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Preface 

Destruction of tropical vegetation has attracted the attention of many 
national and international bodies, especially during the past two de­
cades. If this destruction continues at its present rate until the twenty­
first century, it will lead to alteration in the course of evolution world 
wide, to widespread human misery, and to loss of the very knowledge 
that might be used to moderate the other consequences. This knowl­
edge is therefore not only of theoretical importance but has critical 
application of benefit to human welfare, both in the tropical countries 
themselves and throughout the world. If tropical research is allowed to 
continue at its present level, it will contribute only in a minor way to the 
solution of the human and scientific problems to which we have al­
luded. 

If the situation is to be improved, we must find ways to accelerate the 
pace of fundamental research and to concentrate some of it along espe­
cially promising lines and in critical areas. 

The Assembly of Life Sciences, National Research Council, estab­
lished"the Committee on Research Priorities in Tropical Biology in July 
I CJ77. The main task of the committee was to consider the kinds of 
research needed in terrestrial and freshwater tropical biology and to 
determine those that should receive priority attention. We made an 
effort, therefore, to determine which questions could be addressed only 
in the tropics or could be addressed more appropriately there than 
elsewhere. We attempted to choose those questions that were of the 
most general character and to select them both because of their scien-

ix 
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X Preface 

tific interest and because the answers to them appeared to us to have 
great potential importance for improving the quality of human life. To 
provide as firm a base as possible for the determination of the urgency 
of particular issues, we commissioned a study of the rates of conversion 
of tropical forests world wide by Norman Myers (NRC, 1980). 

We think of our program as one that will be undertaken cooperatively 
by many nations for their own benefit. We have concentrated on basic 
scientific studies that we believe are essential for both theoretical and 
practical reasons. 

The committee held two meetings in St. Louis, Missouri ( March and 
July 1978), and one meeting at the Instituto Nacional de Investigaciones 
sobre Recursos Bi6ticos, Xalapa, Veracruz, Mexico ( May 1979). 

Many persons assisted the committee in preparing this report, and we 
are grateful to them. Special thanks are due to persons who were guests 
at committee or panel meetings and participated in our discussions; 
they are named below. Others assisted the committee by furnishing 
information or reviewing parts of the draft of the report; they are named 
in the Appendix. Those who assisted at our meetings are the following: 

JAMES c. ARONSON , St. Louis, Missouri 
ALFREDO AND ALICIA BARRERA , Instituto Nacional de Investigaciones 

sobre Recursos Bi6ticos (INIREB) , Xalapa, Veracruz, Mexico 
VERNON H. HEYWOOD, Department of Botany, Plant Sciences Labora­

tory, The University of Reading, Whiteknights, Reading, England 
EDUARDO JOHNSON , INIREB, Xalapa, Veracruz, Mexico 
THOMAS E. LOVEJOY, Vice-President for Science, World Wildlife Fund-

U.S., Washington, D.C. 
NORMAN MYERS, Nairobi, Kenya 
RAFAEL HERNANDEZ OCHOA, Governor of Veracruz, Xalapa, Mexico 
JOSE SARUKHAN ,  Departamento de Botanica, Instituto de Biologia, Uni-

versidad Nacional Aut6noma de Mexico, Mexico 
JEFFREY RICHEY,  College of Fisheries, University of Washington, Seattle 
s. H. SOHMER, Department of Botany, University of Wisconsin, La 

Crosse 
GARY T. TOENNIESSEN,  Agricultural Sciences Division, Rockefeller 

Foundation, New York 

We are aware that a number of initiatives that have been undertaken 
throughout the world are directly related to ours. The immense amount 
of work that has been done in connection with the development of the 
technology of converting tropical forest for human benefit, for exam­
ple, is of great interest to tropical biologists. Within the United States, 
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Preface xi 

a Federal Interagency Task Force on Tropical Forests drafted a na­
tional policy on tropical forests and submitted it to the President in 
April 1980. This document contains an overview of U.S. an� interna­
tional efforts in the tropics and we have not attempted to repeat such 
a listing here. We have, of course, referred to the activities of particular 
agencies when these have been directly related to the research topics 
being discussed. 

We have attempted in this report to fulfill our original mandate, 
namely, to identify research projects in tropical biology that are likely 
to yield results of great scientific and societal importance and to devise 
strategies whereby these might be carried out. We have not tried to 
cover all fields of tropical biology in an exhaustive listing; the report 
Fragile Ecosystems ( Farnworth and Golley, 1974) provides a good 
catalog of important research topics for the neotropics. In general, we 
have concentrated on the kinds of basic scientific studies that we be­
lieve are essential for both theoretical and practical reasons rather than 
on the development of appropriate technologies for the tropics. 

The report to the committee at large of its Panel on Human Ecology, 
which explored the interface of biological and humanistic concerns, 
made the case that, in addition to purely biological questions, there 
exists a wide spectrum of connected research topics, ranging from 
processes of destruction themselves to the complexities of human per­
ception and behavior that provide the rationale for conversion; and, 
further, th�t the investigation of such topics is conducive to the discov­
ery of viable alternatives capable of mitigating, halting, or reversing 
ongoing processes of environmental degradation. Thus the report rec­
ommended that multidisciplinary efforts unfold on at least two levels: 
( 1) the investigation, in the tropical domain itself, of socioeconomic 
dysfunctions, such as those produced by transplanted models of devel­
opment, and ( 2) the investigation of such dysfunctions in the broader 
perspective of national and international linkages: historical, political, 
social, and economic. Specifically, knowledge of the "systemic" char­
acteristic of forest conversion demands research into the ways in which 
aboriginal, peasant, and urban-industrial societies perceive and relate 
to the tropical milieux and regulate their use. 

The committee was convinced of the critical importance of the social 
concerns highlighted by the Panel on Human Ecology, believing that 
they ought to permeate the body of this report. As to the specific 
research topics that address the worldwide phenomena leading so inex­
orably to ecological instability in the tropics, the committee, while not 
analyzing them here, recommends interdisciplinary attention to these 
topics as a matter of highest priority. The same may be said of anthro-
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1 
Summary and 

Recommendations 

The tropical forests of the world are being altered so rapidly that most 
will not exist in their present form by the close of the century. The only 
extensive areas of undisturbed forest that probably will remain at that 
time, chiefly those in the western Brazilian Amazonia and in Central 
Africa, will probably persist for a few more decades. 

Although the conversion of tropical forest often results in immediate 
economic gain, and some tropical lands have been converted to timber 
plantations that are productive on a long-term basis, systems that lead 
to the sustained productivity of most tropical soils have not been 
achieved with existing technology. Consequently, the likelihood of 
instability, both ecological and human, is increased dramatically as the 
forests are altered and eliminated. 

Scientific knowledge about tropical ecosystems is extremely incom­
plete. It is estimated that a minimum of 3 million kinds of organisms 
occur in the tropics and that only about a sixth of these are known to 
science. The great majority of tropical organisms are therefore un­
known. Moreover, there are few data pertaining to the functioning of 
aquatic and terrestrial ecosystems. 

Virtually no knowledge is available to apply to the solution of many 
ecological problems related to those ecosystems. Without such knowl­
edge it will be impossible to construct ecologically sound systems ca­
pable of supporting the numbers of people living in the tropics, to say 
nothing of improving the condition of those people. The problem is 
compounded by the fact that great differences occur from place to place 

1 
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2 RESEARCH PRIORITIES IN TROPICAL BIOLOGY 

throughout the tropics, even in areas occupied by vegetation types that 
are similar in appearance. 

Given the scope and urgency of the situation, it is necessary to make 
hard choices among the problems to be studied and the particular areas 

that should receive attention. In making these choices, the committee 
utilized the following criteria: 

• Urgency derived from imminent drastic change that might alto­
gether preclude future study of those ecological systems or biological 
interactions. 

• Potential scientific significance to the field of biology and its sup­
porting disciplines of the study of particular systems or interactions, 
especially in the light of their applicability to human welfare. 

In view of these considerations, the scientific and societal reasons for 
an accelerated research effort in the tropics of the world during the last 
few decades when such efforts will be possible seem compelling. There 
is an extreme urgency in setting priorities for research in tropical biol­
ogy, not to displace any existing projects but to amplify the whole 
effort. Similarly, there needs to be a high priority placed on the de­
tailed, multidisciplinary study of selected aboriginal peoples, whose 
way of life is changing very rapidly. Biologists should participate exten­
sively in these studies when they are organized, but the formulation of 
the plan of action lies outside the scope of our committee. For the area 
of tropical biology itself, we offer the following recommendations, 
which are not necessarily listed in order of priority. 

BIOLOGICAL INVENTORY 

The international effort in completing an inventory of tropical or­
ganisms should be greatly accelerated, especially during the next 25 
years. Our specific recommendations are as follows: 

• Greatly accelerate the pace of biological inventory in the tropics, 
combining regional studies of relatively well-known groups or those of 
economic importance with detailed local inventories of others. 

• Take steps to increase the pool of taxonomists studying tropical 
organisms from its present level of about 1 ,500 people world wide to 
four or five times as many, emphasizing the development of local insti­
tutions and the support of locally trained personnel in the tropical 
countries. 

• Emphasize collecting specimens, in part by "unusual" methods, 
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Summary and Recommendations 3 

such as freeze drying or preservation in fluids. 
• Increase the conservation of genetic diversity in reserves and 

through the systematic organization of collections in botanical gardens, 
zoos, seed banks, tissue-culture banks, and whatever other means may 
be found suitable. 

• Emphasize the biosystematics and evolutionary biology of a repre­
sentative sample of tropical organisms, and then investigate these se­
lected organisms by comprehensive multidisciplinary approach. 

• Give priority to areas containing the richest and most highly en­
demic biota, the least-known biota, and biota in immediate danger of 
extinction. We suggest as areas for emphasis during the next 5 to 10 
years the coastal forests of Ecuador, coastal southern Bahia and 
Espirito Santo in Brazil, eastern and southern Brazilian Amazonia, 
western and southern Cameroon and adjacent parts of Nigeria and 
Gabon, Hawaii, Madagascar, Sri Lanka, Borneo, Celebes, New Cale­
donia, and· certain forested areas in Tanzania and adjacent Kenya. 

TROPICAL ECOSYSTEM STUDIES 

Tropical ecosystems should be investigated in depth at places selected 
because they are representative, diverse, and capable of experimental 
manipulation and because of scientific and societal importance. These 
studies should investigate both natural and experimentally manipulated 
ecosystems and should emphasize solutions to problems in areas of 
general ecological interest; the problems should include mineral flows 
and cycling, species richness, ecosystem energetics, and ecosystem 
stability. Sites selected for such detailed study include New World 
moist rain-forest sites having soils of comparatively high (La Selva, 
Costa Rica) and low (terra firme of the central Amazon Basin) fertility, 
a site in New World tropical deciduous forest ( Chamela, Jalisco, 
Mexico), and a site in moist tropical forest in Asian lowland (Mulu, 
Sarawak). Other areas of emphasis should include Puerto Rico and 
Hawaii as examples of tropical island ecosystems and of tropical grass­
lands and savannas. The regional projects under United Nations Edu­
cational, Scientific and Cultural Organization-Man and the Biosphere 
(UNEsco-MAs) Project 1 and their associated training activities should be 
developed in cooperation with these recommended sites. 

Among the objectives of the tropical ecosystem research project 
would be the establishment and continued monitoring of key param­
eters of the physical and biological environment at each site: water and 
nutrient cycling, ecosystem energetics, seasonal rhythms of leaf and 
fruit production, physiological plant ecology, herbivory, food webs, 
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4 RESEARCH PRIORITIES IN TROPICAL BIOLOGY 

and the dynamics of microhabitats and patches. We expect that knowl­
edge gained at each of these sites would interact with knowledge gained 
at all the others and that the result would be rich insights into the 
functioning of tropical ecosystems in general. The studies should help 
in establishing the factors involved in creating continuously productive 
ecosystems in the tropics and in indicating base-line conditions in many 
areas of ecology and population biology. 

In the area of soils research, we already know the broad correlations 
between soil and vegetation in the seasonal tropics and in the humid 
tropics of Asia and parts of Africa, though more needs to be done to 
corroborate the patterns established in South America. The dynamic 
interaction between forest and soil in different climates and on different 
soils is still poorly understood. Detailed study of the movement of 
nutrient and trace-element ions in solution through plants, fauna, and 
soil are required; comparisons between primary forest and various 
forms of converted land will provide an essential basis for developing 
sustainable forms of land use. Such studies should be concentrated, 
though not exclusively carried out, at the major ecosystem sites defined 
in this report. 

In the field of tropical physiological plant ecology, we recommend 
the establishment of a comprehensive laboratory in Puerto Rico, which 
would become a center for resear<rh and training in the field. The 
creation of such a laboratory appears to be critical for the establishment 
of a field of investigation that is poorly developed in the tropics. Such 
investigation appears to offer a great deal in both scientific and societal 
rewards. 

STUDIES OF TROPICAL AQUATIC SYSTEMS 

We believe that tropical freshwater systems should be studied much 
more intensively than at present in view of their scientific and economic 
importance. 

Rivers 

We suggest that immediate efforts be made to support and further 
stren8then the ongoing study of the Amazon and Orinoco rivers and 
their main branches. The Zaire should also have high priority for study. 
Studies of the structure and functioning of these rivers should include 
water chemistry and nutrient processing, plankton, fishes, bottom 
fauna, key vertebrates, and land-water interactions. As for smaller 
rivers, priority attention should be given to the Musi River in Sumatra 
and the Purari River in Papua New Guinea and other rivers similarly 
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Summary and Recommendations 5 

threatened with change. Intensive study should be followed by long­
term monitoring in all these rivers. 

Lakes 

We emphasize closed-basin lakes, lakes that contain major assem­
blages of endemic species, and lakes that are subject to change in the 
immediate future. A combination of these criteria has led us to the 
conclusion that the study of the following lakes is urgent: Lakes Valen­
cia and Maracaibo in Venezuela, Lake Malawi in Africa, Lake Titicaca 
in South America, and the volcanic lakes in insular Southeast Asia. 

Wetlands 

Wetlands are of great ecological significance and are highly vulnerable 
to destruction. We place the highest priority on study of the Sudd, an 
extensive swamp of unique character maintained by the Nile. Major 
drainage projects have already been initiated in this swamp. The Pan­
tanal of Malo Grosso in Brazil, which is largely dry land for part of the 
year, is even larger and perhaps has greater regional importance. It 
faces active development. At a somewhat lower priority among large 
tropical swamps, we place those of the Territorio Amapa in Brazil, 
those of Beni Department in Bolivia, and the Benguelu Swamp of 
Zambia, largely because they are less threatened in the immediate 
future (i.e., within 5 years). Of the major riverine wetlands, much of the 
varzea of the Amazon Basin and the delta and backwaters of the Ori­
noco appear to be immediately threatened; the backwaters of the Zaire 
and Xingu appear to be less threatened. The extensive peat swamps of 
Southeast Asia demand attention because of their extent and because 
they are an important resource that is being exploited at an increasing 
rate. 

Precipitation 

Precipitation chemistry and amounts, which are relevant to the charac­
teristics of both terrestrial and freshwater environments, ought to be 
monitored and studied, especially in the Amazon, Orinoco, and Me­
kong drainages. 

MONITORING FOREST CONVERSION 

National schemes for monitoring the rates of conversion of tropical 
moist forests and other tropical vegetation types should be encouraged 
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6 RESEARCH PRIORITIES IN TROPICAL BIOLOGY 

and, when appropriate, aided by competent international bodies. See 
NRC (1980). 

FIVE-YEAR SCHEDULE 

During the S-year period 19�1985, we call for the following actions as 
matters of extreme importance for the attention of all the nations of the 
world: 

• At least double, in constant dollars, the funds now devoted to 
biological inventory in the tropics. 

• Increase by at least SO% the number of professional systematists 
engaged in studies of tropical organisms. 

• Initiate operations in at least the basic four ecosystem sites men­
tioned, establish a center for the study of tropical plant physiological 
ecology, and complete the installation of their physical facilities. Com­
plete the basic studies of mineral cycling and the basic biological and 
soils inventories at each ecosystem site. 

• Initiate or expand major comprehensive studies of the structure 
and functioning of the Amazon, Orinoco, and Purari rivers and their 
major branches; of Lakes Valencia and Maracaibo; and of the Sudd, the 
Pantanal of Mato Grosso, the varzea of the Amazon Basin, and the 
delta and backwaters of the Orinoco. The basicS-year studies we have 
outlined should be completed in all these cases well before 1990, and 
studies of other subjects should be initiated in the period 1986-1990. 

• Fund national monitoring and international reporting of the rates 
of conversion of tropical vegetation types, especially tropical moist 
forest. 
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1 
Expose Succinct et 

Recommandations 

Les forets tropicales dans le monde subissent des transformations si 
rapides que Ia plupart d'entre elles n'existeront pas sous leur forme 
actuelle a Ia fin du siecle. Les seules regions etendues de forets paisi­
bles qui demeureront probablement a cette epoque-la, principalement 
celles de l' Amazone bresilienne occidentale et de 1' Mrique centrale, 
persisteront, en toute probabilite, pendant quelques decennies de plus. 

Bien que Ia conversion de Ia foret tropicale ait souvent pour conse­
quence un a vantage economique immediat, et que quelques terres trop­
icales ont ete converties en plantations productrices de bois a longue 
echeance, les systemes entrainant une productivite constante pour Ia 
plupart des sols tropicaux n' ont pas ete menes a bien avec Ia techno­
logie existente. En consequence, les chances d'instabilite, a Ia fois 
ecologique et humaine, se trouvent gravement accrues avec Ia trans­
formation et !'elimination graduelles des forets. 

La connaissance scientifique des systemes ecologiques tropicaux est 
extremement incomplete. On estime que trois millions au moins de 
varietes d'organismes se trouvent dans les tropiques et que Ia science 
n' en connait qu 'un sixieme environ. La grande majorite des organismes 
tropicaux est done inconnue. ll n'y a virtuellement aucune connais­
sance disponible que l'on pourrait appliquer a Ia solution des nombreux 
problemes ecologiques ayant un rapport avec ces systemes ecolo­
giques. Sans cette connaissance il sera impossible de construire des 
systemes ecologiquement solides, capables de subvenir aux besoins 
des habitants des tropiques, encore moins d'ameliorer leur condition. 

7 
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8 RESEARCH PRIORITIES IN TROPICAL BIOLOGY 

Le prob!eme est complique par le fait que de grandes differences surgis­
sent d'un endroit a l'autre dans les tropiques, meme dans les regions 
couvertes de vegetations de types apparemment semblables. 

Etant donne l'envergure et l'urgence de Ia situation, il est necessaire 
de faire un choix difficile entre les problemes a etudier et les regions qui 
meritent une attention particuliere. En faisant ce choix, le Comite s'est 
base sur les criteres suivants: 

• L'urgence decoulant d'un changement draconien imminent qui 
pourrait entierement empecher une etude future de tels systemes 
ecologiques ou interactions biologiques. 

• La signification scientifique potentielle, dans le domaine de Ia 
biologie et des disciplines connexes, de I' etude des systemes ou interac­
tions particuliers, surtout a Ia lumiere de leur applicabilite au bien-etre 
humain. 

En vue de ces considerations, les raisons scientifiques et societales 
pour un effort de recherche accelere dans les tropiques du monde 
paraissent contraignantes. D est extremement urgent de fiXer les 
priorites pour Ia recherche en biologie tropicale, pour amplifier I' effort 
dans son ensemble sans evincer aucun des projets existants. De meme, 
un besoin prioritaire se fait sentir dans l'etude detaillee, multidisci­
plinaire de peoples aborigenes selectionnes dont le mode de vie est en 
train de changer tres rapidement. Des biologistes devraient participer 
largement a ces etudes une fois mises en place, mais Ia formulation du 
plan d'action meme n'est pas de Ia competence de notre Comite. Quant 
a Ia zone meme de biologie tropicale, nous faisons les recommandations 
suivantes, pas necessairement dans l'ordre de leurs priorites. 

INVENTAIRE BIOLOGIQUE 

L'effort international de dresser un inventaire des organismes tropi­
caux devrait etre fortement accelere, sourtout dans les 25 prochaines 
annees. Ci-apres nos recommandations precises: 

• Accelerer fortement l'allure de l'inventaire biologique dans les 
tropiques, combinant les etudes regionales de groupes relativement 
bien connus ou economiquement importants a d'autres inventaires lo­
caux detailles. 

• Prendre des mesures pour augmenter I' equipe des taxonomistes 
etudiant les organismes tropicaux et Ia porter de son niveau mondial 
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Expose Succinct et Recommandations 9 

actuel de 1500 personnes a quatre ou cinq fois plus, en mettant l'accent 
sur le developpement des institutions locales et l'assistance d'un per­
sonnel local forme sur place. 

• Mettre l'accent sur la collection des specimens, en partie par des 
methodes "inaccoutumees" telles que la congelation seche ou la 
preservation dans des tluides. 

• Augmenter la conservation de la diversite genetique dans des 
reserves et, par l'organisation systematique de collections dans des 
jardins botaniques, des zoos, des banques de graines, des banques de 
culture de tissus, et tous autres moyens qu'on trouverait appropries. 

• Mettre l' action sur la classification biologique et la biologie 
evolutionnaire d'un echantillon representatif d'organismes tropicaux, 
puis examiner ces organismes selectionnes en detail grace a des travaux 
multidisciplinaires etendus. 

• Accorder la priorite aux regions contenant les specimens biotiques 
les plus hautement endemiques, les moins connus, et ceux en danger 
d'extinction immediate. Nous suggerons de porter une attention 
speciale a des regions telles que les forets cotieres de l'Equateur, les 
cotes meridionales de Bahia et d'Espirito Santo au Bresil, l'Est et le 
Sud de I' Amazone bresilienne, l'Ouest et le Sud du Cameroun, et les 
parties adjacentes du Nigeria et du Gabon, Hawai, Madagascar, Sri 
Lanka, Borneo, les Celebes, la Nouvelle-Caledonie, et certaines 
regions forestieres de la Tanzanie et du Kenya adjacent. 

ETUDES DES SYSTEMES ECOLOGIQUES TROPICAUX 

Les systemes ecologiques tropicaux devraient etre examines en profon­
deur dans des regions choisies pour leur representativite, leur diversite 
et leur capacite de manipulation experimentale ainsi que pour leur 
importance scientifique et societale. Ces etudes devraient examiner ala 
fois les systemes ecologiques naturels et manipules experimentalement 
et devraient mettre l'accent sur les solutions aux problemes dans des 
regions d'interet ecologique general; les problemes devraient inclure 
les courants et mouvements cycliques mineraux, la richesse des 
especes, l'energetique des systemes ecologiques et leur stabilite. Les 
cites selectionnes pour une telle etude detaillee comprennent les sites 
des forets humides du Nouveau Monde dont la fertilite du sol est 
relativement elevee (La Selva, Costa Rica) et reduite (terra firme du 
bassin central de l' Amazone), un site dans la foret tropicale caduque du 
Nouveau Monde (Chamela, Jalisco, Le Mexique) et un site dans la foret 
tropicale humide des plaines asiatiques (Moulou, Sarawak). D'autres 
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regions d'importance devraient comprendre Porto-Rico et Hawai ser­
vant d'exemples de systemes ecologiques tropicaux insulaires et de 
prairies et savanes tropicales. Les projets regionaux sous le Projet 1 de 
l'UNEsco-MAB et leurs activites associees de formation devraient etre 
mis en valeur en cooperation avec ces sites recommandes. 

Parmi les objectifs du projet de recherche dans les systemes 
ecologiques tropicaux on compterait I' etablissement et le controle con­
tinu de parametres clef de l'environnement physique et biologique sur · 

chaque site, les mouvements cycliques de l'eau et de Ia nutrition, 
l'energetique des systemes ecologiques, les rythmes saisonniers de Ia 
production de feuillages et de fruits, l'ecologie physiologique des 
plantes, l'herbivorie, les cycles naturels alimentaires, et Ia dynamique 
des microhabitats et des parcelles de terrain. Nous presumons qu'une 
action reciproque interviendrait entre Ia connaissance acquise dans 
chacun de ces sites et celle acquise dans tous les autres, et qu'il en 
resulterait une comprehension substantielle du fonctionnement des 
systemes ecologiques tropicaux en general. Ces etudes devraient aider 
a determiner les facteurs qui militent dans Ia creation de systemes 
economiques constamment productifs dans les tropiques, et a definir 
les conditions fondamentales de Ia biologie ecologique et humaine dans 
plusieurs regions. 

Dans le domaine de Ia recherche des sols, nous savons deja que de 
vastes correlations existent entre le sol et Ia vegetation dans les tro­
piques saisonniers et dans les tropiques humides de I' Asie et de cer­
taines parties de I' Afrique, quoiqu'un effort supplementaire soit 
necessaire pour corroborer les tendances prevalant en Amerique du 
Sud. L'interaction dynamique entre Ia foret et le sol sous des climats 
dift'erents et sur des sols dift'erents est encore mal comprise. Une etude 
detaillee du mouvement des ions nutritifs et des micro-elements en 
solution dans les plantes, Ia faune et le sol, est necessaire; des compar­
aisons entre des forets primaires et des formes diverses de terre conver­
tie fournirent une base essentielle pour developper des formes valables 
d'usage de Ia terre. Ces etudes devraient etre concentrees, bien que non 
exclusivement executees, sur les sites principaux des systemes 
ecologiques defmis dans ce rapport. 

Dans le domaine de l'ecologie tropicale et physiologique des plantes, 
nous recommandons l'etablissement d'un vaste laboratoire a Porto­
Rico qui deviendrait un centre de recherche et de formation dans ce 
domaine. La creation de ce laboratoire semble etre critique pour 
l'etablissement d'un champ d'investigation peu developpe dans les tro­
piques. Cette investigation semble oft'rir Ia promesse de recompenses a 
Ia fois scientifiques et societales. 
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ETUDES DES SYSTEMES TROPICAUX AQUATIQUES 

Nous pensons que les systemes tropicaux d'eau douce devraient etre 
etudies beaucoup plus intensivement que dans le present en raison de 
leur importance scientifique et economique. 

Fleuves 

Nous proposons que des efforts immediats soient deployes pour sou­
tenir et puis renforcer I' etude en coors des fleuves de I' Amazone et de 
l'Orenoque et de leurs bras principaux. Le Zaire devrait etre etudie en 
toute priorite. L'etude de ces fleuves devraient comprendre Ia chimie 
aquatique et le traitement nutritif, le plancton, les poissons, Ia faune des 
profondeurs, les vertebres clef et les interactions sol-eau. Quant aux 
plus petits fleuves, une attention prioritaire devrait etre portec; au Musi 
a Sumatra et au Purari en Nouvelle-Guinee et a d'autres fleuves 
egalement menaces de transformation. Une etude intensive devrait etre 
suivie d'un controle a long terme dans tous ces fleuves. 

Lacs 

Nous mettons I' accent sur les lacs a circuit ferme, les lacs qui contien­
nent des assemblages importants d'especes endemiques, et les lacs 
appels a se transformer dans un avenir immediat. Une combinaison de 
ces criteres no us a conduits a conclure que I' etude des lacs suivants est 
urgente: les lacs Valencia et Maracm"bo au Venezuela, le lac Malawi en 
Afrique, le lac Titicaca en Amerique du Sud, et les lacs volcaniques de 
I' Asie insulaire du Sud-Est. 

Terres Marecageuses 

Les terres marecageuses soot d'une grande importance ecologique et 
tres vulnerables a Ia destruction. N ous accordons Ia plus haute priorite 
a I' etude du Sudd, un marecage tres etendu a caractere unique alimente 
par le Nil. Des projets majeurs de drainage ont ete deja mis en oeuvre 
dans ce marecage. Le Pantanal du Mato Grosso au Bresil, qui est un 
terrain sec une partie de l'annee, est meme plus grand et a probable­
ment une plus grande importance regionale. n subit une evolution ac­
tive. En moindre priorite, nous pl�ons dans une certaine mesure par­
miles grands marecages tropicaux, ceux du Territoire Amapa au Bresil, 
ceux du Departement Beni en Bolivie, et le marecage Benguelou en 
Zambie, surtout parce qu'ils soot moins menaces dans l'avenir 
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immediat (c'est-a-dire dans les 5 ans). Parmi les principales terres 
marecageuses fluviales , Ia plus grande partie du varzea de bassin de 
I' Amazone et du delta et des bras de decharge de l'Orenoque semble 
menacee dans l'immediat; les bras de decharge du Zaire et du Xingu 
semblent etre moins menaces . Les tourbieres etendues de I' Asie du 
Sud-Est retiennent l'attention a cause de leur etendue et parce qu'elles 
constituent une ressource importante qui est en train d'etre exploitee a 
une vitesse accrue . 

Precipitations 

La chimie et la quantite de precipitation qui soot propres aux environ­
Dements a la fois terrestres et d'eau douce devraient etre CODtrolees et 
etudiees, surtout dans les bassins hydrographiques de l' Amazone, de 
l'Orenoque et du Mekong. 

CONTROLE DE LA CONVERSION FORESTIERE 

Des plans nationaux pour controler le train de conversion des forets 
humides tropicaux et d'autres types de vegetation tropicale devraient 
etre encourages et, en temps opportun, assistes par des organisations 
intemationales competentes.  Voir NRC (1980). 

CALENDRIER QUINQUENNAL 

Pendant la  periode de 5 ans, 1980-1985, nous demandons les mesures 
suivantes en tant que matieres d' importance primordiale a porter a 
l'attention de toutes les nations du monde: 

• Doubler au moins, en dollars constants, les fonds consacres a 
l' inventaire biologique dans les tropiques. 

• Augmenter de 50% au moins le nombre de classificateurs profes­
sionnels engages dans l'etude des organismes tropicaux. 

• Mettre en oeuvre des operations dans les quatre sites typiques a 
systemes ecologiques precites ,  installer un centre pour l'etude de 
l'ecologie physiologique des plantes tropicales, et completer l' instal­
lation de leurs facilites physiques.  Terminer les etudes essentielles des 
mouvements cycliques mineraux et des inventaires biologiques et de 
sols fondamentaux dans chaque site a systeme ecologique. 

• Introduire ou developper des etudes majeures de grande portee 
des fleuves de l' Amazone, de l'Orenoque et du Purari et deleurs bras 
principaux, des lacs Valencia et Maracat"bo et du Sudd, du Pantanal 
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dans le Mato Grosso, du varzea dans le bassin de I' Amazone et du delta 
et des bras de decharge de l'Orenoque. Les etudes quinquennales es­
sentielles que nous avons esquissees devraient etre terminees, dans 
tous les cas, bien avant 1990, et des etudes d'autres sujets devraient 
etre instaurees dans Ia periode 19�1990. 

• Consolider le controle national et les transmissions intemationales 
des trains de conversion des types de vegetation tropicale, surtout dans 
la foret humide tropicale. 
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1 
Sumario e 

Recomendacoes 

As tlorestas tropicais do mundo tem sido alteradas tao rapidamente 
que, no final do seculo, muitas nao terio a sua forma presente. As 
unicas areas tlorestais extensas que provavelmente permanecerio 
inalteraveis ate essa altura, serao principalmente o Oeste da Amazonia 
Brasileira e na Africa Central, que provavelmente persistirao por mais 
algumas decadas. 

No entanto a transfo�ao de tlorestas tropicais resulta muitas 
vezes num imediato lucro economico, e algumas terras tropicais tem 
sido convertidas em plan�oes fomecedoras de madeiras que sao pro­
dutivas a longo termo, sistemas que conduzem a uma produtividade 
constante em muitos solos tropicais , ainda nao conseguidas com a 

tecnologia existente. Por conseguinte, a probabilidade de instabilidade, 
ecologica e humana, aumenta dramaticamente a medida em que as 
tlorestas sao alteradas e eliminadas. 

0 conhecimento cientifico sobre sistemas ecologicos tropicais esta 
extremamente incomplecto. Calcula-se que num minimo de tres 
milhoes de especies org&nicas que ocorrem nos tropicos, apenas um 

sexto e cientifi.camente conhecido. A grande maioria de organismos 
tropicais sao por consequencia desconhecidos. Nao existe virtualmente 
qualquer conhecimento para aplicar a solu�ao de muitos problemas 
ecol6gicos relacionados com esses sistemas. Sem tal conhecimento 
sera impossivel de ecologicamente construir sistemas precisos, capazes 
de ajudar as popul�oes dos tropicos, para nio dizer o melhoramento 
das suas condi�oes de vida. 0 problema complica-se pelo facto de que 

14 
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grandes diferen� ocorrem de Iugar para Iugar ao Iongo dos tr6picos, 
mesmo em areas ocupadas por tipos de vege�ao em aparencia semel­
hantes.  

Dada a natureza e a urgencia da sit�ao. torna-se necessaria fazer 
escolhas diticeis entre os problemas a serem estudados e particular­
mente as areas que devem receber atensao. Para fazer estas escolhas o 
Comite utilizou o seguinte criterio: 

• A urgencia decurrente da mudan�a dristica eminente que podera 
impedir por complecto o futuro estudo dos sistemas ecol6gicos ou das 
inte�oes biol6gicas. 

• Significado cientifico potencial para o campo da biologia e disci­
plinas colaterais do estudo de sistemas ou inte�oes particulares espe­
cialmente a luz da sua aplic�o para o bern estar humano. 

Em vista destas conside�aes as razaes cientificas e sociais para urn 
esfo�o de pesquisa acelerado no mundo tropical, durante as ultimas 
decadas, parecem ser imperativas quando sejam possiveis. E extrema­
mente urgente estabelecer prioridade para a pesquisa no campo da 
biologia tropical, nio diferindo os projectos existentes mas aplicar todo 
o esfo�o. Do mesmo modo e necessaria dar a maior e mais detalhada 
prioridade ao estudo multiplo de povos aborigenes seleccionados, cujo 
modo de vida esta a mudar muito rapidamente. Os bi6logos deveriam 
participar devidamente nestes estudos quando forem organizados,  mas 
a formul�ao do plano de ac�ao deveria ser exterior ao nosso Comite. 
No respeitante a biologia tropical em si apresentamos as seguintes 
recomend�oes, que nio sao necessariamente indicadas pela ordem de 
prioridade. 

INVENTARIO BIOLOGICO 

0 esfo�o internacional para a conclusio do inventario de organismos 
tropicais deveria ser largamente acelerado, especialmente durante os 
pr6ximos 25 anos. As nossas recomend�es especificas sao as se­
guintes: 

• Acelerar intensivamente o ritmo de inventario biol6gico nos 
tr6picos, combinando os estudos regionais de grupos relativamente 
bern conhecidos, com os de importancia econ6mica e com detalhados 
inventarios locais de outras especies. 

• Tomar medidas para incrementar os estudos de taxonomia sobre 
organismos tropicais por forma a eleva-los do seu presente nivel de 
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cerca de 1.500 pessoas a escala mundial para o quadruplo ou quintuplo, 
por forma a salientar o desenvolvimento de institui�oes locais e o apoio 
de pessoal local especializado, ou seja nos pr6prios paizes tropicais. 

• Incrementar a recolha de especies, em parte atraves, de meios 
invulgares como congelamento a seco ou a preserv�ao em fluidos. 

• Aumentar a conserv� de diversas especies geneticas em reser­
vas e atraves de organiza�ao sistematica de colec�oes em jardins 
botinicos, jardins zool6gicos, reservas de sementes, cultura de tecidos 
e todos os outros meios que sejam considerados adequados. 

• Incrementar a sistematica e evolu�ao biol6gicas de uma amostra­
gem representativa de organismos tropicais, e depois fazer a investi­
� desses organismos seleccionados atraves de meios multilatemis. 

• Dar prioridade a areas contendo as mais ricas e elevadas biologias 
endemicas, as menos conhecidas e as que estao em perigo de imediata 
extinsio. Sugerimos como areas de importincia, durante os pr6ximos 
5 a 10 anos, as areas florestais costeiras do Equador; as zonas costeiras 
do Sui da Baia e do Espirito Santo no Brasil; assim como as zonas de 
Leste e Sui da Amaz6nia, tambem no Brasil; as zonas Ocidental e 
Austral dos Camaraes e as areas adjacentes da Nigeria e do Gabao; 
Hawaii ; Madagascar; Sri Lanca; Borneo; Celebes; a Nova Caledonia e 
certas areas florestais na Tanzania e no paiz vizinho, o Quenia. 

SISTEMAS DE ESTUDOS ECOL6GICOS TROPICAIS 

Os sistemas tropicais ecol6gicos devem ser investigados profunda­
mente nos lugares seleccionados porque sao representativos, variados, 
e possiveis de ser manipulados devido a sua importincia cientifica e 
social. Estes estudos devem investigar tanto os sistemas ecol6gicos 
naturais como os que sao manipulados experimentalmente devendo 
tambem real�ar solu�aes para os problemas em areas de interesse 
ecol6gico geral; os problemas devem incluir correntes minerais e 
ciclicas , riqueza de especies, a energetica e a estabilidade dos sistemas 
ecol6gicos. Lugares seleccionados para tal detalhado estudo incluem as 
florestas humidas do Novo Mundo, lugares tendo solos comparativa­
mente elevados (Le Selva, Costa Rica) e baixos (terra firme da Bacia 
Central da Amazonia) ferteis, uma floresta tropical moribunda no N ovo 
Mundo (Chamela, Jalisco, Mexico) e um Iugar na floresta tropical 
hUmida da terra-baixa Asiatica (Mulu, Sarawak). Outras areas de realce 
devem incluir Porto Rico e Hawaii como exemplos de ilhas de sistemas 
ecol6gicos tropicais e de terrenos de capim e savanas tropicais. Os 
projectos regionais sob o Projecto 1 da UNESCo-MAR e sob as suas 
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actividades associadas de fonn�io. devem ser desenvolvidas em 
coope�io com os lugares recomendados. 

Entre os objectivos do projecto de pesquisa do sistema ecol6gico 
tropical deve estar o estabelecimento e o continuo control das chaves 
parametricas do meio-hambiente fisico e biol6gico local: 8gua e ciclos 
de nutri�; sistemas ecologicos energeticos; ritmos de es�s de 
produ� de folhas e frutos ; fisiologia ecol6gica da planta; hervanoso; 
veios de nutri�io; e as dinamicas de micro-habitates e remedeios .  
Esperamos que o conhecimento adquirido em cada urn destes luga.res 
seja correlacionado com o conhecimento ganho em todos os outros, e 
assim o resultado venha a ser rico em inteligencia no funcionamento 
dos sistemas ecol6gicos tropicais em geral. Os estudos devem �udar a 
estabelecer os factores envolvidos a crear continuamente sistemas 
ecol6gicos productivos nos tr6picos e a indicar condi�aes de base em 
muitas areas ecol6gicas e a biologia da popul�. 

Na regiio de solos de pesquisa ja se conhecem amplas correl�aes 
entre solos e vege� nos tr6picos de es�s regulares, nos tr6picos 
h(unidos da Asia e partes de Africa, e contudo necessaria fazer muito 
mais para corroborar os padroes estabelecidos na America do Sul. A 
reciprocidade dinamica entre tlorestas e solo em climas e solos 
diferentes continua a ser pouco compreendida. Urn estudo detalhado 
do movimento nutritivo e vestigios de elementos de iodo em solu�io 
entre as plantas, fauna e solo sio necessanos; compar�s entre tlo­
restas principais e varias formas de solos possiveis de transform�io. 
fomecerio uma base issencial para formas de desenvolvimento con­
stante da utili�io das terras. Tais estudos devem ser concentrados, 
ainda que nio exclusivamente conduzidos, no principal sistema 
ecol6gico dos lugares defenidos oeste relat6rio. 

No campo ecol6gico da tisiologia da planta tropical, recomendamos 
o estabelecimento de urn laborat6rio complecto em Porto Rico, o qual 
vira a ser um centro de pesquisa e de fo�io em campo. A cri� 
de tal laborat6rio parece ser decisiva para o estabelecimento de urn 
campo de investi�io que esta pouco desenvolvido nos tropicos . Tal 
investi�io parece oferecer bastante recompensa no campo cientitico 
e social. 

ESTUDOS DE SISTEMAS AQUATICOS TROPICAIS 

Acreditamos que os sistemas de 8gua doce tropicais devem ser estu­
dados muitos mais intensivamente do que o sio presentemente, devido 
a sua importancia cientffica e econ6mica. 
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Rios 

Sugerimos que sejam realizados esfo�os imediatos para suportar e 
reenfor�ar o estudo em marcha nos rios Amazonas e Orinoco e seus 
maiores atluentes.  0 Zaire tambem deve ter grande prioridade de es­
tudo. Os estudos destes rios devem incluir a quimica da 8gua e o 
processo de nutri�o, planton, peixes, faunas das profundidades, prin­
cipais vertebrados e intera�oes de 8gua e solo. Assim, para os rios 
menores deve ser dada prioridade ao rio Musi na Sumatra e ao rio 
Purari em Papua Nova Guine e outros rios similares ame�ados de 
modific�. Urn estudo intenso deve ser seguido por uma supervisio 
a longo prazo, em todos estes rios. 

Lagos 

Acentuamos chegadas-bacias tluviais, lagos que contem maiores agru­
pamentos de especies endemicas e lagos que estio sugeitos a 

modific�6es no futuro proximo. A combin�io deste criterio levou­
nos a conclusio de que e urgente o estudo dos seguintes lagos: Lagos 
Valencia e Maracaibo na Venezuela, Lago Malawi em Africa, Lago 
Titicaca na America do Sul, e os lagos vulcanicos no Insular Sudeste 
Asiatico, cujo estudo deve ser cedo com�o. 

Terras Alagadit;as 

As terras alagadi� sao de grande significado ecologico e altamente 
vulneraveis a destrui�io. Damos a maior prioridade ao estudo do Sudd, 
urn muito extenso pantano de caracter unico, mantido pelo Nilo. Gran­
des projectos de drenagem foram ja ai iniciados. Ainda maior e o 
Pantanal de Mato Grosso no Brasil, o qual se encontra seco durante a 

maior parte do ano, e talvez tenha maior importancia regional, enfren­
tando activo desenvolvimento. Com urn pouco menos de prioridade , 
entre os maiores pintanos tropicais , colocamos os do territorio Amapfl 
no Brasil, os do Departamento Beni na Bolivia e o pantano Benguelu 
da Zambia, em grande parte porque estio menos ame�ados, no 
proximo periodo de 5 anos. Das mais importantes margens de rios em 
terras alagadi�as, a grande parte da varzea da Bacia do Amazonas e do 
Delta e a aguas estagnadas de Orinoco, parecem estar imediatamente 
amea�adas ; as aguas estagnadas do Zaire e Xingu parecem estar menos 
ame�adas. Os extensos pantanos de turfas* do Sudeste Asiatico mere-

•ou musgos. 
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cem atensao ate porque sao uma importante foote que tem sido ex­
plorada a um ritmo acelerado. 

Precipitar;.iio 

A quimica e a quantidade de precipi�ao sao caracteristicamente signi­
ticativas no meio-hambiente terrestre e de 8gua doce, devendo ser 
controlados e estudados especialmente na Amaz6nia, Orinoco e nas 
drenagens do Mekong. 

CONTROL DA TRANSFORMA�AO DE FLORESTAS 

Esquemas nacionais para o control da percentagem de transform�ao 
de florestas hfunidas tropicais noutros tipos de vege�ao tropical, 
devem ser encoll\iados e, quando for apropriado, ajudados por compe­
tentes corpos intemacionais.  Ver NRC ( 1980). 

PROGRAMA DE 5 ANOS 

Durante o periodo de 5 anos, 1980-1985, chamamos a atensao para as 
seguintes oper�s, que sao assuntos de extrema importancia para a 
atensao de todas as n�6es do mundo: 

• No minimo duplicar em dolar constante, fundos dedicados ao 

inventario biol6gico dos tr6picos. 
• Aumentar no minimo de 50%, o numero de sistematologistas em­

penhados no estudo de organismos tropicais. 
• Iniciar ope�oes, pelo menos nos quatro lugares mensionados de 

basicos sistemas ecol6gicos, criar um centro para o estudo fisio­
ecol6gico da planta tropical e complectar as instal�es respectivas, 
complectar os estudos basicos de ciclos minerais e os inventarios de 
base biologica e dos solos em cada local de sistema ecol6gico. 

• Iniciar ou expandir os principais estudos exaustivos dos rios Ama­
zonas, Orinoco e Purari e seus maiores afluentes ;  dos lagos Valencia e 
Maracaibo; e do Sudd, o Pantanal de Mato Grosso, a varzea da Bacia 
do Amazonas e do delta e terras pantanosas do Orinoco. Os basicos 5 
anos de estudo que apontamos devem ser concluidos em todos estes 
casos bem antes de 1990, e estudos sobre outras materias devem ser 
iniciadas no periodo de 19�1990. 

• Fundo nacional de control e info�ao intemacional do grau de 
transform� de tipos de vege�ao tropical, especialmente de flo­
restas hUmidas tropicais. 
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1 
Resumen y 

Recomendaciones 

Por el paso acelerado al cual se alteran los bosques tropicales del 
mundo Ia gran mayoria de estos no sobreviviran este siglo en su forma 
actual. Las unicas areas selvaticas virgenes que permanecerian enton­
ces, principalmente las del Amazonas occidental en Brazil y del Africa 
central, probablemente perdurarian algunas decadas mas. 

Aunque Ia transformaci6n de los bosques tropicales resulta a menudo 
en una ganancia econ6mica inmediata, y algunas tierras has sido con­
vertidas en plantaciones de arboles que son productivas a largo plazo, 
los sistemas que llevan a una productividad continua de las tierras 
tropicales no se han logrado con Ia tecnologia existente. Por lo tanto, 
se incrementa dramaticamente Ia probabilidad de instabilidad ecol6gica 
y humana a medida que se alteran y eliminan estos bosques. 

Los conocimientos cientificos en tomo a los ecosistemas tropicales 
son sumamente incompletos. Se calcula que existe un minimo de tres 
millones de diferentes clases de organismos en el tr6pico pero de estos 
se conoce cientificamente solamente una sexta parte. La gran mayoria 
de estos organismos tropicales permanecen desconocidos. No existe 
virtualmente ninguna informaci6n para solucionar los numerosos prob­
lemas ecol6gicos relacionados a estos ecosistemas. Sin estos conoci­
mientos sera imposible crear los sistemas ecol6gicos adecuados para 
mantener el numero de habitantes del tr6pico, y menos todavia pensar 
en mejorar su condici6n de vida. El problema se complica por las 
fuertes diferencias que se encuentran de un Iugar a otro en las tierras 
tropicales, aun en las extensiones cubiertas con una vegetaci6n de 
apariencia semejante. 

Por Ia magnitud y Ia urgencia de Ia situaci6n debe efectuarse una 

20 
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penosa selecci6n entre los problemas por estudiar y las areas especiales 
que merecen atenci6n. Al hacer esta selecci6n, el Comite se bas6 sobre 
los siguientes criterios: 

• La urgencia derivada del cambio drastico inminente que puede 
precluir cualquier estudio futuro de esos sistemas ecol6gicos o interac­
ciones biol6gicas . 

• El significado cientifico latente del estudio de sistemas o interac­
ciones particulares,  al campo de Ia biologia y sus disciplinas sustenta­
doras, especialmente en relaci6n a su pertinencia al bienestar humano. 

En vista de estas consideraciones, parecen apremiantes las razones 
cientificas y sociales para realizar un esfuerzo e investigaci6n acelerado 
en las regiones tropicales del mundo en las pocas decadas en que seran 
todavia posibles tales esfuerzos.  Existe una urgencia obligatoria en el 
establecimiento de prioridades en la investigaci6n de Ia biologia tropical 
no para suplantar los proyectos existentes sino para amplificar el es­
fuerzo total. De igual manera, se necesita dar una alta prioridad al 
estudio detallado y multi-disciplinario de ciertos pueblos de aborigenes 
cuya forma de vida cambia rapidamente. Los bi6logos de ben participar 
extensamente en Ia organizaci6n de estos estudios pero queda fuera de 
nuestro Comite Ia formulaci6n del plan de acci6n. En cuanto al campo 
de la biologia tropical en si, ofrecemos las siguientes recomendaciones 
que no se encuentran necesariamente en orden de prioridad. 

IN VENTARIO BIOL6GICO 

El esfuerzo internacional en completar un inventario biol6gico debe 
acelerarse fuertemente, especialmente en los pr6ximos 25 aftos. Nues­
tras recomendaciones especificas son las siguientes: 

• Acelerar fuertemente el paso del inventario biol6gico en los 
tr6picos, combinando estudios regionales de grupos relativamente con­
ocidos o tambien aquellos de importancia econ6mica con los inven­
tarios locales detallados de otros grupos. 

• Tomar medidas para incrementar el nivel mundial actual de unos 
1 500 taxonomistas, que estudian los organismos tropicales, cuatro o 
cinco veces destacando el desarrollo de instituciones locales y el respal­
do de personal adiestrado localmente en las regiones tropicales. 

• Enfatizar Ia recopilaci6n de especimenes , en parte con metodos 
poco comunes como Ia deshidrataci6n por congelaci6n y Ia preser­
vaci6n en liquidos. 
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• Desarrollar Ia conservaci6n de Ia diversidad genetica existente en 
tierras reservadas y a traves de Ia organizaci6n sistematica de colec­
ciones en parques botanicos, jardines zool6gicos, bancos de semillas y 
de tejidos de cultivo y cualquier otro metodo adecuado. 

• Destacar Ia biosistematica y Ia biologia evolucionaria de un mues­
trario representativo de los organismos tropicales y luego, investigar 
estos organismos seleccionados con un amplio enfoque multi­
disciplinario. 

• Darle prioridad a las regiones que poseen una biota endemica mas 
notable y rica, a aquellos de biota menos conocida, y a las de biota en 
inminente peligro de extinci6n. Sugerimos como regiones que merecen 
enfasis en los pr6ximos 5 a 10 a.iios los bosques costaneros del Ecuador; 
Ia costa sur de Bahia y Espirito Santo en Brazil; el Amazonas a! oriente 
y al sur del Brazil ; el oeste y el sur del Camenin y partes adyacentes de 
Nigeria y Gab6n; Hawaii ; Madagascar; Sri Lanka; Borneo ; Celebes ; 
Nueva Caledonia; y ciertas regiones boscosas en Tanzania y Kenya. 

ESTUDIOS DE ECOSISTEMAS TROPICALES 

Los ecosistemas tropicales deben investigarse en profundidad en los 
lugares seleccionados ya que son representativos, diversos y capaces 
de manipulaci6n experimental y por su importancia cientifica y social. 
Estos estudios deben investigar los ecosistemas naturales y los que han 
sido manipulados experimentalmente y deben destacar las soluciones 
de problemas de interes ecol6gico general; los problemas deben incluir 
los ciclos y tlujos de minerales, Ia riqueza de las especies, Ia energetica 
del ecosistema y Ia estabilidad del ecosistema. Los lugares seleccion­
ados para dichos estudios detallados incluyen los bosques tropicales 
hCunedos del Nuevo Mundo con tierras de fertilidad relativamente alta 
(La Selva, Costa Rica) y baja (terra firme de Ia cuenca central del 
Amazonas), un Iugar en los bosques deciduos del Nuevo Mundo 
(Chamela, Jalisco, Mexico) y un Iugar del bosque tropical hCunedo en 
tierras bajas asiaticas (Mulu, Sarawak). Otros lugares importantes 
deben incluir a Puerto Rico y Hawaii como ejemplares de ecosistemas 
tropicales de islas y de prados y savanas tropicales.  Los proyectos 
regionales bajo el Proyecto I de Ia UNEsco-MAD y sus actividades de 
adiestramiento relacionadas deben desarrollarse en cooperaci6n con 
los lugares recomendados. 

Entre los prop6sitos del proyecto de investigaci6n de los ecosistemas 
tropicales estaria el establecimiento y Ia obsevaci6n continua de 
par{unetros claves del ambiente fisico y biol6gico de cada Iugar: el agua 
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y el ciclo nutriente ; Ia energetica del ecosistema, los ritmos estacionales 
en Ia produccion de hojas y frutas ; Ia ecologia fisiologica de las plantas; 
lo herbivoro; las redes alimenticias; y la dinBmica de microambientes y 
de manchas. Anticipamos que los conocimientos recopilados en cada 
Iugar afectaran aquellos recopilados en otros lugares y que el resultado 
aportara apreciaciones cuantiosas sobre el funcionamiento de los eco­
sistemas tropicales en general. Los estudios deben ayudar a establecer 
los factores incluidos en Ia creacion de ecosistemas continuamente 
productivos en los tr6picos e indicar las condiciones basicas en muchos 
sectores de Ia ecologia y de Ia biologia de Ia poblaci6n. 

En el campo de Ia investigacion de suelos ya tenemos amplias corre­
laciones entre el suelo y Ia vegetacion en los tropicos estacionales y en 
los tr6picos h6medos en Asia y partes del Africa, aunque queda por 
hacer mas para corroborar los modelos establecidos en Sur America. 
La interaccion dinamica entre los bosques y suelos en diferentes climas 
y sobre distintos suelos es todavia poco conocida. Es necesario un 
estudio detallado del movimiento de nutrientes y los iones de microele­
mentos en solucion a traves de las plantas, Ia fauna y del suelo. Las 
comparaciones entre los bosques primarios y varios tipos de tierra 
convertida proporcionaran una base esencial para el desarrollo de 
diversos usos sostenibles para las tierras. Dichos estudios se 
concentrarian, sin por eso llevarse a cabo exclusivamente, en los prin­
cipales lugares descritos en este informe. En el campo de ecologia 
fisiologica de plantas tropicales,  recomendamos el establecimiento de 
un laboratorio comprensivo en Puerto Rico el coal se convertiria en un 
centro para Ia investigacion y Ia preparacion en este campo. La 
creacion de dicho laboratorio parece esencial al establecimiento de un 
campo de investigacion poco desarrollado en los tropicos. De esta 
investigacion se espera una gran retribucion en los cientifico y social. 

ESTUDIOS DE LOS SISTEMAS ACUATICOS TROPICALES 

Opinamos que por su importancia cientifica y economica los sistemas 
tropicales ameritan un estudio mucho mas intensivo que el actual. 

Los Rios 

Sugerimos iniciar esfuerzos inmediatos para apoyar y respaldar el estu­
dio que se realiza actualmente sobre el Amazonas y el Orinoco y sus 
ramales principales.  El Zaire tambien debe tener alta prioridad en el 
estudio. Los estudios de estos rios deben incluir a Ia quimica del agua 
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y el proceso de nutrientes,  planctones, peces, Ia fauna del fondo, los 
vertebrados claves y las interacciones entre tierra y agua. En cuanto a 
los rios mas pequeii.os, debe prestarseles una atencion prioritaria at Rio 
Musi en Sumatra y el Rio Purari en Papua Nueva Guinea y a otros rios 
igualmente amenazados por cambios. Los estudios intensivos deben 
continuarse con una vigilancia a largo plazo de todos estos rios. 

Los Lagos 

Destacamos los lagos de cuenca cerrada, los lagos que tienen mayor 
conjunto de especies endemicas y los lagos sujetos a cambios en el 
futuro inmediato. AI combinar estos criterios,  llegamos a Ia conclusion 
que el estudio de los siguientes lagos es urgente: el Lago de Valencia 
y el Lago de Maracaibo en Venezuela, el Lago Malawi en Africa, el 
Lago Titicaca en Sur America y los lagos volcanicos en el sureste 
asiatico insular deben estudiarse pronto. 

Las Tierras Humedas 

Las tierras humedas son de gran significado ecologico y son muy vul­
nerables a Ia destruccion. Le damos Ia mas alta prioridad at estudio del 
Sudd, un pantano muy extenso de caracter unico mantenido por el 
Nilo. Ya se han iniciado proyectos importantes de drenaje en este 
pantano. El Pantanal de Mato Grosso en Brazil , que en epocas anuales 
tiene mayormente tierras secas, es a6n mas grande y posiblemente sea 
de mayor importancia regional. Se enfrenta a un desarrollo activo. De 
prioridad menos urgente situamos los pantanos tropicales del Territorio 
Amapa en Brazil, los de Beni en Bolivia, y el Pantano Benguelu en 
Zambia, principalmente por una menor amenaza en el futuro inmediato 
(en los 5 aii.os). De las tierras pantanosas a lo largo de rios parecen estar 
amenazadas Ia varzea de Ia Cuenca del Amazonas y el delta y las aguas 
estancadas del Orinoco en lo inmediato ; las aguas estancadas del Zaire 
y Xingu parecen menos amenazadas. Los extensos pantanos de musgo 
del sureste asiatico necesitan atencion por su extension y por ser un 
fuente importante que se va explotando a un paso creciente. 

La Precipitacion 

La quimica y cantidades de precipitacion, que son importantes a las 
caracteristicas de ambientes tanto terrestres como de agua fresca de ben 
ser vigilados y estudiados, especialmente en el Amazonas, Orinoco y el 
drenaje del Mekong. 
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VIGILANCIA DE LA CON VERSI6N FORESTAL 

Los esquemas nacionales para vigilar Ia tasa de conversion de los 
bosques hUmedos tropicales y otros tipos de vegetacion tropical deben 
fomentarse y cuando sea adecuado deben ser ayudados por organismos 
intemacionales competentes.  Ver NRC ( 1 980). 

PLAN QUINQUENAL 

Durante el  periodo de 1980- 1 985 , pedimos que se  tomen las siguientes 
acciones como asuntos de suma importancia para Ia atencion de todos 
los paises del mundo: 

• Por lo menos doblar, en dolares constantes, los fondos asignados 
Ia inventario biologico de los tr6picos. 

• Incrementar al menos por 50% el n6mero de profesionales siste­
matistas dedicados a estudios de los organismos tropicales.  

• Iniciar operaciones al menos en cuatro lugares de ecosistemas 
basicos ya mencionados, establecer un centro para el estudio de Ia 
ecologia fisiologica de plantas tropicales, y completar Ia instalacion de 
sus instalaciones basicas. Completar tambien los estudios basicos de 
los ciclos minerales y los inventarios de suelos y los biologicos de base 
en cada Iugar de ecosistemas. 

• Iniciar o aumentar los estudios comprensivos principales del Ama­
zonas, Orinoco, y Purari con sus principales ramales; de los lagos de 
Valencia y Maracaibo ; del Sudd, del Pantanal del Mato Grosso, el 
varzea de Ia Cuenca del Amazonas y del delta y de las aguas pantanosas 
del Orinoco. Los estudios quinquenales basicos que hemos resumido 
deben completarse en todos los casos antes de 1990, y los estudios de 
otros temas deben iniciarse en el periodo de 198&-1990. 

• Asignar fondos para Ia vigilancia y Ia informacion intemacional de 
las tasas de conversion de los tipos de vegetacion tropical, especial­
mente los bosques h6medos tropicales. 
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2 The Problem 

The lowland tropical forests of the world, which a century and a half 
ago comprised an area twice the size of Europe, have now been reduced 
to roughly half of their former extent. Many persons believe that these 
forests are being altered at a rate that will result in their disappearance 
as a natural ecosystem within our lifetimes (Dtis,  1972 ; Janzen, 1972, 
1974a, 1977a; Richards, 1973 ; Whitmore, 1975 ; Myers, 1976, 1 979a; 
Raven, 1976; NRC,  1980). Even though tropical moist forest may persist 
in western Brazilian Amazonia and Central Africa for another 40 or 50 
years, in most other areas it will be reduced much sooner to scattered, 
degraded remnants on steep slopes, to severely flooded delta areas, and 
to a few parks and reserves. 

Current human populations in these regions will have doubled by 
early in the next century, and the demand for food and other resources 
by these people is increasing much faster than their absolute numbers. 
Moreover, economic pressures operating on a world-wide scale en­
gender activities that drastically alter vast areas of these forests. The 
very poor and malnourished people who constitute about a quarter of 
the world's population often have nowhere to tum for food except to 
their own native forest�ut there are not yet, for the most part, 
technologies available by which they may produce food from these 
forest areas on anything but a short-term and then destructive basis . As 
a consequence, an area of tropical lowland forest about the size of 
Delaware is permanently converted to other forms each week, and an 
area about the size of Great Britain every year. 

26 
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Accompanying this destruction will be an extinction of plants and 
animals at a rate unprecedented in the history of the world. Since about 
two thirds of the species of most groups of organisms occur between the 
Tropic of Cancer and the Tropic of Capricorn, the rapid changes in 
tropical ecosystems that we are witnessing today could lead to an 
enormous and irrevocable loss of species and the associated opportun­
ity to gain knowledge and to a permanent alteration in the course of 
evolution on a global scale through a drastic decline in genetic diver­
sity. In addition, the destruction of these vast ecosystems, without the 
development of ways for replacing them with others equally produc­
tive, foredooms a large portion of the human race to misery and por- · 

tends instability for the entire globe by the year 2000. 
If, then, there is every reason to believe that more than half of the 

species of plants and animals that exist today will have become extinct 
by the year 2 100, what we and our successors will have learned about 
them and the ecosystems in which they occur depends to a large extent 
on our ability to plan and act now. Many opportunities to increase 
scientific knowledge will be lost irretrievably, but many can be gained 
and the extinction rate reduced if we have the wisdom to lay a proper 
foundation and to act on it. A more widespread application of existing 
knowledge to management of forest, forage, and food crops, coupled 
with rapid expansion of fundamental biological information, appears to 
be the most promising approach to the solution of the awesome di­
lemma with which we are faced. It is our great collective tragedy that 
only a small effort is being devoted to alleviating this drastic situation, 
while a number of people roughly equal to the population of France or 
of the United Kingdom is being added to the tropics every year. 

The theme of the Twelfth General Assembly of the International 
Union for the Conservation of Nature and Natural Resources in Zaire 
in September 1975 was conservation for development. At these meet­
ings there was a strong call for incorporating biological principles into 
the development plans of tropical countries,  as many students of the 
problem have long urged (recent examples include Dasmann et al. , 
1973 ; Janzen, 1973a; Farnworth and Golley, 1974; Tinker, 1974; Good­
land and Irwin, lm; and Hawkes, 1979). The delegates called for 
international help in bringing this about and for legislation that would 
require companies active in the tropics to prepare and publish evalua­
tions of the consequences of their activities.  

Although the scope of the committee was limited to the study of 
biological processes, we consider it a matter of urgent priority that 
other committees and advisory groups be constituted to consider such 
matters as the world-wide interrelationships that largely govern the rate 
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and kind of conversion'of tropical forests. In addition, we recommend 
that urgent priority be given by social and biological scientists to the 
study of aboriginal populations throughout the tropics ;  with the de­
struction of the ecosystems, these people are disappearing rapidly. 
Additional information should be developed as soon as possible both 
because of its own intrinsic interest and because of the potential role of 
such knowledge in aiding the aboriginal peoples and others living in 
similar areas. 

Building the human and institutional resources of the tropical coun­
tries offers the only hope for the future (see Farnworth and Golley, 
1974; Prance, 1975 ; Ayensu, 1978). All scientists need to know more 
about the tropics in order to understand the limiting conditions for 
many of the biotic phenomena that interest them. But only the long­
range study of these same phenomena by scientists resident in the 
countries concerned can yield a full understanding of the way in which 
tropical ecosystems function and thus lead to an improvement in the 
human condition. In addition, the effectiveness of a cooperative scien­
tific activity in a tropical country should be evaluated not solely on the 
international significance of the scientific results in research but also on 
the extent to which that activity strengthens local capacities and infra­
structures for research and training (diCastri and Hadley,  in press) . 

As revealed by the indices of tropical research (Gomez-Pompa and 
Butanda, 1975 , 1m) and the world census of scientists concerned with 
tropical ecology (Yantko and Golley,  1977), many resident scientists 
are pursuing fruitful research programs in tropical countries . Strong 
research and educational institutions , such as the lnstituto Nacional de 
Pesquisas da Amazonia (INPA) in Brazil, the Centro Agron6mico Trop­
ical de lnvestigacion y Ensefianza (CATIE) in Costa Rica, the lnstituto 
Nacional de Investigaciones sobre Recursos Bioticos (INIREB) in Mex­
ico, the Smithsonian Tropical Research Institute (STRI) in Panama, the 
Escuela Agricola Panamericana (EAP) in Honduras, the Centro Interna­
cional de Agricultura Tropical (CIAT) in Colombia, the International 
Institute of Tropical Agriculture (IITA) in Nigeria, the International 
Center for Research in Agroforestry (ICRAF) in Kenya, the Regional 
Center for Tropical Biology (BIOTROP) and the National Biological Insti­
tute (LBN) in Java, hold great promise for the future. 

Scientists working in institutions such as the above have two impor-
, tant advantages that are denied co-workers who come from extra­

tropical countries :  ( I )  as residents, they can study the phenomena that 
concern them on a sustained basis and (2) they are often able to apply 
the results of their studies directly to human welfare in their own 
countries (Matthew, 1978). 
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CON VERSION RATES OF TROPICAL MOIST FOREST 

In 1975 the United Nations Food and Agriculture Organization (FAO) 
provided figures on conversion rates of tropical moist forest (Sommer, 
1976). It is important to realize that these estimates refer to forest lands, 
not to residual primary forests, for which no estimates exist but which 
in Africa and Asia are only a small fraction of the remaining area. 
Similarly, they represent forest land at all altitudes ;  the lowland forests 
are the richest in species and also those that have been most severely 
altered. The 1975 analysis included the following information: 

Potential area of tropical moist forest (world) :  16 million km2 
Estimated area in 1975 : 9.35 million km2, or a reduction of 41 .5% 

from potential limits 
Conversion to date (1975), as proportion of original area: 

Potential Area Reduction to Present Area 
(million km2) 197!1 (%) (million km2) 

Latin America 8.03 37.0 !1 .06 
Asia 3.87 43.7 1 .87 
Africa 3.62 !1 1 .9 1 .7!1 

The current conversion rate for tropical forests almost certainly ex­
ceeds 200,000 km2 per year (Sommer, 1 976;  NRC, 1 980). Myers ( 1979a) 
estimated that 245 ,000 km2 of tropical moist forests are being converted 
to other purposes annually, and he subsequently confirmed this es­
timate on the basis of a more extensive and systematic study (NRC, 
1980). For the three maijor regions of tropical forest, a World Bank 
report (1978) estimated annual conversion rates as follows: Latin Amer­
ica, 50,000 to 100,000 km2 ; Africa, 20,000 km2 ; Asia, 50,000 km2• Even 
if these rates were constant, they would lead to a total destruction of all 
tropical forest world wide within 50 years. But the rates are not 
constant-they are accelerating rapidly. 

In some countries,  the rate of conversion is much higher than the 
average. In India, Sri Lanka, and Burma, nearly two thirds of the 
original area of tropical moist forest has already been converted to 
other purposes (Sommer, 1976), and the lowland primary forests are 
already reduced to a few isolated fragments. It is anticipated that the 
lowland forests of the Philippines and the Malay Peninsula and much of 
those of Indonesia, western Africa, Madagascar, Central America, and 
the West Indies will be converted from forests to other uses within the 
next 10 years . In contrast, sizable tracts of lowland forest in western 
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Brazilian Amazonia and Central Mrica may persist into the first quarter 
of the twenty-first century, when they probably will be the only 
substantial areas of lowland tropical forest in existence. 

Because inadequate information is available concerning the extent of 
forests of most tropical countries,  it is urgent that a system be estab­
lished for more-accurate monitoring of the rates of conversion of var­
ious kinds of tropical forest. In the course of this monitoring, it will be 
important to determine the various uses to which the forest is being 
converted, and, insofar as possible , the causes that are leading to its 
conversion. Information available on individual countries is sum­
marized in NRC ( 1980). 

LAND USE, POPULATION GROWTH,  AND FOOD PRODUCTION 

Patterns of land use and tenure in many tropical countries tend to 
inhibit overall planning and to encourage exploitative modes of devel­
opment often linked with international trade (UNESCO, 1978). Thus, in 
1975, 7% of the landowners in Latin America possessed 93% of the 
arable land ; by contrast, in the United States,  a comparable 7% of 
landowners had farms that included only 27% of the arable land 
(Eckholm, 1979a). The crops of these very large landowners in Latin 
America are often exported, with the frequent result that the bulk of the 
people must subsist on the productivity of a small fraction of the arable 
land. World needs for wood, beef, and other commodities are leading 
to the extensive destruction of broad tracts of forest to provide in­
dustrialized nations with these materials (Janzen, 1974a; Rappaport, 
1978; Irwin, 1977; Myers, 1 979a; NRC, 1 980) . Poor forestry practices are 
destroying the forests and reducing the potential yield. Increases in oil 
prices have made the production of fuel from such crops as manioc and 
sugar cane economically feasible and may ultimately lead to the clear­
ing of large areas of forest in the tropics and elsewhere for this purpose. 

As a result of these and other practices,  and of rapid population 
growth, there exists throughout the tropics a large class of very poor 
people. As Eric Eckholm has put it, "More food production alone will 
not eliminate hunger; nor will more charity. Only secure access to 
decent land or jobs will give the dispossessed a chance to work their 
way out of extreme poverty and undernutrition" (Eckholm, 1979a). 
The World Bank has estimated that some 800 million people are living 
in what is called "absolute poverty" -that is, "a condition of life so 
characterized by malnutrition, illiteracy, disease, squalid surroundings, 
high infant mortality, and low life expectancy as to be beneath any 
reasonable definition of human decency" (McNamara, 1979). Given 
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the situation as it is, the further clearing of forests in a manner that often 
seems uncontrolled is inevitable, whether the clearing is undertaken to 
produce exportable commodities for profit or a few crops for a poor 
peasant family. 

The conversion of tropical forests is accelerated by the rapid growth 
of human populations in tropical countries. Against a world rate of 
population growth of I .  7% annually, the population of western Africa 
is growing at 3 .0% per year, Southeast Asia at 2.2% per year, and 
tropical South America at 2.8% per year (Population Reference Bureau, 
1979). Thus, for example, by the end of the century, the number of 
people in tropical South America will have increased from 193 million 
to about 332 million. About 90% of the total world population growth 
over the next 20 years will take place in the tropics.  Contrasting with 
these figUres are those for the industrialized world. The population of 
the United States is growing at 0.6% per year, that of the U.S.S.R. at 
0.8%, and that of Japan at 0.9%; that of West Germany is dropping at 
0.2% per year. 

· 

Of particular importance in evaluating the consequences of these 
projections are the world food and energy crises , which are intimately 
related. The relatively small amount of effort that is being expended 
world wide to improve the bases for tropical agriculture is unlikely to 
lead to the establishment of continuously productive systems in areas 
where tropical forest has been removed. Indeed, it is probable that 
productive agriculture will simply not be possible over large areas of 
the tropics no matter how much research is conducted. Many tropical 
nations lack energy reserves and are placing increasing demands on a 
diminishing supply of wood and dung for fuel (Openshaw, 1974; Eck­
holm, 1976, 1979b), thus further impoverishing the productive capaci­
ties of their soils. In the poorer nations of the world, as much as 86% 
of the wood consumed annually is burned as fuel (Arnold and Jongma, 
1979). 

Many tropical countries are simply assigning their primary forest 
tracts to foreign concerns without taking the opportunity to develop 
means for their sustained harvest (Meijer, 1973a, 1973b, 1975 ; Good­
land and Irwin, 1975). By doing so, they are losing opportunities to 
understand how these complex ecosystems function and are therefore 
unable to gain much important economic and scientific knowledge. 

At the First Conference on International Cooperation in Agrofor­
estry, held at Nairobi, Kenya, in July 1979, it was estimated that at least 
250 million people live as forest fanners in the tropical regions of the 
world (see also Myers, 1979a; NRC, 1980). As their populations increase 
and the forest disappears, they are becoming less able to practice the 

Copyright © National Academy of Sciences. All rights reserved.

Research Priorities in Tropical Biology
http://www.nap.edu/catalog.php?record_id=19773

http://www.nap.edu/catalog.php?record_id=19773


32 R E S E A R C H  PRIORI T I E S  IN TROPI C A L  BIOLOGY 

fonns of shifting agriculture that were possible when the forests were 
more extensive and the people using them less numerous. These forest 
farmers use about a fifth of the entire biome (Sommer, 1976), and their 
activities constitute the largest factor in conversion of tropical moist 
forest (Myers , 1979a; NRC , 1980). When present in low numbers, forest 
farmers regulate their conversion of resources, in part by ritual or 
cosmological behavior, in such a fashion as to keep the system from 
running down (Rappaport, 1968;  Reichel-Dolmatoff, 197.5). When the 
people are too numerous, these traditional methods become ineffec­
tive. Moreover, the forest farmers are beingjoined by increasingly large 
numbers of peasants, who, because of the lack of land elsewhere, are 
moving into forests where they adopt a contemporary version of slash­
and-bum agriculture and then, especially in Latin America, often move 
on to cattle ranching (Heckadon, 1979). This leaves less and less chance 
for forest regeneration. Trends such as this fonn a major element in FAO 
projections that by 198.5 some 26 tropical countries,  with an aggregate 
population of 36.5 million, will be unable to provide sufficient food for 
their people. 

The rate at which the world's  population is growing, 1 .7% per year 
(Population Reference Bureau, 1979), means that between now and the 
end of the century food must be found for about 2 billion additional 
people . Since well over a billion people are undernourished now, out of 
a total world population of some 4.4 billion, substantial changes would 
have to be made in food distribution to feed the total population ade­
quately. If there is continued growth in aftluence world wide , and if a 
genuine effort is made to solve the problems of malnutrition, the de­
mand for food in 198.5 will be nearly SO% greater than in 1970. For the 
developing countries, 70-80% more food will be needed in 198.5 than 
was consumed in 1970 (Ehrlich et al. , 1977). The International Food 
Policy Research Institute ( 1977) has estimated tht the 198.5-1986 annual 
deficit of cereal grains in developing countries will range between 100 
million and 200 million metric tons, the amount depending on the rate 
of increase that can be attained between now and then. In spite of this, 
many tropical countries favor monoculture cash export crops that yield 
foreign-exchange credit, perceived as necessary for development. 

Despite some optimistic forecasts, there is little evidence that the 
problem of world food supply will be solved by increased food produc­
tion in developed countries and distribution of the surplus throughout 
the world (Schneider, 1976). The search for more-appropriate agricul­
tural technologies for the tropics continues (Dahlberg, 1979), but there 
is little available arable land not already being cultivated. Indeed, 
.S0,000-70,000 km2 of cropland-an area the size of Belgium plus Hoi-
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land, or of West Virginia-are being lost to erosion and related forces 
each year (Myers , 1979a). 

As food becomes scarce, people in such countries as Bangladesh, 
India, and Haiti and in regions such as the Sahel die in increasing 
numbers and in relation to the amount of food available (Brown, 1976). 
With the present rate of world population growth and levels of life 
expectancy, the outlook is distinctly gloomy. 

Because of these factors, including the operation of a world eco­
nomic structure that favors the production of export crops in the 
tropics,  no more than scattered remnants of undisturbed tropical low­
land forest are likely to survive into the twenty-flfSt century. Even at 
present minimum estimated rates of destruction-and the rates are 
being accelerated yearly-all tropical forest will be gone by the middle 
of the next century. 

PRE S E R V A T IO N  OF T H E  FO RESTS 

Special arguments can be made for the importance of preserving areas 
of the tropics. For one thing, conservation is important because the 
number of species found there is much greater than in other regions 
(ferborgh, 1974). For most areas in the tropics, however, the facts 
about which species are actually found and which are not, or where else 
these species occur, are not known for the great �ority of all plants 
and animals. Nonetheless , the preservation of adequate tracts of tropi­
cal lowland forest is one obvious way in which the human race has an 
opportunity to retain some of its options for the future (Myers, 1979a). 
Despite this, the conservation movement in the tropics is still in its 
infancy, with less than 1% of the tropical biome preserved in parks and 
reserves at present (Bernardi, 1974; Myers, 1976, 1979a; Whitmore, 
1976; Prance and Elias, 1977). In line with the objectives of Project 8 of 
UNESCO's Man and Biosphere Program, the establishment of an interna­
tional network of biosphere reserves that would extend through the 
tropics is a matter of high priority. These areas can serve as base lines 
or standards by which the effect of human activities outside the re­
serves can be judged. 

If such reserves are to be planned effectively, the concepts of modem 
population biology must be brought to bear on their design and manage­
ment (see Diamond, 1 972 ,  1 975 ,  1 976 ;  Terborgh , 1 974 ;  May, 1 975a; 
Simberloff and Abele, 1976; Myers, 1979b; Soule and Wilcox, 1980). 
Political and economic constraints,  however, often dictate that the 
sizes and locations of ecological reserves are not what would be optimal 
from an ecological viewpoint if ecological considerations had played a 
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more prominent role in their establishment. The main role of ecologists, 
therefore, will often be to provide insights into the proper management 
of established reserves so as to preserve the maximum biological 
diversity as well as the key organisms and associations of organisms for 
which the reserve may have been established originally. Such manage­
ment schemes must be founded on an understanding of the interactions 
among the component species (Janzen, 1974a). The role of the ecologist 
begins, rather than ends, when reserves are established. Certainly the 
kinds of research outlined later in this report will enhance our ability to 
make wiser decisions about the management of such reserves in the 
future. 

As a consequence of the rapid destruction of tropical forests world 
wide and the mounting economic pressures on the remaining forests, 
most of the parks and reserves that can ever be established in the 
tropics must be established during the next 10 years. Only a limited 
amount of information is available about how best to manage and de­
sign these reserves (Wetterberg et a/. , 1978), and it is therefore impor­
tant to accelerate research into this matter. One approach, for example, 
has been to try to set aside areas where the forest is thought to have 
survived during the dry periods of the Pleistocene, but there are distinct 
shortcomings to exclusive concentration on this approach (Lovejoy, 
1979a), especially in view of the theoretical nature of the postulated 
refugia. 

Since much of the rain forest that survives into the twenty-frrst 
century will be patches of formerly continuous forest, a study of the 
dynamics of such patches is of importance to research and management 
(Lovejoy and Rankin, 1979). It is known that forest fragments lose 
species after isolation (Terborgh, 1974; May, 1975a; Diamond, 1976). In 
this context, any kind of ecosystem seems to have a minimum critical 
size; loss of species is more of a problem below this size than above it 
(Lovejoy and Oren, in press). 

The relative vulnerability of different species and ecosystem com­
ponents to different kinds of intervention must be determined if effec­
tive conservation practices are to be implemented. In addition, the 
potential of various kinds of derived ecosystems as homes for particular 
species must be investigated in depth, and management plans must be 
developed accordingly (Soule and Wilcox, 1980). 

Natural ecosystems help to protect watersheds, recharge the water 
table, maintain patterns of rainfall (Lettau et a/. , 1979; Salati et a/. , 
1979), and improve air quality ; in short, they help to maintain environ­
mental quality . For these reasons some countries-Brazil is a notable 
example-are giving serious consideration to placing severe restric-
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tions on further deforestation. The economic pressures, however, are 
enormous and often give rise to intense political pressures. If more than 
half of the precipitation in the Amazon region is forest generated, as 
was recently calculated (Villa Nova et al. , 1976; Salati et al. ,  1 978), 
then such protection is clearly essential for the future environmental 
health of the region. The careful monitoring of precipitation in relation 
to forests is clearly of great importance. 

Forest plantation projects are of interest for their potential reorien­
tation of the production of tropical wood requirements toward small 
areas of concentration, in lieu of current removal of a few trees per unit 
of area from extensive primary forests. If timber production and pro­
cessing could be concentrated and combined with integrated food pro­
duction,  it appears that there would be an overall reduction of stress on 
primary forests� The maintenance of trees, even in plantations ,  appears 
to offer far less serious environmental consequences than any scheme 
by which they are removed, but the consequences on the soil biota of 
introducing alien trees,  often ectomycorrhizal, also need to be con­
sidered. 

It is a simple matter to assert the importance of setting aside reserves 
and parks in the tropics for their aesthetic value, as vital resources from 
which new scientific information can be derived, and as a basis for 
guiding sound development for human welfare (Myers, 1979a). If the 
development of such reserves is to be successful, however, the indus­
trialized countries of the world must help to pay for their establishment 
and preservation (Nicholls ,  1973 ; Goldsmith, 1980). The economic im­
plications are apparently well beyond the expectations of the industri­
alized world (Myers, 1979a). 

SCIE N T IFIC RATIO N A L E  FO R LEARNING MORE ABOUT T H E  TROPICS 

The scientific reasons for accelerating research in the tropics are nu­
merous. In temperate regions, perhaps a million species of plants and 
animals have been named, but in the tropics the comparable figure is 
only about 500,000. Investigations of groups of organisms that are 
relatively poorly known in temperate regions, such as mites and nema­
todes, suggest that several hundred thousand more species are yet to be 
discovered outside the tropics,  or a total of perhaps 1 .5 million species 
of organisms in temperate regions. Since in most well-known groups of 
organisms there are about twice as many species in the tropics as in 
temperate regions, one may surmise that there are probably at least 4.5 
million kinds of organisms in the world, of which at least 3 million occur 
in the tropics. At least three quarters of these tropical species still await 
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discovery and naming, and the actual numbers may well be significantly 
higher. 

Our ignorance of tropical organisms at the most fundamental level­
cataloging and naming-is illustrated by the vast discrepancies in es­
timates of numbers of species in the tropics as well as by the recent 
discoveries of previously unknown kinds of conspicuous higher 
animals, such as birds and mammals (see Casey and Jacobi, 1974; 
Wetzel et al. , 1915 ; Fitzpatrick et al . ,  1977; O'Neill and Graves,  1977). 
It is essential that broadly based survey projects, such as the Atlas of 
Neotropical Lepidoptera (Smithsonian Institution), Flora Malesiana, 
Flora Neotropica, and Projeto Flora Amazonica, be supported ade­
quately and accelerated in pace. The relevance of such projects to those 
resident in the countries concerned ought to be reexamined continu­
ally, and priority given to those in which it can clearly be demonstrated 
that increased funding would lead to their more rapid completion. All 
work in tropical biology is a race against time, and studies that can be 
used effectively in the field in the near future deserve to be emphasized. 

Local accounts of the floras and faunas of particular areas likewise 
provide invaluable and original insight, illuminating the whole pattern 
of tropical diversity, and such studies should be encouraged. Outstand­
ing recent examples are Duellman' s (1978) detailed analysis of the 
herpetofauna of a limited area in Equadorian Amazonia and Croat's 
( 1979) comprehensive account of the vascular plants of Barro Colorado 
Island in Panama. In selecting the sites for detailed studies of this sort, 
and for local floristic and faunistic accounts, emphasis should be placed 
on areas that are being altered most rapidly and on those that contain 
the greatest concentrations of primitive or otherwise interesting taxa. 
Examples are Madagascar, Hawaii, Borneo, Papua New Guinea, and 
portions of coastal Brazil (in the states of Bahia and a small part of 
Espirito Santo). In addition, areas in which speciation seems to have 
been especially prolific, such as the lakes of the East African Rift 
Valley, should receive special attention. 

Especially critical is the shortage of trained systematists , both in 
tropical and temperate regions, who are competent to identify and 
classify animals and plants . The situation is especially acute for many 
groups of insects, some of which are of great economic importance. If 
the terrestrial and freshwater organisms of the tropics are to be de­
scribed and studied in detail , immediate efforts must be made to recruit 
and train large numbers of systematists and to provide funds for their 
continuing support. The efforts of systematists are indispensable for 
advances in all fields of tropical biology, including ecology, as well as 
such applied fields as agriculture and conservation. 
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If such a large proportion of the plants and animals of the tropics is 
undescribed, it is no surprise that we know virtually nothing about any 
feature of biological interest for the vast majority even of those that 
have been described. In the higher plants of the tropics,  for example, 
little information is available about chromosome number and chromo­
some morphology (Bawa, 1973 ; Raven, 1975). Some intensive studies 
of particular groups must be made if we are even to have an index to 
the ecological and evolutionary patterns displayed by the remainder. In 
addition, appropriate groups of tropical organisms should be selected 
for detailed studies of the mechanisms of adaptation, speciation, and 
microevolution they exhibit. It is of considerable theoretical impor­
tance to determine how closely the patterns that are discovered corre­
spond with those that have been identified in analogous groups in 
temperate regions. 

At the level of ecosystem processes, our ignorance of tropical sys­
tems is profound. One example of the unique nutrient relationships of 
tropical forests is the pathway of phosphorus and nitrogen exchange in 
them. It was proposed by Went and Stark ( 1968a, 1968b), and has now 
been confrrmed by Stark and Jordan ( 1978) and by Herrera et al. 
(l978a), that the roots of some tropical rain-forest trees,  growing on the 
least-fertile soils, can directly recapture phosphorus and nitrogen from 
leaf litter through mycorrhizae. There no doubt exists a wide array of 
mechanisms by which tropical plants acquire and distribute nutrients in 
an environment where stores of soil nutrients are low because of rapid 
leaching. Discovery of these mechanisms could have far-reaching im­
plications for the management of the composition of tropical forests on 
stressed sites.  

Similarly, the nature and role of secondary vegetation and succession 
in the tropics have been explored only from the standpoint of wood 
production, not from either a purely ecological or evolutionary stand­
point (Gomez-Pompa, 1972; Gomez-Pompa et al. , 1976; Hartshorn, 
1978; Ng, 1978; Whitmore, 1978). A better understanding of the gene­
cology of tropical plants is important for both theoretical and practical 
reasons, since there is no a priori reason to assume that they resemble 
better-known temperate plant groups in these respects (Ashton, 1969, 
1970, 1976a; Bawa, 1976). We know very little about the demography 
of plants in general and almost nothing about tropical ones (see 
Sarukhan, 1978, 1979). The study of the architecture of trees,  a science 
of the 1970's,  has begun to analyze in detail the rich diversity among 
tropical trees that is now seen to play a critical role in the structure of 
tropical ecosystems and to affect profoundly the flow of energy in them 
(Rollet, 1974; Halle et al. , 1978). A proper understanding of the opera-
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tion of pollination systems in tropical forests might hold an important 
key to understanding the evolution of floral diversity among angio­
sperms (Schnell, 1970; Bawa, 1974; Tomlinson, 1974; Baker, 1975 ; 
Bawa and Opler, 1975 ; Arroyo, 1976; Burley and Styles, 1976). The 
development of answers to questions such as these must proceed rap­
idly because the vegetation of many areas inhabited by large numbers 
of primitive angiosperms, such as New Caledonia and Madagascar, is 
rapidly being destroyed. 

We also do not know whether tropical forests are stable because of 
their great complexity or whether they are very fragile and easily dis­
rupted (Farnworth and Golley, 1974; Windsor, 1974, 1975, 1976; May, 
1975b, 1979; Connell, 1978). The proper understanding of this issue has 
important theoretical and practical implications relating to the origin, 
functioning, and maintenance of global trends in biological diversity 
and the consequences of agricultural and forestry practices.  

The conversion of areas now occupied by tropical forests to other 
uses must have already caused a permanent alteration in the course of 
evolution world wide (Richards, 1952). It will also diminish our ability 
to answer many significant biological questions that are evident to us 
now, let alone those that might be asked in the future. The increasing 
utilization of tropical examples in such important and growing fields as 
sociobiology has been analyzed by Janzen (1977b). In addition, as 

Richards (1973) and Robinson ( 1978) have stressed, we simply need to 
know more about the excellent examples of adaptation that are found 
in the tropics,  and thus add to the store of knowledge about the planet 
on which we live . For example, ant-acacia interactions (Janzen, 1967), 
army ant-bird interactions (Willis and Oniki, 1978), evolution in 
Hawaiian Drosophila (Carson and Kaneshiro, 1976), and· periodic mass 
flowering in bamboos (Janzen, 1976; Soderstrom, 1979) are tropical 
phenomena, each of substantial intrinsic interest and importance. How 
can a bamboo count 120 years? In view of all these considerations, it 
is not surprising that a group of systematic and evolutionary biologists 
convened in St. Louis, Missouri, in 1974 concluded that research in the 
tropics merited the highest priority (Anonymous,  1974a). 

Opportunities for study of tropical freshwater environments are be­
ing lost as rapidly as, or possibly even more rapidly than, those for the 
study of terrestrial ecosystems. In this, as in all aspects of tropical 
biology, it is important to study first those ecological systems and 
biological phenomena that are confronted with imminent drastic 
change. It is also critical, in view of the short time available , to select 
systems and phenomena for study that are likely to have the greatest 
scientific significance and the most obvious relationship to the critical 
problems of human welfare in the tr�pics.  
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The study of river systems , threatened on a world-wide scale by 
watershed deforestation, impoundment for energy production and 
flood control, and industrial and urban pollution, is critical to provide 
base-line data against which to measure future change, and, it might be 
hoped, influence the decision-making process responsible for the 
change. The largest rivers and largest tributaries are unique, few in 
number, and highly subject to change in the immediate future. We 
know relatively little about the organic and inorganic materials in tropi­
cal rivers, and knowledge about them is important to understanding 
watershed functioning (Sioli, 1975). In particular, the composition and 
dynamics of the river plankton have been studied very little (Tailing, 
1976). For the next decade or two these communities may still be 
studied in a relatively unaltered state in very large river systems. The 
organization of communities of fishes and invertebrates in tropical 
rivers is poorly understood (Lowe-McConnell, 1975), and these popula­
tions are facing radical change. 

Similar considerations pertain to tropical lakes and swamps. Studies 
of tropical lakes will be highly useful in unraveling the role of the 
physical and chemical environment in controlling their biota. Some 
striking contrasts between tropical and temperate lacustrine systems 
are already suspected (Lewis,  1979). The interface between freshwater 
and terrestrial ecosystems is of special importance. The study of this 
interface,  as represented by freshwater wetlands, should be accorded 
high priority because of the great vulnerability of such areas to change. 

The quantity and quality of precipitation deserve special attention in 
the tropics.  Even the amounts of precipitation in some extensive areas 
are not well known. The relationship between climate and forest cover 
urgently requires intensive study. Precipitation chemistry, although of 
great interest, is little studied. Priority should be given to areas in which 
there is great likelihood of major changes in forest cover. It is likely that 
both the amount and the annual distribution of precipitation in the 
tropics are closely correlated with forest cover and with vegetation in 
general. 

Another major gap in our scientific information concerns the func­
tioning and adaptation of human populations in the tropics. Aboriginal 
populations have long existed in tropical forests and possess consider­
able knowledge about them. Human diversity as well as biological 
diversity is being reduced world wide, and the rich variety of concep­
tual and agricultural expression that characterizes the thousands of 
distinct groups of people living in the tropics is of great theoretical 
interest; studies would probably contribute significantly to our under­
standing of the development of human thought processes. 

If we are to learn more about human attitudes in aboriginal groups in 
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the tropics,  we must assign urgent priority to this area because tradi­
tional human populations are among the first elements to be disrupted. 
The next 10 years will be of crucial importance for our ability to learn 
anything about most of these groups of people, including the ways in 
which they support themselves in the forest. Such information is of 
importance both for their future welfare and for ours. Although we have 
considered such studies to lie beyond the scope of our committee, we 
urge that they be emphasized and that an overall scheme for carrying 
them out efficiently and on a wide scale be developed as a matter of high 
priority. 

SOCIET A L  RATIO N A L E  FOR LEARNING MORE ABOUT T H E  T ROPICS 

The anticipated destruction of virtually all tropical vegetation during a 
quarter of a century when the human population of the tropics will 
double provides ample social and economic reasons for gathering more 
facts upon which any improvement of human welfare in the tropics may 
be based. Moreover, the ramifications of an ecological change of this 
magnitude are so far reaching that no one on earth will escape them. We 
need to use wisely and expeditiously every opportunity that we have to 
study the functioning of tropical ecosystems and to apply that knowl­
edge directly to the real and growing problems that confront human 
populations in the warmer parts of the globe. 

Although soils in some limited areas of lowland tropical forest are 
relatively fertile , most are extremely infertile. In addition,  temperature 
and rainfall reduce the effectiveness of temperate-zone agricultural 
methods in the tropics. For example, it has been estimated that less 
than 10% of the land in the Amazon Basin can support sustained agri­
culture, even when fertilized, because of the properties of the soils 
(NRC, 1972; Irion, 1978). Consequently, agriculture ought to be concen­
trated in the most suitable areas. Budowski (1974, 1977) has advocated 
the establishment of forest plantations on already degraded sites to 
deflect development and exploitation away from the remaining primary 
forest (see also UNESCO, 1978). 

Janzen (1973a) has provided an illuminating discussion of some of the 
factors involved in the development of sustained-yield tropical agricul­
ture and forest harvesting and has outlined some of the kinds of knowl­
edge required before new systems will be ready for adoption.  The 
overall question is how to develop high sustained yields and high gross 
productivity in areas occupied by forests in the tropics.  Studies for the 
production of timber from already regenerated forests have been devel­
oped in Malaya (Wyatt-Smith, 1963 ;  Meijer, 197 1 ), Uganda (Dawkins, 
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1958), and Nigeria (Lowe, 1975), but techniques for generating subse­
quent crops naturally are still untested. If primary tropical lowland 
forest is cut, it cannot be replaced and usually will not regenerate as it 
was, even if small reserves are established (Gomez-Pompa et al. , 1972). 
Nevertheless, the potential of reserves of limited size in the reestablish­
ment of native forests requires much further study, as do the factors 
controlling succession in tropical forests (see G6mez-Pompa et al . ,  
1976). 

The production of timber on infertile tropical soils preserves forest 
cover and offers watershed protection benefits (Budowski, 1974). 
Natural regeneration can be manipulated for sustained timber yield, 
and the structure of the forest can be altered by selective removals to 
enhance such yield in the early regeneration (Fox, 1976). Simplified 
mixes of native species of relatively uniform age, however, are easier 
to manage (Wyatt-Smith, 1963). 

Because forest planting has sometimes led to yields five times as high 
as those of managed native forests in many countries , more-rapid 
growth of plantations has all but terminated timber production invest­
ments in native forests (Lowe, 1975 ; Auchter, 1978). Such methods are 
still practiced in the dipterocarp forests of the Far East, however 
(Hutchinson, 1979). Since secondary fore�ts support numerous native 
species of plants and animals, their management tends to preserve 
selected gene resources. A majority of all species, however, can exist 
only in primary forest, and they regenerate very poorly (G6mez-Pompa 
et al. , 1972). 

One of the most important reasons for learning more about the tropi­
cal forests concerns the widespread climatic effects that could accom­
pany their destruction (Farnworth and Golley,  1974; Schneider, 1 976; 
Villa Nova et al . ,  1976; Friedman, 1977; Lettau et al . ,  1979 ; Myers, 
1979a; Salati et al . ,  1979). It has been suggested that if rainfall is de­
creased in the equatorial zone, an increase in precipitation between 5 
and 25 degrees north and south and a decrease between 40 and 85 
degrees north might follow, with possibly serious consequences for the 
main grain-growing belts of North America and Eurasia (Poore, 1976). 
The actual effects will, of course, depend on the nature of the vegeta­
tion that replaces the primary forest. 

In addition to the effects on precipitation, a number of observers 
believe that widespread conversion of tropical forests to pastures and 
fields could contribute significantly to a worldwide buildup of carbon 
dioxide that could well affect climatic patterns throughout the world 
(Hutchinson, 1 954 ; Potter, 1 975 ;  Potter et al. , 1 975 ;  Molion, 1 976;  
Stewart , 1 976;  NRC , 1 977 ;  Stumm, 1 977 ;  Woodwell et  al . ,  1 978 ;  
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Broecker et al. , 1 979; Choudhury and Kukla, 1979; Crutzen et al . ,  
1979; World Meteorological Organization, 1979; Wigley et al . ,  1980). 
The extent to which the clearing of tropical forests contributes to the 
amount of C02 in the atmosphere is a matter of current debate, but as 
widespread burning occurs in many tropical forests, forests m&y be­
come a significant source of atmospheric carbon dioxide (Bolin, 1977; 
Woodwell et al . ,  1978; World Meterological Organization, 1979), with 
major effects on world climate. Twice as much carbon dioxide in the 
atmosphere could well cause an average global increase in temperature 
of 2-3°C, a greater change than has occurred during the past 10,000 
years. One result could be warmer and drier weather in the grain­
growing areas in North America, with all that entails for the United 
States' capacity to feed itself and many other countries . Indeed , it is 
believed that a temperature increase of only l°C could decrease U.S.  
com production by as much as 1 1% (Bryson and Murray, 1977; d' Arge, 
1979; World Meterological Organization, 1979). 

Many of the most important, and most intractable , problems of 
developing appropriate modes of utilization of tropical forest in ways 
that can be sustained have to do with interactions between organisms. 
In the tropics, there is , for the most part, no counterpart to the detailed 
natural history studies that underpin most temperate-zone ecology. The 
intensity of predator-prey and herbivore interactions in the tropics,  for 
example, and their incredible diversity and frequent specialization, 
have led scientists to believe that the direct application of temperate­
zone pest-control methods to the tropics is questionable (Gray, 1974; 
Janzen, 1973a; Lamb, 1974; UNESCO , 1978). There is also concern that 
increases in the roughly 200,000 metric tons of pesticides now applied 
annually throughout the world may cause the destruction of whole 
ecosystems. 

It is also imperative to accelerate the pace of biological inventory in 
the tropics for the potential identification of new kinds of useful and 
injurious plants and animals (Harney, 1979; Myers, 1979a). It would be 
of special importance to inventory members of those groups of or­
ganisms known to be important as herbivores or plant pathogens and to 
find those associated with cultivated plants and their relatives. To cite 
just one example, the brown rice leatbopper (Nilaparvata lugens ), now 
ravaging about a third of the rice crops in tropical and subtropical Asia, 
is virtually unknown biologically.  We know essentially nothing about 
its feeding and behavioral habits,  migration, breeding, or even separa­
tion from related species (Yanchinski, 1978). Its explosive population 
growth appears to be related to changes in rice production in Asia 
associated with the introduction of new rice varieties and new cultural 
methods. The new rice varieties are no longer resistant to the pest, as 
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are the old ones, which had been selected by fanners over many years. 
As a result of the damage done by this leatbopper, coupled in some 
areas with flooding, the government of Vietnam called for international 
famine relief for some 1 .7 million people in late 1978. There are no more 
than a handful of systematists world wide who are competent simply to 
identify individual species of leatboppers, of which there are tens of 
thousands, and which inflict billions of dollars' worth of damage an­
nually .  

The explosive spread of the brown rice leatbopper is  but one example 
of the way in which the clearing of tropical forests and the reduction of 
overall diversity has led to epidemics of various diseases ;  the history of 
trypanosomiasis in Africa provides a classical example of this sort 
(Payne, 1980). 

Whatever their potential economic role , most of the plant and animal 
species of tropical moist forests are highly vulnerable to extinction. Of 
all the biome's  species, it is tentatively estimated that around 70-75% 
are arthropods, the great majority of them insects . Many of these spe­
cies have highly specialized ecological requirements , many exist at low 
densities,  and many are confined to local areas. These three attributes 
alone mean that these species are highly vulnerable to elimination when 
a tract of forest is subjected to the more disruptive forms of conversion, 
even if it is not entirely cleared. Some have the ability , like the brown 
rice leafhopper, to become widespread pests, but most will simply 
become extinct. 

In view of the conclusions reached in recent surveys of conversion 
rates of tropical forests (Myers, 1979a; NRC ,  1980), it is not unrealistic 
to suppose that, within the next two decades,  as many as a million 
species of plants and animals could disappear in these forests , with 
another million likely to vanish during the twenty-frrst century. Extinc­
tion of a species is an irreversible loss of a unique resource. Thus it 
differs from more-common types of environmental impoverishment, 
such as pollution. When water bodies are fouled or the atmosphere is 
contaminated, we can, if we change our minds about the process, clean 
up the pollution. But species extinction is final-and the consequence 
falls not only on present society but also on all generations to come. 
Extinction of a species may have a direct effect on our everyday living. 
Throughout the world, people increasingly consume foods, take medi­
cines, and use industrial materials that are derived from animal and 
plant species in tropical forests. These species' stocks can be reckoned 
among society's  most valuable raw materials.  Any reduction in the 
diversity of our resource base restricts our capacity to respond to new 
problems and opportunities .  

Among plants, for example, two of the most important new crops 
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that became of world importance during the past hundred years­
rubber and the oil palm-have come from tropical forests , and many 
more potential crops are undetected or underutilized. A start in putting 
some of them to use was recently made (NRC , 1975 , 1979). 

The preservation of genetic diversity, both in plants and animals of 
known economic importance and in those for which relevance to 
human welfare is yet to be established, is properly a matter of interna­
tional concern (Ehrenfeld, 1972, 1976; litis , 1972 ;  Frankel and Hawkes, 
1975 ; Pye, 1976; Frankel, 1977; Lovejoy, 1979b). The consequences of 
the loss of potentially important crops and of the loss of genetic diver­
sity in established ones and their wild and weedy relatives may be 
serious (Heslop-Harrison, 1973 , 1974; Hawkes, 1977a, 1977b, 1 979; 
Whitmore, 1980). For example, the immense virus-resistance potential 
of the recently discovered perennial wild maize (teosinte) from Jalisco, 
Mexico, might alone have far-reaching agricultural implications (H. 
Iltis, personal communication, University of Wisconsin, 1980). This 
economically significant plant is now known from an area of less than 
2 ha! 

Considering the fact that less than a tenth of the estimated 150,000 
species of tropical angiosperms have been screened for even a single 
class of chemical compounds, it is reasonable to expect that the remain­
ing plants will ultimately provide numerous new compounds that will 
prove useful in medicine and for other applications (Whitmore , 1975 ; 
Myers , 1976, 1979a). Many more kinds of plants will be found, when 
they have been surveyed , to be sources of products useful for industry, 
such as gums, latex, resins , dyes, waxes, oils,  and sweeteners, not to 
mention new sources of energy (Calvin, 1976; Marzola and Bartholo­
mew, 1979; Myers , 1979a). The uses of native plants by indigenous 
peoples will doubtless continue to be useful in indicating potentially 
valuable ones (Haantjens, 1975 ; Hanlon, 1979). For example, more 
than 260 kinds of plants are known to be used in South America alone 
to control fertility (Moreno and Schvartzman, 1975). Even that kind of 
information, however, is largely ungathered and could disappear with 
aboriginal cultures. 

Finally, tourism both by residents of the countries concerned and by 
foreign visitors constitutes an additional economic argument for the 
preservation of tropical forests and for moderation in the development 
of the remainder (Ehrenfeld, 1972, 1976; Meijer, 1973 ; Whitmore , 1975 ; 
Budowski, 1976; Myers , 1976; Western and Henry, 1979). Tourism 
provides great opportunities for education, leads to an enhanced appre­
ciation of nature, and can be a good source of foreign credit. Scientific 
research could go hand in hand with the development of selected areas 
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for tourism and could be used to provide instructive and interesting 
examples of evolutionary processes. The increased utilization of local 
examples in primary and secondary schools and the development of 
texts based on them would help to increase the appreciation of natural 
forests everywhere. Unfortunately, most available texts offer few 
examples from the tropics.  

In recent years, an enhanced appreciation of what Ehrenfeld (1976) 
has called the "natural art value" of tropical forests, and of nature in 
general, has begun to develop. Many other kinds of values have been 
assigned to tropical forests, and they are well summarized by Poore 
(1978) ; see also Budowski (1976). More and more people believe that 
other species have a right to exist with us on the planet; for example, 
the rapid disappearance of primates is widely regarded as undesirable 
(Thorington and Heltne, 1976; Kavanaugh, 1979). The recent contro­
versy about the right of people to decimate a dwindling population of 
some 50,000 chimpanzees to produce a relatively innocuous vaccine to 
treat a disease that is rarely fatal, hepatitis B ,  illustrates the point very 
well (Wade, 1978). 
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3 
Inventory of 

Tropical Organisms 

A comprehensive understanding of ecosystems must ultimately depend 
on a basic knowledge of the organisms that make up these systems. It 
is necessary that the component species be recognized as distinct units 
if knowledge about them is to be acquired and applied in a meaningful 
way. It has been estimated that there may be no fewer than 3 million 
kinds of organisms in the tropics, of which only about 500,000 have 
been described by taxonomists since Linnaeus established the current 
system of naming organisms. When we consider the extremely limited 
amount of information available concerning such huge groups as most 
insects, mites (Wharton, 1964; Stanton, 1 979), nematodes, and fungi, 
we realize that the actual number may be much greater than 3 million. 
In any case, it is clear that the task of cataloging this diversity is very 
large. The rapidity with which tropical vegetation is now being de­
stroyed suggests that high priority in the immediate future ought to be 
accorded to collecting and identifying species in relation to other 
groups, rather than to exhaustive taxonomic study. Ways should cer­
tainly be found, however, to apply knowledge concerning these or­
ganisms to practical advantage as directly as possible . Basic systematic 
knowledge is of fundamental importance for all purposes,  and the initia­
tion of a crash program for specimen acquisition and rough sorting 
appears fully justified. 

46 
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N U M B E R  OF S Y ST E M ATISTS 

Unfortunately, there are few systematists who are qualified to par­
ticipate in such inventory work. It is estimated that about 250 people in 
the United States are capable of making authoritative identifications of 
at least one group of insects (Sailer, 1969; Knutson, 1978), and there are 
probably not many more than twice that number in the world. By 
analogy, and considering the relative popularity of different groups of 
organisms among systematists, it may be estimated that there are not 
many more than 4,000 such scientists in the world at present. Many of 
these systematists work exclusively or primarily with temperate-zone 
organisms. Probably no more than 1 ,500 trained professional systema­
tists are competent to deal with any of the roughly 3 million kinds of 
tropical organisms, and their actual number may be declining because 
of decreased professional opportunities ,  reduced funding for research, 
and assignment of higher priority to other disciplines. 

These estimates indicate that a high priority ought to be set on train­
ing and support for much larger numbers of systematists oriented to­
ward tropical organisms. At least a five-fold increase in the number of 
systematists is necessary to deal with a significant proportion of the 
estimated diversity while it is still available for study. Governments 
would be well advised to allocate resources in an effort to achieve this 
objective (EsRc, 1977). 

The shortage of systematists can be highlighted clearly by reference 
to particular groups of organisms. We still have a great deal to learn 
even about the best-known groups of organisms, and for most the 
situation is much worse. Some fungi, for example, cause damage cost­
ing billions of dollars annually ; others are beneficial, as in antibiotic 
production or in the maintenance of fertile soils. Despite this , there is 
not a single area in the tropics for which the fungi are even relatively 
well known, and it is impossible to prepare regional accounts for any 
but a very few groups on the basis of collections that are available. How 
many unknown fungi in the tropics are potential pests similar to the 
southern com leaf blight (Helminthosporium maydis), which caused 
over a billion-dollar loss in the U.S.  maize crop in 1970 alone (Tatum, 
197 1 )? Nematodes are plant pathogens of the highest importance, in­
flicting losses comparable with those caused by fungi (EsRc , 1977 ; ABRC, 

1979) ; yet the nematodes of Central and South America, except in 
agricultural situations, are virtually unknown. Native faunas of nema­
todes world wide are rapidly being displaced by introduced forms, and 
many large areas are no longer suitable for a determination of the 
original situation. Freshwater mollusks are well known as intermediate 
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hosts for many of the more important tropical diseases ; yet for perhaps 
a third of the named species of mollusks from South America, we have 
only the original collection and the name of a country or province (A. 
Solem, Field Museum of Natural History, Chicago, personal communi­
cation, 1979). 

Virtually all groups of tropical insects are poorly known. A number 
of insect and other arthropod taxa, such as ants , termites, and bees, are 

of obvious ecological importance ; others , including soil and parasitic 
mites, mosquitoes,  and sandtlies, are well-known vectors of disease. 
Others that might receive special attention include aquatic insects as 
indicator organisms, parasitic wasps as biological control agents , and 
plant pests, such as leafboppers, aphids, tephritid flies, and thrips . Of 
parasitic wasps, for example, there are probably at least several 
hundred thousand species in the tropics, each, so far as we know, 
highly specific in parasitizing a particular kind of insect. Finally , in­
creased emphasis on the study of certain groups that are relatively well 
known, such as butterflies and many beetles,  might be justified because 
of the probability that their study would yield results of scientific sig­
nificance more rapidly than the study of other groups that are initially 
less well known. 

Even among the vertebrates, the best-known group of organisms, 
many species remain undiscovered in the tropics.  It has been estimated 
that as many as 40% of the freshwater fishes of South America have not 
yet been classified scientifically (Bohlke et al. , 1978), and the fishes of 
tropical Asia are poorly known also. As for birds and mammals,  there 
are apparently relatively few undescribed species-a fair number have 
been discovered in recent years-but we know nothing except a name 
and a few localities for many of them. 

Of the flowering plants of the world, basic to the structure of nearly 
all tropical ecosystems, about 1 55 ,000 out of 240,000 species are tropi­
cal, and about 90,000 are in Latin America (Prance, 1977). There are 

probably about 1 5 ,000 species of flowering plants in Latin America that 
have not been named. Others have been named more than once , and 
much revisionary work needs to be done. In addition, many other 
species have been collected only once or a few times, and it is virtually 
impossible to assess their status. For certain areas, such as the Choc6 
in western Colombia, we probably know only about a quarter of the 
species that exist. There could well be as many as a thousand uniden­
tified species of endemic flowering plants in this area alone (A. H. 
Gentry, Missouri Botanical Garden , personal communication, 1 979), 
and it is being deforested as rapidly as most of the other areas in South 
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America. Even for purposes such as establishing "ground truth" for 
aerial photographs, it is essential that botanical taxonomic research be 
intensified (Nielsen and Aldred, 1976). 

METHODS AND CRITE RIA FOR S A MPLING 

For many kinds of tropical organisms, the collections that are made 
within our lifetimes are likely to be the only samples available for study 
in the future. The preservation of such samples, therefore, particularly 
if they are preserved in unusual ways (birds preserved in fluid, frozen 
tissue samples,  and so forth), may be viewed as important simply for 
the sake of preserving for posterity some samples of the diversity of the 
earth as we fmd it now. 

The basic sciences of systematic and evolutionary biology merge 
imperceptibly into service fields of the greatest importance for practical 
environmental work in pollution control, resource use, agriculture , and 
public health (NRC , 1970; Anonymous, 1974a). It is, however, patently 
impossible , given the present organizational systems, for information 
to be made available efficiently for such purposes. For a basic improve­
ment in the situation, it would be necessary to develop sorting centers , 
such as those now in operation for marine organisms and for insects at 
the Smithsonian Institution, to process quickly and effiCiently the ma­
terial that is obtained and put into the hands of appropriate systematists 
(Lachner et al. , 1976). It would be necessary to augment subsidies for 
the operation of the large museum centers of international importance 
so that they could cope with the flow of specimens that would accom­
pany such an accelerated effort. In addition, it is important to provide 
a higher level of support to museums and other centers in the tropical 
countries themselves,  especially to those of the greatest national and 
international significance. The museums that house systematic collec­
tions have a vital role to play in collecting, storing, studying, and 
distributing the large amounts of biological material that will be 
accumulated. The training of indigenous systematic biologists is there­
fore of the utmost significance to this task. 

Acceleration of biological research in the tropics would require elec­
tronic data processing for all aspects of systematic biology so that the 
facts, once ascertained, could be retrieved efficiently. Without it, we 
can hardly expect to learn much about the upward of 2.5 million unde­
scribed species of organisms that occur in the tropics while there is still 
time. Data processing would open the way to development of new 
crops, to the screening of samples for potentially useful natural prod-
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ucts and potentially harmful pests, to a better understanding of the 
functioning of natural ecosystems, and to the wise management, includ­
ing conservation and preservation, of natural resources. 

In selecting ways to approach this vast problem as effectively as 
possible, we must consider many interlocking criteria. Sampling of a 
group of organisms over a very wide area may often yield insight into 
its evolutionary pattern, but it seems that much can be said for intensive 
studies of as many groups of organisms as possible at particular sites. 
Certainly the biota of areas selected for intensive ecosystem studies 
should be sampled quickly for as many groups of organisms as possible. 

In certain other areas-possibly, for example, at selected sites in the 
Amazon Basin-there might be a concentration of biological inventory. 
In this connection, the ecological stations set up by the Special Envi­
ronmental Secretariat of Brazil' s  Ministry of the Interior might serve as 
a comprehensive network for biological inventory. Extensive efforts of 
this sort have long been carried out in Panama and elsewhere by the 
Gorgas Memorial Laboratory and by the Smithsonian Tropical Re­
search Institute, by various branches ofthe French Office de la Recher­
che Scientifique et Technique Outre-Mer, and by other agencies .  These 
efforts should be sustained and, when possible , amplified. 

An example of an organization that appears to have special signifi­
cance for this purpose is the Wau Ecology Institute, frrst established as 
a field station of the Bishop Museum, Honolulu. Located as it is in the 
center of Papua New Guinea in a rich midmontane environment with 
access to a great range of altitudes, it has already been used as a base 
for extensive biological inventory and could well serve as a locus for 
much more extensive efforts by the international biological community 
in studying the rich biota of New Guinea. At places like Wau, many 
groups could be dealt with simuJtaneously, with consequent gains in 
knowledge of the interactions among the organisms. If certain pre­
selected sites were to be studied in this kind of detail , the records could 
be computerized and correlated with records of weather, soils, and 
other important ecological parameters. It stands to reason that the 
samples would facilitate any later effort to build up a comprehensive 
understanding of the structure and dynamics of the ecosystems at such 
sites. 

For certain relatively well-known groups of organisms, or those of 
great actual or prospective scientific or economic importance, acceler­
ated regional surveys might be carried out. Groups to be selected for 
such studies might include the flowering plants , vertebrates, and pos­
sibly certain groups of insects , such as macrolepidopters or beetles .  In 
these groups, the intensive study of particular local areas (Lemee et al. , 
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1975 ; Lovejoy, 1975 ; Dodson and Gentry, 1978; Duellman, 1978; 
Lamotte and Borliere, 1978; Croat, 1979) is of special importance and 
ought to be encouraged along with other broad-scale inventories 
(Gentry, 1978). For many other groups of insects and other organisms, 
it does not seem possible to contemplate bringing a world survey to a 
reasonable state of completion in the foreseeable future. Thus we 
would probably be better off to select a few representative projects and 
concentrate our resources on them, so as to come to know well the · 
assemblages of insects and other organisms at particular places or in 
particular areas (Adis, 1977, 1 979; Wolda, 1978). Janzen's studies ofthe 
entire insect fauna in Parque Nacional Santa Rosa, Guanacaste Prov­
ince, Costa Rica, are illustrative of this sort of approach, as are the 
many studies by scientists associated with sTRI, which have made Barro 
Colorado Island in Panama one of the best-known portions of the 
tropics (Croat, 1979; Montgomery, 1 978). Since the forest canopy is by 
far the richest zone for arthropods, the canopy-fogging and mass­
collecting experiments initiated in 1979 by C. Gene Montgomery and 
T. L. Erwin (Smithsonian Institution, personal communication, 1979) 
at selected sites in the Amazon Basin are of special interest. 

In addition to the gathering of basic systematic information, inven­
tory work in the tropics might include surveys of other features of 
interest, such as potentially useful secondary compounds in plants. 
Such compounds are of both theoretical and practical importance. If 
large numbers of tropical plants are to be tested efficiently and rapidly 
for such compounds, however, the kinds of laboratories envisioned by 
Janzen ( 1977b) must be established and, by international subsidy, made 
widely available. 

How may we improve the quantity, quality, of focus of biological 
inventories in the tropics,  beyond the obvious point that more funding 
is required? First, it is clear that success depends on the activities of 
institutions and of qualified personnel in the tropical countries them­
selves .  The relatively few systematic biologists in temperate countries 
can do little more than make a limited contribution to our knowledge of 
tropical biota during the few remaining years during which part of this 
biota will be present in fairly good condition. Temperate countries can 
contribute substantially to the advancement of knowledge in the area of 
tropical biology by transferring funds, books, and equipment to institu­
tions in the tropics and making available support of other kinds, by 
expediting the access of scientists resident in tropical countries to ad­
vanced training programs in their major tropically oriented institutions, 
and by carrying out programs that make their scientific collections and 
libraries more available. This in tum would help in establishing more-
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adequate means by which resident systematic biologists could con­
tribute significantly to the understanding of the natural resources in 
their own countries.  Projects carried out by scientists in foreign coun­
tries should be cooperative and should be carried out with the aim of 
enhancing the level of biological research in the host countries .  Thus, 
when identification manuals are planned, it should be remembered that 
they are to be used during a 20-year period when perhaps a third of all 
tropical organisms are likely to become extinct; we shall need manuals 
that can be produced quickly for local use, rather than more­
comprehensive works that might require decades for completion. 

Second, the several dozen institutions in temperate countries that 
maintain large collections and libraries concerned with tropical or­
ganisms should seek means to select regional and other priorities to 
enhance the effectiveness of their efforts. Systematic biologists need 
access to the countries of the world, but political considerations often 
make such access difficult. Institutions with regional specializations 
should encourage other institutions to participate in their programs. At 
the same time, by sustained attention to the problems and opportunities 
of specific tropical countries,  scientists in foreign institutions could 
play an effective role in developing the institutions and cadres of 
trained biologists in the countries they visit regularly ; future multiplier 
effects would benefit all. These effects might be accelerated by the 
widespread production of accounts of the plants or animals of particular 
tropical areas-practical handbooks available to foresters, educators, 
politicians, and other concerned groups. There are many who have an 
urgent need for basic information of this kind. 

Specialists traveling widely in the tropics may be able to gain unique, 
firsthand impressions of particular groups of organisms and may even­
tually be in a position to produce important generalizations about them. 
Clearly, however, many of the hypotheses that are regarded as impor­
tant today will be outmoded tomorrow, whereas the results of current 
specimen collecting will be considered important and useful for pur­
poses that we cannot imagine . Wider collecting should therefore be 
encouraged, both by specialists and by those who might accompany 
them. In most circumstances, systematists can expedite the learning 
process if they will work in teams representing two or more scientific 
disciplines. Thus we would expect that a team composed of entomolo­
gists and botanists would accomplish more in a given period than ento­
mologists alone or botanists alone. 

Because of the severe limitations on human resources,  and the ur­
gency of the task, it is recommended that priority be given to biological 
inventory in regions selected on the basis of probable rapidity of disap-
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pearance of the biota involved, their intrinsic interest, and initial degree 
ofknowledge, all considered in the context of political feasibility. Prior­
ity should be given by funding agencies to institutional projects that 
reflect a careful review of the goals of the institution, the criteria men­
tioned above, and the evidence for coordination with other institutions 
and investigators on an international basis. The impact of the project on 
the future enhancement of the capability of the tropical countries in­
volved should be given special consideration in evaluating these pro­
posals. 

For the reasons just reviewed, we propose that national institutions, 
such as the U.S. National Science Foundation, Deutsche Forschungs­
gemeinschaft, the Swedish Royal Academy of Sciences, and the Con­
sejo Nacional de Ciencia y Tecnologia (CONACYT) in Mexico, support 
the production of such inventories, perhaps with the understanding that 
they would be joined by such international agencies as FAO and the 
European Science Foundation. The lack of knowledge is drastic , and it 
is unlikely to be reversed greatly by existing programs. For example , 
there are no current catalogs for 22 of the 25 orders of insects that occur 
in South America, and not a single species list of the ants of any one 
area in the Amazon Basin. There is no country in South America for 
which a reasonably complete flora or checklist published in the twen­
tieth century exists. Flint's  (1971 )  studies of aquatic insects in the 
Amazon Basin revealed that 53 of 55 species of the Order Trichoptera 
of which the obtained samples were undescribed, and a pattern of this 
sort is by no means unusual when tropical faunas are investigated in 
detail. 

EVOLUTIO N A RY S Y STEMA TICS 

In addition to basic inventory activities,  systematists must take the lead 
in determining whether principles already derived from temperate-zone 
examples apply to tropical organisms. For such parameters as the size 
of effective breeding populations, the prevalence of changes in chromo­
some number and structure as evolutionary mechanisms, and the 
importance of hybridization in evolution, we know little about any 
tropical group of organisms. We do not know in detail for any such 
group the patterns of internal or external barriers that separate 
species or occur within their populations (Gomez-Pompa, 1967;  Lowe­
McConnell, 1969;  Whitmore, 1976; Soule and Wilcox, 1980). 

Keeping in mind that roughly two thirds of all kinds of organisms do 
in fact occur in the tropics,  and that only a very few of them have ever 
been studied by any modem method, are we really justified in drawing 
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the kinds of far-reaching evolutionary conclusions that are common­
place in our texts and reviews? 

In any event, greatly improved biosystematic understanding of tropi­
cal organisms cannot await the completion of their basic classification. 
Simply obtaining rough-and-ready classifications for a significant pro­
portion of tropical organisms before they become extinct will be a race 
against time. Therefore, to extend evolutionary theory to the tropics in 
a significant way, it will be necessary to select specific groups of or­
ganisms and to study them in detail. No one investigator could hope 
effectively to apply the many diverse techniques required for a compre­
hensive understanding of any group of organisms at this level. It is 
virtually mandatory , therefore, to think in terms of research teams 
working simultaneously and from many diverse points of view on a few 
carefully selected groups of organisms. 

As an example of the kinds of choices that might be made, consider 
the flowering plants of the Amazon Basin. At a minimum, it would seem 
wise to select examples of canopy trees, epiphytes , and understory 
plants, and to include in each category one or more groups that have 
many diverse species and one or more that have few.  Other selection 
criteria might include distribution with relation to the major habitat 
types of the basin, the relationship of the particular pattern of distribu­
tion to postulated refugia (Simpson and HatTer, 1978), and the kind of 
breeding system. Perhaps such a selection grid would dictate a decision 
to make a detailed investigation of about 10 groups of flowering plants 
with a total of perhaps 300 species in the Amazon region, a small 
number in comparison with the more than 30,000 flowering-plant spe­
cies thought to occur there. Such outstanding and widespread tropical 
plant groups as the figs (Ficus) or palms (Arecaceae) might be espe­
cially suitable. 

Another fruitful approach might be to select genera characterized by 
exceptional diversity, such as the species flocks of fishes in certain 
closed lake basins, Hawaiian Drosophila (Carson and Kaneshiro, 
1976), or the tarweeds (Asteraceae-Madiinae) of the Hawaiian Islands. 
Such tropical groups offer some of the best examples of rapid evolu­
tionary radiation, and their pattern of diversity, as now understood, 
suggests that relatively few genetic changes have resulted through plei­
otropy and other developmental interactions in very large phenotypic 
consequences. A detailed analysis of the genetic factors that are opera­
tive in such groups of organisms, coupled with a comprehensive exami­
nation of features of their anatomy and physiology , is likely to prove of 
great importance in theoretical evolutionary terms. 

We emphasize that such a conscious selection must be made , and 
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detailed investigations carried out on the groups selected, if we are 
really to have any idea of the evolutionary patterns exhibited by 
tropical organisms . Overall surveys of organisms are useful, but neither 
these surveys nor the kinds of relatively superficial biosystematic in­
vestigations that may be carried out from time to time by individual 
investigators can ever add up to a detailed understanding of the mode 
o( evolution of any rich tropical group. The time is simply too short . 

Once decisions have been made to study certain taxonomic groups, 
assistance can be marshaled through existing organizations and institu­
tions to help collect and study these groups. It is of fundamental impor­
tance to this effort, however, that the knowledge gained from field 
studies be quickly transferred into the hands of the persons resonsible 
for the management and protection of biotic organisms within tropical 
parks and reserves.  For example, two centers for wildlife-management 
training in Tanzania and Cameroon now have graduates stationed 
in many African countries (V. C .  Gilbert, National Park Service, 
Washington, D.C . ,  personal communication, 1980). The U.S.  National 
Park Service has an exchange program with the College of African 
Wildlife Management at Mweka, Tanzania, and would provide an ideal 
framework through which to facilitate such transfer of information. 

HISTOR I C A L  STUDIES 

The species richness of tropical forest ecosystems cannot be under­
stood fully without a knowledge of their history. Local variation in 
species richness and gaps in distribution may reflect in part climatic and 
other changes during the Pleistocene. Ultimately the only way in which 
the possible historical component in these patterns can be analyzed 
directly is by the examination of Tertiary and Quaternary fossils. 
Studies already carried out have begun to provide insights into the 
relationship among species richness, local endemism, and modem pat­
terns of distribution, both of communities and of individual species 
(Flenley, 1979). 

With respect to the Tertiary record, much information is already 
available in the restricted files of companies engaged in exploration for 
petroleum. It would be highly desirable if accords could be reached 
whereby the records would be made available for the interpretation of 
the migrations and past distribution of the biota. 

Quaternary paleontological records are derived mainly from recent 
unconsolidated mineral sediments and peats, which must be undis­
turbed to be of maximum value. Irrigation, cultivation, surface mining, 
and a variety of onshore activities are rapidly eliminating suitable de-
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posits that until recently were abundant in the tropi4s .  We recommend 
that a study be carried out to determine areas of si&nificance that are 
especially threatened and that this study outline the steps to be taken 
toward the initiation of a program to obtain boring� at critical threat­
ened sites, as well as to preserve some of the most critical sites. 

PRE SERVATION O F  G E N E T IC RESOURCES 

Systematic biologists should also play major roles in identifying genetic 
resources of critical importance that should be preserved and in helping 
to create the means to preserve them (see Kemp et al. , 1976; Frankel, 
1977; Soule and Wilcox, 1980). A general knowledge of the diversity of 
organisms, in a geographical context, will provide the best guide for the 
selection of reserves.  As Myers ( 1979a) has shown, it will no longer be 
adequate for conservation purposes in the tropics to concentrate on a 
few spectacular species, or even on a few outstanding habitats . A 
prudent approach would instead concentrate on areas of maximum 
diversity, especially on those with a high degree of endemism (Lovejoy, 
1979a). In addition, the expertise of systematic biologists is indispens­
able in identifying groups of organisms of potential economic value and 
in determining strategies for preserving their genetic diversity, whether 
this be in in situ reserves,  seed storage banks (Thompson, 1976), tissue­
culture collections, botanical gardens, or zoos (see Ashton, 1976b). 

Some of the pertinent techniques and approaches to the problem 
have been discussed in detail (Frankel and Bennett, 1970; Soule and 
Wilcox, 1980). A review of the importance of sampling genetic diversity 
for tropical forestry has been provided by Kemp (1978). Veprintsev and 
Rott (1979) argue for the formation of tissue banks, stored in deep 
freeze, for rare and endangered animal species;  similar methods have 
been suggested for plants . Investigation of the potentialities of seed 
banking and tissue-culture collections should be accelerated, but it is 
clear that the establishment of natural reserves affords the best ap­
proach to the preservation of genetic diversity and is the only truly 
practicable one for many organisms (litis, 1972, 1974; Miller, 1975 ; 
Jacobs, 1977 ; Matthew, 1978; Whitmore, 1980). In this connection, 
Myers ( 1979a) has provided estimates suggesting that a relatively high 
proportion of tropical diversity could be preserved if about 10% of the 
biome were set aside in well-chosen reserves. Whether these estimates 
are literally true or not, the effort appears well justified. 

The practical significance of research on genetic diversity is espe­
cially important for maintaining the diversity of domesticated plants 
and animals. Many are being cultivated in rich diversity today, but their 
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diversity is continuously being eroded by the deliberate and continuous 
introduction of new, improved varieties and by the breakup of the 
aboriginal and peasant cultures that husband them. The subsidization of 
traditional agriculture in situ in indigenous, cradle regions, at least one 
for each major crop, which would amount to the "freezing" or preser­
vation of the diverse aboriginal genetic landscape, should certainly 
receive consideration (litis , 1972, 1974). For example , the importance 
of manioc, both as a staple food and as a source of energy, is enormous; 
yet the number of cultivars that exist can only be estimated, and little 
information is available concerning many of them. 

The virtually exclusive concentration by such international agencies 
as FAO on a few selected crops already known to be of value must be 
supplemented by much wider use of additional crops if world food 
stability is to be attained. 

The significance of tapping aboriginal knowledge of wild forest re­
sources is great. Local knowledge of plants will often be the first clue 
to recognition of those that will be useful in pharmacology. There is 
great potential for new forest products, oils,  medicines, perfumes,  in­
secticides, timber, and edible fruits that might be brought into domesti­
cation but are now known only by the aboriginal peoples who dis­
covered them and who continue to use them as an integral part of their 
culture . The tree Brosimum alicastrum is an example of a wild plant of 
great potential utility . Studies concerning the past use of this tree by the 
Mayas and its great potential as a contemporary source of food have 
been carried out by the Instituto Nacional de Investigaciones sobre 
Recursos Bi6ticos in Mexico. If the widespread cultivation of this tree 
could be implemented on a larger scale, it would make a significant 
contribution to food production. It should also be noted that aboriginal 
peoples use and selectively encourage populations of certain animals,  
such as turtles (e .g. , Podocnemis) and capybaras (Hydrochoerus) 
(Ojasti , 1968, 197 1 ;  Ojasti and Medina, 1972), as sources of protein. The 
role of controlled populations of these animals in human nutrition 
clearly deserves attention. Such practices are, however, being lost 
rapidly, and they should be studied while they are still remembered. 

CRIT I C A L  AREAS 

We recommend that emphasis in collecting over the next 5 to 10 years 
be given to certain areas of the tropics that, because of their great 
biological diversity , high levels of endemism, and the rate with which 
their forests are being converted to other purposes , seem to demand 
special attention. Areas now largely untouched and likely to remain so 
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for a relatively long time, though needing study, might serve as base 
lines against which to monitor further changes .  The critical areas we 
have selected are as follows: 

• Coastal forests of Ecuador The moist forest along the base ofthe 
Andes in Ecuador, with associated vegetation types, is extraordinarily 
rich in endemics even though only small areas still exist ( Dodson and 
Gentry, 1978; Gentry, 1978). More than SO new species of higher plants 
have been described during the past few years from the Rio Palenque 
station ( 1 .  7 km2), one of the few remaining areas of tropical moist forest 
in western Ecuador. The study of this forest should be pushed on as 
vigorously as possible. Priority attention should likewise be paid to the 
poorly known, but somewhat less threatened, area that extends north­
ward through the Choc6 of Colombia to the Darien in Panama. 

• The "Cocoa region" of Brazil This zone occupies the south­
eastern extension of the state of Bahia, between the Atlantic coast and 
41°30'W longitude and between 1 3°00' and 1S01S 'S  latitude,  as well as 
a small area near Linhares, farther south in the state of Espirito Santo 
(Mori and Silva, 1979). It covers about 100,000 km2• Within this region 
only a small amount of the forest remains, and aside from a few re­
serves and parks, the rest will be gone within a decade (S. Mori, New 
York Botanical Garden , personal communication, 1 979). It is estimated 
that the roughly 2 million people who inhabit it will double by the frrst 
part of the twenty-first century. The region is extremely rich in en­
demics,  many poorly known, and novelties are being discovered with 
every new collecting effort. 

• Eastern and southern Brazilian Amazon The forests of these 
areas are rich and diverse and are rapidly being destroyed (Aubreville, 
1961).  A number of the refugia that have been postulated on the basis 
of distribution patterns are located in the forests that are being deci­
mated most rapidly. Especially in areas of relatively good soil , such as 
parts of Rondonia, forest farmers are permanently converting largely 
unknown lowland forest to other purposes (NRC ,  1980). The area of the 
Belem forest refugium in the south of the state of Para is an important 
center of endemism in which the forest cover is being removed rapidly. 

• Cameroon Cameroon Mountain is the center of a moist forested 
area extending into adjacent Gabon and to the vicinity of the Cross 
River in southeastern Nigeria, including the Oban Hills. This area is 
characterized by high endemism and rich diversity (Letouzey, 1968; 
Brenan, 1978). The speed with which these forests are being destroyed 
(Myers, 1979b), and the fact that they are the most species-rich of 
western Africa, commends them for priority in study. The " Western 
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Block forests" of Sierra Leone, Liberia, and the Ivory Coast likewise 
deserve priority attention for similar reasons. 

• Mountains of Tanzania Because of the richness of the plant, 
insect, frog, and mammal endemics of the moist tropical forest outliers 
of the Usambara, Nguru, and Uluguru hills of Tanzania and their asso­
ciated ranges, and the related montane forests of Kenya, and the speed 
with which these forests are being destroyed, these areas urgently need 
study (Polhill, 1968; Drenan, 1978; NRC ,  1980). In addition, the dry 
evergreen coastal forest that extends from southeastern Kenya to 
northern Swaziland, and exist as a mosaic in deciduous woodland, are 
rich in endemics and are being decimated throughout the area. 

• Madagascar The highly endemic flora and fauna of Madagascar 
(Humbert, 1927; Richard-Vindard and Battistini, 1972 ; Leroy, 1978) are 
being destroyed rapidly (Raub, 1979). Although the population in mid-
1979 was estimated at only 8.5 million people, it is expected to double 
within 27 years; this contrasts with an estimated population of 2 million 
people in 1900. The rain forests of eastern Madagascar are of special 
interest biologically, were never very extensive, and are being de­
stroyed rapidly. Madagascar represents a museum of the Cretaceous 
and Paleocene biota of Africa (Raven and Axelrod, 1974), and the 
detailed investigation of this biota while it still exists is a matter of the 
highest priority for systematic biology. 

• Sri Lanka About a quarter of the angiosperm flora is endemic ; 
most of these endemics are confined to the wet zone. The forests of this 
zone have been so extensively destroyed, and population pressures are 
so extreme, that the wet forests of Sri Lanka demand prompt attention. 
An exceptional concentration of endemics occurs in the coastal hills of 
the extreme southwest. 

• Borneo The lowlands of Borneo, especially those of Indonesian 
Borneo, are the richest and most threatened block of tropical lowland 
forest in the Malesian area (Jacobs , 1979, and personal communication, 
1979) . For angiosperms , there are some 10,000 species , with 135 known 
endemic genera; a third of the species are trees . Borneo is the main 
center for Dipterocarpaceae (about 260 species) , which are of great 
economic importance. Virtually all genera of fruit trees that are culti­
vated in Indonesia, including Artocarpus, Citrus, Durio, Garcinia , 
Eugenia, Mangifera, Musa, Nephelium, and Salacca, are well repre­
sented in the wild flora of Borneo. In addition, there are high concentra­
tions of species in the Apocynaceae, Asclepiadaceae, Connaraceae, 
Dioscoreaceae, and Menispennaceae, which are extremely promising 
as sources of new compounds of high potential value as drugs. Yet even 
the major patterns of distribution and local endemism for flowering 
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plants are not well known for Borneo, except in a few districts . The 
lowland forest everywhere is being destroyed at such a rate that little 
will be left by the year 2000. Borneo apparently deserves more-urgent 
attention than any other part of tropical Asia. 

• Celebes The lowland biota of Celebes is still rather poorly 
known, and the forests are apt to be destroyed rapidly, given the exis­
tence of transmigration and colonization schemes , widespread letting 
of timber concessions , and large-scale nickel mining. The forests where 
the greatest richness and diversity occur are in the central part of the 
island. The two southern peninsulas of Celebes possess relict forests of 
exceptional interest, some on ultramafic rocks . Celebes is the least well 
collected section of Malesia (Prance, 1977). 

• New Caledonia Nickel mining and cattle raising are steadily eat­
ing into the vegetation of New Caledonia (Raynal , 1979). This island, 
which separated from Australia-Antarctica some 80 million years ago, 
is inhabited by many groups of plants and animals that occurred in 
Australia at that time (Raven and Axelrod, 1972) ; relatively few of these 
have been investigated in detail. New Caledonia contains the most 
archaic assemblage of flowering plants on earth, and about 90 percent 
of its flora, estimated at 3 ,000 species , is endemic. 

• Hawaii There are no specialists who can deal with many of the 
largest groups of invertebrates in Hawaii. The last complete flora of 
the islands was published in 1 888, and no comprehensive guide to 
the native and introduced plants is available. The destruction of the 
Hawaiian environment is proceeding with great rapidity , and consider­
ation has for some time now been given to schemes to replace native 
forests with plantations of such trees as Mexican ash and Australian 
Eucalyptus so that the state could be spared the necessity of importing 
lumber and pulp from the mainland. Such exotic animals as pigs and 
goats are ravaging the vegetation, even within the national parks and 
supposedly conserved areas . The Hawaiian Islands are one of the great 
natural laboratories of evolution in the world, and government agencies 
(federal and state) should work to conserve the biota and provide ade­
quate funds to study it. 
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4 
Studies of Selected 

Tropical Ecosystems 

We have concluded that the best way to develop a comprehensive 
understanding of how tropical forest ecosystems operate is to coordi­
nate studies at a few sites that will receive detailed and continuing 
attention. It is necessary to focus on a few such sites because of the 
considerable expenditures required and the limited number of trained 
scientists who could reasonably become involved. Such concentration 
is intended to provide results in depth. We do not intend, however, that 
the excellent projects of this general nature now under way throughout 
the tropics be impaired in any way. Results from those ongoing projects 
will illuminate those derived from the major ecosystem studies recom­
mended here. What we are suggesting is a major new initiative at 
several tropical sites;  at each of these sites we hope to gain a deeper 
understanding of ecosystem structure and functioning than is available 
anywhere in the tropics.  We have concluded that major expenditures 
for facilities, permanent staff, and long-term ecological monitoring 
coupled with ongoing research at a few selected sites in the tropics will 
contribute profoundly to the progress of tropical ecology as a science 
and accelerate fulfillment of human needs. 

GOA L S  AND GUIDELIN ES 

We want to know how natural systems operate in processing and con­
trolling resource flows, and we want to be able to predict the effect of 
modification, by management schemes,  of the temporal and spatial 
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distribution of ecosystem resources. An understanding of the structure 
and functioning of an array of natural and modified tropical ecosystems 
will provide the basis for predicting the consequences of different modi­
fications of the resources of any given tropical ecosystem type and for 
devising management plans to optimize sustainable resource productiv­
ity. Our aims, therefore, are congruent with those of Project 1 of 
UNESCO' s  Man and Biosphere Program (Anonymous , 1974b, 1976; 
Briinig, 1977; di Castri and Hadley, 1978). 

We propose two guidelines for the study of tropical ecosystems that 
have not been incorporated generally into past studies of tropical eco­
systems. First, each site must encompass a range of primary and 
modified ecosystems,  including cut-over forests , naturally reforesting 
clearings, tree plantations, and various agroforestry systems. Second, 
research on the ecosystem must include an analysis of the roles of 
individual strategy types in processing resources and sustaining pro­
ductivity. Ecosystem studies in the past have frequently focused on 
energy-flow considerations that have tended to reduce the biological 
diversity to large groupings in relation to their food-chain position. 
Similarly, watershed approaches have been concerned with inputs and 
outputs of water and nutrients and their mediation within the system. 
We propose here that both the energetic and watershed approaches be 
utilized in the study of tropical systems but that they be meshed with 
a detailed view of the biology and ecosystem roles of the resident 
population of organisms. A model for such a study is found in Bormann 
and Likens ( 1979). 

If these goals are to be realized, long-term studies are· necessary. For 
example, it is now recognized that nutrient- and water-cycling studies 
on an ecosystem scale must be carried out for decades to give defmite 
answers to certain important categories of questions (Likens et a/. ,  
1977). Meyer and Likens ( 1979), analyzing the long-term records of the 
Hubbard Brook ecosystem project, concluded that such records must 
be kept for varying but often substantial periods of years if they are to 
be used to determine whether the ecosystem is aggrading or degrading. 
Short-term variations, such as those of rainfall and tree fall ,  can give 
misleading results if the ecosystem is monitored for only a few years. 
The dramatic results at the Coweeta Hydrologic Laboratory regarding 
the effects on water yield of changes in species composition from hard­
wood to pine required decades of study (Swank and Douglass ,  1974). 
Studies of redevelopment of ecosystems after clear cutting indicate that 
decades are required before hydrology and biogeochemistry return to 
precutting levels (Bormann and Likens ,  1979). If significant results are 

to be achieved, periods of similar length will be required for the studies 
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recommended here. This conclusion underscores the need for long­
term stability of funding and the creation of suitable management 
schemes for the continuing long-term research and monitoring at the 
sites selected. 

The high-priority research topics identified in this chapter would, if 
imaginatively explored, provide a greatly improved understanding of 
the dynamics of tropical forests . Knowledge gained would be useful in 
solving a variety of practical problems, ranging from those encountered 
in designing and managing ecological reserves to those encountered in 
designing agroecosystems. More specifically, the goals would include: 

• Obtaining information about the adaptive responses of biota to 
some of the richest terrestrial environments of the world before the 
opportunity for study is lost . 

• Identifying ecosystems (and elements therein) that are found to be 
most urgently in need of conservation and preservation by reason of 
(1)  the need to prolong the period available for studying the ecological 
basis of the environment and (2) the need to store valuable germplasm 
in situ. 

• Providing an ecologically sound foundation for assessing and 
managing the secondary ecosystems that cover most of the tropics. 

• Utilizing natural regenerative capacities to restore degraded soils 
and improve watershed management. 

• Finding ways to use the potential productivity of tropical -eco­
systems to serve the needs of mankind without jeopardizing their pro­
ductive base. 

Traditional approaches to the study of complex ecosystems have 
answered different questions about them. Included are nutrient flows 
and cycling, species richness , ecosystem energetics,  and ecosystem 
stability. The research topics that we have selected are those that we 
consider most relevant to the goals discussed earlier in this chapter. We 
have given high priority to topics whose applications to important 
management problems are most obvious.  People are engaged in agricul­
ture in the vicinity of all the sites identified for detailed ecosystem 
studies. Consideration of their agricultural practices in the context of 
the kinds of studies proposed, conducted in coordination with agricul­
tural scientists, would be both instructive theoretically and useful in 
formulating productive agricultural systems for the respective regions 
under consideration. 

A number of recent successes and promising beginnings have been 
reported in this field. We shall mention just a few as examples. 
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Multiple cropping in many tropical areas has been shown to produce 
higher yields (Bradfield, 1972; Innis, 1972; Trenbath, 1974). In Nigeria, 
Bede Okigbo of the Institute of Tropical Agriculture is studying, with 
considerable success, possible uses of native trees and shrubs for 
human and animal food; his work may have wide applicability else­
where. In Venezuela, Zucchi ( 1975) has suggested that the pre-Hispanic 
system of raised fields is more productive than the European style of 
cultivating large , flat surfaces . Likewise , the research efforts of the 
Colegio Superior de Agricultura Tropical (csAT) , State of Tabasco, and 
the Instituto Nacional de Investigaciones sobre Recursos Bi6ticos 
(INIREB) , State of Veracruz, Mexico, aiming at the introduction of chi­
nampalike raised fields in southern Mexico (G6mez-Pompa, 1978; 
Gliessman, 1979; Orozco-Segovia and Gliessman, 1979) and of systems 
of irrigation in the highlands of Chiapas (see Matheny and Gurry, 1979) 
are well worth pursuing. Analogous methods of terracing and irrigation 
have been used traditionally in areas of Southeast Asia and probably 
could profitably be applied elsewhere. In general, the search for al­
ternatives that employ and support more families than, for example, 
beef production is important and should be actively pursued. These and 
other methods should all be examined in terms of energy relationships 
and other ecosystem parameters, and the results should be dissemi­
nated as widely as possible for the benefit of all. In this respect, the 
First Conference on International Cooperation in Agroforestry, held in 
Nairobi, Kenya, in July 1979, clearly signaled an institutional revival of 
interest in the practice of shifting cultivation and other traditional prac­
tices world wide, in connection with their wider application and im­
provement. The systems used are extremely varied, and we have but 
limited understanding of their dynamics (see Bergman, 1974; Ruddle, 
1974; Smole, 1976). An in-depth understanding of them is fundamental 
to the application of ecosystem research to the development of tropical 
agriculture in the future. 

SELECTION OF RESEARCH SITES 

In considering potential sites, we have given high priority to those that 
are representative of biomes that are in most immediate danger of 

· extirpation, highly diverse, located in countries with a history of sup­
port for activities of this sort, and logistically convenient. This is also 
the objective of the international Man and Biosphere Project 8, which 
focuses on the development of a world-wide network of protected areas 
for long-term ecological research and monitoring (UNEsco, 1974) . . 
UNESCO and United Nations Environment Programme (UNEP) are cur-
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rently developing plans for pilot environmental monitoring projects in 
selected biosphere reserves (V. C. Gilbert, personal communication, 
1980). Thus the research sites recommended in this report should be 
considered for such pilot projects, if appropriate. We have in general 
used criteria similar to those advocated for experimental ecological 
reserves in a report prepared by The Institute of Ecology (TIE) for the 
U.S. National Science Foundation (TIE, 1977) .  

With these factors in mind, we propose sites in two New World wet 
tropical forest regions that occur on soils of widely different fertility, a 
site in Southeast Asia that would permit study of very rich forest in 
which representatives of the plant family Dipterocarpaceae are espe­
cially prominent, and a site in one tropical diciduous forest, a biome 
that is being altered even more rapidly than tropical rain forest. This 
is taken as a minimum number of sites at which to begin these 
investigations. 

Several other kinds of sites are appropriate for detailed ecosystem 
studies of the kind we envision. Puerto Rico and Hawaii are important 
as two different kinds of island ecosystems, one more or less conti­
nental and the other oceanic. The great savannas of East Africa, with 
their impressive and diverse herds of grazing and browsing mammals,  
constitute an outstanding tropical biome. Other grassland areas , such 
as the llanos of western Venezuela and eastern Colombia, the cerrados 
of Brazil, and the savannas of West Africa (which have been well 
studied by generations of ecologists), also command attention. Con­
tinued and increased attention should be given to the Barro Colorado 
Island field station of the Smithsonian Institution, which has perhaps 
the most comprehensive inventories of any tropical area. A limited 
monitoring program of physical and biological parameters in a single 
watershed on this island was initiated in 1974. Ecosystem-oriented 
studies should continue in all these areas and will contribute signifi­
cantly to our understanding. Nevertheless, we concluded that the four 
areas mentioned in the preceding paragraph should have top priority. 
They are chos�m for compelling reasons.  

Infertile New World Moist Lowland Forest 

An excellent beginning has been made in understanding the dynamics 
of this ecosystem type. In 1974, the Institute of Ecology, University of 
Georgia, in conjunction with the Centro de Ecologia, lnstituto Venezo­
lano de Investigaciones Cientificas, Caracas, and the Max Planck In­
stitute fUr Limnologie, Plon, Federal Republic of Germany, initiated an 
ecosystem project near San Carlos de Rio Negro in southern Venezuela 
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to test some of the hypotheses about tropical rain forest productivity 
(Klinge et al . ,  1977; Medina et al . ,  19n;  Herrera et al . ,  1978b; Jordan 
and Medina, 1978). The investigations at this site, conducted under the 
aegis of UNEsco's Man and Biosphere Program, have been confmed 
largely to the dynamics of nutrient cycling. San Carlos is hard to reach 
except by air. The committee decided that a lowland forest site on 
infertile soils should be selected elsewhere, preferably on the te"a 

firme of the central Brazilian Amazonia, and that the results obtained 
at San Carlos should be applied there. Certainly selected efforts should 
be continued at San Carlos, and the site should be maintained for these 
purposes. 

Fertile New World Moist Lowland Forest 

An excellent site is available at Finca La Selva, a site of some 730 ha 
in the Atlantic lowlands of Costa Rica. Owned by the Organization for 
Tropical Studies (oTs), a consortium of 26 universities and research 
institutions in Costa Rica and the United States ,  La Selva has been the 
site of detailed studies for more than 25 years (Frankie et al. , 1974a, 
1974b). More than a hundred papers have been published on various 
aspects of the systematics and ecology of the plants and animals of La 
Selva. Initially this reserve was the locus of studies on plant ecology 
and succession by L. R. Holdridge, G. Budowski, and their associates, 
and later a primary site for oTs activities and hundreds of diverse 
studies in evolutionary biology. With the decision of President Rodrigo 
Carazo of Costa Rica (June 1 8, 1979) to extend Parque Nacional Braulio 
Carrillo to the borders of Finca La Selva, there is now available for 
long-term study an unrivaled elevational transect of diverse forest ex­
tending from 45 to more than 2,900 m above sea level. This extensive 
park of 50,000 ha encompasses most of the habitats characterisitc of the 
Atlantic slope of Central America. Much disturbed and cultivated land 
immediately adjacent to the La Selva site is available for experimental 
manipulation, and the area appears ideal for the sort of long-term moni­
toring and ecosystem study we envision. The development of the La 
Selva Field Station as a major center for long-term ecological research 
to accommodate 50-60 persons has the full endorsement of the oTs and 
of the government of Costa Rica, the latter expressed in a letter of 
September 17, 1979, from President Carazo to President Jay M. Savage 
of oTs. 

La Selva and the extension of Parque Braulio Carrillo illustrate 
clearly the way in which knowledge about an area can lead to its 
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preservation, with consequent opportunity for obtaining further knowl­
edge in the future. The large number of studies conducted in this area, 
and in Costa Rica generally, have had an obvious and important impact 
on the enlightened conservation policy of the country, which in turn 
will permit greater flexibility in future choices for development. 

Southeast Asian Lowland Forest 

A meeting of biologists from throughout tropical Asia was held in 
Bangkok, Thailand, in September 1979, under the auspices of our com­
mittee, to consider the choice of a research site in the region. It was 
decided that Gunong Mulu National Park in Sarawak is clearly 
outstanding on scientific grounds. This area probably constitutes one of 
the most diverse sites in the lowland tropics,  with an annual rainfall 
exceeding 4,000 mm and no monthly mean less than 100 mm. It extends 
in elevation from 100 to 2,500 m and includes large areas of primary 
forests on podsols, gleys and peats, yellow podsolic and latosolic soils, 
and limestone. Mulu was recently the object of a study by more than 70 
scientists participating in a year-long expedition of the Royal Geo­
graphical Society of London. Results were presented in a symposium 
in London in September 1979. 

The committee selected Mulu as the ecosystem site of preference in 
tropical Asia and recommended that negotiations be initiated to secure 
it as an international rain-forest site for long-term studies.  Although 
access is by plane and river at present, a major east-west highway 
is scheduled for completion by 1985 and will extend through the 
northern plains of the park. If for some reason Mulu cannot be estab­
lished as a major ecosystem site, sites in Sumatra or Thailand might be 
considered. 

New World Deciduous Forest 

The Estaci6n de Biologia at Chamela, Jalisco, Mexico, which belongs 
to the lnstituto de Biologia of th: Universidad Nacional Aut6noma de 
Mexico, has been selected as an appropriate site for long-term eco­
system studies of tropical deciduous forest. 

This well-protected site of about 1 ,600 ha is representative of a biome 
distributed from southern Sinaloa in Mexico to central Costa Rica, all 
along the Pacific Coast slopes , from sea level to altitudes of up to 500 
m, and is similar to areas of cerrado and cerradao in Brazil. It is also 
represented in parts of Africa and Asia. This biome is undergoing 
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extremely rapid deterioration throughout the world under the impact of 
rapidly growing human populations and, among other factors, the de­
mand for beef, the latter particularly in the Western Hemisphere. 

The site at Chamela has a forest composed of neotropical elements, 
most of them ultimately of South American origin, of relatively high 
diversity (some 90 woody plant species per hectare) growing on sandy, 
shallow granitic soils. Average annual precipitations are in the order of 
1 to 1 .2 m, concentrated in only S to 6 months of the year (namely June 
to November), the rest of the year being almost completely dry . 

Several studies have been under way since 1973 at the Chemela site, 
both detailed studies of the main forest components (e.g. , demographic 
studies of Cordia elaeagnoides) and whole-community studies , such as 
those of temporal and spatial patterns of leaf-litter production (now on 
its fifth year) and leaf-litter decomposition rates, analyses of mineral 
content of rainfall, throughfall, and leaves of the main plant species and 
of growth rates of some of the more important trees of the forest, 
studies on aging of some species, and recently a study on the impact of 
herbivores on plant productivity of the forest. Basic studies on the flora 
and fauna of the biome have been done in different degrees of detail and 
are intended to be completed by 1981 . Several theses resulting from 
these studies are being prepared and will be published in late 1980. 

The Estaci6n de Biologia Chamela is accessible all year by paved 
road. It has housing and laboratory facilities that will be enlarged during 
1980 and 198 1  to accommodate some 2S to 30 visiting scientists in 
addition to the permanent research staff of the station. Electricity (and 
a back-up generator) and radio communication are available. 

It is to be hoped that analogous studies may be carried out at 
Sakhaerat, Thailand, an area of dry deciduous and dry evergreen forest 
with excellent facilities with about 1 .2-m mean annual rainfall and a 
6-month dry season. Extensive studies have already been conducted at 
Sakhaerat that in many ways will be directly comparable with those 
under way and envisioned for the future at Chamela. 

OBJECT I V E S  OF T H E  T ROPIC A L  ECOSYSTEM RESEARCH PROJ ECT 

We envision a need at each station for long-term ecological research in 
order to provide basic background information against which other 
studies would be compared. We also assume that biological inventories 
would be especially intensive at and around each site and that studies 
related to freshwater habitats, soils, and human populations would be 
carried out in the vicinity whenever possible. It would be highly desira­
ble if the sites selected for intensive investigation could be adjacent to 
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or, better, surrounded by, MAB biosphere reserves and parks, so that 
research at them could be continued far into the future. 

The physical environment is the prime independent variable to which 
biological interactions need to be related. Input from the physical envi­
ronment is then modulated by living organisms and influences their 
adaptations and the ways in which they interact with one another. In 
general, the physical measurements we recommend at each site are 
those summarized in a series of reports on long-term ecological re­
search prepared for the U.S.  National Science Foundation (National 
Science Foundation, 1977, 1978 ; The Institute of Ecology, 1979). These 
measurements should include determination of macroclimatic data, 
geological mapping, and soils and sediments mapping, all of which 
should be carried out as part of the initial background work at each site. 
Subsequently, a continuous program of monitoring physical variables 
should be developed, providing estimates of central tendency,  short­
term variability, and extreme conditions for each parameter at several 
diverse stations within each site . The methods and recommended mea­
surements of physical parameters and of chemical, terrestrial, atmo­
spheric, and aquatic measurements, as well as suggested uniform pro­
cedures for storing samples for further investigation, are summarized in 
the reports cited above. We want to emphasize the extreme urgency of 
initiating such studies in the tropical regions of the world, where the 
environment is changing much more rapidly, and with even more far­
reaching potential consequences, than in the United States ,  on which 
the reports mentioned are focused. 

For each area we need maps of the surface geology, topographic 
features,  and soils of the region. Because of the important roles that 
rare catastrophic events may play in ecosystem properites,  it is impor­
tant to make detailed measurements following any such events to deter­
mine changes in all physical and chemical parameters . 

An important method for integrating data on diverse ecological pa­
rameters is the small-watershed technique (Likens et al . ,  1 977; 
Bormann and Likens, 1979). The utilization of small watersheds as 
basic units of ecosystem study provides a meaningful way of bringing 
together data on hydrology, biogeochemistry, weathering, and bio­
logical activities within the ecosystem. Where feasible , it would be 
desirable to employ this technique. 

Because of the importance of being able to compare measurements 
made in different locations and at different times, standardization of 
measurement techniques is vital. Measurements should allow for sepa­
ration of unidirectional and cyclic changes by tim�series analysis and 
detection of any time lags in reponse to external influences . It is of great 
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importance that the sampling plots be permanent. Studies of these 
kinds have generally been rare in the tropics, but there are a few 
examples (Windsor, 1976). 

RECOMMENDED SUBPROJECTS WITHIN THE ECOSYSTEM RESEARCH 

PROJECT 

An integrated view of ecosystem dynamics can arise only from in­
vestigation of a number of interrelated focal areas, here treated as ' 
subprojects within the overall scheme. The following subprojects are 
recommended: 

• Water and nutrient cycling This subproject would be concerned 
with quantifying the temporal and spatial distribution of the physical 
resources within the natural and modified systems. It would include, in 
particular, water and nutrients in their various states in the atmosphere, 
soil, and biota. 

• Ecosystem energetics This subproject would be concerned with 
quantifying the temporal and spatial distribution of energy within the 
natural and modified systems. It would entail measurements of compo­
nents of solar radiation as well as of the productivity and standing crops 
of plants and of various plant parts and of the organisms that feed on 
them. It would assess the quality (both energy and chemical content) of 
plant components for various herbivore groups. 

• Physiological plant ecology This subproject would be concerned 
with determining the mechanisms by which plants acquire and allocate 
carbon, nutrients, and water resources in tropical ecosystem5. 

• Herbivory The utilization by animals of living plant parts con­
stitutes the largest junction in the transfer of energy from plants to other 
trophic levels in the ecosystem. Pollination systems constitute one 
important subset. 

• Higher-order food webs The higher-level interactions, involving 
the influence of carnivores and parasites, play a m�or role in structur­
ing ecosystems. 

• Dynamics of microhabitats and patches Patchiness in space and 
time can trigger complex patterns of invasion, growth, and extinction 
within and among patches. 

• Soils research Characterization of the soils in areas of undis­
turbed vegetation, and of the ways in which they are changed after the 
removal or modification of the vegetation, is essential to an understand­
ing of ecosystem functioning. 
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It i s  anticipated that all these studies would be carried out at each of 
the ecosystem sites, ideally in a watershed ecosystem, although the 
emphasis would vary in relation to the questions being asked and the 
opportunities locally available. 

· 

Water and Nutrient Cycling 

A fiU\ior comparison among tropical ecosystem studies is between the 
relatively nutrient-rich soils characteristic of recent volcanic and some 
riparian situations and the nutrient-poor soils characteristic of regions 
having ancient, deeply weathered bedrock or oligotrophic sediments. 
There are, of course, soils of intermediate fertility, but there are large 
regions with either ancient or fairly recent soils. Although striking 
differences are to be seen in the ecological communities found under 
those contrasting conditions, some results from undisturbed eco­
systems suggest that the rate of plant biomass production in the poorest 
tropical soils is about the same as it is in the richest (Ashton and Briinig, 
1975). It is of great theoretical and practical importance to understand 
these relationships better. 

To compare ecosystems or generalize about their nutrient cycles, the 
most important questions need to be posed. One important issue con­
cerns species diversity and its relationship to disturbances ; observed 
changes in species diversity may be important indicators of other 
changes. Another important question concerns the significance of the 
tightness of nutrient cycling. This is usefully measured by the recycling 
index (Finn, 1976, 1978), and it is an example of one way in which to 
begin to explore these problems. It is an index of the ratio of the amount 
of nutrients recycled in an ecosystem to the amount moving straight 
�.Jrough. A recycling index close to zero means there is little recycling 
of nutrients in an ecosystem, and an index of one indicates total recy­
cling. Although the use of this index tends greatly to oversimplify the 
situation studied, it does offer certain advantages. 

In the oligotrophic forest of the Amazon Basin, recycling is very high 
in comparison with straight-through flow. Several mechanisms con­
tribute to the high recycling, including (a) the mat of humus and roots 
on top of the mineral soil that rapidly absorbs nutrients released by 
decomposition or brought in by throughfall (Jordan and Stark, 1978; 
Stark and Jordan, 1978) and is a buffered system that maintains the soil 
water at a low pH, thereby inhibiting loss by microbial activity, espe­
cially nitrification (Jordan et al . ,  1979) ; (b) epiphytes growing on leaves 

. and bark that act as exchange columns for the nutrients in precipitation, 
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and fiX nitrogen, thereby increasing the nutrients available to the forest 
(Jordan et al . ,  in press) ; (c) the thick bark of some of the trees that 
inhibits leaching by stem flow (Jordan and Uhl, 1978 ; Jordan, 1 979). 
The generally sclerophyllous leaves reduce nutrient losses because of 
their longevity, strong chemical and mechanical defenses against herbi­
vores, and resistance to leaching of nutrients (Janzen, 1974b; Medina et 
al . ,  1978). The surprisingly high productive capacity of the undisturbed 
Amazon ecosystem, when the infertility of its soils is considered, un­
doubtedly is due to the high internal nutrient recycling. 

The recycling index also is applicable to the study of water budgets. 
A high recycling index for water has the same significance as a high 
recycling index for nutrients. Villa Nova et a/. ( 1976) and Salati et a/. 
( 1978) have reported that in the Amazon Basin about half of the water 
that falls on the basin is transpired and again falls over the basin. The 
rest runs off to the ocean. Thus the recycling index is about 0.5 .  In 
contrast, Budyko (1974) has estimated that in much of the rest of the 
world only about 12% of the rainfall comes from ecosystems within the 
region. 

Priority research needs in tropical agriculture deal with some aspects 
of these same problems. Indigenous agronomists and agriculturalists in 
the tropics have learned to some extent to manage ecosystems for 
subsistence by returning a part of the aboveground biomass , such as 

forest, back to the ground as ash to enhance its productivity for annual 
crop production, and this is followed by regrowth of the forest fallow 
(Pelzer, 1 978). When populations attained levels above the capacity of 
the system to support, them, however, environmental deterioration 
was often correlated with nutrient loss (Deevey et al. , 1 979) . 

Ecosystem Energetics 

The amount of energy captured by green plants is dependent on the 
radiation impinging upon them as well as the amount of nutrient and 
water resources available. Annual solar radiation incident at the surface 
of the earth's atmosphere increases from the poles to the equator, but 
radiation incident at the ground or forest canopy in the tropics is modi­
fied and reduced by the greater thickness of the atmosphere itself 
toward the equator and by the prevalent cloudiness of the humid 
tropics. Actual incident radiation is measured at few sites in the humid 
tropics , yet this must be considered the ultimate determinant of produc­
tivity . An understanding of the way in which this incoming energy is 
transferred and stored in nature , and its adaptive significance in terms 
of growth rates, reproductive potentials , defenses against predation 
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and disease , temperature, and water balance , is also vital to the devel­
opment of sustainable productive agriculture . 

The relatively few available estimates of the primary productivity of 
tropical forests vary greatly .  They are mostly based on inadequate and 
unreplicated samples or on extensive surveys yielding approximations 
the confidence limits of which are unknown; the detailed studies of 
small samples in lowland Malayan rainforests , extended by Kira and his 
co-workers to large stands through allometry, are a noteworthy excep­
tion (Kato et al. ,  1 978 ;  Kira,  1 978 ;  Yoneda et al. ,  1 977). Many more 
determinations are needed to resolve the patterns adequately. There is 
now some doubt about whether natural tropical forests are indeed as 
productive as once believed, and more data bearing on this central 
question are needed. 

Studies on productivity of tropical systems need a broader base, 
however. We need to know how the energy-capturing capacity of natu­
rally disturbed and man-modified systems can be not only assessed but 
manipulated in the interest of preservation of natural ecosystems or 
others that can produce higher sustained yields of useful products . 

We need to know total biomass accumulation rates for our experi­
mental array as well as biomass decay rates to resolve the critical 
question of whether tropical forests or the modified variants are 
sources or sinks for atmospheric C02• A comparison of natural forests 
versus successional states would be invaluable in this context. 

Although there are a number of important questions that can be 
answered by studying the productive components of tropical eco­
systems in the traditional manner-that is , by considering the produc­
tivities of the basic units of producers , consumers , and decomposers­
there is great merit in taking a more refined approach. It is only through 
understanding the productive capacity of individual species that deci­
sions to favor one species over another c-;n be made. This single­
species approach is described further in the statement on the physio­
logical ecology subproject. 

Generally, studies of productivity lump all organisms into one or 
the other of the major trophic classes , and they often fail to consider 
seasonal variation in total production and also variation in the different 
parts of the same organism. It is such fine detail , however, that ulti­
mately determines the entire structural and seasonal dynamics of an 
ecosystem. In studies of productivity of tropical systems , we need to 
know what types of new leaves ,  flowers , and fruits are produced, how 
many are produced, and when. These details control the numbers , 
kinds , and life cycles of herbivores and pollinators within a system. 

Studies of primary production need to be extended beyond the usual 
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measures to include estimates of allocations to reproductive efforts 
(nectar, pollen , fruits , seeds) , extent of losses that are due to high 
nocturnal respiration by plants , and consumption of tissues by animals. 
The relative scarcity of frugivores in tropical forests on nutrient-poor 
soils may indicate that, although allocations of energy to wood and leaf 
production are sufficient to maintain growth rates similar to those exist­
ing on nutrient-rich sites , allocations to reproductive effort may be 
much lower. This may account for much of the difference between 
overall productivity and the part of productivity usually measured in 
energetics studies . By carefully integrating nutrient-cycling and ener­
getics studies with those concerning utilization of plant tissues by 
animals,  we can substantially improve our understanding of tropical 
forest dynamics . 

One other dimension of the studies of the primary productivity of 
tropical ecosystems that needs considerable emphasis is the quality of 
the biomass produced. It has become obvious in recent years that 
plants produce an array of secondary chemicals that serve as protectors 
against various herbivores and pathogens. Thus, to predict how much 
energy is available for a particular consumer, we must know more than 
the amount of biomass produced, its energy content, and the season­
ality of production; we must also know the chemical nature of the 
product. A study of the secondary chemistry of plant products is an 
essential part of the energetics subproject and of the regeneration part 
of the physiological ecology subproject. 

Physiological Plant Ecology 

Knowledge of the physiological ecology of tropical plants is necessary 
for our understanding of the functioning and management of natural 
tropical ecosystems as well as plantation and agroforestry systems. 
Physiological ecology is concerned with determining how organisms 
acquire and allocate resources in specific environmental complexes. 
Such information tells us the principal adaptive modes of any organism, 
and it can also be used to predict species interactions (e.g. , seasonality 
of allocation in a producer indicates resource-availability patterns for 
herbivores). 

Although some information is available concerning the ecophysiol­
ogy of tropical crops (see Alvim and Kozlowski, 1977), our knowledge 
of the acquisition and allocation patterns utilized by tropical plants is so 
limited that virtually any research effort will result in valuable new 
information (Sarukhan, 1979; Mooney et a/ . ,  1980). However, some 
simple guidelines can direct us to the highest-priority research direc-
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tions. First, organisms utilizing a given resource base and having com­
parable life forms--e.g. , canopy emergents or understory herbs-may 
have similar generalized resource capture and allocation patterns. 
Hence initial research programs might have a life-form group focus 
rather than a taxonomic focus. Concentrated studies on representative 
life-form types can give us a broad understanding of the principal adap­
tive possibilities. An example is the significance of crown-stem di­
ameter ratios to growth rates in shade-tolerant and shade-intolerant tree 
species. Second, research obviously should concentrate on acquisition 
and allocation processes related to the resources most limited in the 
study environments. For some tropical humid systems, this means a 
study of the mechanisms in the capture of nutrients and light, whereas 
in others, such as in savannas and tropical deciduous forests, mecha­
nisms related to efficient use of water must be studied, as well as 
nutrients. Finally, a focal point for priority research should be the 
life-history event most critical to establishment and regeneration. 

The specific research priorities recommended for the study of the 
physiological ecology of tropical plants are as follows: nutrient balance, 
regeneration potential, and carbon dioxide exchange, as well as the 
establishment of improved research facilities. 

Nutrient Balance One of the highest-priority research needs is the 
study of the nutrient balance of individual species representative of the 
total array of plant-life forms found in sites of differing nutrient availa­
bilities. The balances in the plant-soil-microbial association needs 
study, with an emphasis on N, P, S, Mg, and Ca. 

The low soil-nutrient stores and high acidity of most moist tropical 
regions have presumably led to unique adaptive features of the plants 
that inhabit these regions. Are there plants with 

• unusual fixation or nutrient-uptake capacities? 
• mechanisms that lead to tight internal recycling? 
• high tolerances of elements such as AI or Mn? 
• novel nitrogen-fixation associations? 

Answers to such questions could help in developing management 
programs for tropical moist regions and provide information that would 
help in making predictions about the consequences of specific distur­
bance events . In addition , such information would provide guides for 
selection for potential agroforestry species for soils with low P, high 
Al+3, and so on. 

In tropical areas with more-limited moisture (e.g. , deciduous forest 
\ll1(l savannas), the following nutrient relationships need study: 
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• Nutrient allocation to storage in relation to fire. 
• Interactions of nutrient and water balances. 

Regeneration Potential An important topic that needs considerably 
more attention concerns the factors involved in the regeneration 
potential of tropical plants. Although considerable work has been done 
on the populational aspects of the reproductive biology of tropical plant 
species, information on the physiology and adaptive morphology of 
reproduction is seriously inadequate. This information is of basic inter­
est as well as of central importance in reforestation and in the analysis 
of the impact of perturbations. We need information on: 

• The environmental triggers for reproduction; the relationship of 
resource levels to the timing of flowering and dormancy. 

• Regenerative capacity of different growth forms ; the types and 
functions of reserve meristems. 

• Adaptive significance of various morphological seed types; nature 
and extent of seed reserves ; consequences of the lack of dormancy in 
seeds of many species of the tropical everareen forest. 

• Carbon, water, and nutrient balance of seedlings. 
• Mechanisms of protection of seeds and seedlings against 

predators. 
• Methods of establishing mycorrhizal associations. 

Carbon Dioxide Exchange There is an urgent need for more-detailed 
information on the carbon dioxide exchange rates between the atmo­
sphere and individual tropical plant types as well as for whole eco­
systems and their components. 

We have identified these specific research needs: 

• Mechanisms for frugal carbon dioxide exchange in understory 
plants. 

• Mechanisms for gas exchange of flooded everareen species under 
anaerobic conditions (e.g. , varzea in flood season). 

• Mechanisms of acclimatization to changing light regimes 
(emergents). 

In addition, there are more-general research needs having to do with 
the relationships among growth forms, photosynthesis and nutrients, 
water, and light resources. Concurrent studies of respiration and 
carbon-allocation patterns would provide an analysis of the total pos-
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sibilities of water-, light-, and nutrient-use efficiencies. This informa­
tion is central to an understanding of the controls on plant regeneration 
and distribution. Further, such information provides the basis for pre­
dictions of responses to perturbations and for developing management 
potentials and policies for various agroforestry systems. 

Temperature Relationships A number of questions related to the 
interaction of temperature and tropical plants need study: 

• The basis for and significance of differing chilling sensitivities of 
plants.  This is particularly important in tropical highlands. 

• The relation between respiration rates in highland species (which 
occur where the nights are cool) and species in lowland areas. 

• The basis of the reported mid-elevational peak in ecosystem pro­
duction in tropical regions (Fournier, 1969;  Janzen, 1973b, 1973c). 

• How the apparent lack of spatial and temporal thermal gradients 
affect the metabolism of tropical species, especially in relation to repro­
ductive biology. 

Research Approach A research approach combining an analysis of 
the responses of plants under natural conditions with an analytical 
phase to determine the biochemical, physiological, and structural basis 
for the observed responses (to be carried out both in the field and in the 
laboratory) should yield the most fundamental understanding of the 
adaptive characteristics of tropical plants. 

A facility needs to be established that would satisfy the requirements 
for the analytical phase of this project. In particular, facilities must be 
available for the growth of experimental material, in addition to suitably 
equipped laboratories. Puerto Rico is the most promising site for such 
a facility from a number of points of view since laboratories and tropical 
research groups already exist there and a wide range of community 
types is available for study; these types extend from undisturbed 
nutrient-poor montane rain forest to a variety of plantations, and from 
monoculture (sugar cane) to mixed agriculture (coffee and small garden 
plots). Further, a strong ecological base has been provided by the 
pioneering Luquillo Experimental Forest study (Odum, 1970). This 
forest has been designated a U.S. Biosphere Reserve and an Experi­
mental Ecosystem Reserve (The Institute of Ecology, 1977), making its 
use for these purposes especially appropriate. 

It is anticipated that many of the detailed analytical studies requiring 
sophisticated laboratories for physiological ecology would take place at 
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the center in Puerto Rico, with proper application to and input from the 
other designated sites (i .e . , Chamela, La Selva, and others) involved in 
the tropical ecosystem study.  The construction of hypotheses based on 
initial observations would make possible precise experimental studies 
at the other sites . 

Herbivory 

Living plants present a richness of food resources for animals and 
fungi . For convenience , plant parts can be grouped into wood and 
roots , leaf parts , floral rewards, and fruits and seeds . These resources 
and their subdivisions are sufficiently distinct in nutrient and defense 
content that they are often eaten by quite different groups of animals. 
Consumption of these different tissues has , in turn, different effects on 
plant fitness ,  harvestable productivity, competitive abilities , popula­
tion dynainics , spatial locations , and other phenomena. Insects are 
especially important in this regard , but we hope that the study sites wiD 
contain enough of the larger vertebrates to enable us to exainine the 
effects of their predation as well .  The questions posed below , in addi­
tion to identifying intrinsically interesting ecological problems, should 
increase our understanding of patterns and processes of interest to 
integrated biological pest-control programs , plant-breeding programs, 
and the cultivation of phytochemically important crops . This knowl­
edge will also be especially useful in attempts to predict the effects of 
the removal (e .g. , of elephants , riceborers) and the introduction (e.g. , 
of honey bees , black rats) of selected species and of manipulation of 
groups of species (e .g. , removal of the phytophagous insects by heavy 
insecticide application) . 

To investigate these interactions , it is first necessary to determine the 
distributions of cheinical and physical defenses of plants according to 
taxonomic units , seasons , life forms ,  health and age of plant , succes­
sional stages , habitat , type of tissue, and so on. Knowledge of these 
patterns provides the background against which important questions 
about patterns of utilization of plant tissues by animals can be framed 
and studied. Examples of some of the more important questions follow: 

• What are the host specificities of herbivores with respect to such 
parameters as herbivore life-history stage, host health , population 
density , and habitat? 

• What is the intensity of herbivory with respect to this heterogene­
ity? 
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• What are the responses of the individual plants and their aggrega­
tions (populations , "communities , "  etc .) to losses of tissue to herbi­
vores? 

• How do the natural history patterns of herbivores relate to re­
source heterogeneity? 

The nature of answers to these and similar questions will also throw 
light on another important area: competitive interactions among herbi­
vores and pathogens and their importance for population dynamics and 
species richness of both the herbivores and the plants upon which they 
feed. Examples of questions to be raised about these interactions fol­
low: 

• How do congeneric herbivores and fungi divide up seemingly 
homogeneous resources? 

• How important is competition among herbivores belonging to 
widely separated taxonomic groups , such as insects , birds , and 
mammals? 

• What determines patterns of seed fall around fruiting plants , and 
how are these patterns related to coevolution? 

• What is (was) the impact on plants and on competing herbivores 
of the removal of single pollinators or complexes of pollinators or of 
dispersal agents , regardless of whether they were removed through 
human harvesting, natural loss , or past catastrophic events , such as 
Pleistocene mass extinctions? 

Such questions need to be answered if the adaptive significance of 
ecosystem energetics in the tropics is to be understood. These answers 
will be essential if models are ultimately to be built that can predict the 
optimal balance of resource allocation between crop yield and chemical 
defense , and between monoculture and polyculture of increasing 
spatial or temporal complexity. 

The pragmatic and theoretical exploration of the above questions will 
generate a richness of hypotheses ,  conclusions , and data that should be 
of great value to the other aspects of tropical biology, especially the 
field of ecological-evolutionary biology, and to reduce losses to herbi­
vores resulting from our uses of tropical forests . Intensive study of 
these questions over a S-year period , extended as necessary, will 
greatly advance this study of animal-plant interactions in and out of the 
tropics . 

Some long-term monitoring of the following activities that is needed 
by the overall study will be useful to the herbivore portion as well: 
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• General daily rainfall, temperature, and other weather parameters 
designed at the least to reflect conditions in open clearing and tree falls, 
forest understory, and forest canopy. 

• Leaf, flower, and fruit phenology for species of trees that are the 
focus of breeding-system and physiological studies. The phenological 
traits to be recorded should be worked out in consultation with other 
researchers using the same or similar data. 

Whenever possible, the animal, fungal, and plant species chosen for 
intensive study should be those also being used for physiological, 
behavioral, morphological, and anthropophilic investigations. Arrange­
ments must be made for prompt identification of all voucher specimens. 

Higher-Order Food Webs 

The fraction of ecosystem energy and materials flowing through car­
nivores is generally very small. Despite this , the influence of these 
animals on patterns of competition and species richness in ecosystems 
may be very great owing to the tipping of delicate competitive balances 
by even weak selective pressures. Therefore, studies of plants and 
herbivores should be integrated with ongoing work focusing on the 
higher trophic levels that are built upon these energetically rich 
interactions.  

Interactions among carnivores and between carnivores and their 
prey are poorly understood in tropical forest ecosystems. So little is 
known of their natural history that the most interesting questions are 
difficult to pose. A major thrust, then, of this study should be to gather 
information on carnivores for the purpose of generalizing hypotheses 
about underlying processes. An understanding of carnivores is relevant 
to tropical biology for three conspicuous reasons. First, various car­
nivores may be useful in our efforts to depress densities of herbivores 
that compete with human use of plants. Second, the indiscriminate 
removal of carnivores may alter and usually increase herbivore densi­
ties that were important in population regulation, and thus ecosystem 
stability, in their unaltered state. Third, carnivores are often vectors of 
human and livestock diseases. We identify the following immediate 
areas of highly productive research: 

• Why do the number of species of at least some groups of entomo­
phagous parasitoids (parasitic wasps , tachinid flies) and the number of 
individuals per host species and per host individual decrease with de­
creasing latitude? 

• What is the role of infection by disease organisms in shaping com-
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munity structure , which i s  classically considered to be set by limiting­
similarity competition processes (e .g. , competitive displacement by 
congeners , character displacement, size ratios)? 

• Does the removal of the conspicuous higher-order carnivores 
(e.g . , big snakes , social wasps , eagles ,  army ants , spotted cats) result 
in recognizable changes in lower levels of the trophic web? 

Dynamics of Microhabitats and Patches 

Decades of work on simple ecological systems in the laboratory have 
demonstrated the importance of competitive exclusion and extinction 
among species exploiting similar resources. The fact that species co­
exist despite great overlaps in resource utilization suggests that the 
temporal and spatial patchiness of nature may be important in prevent­
ing competitive interactions from reaching the same result. In tropical 
forests, patchiness is due to factors such as microtopography, land­
slides, death of trees,  activity of animals, and, on an ever-increasing 
scale, logging and clearing for agriculture. The responses of communi­
ties of plants and animals are expected to be different, the differences 
depending on the nature and scale of patches created by these distur­
bances (Whitmore , 1 975). A thorough study of these relationships can 

provide both an understanding of the dynamics of "natural" forests and 
valuable imput for devising management plans for exploiting those 
forests with minimal disturbance to important biological interactions 
(Ashton et al . ,  1978; Hubbell, 1979; Lovejoy and Rankin, 1979). 

Research into patch dynamics might profitably focus on two impor­
tant aspects of plant biology, plant-breeding systems and the adapta­
tions of seeds and seedlings to the heterogeneous conditions created by 
various gap-forming processes. Efforts should focus on the relation­
ships between these processes and the unusually favorable climatic 
conditions for germination and early growth combined with the large 
numbers of species competing for access to these opportunities. 

Proposed Research Topics This committee proposes four promising 
lines of research: 

• Spatial heterogeneity of plant resources It is impossible to man­
age an uneven-aged forest containing a thousand tree species profitably 
on a sustainable basis since the product cannot be standardized and 
concentrated. We do not know the effect that simplification will have 
on population stability, genetic variability, and, in particular, the bal­
ance between specialized herbivores and pathogens and their tree 
hosts. Simplification implies that some species that are now uneco-
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nomic will become rarer or become extinct; it would be dangerous to 
assume that none of these declining species is of value. 

• Temporal heterogeneity of plant resources The irregularity of 
flowering and fruiting makes the availability of these resources unpre­
dictable (e.g. , ylang-ylang oil from Cananga flowers; cocoa butter from 
illipe fruits , Shorea spp.) ,  a fact that has prevented many species from 
becoming major commercial crops. The phenology of leaf change must 
be understood because of its influence on litter production, nutrient 
cycling, and pest infestation. 

• Life histories of tropical trees The temporal significance of re­
generation, gap filling, mortality because of competition, rate of growth 
in height and diameter, ' ' senility, ' '  and ultimate death of mature trees 
of tropical forests is known only in general terms (see Whitmore, 1975, 
for Southeast Asia). Despite this, life histories are of primary impor­
tance to an understanding of the dynamics of ecosystems and their 
susceptibility to management for the production of wood or other prod­
ucts. There is a need to acquire more of this information for a number 
of tree species representing different roles in the system. 

• Genetic variability of plant resources It is an astonishing fact 
that the entire rubber industry in Southeast Asia was built on a single 
seed consignment of Hevea brasiliensis , Para rubber, from a restricted 
locality between Santarem and Manaus, Brazil. Prolonged selective 
breeding in this species resulted in a 10-fold increase in latex produc­
tion, but improvement reached a plateau by 1948. Subsequently it was 
necessary to return to the Amazon to establish a broader genetic base 
for this crop, and new commercial clones have now been developed. 
The research on Hevea has provided the technology to investigate the 
population genetics and breeding systems of other potential rain-forest 
tree crops in anticipation of future needs. It has also demonstrated the 
necessity for adequate genetic conservation. 

Program of Study The committee proposes two programs of study. 
One program relates to undisturbed systems and consists of four items. 
Two of these items are studies of seedling establishment and analysis 
of genetic variability through controlled crosses. The others are as 
follows: 

• Detailed long-term quantitative monitoring of tagged individuals 
Basic data needed for all species in environmentally uniform forest 
samples, which nevertheless include all phases of the dynamic cycle, 
are phenological observations of leaf change, flowering, and fruiting; 
determinants of sexual and asexual phases ; bud and seed dormancy; 
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germination; flowering biology; identification of pollen and fruit vec­
tors and an analysis of their foraging behavior and effectiveness; tests 
for self-compatabllity and incompatibllity; and causes of flower mortal­
ity and dispersal. 

• Monitoring of selected species representing all phases of each 
mqjor forest type Observations on the degree of synchrony of pheno­
logical events; monitoring of population structure, growth, and mortal­
ity and their causes; analysis of genetic variability. 

The other proposed program of study relates to modified systems.  
Objectives are as follows: 

• Identification of those types of organisms that, because of their 
key roles in system dynamics or because of physiological or adaptive 
limitations in their regenerative capacities, present special cases of 
jeopardy in the face of the types of ecosystem modifications that are 
now commonplace in the tropics.  

• Determination of the causes, sequence, mechanisms, and abiotic 
signijicance of the regeneration of tropical ecosystems and their key 
component organisms following human interventions, such as hunting 
and gathering, partial timber extraction, deforestation, cultivation, 
grazing, and burning. 

• Identification of stimuli useful in initiating or accelerating the re­
generation of tropical ecosystems. 

• Development of techniques, through these projects, to tap the 
growth and regenerative capacities of tropical ecosystems for the sus­
tained production of useful crops. 

Soils Research 

Soils are integral to many of the previous considerations in this study, 
ranging from their role in nutrient cycling to their interrelationships 
with human ecology and the use of tropical areas (NRC, 1972). Most 
tropical soils research is dominated by the overwhelming need to de­
velop permanent systems of agriculture and forestry that will not result 
in soil deterioration. The wide variety of tropical soil conditions and the 
various fertllity and erosion-control management problems associated 
with tropical development are sufficient to keep all available soils re­
searchers busy for a long period. The priorities for research that we 
recommend are important because they were developed by understand­
ing the biological interactions of still-intact soil-vegetation systems. 

Tropical forests on the many soil types ha,ve maintained soil fertllity 
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through their many mechanisms of cycling elements from soil through 
vegetation and back apin. Indigenous and subsistence cultures of 
people at low densities have frequently interacted with these soil­
vegetation systems and have established long-lasting cultural practices 
that maintain nutrient cycles. Increasingly complex societies have 
tended to operate in ways less dependent on the original soil fertilities 
(Zinke, 1977). 

The specific research priorities recommended for the study of tropi­
cal soils are as follows: 

Site-Specific Studies Relating to Nutrient Cycling and Soil 
Fertility These studies are best carried out in conjunction with inten­
sive ecosystem study sites, as specified previously. They will involve 

• Local soil description, classification, and mapping on the study 
site and determination of the relation of the site to the regional soil 
mosaic. 

• Characterization of the nutrient-storage properties of the soils at 
each study site in terms of the influence of the various plant species on 
soil properties, including the local variation at each site . 

• Microbiological characterization of the soil environment of 
each site and the role of the microflora and fauna in soil-fertility 
maintenance. 

Tropical Forest Soil Studies External to Sites Collation of existing 
knowledge of soils is needed in the context of ecosystem studies. Most 
soils knowledge has been gathered in an agronomic context, but it could 
readily be translated to the needs of ecological understanding by relat­
ing it to natural preexisting systems of vegetation and soils relations. 
Much information based on soils studies has already been gathered,  but 
it is not readily available . This project involves the collection, aggrega­
tion, and synthesis of the existing knowledge of soils (disturbed and 
undisturbed) in tropical forest environments . 

Relations of People and Soils Through Case Studies In the context of 
the world system, it is necessary to consider human populations, their 
densities in various environments , and modes of economic develop­
ment, and the impact of these factors on tropical soils, especially in 
relation to conversion of forests to pastures, to fast-growing tree crops, 
and to coffee and alternative crops. In addition, studies of the effects 
of traditional systems on soil fertility will be necessary. 
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Tropical 

Aquatic Systems 

When priorities for the study of tropical inland waters were assigned, 
likelihood of alteration, ecosystem type, and conceptual significance 
were considered jointly. The freshwater ecosystem work recom­
mended here is geographically dispersed, and the concentration of ef­
fort at a few permanent sites is not recommended, as it was for ter­
restrial ecosystem studies. Studies of significant duration (5-l.S years) 
are required, but the locations of such studies must shift to cover the 
geographic range. Sites that have been studied intensively for a decade 
would not simply be left untouched thereafter but would be incorpo­
rated into the long-range monitoring plans of the relevant country. It 
will also be possible to conduct long-term studies on the small aquatic 
systems at the permanent terrestrial field sites, but these systems can­
not be given highest priority until the large, uniquely valuable, and 
rapidly changing systems are studied much more completely than has 
been possible in the past. Marine systems, including mangrove 
swamps, have not been considered to fall within the scope of our 
committee's  task. 

We concentrate here on studies of the greatest urgency. A more 
detailed list of sites potentially valuable for aquatic studies is given by 
Luther and Rz6ska ( 1971) ,  along with some information relevant to 
each site . 

85 
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RIVERS 

Tropical regions contain several very large river systems and many 
tributary systems or minor river systems. Significant proportions of 
these are at present essentially unmodified by human activities.  Studies 
now can therefore reveal their character before watershed development 
of various kinds occurs. In the reasonably near future, major changes 
will occur in all the very large watersheds and in many of the small 
ones. Principal changes include watershed deforestation, impoundment 
for energy production and flood control, and industrial and urban pollu­
tion. These changes will occur at a more rapid pace in some parts of the 
world than in others. Priorities for study must be based partly on the 
degree and likelihood of change. 

Very Large River Systems 

The Amazon, Orinoco, and Zaire (= Congo) rivers drain large amounts 
of moist forest and at the present time are in nearly natural condition. 
All these rivers are very poorly known in an ecological or biological 
sense (Rz6ska, 1978). Deforestation, hydroelectric development, and 
pollution from pulpwood processing, mining, heavy industry, and refin­
eries are highly likely for the Amazon in the near future. The same is 
true for the Orinoco; here it seems that, in the immediate future, 
changes in water quality are most likely to result from industrial devel­
opment at Ciudad Guayana, from extensive impoundment, and from 
alterations caused by clearing on the slopes of the Andes. The Zaire is 
probably not so imminently threatened by pollution and impoundment, 
but it will undergo considerable change in the near future if the current 
worldwide trends in deforestration persist. 

The Nile and Mekong rivers are also very large rivers, but they have 
already been greatly altered. The Nile is impounded at several points 
(Rz6ska, 1976), and t�e Mekong has a long history of watershed devel­
opment. The Niger River might also be considered in this class of very 
large rivers but does not drain extensive traCts of wet forest under 
imminent threat of destruction. 

Given this general perspective on the major river systems of the 
tropics,  it seems wise to place highest priority on the study of the 
Amazon and Orinoco rivers and their main branches .  We have assigned 
the Zaire a priority ranking just behind the Amazon and Orinoco. 

Other major rivers are eliminated from designation as highest priority 
for research on grounds that they have already been seriously altered 
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or do not face immediate alteration. This in no way indicates that these 
rivers are unimportant, but it does mean that the main emphasis in the 
next few years should be on recovering data that will otherwise be 
irretrievably lost. 

Since the very large river systems incorporate vast numbers of �mall 
streams and minor rivers, guidelines are needed to provide the basis for 
decisions about the allocation of effort in the immediate future. Very 
small watersheds can probably be studied in the indefmite future be­
cause they may be incorporated within ecological reserves or parks. 
The largest components of river systems, however, are unique and are 
subject to immediate change in connection with watershed develop­
ment. This means that any significant changes in the main stem and 
major branches of the large rivers will forever deprive us of the oppor­
tunity to study the structure and functioning of these systems in their 
natural state. The priority of study should thus be highest for down­
stream rather than upstream portions of river systems, even though the 
hydrology and chemical properties of the systems will often be deter­
mined in their smaller branches. 

The following subject areas should be included in studies of major 
rivers: water chemistry and nutrient processing, plankton, fishes, 
substrate fauna, key vertebrates other than fishes, and land-water 
interactions. 

Water Chemistry and Nutrient Processing The chemical composition 
and discharge of major rivers are of great importance as indicators of 
the loss rates for organic and inorganic substances from tropical 
watersheds not subjected to human manipulation. The export rates of 
chemical substances are related to rates of weathering and to mecha­
nisms of nutrient retention in the terrestrial portions of the watershed 
and therefore hold the key to any future interpretation of degree of 
change in these watersheds with respect to chemical export. Some 
background information on discharge already exists for most large 
rivers, but it is impossible to judge rates of chemical export without 
better studies of chemical composition of the main river stems and 
preferably at least of the major branches as well. In addition, chemical 
studies of this type would defme the conditions to which the aquatic 
biota has become adapted before human alteration of the habitat. The 
load of suspended matter in these rivers should also be monitored as 
often as possible , and the values obtained should be correlated with 
deforestation and other major environmental changes.  Hydrology itself 
is perhaps of even greater interest in these systems and should be 
studied in connection with chemical export. Water-storage mechanisms 
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in large natural systems are not well understood, and study will be 
possible only until people interfere significantly. 

Plankton The composition, abundance, and functioning of the plank­
ton of large rivers in their natural state is essentially unstudied. Only the 
large tropical rivers offer such an opportunity ; temperate rivers were 
grossly altered before they could be studied by modem methods. 
Because of the long residence time of water in such systems, the plank­
ton can play an important role in the economy of the river and the 
processing of nutrients and organic substances. From what is now 
known, the taxonomic difficulties associated with studies of this type 
would be minimal; many of the important species are cosmopolitan or 
are known to temperate and tropical biologists dealing with other kinds 
of systems. The emphasis should therefore be placed on the plankton 
dynamics and their overall importance in the main stem of the river. 
Parallel or concurrent studies of plankton in the associated river wet­
lands will be mentioned later in connection with wetlands. 

Fishes The taxonomy of fishes from the major tropical rivers men­
tioned above is being studied, but not rapidly enough (Bohlke et al. ,  
1978, for South America) . This activity should be encouraged in view 
of the possibility of widespread extinction. Data on life-history pat­
terns, food webs, and behavior of the fishes are for the most part 
lacking (Lowe-McConnell, 1975). M�or stocks of any of these fishes 
1nay be depleted to such an extent in the near future that it will be 
impossible to study these features of the fish community. This is espe­
cially true with respect to migrating fishes dependent on unimpeded 
access to upper regions of the river, which �nay easily be dammed. 

Unless the ecology of fishes in 1najor rivers is studied in the near 
future, we shall never know how these communities were organized, 
what their ranges of adaptation were, or how they exploited the original 
river habitat. Information of this type is of fundamental ecological 
importance. The fishes also represent an important human food re­
source that is insufficiently understood to be used with full effective-. 
ness. In the same sense that the tropical rain forest might contain many 
species of trees whose products could be of great use, the fish com­
munities of rivers may include members whose natural nutritional 
modes, behavior, or growth characteristics are useful in protein pro­
duction or in the management of aquatic habitats . 

Invertebrate Fauna The enormous variety of invertebrates in the 
1najor rivers presents fundamental taxonomic problems, and indeed the 
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complexity is so great that the measurements may never be truly quan­
titative. For example, Junk ( 1973) found diverse assemblages as dense 
as 780,000 invertebrates/m2 in the "floating meadows" of the middle 
Amazon. Only a few experts could be considered competent to deal 
systematically with the major invertebrate groups, which may be com­
posed of thousands of species, many of them undescribed. A good 
catalog of systematists and references produced by Hurlbert (1977) 
gives specific information on the available expertise for much of South 
America. Important groups of great diversity are not infrequently the 
responsibility of only a handful of resident scientists ; very limited help 
is available from the large museums of temperate regions. Moreover, 
many of the present experts are senior scientistls with little time avail-
able for making identifications . 

· 

Why is it difficult to fmd newly trained scientists capable of, and 
interested in, meeting the basic taxonomic needs in freshwater and 
terrestrial groups of organisms in the tropics? The explanation probably 
is that most of these scientists have been trained in the temperate zone 
and are more interested in population dynamics than in systematics. 
This emphasis is in turn reflected in the training of tropical residents, 
who often take their advanced degrees in the temperate zone. Field 
work in the temperate zone is based on a long history of basic syste­
matic and life-history study. This is not true in the tropics ,  and im­
mediate support should therefore be given to training programs specifi­
cally focused on invertebrate taxonomy and life-history studies .  A 
system of fellowships specifically keyed to these activities is needed, 
and persons receiving such fellowships should be carefully screened for 
dedication to these topics of study. Although it would take several 
years to launch such a program properly, it is essential that such a 
program be undertaken if we are to provide a taxonomic and life-history 
framework for studies more oriented toward processes and systems. 

The ecology of invertebrates in the major rivers is a matter for im­
mediate study. Many invertebrate communities will be especially sensi­
tive to chemical changes in the rivers as they undergo development. 
The complexity and nutritional basis of the bottom-fauna communities , 
especially in connection with the processing of detritus, is of great 
theoretical interest to freshwater ecology and cannot be studied after 
the communities have been altered as a result of changes in the rivers. 
Knowledge of the bottom fauna is also essential for proper evaluation 
of data from fish communities. 

Key Vertebrates Other Than Fishes There is probably no need for 
immediate emphasis on some of the vertebrates associated with the 
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riverine habitat, because they either do not play a key role in the 
ecology of the system or are not threatened by changes of the type that 
appear imminent. Certain vertebrates, however, may exert control 
over community structure and energy flow in natural aquatic systems 
in the tropics.  For example, the crocodiles and their allies may have 
important effects on the distribution and abundance offish populations ; 

manatees and turtles are also of great interest. These key vertebrates 
need to be studied if an overall understanding of the system in its 
original condition is to be constructed before it is changed. 

Land-Water Interactions Specific consideration must be given to the 
interactions between the flowing zone of the river, river wetlands 
(which will be discussed in greater detail later), and terrestrial systems. 
In a very large system not subject to significant human influence, 
mechanisms of nutrient transport and nutrient processing may exist 
that are unstudied because of the unavailability of such unaltered con­
ditions in the temperate zone. A great increase in the fundamental 
understanding of large natural river systems could be achieved through 
study of these processes in the undeveloped large tropical rivers. 

Smaller River Systems 

Although detailed consideration could not be given to all the smaller 
rivers of the world, instances exist in which immediate major changes 
are expected in important rivers not connected with any of the major 
river systems that have already been mentioned. Two such rivers are 
the Musi in Sumatra and the Purari in Papua New Guinea. The large 
watersheds of these rivers , both of which are covered with wet forest, 
will probably be deforested in the near future. In addition, dams are 
contemplated for the Purari in the near future. The features of these 
rivers in their natural state might offer unique and important insights 
into rivers as natural systems. Unquestionably , other candidates for 
high priority will become evident among smaller rivers as exploitation 
of the moist forest proceeds. 

L A K E S  

Compared with the number of lakes in the temperate zone, the tropics 
have few lakes,  because in the tropics glaciation has played a role in 
lake formation only at the highest elevations. Because the study of 
temperate lakes has reached a quite sophisticated level , studies of 
tropical lakes will derive much of their value from comparison of tropi-
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cal with temperate lakes. A large number of hypotheses related to the 
structure and functioning of lacustrine communities can be tested effi­
ciently by study of tropical lacustrine systems because of major differ­
ences in important driving variables, such as temperature and light, that 
are impossible to manipulate experimentally in very large systems. For 
example, the relative importance of biotic, physical, and chemical fac­
tors in controlling the diversity and composition of the plankton con­
tinues to be unclear from temperate studies , and tropical studies will be 
of special value in resolving this issue. 

In general, exploration of hypotheses by statistical means will be 
more feasible in tropical than in temperate systems because of the 
looser coupling between critical controlling variables, such as light and 
nutrient supply, in tropical lakes (Lewis, 1974, 1978). Tropical lakes are 
generally more productive than similar temperate ones (Talling, 1965, 
1966; Lewis, 1974; Ganf, 1975) and may be more efficient in nutrient 
cycling. Primary production appears to translate into fish yield 
(Melack, 1976). Sharp contrasts with terrestrial systems, including ap­
parent lack of marked diversity gradients in plankton at different lati­
tudes, are intriguing. The reasons for this are obviously of general 
interest in ecology. Also of general interest and great potential impor­
tance to freshwater protein production is the low conversion efficiency 
of plankton primary productivity to plankton secondary productivity in 
the few tropical systems that have been studied in this way (Burgis, 
1974; Lewis, 1979). 

The preceding discussion has outlined several reasons for the con­
tinued and accelerated study of tropical lakes.  Particular urgency exists 
for the study of those that may soon lose their original character, 
especially if they are of unusual scientific interest or regional impor­
tance. Three classes of lakes are of special interest for this reason and 
because of the factors just outlined. 

Closed-Basin Lakes 

Lakes of this type, which are most common in Africa (Beadle, 1974; 
Balek, 1977), lose water only by evaporation and consequently are 
often saline. They are especially vulnerable to human alteration be­
cause they do not tlush. Closed-basin lakes that have been studied 
include Lake Nakuru (Kenya), Lake Valencia (Venezuela), and Lake 
Chad (Chad). These lakes tend to be extremely productive and rich in 
plant biomass. The more saline ones have very simple communities and 
short food chains. Such lakes may be ideal for study of certain eco­
logical principles, including the factors that set absolute upper limits on 
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net primary production in aquatic systems and the factors that lead to 
extreme dominance by one or a few species. 

Lakes with High Levels of Endemism 

Flocks of endemic fish species are found in several tropical lakes, 
especially those of great age (Brooks, 1950; Fryer and Iles, 1972). The 
urgency with regard to endemism derives from the vulnerability of 
species flocks to disruption by means of species introductions. Intro­
ductions are commonplace and probably cannot be stopped. 

The East African Rift Valley lakes contain the most spectacular fish 
species flocks. One of these is Lake Malawi, which is important not 
only because it has the largest number of endemic species (more than 
200 species) but also because it urgently requires study for other rea­
sons (see below). Smaller species flocks in other lakes around the world 
should also be studied, especially since their endemics are rapidly 
disappearing. The scientific merit of studies of species flocks is related 
to the insight that may be obtained into the rates and mechanisms of 
evolution. 

Lakes Likely To Be Altered by Development 

In this category Lake Malawi, Lake Titicaca, the Sunda lakes of Suma­
tra and insular Southeast Asia generally, and Lake Maracaibo 
(Venezuela) are important. 

Because of its great depth and its chemical purity, Lake Malawi is of 
special interest. The lake is very old and extremely deep. Long-term 
changes in climate have undoubtedly influenced the present balance 
between physical processes of layering and mixing and the biological 
and chemical processes of nutrient uptake and mineralization. Analysis 
of chemical profiles ,  chemical input, and biological nutrient-cycling 
processes under these conditions may be revealing. Onset of significant 
chemical alterations because of pollution or other mechanisms would 
vastly reduce the potential of such an analysis . 

Lake Titicaca is the only very large (8, 100 km2) perennially cold lake 
in the tropics ,  and current studies (Richerson et al. , 1977; Orstom, 
personal communication, 1979) should be intensified. The unusual 
combination of conditions in this lake has enormous comparative value 
with respect to the biological and chemical phenomena that occur in 
lakes generally ; moreover, the lake has a large number of endemic 
species. The lake has been altered greatly at the upper trophic levels by 
introduction of exotic fishes. There are many smaller lakes in the Andes 
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of Peru and Bolivia that are still unaltered but which resemble Lake 
Titicaca in many characteristics. They might certainly be studied on a 
comparative basic.  

The lakes of insular Southeast Asia, including the very large Lake 
Toba in Sumatra and a number of smaller lakes, are of special interest. 
Many of these were studied in the 1920's by the German Sunda Expe­
dition (Ruttner, 1952). The watersheds of these lakes are being changed 
very rapidly by deforestation and other kinds of development. The 
comprehensive data base gathered by the Sunda Expedition provides 
favorable circumstances for selected additional studies. It is important 
to obtain a second set of analyses before development but well sepa­
rated in time from the frrst to provide a basis for judgment of natural 
rates of change in tropical lakes over extended time periods (Green et 
al . ,  1976). 

Lake Maracaibo is of interest because of its great size and its connec­
tion with the sea. Petroleum exploitation and other development seem 
certain to alter this lake drastically in the near future, and some changes 
are already evident. 

WETLANDS 

Freshwater wetlands have been little studied even in the temperate 
zone (Good et al . ,  1978). The habitats that fall into this classification 
have a wide range of physical, chemical, and biological characteristics.  

Some wetlands are among the most productive of freshwater 
systems, and they may serve as massive processing units for organic 
matter and nutrients brought in from other systems. The humid tropics 
contain many wetlands, including a few of enormous size.  The total 
area of tropical swamps is thought to be about 340,000 km2, about one 
quarter of which is seasonal (Balek, 1977). The large wetlands are likely 
to be unique in many respects and are extremely vulnerable to destruc­
tion by drainage or alteration of associated riverine systems. Accord­
ingly, they are in need of immediate study, especially since they and the 
swamps along the deltas of rivers are so important as sites for concen­
trated and productive rice agriculture. 

Large Swamps 

Large swamps that stand in imminent danger of alteration and thus 
have high priority for study include the Sudd (Sudan), the Benguelu 
swamps of Zambia, and the Okavango swamp of Botswana; the 
swamps along the Sepik and Fly rivers of Papua New Guinea, as well 
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as those of TeiTitoria Amapa of Brazil and of Beni Department of 
Bolivia; and the Pantanal ofMato Grosso in Brazil, which is dry for part 
of the year. 

The highest priority is accorded to the Sudd, a massive set of swamps 
of unique character maintained by the Nile (Rz6ska, 1976). The perma­
nent swamp has an extent of at least 10,000 km2 and expands to 70,000 
km2 or more seasonally. Major drainage projects have already been 
initiated in this huge swamp. The 173,000 km2 of Pantanal in Mato 
Grosso, Brazil, will probably be drained in the near future. The other 
large wetlands will probably not be significantly altered quite so 
quickly, but they should receive relatively high priority because of their 
great vulnerability. Additional swamps too numerous to mention indi­
vidually will quickly move up in priority if the associated forests are 
cleared. For example, Balek ( 1977) lists a dozen swamps of over a 
thousand square kilometers' area in Africa alone. 

The swamps named here are likely to have distinctive species­
composition and energy-Dow characteristics. The exact plan for re­
search will vary according to the characteristics to be studied. In gen­
eral, however, research should proceed as quickly as possible toward 
characterization of these wetlands as ecological systems. Intensive 
study of individual components, including the dominant plants, will 
probably be possible for much longer than the study of ecosystem 
processes. 

The following topics are of interest as foci for research in large 
permanent swamps because of their value in interpreting the function­
ing of these and other freshwater systems. 

Factors Regulating Energy Flow Parts of some of these wetlands are 
probably among the most productive of aquatic ecosystems. The 
mechanisms by which such high primary production is sustained and 
the characteristics of the dominant organisms are obviously of basic 
interest. In addition to their high primary production, energy tlow 
through the heterotrophic components will probably be of especial 
interest in many cases. The role of swamps as intermediary metabolic 
units is important in nutrient cycling and has enoumous practical im­
portance with regard to natural purification processes in freshwater 
systems. The large permanent swamps offer unique opportunities to 
study these processes on a large scale. 

Ecology of Key Species Wetlands are sometimes dominated by a few 
species. The best example of such dominance is papyrus in African 
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wetlands. In cases in which species domination is found, it would be 
profitable to focus attention on the ecology and adaptive characteristics 
of the dominant plants but without losing the context of the system 
within which they normally grow. 

Special Adaptations Permanent wetlands contain many species with 
special adaptations to seasonal fluctuations in water level and the spe­
cial chemical characteristics of the wetlands habitat (Beadle, 1974). 

Elucidation of these adaptations, whether they are morphological or 
connected with life-history phenomena, is of fundamental interest. Im­
portant topics include special colonizing ability, which may be essential 
for many of the dominant organisms, and adaptations for seasonally 
unfavorable conditions, such as anoxia or desiccation. 

Mqjor Riverine Wetlands 

The distinction between this and the preceding category of wetlands is 
not sharp, but we refer here specifically to wetlands that are actually 
incorporated into river flow at times of high water but then become 
isolated at low water. Each of the large rivers mentioned earlier is 
paralleled by extensive associated wetlands that are flooded seasonally 
at high water and dry out substantially during periods of low discharge. 

These riverine wetlands must ultimately be evaluated in conjunction 
with the rivers themselves. The methods of study will be quite different 
from those used for the river stem, because the river wetlands are 
nonftowing environments most of the year. The research topics rele­
vant to these wetlands are the same as those listed for rivers, but 
greater emphasis should be placed on the role of wetlands as nutrient 
traps, as sources of organic matter and energy, and as refugia for 
organisms with seasonal cycles geared to the annual inundation of the 
areas. A significant research effort dealing with these topics is in prog­
ress in the Amazon Basin. It is under the supervision of the Instituto 
Nacional de Pesquisas da Amazonia (INPA). The studies are centered at 
the permanent INPA field station, Manaus, but they should probably be 
expanded and distributed to other major rivers while there is still time 
to study the wetlands in their original state. 

Highest priority should be given to the study of wetlands in the lower 
reaches of the Amazon and Orinoco rivers and to their varzea. We 
would then assign secondary priority to the wetlands of the Zaire and 
to the extensive wetlands associated with the upper reaches of the 
Xingu. 
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TABLE 1 Suggested Time Scale for High-Priority Research in Tropical Aquatic Systems 

Systems (Studies) in 
Priority Order 

Rivers 
Very large rivers 
Smaller rivers of special 

importance 
Lakes 

Closed-basin lakes 
Important lakes subject 

to major change 
Lakes containing species 

flocks 
Wetlands 

Large swamps 

Riverine wetlands 

Other wetlands 

Precipitation 

Time Within Which Study Must Be Initiated (Years) 

Amazon , Orinoco 

Purari 

Valencia 
Valencia 
Maracaibo 

Sudd 
Pantanal Mato Grosso 
Okavango 
Amazon vlur.ea 

Orinoco Delta and 
backwaters 

10 

Zaire 

Musi 

Malawi 
Titicaca 
Malawi 
Titicaca 

Territorio Amapil 

Zaire 
Xingu 

Southeast Asian 
peat swamps 

Mekong, Amazon, 
Orinoco 

15 

Mekong , Nile 

As appropriate 

Nakuru 
Lakes of insular 

Southeast Asia 

Other Mrican lakes 
Other small lakes 

Bengweulu 
Provincia Benf 

As appropriate 

Zaire 
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Peat Swamps 

The lowlands tropics of Southeast Asia contain some 30,000 km2 of peat 
bogs. These occur as units of up to .500 km2 whose sole source of water 
is rain or groundwater flow. These tropical bogs have been insuffi­
ciently studied, will be lost or changed during deforestation, and are of 
special interest for comparison with temperate bogs. Like temperate 
bogs, these tropical bogs are likely to provide especially valuable paleo­
climatic and paleobotanical information. Nutrient cycling is of great 
interest in these areas because of their extreme oligotrophy. 

PRECIPITATION 

The entire hydrologic cycle is relevant to the characteristics of fresh­
water environments. Those stages of the cycle in which water is incor­
porated in soil or plants may be most easily studied by those who deal 
with terrestrial ecosystems. Precipitation amounts and chemistry might 
logically be studied both by those concerned with terrestrial habitats 
and by those concerned with aquatic ones. For this reason we include 
precipitation as a distinct topic for research in connection with the 
study of aquatic habitat in the tropics .  Such studies could be done by 
a group of scientists specifically interested in precipitation or by scien­
tists primarily interested in terrestrial or aquatic habitats· as a support 
for studies of such habitats. In addition to the usual kinds of studies, 
monitoring is needed of the total chemical input to the large watersheds 
from the atmosphere, preferably by means of continuous collection of 
dry and wet precipitation followed by chemical analysis for compo­
nents of particular interest with respect to the nutrition of plants and 
chemical buffering of aqueous mixtures. For studies of precipitation, a 
broadly spread network such as that described by Salati et al. (1979) for 
the Amazon would provide useful information. 

SUMM A R Y  OF PRIORIT IES 

Table 1 summarizes our priorities for studies and indicates the time 
within which studies must be initiated to provide meaningful informa­
tion before alteration of the ecosystem in question. An attempt has 
been made to spread the research topics sufficiently to allow reasonable 
possibilities for funding of the projects. The table states only the most 
pressing priorities.  It is not an overall statement of tropical freshwater 
research needs. 

If the suggestions given in column 1 of Table 1 were followed, the 
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annual cost of investigations would probably be between $3 million and 
$5 million per year. Addition of the research topics listed in the second 
column of the table would raise the cost to at least triple this amount. 
Many of the studies could be of restricted duration (e .g. , 5-10 years), 
permitting phasing of the projects to prevent unrealistic escalation of 
costs. In fact, the scope of the research plan is such that intensive 
projects would almost certainly have to be of restricted duration in all 
but a few cases, although locally supported monitoring should continue 
indefinitely following intensive study. Careful planning and staging of 
the projects would be essential to the completion of any major portion 
of the work. Investments greater than those implied in Table 1 would 
probably be unrealistic because of current limits on personnel qualified 
to do the work. 
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