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ABSTRAcr 
The only certain way to save tropical bio-
diversity is to use it sustainably. To use it 
requires saving it as conserved wildlands 
and detcnnining what is in them. Both these 
steps must be carried out by local human 
resources and a home-grown scientific and 
administrative system. but the development 
of both of these requires facilitation by the 
international scientific community. This fa-
cilitation requires that the international sci-
entific community abandons its contempo-
rary view of tropical biodiversity as largely 
an intellectual resoura: to be harvested by 
the extra-tropical academic community. 
Sustainable use of tropical biodiversity re· 
quires goal-dirccted search for intellectual 
and economic uses, realistic evaluation of 
impact by usen, recognition that the wild· 
land administration itself is a user, and the 
establishment of a mechanism by which tbe 
UIer community truly pays for use. Income 
ranges from on-site entrance and use fees to 

• direct payment for ofT·site environmental 
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services to royalties derived from the direct 
commercialization of biodiversity informa-
tion such as phytochemicals and genes. A 
mechanism must be found whereby these 
fees come to pay the management costs for 
lropical wildlands. A National Biodiversity 
Institute is a mechanism to promote and 
develop all of these processes in coordina-
tion with the institutional management of 
the conserved wildlands themselves. Exam-
ples from Costa Rica are used to illustrate 
aU of these problems and processes. 

INTRODUcnON 
The only certain way to save tropical bio-
diversity is to use it sustainably. The U!1oers 
must range from its immediate neighbors to 
the most global comers of society. Under 
this premise, the tropical conservation chal-
lenge is converted from '"how to select, 
decree and guard wbat tropical national 
park'". to ·bow does One manage a biodi-
verse wildland ami in such a manner that 
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its biodiversity remains relatively intact yet 
society's intellect and pune bcDefit from its 
preteDCe"? 

The process of biodivenity coDJerVation 
through use bas three overlappiDa steps, 
each of which is necesPry but not au.fftcient 
for biodiversity conservation: 

I . Save it. 
2. Know what it is. 
3. Use it sustainably. 
Such a view moves the newly-labeled 

academic domain of "conservation biology" 
or "conservation science" from being a self-
perpetuating process to being one of many 
means to achieve a goal. if con-
servation science is viewed as a means to a 
goal other tban self-perpetuation, then its 
activity needs to be defmed and structured 
with respect to that goal, rather than with 
respc:ct to the traditions in which nearly all 
of its practitioners received their initial ac-
ademic training. 

If we scientists expect laymen and the 
commercial world to change in favor of 
biodiversity conservation and sane manage-
ment of the environment - and surely the 
current demand for a 'sustained yield ec0-
nomy' is such a change - then we must also 
be willing to submit our own acadetnic 
indoctrination to an intellectual and prag-
matic goal-directed revision. No one said it 
would be easy. But all of us can see that it is 
necessary. 

BACKGROUND 
This essay touches on the interplay of sys-
tematics, conservation science, phytochemi-
cal ecology, and other kinds of biological 
science in the emerging area of the conser-
vation of tropical biodiversity through sus-
tainable use. I attempt to adopt the view-
point of the tropical user society, the society 
that receives a product from its own tropi-
cal biodiverse conserved wildland _ whether 
it is called a national park, game refuge. 
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forest fCIefVe or other similar qat designa-
tion. This viewpoint will appear relatively 
UDlympatbctiC to many of the academic 
traditions in wbi.cb I and many other biol-
ogists have spent, and still are spending, 
IUbltantial pI.I1I of our lives. However, it is 
time to acek a DeW kiDd of fiDe-tuned and 
responsive contract between tropical aca-
demic science, local human problems. and 
local environmental processes. 

ScientifiC research, and especially aca-
demic scientific research, is only a small -
even if critically important - ponion of the 
array of forces, processes and institutions 
that demand attention and fine-tuning if 
there is to be sustainable use and develop-
ment of wildland biodiversity. The specific 
kinds of research required for lUI sustain· 
able uses of tropical biodiversity are rela· 
tively straightforward and already practiced 
throughout the tropics by many people. 
However. if the questions and the research· 
ers are isolated from society, the results 
generally only very slowly find their way 
into society. A yet more difficult problem is 
that research truly directed at the sustain-
able uses of biodiversity rarely involve the 
megaquestions and sweeping generalities 
that are so prized by the academic commu-
nity. 

I urge the reader to not confound scien-
tific and academic traditions. The scientific 
way of thinking (double-checking facts. de-
scribing things as the way they are rather 
than as is politically convenient. posing 
clear questions. encouraging public discus· 
sian of hypotheses and conclusions, con-
ducting controlled experiments, viewing as 
public the information used to arrive at a 
decision, placing a philosophy ahead of 
pecuniary benefit. Don·acceptance of con· 
tradictions, the separation of a process or 
idea from the person who happened to 
think of it, the unwillingness to appeal to 
higher authority as a justification for a 
conclusion. etc.) is an extremely important 
methodology to bring to bear aD the prob-



r lems of the conservation of tropical biodi-
versity. This is particularly true in the tro p-
ies. where the distance between the scientific 
way of thinking and the lay processes of 
social life are often substantially greater 
than is the case in much of the developed 
world. However, academia and quasi-aca-
demia (museums. government research in-
stitutes, ctc.) have Quite reasonably devel-
oped their own more specific traditions as 
[0 how the tools of science arc to be applied 
and to what . It is these traditions - ranging 
from what is viewed as an accomplishment 
to who is a legitimate practitioner of an 
activity - that require minor to major revi-
sion in an effort to put tropical biodiversity 
to work sustainably. 

Eco nomics also enters into the south-
nonh contrast in an unexpected way. For at 
least several decades, the application of 
science to tropical problems will be largely 
funded by the developed countries, either 
by direct subsidy, or indirectly by the in· 
country tax base generated by export goods 
(just as it has been for past decades). In this 
situation it is especially hard for tropical 
in<ountry scientists to be responsive to the 
needs and desires of their own society. 
However, it is responsiveness to these needs 
and desires that will eventually make that 
society want to fund tbe in<ountry science 
establishment. thereby allowing major por· 
tions of the scientific community to operate 
with the social freedom so characteristic of 
science in developed countries. Funds spent 
on 'nationalization' of a tropical country's 
science community may do as much for the 
conservation of tropical biodivenity as 
funds spent on commercialization of tropi· 
cal science in responx to an international 
market. The latter produces an increase in 
DaliooaJ GNP. the former an increase in 
.... for biodivenity conxrvation. 

My loal is to use thoughts provoked by 
current experiCDCeS in Costa Rica to 
broIden the contemporary discussion of 

.CODJerYation of tropical biodiversity. 

Chaprer 2 

THE BASIC FRAMEWORK 
There are three cO-occUTring and overlap-
ping contrasts that strongly alTect any elTon 
to conserve tropical biodiversity through 
use. 
I . We of the developed world are accus_ 

tomed to having massive resources 
available to apply to a particular con-
servation situation. We are also accus-
tomed to a populace that rarely threat-
ens a conserved wildland by stating that 
if it is not immediately turned into 
materia l production. it will lose its con-
servation status. By way of contrast, in 
most of the tropics all resources are 
scarce, and conserved wildlands are fre -
quently threatened by direct economic 
interests. In effect, extra-tropical con-
servation takes place today in a rela-
tively friendlier social milieu than does 
tropical conservation. not because trap-
ieal peoples are inherently more mali· 
cious but because there are fewer re-
sources per person. 

2. Scientific research. and especially re-
search in academia, has a major ritual-
istic and display component; there is 
ample evidence that academic scientists 
as a group win be very human and 
dance to this tune if left to themselves. 
Most academic scientists have long ago 
come to the conclusion that they pay 
adequate dues to society by being solid 
citizens within their universities and re-
search institutes. However. there is 
enormous potential for academic scien-
tists to participate in the upcoming 
conservation of tropical biodiversity 
through use by society at latJe (e.g. 
phytochemical prospecting, Eisner 
1990). The realization of this potential 
requires significant deviation from aca-
demic goals, aeograpb.ic focus, panner-
ship mores., etc:. 

3. A major body of JCientiflC researcb 
applies to the act of actually managing 
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and using a conserved wildland. ntis is 
where most. if not all. of conservation 
biology, wildland management. etc. has 
been directed for the past decade. 
Meanwhile. we lack a major body of 
scientific research on the use of the 
biodiversity that is present in a tropical 
conserved wildland. Research on biodi-
versity's non-destructive uses is essen-
tial for sustainable use of conserved 
wildlands by tropical societies. These 
two quite different areas of research 
overlap at many points. and conflicts 
over conservation research priorities 
are often due to failure to distinguish 
between them. For example. a species 
inventory is of paramount importance 
to the development of a national park 
as a library of phytochemical resources, 
but a species inventory of tbat park 
may be of very low priority to the park 
manager protecting the park from man-
made fires (what species would be in-
cinerated by a fire is far less important 
than keeping them from being inciner-
ated in the first place). 

All thret: of these sets of contrasts come 
together and underlie the realization of the 
following description of a specific country: 

"Costa Rica is a corporation with 
50.000 km2 of land, on which are 12,000 
km2 of greenhouses. In those green-
houses live 500,000 species. This corpo-
ration has 3,000.000 stockholders. At 
present, there is SI.500 worth of GNP 
per stockholder. Costa Ricans aspire to 
a standard of living that is nonnally 
associated with about 510.000-515,000 
worth of GNP: 

THE FIRST STEP: SAVE IT 
the past \- 3 decades many tropical coun-

tnes ha .... e set aside 5-20 % of their national 
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territory as wildlands ostensibly conserved 
for their biodiversity (national parks or 
similar). This step has been costly and has 
required much energy and dedication by 
individuals, non-government organizations 
and go .... ernments. The community of aca-
demic tropical field biologists has mainly 
contributed by indicating where there are 
patches of vegetation. species or popula-
tions of particular interest. They have done 
this especially at the time when these units 
are approaching major perturbation or ex-
tinctiOD. The more conspicuous contribu-
tiOD by the bulk of the overall academic 
community has been largely aimed at theo-
retical considerations of what sizes and 
configurations of reserves are optimal to 
support a maximum number of species. 
Most recently, the theoretical importance of 
inter-reserve corridors, edge effects. poten-
tial impact of climate shifts. keystone spe-
cies. reintroductions, and introduction of 
exotics has been touched on by the same 
academic circles. 

However. there has been little serious 
effort at hands-on integration of conserva· 
tion science findings and understandings 
with the remainder of the process of select-
ing, establishing, and managing actual spe-
cific conserved wildlands. Almost all of 
these decisions have been made in isolation 
by professional conservationists. (usually) 
well-meaning legislators. wildlife managers. 
and enthusiastic amateurs. with minimal 
participation by the academic biological 
science community. The academic commu-
nity has yet to provide high quality human 
resources, time and energy for on-site par· 
ticipation in serious planning and designa-
tion of tropical conserved wildlands - the 
'"save it'" part of the process. 

It costs approximately four months of 
serious full-time mental investment to gen-
erate a quality manuscript for Annual Re-
view of Ecology and Systematics, for exam-
ple. The outcome is a widely read paper, a 
'"scientific advancement", and a healthy 
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jump in the vaJue of the author's CV on the 
academic job market. Those same four 
months dedicated to the "save it'" stage of a 
50,000 ha national park may result in tens 
of thousands of saved species and subse-
quent tens of thousands of pages of science 
about their biology over upcoming decades. 
However. the academic scientist who en-
gages in the latter career choice for a trop-
ical national park is almost certain to go 
unheralded, receive no credit from peers, 
receive no financial approval from his or 
her department chairperson or research in-
stitute head. and jeopardize an "academic" 
career. 

The blame for this sorry state of atTairs is 
due to characteristics of both conservation 
projects and academia. Very few tropical 
conservation systems reach out eagerly for 
quantity and quality input from academia. 
This is partly because the academic otTer-
ings that appear haphazardly on the mana-
gers' doorsteps have often been ephemeral, 
insensitive. fickle and medio-
cre. However, it is also because the manage-
ment administrations are often derensive, 
petty, unreceptive, resentful and quite un-
clear as to overall goals. This conflict is not 
restricted to tropical regions. Two recent 
cases are the on-going struggle to determine 
the best system or management and goaJs 
for Yellowstone National Park (e.g. Chase 
1987, 1989), and the recent exemplary revi-
sion or the US Government management 
plans for Luquillo National Forest io 
Puerto Rico roUowiog scientific and public 
protest (e.g. Alcock 1990). 

Unfortunately. the flf!t steps or the "save 
it" stage often create a major obstacle to 
conservatioo-througb-U5C. Tropical con-
served wildlaDds are often created when 
they are under immcdi.te threat rrom direct 
barvest. The traditional method ror coo-
_ •• pbyScal thrat ;, pby,;w guard-
'-I bected up by laws. ThiJ method attracts 
• .u.iD kiDd or penoo as admioi!trator 
ad guard (.......... guardapuque). and 
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leads to legislation and institutional atti-
tudes to support this person in his role as 
guard. The park or reserve effectively be-
comes a "castle'", with the "enemy'" out 
there and the "good guys" inside. By defi-
nition, a state or siege is generated. And 
castles virtually never survive a siege. The 
longer the state or siege lasts, the more 
firmly it becomes institutionalized in sala-
ries and jobs, budgets, regulations, legisla-
tion and neighborhood traditions. Moving 
from this state to the "use it sustainably" 
part or tropical conservation becomes diffi-
cult because such a change connicts very 
strongly with a mindset and social institu-
tion that is sometimes necessary in the first 
step or conservation. The situation is not 
unlike the transition from a frontier to a 
stable rural agroecosystem. 

The amount of conflict generated by the 
exact location or a park's boundaries is a 
major determinant or future siege intensity. 
This conflict in turn affects the later evolu-
tion or the park into a mote civilized state 
or integration with the surrounding society. 
The academic biologist, with his or her 
rascination with reserve size, locatio n or 
corridors, attempts at saving absolutely ev-
ery species, etc. has proven to be a particu-
larly diffICult member or the conservation 
team at this point in the evolution of a given 
conserved wildland. It is appalling to hear 
an academic tropical biologist state flatly 
that he does not know anything about 
sociology and thererore will only consider 
biological factors . It is as though a doctor 
were to state that seat belts are an engineer-
in, probkm unrelated to medicine. 

'The priociple of "paying 5 % ofbiodiver-
sity to save the other 95 %. is as importaot 
in the early -save it- stages as it is when 
later determining the intensity of pcrmissi-
hie park: U5C by visitors. yet this principle is 
commooly ipored in the dUcusaions be-
tween academic biolopts and park plao-
ners/administrators. For example, a chronic 
complaiot of rural societies is that people 
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are relocated to establish a national park . 
While some of this relocation or expropri· 
ation is in fact necessary, much of it may 
not be: if the park establishment is viewed as 
(by necessity) a negotiation with society 
rather than a regal imperative. Just as the 
establishment of a new highway system is 
negotiated with land owners, traditional 
land uses. and other social so must 
be: national parks. 

Consider Costa Rica. The country has set 

NICARAGUA 
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aside approximately 25 -/0 of its land area 
(Figure J) for conservation of biodiversity 
and/or wildlands that are conserved for 
sustainable direct production with minimal 
loss of biodiversity. This "save it" stage was 
carried out over the past two decades. 
which means that an entire generation of 
employees and regulations have grown up 
with it. Fortunately, Costa Rica is only 
now reaching an intensity ofland use where 
a siege mentality is a severe threat to park 

C.-ribbe,m 

• The 19 INBto Biodiversity OffICes, September 1990 

Figure J. The loca/ion of Costa Rica 's eight Conservation Areas ( Areas de Concervacion) 
( various shadings ) and 19 [NBio Biodiversity Offices. September 1990. 
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r ex.istence. Equally fortunately, the wave of 
interest in moving into the "use it sustai-
nably" stage has appeared simultaneously 
(and partly driven by the impending crush). 

It is striking that academic professional 
biologists. and what is commonly viewed as 
academic conservation biology. have played 
viflually no role in the choice. siting. size or 
boundary details of Costa Rica's national 
parks. Rather. the decisions were based on: 
( I) a strong appreciation of seemingly un-
disturbed nature by select Costa Ricans, (2) 
accidents of donation or land ownership, 
(3) absence of occupants and land viewed as 
anow agricultural value. (4) timber reserves 
and water source conservation. and (5) the 
advice of some internationals with little to 
some academic exposure to professional 
biology . 

A single example will underline this view. 
Costa Rica has a very fine conservation 
system, yet not one of the Conservation 
Areas (Figure I) is established on rich agri-
cultural soils. Academic consideration of 
Costa Rica's conservation planning would 
have avoided this error, an error that has 
occurred throughout the tropics. 

In Costa Rica, the traditional conserva-
tion biologist's concern for such things as 
reserve size. reserve configuration, corri-
dors. endangered species, species reintro-
ductions, etc. has appeared almost as an 
afterthought. Ironically, these discussions 
can be quite disruptive in Costa Rica at this 
stage, through disrupting emergent activi-
ties of integration of a conserved wildland 
with its neighbors. Expansions of estab-
lished reserves are particularly disruptive in 
a siege situation. Even a castle-like reserve 
can come to an uneasy peace with its neigh-
bors over the years. However, if the bound-
ary dial changes (commonly in response to 
a well-meaning academic biologist suggest-
ing that "if it were bigger it would protect 
more species") - thereby threatening imIDe-. 
diately adjacent agroindustry investments, 
family farm plans, rural development 
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schemes, etc. - there is an immediate con-
flict . The social reaction is "hey, if we have 
to cut ofT a finger. lets do it and get on with 
living with the consequences. Don't keep 
threatening. or worrying at the wound .... 

This situation has proven to be eSpecially 
difficult when administrators and legislative 
decision-makers cannot make up tlieir 
minds about park expansion proposals. or 
when their plans are influenced by vague 
possibilities of raising more funds for later 
land purchase. It is far better to rapidl y 
come to a peaceful settlement with society. 
Detennine the site and shape needed fo r 
conservation of biodiversity. negotiate its 
boundaries once and for all. and get on with 
making it the best possible park on the one 
hand, and the surrounding area the best 
possible agroscape on the other. Conserved 
wildlands are not sandboxes for academic 
conservation biologists to pursue their per-
sonal research agendas. irrespei:tive of how 
regal. elegant and "important" the research 
is deemed to be by academia or by those 
who borrow its "respectability" to add to 
their tool box. 

Academic considerations of reserve size 
have one easily identifiable negative effect. 
The nature of the discussion is oriented 
towards "'what is best" , with size being the 
independent variable. Obviously bigger is 
better in the biological sense. However, this 
automatically converts small into 
Quite understandably, the strong argu-
ments from academics result in the logical 
conclusion that small areas are going to 
gradually decompose, and therefore are not 

conserving". This can be like dis-
carding a unique 14th Century painting 
because it bas a large hole burned in its 
lower left comer. Equally, it would be like 
failing to conserve an island wildland be-
cause islands are generally poor in species 
as compared with adjacent mainland areas 
of equal size. It is evident that a small and 
damaged habitat will retain a very large 
number of species of organisms in a stable 
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manner, as is the case throughout much of 
the tropics sprinkled with semi-wildland 
habitats that have been under heavy human 
use for millenia. From the viewpoint of the 
neighborhood user, such a small imperfect 
area is much better than no conserved 
wildland at all. Yes, we need a Library of 
Congress, but it would be ridlcu10us for a 
country with a Library of Congress to 
discard the concept of public libraries in 
small towns (Janzen 1986a, 1988a). 

Large reserves can also cause problems. 
A bigger castle may well contain more 
species than a small castJe. However, if the 
bigger the castle the greater the social dis-
ruption and resentment, then large size is a 
cost to balance against the gain in social 
approval derived from being less demand-
ing. A large reserve may maintain every-
thing except a few species of very large 
raptors, which may be only two out of the 
200,000 species in the reserve. Increasing 
the size of the reserve by a half again on 
behalf of those raptors may easily create so 
much antagonism that the entire reserve is 
assaulted by a populace that would have 
been willing to accept it at a smaller size. 

THE SECOND STEP: KNOW 
WHAT IT IS 
Traditionally, the decision to establish a 
conserved tropical wildland has been based 
in part on some very general understanding 
of what biodiversity occurs at a site, rather 
than specific infonnation. Specific infonna-
tion is often presented. as lists of species and 
habitats. with some maps of habitat types 
as well. However, such lists and maps, while 
attractive in annual reports and on posters, 
are generally of little use to the within-park 
manager or to the neighborhood society. As 
implied earlier, most tropical wildlands 
have hoen conserved for their general ap-
pearance and the pristineness of the site, 
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rather than because of specific knowledge 
of what is there. If viewed as a "castle", 
almost all tropical conserved wildlands can 
be fully protected and managed with virtu-
ally no knowledge of the biodiversity that 
they contain (see the fire example in the 
introduction). In this context, a list of the 
five species of megamammals in a national 
park containing 100,000 species of organ-
isms does Dot count as a "biodiversity in-
ventory" . 

The academic community has sometimes 
panicipated enthusiastically in preparing 
lists of what biodiversity is present in a 
national park. However, such activity is 
rarely driven by actual needs of the admin-
istration of the conservation unit. Instead, it 
is almost always done to further a personal 
or academic institutional agenda. Worse, 
most tropical conservation area administra-
tors/managers (guards) understand so little 
of wildland management that they do not 
know what to request from the academic 
biologist when assistance is volunteered.. 
Administrators generally respond to such 
queries with requests for what they see the 
academic world doing, if for no other rea-
son than to receive approval or credibility 
from the academic world. 

Esoteric scientists and commercial collec· 
tors have a long history of neotropical 
biodiversity inventory. In the 19th Century, 
numerous European and North American 
biologists came to neotropical (huge and 
unconserved) wildlands and sent home 
specimens of tens of thousands of species. 
For example. of the Costa Rican macro-
moths that are currently being inventoried 
by the Instituto Nacional de Diodiversidad 
(INDio, see below), better than 50 % of the 
7.000-plus species were described from 
specimens collected somewhere in the Neo-
tropics. decades before Costa Rica even 
thOUght about having a national park sys-
tem or a national inventory. 

Following the adventuresome explorer-
scientists, there have been several recent 
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decades of academic biologists - such as 
myself and many 'others in Costa Rica -
pursuing taxonomic research as it suited 
their own specific interests. cavorting in the 
forest quite unconcerned with whether it 
would still be present decades hence. For 
example, when I came to Costa Rica in 
1963. the forest was viewed as essentially a 
large and diverse supermarket where one 
co llected according to inclination. While 
many of these researchers were internatio-
nals. a significant number were also citizens 
of the countries in which they studied. 
Finally. owy in the past decade, this effort 
is beginning to shift toward having a major 
component of in-country participation. 
However. the agendas that they follow with 
respect to conserved wildlands are still 
largely an extension of the academic agen-
das set by the (usually international) insti-
tutions where they received their academic 
trai ning. The recentJy formed Costa Rican 
Instituto Nacional de Biodiversidad 
(lNBio) is attempting to depart from this 
behavior (see below). 

The gathering of biodiversity infonna-
tion from conserved wildlands in order to 
furt her sustainable use of that wildland is 
an infant science (e.g. Eisner 1990). A major 
hurdle to be overcome is that of determin-
ing the future uses of the information. a 
determination that will guide which items of 
infonnation to focus on gathering. A guid-
ing principle for a general-purpose biodi-
versity inventory is to view the eITort as 
making a huge library functional. lbe in-
ventory puts call numbers on the new 
books. confums existing call numbers and 
their synonyms. develops a card catalogue, 
establisba a data hue about the aeoera..I 
content of the bookJ, sets up a retrieval and 
ioa.n system for the books. adw:rtiscs the 
library', COIdIalt to potential UICf'S, and 
IIIItpI to determiDe bow much to charae the 
__ public for teniccs. 

III COIta Rica, INBio bas embarked on 
dUI .. on:ioo (Lewin 1988; Tangley 1990). 
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The INBio has set the ten-year goal of 
inventorying the half million species of or-
ganisms conserved in Costa Rica 's 12,000 
km2 of conserved wildlands, and geuing 
that infonnation into a usable fonnat 
(Janzen in press: Janzen and Hallwachs in 
press). In the initiation of this activity. the 
INBio has encountered several connicts 
with the world of academic taxonomy and 
systematics. Here, I mention a few of these 
connicts. so as to give the reader the fl avor 
of the situation. 

The parataxooomist 

The international taxonomic community 
will not mobilize: sufficient human and eco-
nomic resources to inventory Costa Rica·s 
biodiversity within a decade. This short 
time frame is necessary if the inventory is to 
be the precursor to a sustainable use that 
will in turn facilitate and cause Costa Rican 
society to preserve her biodiversity. The 
obvious solution to this impasse is to train a 
large number of Costa Rican adult work-
ing-ciass rural residents in the technoloJY 
and philosophy necessary such that they 
can conduct much of the inventory process, 
and get on with the task . Such persons are 
termed "parataxonomists" by the INDio, a 
term borrowed from the "paramedic" of the 
medical community. At the time of this 
writing, tbe INDio has trained 31 parataxo-
nOmlSts (with funding by USAID, National 
Science Foundation and USDA. The Natu-
ral History Museum (UK), the Pew Chari· 
table Trust and theJ. D. and C. T. MacAn· 
hut Foundation) and they are taking the 
ftnt steps for the national inventory. They 
are aeoerating hundreds of thousands of 
properly prepared specimens per year, rap-
idly p.i.niDg natural history information 
aDd uperieuoe. and spreading biodiversity 
information to the ne:ighbon of the 19 
BiodiV'CfSity OffICeS scattered through 
Cotta Rica's cooter'VCd wildlands (Figure I; 
llUl2ED in press). 
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Such a biahly praamatic step, which re-
moval much of the basic work of & uliooal 
invcatory from the domain of the UlliYCrSi-
ty-educated. ec:ednnic tuooomislo appears 
on flllt glaDoe to be Kfca1. It involves the 
national community in iu cnrt:D biedivenity 
manqement, it locrcucI the b\DUl re-
sources that are experieoced in biodivenity 
matters, it expands employment opportuni-
ties based on brain rather than brawn, it 
relieves the academic taxonomist of much 
time-consuming field work, it is cheap in 
dollars and time per specimen prepared, 
and it can be easily and cheaply expanded 
until the desired inventory intensity is at-
tained. 

However, such a scheme has met signifi-
cant resistance from the latin American 
academic sector (and some similar resis-
tance among some older members of the 
North American taxonomic community). It 
is viewed as demeaning to the PhD taxon-
omist to publicly demonsuate that much of 
what was considered to be his or her pro-
fessional domain can be carried out by a 
person with enthusiasm, grade-school edu-
cation and six months of training. It de-
prives the same academic of the opportu-
nity to state that the slow pace of his 
taxonomic research is caused by the diffi-
culty of getting to the field and a shortage 
of funds . It likewise eviscerates the com-
ment that we must have more (very expen-
sive) resources and the time to train more 
PhDs before we ca.D get on with an expan-
sion of taxonomic services and activities to 
encompass such a task as large as a national 
inventor:>': Finally, it is the first step in 
popularmng an that, like the white 
lab coat, has maintained the academic at a 
socially prestigious level, with residence in a 
university or government research labora-
tory setting in or near a capital city at a 
comfortable salary. IrOnically, a field task 
of a scientific nature is viewed as a step 
upward by the rural resident while a scien-
tific task in the field is viewed as a step 
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downward by the urban reaidcnt (who may 
well have IpeDt several poeratiODS Itnt-
Pna to move from a rural to aD art.. 
bockgrouad). 

There is also an interaction .... 
ternational universities., in-country tropical 
"C'dcmict, and parataxonomists. If serious 
sciertce caD be done by the relatively unedu-
cated. in the field, then perhaps there is less 
jUltification for exteDdcd periods of post-
graduate study on comfortable rellowships 
in the univenities of devdopcd countries. It 
is quite amazing to bear an academic la-
ment the "shortage of taxonomists" and 
then criti<:iu a parataxonomist because "he 
could not possibly learn or know the de-
tailed specialized collecting methods used 
by a specialist in his or ber group of organ-
isms" . 

The parataxonomists also do not mesh 
well with the natural desire, or at least the 
fuhionable feelings. of developed country 
academia to otTer advanced degrtt pro-
grams to international students as their 
contribution to the development of human 
resources in undeveloped countries. A pa-
rataxonomist neither has the other aca-
demic puparation nor language skills to 
enter into a graduate program, nor is inter· 
ested in leaving family and friends behind 
for years while "'studying" something in 
Wisconsin that will be at best of marginal 
use to his or her daily work as a parataxo-
nomist. 

The appreatice curator 
Now that the parataxonomist program is 
generating a very large amount of high-
quality biological material, a large bulk of 
mounted and labeled specimens is accumu-
lating in a central depot. In the case of 
Costa Rica, this depot is the buildings of the 
fNOio, housing the National Insect Collec-
tion. National Plant Collection (National 
Herbarium), etc. Traditionally, in such a 
circumstance. various international taxono-



r mists would then be: deluged with boxes of 
specimens to identify and study. This would 
simply add to their already unbearable 
bacldog of specimens. This would create yet 
more resentment amongst taxonomists that 
"society" is not willing to pay the mainte-
nance costs of the taxonomic community in 
the developed countries (to say nothing of 
the undeveloped countries). 

Enter the apprentice curator. Many La-
tin American countries generate a moderate 
number of university graduates with a 4- or 
S-year degree in biology. Sending them off 
to international centers for a PhD in sys-
tematics is costly in dollars and time. and 
generates people with some specialization in 
a group or a method. but no practical 
experience as to how to make tuonomy a 
functional activity within a society (since 
that is not a part of academic training 
anywhere). For example. there is not a 
single advanced degree curriculum in sys-
tematics in the US that emphasizes the skills 
and abilities necessary to, for ex;ample, de-
velop a layman's field guide to the identifi-
cation of a major and common group of 
organisms. One conspicuous solution is to 
give tropical university graduates on-the-
job training in basic curational skills and 
uses of tuonomy, thereby gradually train-
ing them up to a level where tbey are, 
according to their individual abilities, actu-
ally conducting the same processes expected 
of a PhD taxonomist when curating a major 
collection. 

The name apprentice curator is applied 
to such a person because a major way to 
speed and facilitate the on-the-job training 
process is to apprentice rum or her to a 
practicing PhD taxonomist (local or inter-
national). However, such a collaborating 
specialist requires two distinctive traits. 
Tbese traits an: rare wiUUn the systematics 
community but examples do exist (e.g. Jan-
.. in press). The specialist needs to be 
wiIIin, to spend a serious block of time 

xveral months per year at a 
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minimum) working in the field and INDio 
with the apprentice curator in Costa Rica. 
Second, some serious part of that time has 
to be to the process of teaching 
the apprentice curator as much as is possi-
ble about the group of organisms (as well as 
benefiting from the apprentice curator's 
labors). On a short time scale, this is not the 
most efficient use of the PhD specialist's 
time. as measured in production of tradi-
tional products (monographs and/or spe· 
cialized collections of focal groups). How-
ever, on a slightly longer time scale, the 
rewards can be huge in terms of specialized 
collections, companionship in productivity, 
and eventual production of taxonomic 
works by the tutor and apprentice. Fortu-
nately. within the past several years the 
National Science Foundation of the US. the 
USDA, the Smithsonian Institulion, and 
The Natural History Museum (UK), have 
come to view such a time investment by a 
master taxonomist as legitimate investment 
of time (e.g. Janzen in press). 

Apprentice curators have. to date, 
seemed to be less depreciated by the Latin 
American and North American science 
community than have been parataxono-
mists. The apprentice curator is, after all, 
just a close subspecies of the tutor taxono-
mist, and many tutor tax;onomists began 
their professional careers as informal ap-
prentices in their youth. 

However. there is still one major barrier. 
The funds that are generally available for a 
Latin American recent university graduate 
to go to the US and study for an ex;tcndcd 
period 50 as to obtain a higher degree are 
not generally available to support an ap-
prentice curator in his or her on-the-job 
training wiUUn the developing country. One 
of the major reasons, though generally un-
spoken. is that the ·student- studying and 
curating beetles in INRio, for example. does 
not conform to the traditions and reward 
systems of that same student studying and 
curatinl bcctJes in a US university. The US 
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university funds to "produce degrees", not 
to accomplisb a conservation objective. 

There bas been a second reason given as 
to why US university funds are not avail-
able for on-the-job in-oountry trai.n.ing. It 
has been noted that the apprentice curator 
is actually working, thereby aUowing the 
excuse that "be or she sbou1d be supponee! 
by the INDio". Unfortunately, the INBio is 
not able to provide a salary that is compa-
rable to that in the developed world for the 
ability and responsibility that be or sbe is 
expressing as an apprentice curator. This is 
not because tbere is particular discrimina-
tion against taxonomists or curators in 
Costa Rica, but because salaries are gener-
ally very low (the Minister of Natural Re-
sources receives about the same salary as 
my secretary/assistant at the University of 
Pennsylvania). Low salaries are commonly 
compensated for by having several jobs and 
by putting substantiaUy less than eight 
hours of work into a "full time" job (in 
Costa Rica there are even two kinds of "full 
time" jobs: "full time" and "exclusive dedi-
cation"). However, the INDio apprentice 
curator is held to standards of performance 
of the developed world, and therefore 
shou1d be compensated accordingly. 

As with the parataxonomist, the inven-
tion of the job category "apprentice cura-
tor" allows a redefinition of curatorial and 
systematic responsibilities in accordance 
with the needs of the social system of 
biodiversity use in Costa Rica, as opposed 
to the social needs of the US academic 
system. For example, from the beginning, 
the INRio curational task requires an abil-
ity to both identify specimens for various 
public sectors. and generate field guides. 
natural history synopses. and other infor-
mational services. An apprentice curator is 
also encouraged to invest some time in 
evaluating environmental impacts, teaching 
pa.rataxonomislS. assisting master system-
a.tlsts• advising the government on biodiver-
sity questions. fund-raising, etc. In the tra-
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ditional academic world. analogous activi-
ties are seen as an imposition rather than u 
an integral and iegitimate use of a 1taIf-
member's time. Even though INRio staJWd 
from bare ground in early 1989, in fact it 
incorporated various staff members from 
other more traditional institutions, staff 
members already somewhat steeped in tra-
ditions brought from academia both within 
and without the tropics. The readjustment 
of a mindset for these people has not always 
been smooth. 

Tbt iaveatory 

An inventory of the biodiversity of a coun-
try or region has traditionally been ex-
pressed as a list of species. Many taIono-
mists feel that this is the end point for their 
participation in conservation and environ-
mental management. However. an "inven-
tory" as conducted by the lay community 
nonnally contains infonnation of value 
about the species as well as a list of the 
species themselves. For example. a ware-
house inventory may discuss what kinds of 
bolts are in the warehouse. how many there 
are of each kind. what they cost. how long 
for a backorder. where they were obtained, 
etc. In other words, the inventory is not an 
end but rather a means to the end of 
efficient use of a repository of diverse ob-
jects too complex to be censused at a glance. 

When the INRio speaks of an inventory 
of the biodiversity of the half million species 
of organisms occurring in Costa Rica. it is 
not speaking of just a species list. True. the 
species list can be generated at any moment 
by the flick of a computer key, and is 
something that will grow continually to-
ward an asymptote for the neIt decade. 
However. while such a list may often be 
cited on the international scene when com-
paring Costa Rica with this or that other 
area , it alone is virtually useless within 
Costa Rica. What really matters is the 
information stacked up in the computer 



r base behind each of the entries in the species 
list. 

The parataxonomisl activity is initially 
focused on collecting samples of the species 
present. so as to generate the raw material 
that the apprentice curators and their inter-
national connections can use to put the 
Costa Rican species' nomenclature in (rela-
tively) stable order. At this point. a species' 
presence in the inventory changes from a 
number to a Latin binomial (and higher 
categories) that allows access to the rest of 
the world literature about that organism (if 
any be). and allows taxonomic inference to 
play its powerful role in the perpetual guess-
ing game about natural histories as yet 
unknown. But in getting the first specimens. 
the para taxonomist also generates the first 
data about the geographic and temporal 
location of the species within the country. 
As further collection occurs at the nodes in 
tbe widespread net of Biodiversi ty Offices 
(Figure I ), a bener understanding of tbe 
ecological distribution of species will ap-
peaL 

Some groups of species reach 
stability and eco-geographic understanding 
quite rapidly. Virtually all vertebrates 
cept for a few small snakes, salamanders 
and obscure frogs), and about 10 % of the 
plant species attained this stage before the 
INBio was even a dream (e.g. Burger 1911; 
Janzen 1983). The same may be said for 
butterflies (DeVries 1987), saturniid and 
sphingid moths (D. H. Janzen and W. HaU-
wachs. unpublished). ophiine ichneumonid 
wasps (Gauld 1988), """,b beetles (A. S0-
lis, unpublished), aDd dragonflies (C. Esqui-
vel and S. Brooks, unpublisbed). Many 
other groups are still very much at their 
beginning. but being steadily accumulated 
by the parataxonomists aDd orpnized by 
apprentice curators and international tax-
ooomists. 

But, the lNBio biodiversity database 
'WIry qu.ickly becomes a repository for Costa 
Rican natural history and ccolop:al infor-
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mation as well as a SOurce of locations, 
certainty, literature connections. 

and inference for future users. 
As the status of a group 

moves beyond early "inventory" stage, 
the parataxononust and even to some de-
gree the (no longer apprentice) curator have 
the option of concentrating more heavily on 
as-yet uninventoried groups (s uch as a pa-
rataxonomist with years of experience with 
insects turning to diatoms or fu ngi), or 
focusing his or her efforts on the accumu_ 
lation of info rmation on nat ural history. 
physiology, behavior, morphology, etc. 
Thus the "paraeco logist" is born. As the 
years pass. the INBio and similar organiza-
tions elsewhere will be continua lly con-
fronted with the Question of how best to 
divide their human and support resources 
among the activities of para taxonomists. 
paraecologists. curators. and unfo reseen 
categories of specialists. This a llocation will 
be heavily influenced by the societal in-
volvement with biodiversity. just as the 
agricultural research of a major land-grant 
university in the US is in part guided by the 
crops and society of the region. 

This view of an inventory meets with 
responses by the academic (and mu-

seum) science community. In a variety of 
subtle ways, it depans from weU-established 
- but recent - traditions. It is very easy to 
forget that tbe fi rst major inventories of the 
nCOlropics by European society during the 
past century were, for largely 
driven by commercia! drug. food and orna-
mental interests rather than esoteric acade-
mia. First. and perhaps foremost. such an 
INBio--type inventory casts the taxonomist 
and his or her actiOD$ as integral partners in 
a larger effort, rather than controllers of a 

and self-responsible body of 
endeavor (largely beholden to a dimly re· 
membered academic in a devel-
oped country). TUODOmists are, as a group, 
amoDJ the most independent of all kinds of 
biologists (witncss the paucity of co-
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authored papen in taxonomy). However, 
the person who is content to spend major 
blocks of his or her life cloistered in a small 
room thinking individually about 
organisms tends to be at the more intro-
verted end of the social spectrum. The 
inventory workplace: postulated here is sut>-
stantially extroverted. 

Second, the products of an inventory are 
considered substantially less elegant, in an 
academic context, than are massive mono-
graphs that at least in theory -clean up· a 
major taxonomic group. However, tradi-
tional monographs may require decades of 
preparatory work, are not organized for lay 
readers, and are often impenetrable except 
to other specialized taxonomists. 

Third, such an inventory is regional or 
even more local in scope and solutions. 
However. many if not most tropical organ-
isms have geographic ranges, phylogenetic 
relationships, and scientific paper trails that 
extend far beyond this area (e.g. Janzen 
1986b). To focus on putting a regional flora 
or fauna into a user-friendly fonnat robs 
the taxonomist of the time and energy 
n«ded to ferret out these additional extra-
regional connections, some of which will be 
important in the taxonomic designations 
that are assigned within the region. It can-
not be forgotten that for many taxonomists, 
much of the original attraction to the en-
deavor was the great pU22.le of understand-
ing how things are related to each other. 
However, tbe clues to a taxonomic puzzle 
often lie geographically far outside of the 
region of pragmatic interest. 

Fourth. an academic taxonomist com-
monly receives a salary appropriate to his 
or her level of academic training rather than 
to the level of productivity as measured in 
products that can be directly used by others. 
Associated with this, many taxonomiSls 
work for extremely low salaries, if their 
annual salaries are divided by the very large 
number of hours they put into their profes-
sion. In return, they are generally not asked 
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to account for their efforts in anything but 
the most general manner. In the -inventory 
environment- discussed bere, sa1arioI aDd 
other rewards are unavoidably tied more 
directly to tbe amount and nature or di-
rectly usable output. The taxonomist is at 
risk of feeling much more like a cipher in 
tbe marketplace. . 

Finally, in an inventory such as that 
described bere, a taxonomist's output is in 
fact used, and used within a short time. 
Taxonomists have long suffered. or enjoyed 
- depending on your view - nearly complete 
freedom from feedback from disgruntled or 
euphoric usen. Keys, species descriptions. 
curated specimens in museums, mono-
graphic descriptions of ranges and mor-
phologies, etc. commonly languish for 
many decades before being glanced at by, 
perhaps, one or two other specialists. Such 
specialists are adept at wending their way 
among the errors, oversights. lack of tech-
nology, etc. characteristic of someone 
working decades to centuries before them. 
On the other hand, in the more heavily 
funded areas of biology it is commonplace 
for quality control to be promoted by rep-
etition or use of any significant discovery 
within a few days to years. This is the kind 
of double-checking that is simultaneously 
nervewracking and exhilarating for the sci-
entist. It also throws the taxonomist into 
the tunnoH of the marketplace, taking away 
a freedom that has always been one of the 
pleasures of most taxonomic research. 

THE TIDRD STEP: USE IT 
OR LOSE IT 
Once: the ·save it" and -know it- steps are in 
motion, the -use it sustainably- stage can be 
entered into with vigor. In effect. the save it 
and know it steps are a giant production 
process ending in information dissemina-
tion to a major group of users (Figure 2). 



r However. the products from the sustainable 
use of a wildland conserved for its biodiver-
sity are much more than just information . 
The products fall into three large and some-
what overlapping areas: 
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ature modiflCation. same refuging. fish 
nuneries, visual recreation (landscape 
beauty), gene and species banking. etc. 

2. Information exuaction for the outside 
world (very light human use): gene 
ture, inteUectual information, research 
results. organisms for reintroduction 
elsewhere, consultation on environmen-
tal management, etc., and 

3. On-site consumption (light to heavy 
human use): biology education pro-
grams for all ages from gradescbools to 
adult etOtourists. hands-on research, 
recreation from hiking to populous 
sporting events, living centers for admi-
nistrative personnel and visitors. roads 
and trails. etc. 

'The .............. oCdirect ... : history 
aDd bockgrouad 

The dim;{ human use of the conserved 
wildland (items 2 and 3 above) will cause 
some loss of biodiversity if the naturally 
occurring (i .e .• non-human affected) pat-
terns of species interactions and 
hies are viewed (correctly) as part of an 
a rea's biodiversity. However. this "loss" is 
qualitatively different from the loss of bio-
diversity associated with tbe extinction of 
species or populations. since naturally oc-
curring interactions and demographies gen-
erally reappear when the perturbing influ-
ence is removed. Massive habitat restora-
tion in some tropical national parks is based 
on this concept (Janzen 1988b), and the 
process permits tolerance of many kinds of 
wear and tear. For example, rotating the 
impact of among different parts of 
a park over the years depends entirely on 
the ability of animal and plant arrays to 
reconstitute themselves. 

When we speak of paying a few percent 
of the biodiversity in order to generate the 
products that will insure conservation of the 
area into perpetuity, it matters whether we 
are speaking of irretrievable biodiversity 
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loss Oocal extinction) or restorable biodi-
versity loss (biotic restoration foUowiDg 
wear and tear). It is of interest that virtua.Uy 
all sustained-yield agroccosyslems are the 
latter type. It is aJso of interest that rest0-
ration processes are temperature-depen-
dent. For example, the effects of fioe·scale 
forest clearing may require millenia to dis-
appear in Canada but disappear within 
decades in the hot lowland tropics, yet be 
extremely slow to disappear from the top of 
a tropical mountain (e.g. Janzen 1973). 

Any consideration of use of a wildland 
conserved for its biodiversity products 
quickly encounters the question of what is 
"natural" . In the New World tropics, about 
10,000 years ago a hunting society extin-
guished a major set of widespread new 
world large vertebrates. with subsequent 
dramatic changes in vegetation (Janzen and 
Martin 1982). This means that there is no 
vegetation in the neotropics that is undis-
turbed by man. To think otherwise is to 
label Amboseli National Park "undis-
turbed" after someone has shot all the large 
mammals and many others (small bovids, 
vultures, mongooses, civets, canids, cats) 
have consequently starved to death. It clar-
ifies one's vision to recall that the horse 
evolved in the New World. went to the Old 
World on its own, was subsequently extin-
guished in the New World by humans. and 
then given back to us by the Spanish. The 
horse is a native member of the neotropical 
megafauna and it certainly belongs in some 
conserved wildlands - though to replace it 
requires simultaneous replacement of some 
predation in the form of selective castration 
and the occasional rifle shot. In the Old 
World, humans have obviously been part 
and parcel of natural biodiversity for mil-
lions of years. 

Overall, one is forced to the subjective 
and arbitrary conclusion that we should 
attempt to save at least the amount of 
biodiversity that persists when human inter-
ference is roughly that characteristic of 



r hunter/gatherer humans (or less). To be 
satisfied with less is simply to accept the 
omnipresence of the agricultural landscape 
that humans have become $0 adept at pro· 
ducing as their special way of surviving 
(Janzen 1984, 1990) and depriving society 
of most biodiversity products. 

These considerations invariably lead (0 

considering the conservation of tropical 
wi ldlands as an act of conserving the garden 
of genetic evolution and the basket of forces 
thought to keep a species what it is. How-
ever, this view does not match well with 
what we understand of evolutionary biol-
ogy . 

First, all indications are that. at least for 
large continental areas, the species present 
in a given conserved wildland arrived by 
migration and then underwent little genetic 
differentiation in response to their new en-
vironment. In effect. they arrived and they 
'"ecologically fit'" (Janzen 1985. 1986b), just 
as we have recently witnessed in the case of 
the African honey bee population intro-
duced into Brazil. This unconventional view 
is demonstrated by the enormous number 
of species that retain their characteristic life 
forms. colors. behaviors, morphologies, etc. 
over a very wide variety of habitats and 
selection regimes throughout many degrees 
of latitude in the tropics. Evolutionary bi-
ology has quite understandably long been 
fascinated with genetic change and its 
causes, and has us rather unprepared to 
deal with the obvious fact that there is an 
enormous amount of genetic stasis in na-
ture. tropK:al and otherwise. 

Second. the quickest way to promote 
speciation - otherwise known as the gener-
ation of biodiversity - is to produce sma1I 
populations, each subject to a different xt 
of directional xklctive forces. It is no acci-
dent that pnctic:a1ly all the textbook exam-
... of obrIervabic natural selection are on 
raj or man-made islaods. If we really 
wanted to promote DCOtrOpica1 tree biodi-
va'lity, for examptc, we would take a tree 
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that is distributed from south Mexican 
semi-desen to Brazilian rainforest and chop 
the dis.tribution up into many little bits, 
otherwIse as national parks. and let 

selection go to work. Examples such 
as thIS force us to consider which kinds and 
how much of biodiversity we really want. 
And that depends on the user community. 

Consideration of what kind of biodiver-
sity to save leads to yet more harrowing 

we simply have to live 
WIth whatever klOd of species and selective 
regimes we generate by saving a patch here 
and a patch there of the once-expansive 
areas of tropical vegetation. and then sub-
jecting these patches to global climate 
changes. However, there is another k.ind of 
biodiversity conservation over which we 
have more control. To return for a moment 
to the neotropical extinct megafauna. it is 
no secret that neotropical venebrate biodi-
versity could be substantiaUy raised by the 
introduction of a large array of species of 
wild vertebrates from the Old World trop-
ics. The same undoubtedly applies to trees. 
insects. snakes, etc. 

There is absolutely no a priori reason to 
assume that any given neotropical habitat is 
'"full '", What a given park contains today is 
in great part the result of which species have 
migrated there. While there a re ecological 
processes that set the upper limits to species 
ricbness in any given habitat. immigration 
rate is ODe of the major parameters in these 
processes. The fact that a southeast Asian 
forest bas ten species of squirrels and its 
ocologjcal analogue in Costa Rica has three 
is not determined by some magically diffe-
rent c:eiliDa to squirrel species diversity in 
cacb of the two pop-apbic areas. The pau-
city of plant aDd parrot species in African 
rainforest u compared with species-ricb 
DCOtropical rainforests is early historical 
rather than directly ecological . 

Artiflcially devaUna an immigration rate 
docs not automatically result in the adjust-
ment of other proccsaes to wbere the total 
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species richness stays constant. It is an easy 
prediction that the inuoduction of the oeo-
tropical agouti (Dasyprocta fJWJC'ala, large 
seed-dispersing and seed-killing rodent; 
Hallwacbs 1986) to Upndan rainforest 
would probably not result in the extinction 
of other animals (or plants), just as there is 
no evidence or a priori reason to suspect 
that the introduction of free-living Apis 
melifera automatically removed a species of 
insect from eacb of the multi tude of 
pical habitats it now occupies. But both 
introductions would increase biodivenity . 
In fact, it is easy to predict from solid 
ecological theory that the recent inUoduc-
tion oftbe screwworm fly into North Africa 
(Palca 1990) from the neouopics could sub--
stantially increase both plant and vertebrate 
biodiversity per habitat. On the other hand, 
the current widespread and wbolesale intro-
duction of neotropical trees into Africa for 
firewood, erosion conuol. timber, etc. has 
enormous potential for decreasing plant 
biodiversity in conserved wildlands. 

Society bas to decide very rapidly for 
what products its biodiversity is being con-
served. because that in turn determines the 
actual on-site management decisions. Such 
a decision by society requires serious effort 
by the science sector as well as other sectors 
to identify. develop and publicize those 
potential products, production costs, feed-
back mechanisms from consumer to pro-
ducer, etc. 

The direct impact or .... 
The managers of. tropical conserved wild-
lands desperately need field biology studies 
of the true impact. and associated resiliency 
processes, of various kinds o f use of those 
wildlands. The information available today 
is mostly a serendipitous byproduct of es0-
teric research that was conducted by acade-
mics in search of behavioral, ecological, 
pbysiological, etc. understanding for its 
own sake. Explicit tropical management 
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research such as what kinds of rat poison to 
use to protect Gaiapalos birds (Cruz and 
Cruz 1987), how to save Sri Lanka wi..ld fiIh 
by translocation (Wlkramanayake 1990) 
and what are the patterns of invasion of 
tropical abandoned pastures (Janzen 
1988c), is poorly funded and 1CaI'Ce. 

However, the byproducts of esoteric re-
search do tell us that certain aspects of, for 
example, animal behavior can be extremely 
ilCDsitive to humans. For example, ordinary 
footpaths used as rarely as one time per day 
may dramatically alter movement patterns 
and social behavior of medium-sized terres-
trial mammals living within tens of meters 
of the paths (W. HaUwacbs, personal com-
munication). On the other hand, a large and 
bealthy jaguar population may co-occur 
with stable and intense cattle ranching and 
many people, if the jaguars are not hunted 
or chased. Such species-specific idiosyncra-
cies are commonplace. All of the adult 
mahogany trees may be logged o ut of a 
uopical forest, yet a century later there be a 
large and robust population of juveniles 
and new adults. On the other hand, the 
removal of a single species of inconspicuous 
seed-dispersing large rodent from a habitat 
may lead to tbe rapid extinction of a tree 
species that was dependent on the rodent 
for its seed dispersaJ (e .g. Hallwachs 1986; 
Putz et al, 1990) or for suppressing the 
density of its primary competitors through 
seed predation (Janzen 1970). 

If a wildland manager is to rotate users 
through different habitats, so as to allow 
maximum buman visitation yet minimal 
permanent or long-term damage to biodi-
versity, then much understanding of resto-
ration and reconstitution of plant and ani-
mal arrays is needed. It may well be: that 
controlled harvest of deer from a large area 
of a tropical national park that is undergo-
ing restoration might be best for both con-
servation of biodiversity and fo r the neigh-
boring society. The studies associated with 
such management decisions are long-term 
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and iterative by nature. and are thus best 
built into the normal research program of 
the wildland's administ ration. and/or can-
dueled by local research This is 
yet one more reason why the development 
of local science capacity is so critical for 
sustainable use of tropical wildlands. On 
the other hand. such management decisions 
arc also often aided by the nalural history 
and ecology studies of shorter-term dura-
tion conducted by academic researchers us-
ing the park as a la rge biological station. 

The impact of use has two major compo-
nents. First. there is the actual impact on 
organisms. as demonstrated by their reac-
tions. Second, there is the impact on socie-
ty's image of what is to be conserved. A 
beer can on the bottom of a pristine stream 
is far more offensive to the visitor than is 
the gallon of kerosene dumped out by the 
same visitor, but the impact on aquatic 
biodiversity is the opposite. A well designed 
cement or asphalt trail through a muddy 
rainforest may both lower the impact of 
herds of visitors on biodiversi ty, and yield 
visitors who are mo re willing to support 
that ra inforest by payments and voting; 
however. such a man-made trail is anath-
ema to some kinds of ecotourists. A care-
fully managed five-slory hotel in the middle 
of a conserved wildland can be a horren-
dous eyesore, but have no more real impact 
on biodiversity than a carefully landscaped 
and inconspicuous parking lot. In fact. if 
the right kind of people come to enjoy the 
hotel, the park. may suffer far less fire 
damage, boundary conflict. poaching, and 
pesticide drift than if the hotel had never 
been built in the first place. The art. of 
course. is to plan the location of tbe hotel so 
that the use benefits acrue to the park. ... 
there is no eyesore. Once again. we find 
ourself stressing that a conserved wildland 
must be designed as a whole organism, Dot 
as a collection of structures and concepts, 
each reflecting a batde lost or won with a 
given social threat over the past several 
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decades. However, in order to avoid invent· 
ing a giraffe with an elephant's trunk. we 
have to have a clear vision of the ecological 
role of any given conserved wildland vis Ii. 
vis its community of users. 

Social conflict among the direct users of a 
conserved wildland is a very complex area 
of management. Researchers light over who 
gets to do what to Ihis or that plot; it is 
striking how the politeness and reserve nec-
essary for survival in their home university 
departments a re abandoned when they get 
to the frontier of the Conserved wildland. 
Researchers disagree with ecOlouriSls as to 
who gets to enjoy what; researchers have 
the of forgetti ng that they are just a 
subspectes of ecotourisl. Ecotourists go to a 
conserved wildland 10 see wild biodiversity. 
not other ecotourists (sometimes) . Admin-
istrators can easily forget that a transporta-
tion system designed around the desires and 
incomes of the park's neighbors can be 
easily used by the international tourist . but 
not vice versa. Children in a biology course 
may not even notice the (adult) ecotourists 
but be horrified if they see a researcher kill 
an experimental animal. A Costa Rican 
gold miner standing in the middle of a 
flowing stream of mUd, that he had made 
from a once crystal clear river, remarked to 
me that he much preferred the national 
park. over noisy and congested San Jose. 
and that he had been certain to never cut a 
tree or hunt a single animal. One is re-
minded of the president's stafT making cer-
tain that the ambassadors of two warring 
countries never get invited to the same 
dinner party. I am left with the feeling that 
the most fertile ground for the recruitment 
of park administrators should be industrial 
psychologists. 

.... park administntioa II • user 
The administration of a conserved wildland 
is in a contradictory situation. Almost by 
definition, the staff live in those parts of the 
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nation that are mOlt distant from -c:iviliJa-
tion- and often viewed at the least thn:at-
eocd by bumans. But the stall' collect flf'C-
wood, divert stn:am& for drinkina; water, 
wash in strc:ams. dear areas to maintain 
livestock, run ooiay JCDCI'&ton, clear roads 
and trails for aaaa. have dOSS and Cit&, 
etc. These tbinp are an done with the ICDIC 
of abaDdon that is cb&racteristic; of frontiers 
- where wild biodiversity is a thmat. aot a 
sustainable resource. Funbermore, the mini-
ature police state so chanu::teriJtic of mOlt 
parks during their early yean adds to the 
impression that any impact by outsidcn 
and anything done -in here- is justified by 
making life more pleasant for the guards in 
their backwoods situation . 

It takes a gentle breed of highly political 
scientist to point out these things to an 
administration and gradually bring it 
around to abandoning what seemed to be 
such reasonable behavio r. What bas been, 
in my experience, most successful is to 
inform about the kinds of natural history 
that are disrupted by collecting firewood, 
dumping soap into streams, etc. 

As a park administration gradually 
evolves into maintaining the wildland for its 
biodiversity products, it enters into the odd 
situation of doing many things that seem 
illogical for the protection of nature. It is 
criticaJ that the staff have a good scientific 
understanding of why they do these things, 
or else they will act cauabt in a credibility 
gap between their own tasks and the users' 
,-?e'N of biodivonity conservation . The pub-

do:es not take liabtly to the park admin-
Istrauon arresting and penalizing the setter 
of a fire that burns into the park while at 

time park bums larg; areas to 
maintain a parucular type or 
create large "blackline" fire breaks. It takes 
a special efTon to educate the neighboring 
ranching public that cattle can be used as 
biotic mowing machines and seed dispersers 
(under cenain circumstances) as pan of tbe 
forest restoration process. while that very 
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laDd wu expropriated from a raDCbor for ill 
cooterVatioa. 

A cooservatioa area abould be: q ..... 
pablo of w....m, cenoiu ItiDdJ of-_ 
.... ty producu (_ animal parU. ...... 
anilN1s for rcintroductioo dlewbere. etc.). 
However, t.biJ harvest cu easily create oa-
tiow aDd international conflicts when the 
same products are beina protcctc:d else-
where by absolute bans on their sale, trans-
port, use, purchase, etc. Repeatedly the 
difTtculties in wildland ma.nacement are not 
the tcchnololY of the scieooe and biology 
within the conserved area, but the complex-
ity of interactions be:twcens the wildland 
and the swroUDding society. There are 
many occ::asioDS when the only successful 
park will be one that spends more of the 
bOOset outside than inside the park (K. 
Miller, persoaal communication). 

n. po,......' r ...... 
Humans pay for their use of an object in 
many kinds of currency. In the tropics, as 
elsewhere, the currency of concern ranges 
from a simple agn:ement not 
to use those pesticides that wiU later be 
washed into the park by rain, to dirttt 
payment to the park management budget 
for use of the water that flows from the 
park, to royalties paid to the nationwide 
park system by an international corpora-
tion in return for phytochemical informa-
tion from park plants. The corporation 
called Costa Rica is paying its greenhouse 
maintenance: biU with input from all levels 
of society. Simultaneously, society often 
asks what contribution the park makes to 
the overall health and development of the 
corporation. 

I earlier suggested a list of products that 
are a conserved wildlaod' s contribution. 
My concern here is to focus on the role of 
the scientist in improving the quality of 
these products to tbe user, with commen-
tary on how this may be reflected in the 
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r willingness of the user to compensate the 
conserved wildland for its products . 

The introduction of the conserved wild-
land into the marketplace implies the right 
on the part oflhe consumer to have a say in 
the nature of the products. Automo bile-
users do not passively receive Detroit's 
products, but rather generate an ocean of 
regulations about the behavior of these 
products. What does this imply for the 
community of scientists and administrators 
of conserved wildlands? Consider that a 
tropical mountain reclothed with ten spe-
cies of trees. all introduced. may be just as 
effective in modulating a watershed as was 
that mountain with its original 300 species 
of biodiverse native trees. Ir that does not 
make one pensive. then perhaps this can be 
achieved by the realization that agricultural 
inviability is the best friend that tropical 
conservation has ever had (Janzen 1987). If 
there was a corn plant that grew weU on 
tropical rainforest soils, we wouJd Dot have 
any tropical rainforest to argue about to-
day. And modern science is working over· 
time to produce such crop plants. We had 
better very soon come to recognize a con· 
served tropical wildland as simply another 
kind of crop. albeit with certain special 
needs for its cuJtivation. 

Fees paid by on·site users 
Many uses of a conserved wildland involve 
the direct and frequent presence of human 
visitors. They, like any visitor, arrive in 
search of something - photographs, peace. 
intellectual stretching, escape, exploration, 
novelty, self, companionship, etc. Almost 
aU of these activities are enhanc:ed by an 
iocrease in the accw-acy, timelioess, appro-
priateDeSS, etc. of aD-site information flow. 
This requires more and better signs, trails. 
JUideboob. pubtic teaching exper-
iments, tield trials. etc. For example, an 
eoormous contribution to tropical CODJer· 
vation would be made by the invention of a 
method to make an indestructable field 
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sign, quickly and cheaply with formal let-
ters of many different sizes (a nd opt ions for 
hand-drawn pauems). Even better would 
be if it was made from materials that can be 
purchased in a local hardware store. 

The source of the park's info rma tion 
offered to visitors is the background of the 
scientist. the literature. on.site resea rch. lo-
cal knowledge. and the knowledge base that 
field SCientists carry in thei r heads. Fo r 
example. if a national park is going to offer 
a major program in biological literacy to 
neighborhood schoolchildren . a nd thus be 
paid back by the VOtes of those children in 
later life. the park has to have access to 
serious biological content to teach. Slogans 
and platitudes will not suffice. For many 
tropical national parks. providing detailed 
biological information to be packaged and 
offered to the voting visitor is a much mo re 
imponant function of in-park research than 
is "management" or "contribution to the 
world". 

As a conserved wildland becomes part of 
the market economy, its users do become 
willing to pay the opportunity costs, If:gis-
lation and direct cash for a conserved wild-
land. However, willingness to pay is quite 
directly related to the quality of the product 
tbat is encountered during a visit. However. 
a conserved wildland differs from the com-
mercial world in one major respect . Tradi-
tionally, the salaries (and other rewards) for 
a park's staff are Dot linked in any direct 
way to the quality of the products that are 
generated by the park. A basic human 
motivation for quality performance has 
been removed. It is imperative that each 
colUtrved wildland, in the context of its 
own society's mores, find a way that indi-
vidaaI quality initiative is rewarded. just as 
it is in the business world. There are diverse 
methods for direct and indin:ct financial 
compensation (merit pay, preferential ac-

to OOUICS and vehicles, help with de-
pendenu' JeboolinJ, allowing the profits to 
return to the park endowment and be used 
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for improvement of ... park's staff. etc.) 
but the responsibilities associated are also 
diverse. The price of merit pay is etema.l 
evaluation. 

A scientist can playa major role in the 
non·financial compensation process. The 
staff of a conserved wildland is constantly 
being trained upward in tecb.n.ical and 
philosophical ability. In most tropical rural 
societies. such training is associated with 
translocation to progressively more urban-
ized ("'civilized"') pans of society. However, 
the conserved wildland asks its well-trained 
employees to stay "'out in the bush"'. Such a 
fate may be pleasant to the jaded interna-
tional scientist in search of a few months 
tranquility in a national park. but it can be 
rural hell to the park staff. One solution is 
to bring civilization to the park. A major 
part of this is accomplished by bener hous-
ing, better schools. better health, etc. pra. 
vided by the overall administrative system. 
However. the scientist can also be a major 
contributor by panicipating in continuous 
adult education. Many scientists are walk-
ing universities. In a tropical national park 
these persons are surrounded by a populace 
not yet jaded by thousands of hours of TV 
specials. school science laboratories. music 
summer camps, language jubilees, etc. The 
scientist pays in time, energy and the etTort 
required to become multilingual . The scien-
tist is repaid through the conservation of 
the biodiversity on which his or her scien-
tific career is based, through the conserva-
tion of the raw materials of biological sci-
ence. 

This is not the place to discuss the com-
plexity of how to determine a fee scale for 
different users - the school child, the adult 
teotourist, the researcher - or how those 
fees arc best guided back into the park's 
maintenance costs. What should be 
stressed. however, is that field research by 
the international scientist can easily be big 

Costa Rica' s system of conserved 
wtldlanus is, for example, really a network 
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of enormous biological research stations. 
Today they have minimal logistic facilties, 
but they are growing fast . When an inter-
national researcher obtains an NSF graot 
for a half million dollars of field research 
over three years in those parks. that is a half 
million dollars worth of incoming foreign 
currency. Furthermore, a very substantial 
portion of that income will be spent in the 
neighborhood of the park. The overall park 
system of Costa Rica could easily accom-
modate S I 00 million/year worth of basic 
biology field research with no damage to its 
biodiversity . I am not capable of determin-
ing here what Costa Rica would actually 
have to pay in additional goods and services 
to bring in that amount of foreign currency, 
but much of the infrastructure is largely in 
place except for more within-park living 
and working buildings, some slight modifi-
cation of existing legislation, and some ti-
me-consuming thought by INDio and the 
Sistema Nacional de Areas de Conserva-
cion (SINAC) as to how to best facilitate 
the process. 

Payment for off-site environmental 
services 
Throughout the tropics, environmental ser-
vices provided deliberately or serendipitou-
sly by conserved wildlands are not explicitly 
charged to the consumer. Yes, some tiny 
fraction of a rice·grower's taxes may be 
used to help finance the montane national 
park that generates his irrigation water. but 
such a contribution to the park mainte-
nance budget does not begin to approxi-
mate the market value of that water. The 
same applies to erosion control . local cli-
mate modification, wind protection. etc. 
The tropical conserved wildland would be 
well-advised to fonnalize its position in the 
market economy by moving as fast as pos-
sible into a social position whereby its en-
vironmental services are paid for in one 
fonn or another. 

However. my focus here is not direct 
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r environmental economics but rather to un-
derline that the scientist can playa very 
central role in this marketplace. The scien-
tists doing research within conserved wild-
lands are capable of a large body of 
local expertS on the potential impact of this 
or that management action on this or that 
environmental service that emanates from 
the pa rle Most. if not all. tropical national 
parks and their zone of innuence are not 
serviced by a large university. government 
research branch. consulting firm. etc. that 
can be counted on to provide eva luations. 
be expert witness. draft management plans. 
etc. for the area neighboring the park . If the 
situation is correctly structured administra-
tively. the scientist working within the park 
can even make a serious contribution with a 
minimum loss of time. 

At this point an interesting conflict be-
tween the scientist. and especially the aca-
demic scientist, and the park administration 
appears. The administration that figures 
out how to resolve this apparent conllict 
will tap a major source o f resources for the 
park administration and for the neighbor-
ing society. For a very large number of 
academic scientists. time is substantially 
more valuable than money, and success is 
measured by results rather than a paycheck. 
For many memben of park staffs, time 
spent is money earned and success is mea-
sured by the size of the paycheck. For a 
scientist, a day in court is a day lost, while 
for park: staff a day in court is a good meal 
in a good restaurant and perhaps a break: in 
the monotony of park: tasks. Somehow, 
scientists have to learn how to be less 
contemptuous of the park administration's 
need for basic needs, and the park admin-
istration less contemptuous of tbe scientist's 
tight time budget. 

Payment for biodiversity information 
Nearinl the end of this essay, we open the 
IarJest can of worms. Without doubt the 
actual information in biodiverse tropical 
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wildlands has the highest market value of 
any of its products, and the parataxono-
mist - apprentice curator - scientist - IN Bio 
chain is a major mechanism in putting it on 
the market (e.g. Eisner 1990). If every cup 
of coffee in the world had a two cent (US) 
tax on it, the income would pay all the 
world's basic tropical wildland conserva-
tion management bills foreve r. As it is. the 
only income for tropical conservation from 
that hot soup made from the ground-up 
seeds of an African rainforest understory 
shrub is that which is a llocated to parks 
from national budgets of countries tha t 
grow coffee. Let me put it in a different 
format. 

I know a tropical forest tree fruit that is 
extremely rich in antibiotics. However, this 
information cannot move into the process-
ing system of a pharmaceutical company 
until Costa Rica's INBio has been able to 
arrange a royalty arrangement gua rantee-
ing a signficant financial return to the 
greenhouse maintenance bill. The days of 
tropical green oil exploration and exploita-
tion without payment of royalties to the 
host country are over. 

The academic scientist. with associated 
collaborators, is both the solution and the 
problem. For nearly a century, the aca-
danic scientist has been supported in devel-
oped country universities on the premise 
tbat basic and applied research eventually 
repays the investment. The academic scien-
tist in today's tropical universities are cut 
from the same cloth. The academic gains 
approval, benefits. salary, prestige, awards, 
etc. for the free, rapid and open now of 
information into the greater social commu-
nity - be it academic or business - through 
conversation and publication . Note that 
privately fmanced research institutes and 
laboratories have long increased a researc-
her's fmancial incentives while reducing the 
freedom to build personal prestige/value 
through free dissemination of research re-
sults. The mes of major drug companies are 
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with private iDCormalioa. on plaDt 
analyses that academic rmcarcben are \aD-
knowingly str\l.Qling to replicate. For two 
decades of my lcademic tile, I Dever 
thought about the polc:D.tiaI commcrcial UIC 
of any troptcai biodivcnity fiDdin&, aDd 
publisbed as rapidly aDd as froely as possi-
ble. But discovering that the same rccciviDg 
society had to be cajoled, wheedled, brow-
beaten aod courted to extract even a tiny 
finaociaJ resource to save • large block of 
tropicaJ biodiversity led to a quite rapid 
rethinking of the situation. 

We could discuss whether the academic 
in the developed worki is adequately reim-
bursed for the labor and love of science, but 
that is not where I feel rc:drcsa is in order. 
There is a much greater imbal,ro:. The 
developed world is just beginning to COD-
tribute to the budget for the maintenance of 
the enormous pools of tropical biodiversity 
informatioD from whicb it has extracted 
information for centuries, and to which it is 
today turning even more strongly. Aca-
demic scientists are very much a key pan of 
the extraction process. A developed-world 
scientist quite innocenLly submits a research 
proposal to the administration of a large 
tropical national park to study the location 
and species composition of nickel-accumu-
lating plants throughout the park, with the 
stated intent of publication of the resu1ts in 
scientific journals. Quite innocently a con-
servation-minded ethnobotanist describes 
with glee how be -Tooled'" a rainforest sha-
man into divuJpng which plants are used to 
treat which ailments. with subsequent im-
mediate glowing free distribution to the 
developed world's medical research com-
munity. Wou1d the same enthusiasm greet a 
non-US electrical engineer describing to a 
US customs agent how he fooled a Silicon 
VaUey technician into revealing the design 
or a new computer chip for free distribution 
to his country's computer industry,? Do 
those argue that the developed world's 
botarucal gardens should be major facilita-
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ton of tropica1 phytochemical prospec:ting 
devote as much resowcc: aDd IDClltai-.y 
to inaurinl that the toun::e COWItry "'u 
wild1a.odI reocive a truly aipificaDt 
of the profit> from !hi 
cbemicais that are kx::ated1 

Often, the acadcDUc ........:her aDd bac-
ken rcapood to luch questions by noting 
that the soun::e country "'was not doing 
auythiDg with the biodiversity information'" 
and therefore the fUHler can reasonably 
harvest at will. Well. let's see how far some-
one gets with that principle wben be discov-
ers oil in your backyard, oil that you neither 
knew was there nor were doing anything 
with. It is DO secret that hundreds of tbou-
sands of valuable organisms are growing in 
a tropical country's greenhouses. The fact 
that we cannot (yet) read the books in these 
libraries does not lessen their value. Tropi-
cal biodiversity information indisputably 
has commercial value, but there is no sys-
tem in place for the payment and rair 
distributioD of the royalties. INBio is a pilot 
project with the intent to facilitate such a 
system, but there is much yet to be done. 

Ho" IDa does ODe daar&e for 
biodi.ersity iaformatioa? 
Biodiversity information is no different 
from all the other kinds of information in 
the marketplace - there is some that is very 
cheap and some that is very expensive. The 
answers center on "what the market will 
pay" . Opportunity costs, research and de-
velopment costs, inter-institutional espio-
nage, company takeovers, price wars, stock-
holder pressure, interest income, risk eval-
uation on invested information. and all the 
other market processes apply. In other s0-
cial sectors, information management and 
pricing is becoming every day a larger part 
of life. The pricing of tropical biodiversity 
information will undoubtedly borrow ideas 
and methodologies from other sectors. and 
offer some insights of its own. Pricing 
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r (and/or patenting) country-specific biodi-
versity information about a particular plant 
perfume from a particular rainforest will be 
quite different from the equitable distribu-
[ion of new orange tree genes, a decision 
that will affect the health of literally billions 
of tropical rural residents. 

But however biodiversity information is 
priced. the tropical academic scientist 
studying biodiversity walks a fine line be-
tween being. on the o ne hand, unexpectedly 
and unconsciously an industrial spy and on 
the other hand. being the source of life-
giving economic and social support for the 
conservation of tropical wildland biodiver-
sity. 
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