegetation and Grass Specialist with
Western Sod of Casa Grande, Arizona, wrote "Some
Principles and Practices of Desert Revegetation Seeding"
for The Arid Lands Newsletter No. 32 (Spring/Summer

1992): BIOREMEDIATION AND ECOLOGICAL RESTORA-

TION He is a board member of the Arizona
Native Plant Society, from whose newsletter,

The Plant Press (Vol. 18 No.3), this article
was adapted.

As the biomass of
exotic species in-
creases, so does the
probability of fire;
the burning episodes
favor the invaders
because they are fire-

ted; native

species decline and

the biomass of in-
V species in-
creases further. And

on it goes.
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A FRAME RK OR lODI VE RSflY

PROSPE ING HEI IO XPERIENCE

The biological and chemical diversity of nature
remains a largely untapped source of innovation for
pharmaceutical companies, agrochemical firms, fra-
grance and flavor manufacturers, biotech enterprises,
and crop breeders. In recent years, nature's chemical
creativity has received renewed attention from the
private sector as competition for product innovation has
increased and as new technologies have reduced the cost
of isolating and extracting useful compounds, including
genetic material, from biological samples. As evidenced
by the Biodiversity Convention signed at the Earth
Summit in Rio, there also is a growing awareness among
national and international policy makers that the
potential commercial value of biodiversity could provide
an important economic incentive for its protection.

BIODIVERSITY PROSPECTING AT INBIO

Elevating the value of nature's biological resources by
promoting its economic use and at the same time
providing incentives for biodiversity conservation is a
complex endeavor. It requires the cooperation of
governments, intermediary institutions, private enter-
prise, and academia, as well as the incorporation of
scientists, lawyers, managers, and economists from
developing and developed countries. It also requires a
conducive macro -policy environment at the national and
international levels and an integrated set of biodiversity
prospecting activities, including biodiversity inventories
and information management, business development,
and technology access. The combination of macro -
policy and more focused research and development can
be thought of as constituting a Biodiversity Prospecting
Framework.

MACRO- POLICY

On the international level, treaties and conventions
establish the relationships and protocols for conduct
among countries. For example, the Biodiversity Conven-
tion calls upon the 157 countries that signed the treaty
to create a framework for: (1) regulating access to and
control of biological resources, (2) protection of intellec-
tual property rights, (3) environmental protection, and
(4) commercial laws that promote development,
conservation, and fair and equitable sharing of benefits
derived from the sustainable use of biological/genetic
resources. Article 3 of the Convention recognizes the
important principle of sovereign rights over biological
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diversity, thus dramatically changing the concept that in
the past has held these biological resources to be the
"common heritage of humanity."

On the national level, sovereign governments
determine the macro -policies that deal with issues such
as land ownership, the creation of conservation areas,
access to and control of biological resources, nationally
recognized intellectual property rights, and the creation
of incentives or deterrents to use of resources in the
public domain. Such policies create a national context in
which biodiversity prospecting either can develop
favorably or be effectively stifled.

In Costa Rica, the creation of a favorable macro -
policy environment began with the establishment of
clearly defined, private and public protected areas
encompassing 27 percent of the nation's territory and
organized into a National System of Conservation Areas
(SINAC). With a strong base for conserving natural
resources in place, the Instituto Nacional de
Biodiversidad (INBio) was created by an act of the
national legislature. INBio's mission was to conduct a
biological inventory and, in collaboration with other
national and international institutions, to encourage
economic and intellectual use of the nation's
biodiversity, thus amplifying possibilities for biodiversity
prospecting agreements. Knowing that biological
resources will be preserved and protected within a given
area makes it easier to justify the major investment
required to undertake biological surveys. The systematic
and careful collection process is one component of an
infrastructure of information that can increase
biodiversity's economic and intellectual value.

The protected status of these conservation areas,
coupled with effectively enforced laws that regulate
ownership of, access to, and use of the biological
resources discovered, substantially reduces the risk for
potential industrial partners; there are many examples of
pharmaceutical and agrochemical companies that have
identified lead chemical compounds from an initial
plant sample only to discover that the source material
has disappeared with the conversion of forest to pasture.

Similarly, a lack of explicit laws regarding land
ownership makes collecting from those areas inherently
risky, since uncertainties arise as to who has the author-
ity to grant legitimate access to materials and under
exactly what conditions. In December 1992, a new Wild
Life Protection Law was approved by the Costa Rican
Congress to regulate access to and control of biological
samples in the country, thus providing the legal frame-



work within which to negotiate prospecting agreements.
Under the new law, any entity that wants to collect or
manage biodiversity samples from a Conservation Area for
research or other uses must obtain a permit from or sign a
concession agreement with the Ministry of Natural
Resources.

Still other sets of macro-policies affect the dynamics of
biodiversity prospecting. For example, in Costa Rica a
heavy investment in education has created both a base of
highly skilled technicians and scientists and well devel-
oped laboratories at Costa Rican universities, which have
and will continue to support the country's biodiversity
prospecting efforts with industry Macro-policies of a
social nature are extremely important in providing the
human resources needed to implement Biodiversity
Prospecting Frameworks.

A parataxonomist
gathers field data
in a Costa Rican

forest.

B1ODIVERSITY INVENTORIES AND

INFORMATION MANAGEMENT

Given a favorable policy environment, particularly
with regard to the organization and management of
conservation areas, biological surveying and biodiversity
information management systems become feasible and
important steps in creating a Biodiversity Prospecting
Framework. Biodiversity inventories, through the
development and management of biological, ecological,
taxonomic, and related information, increase the value
and promote the sustainable use of raw biological
resources. The biodiversity inventory of Costa Rica's
wildlands builds on a long history of specialized
taxonomic research conducted by national and interna-
tional researchers. INBio's present inventory program is
intended to complete this biological survey and to
induce broad national and international participation in
the gathering of that information.

The basic field work is being conducted by a group of
lay people trained in the vocation of the parataxonomist.
The parataxonomist is not merely a collector, but also is
the initial cataloguer of specimens and a direct link to
the communities in and around Costa Rican Conserva-
tion Areas. Parataxonomists receive feedback, planning
assistance, and guidance from INBio's staff of curators,
who work within a larger network of national and
international curators and taxonomists.

INBio also is in the process of making biodiversity
information, proceeding from the biological inventory
databases and The Nature Conservancy database
resident at INBio, available to a larger cross-section of
society, both inside and outside Costa Rica. Such
knowledge is essential for increasing biodiversity's value
to society. To facilitate the management and manipula-
tion of species and conservation information accumulat-

ing in INBio's databases, INBio is collaborat-
ing with the Intergraph Corporation, a world
leader in computer-aided graphics, to design
and develop a computerized Biodiversity
Information Management System capable of
handling textual and numeric information on
the biogeographic, taxonomic, and other

-- characteristics of species and ecosystems.

The chemical extraction process begins at INBio's laboratories.

BUSINESS DEVELOPMENT

Business development, which covers the
entire process from identifying markets
through strategic planning to negotiating
collaborations and contractual agreements,
often is neglected in the emerging literature
of biodiversity prospecting. Nevertheless,
business development is essential to creating
successful biodiversity prospecting endeavors

because it combines information obtained from biologi-
cal inventories with an understanding of market

9



opportunities.

To begin addressing the question of what INBio and
Costa Rica really had to offer in terms of information
and services that increased the value of biological
resources, INBio conducted an informal audit of in-
house and in- country strengths and weaknesses. Having
taken note of domestic technical and institutional
capacities for biodiversity prospecting, INBio set out to
identify and understand the fundamental needs and
characteristics of the resource's potential users. INBio
has used market surveys and industry contacts to help
identify major industry trends, to explore potential
market opportunities, and to locate potential collabora-
tors in the pharmaceutical and biotech industries.
Additional research into other industries using biological

resources -
agribusiness,
cosmetics, and
flavor and fragrance
manufacturers -has
provided INBio
with information
concerning the
basic characteristics
of other potential
industrial markets.

Based on the
results of its market
research and a keen
awareness of in-
country research
skills and capacity,
INBio has devel-
oped institutional
and financial goals
and objectives that
include: (1) facilitat-
ing acquisition and/
or development of
technology and

products that increase the value of biological diversity
and that are capable of being transferred to private
enterprise to promote sustainable economic develop-
ment and create jobs, and (2) generating income,
through direct research fees and potential future product
royalties, to help support both the Conservation Areas
and INBio's research activities.

In Costa Rica, the
creation of a macro -

policy environment

favorable to
biodiversity conser-

vation began with

establishment of
clearly defined,

private and public
protected areas en-
compassing 27 per-

cent of the nation's
territory

MULTISECTORAL COLLABORATIONS

Over the past year, INBio negotiated several collabo-
rative research agreements with the pharmaceutical and
agrochemical industries and began negotiations for
several new partnerships. Each of these collaborations
expresses the need for a multisectoral approach, based
on the sustainable use of biological or genetic resources.
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Public or private institutions (such as INBio), which act
as intermediaries, fill the critical role of broker among
biological/genetic resources, industries, and other
institutions interested in accessing and using those
resources. One of the primary actors that mediating
organizations must approach and attempt to include is
the developing country's government, which frequently
acts as a gatekeeper, regulating access to and control of
biological materials. Another key actor is private
enterprise; that is, a particular company interested in
converting biological diversity into a biological/genetic
resource. Frequently it is the private enterprise or
industrial partner in the collaboration that has access to
economic resources to finance the partnership. The
industrial partner often will be willing to transfer
technology in exchange for access to biological material
and in- country collaboration and support services.

INBio's contractual research agreements concentrate
on increasing the value of biological materials by
fostering knowledge about their ecology and taxonomy
at INBio and by conducting some processing and
research inside Costa Rica. Agreements typically include
a research budget covering costs for sample collection,
identification, processing, and laboratory research, with
a direct contribution to the maintenance of national
parks and other protected areas. Royalty payments
support conservation efforts if commercialization is
successful, according to an existing agreement between
INBio and the Ministry of Natural Resources.

Where research and processing activities that add
value to the resource are involved, collaborations
frequently seek to involve academia by making use of
university laboratories to assist in the research and
development of technologies and new products derived
from biological/genetic materials. Involving the aca-
demic institutions of developing countries has the
distinct advantage of ensuring that the technologies
transferred or advanced remain in the country to be
used by other university research programs and eventu-
ally by domestic industries and entrepreneurs.

CONTRACT NEGOTIATION

AND LEGAL ISSUES

Contract negotiation, an essential aspect of
Biodiversity Prospecting Frameworks, can be divided
into two basic sets of issues: (1) business issues, and (2)
legal issues and frameworks. While the two are related,
it often is helpful to broadly define the business issues
first and later struggle to place them in a legal frame-
work.

To negotiate any type of business venture, an organi-
zation needs to have a good sense of its own fundamen-
tal needs and those of its potential collaborators. The
typical institutional needs that INBio focuses on in
negotiations are:
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BIODIVERSITY PROSPECFING IN HE DRYLANDS

OF CHILE, ARGENTiNA, AND MEXICO

The International Cooperative Biodiversity Groups
(ICBG) program was developed as a result of the United
Nations Convention on Biological Diversity, also known
as the Biodiversity Treaty, which was signed in mid -1992
at the Earth Summit in Rio de Janeiro, Brazil. The ICBGs
are sponsored by the U.S. National Institutes of Health
(NIH), including the National Cancer Institute, the
National Institute of Allergy and Infectious Diseases, the
National Institute of Mental Health, and the National
Heart, Lung, and Blood Institute; the National Science
Foundation (NSF); and the U.S. Agency for Interna-
tional Development (USAID). Administered by the
Fogarty International Center, the international arm of
the NIH, the ICBG program seeks to involve developing
countries in drug discovery from natural sources and in
sustainable development by improving infrastructure,
developing inventories of native species and indigenous
knowledge, training scientists, and assisting with
priority health needs.

In September 1993, one of five ICBG projects was
awarded to The University of Arizona. The project, titled
"Bioactive Agents from Dry land Plants of Latin America,"
is a five -year collaborative effort and a creative legal and
partnership agreement among universities, corporations,
and government and nongovernmental nonprofit
organizations. The project seeks to discover and develop
pharmaceuticals and crop -protection agents from plants
of arid and semiarid ecosystems in the participating
countries in Latin America and to promote sustainable
economic activity while conserving biological resources
in fragile environments.

BIOACTIVE AGENTS FROM

DRYLAND PLANTS OF LATIN AMERICA

This ICBG involves researchers from The University
of Arizona in collaboration with researchers at Pontificia
Universidad Catolica de Chile in Santiago, the Instituto
de Recursos Biologicos in Buenos Aires, the Universidad
Nacional de la Patagonia in Comodoro Rivadavia,
Argentina, the Universidad Nacional de Mexico, the
Medical (Lederle) and Agricultural (Cyanamid) Divi-
sions of American Cyanamid Company, Purdue Univer-
sity, and the GWL Hansen's Disease Center of the U. S.
Department of Health and Human Services (HHS).
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The University of Arizona is represented by several
academic and research units, including the Office of
Arid Lands Studies specifically, (its Arid Lands Informa-
tion Center, Bioresources Research Facility, and Arizona
Remote Sensing Center), the Department of Pharmacol-
ogy/Toxicology (Natural Products Chemistry Labora-
tory), the School of Renewable Natural Resources, and
the Department of Anthropology.

Exploration and Collection. Exploration for new
drugs begins by collecting native plants from poorly
known floristic areas. Once a plant is located, 1 kg (2.2
lbs) of its leaves, flowers, and stems are collected from
areas in which the species occurs in relative abundance
and using methods that leave the plant alive and able to
reproduce either vegetatively or generatively. The highest
priority is given to plant species that have a known
history of ethnobotanical uses, which increases the
chances for drug discovery and commercialization.
Shamans, herbalists, and curanderos in the collection
areas are contacted and interviewed about plant rem-
edies from the local flora and herbal remedies are
acquired at local markets from reputable sources. Plants
also are collected at random because there are many
diseases, such as AIDS, that do not have a history of
ethnobotanical treatment.

In addition, herbarium specimens are collected for
classification by taxonomists and for distribution to the
herbaria of the collaborating institutions, as well as to
other major herbaria, including the U.S. National
Herbarium, the Smithsonian Institution, the New York
Botanical Gardens, and the Royal Botanic Gardens at
Kew in the United Kingdom.

Noted on specially designed forms is a variety of
information, including the longitude, latitude, and
elevation of the collection site, the collected plant's
phenology and growth, other species that grow in the
population, and type of soil. The location of the popula-
tion is documented using a hand -held electronic device
(geopositioning system) that picks up the exact location
from Earth's orbiting satellites.

Extraction and Analysis. Plant biomass from Chile
is mailed directly to Arizona for extraction; plants from
Argentina and Mexico are extracted in their home
countries. Fractionation and bioassay -guided isolation
and characterization of the active natural products is
done both in Arizona and in Mexico, using state of the



art techniques for isolation and structure elucidation of
the active natural products.

Plant extracts, fractions, and pure compounds are
submitted to a battery of bioassays using several
automated, high throughput enzyme assays developed
by Lederle and American Cyanamid. An assortment of
mechanism- based, whole organism, and enzyme-
induction assays are employed in the primary screening
program. An extensive battery of organisms resistant to
a wide variety of clinically used antimicrobial agents are
employed for secondary testing of active leads.

Both mechanism -based and whole virus -infected
tissue culture assays for RNA and DNA viruses,
including HIV, are part of the anti- infective program.
Molecular targets, such as unique virus- encoded
enzymes and regulatory proteins, are emphasized.
Therapeutic areas of potential target application include
the central nervous system, the cardiovascular system,
intermediary metabolism, allergy /inflammation, the
gastrointestinal system, cancer, anti -viral, anti -bacteria
and agricultural applications in crop protection and
animal health. Bioassays against tuberculosis, leprosy
and opportunistic infections using the BACTEC system
are conducted at the GWL Hansen's Disease Center.

Biodiversity Conservation and Economic Develop-
ment. One of the project's central goals is to address
biodiversity conservation and sustainable economic
activity, including development of strategies for
minimizing negative environmental impacts and
assuring that economic and social benefits accrue to the
local community.

In this connection, the project concerns itself with
the potential for commercial production of biological
compounds that ultimately could result in develop-
ment of specialty cash crops for the country in
which the compound originated. If a valuable
chemical is discovered, for example, the source
plant could be cultivated to provide local jobs or
could be sustainably collected from the wild by
people from nearby communities.

Intellectual property agreements were
negotiated among all participating institutions
before the project began, to ensure that
economic benefits from any discovery are
equitably shared. If new drugs are Bevel
oped and marketed, a percentage of
royalties from sales will go back to
the communities that supplied the
plant and to those individuals who
provided information about the plant.
A substantial share of any royalty
proceeds also will go to trust funds for ü
conservation projects in the country
where a drug was discovered.

Information Management. One of t

unique features of the project is an information manage-
ment and dissemination component. It was designed to
promote the sharing of resources and knowledge and to
create the necessary framework for achieving the
project's long -term conservation and public health goals.

Specific plans include building an and lands plant
database, including bibliographic and geographic
information systems (GIS) functions, and helping to
build information -handling capabilities at all project
sites to facilitate collaboration among the cooperating
institutions.

The primary tool for communication at this time is a



The primary tool for communication at this time is a
newsletter, Bio -D Prospects, which is produced quarterly
at The University of Arizona with input from informa-
tion counterparts at each participating institution. Issues
contain updates on all project components, as well as
news items, publications announcements, and columns
on Internet information resources. The newsletter and
general project information also are available through
the And Lands Information Network (ALIN), a World
Wide Web information server on the Internet (ALIN's
Internet address, or URL, is http: / /ag.arizona.edu/OALS/
alin.html).

FIRST YEAR RESULTS

About 500 plant species were collected and classified
during the project's first year; bioassays and isolation of
active natural products are underway for some speci-
mens and completed for others. Information and data
obtained during the collection phase are being entered
into the BIOD- Database, a custom -designed graphical
user interface based on Microsoft's MS Access relational
database management (RDBM) package. Concurrently,
database searches for bibliographic citations are being
performed on arid lands plants selected for study by
project personnel. BIOSIS, Chemical Abstracts, CAB
ABSTRACTS, Napralert, and Medline databases are the
primary focus for the searches and selected results are

being compiled as a companion to the
BIOD- Database.

Another important part of the project
is training and infrastructure support for
host -country institutions and the
training of both Latin American and
North American graduate students and
postdoctoral fellows. Several U.S.
graduate students are conducting
ethnobotanical field research in South
America as part of their Master's theses
and Ph.D. dissertations. One microbiolo-
gist from Argentina is learning anti -
tuberculosis assays in the U.S. and soon
will be joined by a colleague from
Buenos Aires. Laboratory equipment,
computers, collecting gear, and other
items have been purchased with ICBG

Chilean scientist and ICBG
collaborator Gloria Montenegro
(left) photographed herself and
a colleague (above left) as they
gathered ethnobotanical field
data in northern Chile.
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funds to improve the technological capabilities of
collaborating countries.

In the area of biodiversity conservation and sustain-
able development, the first year of the project focused
on establishing cooperative relationships among
academic, governmental, and nongovernmental agen-
cies. Team members gathered background materials
on biodiversity, sustainability, and traditional uses of

plants. They also briefed the research team on the
principles of the Biodiversity Treaty and its implications
for this project.

Finally, a background paper covering treaties,
intellectual property rights, and conservation strategies
was prepared to provide the framework for workshops
planned for Latin America in early 1996. The purpose of
these workshops is to insure that biodiversity and

cultural issues are considered in the process of
prospecting for plant resources.

Micrograph of glandular trichome on the leaf surface of Grindelia chiloensis;
photo by Adrian Bartoli.

Barbara N. Timmermann, Professor of Arid
Lands Studies at The University of Arizona, is
Principal Investigator and Project Director of the
ICBG profiled here. Barbara Hutchinson,
Director of the Arid Lands Information Center at
the Office of Arid Lands Studies and ICBG Co-
Principal Investigator, manages the project's
information component.

Professor Barbara Timmermann, ICBG Principal Investigator, in the field, Monte, Argentina; photo by the author.
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REVERSING THE LOSS OF BIoDIvERsnri
AN OVERVIEW OF INTERNATIONAL MEASURES

Our generation has the singular misfortune of living
during -and helping to create -a period of biological
simplification. Generations from now it will be hard for
people to appreciate what has been lost, but we have
ringside seats for the event. It is happening during our
watch, a fact that will not soon be forgotten by our

descendants.

There is virtually
no place on Earth
where biodiversity is
not under siege
from the combined
pressures of human
population growth,
excessive resource
demands, exotic
species introduc-
tions, and atmo-
spheric pollutants.
Although we often
dwell on
biodiversity loss in
the tropics, major
problems exist in
the temperate, arid,
and semiarid zones
as well. Worldwide,
an estimated 2 to 5
percent of species
will be committed
to extinction per
decade in the near
future and habitats
and genetic re-
sources are disap-

pearing at at least as rapid a rate. With growing popula-
tions and growing demands on resources, the magnitude
of the problem is overwhelming.

Even the United States, which has the resources to
tackle the problem and the benefit of a declining rural
population, is at best only slowing the rate of loss of
biodiversity; more likely, we are only slowing the rate of
increase in the loss of biodiversity. If the resource -rich
United States is losing the battle, how are countries
without abundant resources and with growing rural
populations to meet the challenge?

Even if we stopped cutting forests, filling wetlands,
and damming rivers worldwide today, species extinc-

There is virtually no

place on Earth where
biodiversity is not

under siege from the
combined pressures
of human population
growth, excessive

resource demands,

exotic species intro-
ductions, and atmo-
spheric pollutants.
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tions caused by historic habitat destruction would
continue for centuries. Yet it is unrealistic, given a global
human population that is growing by nearly a billion
people every ten years, to think of halting habitat loss
anytime in the near future. If we were to halt the loss of
biodiversity at a level somewhere near today's, we would
need not only to stop habitat loss immediately but also
to restore a substantial fraction of the habitat that
already has been lost.

So, what will it take to stop biodiversity loss?

Although population growth and resource consump-
tion are the proximate threats to biodiversity today, over
the long run biodiversity's fate will in fact lie with social
and economic progress around the world. The steps
countries take to improve literacy, empower women,
invest in health and child survival, and stimulate
sustainable economic development will in the end
determine the level where human populations stabilize
and what demands those populations place on natural
resources. And that is what ultimately will define the
amount of the planet's biodiversity that survives to pass
through the bottleneck we are entering.

CATEGORIES OF INTERNATIONAL ACTION

FOR BIODIVERSITY

We can influence both the rate of loss of biodiversity
and the final levels of diversity that survive through
actions we take today to protect species., genetic re-
sources, and critical habitats and to use them sustainably
to meet social and economic needs. International action
can help the conservation and sustainable use of
biodiversity to the extent that it helps nations (1)
anticipate and prevent threats to biodiversity, and (2)
align the goals of biodiversity conservation with local
and national development goals.

The four major types of international action that
influence biodiversity conservation today are:

1. International Resource Management Coordina-
tion. A long history of treaties and agreements seeks to
promote coordinated and complementary actions among
countries that share resource management goals or
concerns. For example, Mexico's efforts to maintain its
shorebird populations would fail if the U.S. and Canada
did not protect habitats for the birds during migration.
Similarly, U.S. efforts to protect sea turtle populations
would fail if other countries did not ban the import of



turtle shells. Thus, nations have reached such agree-
ments as the Convention on the Conservation of
Migratory Species of Wild Animals, the Convention on
International Trade in Endangered Species of Wild
Fauna and Flora (CITES), the Convention on the
Conservation of Antarctic Marine Living Resources
(CCAMLR), and the International Undertaking on Plant
Genetic Resources, and have established numerous
regional and species- specific councils and agreements
addressing transboundary resources or migratory
species, such as UNEP Regional Seas programs.

2. "Bargains" Among Nations. Another set of
international mechanisms seeks not only the coordina-
tion of action, but also the establishment of reciprocity
among nations. In a sense, these treaties or agreements
strike "bargains" among countries with different needs
and different resource pressures. For example, the
Ramsar Convention on Wetlands of International
Importance obliges countries to take steps to conserve
their wetland resources and provides funding from
relatively wealthy countries to support the conservation
activities in poorer nations. The pilot phase of the
Global Environmental Facility provided financial
support for conservation in developing countries; in
return, those countries took steps to protect their
biodiversity, actions that result in both national and
global benefits. The recently negotiated Convention on
Biological Diversity establishes obligations for parties to
undertake conservation activities and ensures that
wealthy countries will support conservation with
financial and technical resources in return for maintain-
ing their access to these resources. And a number of
bilateral development assistance programs provide
financial resources to countries to assist their conserva-
tion efforts.

3. International Financial and Trade Agreements.
Although we don't typically think of their influence on
biodiversity, international agreements that influence
economic development and trade policies can have
important conservation consequences, both positive and
negative. Such agreements include structural adjustment
programs, regional and global trade agreements, and
commodity agreements such as the International
Tropical Timber Agreement (ITTA). It is already standard
for such agreements to address economic issues related
to resource use, but increasingly the argument is being
made to address conservation concerns as well. Because

of their major influence on patterns of development,
these agreements may offer a far more valuable opportu-
nity to promote the conservation and sustainable use of
biodiversity than more narrowly focused conservation
agreements.

For example, Bob Repetto at World Resources
Institute (WRI) has proposed a mechanism for making
commodity agreements such as ITTA instruments for
promoting the sustainable use of resources. For decades,
Southern producers have sought to improve their
commodity terms of trade through commodity agree-
ments designed to "stabilize" (i.e., reduce) supply, efforts
that have been resisted by consuming Northern coun-
tries such as the U.S. However, producers could im-
prove export prices and revenues if they jointly agreed
to adopt more sustainable production practices and to
internalize the full environmental costs of production in
their pricing structure. Northern countries could not
complain about agreements among producers to reduce
logging to sustainable levels or to protect biodiversity,
and Southern producers could pass on the costs of these
measures to Northern importers.

4. International Science. Finally, much of the basis
for both the concern over the loss of biodiversity and for
knowledge of what steps need to be taken to protect
biodiversity stems from the results of the international
scientific community's research in systematics, ecology
and conservation biology. Although we often don't think
of this as an international "measure," international
scientific cooperation provides a model for the type of
cooperation needed in such areas as technology and
capacity building.

THE BIODIVERSITY CONVENTION

Although economic and trade agreements provide
significant opportunities to imbed concerns for
sustainability in development plans and despite the
potential for other treaties to help coordinate resource
management among nations, all attention is now
focused on the Convention on Biological Diversity, one
of the notable achievements of the United Nations
Conference on Environment and Development
(UNCED) held in Rio de Janeiro in June 1992. The 157
countries signing the Convention believed that it struck
a balance among the interests of nations differing widely

Although population growth and resource consumption are the proximate threats to
biodiversity today, over the long run biodiversity's fate will in fact lie with social

and economic progress around the world.
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We can influence both the rate of loss of biodiversity and final levels of diversity
that survive through actions we to protect species, genetic resources, and

critical habitats-and to use them sustainably.

in development needs, biodiversity endowments, and
environmental threats.

The Convention is a framework agreement, meaning
that it establishes an international legal structure for a
coordinated response to the loss of biological diversity. It
establishes general obligations for the parties to the
Convention rather than legally binding targets for
specific actions.

But even as a framework agreement, its impact will
be significant. The Convention increases the economic
incentives for conservation, a key element of the long-
term strategy to slow the loss of biodiversity. It also
establishes short-term obligations to meet pressing
conservation needs. Signatories have already begun to
develop the required biodiversity action plans, which
detail how they will meet obligations to identify,
monitor, and conserve biodiversity and identify their
priorities for training, education, and capacity -building.
The Convention establishes a multilateral mechanism to
provide financial support for these conservation needs
in developing countries and sets up a scientific panel to
help governments guide limited resources to the highest
priorities.

The Convention marks a basic change in the interna-
tional status of genetic resources. Before it, these
resources were considered to be the "common heritage
of mankind." This principle is a central tenet of the
International Undertaking on Plant Genetic Resources
and the FAO Commission on Plant Genetic Resources,
both of which were established in the 1980s and
together involve some 135 countries. Under this regime,
countries that violated the common heritage principle
and restricted access to unimproved germplasm (such as
Ethiopia, which placed an embargo on the export of its
coffee germplasm in 1977) were soundly criticized.

Though the intent of the open access regime was to
ensure the widespread availability of genetic resources
for agriculture and industry, it had one major flaw: by
allowing free exchange of genetic resources, the source
country received no direct benefit from their use. As a
result, commercial use of these resources provided no
additional economic incentive for conservation.

The Convention on Biological Diversity corrects this
policy failure by establishing that states have sovereign
rights over their genetic resources, although it affirms
that the conservation of biodiversity is a "common
concern of humankind." It thus enables market incen-
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rives to be used to complement the various multilateral
mechanisms that might directly fund biodiversity
conservation. The Convention adopted the principle
that a portion of the benefits stemming from the
productive use of genetic resources should flow back to
the nations that act to conserve and provide access to
these resources.

Not surprisingly, the negotiators envisioned that the
flow of benefits would include both financial resources
(i.e., royalties) and technologies. Given the central role
of new technologies in addressing many environmental
concerns, the inclusion of technology transfer articles is
now commonplace in international agreements -
including, for example, the Montreal Protocol on
Substances that Deplete the Ozone Layer, Agenda 21
(another product of UNCED), and the United Nations
Framework Convention on Climate Change. Such
provisions aid biodiversity conservation in two ways: (1)
technologies like seedbanks, tissue culture, and data
management systems help meet conservation objectives
directly, and (2) technologies enabling countries to make
greater use of biodiversity in agriculture and industry
add even greater economic incentives for conservation.

The technology transfer envisioned under the
Convention is not a hand -out to poor countries but a
recognition that simple cash payments for access to
resources are rarely the most effective mechanism to
support their conservation. Indeed, the first country to
take action to ensure technology transfer consistent with
the convention was not even a developing country. After
the U.S. National Cancer Institute extracted a chemical
showing promise against HIV from an Australian shrub,
Western Australia aggressively pursued its right to
benefit from the resource. Australian scientists will now
be involved in the research and Australia will receive a
share of any potential commercial benefits.

There is no dispute that countries that obtain genetic
resources from other countries assume the obligation
under the Convention to compensate those countries,
both financially and by facilitating technology transfer.
Because developed countries successfully negotiated for
language in the agreement to ensure that compulsory
licensing is not authorized to meet these objectives, the
burden falls squarely on the developed countries to take
the actions needed to facilitate technology transfer. An
array of policy tools, including tax incentives and
cooperative research programs, can meet the
Convention's objectives without infringing on property



rights. Rather than
continuing to stress what
actions developing
countries can't take to meet
the Convention's objectives, it
is essential that developed
countries quickly demonstrate
what actions developed countries
will take.

NEXT STEPS

A scaffolding for international action to
support the conservation and sustainable
use of biodiversity now exists. But what are
the greatest needs for further international
institutional evolution to support
biodiversity conservation?

1. Build Capacity in Developing Coun-
tries. International institutional development
in the area of biodiversity
conservation has far
outpaced the growth
of local and national
expertise and
institutions in many
countries. Faced
with new obligations
under the Convention to
survey and protect species,
new awareness of the need to control the transboundary
flow of genetic resources, a clear need for legal and
technical expertise related to intellectual property rights
and technology transfer, and new opportunities to
benefit from biodiversity as more information about
biodiversity is obtained, most countries -with the
exception of a handful of industrialized countries -
confront a major shortage of expertise and capacity.

So long as many developing countries lack the
expertise needed to deal with these issues, not only will
progress toward goals of conservation and sustainable
use suffer, but so too will these countries be placed at a
disadvantage in the further elaboration of international
institutional mechanisms. If we are not careful, our
scaffolding of international measures will turn into a
house of cards. We need to screen every protocol, every
project, and every new agreement to ensure that first
priority is given to building local expertise and capacity
in such areas as resource management, technology
transfer, biological inventory, data management, envi-
ronmental policy research, legal expertise, conservation
biology participatory methods, and biotechnology.

2. Control Genetic and Biochemical Transfers.
Although the economic value associated with the
transfer of genetic and biochemical materials often is
exaggerated, effective mechanisms for dealing with these
transfers and for ensuring equity in the distribution of
benefits should nevertheless be a priority. Equity in the
distribution of the benefits from these resources will be
the standard against which international measures are
judged.

Several problems confront any such mechanism.
First, the pharmaceutical industry which receives the
most attention today in relation to the Biodiversity

Convention, is involved increasingly in the
transfer of chemical extracts rather than of
samples of plants or animals Because these are
not strictly "genetic resources," they are not
governed by the requirement in Article 15 for

the prior informed consent of the donor
country. On the other hand, Article 8 of
the Convention enables countries

to establish policies for the regulation and
management of their biological "resources."

Thus it is within the rights of countries to
require collectors to obtain a permit before

exporting chemical extracts.

Second, mechanisms that make sense when it
comes to the use of chemicals in the pharmaceutical
industry may not make sense for the use of genetic
resources in agriculture and medicine. There is no
particular difficulty associated with tracking the devel-
opment of a drug from a plant or animal extract.
Countries could readily establish access regulations
requiring contracts that stipulate royalties, technology
transfer, and conservation requirements whenever
chemical extracts are exported. Although it is possible
for companies to evade the terms of such contracts,
most would not consider it worth the risk, given the
relatively low royalty rates typical for such agreements.

On the other hand, gene transfers present major
monitoring problems. A soil sample sold to a pharma-
ceutical company might hold hundreds or thousands of
microorganisms that could easily be cultured. The
supplier would have no means of knowing whether a
microorganism that produced a valuable chemical came
from a particular sample and would not know if the
organisms were transferred to another user. Similarly, a
supplier would have no way of knowing whether a
particular gene from a plant sample provided to a
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seedbank or to a seed company eventually was patented.
Thus, in the case of agriculture, the only "winner" from
a scheme that would require the return of royalties to
countries of origin of genetic material is likely to be the
legal profession. Modern crop varieties are built from
genes derived from dozens of countries. The cost

associated with
parceling out
royalties among
those countries
and litigating the
identify of various
genes could
quickly exceed
the profits of the
seed industry,
which makes
most of its profits
from agrochemi-
cals, not seeds, to
begin with.

Third, the
Biodiversity
Convention
grandfathers seed
collections that
already exist
when the Con-
vention comes
into force. Thus,
we face the
prospects of an
extraordinarily
burdensome two -

tiered system of gene regulation and monitoring that
would keep track not only of country of origin but also
of whether the material was collected before or after
1994.

There is a possible solution to these problems. An
international fund could be established that obtained its
resources from a small tax on the seed, pharmaceutical,
and biotechnology industries. Such a mechanism was
specified in the International Undertaking on Plant
Genetic Resources, but contributions were voluntary
and companies never contributed. Faced with the
specter of a Byzantine regulatory system, companies may
now look more kindly on such a fund.

3. Extend Rights Under the Biodiversity Conven-
tion to Local Communities. The Convention is
premised on the notion that unless countries receive
benefits from the use of their resources they will have
insufficient incentive to conserve them Governments
were quick to accept this principle, shouldn't they then
be equally quick to accept the notion that local commu-
nities within the country also should receive benefits
from the use of their resources if they are to have an

The Convention on
Biological Diversity

increases the eco-
nomic incentives for

conservation, a key
element of long -term

strategy to slow the

loss of biodiversity. It

also establishes
short -term obliga-

tions to meet press-

ing conservation
needs.
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incentive to conserve them? If the convention is to
achieve its goals, the key elements of the Convention
(informed consent prior to collecting material and
sharing of benefits on mutually agreed terms) should
apply to private landowners, local communities, and
indigenous groups with territorial claims.

A case in point may be taxol, a chemical derived from
the Pacific yew in the United States. If we want to
maintain our public forests for such values as
biodiversity rather than for timber alone, shouldn't we
ensure that benefits from the use of biodiversity flow
back to the region where it was found? Even though we
now accept internationally that both equity and the
need for incentives for resource conservation require far
more than traditional spot payments and sourcing
contracts, we fail to apply this standard domestically. We
will not shift regional economies from exploitative uses
of biological resources if those are the only economically
viable uses.

4. Bury the Concept of Global Incremental Costs.
Are there benefits that accrue globally from the conser-
vation of biodiversity that exceed the national benefits
from conservation? Of course. Should we then premise
international financial support only on international
benefits? Of course not. In the abstract this might make
sense, but in reality we are so far away from protecting
even that biodiversity which is in the long -term interest
of the nation itself that it is meaningless to define a
conservation "increment" of this nature. (The incremen-
tal cost defined in the Convention is something differ-
ent; it refers to the added costs to developing countries
of implementing the Convention.)

Owing to inclusion of the concept of incremental
costs in the Global Environmental Facility, countries are
approaching biodiversity conservation not as something
that is in their self interest, but rather as something to be
,bought with international funds.

5. Deal With Biosafety. A protocol on biosafety is
likely to be one of the first protocols negotiated under
the Convention on Biological Diversity. The continued
opposition of the U.S. to the need for such a protocol is
misguided, but the protocol currently being discussed is
equally off -target.

There is substantial concern in developing countries
about the risks of release of genetically modified
organisms_ This concern is justified Developing
countries do not have the regulatory mechanisms in
place to monitor or enforce testing guidelines, and there
already is documented evidence that scientists have
taken advantage of the lax rules in developing countries
to test organisms that could not be tested in the U.S.
Given this legitimate concern, it is hard to justify the
U.S. position in opposition to a biosafety protocol.
However, this position is remarkably parallel to the
longstanding efforts of the U.S. nuclear industry and the
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News
ALRS GRADUATES:

THE ORR REPORT
Barron Orr, a student in the Physical Studies Track of

the interdisciplinary Arid Lands Resource Sciences
(ALRS) Ph.D. Program at The University of Arizona, has
rounded up some current information on three recent
graduates of the program for the And Lands Newsletter.

Orr reports that Suzanne K. Fish, who took her
Ph.D. in December of 1993, currently is an Assistant
Curator at The Arizona State Museum, the state's
anthropology museum on the UA campus in Tucson.
She also is program chair for the 1995 annual meeting
of the Society of Ethnobiology, which convened this
March at The University.

Dr. Fish's dissertation dealt with prehistoric agricul-
ture in southern Arizona, especially the diverse irriga-
tion techniques used by the Hohokam Indians. Her
research continues in that vein; among her recent
publications are "Prehistoric Desert Farmers of the
Southwest" in the Annual Review of Anthropology, "South-
west and Northwest: Archaeology at the Juncture of the
United States and Mexico" in the Journal of Archaeological
Research, and the chapter titled "Archaeological Palynol-
ogy of Gardens and Fields" in The Archaeology of Garden
and Field, edited by N. Miller and K. Gleason.

Maura D. Mack, who took her degree in August of
1993, has worked since October of 1994 with the
Arizona Department of Health Services as Southern
Arizona Coordinator for the federally funded Statewide

OALS DIRECTOR EXPLORES MUTUAL REASEARCH INTERESTS IN EGYPT

Dr. Kennith E. Foster, Director of the Office of Arid Lands Studies and President of the International Arid Lands Consortium (IALC), discusses mutual research
interests with Dr. Youssef Wally (right), Egypt's Deputy Prime Minister and Minister of Agriculture, and Dr. Mamdouh Riad (left), Undersecretary of State for
Afforestation. Dr. Foster traveled to Cairo at Dr. Wally's invitation to explore the possibility that Egypt might join the Consortium. While in Egypt, Dr. Fostervisited

afforestation projects in the Nile Delta and in areas surrounding Cairo and Alexandria.
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Environmental Health Education Project. Her current
focus is on assessing community needs in southside
Tucson and in the border community of Nogales, with
the goal of planning environmental health education
interventions for residents, educators, school children,
and health care providers.

Dr. Mack, whose dissertation was titled "Income and
Nutrition in Smallholder Farm Households in Manabi
Province, Ecuador," was a Visiting Scholar at The
University's Udall Center for Studies in Public Policy
during 1994. During her tenure there she helped plan a
binational workshop titled "Health and Hazardous
Waste in the US- Mexico Border Region" and co-
authored, with Robert Varady, the article
"Transboundary Water Resources and Public Health in
the US- Mexico Border Region" for the Journal of Environ-
mental Health.

Like Dr. Fish, Sadoon J. Younis took his doctorate in
December 1993. His dissertation employed single and
multiple regression analyses to study the effects of
income on food and nutritional status in the arid Middle
East.

Although his research interests continue to focus on
population growth and the effects of economic develop-
ment on the environment, particularly in the Middle
East, Dr. Younis currently is using cost -benefit analysis
to study range management practices in
Sonora, Mexico.

JAKE F. WELTZIN IS

1994
MCGINNIES

SCHOLAR

Jake E Weltzin, a Graduate
Research Assistant and Ph.D. candi-
date in The University of Arizona's
School of Renewable Natural Re-
sources, has been named the 1994
recipient of the William F. McGinnies
Graduate Scholarship in Arid Lands
Studies.

The scholarship, named in honor of
the Founder and Director Emeritus of
The University's Office of Arid Lands Studies, was
established in 1985 to encourage and support outstand-
ing graduate students whose research interests follow in
the tradition of the Carnegie Desert Botanical Labora-
tory. Weltzin's focus is on terrestrial plant ecology.

"Mr. Weltzin has an outstanding academic and
research record and is wholly deserving of this award,"
commented Dr. Barbara Timmermann, who chaired
the scholarship review committee.

The 1994 McGinnies Scholar earned an M.S. in
Range Ecology from Texas A&M University 1990, a B.S.
in Range and Forest Management from Colorado State
University in 1987, and studied abroad at the University
of Aberdeen, Scotland, in the spring of 1986. As a
student at Texas A &M, he was awarded a Regents
Fellowship.

Weltzin has worked as a project manager and plant
ecologist for Raedeke Associates Scientific Consulting
Inc. of Seattle and as a forestry technician with the
USDA Forest Service at Mt. Hood National Forest in
Oregon. He also has participated as a plant ecologist in
the National Science Foundation's Research Experiences
for Undergraduates program. He is a member of the
Ecological Society of America and the International
Association for Ecology.
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Editor's Note Continued

with some concentration, retrace your leaps from site to
site. A better way is to construct and save a hotlist or list
of bookmarks (the terminology varies with the browser)
by adding to it the URL of every site you think you
might one day want to go back to.

The hotlist I compiled on my experimental journey
through Webspace is reproduced below. If you are
reading this online, every numbered line in the list is a
hot link, so feel free to leap at will. If you are reading
this in print, the point of the exercise (assuming,
perhaps too optimistically, that the list possesses some
degree of intuitive logic) is to give you a glimpse of the
twists and doublings just one of many possible explor-
atory routes might take. I hope you'll consider it an
opportunity to look before you leap.

A Biodiversity Hotlist
1.1 Biodiversity and Ecosystems
NEtwork (BENE)

1.2 Biodiversity Information Network (BIN21)

1.2.a Convention on Biological Diversity
1.2.b Linking Mechanisms for Biodiversity

Information

1.3 BENE: Email ListServers
1.3.a BENE
1.3.b BIODICEN -L
1.3.c BIODIV -L
1.3.d CONSBIO
1.3.e CONSLINK
1.3.f ECOL -ECON
1.3.g TAXACOM

1.4 BENE: Biodiversity and Ecosystems Information
1.4.a Government (U.S.)
1.4.b International
1.4.c Museums and Universities (U.S.)

1.4.c.i Smithsonian Natural History
Home Page

1.4.c.iii Smithsonnian Natural History Gopher
1.4.c.iv Smithsonian Biodiversity Programs

and Data
1.4.c.v Biodiversity Program Information

Materials
1.4.d Regional Ecosystem Networks
1.4.e States (U.S.)
1.4.f Other Resources
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1.5 EcoNet Home Page
1.5.a EcoNet's Directory of Enviro WWWs

1.6 YAHOO Directory: Environment and Nature
1.6.a YAHOO: Science: Ecology

1.7 Cornell University: Biodiversity & Biological
Collections Web Server
1.7.a Cornell University: General Biodiversity

Related Resources



CALL
MÑUSCRIPTS

TThHE OFFICE OF ARID LANDS STUDIES AT
The University of Arizona is seeking original, unpub-

lished work for publication in the peer -reviewed Arid Lands Se-
ries, sponsored by OALS and published by The University of
Arizona Press. Readers of the Arid Lands Newsletter and their
colleagues are invited to submit book -length manuscripts (or
well- documented book proposals) for consideration.

Both single- author works and edited volumes on topics of
critical interest to scholars, students, land managers, policy
makers, and informed citizens will be considered, although
single- author works are preferred. Those volumes that adopt
an interdisciplinary approach will be particularly well received.
The scope of subject matter considered appropriate to the Arid
Lands Series will be interpreted in the broadest possible terms,
owing to the extreme diversity of physical, social, and political
contexts in which research in and lands topics is being pursued
worldwide.

The office encourages submission of manuscripts not only by
scholars in the disciplines traditionally associated with OALS-
such as agriculture, anthropology, architecture and planning,
atmospheric sciences, ecology and evolutionary biology, geog-
raphy and regiolal development, and geosciences - but also in
the humanities, medicine and public health, and the broader
social and behavioral sciences.

Manuscripts submitte to theArid Lands Series will be reviewed
first by a member of the OALS Publications Committee or by
another member of the Office's research faculty. If accepted for
further consideration, the manuscript will be reviewed, in con-
fidence, by two peer reviewers from outside the Office of Arid
Lands Studies. If those reviews are favorable, the manuscript
will be forwarded to The Press with the recommendation that it
be published under the series banner. Revisions may be re-
quested at any stage of the review process. Manuscripts accepted
by The Press will be published in cloth and/or paper, as appro-
priate to the expected readership. The language of publication
will be English.

For further information or to submit a manuscript for consideration, write:

Chair, Publications Committee
Office of Arid Lands Studies

The University of Arizona
845 North Park Avenue

Tucson, Arizona 85719 USA
FAX: 520 -621 -3816
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"Let us make distinctions and call

things by their right names."

HENRY DAVID THOREAU
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