Plantsin Peril: What Should We Do?
Peter H. Raven*

Editor’s note: The remarks below were presented at the XVI International Botanical
Congress, held from August 1-7, 1999 in St. Louis, Missouri. For additional
information about the Congress, see http://www.ibc99.org/

Pants provide, directly or indirectly, dl of our food;, most of our medicing a large
proportion of the chemicd substances that we use; or our shdter; and of our clothing.
They protect the topsoil, insure the qudity of the water that we drink; determine loca
cdimates, and ultimady provide food and shdter for dl other living beings. They ae
beautiful and diverse, and nourish our souls as well as our bodies. Yet, we are destroying
them a a frightening rate, so that as many as 100,000 of the estimated tota 300,000
species may be gone or on the way to extinction by the middle of the next century. If we
do not take action now, by the end of the century we may have destroyed two-thirds of
the plant species we currently use and enjoy.

Why are we doing this? Are we mad, or do we just not understand the enormity of the
crime that we are perpetrating on our children, their children, and all human beings who
will live in the future? By taking @ncrete steps in the near future, we could prevent the
extinction of the great maority of these plant species. We must commit to these steps,
garting here, starting now.

Fird, let's look at the background. The best and most recent estimate we have of the
number of species of vascular plants in the world is that of Sr Ghilleen Prance, director
of the Royd Botanic Gardens, Kew, in England. He estimates, based on raes of
discovery and the relaive degree to which the plants of different parts of the world are
known, that there are gpproximately 300,000 species, of which botanists have named and
catalogued about 250,00. There are therefore some 50,000 species of plants yet to be
discovered, or exigting in collections but as yet undetected. Here in the United States,
Barbara Ertter has edtimated that an additional thousand species may be added to the
18,000 currently known. So when we consder plants being endangered and becoming
extinct, it is important to recognize that as many as one-sxth of them are currently
unknown — we are losing what we have not recogni zed.

For biodiversty as a whole, the Stuation is much worse.  Sr Robet May edtimates
conservatively that there are between 7 and 10 million species, not counting bacteria, on
the planet, of which only 1.6 million have been recognized scientificdly. Just as for
plants, the great mgority of even the 1.6 million are very poorly known, often from a
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sngle specimen, a brief description, a locaity—nothing more.  Human efforts have been
noteble for their lack of atention to the living world that supports us dl.  An important
concluson that must be dressed here is that, in the face of the worldwide extinction
criss, we must redouble our efforts to learn about life on Earth while it is Hill rdaivey
well represented.

The mogt accurate estimate of worldwide extinction rates is that of Pimm and Brooks
(1997), presented a the Second Nationd Forum on Biodiversity in Washington, DC.
They concluded that humanity’'s impact has increesed extinction rates throughout the
world to leves rivding the five mass extinctions of geologicd higory. Ther andyss of
the fossil record suggests that in the periods between mass extinctions, species become
extinct a the rate of 0.1 to 1 extinctions per million speciesyears. For a wide range of
wdl-known groups of organisms, it can be demondrated that the known current
extinction rates are severd hundred times higher. The fae of the areas of greatest
concentration of endemic species — those restricted in range — may prove the most
important in determining the actud extinction rate in the years to come. Over the lagt
few thousand years, humans have diminated about 10 percent of al bird species, and
more than 90 percent locdly. On the bads of their andyds of the disgppearance of
gpecies in forest fragments, Pimm and Brooks estimate a globa extinction rate of a least
1,000 extinctions per million speciesyears. Conddering the acceeration of habitat
destruction around the world, they expect the actud rate over the 21% century to be
higher. Species loss can be estimated because of the logarithmic relaionship between
gpecies number and area, demondrated for thousands of habitats and hundreds of
different groups of organisms throughout the world, and so congstant as clearly to hold for
other groups, lesswell known.

Although species may persst in habitats that have been reduced to smdl patches, the tiny
populations their amount to what Dan Janzen has cdled “the living dead” The
populations ae smply not large enough to insure survivd, whether on grounds of
inbreeding and genetic deterioration, or on Imple datistical grounds — ralling the dice
each generation is a dangerous processs  Andyzed overdl, the known facts and
cdculaions led Pmm and Brooks to caculate that fragments lose haf the species they
are going to lose in about 50 years, three-quarters in a century. If current trends continue,
and we retain just 5 percent of tropica forests in protected areas, which will be true
within 50 years at present rates of destruction, and sooner if these rates are accelerated, or
the remaining aress are less that 5 percent of the origina extent of the forests.

About 10 percent of the species in well-known groups of organiams including plants, are
threatened with extinction now. Some estimates are higher, but | consder tha they have
listed too many species that are Smply rare or because not enough is known about them.
Extrapolating to the future and, assuming that 5 percent of the exiding tropicd forests
would be left as fragments 50 years from now, can predict extinction rates three or four
orders of magnitude higher that those prevaling between mass extinctions. This would
lead to the loss of between one-third and two-thirds d dl species during the second half
of the next century, the mgority of them in the tropics Such a loss would easly equd



those experienced during the preceding five mass extinction events that have occurred
during world higtory.

What about plants?

Given the avallability of adequate resources and information, plants are in some senses
easer to consarve than the members of some other groups of organisms are.  This is
because they can be grown in botanical gardens, sometimes, as diverse enough samples
to insure therr long-term surviva, and the seeds of many plants can be stored in seed
banks. Thus athough we would expect the loss that we experience will be lessened by
the practice of ex Stu conservation. In addition, one must keep in mind the problem of
genetic depletion: the genetic diverty of plants species is what dlows them to grow in a
wide range of habitats, and populations characterigticaly cannot be subgtituted from one
extreme of the species range to another. In addition, the extreme depletion of genetic
vaiation in individua plant species itsdf threatens them with extinction. Peter Wyse
Jackson, director of Botanic Gardens Conservation International (BGCI), edtimates that
there are perhaps 80,000 species of plants in cultivation n botanical gardens. In addition,
there might be another 5000 species in cultivation outsde of botanicd gardens.
Together these amount to nearly 30 percent of the world's totad number of plant species.
Although many of them are represented only as single individuds or very smdl samples,
they are dill to a varying degree out of harm’s way. With actions recommended here and
with the participation of the botanica community, that number could be greeatly enlarged.

Pants play a centrd role in the functioning of the living world, adong with other
photosynthetic organisms (about 50,00 species of dgae, and perhaps a few hundred
species of bacteria), play in the functioning of the living world, including providing direct
and indirect benefits for human beings. The ability of these organisms to transform a
and|l proportion of the Sun's energy into chemicd bonds, in which form it makes
possible the life processes of the photosynthetic organisms and al others, and forms the
bass for the survivd of dl life on Eath. The photosynthetic activities of cyanobacteria,
caried out over bhillions of years, gradudly changed the Eath's atmosphere from a
reducing one to an oxidizing one, a process that took place before terredtria life existed,
and which probably made its existence possible.

Virtudly dl human food comes directly or indirectly from plants with just 103 species
supplying over 90 percent of the cadories we consume, athough tens of thousands of
other plant species have been used for food by human beings a some time, or are being
used somewhere now. In addition, for a least three-quarters of the people in the world,
plants are the primary source of medicine, and thousands of plants are registered in the
pharmacopoeias of countries such as China and India, where they have been used for
millennia.  In western medicine, the role of biologicaly derived compounds, many of
them from plants, are dso of fundamenta importance, dominating a large fraction of the
world's trade in precription and over-the-counter drugs. The many roles of plants
include supplying building materids, including wood, bamboo, and other products,
clothing (cotton, linen); and biomass to produce energy, and dso include many products
that plants will provide in the future (vitamins, antibiotics, plasiics, chemica feedstocks,



and s0 forth). Taken together, these valuable properties clearly demondrate that plants
form an indigpensable pat of the foundation of human society. Ther diversty makes
possible many diverse uses that we are just beginning to understand.

Then too, plants form the framework, as wel as the productive base, of terrestria and
some aquatic natural communities throughout the world.  Without plants, there would be
no ecosysem services — no watershed protection, no topsoil protection, no habitats for
animds, fungi, and microorganisms. Pants sequester large amounts of carbon, a factor
of increesingly clear importance in a world that is warming rapidly as carbon dioxide
levels in the atmosphere mount. We shdl need plants in dl of ther diversty to make
possble the restoration of natura communities, or the congdruction of new kinds of
communities, in the areas that we have ravaged. They ae of utterly centrd importance
for proper functioning of the globa ecosystem.

And findly, we need plants smply because they are beautiful, and we enjoy seeing them,
and they ewich our lives Human beings have aways been closdy associated with
plants, from our earliest origins to the present. We find their presence so soothing that
we keep them around us, in our gardens, in many of our rooms, in photographs and
painting on our wals, s0 tha we will encounter them and think about the form, beauty,
and vaiety of the natura origins from which we sorung.  Our minds are conditioned to
ded with plants, and comfortable in their presence. We vaue them, and need to express
that value by a substantia effort to preserve as large a proportion of them as possble for
future generations to enjoy.

What arethe stepsthat could be taken to save plants throughout the world?

Conddering their huge importance to us, we must conclude that it is time to address this
problem serioudy. The recommended steps are as follows:

(1) Egtablish a new coordinating body, presumably sponsored by the United
Nations directly, possibly managed by one of its constituent organizations, to
monitor the status of plants throughout the world, detect those in most danger,
and take steps to conserve them in nature, in botanical gardens, or in seed banks
—or preferably a combinations of these strategies.

Such a combination, when research and education are added, is known as integrated plant
consarvaion.  The actions of this body would presumably be done by ddegation to
national or regiond bodies, to move the information and the action closer to the actud
plants. Such a body would be able to identify the areas of the world in most critical need,
and to recommend the formation of reserves, botanica gardens, and seed banks to ensure
the survivd of the mog criticdly threstened plant species  Ther recommendations
would be expected to hep inform the actions of the Convention on Biologica Diversty
(CBD) and the Globd Environment Facility (GEF), as wdl as nationd and regiond
conservation bodies, and they would be able to focus on the aress in greatest need. Every
country should set up an appropriate biodiversty authority, with a subsection deding



with plants, at the appropriated place in its government, and thereby would be enabled b
make an indispensable contribution to the future of its people.

The new globa body for plant conservation should be at its heart, in the words of Peter
Wyse Jackson, a multidisciplinary and cross-sectora  dliance. A number of
organizations are working effectivdly in plant conservation now, and could benefit
greatly from the kind of overdl internationd coordination that the globa body could
provide, based on an explicit recognition of the fact that the job of plant conservation
must be done for our common benefit. Among the organizations that must be involved
are Botanic Gardens Consarvation Internationa (BGCI), the American Association of
Botanicd Gardens and Arboreta (AABGA), and the Center for Plant Conservation
(CPC), which are cosponsoring a mgor conference on plant conservation a Asheville,
North Caroling, next summer; the International Association of Botanic Gardens (IABG);
the International Plant Genetics Resources Inditute (IPGRI), which concentrates mainly
on crops and economicaly vauable wild plants and the Food and Agriculture
Organization of the United Nations (FAO).

The Plant Conservation Program (PCS) of World Conservation Union's Species Survivd
Commission will be announced a this Congress. This new program, which concentrates
in a coordinated and cooperative way on hotspots of plant diversity around the world and
the surviva of species in them, deserves specid mention. The “International Agenda for
Botanic Gardens in Consarvation” being developed by the BGCI in cooperation with
sved of the inditutions jus mentioned adso promises to be of great importance in
formulaing the overadl ams and objectives of the new globa effort in plant conservation,
particularly since the worldwide network of botanica gardens is clearly a key dement in
achieving these objectives In addition to these coordinating groups or dliances of
organizations, there are dso some individua organizations that deserve very specid
mention. For example, Royd Botanic Gardens, Kew, through its overdl conservation
programs and the devdlopment of its Millennium Seed Bank a Wakehurst Place,
deserves very specid mention, is contributing to an extreordinary degree to the
conservaion of plants. These organizations, and smilar ones that | have not mentioned,
should be drengthened and their activities regarded as integrd parts of a globa plant
consarvation drategy. In this connection, it is particularly important that their plans and
activities be made explicit and mutualy available.

(2) Secure additional funding for the study of plants throughout the world both by
srengthening the major museums and other ingtitutions that have holdings of
specimens and literature and thus global importance and by building capacity to
deal with plantsin every country of the world.

Nations are the only effective means by which problems of the sugstainable use of
natural resources can be addressed. They will be able and willing to act in their own
interests only if they have ther own inditutions and ther own scentists to make
recommendations about what's best for them. Organizations like INBIO in Coda
Rica and CONABIO in Mexico should be replicated throughout the world, shaped to
fit the crcumdances of individua countries. The preservation of biodiversity cannot



be accomplished effectivdly as an enterprise managed from the outsde. Individud
nations provide the only effective means of deding with these problems on the
ground, or working for their benefit with corporations and non-governmentd
organizations, with grassoots groups, and with foreign and internationa
organizations for their own benefit.

Probably 80 percent of the world's scientig live in indudtridized countries, which
have about 20 percent of the world's population and aso about 20 percent of the
world's biodiversity, but about 85 percent of the world's economy. At least three-
quaters of the remaning active scientigts live in just a few countries, with China,
India, Brazil, and Mexico prominent among them: covering perhgps 40 percent of the
world's population. For a mgority of the remaning countries of the world, there are
vay few stentids and scientific inditutions, and limited capacity to ded with the
consarvation of biodiversty and its sustaindble use.  Building these inditutions and
traning these scientists ought to be a top priority for the Convention on Biologica
Diversty (CBD), which has been so preoccupied with so-called biosafety issues that
it has been unable to turn its attention adequately to the purposes for which it was
edablished 0 far. The Globd Environment Fecility (GEF) ought to provide funds
for capacity building, and not as stopgaps for existing budgets that cannot otherwise
be funded. This will lead to the condruction of a sudtainable future, and must be
emphasized even though the lack of funds and the severe economic problems that
besst many developing countries, especidly the poorest among them, make it very
difficult to take a long-range view of their problems. Much more generosty on the
part of individud donors will be necessary if the dtudion is to address the
consarvation of plants, or of biodiversty generdly, in a serious and effective manner.
There is no step more important for the conservetion of plants or for the sustainable
use of biodiverdty around the world than building capacity in developing countries
everywhere.

(3) Maketheinformation about plants accessible generally on the INTERNET.

The soread of information throughout the world, and especidly to those in developing
countries who need it the mog,, is one of the most important Strategies that we can pursue
to hdp humanity move towards a condition of sustainable devedopment in the new
millennium.  Mgor efforts should be made to computerize the information avalable on
herbarium specimens and in the literature, to digest it, and to make it widdy avalable.
This will expedite the identification of centers of plant diversty, and ther protection.
There is great need to computerize information about the holdings in botanicd gardens
and seed banks, information which is of criticd importance but not generaly or essly
avalable now. Although, as stated earlier, probably some 85,000 of the world’'s 300,000
species of plants are in cultivation, there is no efficient way to learn where they are, and
thus to use them or monitor ther survivd. As living plants Kew adone holds some
32,000 taxa, about a tenth of the world's totd, in its collections. In addition, there are
hundreds of thousands of accessons in seed banks, a BGCI survey of some 152 botanica
gardens that maintain seed banks reveding a total of 255,832 accessons. The seed bank



a the Roya Botanic Gardens, Kew, aone holds some 4,900 species represented by
12,400 (mainly) population samples.

Further efforts © collect living plants in botanicd gardens and arboreta, or to gather them
in seed banks, will continue to be an inefficient process unless we get on with the
formation of a generally accessble database. Such a database should make clear which
species of plants exig in cultivation or in seed banks anywhere; where it came from; and
who is the authority for ther identification. The BGCI is making excdlent gtrides toward
the development of such a database through eectronic comparison of the records of
different gardens, and should be encouraged to bring this work to completion as soon as
feasble.  Although the expenditure will seem high, there is strong possbility that, even
given our best efforts, our great-grandchildren may live in a world in which more than
haf of the plant species that exis now will be known only as specimens, even assuming
that they will have been found. This would be a much poorer world, and not one that we
should wish to leave as a permanent reminder of our greed.

(4) Place much more emphass on the importance of alien introduced plants and
animalson the survival of biodiver sty throughout the world.

This is an enormous problem, and one that is properly darting to receive the internationa
atention and funding that it deserves. Plants, animas, and other organisms often will not
be able to survive in nature if they are not somehow protected from the hordes of aien
gpecies that s0 severdy threaten their surviva throughout the world.  Studies of dien
gpecies, and of ways of controlling them, are therefore of paramount importance, and
must be taken drictly into account when evauating the status of species in nature so that
they can be protected for the future. At the same time the encouragement of the
horticulturd use of plants, the improvement of horticulturd drains, and the incorporation
of additiona plants into the horticulturd trade is greatly to be encouraged, being an
important dement in the survivd of plant species in a way that people can truly
appreciate.

(5) Maintain, at the national level, an active census of the condition of the country’s
plants, so that it will always be obvious which are well protected in nature,
which are so abundant as not to cause concern, and which are rare and
endangered.

Botanicd gardens, not essentidly display gardens but rather areas where geneticaly
adequate samples of plants can be protected effectivey, should be established and
supported internationdly to ensure the survivad of plant species in dl regions of the
world. Seed banks should be st up nationdly or regiondly, with adequate provisons for
access and protection of the rights of the countries from which the seeds were derived
initidly, and funded as pat of an international syssem 0 as to insure thelr permanence.
These gardens and seed banks will conditute a system far too precious for dl humanity to
entrus their survivd to the vagaries of fae or fluctuating nationd fortunes  The
Millennium Seed Bank a the Roya Botanic Gardens, Kew, ams firs to obtain and to
dore geneticaly representative samples of the seeds of the entire British flora By 2010,



Kew will attempt to add to its collections 10 percent of the world's plant species,
primarily those of aid aess. This is an ambitious effort that should be generdly
supported.  In addition, they are supporting the creation of seed banks in other countries,
and setting standards by which access to the seeds is unimpaired for non-commercia use.
This ambitious effort should be generdly supported and presumably augmented with
gmilar efforts around the world, coordinated and leading to the preservation of as high a
proportion as posshle of the world's plant species.  Ultimatdly, the survivd and, when
necessary, re-establishment of populations of plants in nature is generdly the best way to
safeguard ther genetic diversty and their future. It is imperative that the cooperation
that we have witnessed in the last decade between land stewardship organizations and
botanica gardens continue to thrive and to grow.

(6) Devote special attention to the conservation of medicinal plants, which are so
important to the livelihood of a great majority of the world’'s population, and to
the development and implementation of meansfor their sustainable use.

The increasing demand for products derived from medicind plants throughout the world,
and especidly the devedoping world, is driving many of them near extinction. They ae
the only sources of medicine for a mgority of the world's people, and dSrategies that
insure ther survivd and important dements in locd communities urgently need globd
atention. The same can be said for the wild relative of cultivated plants.

(7) Internationally fund an ongoing program of research on plant population
biology and reproductive characteristics generally, so that the genetics and
ecology of plants can be understood properly and used as part of the overall
conservation scheme.

Recently, we have begun to redize how important the survival of pallinators is to the
aurvivd of hedthy plant populations, and plants exist in nature, like animas, as part of
badanced biologicd communities.  Another problem of specid importance is tha of
recacitrant seeds—seeds that cannot be dehydrated by the usud methods and stored in
seed banks—and adequate funding must be applied to its solution, so that dl plants can
more easly be saved from extinction. Perhgps as many as one-fifth of the world's plants
have recdcitrant seeds. To expedite a mgor internationa effort to preserve the world's
plant species, this problem must be solved.

All plants are important ecologicaly, and in reation of human beings in one way or
ancther. My principd point in raisng this proposd is to urge the formulation of a
comprehensve scheme by which we will save them dl—a pricdess gift for future
generations.  Efforts to educate the genera public, and people throughout the world,
about plants and their importance to human beings should be srengthened, because they
are of fundamentd importance in building a secure and sustainable world for the future.

| emphasize once more that the surviva of biodiverdty throughout the world depends on
the degree to which we approach the ided of sustainable development around the world.
A world in which human beings lave wasted 25 percent of the topsoil and 20 percent of



their agriculturd lands, cut a third of their forests, and changed the characteridtics of the
amosphere dgnificantly—one in which we are ending the century as 6 hillion people,
consuming or wading an estimated 45 percent of the total net terrestrid photosynthetic
productivity and consuming about 55 percent of the avalable fresh waer—that is not a
world that dlows much space for the survivd of plants or other organisms. Indeed, it is
one in which species have been, and will be increasingly, hounded to extinction.

Nonethdess, because of the unique properties of plants and their importance to us, they
are one group for which we can—indeed must—truly make a difference.

In order to edtablish the aliance proposed here, a new coordinating body for plant
consarvation, | call for a mgor U.N.-sponsored conference soon, designed to work out
the detalls of implementing a plan of the sort | have just outlined and estimating the
budget necessary for it. Conddering the importance of plants to the surviva of humanity
in a hedthy and prosperous condition into the 21% century and beyond, we should be able
to find the necessry resources. In fact, anything less would be nether intdligent nor
worthy of us. Let us determine here and now to take these steps, and take them together.
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