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KNOWLEDGE FOR PRESERVATION 

· , 

A mazonia is the laboratory of the new world. Few people know 
~t, but everyone has a fancied image of what it must be like. 
To bring fantasy closer to reality is the objective of this special'edition 
of Ciencia Hoje. 

We have gathered articles that we have published during the last 
six years and which, in view of their timeliness, call for republication. 
We hope with this special edition, to contribute to the debate that is 
mobilizing citizens - and interests - both of the Old and the New 
World. 

We also transcribe below the July 1990 editorial, devoted to 
discussing the .knowledge, preservation and basic premises required 
to conceive sustainable development programs for the region: 

"Amazonia's ecosystem is fragile. The soil is poor and the forest is 
sustained by its own organic material. The humid environment and 
the heavy rainfall are dependent on the existing vegetation. The 
equilibrium is unstable, its preservation complex. Any disturbance, 
the slightest imprudence, can cause irreversible damage. Knowledge 
of the fauna, flora, land, water and inhabitants is scarce. It is known 
that more than one third of existing species in the planet live and 
reproduce within its boundaries. Few, very few have ever been 
studied. The waters amaze and even the rivers' colors hold secrets: in 
search of an explanation, still unfound today, for the color of the 
Negro River, scientists discovered violacein, a pigment with antibiotic 
properties (see ~he articles by Luiz Renato Caldas and Nelson Duran). 
Amazonia's native inhabitants learned how to retrieve nutrients from 
its waters and forest without interfering with them, thus sustaining its 
fragile reproductive equilibrium. The relationship between man and 
nature does not necessarily imply devastation. The peoples of the 
forest abide by rule~ and norms that preserve the environment. We 
have ignored these rules. 

A document released by the SBPC in 1980 concluded that "the 
enormous complexity and fragility of ecosystems within Amazonia 
and the paucity of knowledge about sustainable exploration 
techniques indicate that, according to strict scientific rules, exploration 
of the natural resources of the region should be discouraged until 
satisfactory answers to the questions raised here are found". If 
exploration were to continue, though, it should be constrained by 
rigorous codes and principles of conduct, avoiding, for example, the 
occupation of large areas of territory for extensive projects. 

Ten years have passed. We are now faced with Caraj~s, Tucuruf, 
Balbina, the duty-free zone, the contamination of rivers by mercury 
left by prospectors, the deforestation of huge areas for large-scale 
agricultural an.d caftle raising projects. Devastation increases. 
Meanwhile, the National Institute for Amazon Research (INPA), 

Translation: Lise Ribeiro Alves 

the Emilio Goeldi Museum, the Evandro Chagas Institute and 
universities are faced with threats to their survival. The impossibility 
of acquisition of knowledge breeds ignorance that contaminates the 
very reason for preservation. Extensive resources (in the form of 
dynamite) were spent (or as they say, "invested") in the region, while . 
research projects got the leftovers. Disasters which amount to criminal 
actions, such as Balbina, the Transamazonian highway, Jari, forest 
burnings, the mercury dumping could have been avoided. The 
murder of Chico Mendes could have been avoided. Who is 
responsible for them? 

In the same document, SBPC recommended: "Knowledge of the 
regional flora jhould be rapidly increased, by fostering and funding 
botani~l research, aiming at a better understanding of Amazonian 
vegetation and of the impact of human activity upon it. Knowledge 
of the land-climate-vegetation relationship, should be improved, by 
fostering and funding research on the origin and dynamics of rainfall, 
of soil behavior and the evolution of organic material, on the behavior 
and water balance of soils, on the soil-land and soil-atmosphere 
exchange mechanisms." 

Ten years have passed and research institutions are paralyzed. 
They have lost the few researchers they had and have difficulties in 
forming new ones. Conflicts intensify: over territory, over prospecting 
sites, over forest burnings. The number of those who fight against fire 
and devastation, for upholding the rights of forest peopl~, for the 
demarcation of their lands, parks and reservations, are multiplying. 

Social mobilization and solidarity grow, here and abroad, 
demanding the attention and comittment of those responsible for the 
future of the forest and its inhabitants. The right of survival of species 
has been affirmed. Man, constituting a species, cannot claim the right 
to destroy other species. It is imperative to defend biodiversity and to 
highlight the importance of sociodiversity (see· the _interview with 
Maria Manuela Carneiro da Cunha). The complex ecosystem 
represents · an immense patrimony. Techniques of self-sustained 
management, such as those of the rubber tappers, are examples that, 
in order to preserve Nature, one must first know her. To transform 
her without damaging her, one must understand the culture, the 
history and the way of life of people that inhabit her. To preserve the 
Amazon region one must know it. To know it, it is urgent to 
preserve it. 

The Editors 
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II INDIGENOUS REFORESTATION II 
Anthony B. Anderson 

Darrel A. Posey 
Museu Paraense Emilio Goeldi 

Modern agricultural technologies are causing profound environmental changes over imme~se areas of the 
Brazilian landscape. A classic example of such changes is evident in the cellado vegetation, which 

covers most of the mid-western portions pf the country. Originally characterized by high biodiversity and a patchwork of 
savannas and woodlands, the cellado is rapidly being transformed. into extensive monocultures of soybeans, maize and 

wheat. Tractors remove the nativ~ vegetation and level the soil, and heavy applications of fertilizers and pesticides 
maintain agricultural plantations. In the cellado and elsewhere in Brazil, intensive agricultural practices such as these 
reflect a virtual state of war between man and nature, in which dynamic natural processes, landscape variability and 

species diversity are frequent.victims (see Ciencia Hoje n2 22 and 28). 
Yet agriculture does not _necessarily imply environmental impoverishment. Indeed, the agricultural practices of many 
traditional indigenous groups mimic rather than oppose natural processes and may actually contribute to maintaining 

the diversity of landscapes and species. 
One such group - the Kayap6 Indians of Gorotire village in southern Para state - shows how ·it is possible to cultivate 

the land without undermining natural ecosystems. Upon establishing an agricultural plot, the Gorotire Kayap6 introduce 
an everage of 58 cultivars, many of which represent varieties of specific crops. For example, at least 17 varieties of sweet 
and bitter manioc (Manihot esculenta) and 33 varieties of sweet potato (Ipomoea batatas) and yams (Dioscorea spp.) are 

planted near the village. According to local informants, each variety has distinctive characteristcs and performs best 
under especific environmental condit~ons. 

Agricultural plots maintained by the 
Gorotire l(ayap6 appear to mimic the natural 
succession. These plots initially contain an 
abundance of short-cycle, herbaceous crops 
that are low in stature (referred to as purn 
nu). In time, such crops are replaced by 
bananas (Musa ssp.) and a higp diyersity of 
fruit-bearing shrubs and trees (purn tum). 
Finally, agricultural plots may ultimately be 
occupied by tall trees (ibe) such as Brazil nut 
(Bertholletia excelsa), which Kayap6 farmers 
plant for their grandchildren and 
greatgrandchildrefl.. At all stages, the~'! 
plantations are maintained by periodic 
weeding and applications of organic material 
gathered from the surrounding forest. The 
purn tum and ibe may either be established in 
old agricultural plots or in natural clearings 
generated by tree falls. 

The plantation described above tend to 
be widely scattered, forming an archipelago 
of more intensively managed sites 
surrounded by a sea of forest subjected to less 
manipulation. Indeed, the extensive and 
subtle nature of such management delayed 
its detection by western scientists until 
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recently. Yet, as documented among the 
Kayap6 and other .indigenous groups, the 
management practices described above 
appear to be ancient and contribute crucially 
to livelihood: in addition to food, they provide 
a wide range of medicines, utensils, 
construction materials, game attractants and 
even favorable habitats for beekeeping (see 
Ciencia Hoje n° 12). And indigenous groups 
carry out this multiple-use strategy in 
secondary forest fallows - lands that are 
frequently considered useless and are 
abandoned by non-indigenous cultures. 
Finally, long-term studies among the Kayap6 
indicate that some of the principles of land 
management carried out in forests may also 
extend to other ecosystems as well. 

The village of Gorotire is located in the 
Xingu river basin, in a transitional 

zone between the dense forests of the 
Amazon proper and the cerrado vegetation 
of Central Brazil. The cerrado vegetation in 
Gorotire varies from open, grass-dominated 
savanna ( campo limpo in Portuguese, kapot 
kein in Kayap6) to closed woodland 

(cerradao in Portuguese, kapot kemernx in 
Kayap6). Intermediate forms include scrub 
savanna, in which the open grassland is 
punctuated by scattered shrubs and small 
trees (campo cerrado in Portuguese, kapot 
punu in Kayap6). In all these forms, the wood 
vegetation is characterized by pronounced 
branching, thick and deeply furrowed bark, 
and a relatively high frequency of vegetative 
reproduction. Although soil nutrients appear 
to have a strong influence on the distinctive 
morphology of the cerrado vegetation, · the 
characteristics described above are also 
influenced by a high frequency of purning. 

Fire has probably been a constant 
component of the cerrado landscape, 
although its frequency undoubtedly 
increased after the arrival of humans on the 
scene. The original inhabitants burned the 
vegetation-annually to drive game from 
hiding places and also to attract deer, which 
lick the ashes and feed on resprouting herbs. 
According to the historic literature, such 
burns were. the only form of management 
carried out by indigenous population in 
cerrado areas prio·r to the arrival of 



Europeans. As will be shown below, however, 
this idea now appears to be misleading. 

One of the most distinctive aspects of the 
scrub savannas near Gorotire is their high 
concentration of clusters or "islands" 
(referred to as apete by the Kayap6) of wood 
vegetation. As such vegetation is usually 
dispersed rather than in clusters, we decided 
to examine these forest islands in detail. Our 
purpose in carrying out this study was to 
determine whether the origin of these forest 
islands could be attrmuted to human 
activities - and if so, how and why. 

To carry out our study we selected an area 
of scrub savanna located adjacent to 
Gorotire. Two Kayap6 informants, Jose Ute 
and Beptopoop, provided us with 
information on local management practices; 
this information was subsequently confirmed 
by . Kwyra Ka and other informants. At 
various times during the study, we visited the 
apete with our informants antt asked them 
how they perceived and utilized these sities. 
Ten forest islands were randomly selected for 
floristic inventory, in which plants greater 
than or equal to one meter in height were 
measured and botanical specimens of all 
sampled species were obtained. For each 
specimen, our informants provided us with 
the Kayap6 name, uses and associated 
management practices. To confirm the data, 
we used at least three informants, who were 
isolated from each other. The specimens 
were subsequently identified in the 
herbarium of the EmOio Goeldi Museum of 
Par~ in Belem. 

Our informants recognized and named 
the botanical specimens with great ease, both 
in the field and in the village. They provided 
names for all of the 120 species found in the 
inventory, and of these, 118 (98%) were 
considered useful. The principal use 
categories include: medicine (for fevers, 
diarrhea, aches and pains, dizziness, 
headache and toothache), contraceptives, 
attraction of game animals ( specially small 
rodents and birds), food for people (in the 
form of roots, tubers, fruits and seeds), 
firewood, mulch, fertilizer, natural insecticide 
and shade. Most of the inventoried species 
(75 or 62% of the total) were included in 
more than one use category (see tables). 

. A "Cording to our informants, not only 
~re apete species useful; many are 
subject to planting by the Kayap6. Of the 120 
species found in the botanical inventory, 90 
(75%) were considered plantable by all 
informants, and an additional 17 (14%)were 
similarly considered by at least one informant. 
Such discrepancy between informants is not 
surprising, as knowledge of resource 
management is extremely specialized among 
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the Kayap6. For example, the right to plant 
or use a given plant is frequently determined 
by inheritance (nekretx) 

As mentioned above, scientists previously 
thought that indigenous management of 
cerrado was limited to periodic burning. Our 
informants, however, described a far more 
intricate form of management. According to 
them, the Kayap6 play an active role in the 
establishment of forest islands in savanna. 
First, compost mounds are prepared using 
litter _obtained within existing apete, where 
decomposing material is beaten with sticks. 
The macerated mulch is allowed to 
decompose, whereupon it is subsequently 
carried to a selected site in the open savanna 
and piled on the ground. The Indians 
generally select small depressions, which 
retain rain water more effectively, as sites for 
introducing mulch. 

After filling these depressions with mulch, 
the Indians add organic material obtained 
from mounds of a termite known as rorote 
(Nasutiterms sp.). This material is sometimes 
mixed with pieces of the nest of an ant (Aztec a 
sp.) referred to locally as mrum kudja. 
According to informants, simultaneous 
introduction of termites and ants reduces 
subsequent damage by these herbivores. 
Although unconfirmed in the scientific 
literature, informants claim that the termites 
and ants fight among themselves and, as a 
result, do little damage to the newly 
established plants. Ants of the genus ./f.zteca 
are also known for their capacity to repel 
leaf cutter ants (Atta spp. ), which defoliate 
plants and cause considerable damage in 
agricultural plantations throughout Brazil. 

The mounds of organic material placed in 
the savanna serve as sites for natural 
regeneration as well as intentional plantations 
- the latter in the form of seeds, seedlings 
and cuttings. Apete are usually established at 
the end of the dry season, which extends from 
June through November, thus enabling the 
plants to grow rapidly with the onset of the 
rainy season. Over time, new plants are 
introduced or naturally colonize the site, 
causing the islands of wood vegetation to 
expand. 

The Kayap6 recognize various types of 
apete, according to their size, form and plant 
composition ( see drawing). In the largest 
apete, several ecological zones are 
distinguished, each appropriate for the 
planting or maintenance of species with 
distinct characteristics. Plants with low shade 
tolerance are generally planted on the
margins (no ktl) or in clearings (irii), while 
plants with high shade tolerance are planted 
in the dense understory (ipok). 

Like other indigenous groups throughout 
the Americas, the Kayap6 burn savannas 

during the dry season. In addition to 
producing beautiful effects in the sky at night 
(metx, metire), informants report that these 
burns have practical effects: they diminish 
populations of snakes and scorpions while 
facilitating transit along paths (pry). The 
timing of burns is determined by old people 
(mebenget) in accordance with celestial and 
ecological markers. One of the major 
temporal markers is the pequi tree ( Caryocar 
brasiliense Camb. ), the fruits which are 
highly prized by the Kayap6. Burns are 
avoided during and after the _flowering seaspn 
so as not to jeopardize the subsequent 
harvest of peilli fruits .. 

Although all savannas in the vicinity of 
Gorotire are burned, the burns do not occur 
simultaneously. Before burning a specific 
area, the Indians frequently make a fire break 
by removing dried herbs and shrubs. After 
the burn begins, they utilize branches to 
impede fire from entering the apete. 
However, not all apete are protected in this 
manner: forest islands that contain high 
concentrations of certain fruit-bearing 
species (such _as Alibertia edulis, A. 
myrcifolia, Astrocaryum vulgare and 
Byrsonima crass if olia) are allowed to burn, as 
the Indians believe that fire stimulates these 
species' growth. 

Some forms of traditional land use, such 
as the establisment and maintenance of apete 
described above, are rarely practiced among 
the Gorotire Kayap6 today. Drastic social and 
environmental changes brought about by 
rapid penetration of logging and mining 
activities have caused the Indians to abandon 
many ancient traditions. And with the death 
of key informants such as Kwyra Ka, the 
Gorotire Kayap6 are loosing the knowledge 
associated with these traditions as well. In 

· more remote Kayap6 villages, such as Kuben 
Kra Krtn and Pyka-ny-re, some of this 
knowledge remains, and traditional 
management of scrub savanna still continues. 
But even here, the opening up of forest 
frontiers is threatening traditional lifeways. 

What is the purpose of the management 
practices described above? The Gorotire 
Kayap6 established and maintained apete for 
various reasons. Until recently, warfare 
ocurred frequently among Kayap6 groups 
and against other indigenous and 
non-indigenous peoples. According to our 
informants at Gorotire, apete played a critical 
role in the defense of the village · . Larger 
forest islands served as hiding places to 
camouflage warriors when the vilage was 
under auack. The location of Jllany Kayap6 
villages near scrub savannas may have been 
in part determined by the current or potencial 
availability of these habitats for defense. 

Apete also served as a refuge during 
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epidemics, which ocurred much more 
frequently in the past. During the threat of a 
measles outbreak in 1983, for example, one 
of the authors (Posey) observed that five 
families, all with small children, moved to the 
apete outside of the village, where they 
remained until the threat had passed. The 
Indians generally consider the savanna 
(kapot) to be a much healthier environment 
than forest (ba). From the Indians' 
perspective, the healthiest environment is 
open savanna broken by apete, with more 
continuous forested areas nearby. This 
patchwork contains all the necessary 
resources for a family to survive during times 
of emergency. 

In times of peace, apete are still used as 
sites for resting and for amorous encounters. 
Perhaps because of this latter use, adults 
discourage children from entering the apete, 
claiming that evils spirits (karon) live within 
them. 

The management of tropical scrub 
savanna by the Gorotire Kayap6 seems 

to be based on an environmental philosophy 

that is highly distinctive from forms of 
resource use currently in developing 
countries. Instead of virtually eliminating 
environmental heterogeneity, the Kayap6 in 
fact enhance it by establishing highly 
diversified forest islands within a relatively 
less-altered matrix (savanna). As discussed at 
the outset of this paper, a similar strategy of 
diversification appears to operate in forested 
ecosystems as well, promoting the 
maintenance of scattered, intensively 
managed islands that provide multiple uses 
during sucessive generations. 

The results of this study show that the 
Kayap6 have a profound impact upon the 
structure and composition of scrub savannas 
in the vicinity of Gorotire. The extent of such 
land use may have been far greater in the 
past. There is evidence that ancient villages of 
the Kayap6 were scattered over an immense 
area between the Araguaia and the Tapaj6s 
rivers, and it is likely that neighboring 
indigenous groups - such as the Xavante, 
Tapirape, Munducuru, Kajara, GavUio, 
Canela, Timbira, Xikrin and Apinaje -
followed similar practices in scrub savannas, 
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thus greatly expanding indigenous influences 
in this biome. Furthermore, informants in 
this study report that desirable species or 
varieties of species with special qualities, have 
been brought from these neighboring tribes 
to Gorotire from areas hundreds or even 
thousands of kilometers away. As Kayap6 
groups were more mobile in the recent past 
then now, it appears that apete and other 
managed sites could contain a concentration 
of botanical resources obtained from an 
extensive geographic area. 

Kayap6 management of scrub savanna 
vegetation has, therefore, apparently 
developed over long periods of time and was 
widely practiced. The results of this study 
suggest that many tropical ecosystems usually 
considered "natural" may in fact have been 
profoundly altered by indigenous populations 
in the past. 

(p. 8). In the larger photo, Jose Ute carries organic material from 
a termite nest. Smaller photo (above): Beptoppop extracts palm 
hearts near an apete; (below) Jose Ute uses leaves from a plant 
(Maytenus sp.) to wash hands. 

types of apete by size, configuration and plant composition. The 
bigger ones are divided into ecological zones, which determine 
the location of plantations. 

(p. 9). Savanna, without apete, near Gorotire, with a shrub of 
(Tabebuia serratifolia) in flower. 

(p. 10). Aerial view of Gorotire and its surroundings, with apete. 
Insert: Kwira Ka .cuts woti-dio (Syagrus sp.) palm in an apete. 

(p. 10). Ecological zones of the apete. The Kayap6 classify various 
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(p.11). Women leave the forest toward the savanna. 

(p.11). Women carry firewood retrieved in apete adjacent to 
Gorotire. 

(p. 12). Burning in the savanna, generally done during the dry 
season. Insert: children gather flowers in recently burned field. 

ANDERSON AB. and POSEY D.A., 'Management of a Tropical Scrub Savanna by the Kayap6 Indians', Boletim do Museu Paranaense 
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VIEWPOINT 

THE TUTORED RESEARCH 

There is one area of research in Brazil 
where scientific investigation can only 

be undertaken with the blessing of whoever 
happens to be in power. This is the case of the 
indian population of Brazil - especially, just 
now those who live in the Amazon region and 
in the frontier country called Calha Norte. 

Ethnologists, unlike other investigators, 
can only carry out their field research if duly 
authorized by the National Indian 
Foundation (Funai), an institution linked to 
the Ministry of the Interior and totally 
unaware of academic, scientific and cultural 
norms and procedures. 

The reason given for this situation is 
purely juridical, but it conceals a good deal of 
malice and distortion of facts. Law 6001, the 
so-called Indian· Statute, is often invoked. In 
this statute, the lndian is defined as a ward of 
the federal government, in this case 
represented exclusively by Funai. If for any 
reason the hapless investigator falls out of 
favor with the foundation or with its local 
potentate, his research becomes a matter for 
police intervention. If he disagrees with the 
basis for the authorities' decision and seeks to 
obtain by direct negotiation the approval of 
the group of people he wants to study, he may 
also. be faced with police intervention, 
sometimes from the very start. In either case, 
Funai - the watchful warden - calls in the 
federal police to remove the dangerous 
individual from the area, thus putting in 
jeopardy the data already collected as well as 
the delicate human relationships on which the 
research is founded. 

These manifestations of Funai's policy are 
based on fallacies. First, the scientific 
community has its own mechanisms of 
evaluation, which extend from .the units that 
implement education and research 
(university departments, museums, 
established programs and institutes) to the 
peer review committees of the agencies that 
allocate funds for research. In these groups, 
qualified people evaluate each project on its 
merits and assess the competence of the 
principal investigator applying criteria 
appropriate to the area. In the context of a 
university career, competitive examinations 

and scientific productivity, evaluation at these 
levels makes it reasonably certain that a 
proposal to study a given tribe or culture is 
valid. Funai does · not contribute to the 
training of anthropologists and does not have 
a staff that is technically qualified to evaluate 
ethnological research. It does not carry out, 
finance or otherwise support serious efforts 
to add to our knowledge of the Brazilian 
indfans. · · 

The second fallacy lies in the legal status 
of the indian population. An indian is 
cons,idered to be relatively (but not 
absolutely) incapable,and his status as a ward 
is conceived as a form of protection, not a 
means of repression or a device to deny him 
any expression of free will. This means that an 
indian's actions, provided they cause him no 
harm, are legally valid. The conditions for 
being accepted by an indian group as well as 
for obtaining its cooperation in the research 
process must be - and in practice already are 
- a result of a direct understanding between 
the investigator and the group itself. 
Ethnological research can hardly have a 
negative effect on an indian group. On the 
contrary, it ·may raise their expectations, to 
the chagrin of their official guardians. 
Interpersonal relationships, methods of data 
collection or research goals that could 
threaten the socio-cultural continuity of an 
indigenous group would be subject to veto by 
the scientific community on ethical grounds. 

Rather than isolating the indian 
population, Funai's current president has 
publicly stated that he favors the exploitation 
of natural resources (from the soil and 
subsoil) in indian areas, as long as such 
activities are agreed to by the community 
involved and contribute royalties to the 
maintenance of Funai and its program of 
assistance. Why, then, discriminate against 
ethnological research? It neither destroys 
non-renewable resources nor has a negative 
effect on the lives of the indian people in their 
own environment. 

As is often obs~rved, the fallacies in 
Funai's policy reflect hidden motives . . The 
underlying aim is to control the investigator, 
to consolidate Funai's authority to forbid him 

Joao Pacheco de Oliveira Filho 

Museu Nacional, 
Universidade Federal do Rio de Janeiro 

to carry out his proposal. This subtle 
undermining is an effective way of either 
punishing a dissident anthropologist, or 
discouraging him from examining or 
commenting publicly on Funai or its policies. 
It also is designed to suppress statements 
about local events (conflicts, epidemic 
diseases, etcetera) or about administrative 
practices that might sully Funai's public 
image. This is what is happening now with a 
number of researchers, especially those who 
are working on tribes such as the Tilkuna, 
the Waimiri-Atrnari, the Yanomami, the 
Makuxi and others, located in the area of the 
Calha Norte Project. 

What is needed is an approach to the root 
of the problem, which is the question of 
whether it should really be necessary for 
Funai to authorize research on Brazilian 
indians. The scientific community is already 
set up to evaluate and support individual 
research projects, and should be e·qually 
capabl~ of establishing mechanisms for 
supervising ethnological research in indian 
areas. The dignity of a scientific undertaking 
and the social responsibility of the 
anthropologist ar.'! not compatible with 
Funai's policy of intimidation. There is urgent 
need to mobilize universities, scientific 
societies and granting agencies to ensure the 
autonomy and integrity of research in this 
area. Otherwise, in a very short period of 
time, anthropologists will only be able to do 
field research if they disguise themselves as 
military personnel, businessmen, or 
functionaries of Funai or mining companies. 

Translation: Elisa Landau 
Revision: Martha Sorenson 
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RAINS AND CONSTELLATIONS 
. The C·alendar of Economic Activities of 

the Desana Indians 

Berta G. Ribeiro 
Museu Nacional, 

Universidade Federal do Rio de Janeriro 

Tolaman Kenhiri 
Desana Indian 

This article deals with the calendar of activities of the Desana Indian group, a relatively unexplored theme in Brazilian 
ethnological literature. The Desan.a Indians live near the banks of the Tiquie River, a tributary of the Uaupes (in turn a 
tributary of the upper BlacJ< River). They have established a calendar according to the appearance of constellations in 
the sky. The Desana divide the weather of the region into certain number of "summers" ( dry periods), some very short 

and others longer, interspersed with rainy periods that are announced by the stars. Constellations and rains are 
associated with natural economic cycles: the beginning, maturing and gathering of the fruit crop, the migration of fish for 

spawning, the ·appearance of the maniuaras (flying termites) and sauba ants as an important source of food. These 
weather changes are also related to the agricultural cycle, for example when the fields are burned following a dry period. 
In 1978, Berta Ribeiro studied the productive scheme of the Indians of the Black River during her first trip to the region. 
At that time, she had the opportunity to help two Indians, Umusin Panlon Kumu, and Tolaman Kenhfri, father and ,son, 
in the final version of a book of myths published under the title of Antes o mundo ntio existia (Before the World existed) 

(Editora Cultura, Sao Paulo, 1980). Upon her return to the Tiquie River in 1985/1986 to complete her work, the 
anthropologist found that Tolaman Kenhfri, whose Brazilian name is Luis Gomes Lana, was willing to write a paper on 

the constellations which regulate the alternation of rain and dry periods. This article is derived from the collaboration of 
the two and is illustrated by To,aman himself. The scientific names for the fauna and flora are used whenever possible ,as 

supplied by specialists in the field. 

The year of the Desana Indians begins in 
October with the appearance in the 

West of the "The Lighting of the snake 
J araraca" ( ana sinoliru ). The heavy rains that 
follow also bear this name. The other 
constellations that account _for tp.e full figure 
of the jararaca appear in the sky soon after: 
the "Head of the Jararaca" (ana dihpuro 
puir6), and the "Body of the Jararaca" ( ana 
dehpe puir6). This is the time to clean up the 
terrain and fell the trees to make new fields. 
Edible mushrooms grow on the trunks of the 
burned trees of the virgin forest and the 
coppices. The two star constellation "Eggs of 
the Jararaca" (ana diuba piur6) also appears 
in the sky at this time. The brownish, spongy 
mushroom is called i!'iri by the Desana 
Indians. Its scientific name is Auricularia 

delicata Fr. A second kind, white and much 
larger, belongs to the poliporacean family. A 
third variety, brownish, spongy and much 
larger than the other two, is called taka. 

The harvest of the edible mushrooms 
lasts until the end of November and coincides 
with the maturing of the star apple (Pouteria 
caimito) and the inga (Inga spp). The 
pejibaye (a peach palm) (Bactris gasipaes), 
already in bloom, also starts to bear fruit. In 
the meantime, the "Round tail of the 
Jararaca" rain arrives with this constellation 
(anapoler6 ber6, figure 1). This rainy season 
continues until December and marks the first 
upstream spawning migration of fish. The 
Indians refer to this as "the washing of the 
itching of the pejibaye" (see "Pupunha, uma 
arvore domesticada", in Ciencia Hoje n° 29). 

Frogs ( of the Leptodactylus and 
Osteocephalus variety) start to croak and can 
be easily captured. The maniuaras, insects of 
the (Conitermes sp.), start to fly in small 
groups. The water reaches a high level 
covering the flood plains, or "igap6s". 

CIENCIA HOJE 

The "Summer of the Star Apple" (kane 
were: star apple, summer) comes in January, 
lasts five days, and marks the time when this 
fruit becomes scarce. Tbere is some rain but 
it is not associated with any constellation. The 
"Summer of Inga" (mene were: inga, 
summer) follows immediately and is also 
highlighted by the end of the crop of this long 
podded fruit. The fruit of the pejibaye begins 
to ripen. This summer lasts from 8 to 15 days, 
a time that is used to burn the fields cleared 
during the felling of the virgin forests in 
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The Tiquie River Fish Cycle 
Toe fish cycle is closely dependent on the rains and is therefore 

closely connected with the stars. Toe first migration of the aracu, 
mandim, pacu and surubim to the headwaters for spawning occurs . 
in November during the "Round Tail oftheJararaca" constellation. 
Toe men prepare and set the fishing traps, and manufacture the big 
nets, known as jereres, in January during · the "Summer of Inga" 
when the water level is low. 

Toe caia is the biggest of these permanent traps. They are built 
or restored at this time next to the waterfalls (figure 5). Caias exist 
along the Tiquie River in several places: at the Periquito and Pari 
waterfalls near the Tukano village; on the narrow Cabari waterway 
(igarape) ne~ to the Tuyuka Indian settlement located a three hour 
boat ride above Pari; at the Caruru waterfall next to this Tukano 
village; at the Pedra Curta waterfall near the Tuyuka Indian 
settlement of Sao Pedro. These are the only places where the caias 
are built on the Tiquie River. · 

Toe aracus climb the Pari waterfall in April during the "Round 
Tail of the Jaguar" constellation and lay their eggs in one day. It is 
marked by the characteristic "shout" of the fish. These fish are 
caught in the caia after spawning on their return downstream. Toe 
Indians who helped set up the trap divide up the catch. On normal 
days, the fish are taken on a first come basis. This contraption 
actually serves to trap fish both on the upstream and downstream 
migration. Toe caia acts as a retaining wall that decreases the force 
of the waterfall for the fish going upstream. They search for a 
passage but are caught in the matting of the caia. Toe fish coming 
downstream attempt to bypass the trap. However, they are unable 
to overcome the strong currents and fall into the trap. 

Toe caias trap big fish like the surubim, pacu, aracu, mandube, 
and mandi, as well as small ones like the pira-mirim. Toe bottom 
mat of the caia is made very narrow at the appropriate times to catch 
the small fish (pira-mirins) and prevent their escape. Toe pacu and 
the "red chin" fish feed on the caruru plant (Mourera jluviatilis) 
which grows close to the waterfalls and was formally used for salt 
extraction. It is this plant that accounts for the fact that these fish 
are the most abundant in this habitat. 

Toe jequi (figure 6) is placed where the aracu lay their eggs. 
These fish, which have two black spots on their tails, live typically in · 
the waterways (igarapes) and lay their eggs on the flood plains 
(igap6) in certain places along the Tiquie River. Toe spawning of 
this species of aracu ( fiihtin ierikena in desana) occurs at four in the 
afternoon. Toe other kind of aracu has a black stripe on its tail. Its 
natural habitat is the Tiquie River, but it lays its eggs in specific 
recesses at the river bends. These aracus (fiihtin manikena in 
desana) spawn at night in the rain and one day ahead of the black 
spotted aracu .. 

Toe habits of the aracu, the most highly appreciated fish of the 
Indians of this region, as well as that of other fish determine the 
place where the matapis are set. Toe ·Tukano of Bela Vista place 
them at the Umari waterway, while the ones from Tabatinga and 
Inspetoria place them at the Castanha waterway, both tributaries of 
the Tiquie. It is easier to set the jequis on the waterways because 
they are more protected than on the river margins or the flood 
plains. The river and the flood plains change rapidly in the rain and 
finding the place where fish lay their eggs is difficult when the river 
is high. The location where the jequis are set belong to the "big 
brothers" of each group and are named accordingly. The most 
. appropriate places for the matapis are along the Tiquie River near 

the Tukano settlement. Schools of small fish that climb towards the 
falls between July and September are also caught sometimes in 
these traps. 

The cacuris are set up near the falls, in the more protected parts 
of the flood plains, on the river margins and on the side channels. 
Places at the Iauarete and Ipanore Falls on the Uaupes River, 
where fish lay their eggs, are passed from one generation to another 
as an . inheritance. On the other hand, the cacuris placed on the 
Tiquie River are not dependent on the spawning season. The eldest 
of the tribe choose the best places found after years of fishing and 
also pass on these places to the younger generation as an 
inheritance. The cacuri like the caia can be considered a permanent 
trap. However, restoration of these traps is done during the summer 
ofinga. 

A different type of trap is the teli. This is an oblong tube with an 
expanded mouth that is prepared during the Summer of Inga in 
January (figure 7). It is fixed in predetermined places of the 
floodlands and supported by rods and foliage. These places are· 
passed on at first to the oldest Son and later on to the next children. 
Experience has shown these to be the most productive spots for 
fishing, but they are not related to spawning activities. The teli can 
sometimes trap small fish like the aracu, mandi and acara, that go 
upstream in groups between July and September. The jerere is 
another important piece offishing gear (figure 8). It is used to catch 
the black spotted aracu that is found together with the black striped 
variety in all the spawning periods associated with the constellations 
described in the text.Toe entire village helps out with the jerere to 
catch the black striped aracu during the spawning at night time. The 
fishermen take their canoes upstream with the big net submersed 
against the current. The net is unloaded on the canoe whenever it 
becomes heavy. This is repeated several times until . the end of the 
spawning. 

Fish like the pacu, mandube, surubim andmandi mate during 
the spawning of the aracu. The pirapucu has its own spawning habits 
near the jauari plant (Astroca,yum jauari) that grows on the 
floodlands. The piranha, the acara, the trafra and the tucunare lay 
their eggs individually without migration. The acara and tucunare 
spawn during the Summer of Inga while the traira and the piranha 
during the "Summer of the Pejibaye". 

During the longer dry spells ocurring between the constellations 
mentioned above, the Indians do tingilijadas, or fish poisoning. A 
big barrage mat (pari) is placed around the side channels, the 
lagoon, some of the floodlands and the waterways when the waters 
are sufficiently low. The paris are placed just before the floodings 
·that mark the "Tail of the Jararaca", "Femur of the armadillo" and 
"Shrimp" constellations. 

Two types .of timb6 (plants belonging to the Leguminosae and 
Sapindacea families; native species: Denis and Paullinia; cultivated 
species: Tephrosia sinapu and others) are used on fish poisoning. 
One of them grows on the floodlands and can only be used to fish 
in lagoons. The stalk is mashed and the fish are poisoned by this 
foam. Fish rise to the surface in a few minutes and are then caught 
by men, women and children alike with nets, harpoons and even 
sifters. Toe timb6 cultivated in the open fields is even more 
commonly used for this task. In this case, the roots of this creeper 
are pounded and mixed with mud. The mixture is then dissolved in 
the water and the fish surface in different places and can be caught 
as previously described. 
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During the second half of April, when rains follow the 
constellation called "Beard of the Jaguar's Chin", it is no longer 
possible to use the traps for fishing. Barrages are also no longer built 
to poison the fish since no dry spells lie ahead. The traps built during 
the "Summer of Inga" remain submersed until May. The only fish 
that can be caught now is the daguiru, a small fish. Hooks are used 
with a black worm bait, daracubi, whose seedbeds are in the 
floodlands. During the flood, the daracubi climbs on trees and lies 
in hiding in orchids from where they are collected by the Indians. 
During the low water periods, the fishermen do without this bait. 
In fact, they dive to catch the fish, sometimes by hand, near the 
stump of rotten trees where the fish eat mud on the river bottom. 

June sees schools of large fish (surubim, pacu) on their 
upstream migration. They hover around the waterfalls where they 
are caught in the secluded places set out with caias and cacuris. 
They are sometimes caught with hook and bait, or at night time with 
the beam from a· torch. The groups of fish are named i'in wai in 
desana, meaning "larvae, fish", since the migration reaches its 
climax in August during the catching of butterfly moths. The 
migration, unrelated to spawning, goes from June to September. 
At this point, the waters subside and the floodlands emerge anew 
giving rise to a new cycle. 

The floods in June bring out other fish like the tiny pira-mirim. 
They are trapped in the caias placed on the waterfalls, in the jequis 
and in other special traps (im[no in desana) that use for bait a 
termite or a roasted ant supported on a leaf. The matting of the 
caias is then modified by placing the rods very close to each other. 

The introduction offishing nets in 1979 on the Tiquie River has 
significantly affected these schools of fish and the phenomenon of 
migration and spawning has become rare. Fish are trapped in the 
mesh before the reach of adulthood and their spawning stage. 

October. A minimum of seven days of strong 
sun are needed to burn off the fallen trees and 
to plant new crops. The matapis or teli are 
placed on the flood plains ( see "The cycle of 
the fish on the Tiquie River"). The rain 
"Femur of the Armadillo" begins at the end 
of January with the closing of the previous 
summer. It is announced by the constellation 
of the same name (pamo ngoa dehka). The 
water level is not high enough to cover the 
flood plains, no fish migration takes place at 
this time but the frogs can be heard to croak 
continuously. 

February begins with the constellation 
and rain of the "Armadillo" (pamo, Figure 2). 
This is the time of the second and larger 
migration of aracu ( a characid) and other fish 
for spawning. The 4 day summer of the 
"Cucura" (igui were: cucura, summer) 
follows this rain and coincides with the 
ripening of this frui,t, (Porouma 
cecropiaefolia). As in the case of the star 
apple and the inga, the cucura and the 
pejibaye bear fruit at the same time in March, 
a period of little rain and no noticeeble stars. 
The time running from mid-March to the 
beginning of April is the "Summer of the 
Pejibaye" (eni were: pejibaye, summer) that 
lasts from one to two weeks and is used to 
burn off the fieids opened after the felling of 
the forest in November or December. The 
coppices ( old gardens) cleared in January are 
also burned off during this period. 

The rain announced by the "Shrimp" 
constellation (nahsin kame, Figure 3) comes 
in April after the summer of the pejibaye. The 
third migration and spawning of the aracu 
and other fish take place at this time. 
Maniuaras and sauba ants (and their egg 
bearing females) fly again. The termites also 
soar during this rain and two varieties, both 
of the same size and edible are in evidence. 
Another edible ant, the night ant (see "The 
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cycle of the edible invertebrates"), develops 
its wings during the shrimp constellation. This 
constellation is not always followed by rain. 
The whole economic cycle represented by the 
third fish migration, the flight of the 
maniuaras, sauba ants, termites and night 
ants, the appearance of frogs, ceases to occur 
in the absence of rain. It is then referred to as 
the "Constellation that was lost". In this case 
the Summer of the Pejibaye lasts until the 
middle of April. 

Another rainy season comes in the second 
half of April. It is announced by the 
appearance of the constellation "Beard of the 
Jaguar's Chin" (ye disika poa/6) and marks 
the end of the spawning cycles. It also marks 
the end of the umari crop (Poraqueiba 
sericea), a fruit that ripens in the middle of 
March. This rain is followed by two or three 
sunny days mixed with short showers. The 
next period arrives with intermittent heavy 
rains and coincides with the appearance of 
the lc;mg constellation known as the "Body of 
the Jaguar" (ye dehpe puir6). · During this 
time, the frogs croak in unison and it is easy 
to seize them. This is followed by warm spell 
of 4 or5 days. This is the "Summer ofUmari" 
(me were: umari, summer). Three sunny days 
end with the so called "Round Tail of the 
Jaguar" rain brought about by the same 
constellation (ye poler6 ber6, Figure 4). The 
frogs stop their croaking and are no longer to 
be found; the maniuaras and sauba ants end 
their flying stage and only the termites remain 
active. 

May brings the rain announced by the 
constellation "Piece of Star" (nektin turu, 
figure 17). The flight of the two types of 
termites becomes inore intense at this time 
which is just before the end of the edible 
insect cycle. The month of May also brings 
the stars "Fish, smoked" (wai kaia, Figure 
18) and "Gourd with U mari Pulp and its 

Support" (kai sanin6, Figura 19) in 
succession marking the beginning of 
uninterrupted torrential rains tpat raise the 
water level of the· rivers. The temporary and 
permanent fishing gear remain submersed 
and daguiru can only be caught with 
fishhooks. An intense migration of birds of 
the size offlycatchers is also noticeable at the 
time of the three constellations of the jaguar 
mentioned above. These birds, whose origin 
is not known, disappear when the "Gourd" 
begins its appearance. 

The heavy rains marked by these stars last 
until the middle of June. Rains that come with 
"Piece of Star", in May, allow for clearing of 
the coppices to be burned during the three 
day warm spell in June called yoh6ka dehpe 
bohotali. If the Indians plant their corn at this 
time, they believe that the crop will be 
succesful. During these warm days, the water 
level of the river decreases, but another rainy 
period arrives soon again identified by the 
constellation that precedes it - "The Feathery 
Decorated Adze" (yoh6ka dehpe puir6). 
According to Stephen Hugh-Jones, this 
constellation represents an adze with a stone 
blade as used in old times as an agricultural 
tOdl, and later carried on the left shoulder as 
an ornamental piece during the dances. 
Nowadays, these adzes are no longer found. 
This constellation corresponds ·to the Belt 
and Sword of Orion according to 
Hugh-Jones. 

At the end of the month of June the water 
rises again making it possible to cross by boat 
to the Pari and Caruru waterfalls. A kind of · 
tiny fish, 2 to 10 centimeters long, known as 
pira-mirim starts moving upstream and can 
be caught with very fine nets. 

July brings the invasion of the 
grasshoppers. They arrive in big noisy groups 
and take over the village. They can be caught 
by hand with the help of torches made out of 

11 



12 

The Cycle of the Invertebrates and the Eating Habits 
of the Indians 

The maniuaras (from the Termidae family, sub-family 
Nasutitermitinae, Comitermes variety) are first noticeable after the 
"Round Tail of the J araraca" rain at the time of the first fish 
migration and spawning. They build earth mounds with plenty of 
orifices that act as entrances and exits. The Indians grab these 
insects by inserting in the orifices a funnel made with the leaf of a 
banana type tree (sororoca, Heliconia sp). A receptacle made with 
a folded banana leaf held at the creases with leafstalk from the 
pataua palm tree (Jessenia bataua) is attached to the funnel for 
insect collection. The maniuaras are trapped here as they fly away 
and collide with the upper part of the funnel. 

This operation is repeated at the end of the "Summer of the 
Pejibaye" (beginning of April) when the "Shrimp" constellation 
appears and the insects fly again. The maniuaras soar a third time 
in mid-April with the rain and constellation "Beard of the Jaguar's 
Chin" that is also referred to as the "Flood of the Maniuaras". 
Finally these insects become very active again during the rain that 
comes with the "Round Tail of the Jaguar" constellation. Since the 
season of these termites coincided with the fishing season, a division 
of labor existed in older times. The Tukano did the fishing while the 
Desana were busy catching the insects. The Indians considered the 
maniuara workers and queens, much like bees, a delicacy. The 
workers were eaten raw or roasted, mashed with salt and pepper in 
the mortar. Sometimes the Indians add smoked fish and this 
mixture is spread over manioc cakes (beijus). The queen termite 
was prepared in a similar way but no fish was added. 

The sauba ant is also a highly appreciated dish in these regions. 
Two species belonging to the Atta variety are consumed by the 
Indians. The dihputiana type is small, brownish and both the male 
and female are eaten alive or roasted. The second kind, named 
biapona, is also small but black and much more aggressive. These 
ants can be stored for a long time as a stew. The sauba ants begin 
to fly when their females bear eggs at the time of the "Shrimp" 
constellation. A platform is made above the ant's nest where people 
sit and catch the ants in full flight. Their cycle ends with that of the 
maniuaras in the middle of April when the "Round Tail of the 
Jaguar" constellation and rain arrive. 

The night ant (Acromyrmex cf. histrix), flami menga in Desana, 
is the third type of ant that flies during the "Shrimp" constellation. 
They live underground like the sauba ants. They start flying at dawn 
and are caught with the aid ofturi torches. A hole is first dug about 
three meters from the ant's nest and a straightpassage is opened to 
connect the two. Once the torch has been lit, the ants are attracted 
to the light and move towards the hole where they are trapped in a 
receptacle (figure 9). The termites known in Desana as ahpikon 
wi!ka and bulu pagana are also seen to fly in this season. One of them 
builds its nests underground or in fallen trees that are rotten, while 
the other one lives on trees. The termites are only eaten after they 
develop wings and when the females are carrying eggs. The male is 
not consumed by the Indians. The grasshopper that appears in the 
"Otter" constellation in July is eaten like the ants. They are roasted 
in clay vases and crushed with salt and pepper. Otherwise, they are 
roasted on a spit. · 

The butterfly larva season arrives at the end of July with the 
"Crab" constellation. The first ones to reach the consumption stage 
are the nihtia, Saturnidae family, that grow on the trunk of the 

cunuri ( Cunuria spruceana ). The next to appear are the wahsu 'bulo 
in that feed on leaves of tururi (Sterculia sp). Both trees grow on 
sandy clay firm soil and on the floodlands. The larva on the tururi 
tree is tinted rose and black and is hairless (figure 10). It grows to 
roughly 10 cm long in adulthood when it is hand caught in the lower 
parts of the trunk. It is cooked in salt and water. The nihtia, 6 
centimeters long, grey with whitish hair, are also caught by hand as 
they come down in groups and to make their nests in the branches 
of neighboring trees. They are mashed with salt and pepper and 
roasted to go along with the manioc flour. 

Another highly appreciated moth appears in August:·the bali'i 
that feeds on the leaves of the japura (Erisma japura), a 
20-meter-high and 1-meter-in-diameter tree that yields an edible 
fruit much like the cunuri. A trough is dug around the tree and 
covered with cabari leaves (Lonchocarpus sp). Holes covered with 
the same leaves are made at certain intervals (figure 11 ). The larvae 
fall from the top of the japura around noon and moves around the 
trunk until it falls in the circle and eventually into the holes. These 
larvae are blue with white spots, hairless and measure about 10 
centimeters. A close inspection of their excrements indicate the 
time when the larvae are about to drop from the tree. These larvae 
are in much demand for their excellent taste and for their ability to 
produce and enzyme that eliminates warts. The enzyme producing 
giand is removed and the larvae are cooked until they become soft. 
They . can also be roasted, mashed with salt and pepper and 
seasoned. 

An orange moth with white hair also appears at this time in 
August. It feeds on the leaves of the Minquartia guaianensis and 
takes its name in Desana ( bihp(sa ). It has a sweet taste and it is 
cooked like the moth of the japura tree. The cunuri moth matures . 
soon after. It measures 4 centimeters, has brown skin and hair and 
is named sit'ha (figure 13). It eats the leaves at night time and like 
the washu 'bulo in descends from the tree when reaching adulthood 
and can be easily hand caught. During this same time, the larvae 
po'a busa and wahsun pi! .in (figures 14 and 15) attack the cunuri 
leaves. The first one is hairy, whitish and reaches ten centimeters in 
length. The second has the same size and has yellow skin and hair; 

Finally, the behebu moths (figure 16), also appear during the 
month of the edible larvae. They feed on the leaves of the inga, 
measure 4 centimeters and have characteristic mustard-yellow skin 
and black hairs. They are caught when adults in the lower parts of 
the tree. If this chance is missed, they can be caught in nests made 
in neighboring trees that look like spider webs. Many times, th~se 
species are eaten by birds when they are still high on the tree and 
are, therefore, not as abundant. Some larvae, like the japura, make 
nests on the ground with saliva to protect themselves. Those who 
survive the collection become bu tteflies. 

A study carried out by the American anthropologist D. L. 
Dufour among the Tatuyo Indians ( of the tukano language) in 
Colombia revealed that roughly 12% of the animal protein 
consumed by men and 26% by women come from the 
invertebrates. There other species like the larva of coleopters and 
vespid moths that are comsumed by the Desana. They have not 
been included here because they are unrelated to any of the 
mentioned constellations. 
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turi, an igniferous type of wood (Licania 
kunthiana). Grasshoppers are sometimes 
used as bait for the pacu, ( a characid), the 
only fish that feeds on them. Three 
constellations are seen during this month. 
The first one is known as "Otter" (di'a yowa, 
figure 21) and so is the rain. The otters that 
used to roam around the Tiquie River were 
hunted during this time of the year. However, 
the increasing commercial demand for their 
skin decimated and scared them off. At times, 
two other constellations can be seen, 
although not clearly, during this period, 
"Beautiful Little Bird" (bihpia diand, figure 
22) and "Beautiful Crab" (ngamia diana, 
figure 23). 

These stars announce intermittent rains 
and the cold front called keria, named after 
the sloth. It is also the beginning of the cycle 
of edible larvae. The meaty larvae are very 
tasteful and derive their names from the trees 
on which they feed. The catching of these 
larvae coincides with the return of the 
constellation "Piece of star" first observed in 
May. Schools oflarge fish, pacu and surubim, 
swim up the Tiquie River but do not lay eggs. 
The first migration of these fish is in June, 
the second in July and the third in August. 

August marks the beginning of the 
clearing of the virgin forest where new fields 
are to be established. The shrubs are also 
cleared, a simple task because they are 
covered with much smaller trees. The first 
collection seasori of larvae ends and a much 
bigger one lies ahead. The larvae catching 
mobilizes a large number of people especially 
for the collection of the nihtid. 

The rivers are full and fishing can only be 
done with hooks. This is the reason that 
larvae assume an important role in the Indian 
diet. The mostsought after are the first larvae 
of the cunuri and the one that feeds on the 
japura leaf. Pacas (Culiculus paca) make a 
noticeable appearance in the middle of the 
larva .cycle. These rodents eat fruit from the 
trees that grbw by the riverside and ripen in 
June, July and August. During this time of 
the year, it was the Desana Indians duty to 
catch these animals according to the division 
of economic activities among the tribes. 

A two to three day warm spell in 
September, the "Summer of the Old Larvae" 
(i'i mi!ra were: larvae, old, summer), ends the 
early larva period that started in July (the 
nihtia, from the cunuri tree, and the 
wahsu 'bulo'in from the tururi). These sunny 
days are used to burn off the growth of the 
shrubland cleared in August. The floodlands 
emerge above the water with the lowering of 
the river level. The rains and the "Sloth" cold 
front return after this short dry spell. The 
winds carry away the flowers of the star apple 
and the inga fruit trees planted in the . 
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clearings around the houses. Another 5 day 
summer follows this cold period, the 
"Summer of the Beautiful Larvae" (in diana 
were: larvae, beautiful, summer), and marks 
the end of the edible larva picking. 

The dry period is again used to burn off 
the growth of the coppices. The sunny days 
finally end with the appearance of the 
"Heron" (iahf puir6, figure 24) constellation 
and rain. This announces the last flight of the 
maniuara, thepordmengti (thorn, maniuara), 
at the end of September. The coppices that 
remain unburned by then will not be used for 
planting because the scrub starts to grow fast 
and no clear sunny days are left for the 
burning. 

The classification of the stars by the 
Desana reflects the weather conditions 

of their habitat. The alternation of rain and 
. sun and the highs and lows of the river level 

are important parameters. The "summers" 
are very short, lasting at most 15 days without 
rain. The rains are directly related to the 
position of the stars and the appearance of 
constellations and thus bear the name of the 
latter. These rains and stars determine the 
actual cycle of economic activities. Hunting is 
very noticeably not included among the 
activities associated with weather changes 
because it was traditionally done by the 
Indians of the forest, the Maku group. These 
Indians provided for the Indians along the 
river bank, belonging to the tukano language 
group, like the Desana. Paca hunting during 
the fruit season of the trees on which the 
rodents feed was the only exception. 

Another important aspect of the calendar 
is the contribution that ants and butterfly 
larvae have in complementing the animal 
protein needs of the riverside Indians who 
depend on fish for this purpose. This is born 
by the detailed taxonomic classification of the 
different species demonstrating a thorough 
knowledge of the morphology and habits of 
these edible invertebrates. This knowledge 
derived from prolonged observation is . used 
to their advantage in fishing techniques and 
in the catching of insects and larvae. 
Carbohydrates are provided by manioc, the 
mother plant and the most stable Indian 
supply for subsistence. Manioc is also 
conqected with the cycle of stars insofar that 
rains and dry periods determine the 
agricultural cycle. In fact, the short intervals 
between rains (15 days at JJ)OSt) are used to 
burn off the vegetation brought down many 
times by the heavy rains. 

The movement of the stars bears little 
relationship to the cycle of rites. In ancient 
times, the kumua (wise men, visionaries) 
carried out . the rites with tar and tobacco 
before the rains that come with the Jararaca 

constellations from October to December. 
These rites were meant to scare off the snakes 
that become more aggressive and smelly at 
this time. The rite of the tar receives the name 
of aiia dibuli Uararaca, remove). Since the 
Desana cleared forest for planting at the 
same time, the rite with tobacco was meant to 
protect the Indians from falling trunks. From 
July to September, a time associated with the 
constellar cycle of the edible larvae, the same 
rites were performed to exorcise any 
supernatural sorcerers. The male initiation 
rite took place when certain highly 
appreciated and rare fruit of the forest 
ripened - the uacum (Monopteryx uacu), the 
miriti (Mauritia flexuosa) and a type of rubber 
tree, probably the cunuri tree, named wahsun 
by the Desana. This was coincidental with the 
"Feathery adze" constellation. 

The nomenclature of constellations 
agrees in part with that recorded by Stephen 
Hugh-Jones (1982) among the Barasana, a 
Colombian group of the tukano tongue, and 
also with that observed by Koch-Grunberg 
(1905) in two tribes of the same linguistic 
origin on the Uaupes. Nevertheless, the 
names do not always apply to the same group 
of stars. Among the Desana, these stars are 
not mentioned in the myths. They are 
primarily related to the economic life. Their 
weather observations re.fute the notion that 
in this region there are only two seasons: dry 
and rainy, or "summer" and ''winter". They 
also defy a simplistic classification that only 
distinguishes firm soil (terra firme), sabanas 
and floodlands (varzeas) as part of the 
Amazonian soil. This implies that the Indian 
knowledge of the phenomena associated with 
climate and weather must be taken into 
consideration for a complete understanding 
of the ethnoecology of the Amazon. 
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NUMBERED FIGURES (See Ama,zOnia pp. 16-23) 

Figure 1. Above to the left, and sinoliru: Jararaca, lighting. This is 
probably the Southern Cross. Above right, and dihpuro puiro: 
J araraca, head, flood. Probably the Belt of Orion. Lower left, and 
diubu puiro: Jararaca, eggs~ flood; probably Alfa and Beta of the 
Centaurus constellation. All of these come in October. Lower 
right, and polero bero: Jararaca, tail, round. Probably the tail of 
Scorpius. November and December. 

Figure 2. Above. The constellation pamo ngod di!hkfi: armadillo, 
bone, piece. January. Below,pamo: armadillo. February, March. 

Figure 3. Nahsin kame: shrimp, constellation. April. It announces 
the spawning of the fish and edible insects. 

Figure 4. Upper left,ye disika poalo: jaguar, chin, beard. Probably 
part of the Ursa Major. Left, ye di!hpi! puir6: jaguar, body, flood. 
Above,ye polero bero: jaguar, tail, round. All·seen in April. 

Figure 5. Caifi (ge'd). Permanent fish trap next to the Pari 
waterfall on the Tiquit River. The drawing should be compared 
with the photograph taken at the site. 

Figure 6. Matapi, or jequi, with its internal funnel (alubo) to be 
placed in the waterways (igarapes) and waterfalls. 

Figure 7. Ti!li. Trap set on the river margins, floodlands or 
waterways surrounded by foliage and sticks. 

Figure 8. Jerert. Night fishing from a canaoe during the spawning 
of the black striped aracu. 

Figure 9. Capturing of the night ant (liami mengd): the fire from 
the turi torch attracts the insects that fall in the clay pot ( camuti) 
placed in a hole dug in the earth. 

NON-NUMBERED FIGURES (SeeAmazOnia pp.16-23) 

(p. 15). "Body of jararaca" (di!phi! puir6), literally: jararaca, body, 
flood. Probably the constellation of Scorpius. Comes in October. 

FURTHER READING 

Figure 10. Capture of the wahsu 'bulo in on the tururi. 

Figure 11. The bali 'i falling from the japurfi. 

Figure 12. The tree (acariquara) with bihpfsa. 

Figure 13. The descent of the sit'ha on the trunk of the cunuri. 

Figure 14. The hairy Po'd busd also on the cunuri. 

Figure 15. Another larva on the cunuri, the wahsun pi! in. 

Figure 16. The behebu larva on the ingfi. 

Figure 17. Nekdn turu: star, piece. Probably the Cygnus 
Constellation. It appears in May. 

Figure 18. Wai kaid: fish, smoked. May. Probably the head of the 
Taurus. 

Figure 19. Kai sanino: gourd with umari pulp on a support. 
Probably Pleiades. May. 

Figure 20. Yoh6ka di!hpi! puir6: adze, feather decoration, flood. 
Probably the Belt of Orion. 

Figure 21. Di'd yowd: otter. Probably Venus or Alfa of Canis 
Major. July, August. 

Figure 22. Bihpid diand: little bird, beautiful. July, August. 

Figure 23. Ngamid diand: crab, beautiful. July, August. 

Figure 24. Jahf puir6: heron, flood. September. 

CHERNELA, Janet M., "Pesca e hierarquiza<;ffo tribal no alto Uaupes", in Suma etnologica brasileira (D. Ribeiro, ed.), vol I, p 
235-250. Etnobiologia, coord. B. G. Ribeiro, Vozes/Finep, Rio de Janeiro, 1986 - 2nd ed.: 1987. · 

DUFOUR, Dama L, "Insect as food: a case study from the Northwest Amazon",AmericanAnthropologist 89, vol. 2, p. 383-397, 1987. 

HUGH-JONES, Stephen, "The Pleiades and Scorpius in Barasana Cosmology", in AF. Aveni & G. Urdon (eds.), Ethnoastronomy and 
archaeoastronomy in the american tropics, New York Academy of Sciences, p. 183-201, New York, 1982. 

*The constellations were identified by the astronomer Marcomede Rangel Nunes, National Observatory. 

Translation: Jose M. Riveros and Deborah E. Riveros 
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SHAMANISM AND MEDICINE 
The 'Ruschi Case' is Reexamined 

Renato Barbosa Rodrigues Pereira 
Museu Nacional, 

Universidade Federal do Rio de Janeiro 

Shamanistic cures, medical treatments, notions of disease and diagnostics, popular medicine and rituals - topics which 
question the boundaries between religion, magic and science - were the object of nerce debate two years ago. A 

scientist was seriously ill; two tribal medicine men - 'pajes' - came from the Xingu region to treat him. Conflicting 
symbolic worlds, sharing the same set of facts. In our culture, to understand disease is to know its cause, separate it from 

abstract properties and render the production of an effective perception of the sick individual possible. In the Xingu 
tribes, by availin'g himself of a script which re-enacts the disease and rounds up the collectivity, the shaman translates 

into mythical terms the sensitive chaos of the victim, trying to defme a sense and a place for each one of the events. The 
consensus and the participation in the dramatic game elaborated by the 'pajelan~a'(Indian art of faith healing) are 

fundamental to achieve a 'symbolic effectiveness' - the basic tenet of the shamanistic cure. Charlatanism? Empirical 
knowledge, substantiated on a millenial experience? The media debate was harsh, nevertheless, extreme antagonists 

almost always shared very similar opinions. 

The facts are well known. In January, 
1986, 'Pajes' Raoni and Sapaim left the 

Xingu National Park answering an invitation 
from the President of the Republic. They 
would go to Rio de Janeiro on a delicate 
mission: to save scientist Augusto Ruschi, 
condemned to die because of complications 
from a hepatic disease caught, Ruschi 
claimed, by a venomous dendrobatic frog, 15 
years previously, in the tropical rain forest. In 
Rio, three days of 'pajelan~a' received 
in-depth national and international media 
coverage, a 'show' spotlighted by press 
conferences, controversies and uncertain 
information as to what was really happening. 

The newspapers used different 
approaches to present the indians and their 
objectives: were they simply a pair of faith 
healers who were going to perform an exotic 
ritual? were they two 'pajes' - 'tribal medicine 
men' - who, during the treatment, would 
put indian pharmacopoeia to the test? Toe 
first polemic: the diagnosis. Doctors claimed 
that it was completely impossible for the 
venom to be the main cause of Ruschi's 
ailments, and, most specifically, that the 
venom could still be in his body. Raoni was 
assertive: "I saw his picture in the newspaper 
and he is already looking like a frog. He has 
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turned into a frog. The frog has to be 
removed from him immediately, otherwise 
he will die sooner than can be imagined." 
(Joma! do Brasil, 01/21/86). 

The ritual on Ruschi begins and it is 
witnessed by a single journalist and 
ultimately, by rare guests such as myself, 
responsible for the unique images recorded 
on video. Sapaim and Raoni take turns 
inhaling the petam - a thick cigarette of 
unmixed tobacco, chanting as they blow the 
smoke on Ruschi. Sapaim removes a pasty 
substance from the scientist's body, 
according to him, the "frog's venom". Toe 
impressions of the reporter from the Joma! 
do Brasil and his descriptions of what 
happened during that first session, were as 
follows: "I was there, I saw it. Being a 
materialistic person, I was more inclined to be 
incredulous than to believe during the 
ceremony, but this state of mind very soon 
began to change, especially after I saw an 
olive-green paste, similar to chewing-gum, 
come out of the scientist's body. I looked, I 
checked Sapaim's hand and even though I 
didn't want to believe in it, there was no way 
of denying what I was seeing. 'Paje' Sapaim 
made sure I photographed the substance and 
at the first interval, I asked him to explain to 

me why he so willingly consented. 'We are 
here', explained Raoni, 'to cure a white man 
with Indian medicine. This is why you are 
photographing this session, so that people can 
see that indians do not deceive anybody, they 
don't joke about these matters'(Jomal do 
Brasil, 24/01/86). 

That very same day the Joma! do Brasil's 
headline read 'Ruschi's health recovers with 
Indian Treatment' while at the same time 
another newspaper, 0 Estado de Sao Paulo 
released a first page report stating that 
'doctors contest and criticize the 'pajelan~a'. 
This newspaper asserted that neurologist 
Carlos Bacelar believed that the treatment, 
sponsored by the President of the Republic 
undermined conventional medicine: "It is 
charlatanism. If Ruschi really does manage to 
recover his health, I will put a plate on my lips 
just like Raoni''. 

What did Ruschi have to say about all 
this? "We have a lot to learn from the indians. 
Allopathic medicine deals with synthesized 
plants and its results a:re not very reliable. I 
didn't take anything orally. I was treated 
solely with Raoni's and Sapaim's sapience, 
which has been taking care of their people for 
thousands of years". Toe reporter added: 
"The naturalist recalled that the indians know 
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the natural medicine to combat the venom of 
snakes and once again stressed that indian 
treatment is not charlatanism." (Joma/ do 
Brasil, 01/27 /86). 

After the 'pajelan~a', Ruschi considered 
himself cured: "There are ho arguments 
against the facts. I was sick, out of breath, had 
difficulty in walking, my nose bled, and now, 
after the treatment I am fine, sleeping well, 
eating well". The healing episode, he said, 
"served to reveal indian medicine and its 
efficiency. There are those who think it is faith 
healing because of the rituals involved, but in 
fact, it is the herbs that heal." (Joma/ do 
Brasil, 'lB/01/86). 

Ruschi's recovery after the 'pajelan~a• 
was given ample space in the media and called 
attention to those who are sympathetic 
towards the indians. "Hail Tupa, Alleluia, 
dear Ruschi", wrote Jaime dos Santos Neto, 
the scientist's doctor in Espirito Santo, in a 
telegram. Homeopath, Vitor Menescal also 
admitted the 'pajelan~a's' effectiveness: "The 
root used by Chief Raoni may have an ·active 
substance, perfectly capable of combating the 
venom. The fact that it is not a scientific 
treatment does not invalidate the use of the 
medicine. It is perfectly possible for empirical 
knowledge to contain treatment for the frog's 
venom, conventional medicine still hasri't 
exhausted all the possibilities of all the active 
principles" (0 Globo, 'lB/01/86). 

In spite of all this, not very long after this 
episode, the 'pajelan~a' was tested once 
again. "It's days are counted ... Frog venom? 
Mere fantasy, illusion or an attempt to die the 
way he always lived: mystically", argued 
biochemist Jaber de Oliveira Lima, who had 
already treated Ruschi. On February 19 the 
newspaper 0 Globo dedicated a whole page 
to Ruschi with a bombastic title: "'Pajelan~' 
did not do any good. Ruschi's condition is 
serious". The report, which revealed the 
scientist's intimacy, did so (according to the 
newspaper), because of the need to eliminate 
the aura created around the extremely 
dangerous efforts (when taken seriously) of 
'pajelan~a•. "This whole episode failed to 
distinguish natural medicine from 
charlatanism, which is very harmful, even 
when filled with the best intentions, as has 
been drastically proved by Augusto Ruschi's 
current health condition". 

This report was questioned by an article 
in the Joma/ do Brasil on March 8, titled 
'Praise to 'pajelan~a' leads to court trial'. Dr. 
Jaime dos Santos Neves' telegram resulted in 
a law suit because the State Regional 
Medicine Board of Espirito Santo considered 
his words "a disgraceful insult". However, he 
once again confirmed Ruschi's general well 
being: "I had given him 50 vaccines to rid him 
of frequent nose bleedings and blood 
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regurgitations. In spite of this they had no 
effect, just like other medication. The truth is 
that the nose bleedings disappeared after the 
'pajelan~a'. How then, can they (Santos 
Neves asks his colleagues) explain this 
result?" 

Ruschi was also offended "with the 
ignorance of some doctors who denied the 
effectiveness of a two-thousand-year-old 
medicine, such as that of the indians"'. And 
claimed: "I feel very well after the treatment 
with Sapaim and Raoni. I am working all day, 
sleeping all night. Certainly a change for the 
better. (Joma/ do Brasil 03/08/86) 

On June 3 of that same year Augusto 
Ruschi died. According to the neurologist, 
this outcome should serve as a ''warriing to 
all the Brazilian people who still allow 
themselves to be exploited by all kinds of 
'pajelan~a"' . (0 Estado de · Sao Paulo, 
06/04/86) 

What can one think of all this? 

Raoni and Sapaim are, respectively, 
members of the Metuktire-Kayap6 

and Kamayura tribes, situated in the Mid
and Upper Xingu regions. In these societies 
the 'paje' plays different roles. Undoubtedly, 
in both communities, the shaman is the 
person responsible for controlling access to 
the supernatural sphere, to the world of the 
dead and the spirits. He is the mediator 
between the social and supernatural 
domains, and his power comes precisely from 
his ability to manage this liminar condition. 

However, given this and other important 
similarities, and if shamanism has a role in the 
Kayap6 society, it is not as relevant as it is 
within the Upper Xingu societies. In the first 
case, we have a society which is organized 
according to age and interposed political 
groups, which reckon with well-defined 
solutions for public conflict, 'The Men's 
House', with active rules for residence and a 
complex system of name transmission and 
symbolic assets which guarantee the 
continuity of the Kayap6 families. The 
ritualistic life which occurs in the 'patio' 
( courtyard) is devoted to the community. It is 
an occasion when the different groups which 
make up the kayap6 society gather and 
interrelate with one another. Shamanism 
serves specific needs such as personal crisis 
and dangers of war. 

On the other hand, the Upper Xingu 
tribes do not have specialized political 
institutions, leaders with commanding 
powers, and clear and efficient mechanisms 
of social control. Here the importance of the 
shaman and belief in witchcraft (tied in with 
shamanism), are crucial. As Dole points out, 
they constitute an alternative political system. 
Apart from the shamanistic cure - a matter 

which we will deal with further on - the 'paje' 
conjectures to intervene with daily problems 
such as theft, adultery and homicide. In a 
trance, the shaman indicates the one 
responsible for an offense; he will, however, 
talk to the party interested in the issue 
beforehand. The 'paje' will generally accuse 
those individuals who are not very well 
considered, who do not stand up to the 
expectations and the behavior standards of 
the group, or who not have much political 
support. In short: the shaman's verdict 
expresses the 'general will' of the community 
and redefines the alliances between each 
group or even between the different tribes of 
the Upper Xingu. 

Procedures relative to the combat of 
witchcraft - always associated to anti-social 
behavior such as lack of amiability and an 
unwillingness to perform collective tasks -

· inhibit the disruptive forces and, 
simultaneously, give meaning to apparently 
unexplainable events. Among the 
'Xinguanos' any and all problems are, in the 
long run, the result of sorcery. 

In both the Mid- and Upper Xingu 
societies the shamans cure ailments, 
identified by the tribal populations as being 
'indian maladies', which are different from 
the 'white man's maladies'. This is carried out 
in two non-excluding ways: application of 
herbs and manipulation of the body, which 
allows for the removal of pathogenic objects 
from the s ick person's body. The 
herbal-based treatment is not an exclusive 
attribute of the 'paje'; other members of the 
population know this craft. These are 
individuals who know the 'cure' but are 
different from shamans because they do not 
acquire or perform this ritual through a 
trance, coma or dream, nor do they intervene 
in cases caused by 'spirits'. 

The 'spirit' category is open, that is, it 
includes natural phenomena and beings 
possessing unnatural qualities and entities 
with no counterpart in the visible world. They 
are all invisible and exert a great influence on 
the lives of human beings. The sick person 
and the shaman are people who were 'killed' 
by a spirit, who used an invisible arrow (which 
the 'paje' removes and makes visible during 
the healing process), or those Who were 
robbed of their soul (which the 'paje' has the 
power of recovering). 

The act of seeing is what defines the 
relationship with the supernatural world. 
Those who see the spirits are either the 

, shamans or the sick (these being virtual 
shamans). To see the invisible is to go through 
the limits of the social and the supernatural 
worlds. There is ambiguity and identification 
in the shaman/sick/spirit relation. The 
shamanistic cure is an extenuating work, 
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where the shaman acts out the disease, 
becomes himself the sick person and 
contemplates the ~pirit which haunts him. 'fo 
exorcise the evil means to return to society. 

Toe powers of the shaman assumes that 
one believes in shamanism. This can be 
understood through three main aspects: Toe 
'paje's' belief in the effectiveness of, his 
techniques; the sick person's belief in the 
powers of the 'paje'; the faith and interest of 
the community, which defines the 
relationship between the shaman and the 
individual being submitted to treatment. 
Therefore, in this sense, · the "the magical 
situation is a phenomenon of consensus", as 
Levi-Strauss observed. Toe consensus, that 
is, the collective participation in an identical 
world of meanings and participation in the 
dramatic game elaborated by the 'pajelan<sa', 
is essential to obtain a 'symbolic 
effectiveness' - the bas,ic tenet of the 
shamanistic cure. On the other hand (and 
proportionally) the 'pajelan<sa' should certify 
the reality of the system which made it 
possible and reaffirm the framework of 
collective representations which renders 
social life possible. 

At this point there is an extremely 
interesting factor: the removal of an object 
from the body of tlie sick person to express 
the act of healing is a recurrent phenomenon 
in almost every societies where the figure of 
the shaman is present. To present the malady 
as something tangible and visible is decisive 
to obtain the collective participation essential 
for the shamanistic work. Levi-Strauss cites 
the example described by Boas, of Quesalid, 
a Kwakiutl, extremely skeptic of the powers 
of shamans who allows himself to be initiated 
in 'the magical cure', so as to be able to prove 
it wrong. He immediately learns to simulate 
the extraction of an object from the body of 
the sick person, which confirms his initial 
assumptions: it was all a trick. Summoned, 
however, to confront his first case, Quesalid 
does very well and cures his patient. 
Surprised, he visits another tribe where the 
shamanistic· treatment was usually 
performed without that misc-en-scene. Once 
again, he succeeds with a task where the local 
'pajes' had themselves failed. Toe fact of 
presenting 'material proof made all the 
difference and rest_Ilted in the questioning of 
the power of the local 'pajes' by their own 
clients. 

Quesalid's story suggests that the magic 
system constitutes, in the societies where it is 
present, such a culturally tleep-rooted set of 
rules that there is no other choice but to 
follow it and accept a role within it. It also 
raises a question: if a fundamental part of the 
shamanistic work is based on misc-en-scene, 
how can one explain the cure? How can a 
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shaman believe in his powers, if his art 
permits trickery? Toe mis-en-scene will not 
work, unless the patient also plays a role. 
Thus the shamanistic cure must be explained 
without resorting to trite solutions such as 
self-suggestion or limited by the instrumental 
aspect of the ritual. 

Using an analogy with psychoanalysis 
Levi-Strauss suggests that the shamanistic 
cure belongs to an 'ab-reaction' category, a 
phenomenon that leads a person to pour out 
and overcome his most intimate anxieties. 
1l1e shaman (like the psychoanalyst) leads 
the patient to acutely re-experience an 
original situation and to perceive it in detail. 
He translates the victim's sensitive chaos into 
mythical terms, by intoning sounds, invoking 
the spirits, and by using a dramatic plot which 
rounds up the community, making each one 
occupy a specific place. It is as though the 
chaos is structured, put in order, rendered 
more intelligible and, finally, undone. "The 
shaman supplies his patient with a language, 
which he uses to immediately express 
unprescribed conditions and conditions that 
are incapable of being prescribed. Ii is the 
passage to this verbal expression ( ... ) that 
leads to the unleashing of the physiological 
process and, in a favorable sense, the 
reorganization of the sequence of events 
which were affecting the patient. Toe fact that 
the mythical terms used by the shaman do not 
correspond to an objective reality is not 
important: the sick person believes in them. 
Good and bad spirits, supernatural monsters 
and magical animals are part of a coherent 
system, which is the basis of the indian 
concept of the universe." 

Thus the dynamics of the shamanistic 
cure and the laws of 'pajelan<sa' are: a 
language which associates significant as 
opposed to significance, the domain of 
sensitive experiences and the symbolic 
universe which attributes them with a 
meaning. Between these two terms is the 
sickness, a decisive moment for the tribal 
societies to reaffirm their symbology, confirm 
tribal alliances and the links which unite the 
different cosmic spheres. 

Before analyzing the different 
interpretations that have been made 

about it, it is important to briefly reflect upon 
some of the fundamentals of allopathic 
medicine, an important milestone for many 
of the characters involved with the events 
here described. According to the ideology still 
predominant in the medical milieu, medicine 
became a science the moment that it became 
objective - the supreme compensation for 
the spirits who, at the turn of the XVIII 
century, strived to suppress, from their 
domain, all mystification and all metaphysics. 

From unrealistic speculation to empirical 
clearness - a progressive, epistemological 
purification; hence the origin of medicine as 
a 'positive science'. 

Arguing against such a simple perspective 
of the history of science, Foucault contends 
that the reorganization of knowledge and 
medical practice which occurred at the start 
oflast century does not belong to a continuity 
category (result of a process of cognitive 
improvement) but to a rupture category (a 
reorganization which takes place in the 
domain of the issue). It is no longer a question 
of analyzing and classifying maladies but of 
producing a more effective knowledge about 
the sick individual. Toe relationship between 
observance and expression are redefined: one 
verbalizes what is observed. Studies and 
anatomic dissections are multiplied; the 
visible becomes a condition of all objectivity. 

Within this perspective the pathological 
phenomenon, limited to the human body 
because of its _ opposition to abstract 
properties, is reconstructed. Toe body itself is 
examined as a singularity composed of 
different elements. Toe syntax of the malady, 
- a whole concern in attempting to perceive 
it in terms of specific causes and effects - is 
above the semantics of the ailments. This 
insight has a still predominant ethiological 
model of organization, according to which 
any and all malady is the product of a concrete 
and external aggression to the body, assuming 
a b_ilateral correspondence between 
pathogenic stimulus and organic reaction. In 
addition, and above all, medicine has grown 
in terms of knowledge and power. Its 
discourse has become the discourse of 
competence, its speech the speech of 
authority and it has been legitimated by 
science. Its protagonists count on a strong 
and institutional support and form, under this 
aspect, a corporation which acts as such every 
time one of its members or axioms is 
questioned. 

Ruschi's case is a specially interesting 
example of the union between two conflicting 
symbolic worlds sharing the same set of facts 
- 'pajelan<sa'. This issue has been discussed at 
length, topics such as the shamanistic cure, 
medical treatment, notions of disease and 
diagnosis, popular medicine and its rituals 
have been reappropriated by others as 
original ideas - such topics question the 
boundaries between religion, magic and 
science. 

There is one notion which serves as a 
guidelines to all the others: the malady. 
Expressed so well by Susan Sontag, malady 
is a social metaphor. The sick person's 
condition is fixed, perceived and subdued, 
according to cultural canons. It is not merely 
an organic and objective fact but a socially 
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built reality, from where world and cosmos 
representations are reproduced and 
expressed. This can be clearly perceived in 
Raoni's and Sapaim's Xingu societies. There 
the intimate expression between the sphere 
of the senses and the sphere of what is 
conceived is the pledge for the shamanistic 
cure. 

·Nevertheless, the metaphorical condition 
. of disease in Western society is not less valid. 
No doubt many of our disease 
representations are based on categories 
produced by medical knowledge. We resort 
to an ethiological model to explain the 
malady: to understand it has become a 
synonym of knowing its cause. There is, 
however, another type of investigation 
relative to maladies that cannot be reduced to 
causal explanation, as Herzlich and Pierret 
point out: 'Why me? Why now?' To explain 
the disease then becomes a search for a sense. 
It is interesting to perceive the increasing role 
that 'the way of life' notion has played on the 
studies produced about maladiesin our own 
civilization. The notion established by 
industrial society that 'the way of life' is the 
source of a good many diseases that we know 
of informs us of a whole trend which gained 
power at the end of the 60's with modern 
medicine. It is considered that the classical 
ethiological model is not enough to explain 
the disease, considering that multi-factorial 
terms such as environmental and living 
conditions are fundamental variables. This is 
also the position of the so called 'alternative 
medicine', such as homeopathy, and 
naturalistic therapies which prescribe a 
'healthier way of life' as basic treatment for 
certain ailments. 

Now, returning to the Ruschi case and the 
debate that 'traditional' and 'alternative' 
doctors have about it. The latter immediately 
identify themselves with whatthey call 'indian 
medicine'. After all, aren't indians precisely 
those who lead a natural and harmonious 
'way of life'? Don't they incorporate perfectly 
the 'nature value', so dear to their 
arguments? Naturalists, homeopaths and 
scientists (generally critical of the industrial 
society) are ready to accept the effectiveness 
of 'pajelanc;a' but only --- we see - because 
they believe that it is supported by a deep, 
empirical knowledge of nature . The 

. supernatural dimension of the 'pajelan~' is 
firmly rejected by Ruschi himself, when he 
reduces the shamanistic ritual to a residual 
aspect of the treatment. 

It is extremely difficult, even for those who 
are sympathetic to the indian's craft, to 

attach a magical-religious · character to the 
shaman's performance. Hence the reason as 
to why the criteria of visibility and tangibility, 
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so important to scientific common sense and 
to the indian imaginary, becomes a 
fundamental issue for those who argue in 
favor of the 'pajes'. "I was there, I saw it", 
states the journalist, deluded by Sapaim's 

. artifice - for the olive-green paste 'removed' 
from the scientists body was in his hands the 
whole time. 

By merely accepting empirical/rational 
wisdom (which no doubt the 'pajes' and many 
others have) and by rejecting the validity of 
the representations system which gives a 
meaning to this wisdom, those intellectuals 
sympathetic to the 'pajelanc;a' project upon 
the symbolic world of tribal societies a 
divisional characteristic of its own culture, 
where science is placed opposite thinking, 
religious or not, that bestow human actions 
and natural world events with a meaning. 
Ironically, what characterizes all the 
symbology and all the practices connected to 
maladies in primitive societies is precisely the 
ambiguous meaning of medicine, magic or 
religion. Evil will always be related to an 
offense committed against the Gods, the 
dead or society. It all makes sense, all the 
events are related to different cosmic spheres 
and to a set of beliefs which to us, civilized 
people, is, at a first glance, considered 
unintelligible. 

It has been some time now since the 
objectives of medicine left the exclusive 
domain of nosology. Any dimension of social 
life, even if it is remotely linked to 'health' is 
related to public policies, working relations 
and private life. The repercussion that Raoni 
and Sap"im obtained with their craft is 
directly proportional to its capacity of setting 
limits to medical knowledge and science. 
Above all, part of the scientific community 
considers it a challenge the fact that it is 
capable of identifying and treating diseases, 
an elementary assumption of medicine . It is 
as though the heuristic and 'true' condition of 
the medical discourse were being questioned. 
The challenge then becomes even more 
serious when it occurs in a society which is still 
partially resistant to its axioms. 

That is why medical orthodoxy is 
restrictive: 'pajelan~' is charlatanism, a farce 
lacking any type of rational basis. The Ruschi 
case is taken over by an old crusade fought 
against those who 'deceive the populations' 
- mediums, faith healers and so on -
supported by two exponents of the Brazilian 
Catholic elite, the newspapers, 0 Estado de 
Sao Paulo and O Globo. Prosaic actions in 
this crusade are all but lacking, such as the . 
lawsuit moved against the doctor who praised 
the Xinguan 'pajes'. However, if we are 
capable of remitting the ideology of clinical 
medicine in relation to its own origin, it is no 
wonder that such positive eyes can see so 

much horror in anything that is based on 
'magic' and 'superstition'. 

On the other hand, certain alternative 
doctors' support of 'pajelanc;a' originate from 
the sam~ parameters that sustain the 
arguments opposing them: the heuristic 
validity of the project. In this case, orthodoxy 
is closer to reason: the shamanistic cure is in 
fact supernatural, that is, extra-scientific. The 
treatment is not based on the biochemical 
principles ofcertain elements, which is often 
a part of non-conventional therapeutic 
systems. In short: shamanistic wisdom has 
nothing to do with 'popular medicine'. The 
cure does not come from the herbs, as Ruschi 
believed, unless, of course, we consider it as 
yet another symbolic element, like the petam 
and olive-green paste which are intrinsic parts 
of the ritual. To demonstrate that the 'paje's' 
herbs do not contain pharmaco-healing 
properties, a task to which some men of 
science are dedicated, ( certain that by doing 
so they will 'elucidate' the Ruschi case) is a 
truism. 

I recognize that the motivations some 
scientists have to disqualify 'pajelanc;a' are 
notable. After all, they aim to reach the less 
favorable layers 6f society. To confer dignity 
upon and spread scientific knowledge, they 
believe, is a condition for those segments to 
demand adequate and qualified medical 
service. Hence the insistence in contrasting 
the fundamental elements of clinical therapy, 
(which is always subject to experimental 
verification), to 'miraculous cures' which, by 
definition, cannot be verified. Regardless of 
this, I would like to draw attention to the 
frequency with which these restrictions 
translate themselves into stigmas and 
sectarisms and, as a comparison, stress how 
tolerant the 'pajes'are to western therapeutic 
procedures. They can easily distinguish what 
is 'indian malady' from what isn't. Their 
wisdom bears no hegemonic pretensions. 

Certain doctors claim that the diagnosis is 
wrong: it is not possible, they say, that the 
frog's venom could still be in Ruschi's body. 
They point to the exams on which they base 
their. assertions. A 'paje', however, does not 
need exams, but decipherments for his 
diagnosis. The cause of the disease is merely 
metonymically on the body as an object which 
must be removed. One does not need to 
touch nor examine the body in detail. It is the 
shaman's trance which allows him to discern 
precisely the origin of the ailment. The trance, 
access to the supernatural, is the shamanistic 
condition for diagnosis. 

The shaman's trance is perfectly rational 
within the symbolic universe of the 'Xingu 
societies'. It is absolutely coherent with all of 
the shamanistic system. The sick person's 
cure is a consequence of the systematic · 
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character of the process, a language that, as 
we have seen, assumes the consensus of all 
those who are served by it. One more 
problem remains: how can one explain the 
immediate recovery of Ruschi's general 
condition after the 'pajelan~a'? Obviously, it 
is not possible to admit the presence of 
symbolic effectiveness: not only do the 
shaman and the patient belong to completely 
heterogenic cultures, but the scientist 
absolutely does not believe in the 'paje's' 
supernatural powers. Could it be 
self-suggestion? A mise-en-scMe enacted by 
one who uses the occasion to reaffirm his 
naturalistic ideology? Interference of some 
factor not explained by my approach in this 
article? 

Another very interesting aspect is that the 
'paje's' position in the Upper Xingu society is 
central. Alliances are defined and the political 
map of the tribe is traced based on his verdict 
and conjectures. Could the 'Ruschi case' 
have been a transposition of this same logic 
to the sphere of inter-ethnic relations? I 
suggest that Raoni and Sapaim, having had 
all the attention of the national media for a 
whole week, valuing the culture of their 

people and putting their powers to the test, 
managed to update the historical alliances 
that indian populations have on a symbolic 
level with parts of the Brazilian urban 
stratum. Don't believe for a minute that they 
were unaware of this: they behaved, the 
whole time, as careful representatives of 
another culture; by showing tremendous 
good will and diplomacy, they were ready to 
collaborate to solve a problem that, after all, 
was ours. They did not lose a single 
opportunity to confirm the validity of their 
methods, which, within this framework, was 
fundamental. 

In fact, . this capacity that certain tribal 
populations have of manipulating 
representations produced by our own society 
in relation to them, is not recent. The 
'nature-value' attributed to the indian, a 
generic figure to which we still associate 
Rousseaunian virtues, relies on the 
'authenticity' that true indians are capable of 
demonstrating. That is why they repeatedly 

. represent to us, ( specially in Brasilia, before 
the cameras,) the role of ... indians. After all, 
their survival is at stake, and depends greatly 
on the sympathy of public opinion of the 
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indian cause. 
Using this same train of thought, the 

'pajelan~' should be understood as part of a 
wider movement, where the maintenance of 
cultural traditions is perceived by tribal 
societies as a fundamental aspect of a defined 
strategy to confront contact with civilization. 
Terence Turner stresses that Kayap6 
shamanism, for example, re-emerged about 
10 years ago, and since then, the health 
conditions of the population have had a 
marked improvement (before that, they were 
dependent on western medicine because of 
the scars of 'app~asement'), within a 
framework of the · reaffirmation of the 
Kayap6 ethos. As a matter of fact, it is worth 
remembering that Raoni was not a 'paje' until 
very recently. A position he proclaimed upon 
himself in order to rise to the condition of 
pan-indigenist leader. Apart from the 
privileged position maintained with 
inter-tribal relationships, shamanism · is 
considered, by certain native leaders, as part 
of a 'cultural nationalism', a unique 
knowledge, which strengthens the position of 
tribal populations in relation to civilization, 

(p. 25). An Arawete xhamail with a few of his ritual linstruments: 
the rattling-gourd (aray) and the black tobacco cigar (petam). 
This photograph was taken at the Arawete village (Mid-Xingu). 

(p. 29). A group of shamans head toward a location where a 
collective ritual will be performed. (Yawalapiti Village, High 
Xingu). 

(p. 26). The ritual performed by Raoni and Sapaim was 
extensively photographed, above all the olive-green paste ( on 
Sapaim's hand), which surprised the journalists. 

(p. 27). Ruschi is buried. His case continues under discussion. 

(p. 28). Sapaim smokes the petan, made from unmixed tobacco 
and used in the shamanistic ritual. 

FURTHER READING 

(p. 30). Rituals and ceremonial body paintings are still very 
present among the Kayap6s. 

,I 

(p. 31). Raoni proclaimed himself 'Paje' to rise to the position of 
'pan-indigenist' leader. 
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INDIGENOUS ORAL LITERATURE: 
THE DESANA CASE 

Berta G. Ribeiro 
Museu Nacional, . 

Universidade Federal do Rio de Janeiro 

Mythology, in a tribal community, like esthetic narrative, is at the same time an end in itself - enjoying telling tales -
and an end which serves many other purposes: elaborating an interpretive discourse about the world, about a common 
historical past, or about similar modes of behavior. Among the Desana, which serve as an example here, cultivation of 

their patrimony of myths serves a double purpose. It is, both , a basis for legitimizing a life style and a means of resistance 
in the struggle to preserve their identity. In their daily experience, they expend huge efforts in order to remain Desana, 
trying by all means to delay or avoid disintegration. In this way, they conserve intact, as far as possible, their language 
and their mythical and historical heritage.Due to her work with Tolaman Kenhfri and his father, at the Desana village, 
reviewing the final draft of their anthology of mTihs entitled Antes o mundo nao existia (Before the world existed) and 
because she wrote this book's footnotes, Berta Cl Ribeiro was invited to participate in a Writers' Conference at the 

University of Extremadura in Spain in 1990. The theme discussed during this conference was Lo Real-Maravilloso en 
Iberoamerica [Fantastic-Reality in Iberian Americ~]. The participants found the following report particularly interesting. 

In 1980, two indians belonging to the 
Desana clan of the Tequie river, in the 

northwestern region of the Amazon, U musin 
Panl6n Kumu and his son, Tolaman Kenhfri 
published an anthology of myths entitled 
Antes o mundo ndo existia (Bef/Jre the world 
existed). The title, which corresponds to the 
first sentence of their myth of origin, makes it 
clear that the book is about the genesis of the 
Desana, a magnificent epic about the 
creation of the world and of humanity. What 
is extraordinary is that these native authors 
transposed a sacred oral narrative to a secular 
written text, ilustrating it with explanatory 
drawings. 

Written, at first in Desana, the text was 
translated to portuguese by Tolaman 
Kenhfri, who received his primary education 
at a Salesian missionary school. Tolaman ( or 
Luiz Gomes Lana, his cristian name), like his 
father, who doesn't know how to read and 
write, wished to perpetuate the. ancestral 
mythology of the tribe.They wanted to make 
it accessible not only to the new generation 
of the Tukano speaking indigenous groups, 
but also to the whites, as a source of lyricism 
capable of rousing their respect. 

Kumu and Kenhfri's book was considered 
a "literary work pertaining to the mythical 
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genre" by Angel Rama, a prominent literary 
critic from U ruguai. Rama doesn't confer the 
same_ atributes to other mythological texts 
collected by anthropologists because, in his 
opinion, these texts "are not attentive to the 
strictly literary aspects of their message". 
Comparing the myths written by Kumu and 
Kenhfri with thq_se by Antonio Guzman, a 
Colombian Desana, whose texts were made 
public in 1968 by G. Reichel-Dolmatoff, 
Rama concludes that the cosmogony 
narrated by the former is more subtle, 
complex and suggestive, whereas Guzman's 
"seems to respond to a more advanced 
rationalization and to be a more rigorous 
adaptation tQ the 'anthropological account' 
model". 

In addition to · anthropological 
interpretations of myths there are literary 
interpretations which contribute to research 
on fan.tastic reality in Latin American 
literature. There's no doubt, as the 
specialized bibliography in this field points 
out, that famous writers have incorporated 
themes, characters and nuances in the 
narrative which are derived from Latin 
American folclore. Rama calls this "narrative 
transculturation" and it can be found in the 
work of Jose Maria Arguedas, Juan Rulfo, 

Joao Guimaraes Rosa, Gabriel Garcfa 
Marques and several other authors who 
overcame the barriers of . prejudice and 
assumed the culture of the lower classes. 

This stance would represent a 
development parallel to that of "plastic 
transculturation", which took place in the 
beginning of the century, when Picasso, Klee, 
Van Gogh, Mondrian, Mir6, Gaughin, 
Matisse, and Modigliani, inspired by African, 
Melanesian and Native American art 
revolutionized fine arts in the West. In this 
case, the discovery of art among people who 
do not have a written language, "people 
without history", met the creative necessities 
of modern artists, lending their work a 
richer though eccentric content, as Robert 
Goldwater, the art historian, has observed. 

THE GENERATING POWER OF WORDS 

Although replete with fantasies, mythical 
material also contains information 
concerning history and social practices, which 
is the raw material explored by ethnologists. 
The emphasis or lack of emphasis on certain 
aspects of the inythical past reflects important 

· social, political and ideological priorities. 
In Levi-Strauss' structural analysis, myths 

SUPPLEMENT AMAZONIA 



are composed of mythemes, which are their 
unit of significance. A mytheme is like a 
paradigm: a segregated set of characteristics 
which contrasts with another, internally 
coherent set. Arbitrary symbols can often be 
found in these sets which can only be 
decodified by those who are familiar with the 
native language, its phonology and its 
grammar.In The Raw and The Cooked 
Levi-Strauss affirms that the myth is like a 
"matrix of significance" which remits 
incessantly to other matrices. However, the 
highest function of a myth is its fidejussory 
function, which vouches for the cosmic and 
the social order, as Egon Schaden states in A 
mitologia her6ica de povos indigenas do 
Brasil (The heroic mythology of Brazil's native 
tribes): 

The specifictity of the myth's social function 
was stressed for the first time and with the 

necessary clarity by K. Th. Preuss, who pointed 
out that there wasn't simply an explanatory 
intention in the myth's narration, which 
purported to disclose the origin of society's 
current institutions, values and representations 

but, also a necessary and sufficient guarantee of 
the efficacy of rites and ceremonies, of the 

legitimacy of institutions and of the validity of 
moral values and patterns of behavior recognhed 
and accepted by the tribe. 

Tribal mythology discourses on the origin 
_ of the ethnic group and of nature as a whole. 
In this capacity, it meets the emancipatory 
goals of an ethnic group, assuming the role of 
speculative thought which complements 
empirical knowledge. But, why do it in this 
manner anthropologists ask, if the indians are 
also accustomed to rational explanations? It's 
because everything becomes possible in 
myths. That is why human societies can 
explicit such a wide range of expressions 
through the myth, ranging from universal 
sentiments such as love, hate, vengeance, to 
explanations for meteorological, astronomic, 
and similar phenomena. 

The myth'~ narrative is constructed by 
means of cuts, ruptures and discontinuities. 
Its historical contents are enclosed in a 
mantle of allegorical explanations. It also has 
a programatic content which is not expressly 
perceptible. Finally, it is a norm of action, a 
guide to ethical procedures, which penetrates 
consciousness through the discourse of the 
cultural heroes. It's functions are both to 
make control of deviant behavior effective, 
repressing it in the name of 'mythical truth', 
and to answer metaphysical perplexities, such 
as, how the µ_niverse came into being, what is 
the origin of humanity? 

The myth's narrative also obeys a 
penchant for telling tales common to all 
ethnic groups. But, it is necessary to 
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differentiate myths from legends, tales and 
fables, all of which are genders of oral 
literature. What distinguishes myths from the 
other genders of oral literature mentioned 
above is that it narrates transcendental 
episodes which occur in an era that annuls 
time. It is ahistorical, it isn't divided in periods 
and is, therefore, reversible. These episodes 
are inscribed in a ciclical time, which always 
comes back and is reiterated in rites. For all 
these reasons, the myth's narration is always 
a pious and emotionally charged event. 
· The anthropologist's attitude is to try to 
understand to what extent the people who 
created a myth find in it a response to their 
experience. Themes and allegories, which can 
explain or respond to an ethnic group's 
preocupation with specific issues or with 
concrete daily life situations, are the object of 
research. This conception shifts the focus of 
analysis from an investigation on the origin or 
purity of the narrative to one concerning the 
meaning of its message. 

The current value of the mythological 
tradition is also studied. It is, "an active 
tradition; which survives exactly because it 
transforms itself' - as Darcy Ribeiro points 
out in Ka,diweu. Ensaios etnol6gicos sobre o 
saber, o azar e a beleza (Ka,diweu. 
Ethnological essays on knowledge, bad luck, 
and beauty) - and, for this reason, it is 
capable of prescribing and explaining 
attitudes, values, and behavior. The 
explanation given by the Kadiweu indians for 
the origin of day and night can serve as an 
exampie. It is attributed to the 
recommendation that the trickster (an astute 
and malicious character which appears in 
tribal mythologies as a companion and at 
times a counselor to the cultural heroes) 
made to the Creator that the "moon 
shouldn't light the sky too much so that the 
patrons will not be able to exploit their 
workers making them work at night" 
(D.Ribeiro, op.cit.,p.43). 

The fact that the Kadiweu, like all other 
people, wert:n't apportioned territorial and 
other riches by their Creator made Him 
compensate them, endowing them with the 
faculty of making war. The type of warrior 
foreseen in the mythological account 
stimulated this tribe to adopt the horse as a 
mount, to become a tribe of "indian 
cavaliers" and to expand their domain over a 
vast area, inducing farming tribes to pay them 
tributes. 

The hierarquical prerogatives of the 
Tukano in relation to all other tribes which 
speak dialects of the same language in the 
upper Negro River region are also foreseen 
in the mythical narrative. Humanity emerged 
from the entrails of land and water. However, 
the Tukano w~re the first to step on the 

earth's surface after a long journey, 
submerged in the river inside the belly of a 
canoe-snake, or 'transforming- canoe', 
during the length of which humanity was 
forged and came to maturity. The privilege of 
occupying the best lands, the riversides where 
fish are plentiful, and the waterfalls 
consequently befell to the Tukano. If this 
legislation is contradicted, people are faced 
with social and cosmic chaos. Therefore, 
obeying these prescriptions contributes 
towards the preservation of equilibrium and 
environmental and social well being. 

Although a generic indian mythology 
doesn't exist, it is possible to point out some 
peculiarities common to mythological 
narratives. One of these is the presence of the 
trickster, an ambiguous character who plays 
the role of an intermediary between good and 
evil, right and wrong. In some Native 
American mythologies, for example, those of 
the North American Pueblo, the _ role of the 
trickster is represented by a crow which, since 
it eats carrion, is considered an internrediary 
between herbivorous and carnivorous 
animals. It consumes meat but, doesn't kill its 
prey, representing a kind of mediator 
between life and death. These are the 
mediations which establish logical 
articulations between the terms of a 
mythological narrative. It is up to the analyst, 
as Levi-Strauss points out in the article cited 
above, to discover the meaning of thetr 
metaphors. 

In the mythological pantheon we find 
cultural heroes and secondary or marginal 
characters all of which are capable of 
accomplishing acts of prowess and feats 
which escape the powers of mortals, like 
being immortal, dying and being reborn many 
times. However, they subject themselves to 
the laws of the universe they created. They 
live enclosed in a human body, being subject 
to biological laws like hunger, thirst, pain, 
fatigue, and sleep. They take part, as humans 
do, in affective and sexual relationships, and 
sex, for them, is also a means of reproduction 
and pleasure. Finally, employing astuteness 
and violence, they are capable of recurring to . 
a continuous metamorphosis, thus impeding 
their destruction. 

A noteworthy characteristic of indigenous 
mythology is the presence of pairs of siblings 
or twins which help - or hinder - the Supreme 
Being in the task of ornanizing life and society. 
Ever since the beginning, there has been a 
constant power play between these twins and 
the Creator, which shall go on until the causes 
of conflict cease to exist. Vulnerable and 
differentiated, these twins contradict their 
divine nature as they become human. Once 
humanized, they disappear. Finally, a crucial 
characteristic of mythological accounts is the 
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power of the word and the power of the name, 
the myth's midwives. In this respect Ernst 
Cassirer states in Language and myth: 

In the accounts of creation of almost all great 

cultural religions, the word always appears in 

conjunction with the highest divine 

creator.( ... )Thought and its verbal expression are 

usually conceived therein as a single thing. 
Generally speaking, according to the 

indigenous conception, things exist because 
they have names. These names should be 
repeated and recalled for, otherwise, the 
things they name will cease to exist. 
Everything that has a meaning has a name: to 
have a name is to have a meaning. As Aracy 
L. da Silva points out, when referring to the 
Xavante, "to name something is· to bring it 
into existence( ... ). Toe acquisition of distinct 
personal names throughout life guarantees 
each human being's development and 
continuity( ... ). According to the Xavante, 
things exist in potential but, it is the action of 
human or supernatural beings which actually 
creates them". She exemplifies this rationale 
with an excerpt from a Xavante ·myth: 

In the past, there was famine. Two boys 

decided to create mo'onJ, an edible root. When 

one of them found the root in the forest, he called 

the other boy. Look, there is mo'oni here'. And, 

when he mentioned it's name, the root was 

created. 
Toe thing-word in the quechua language, 

of Peru, would be equivalent to the power of 
names in the Xavante indian culture. In 
quechua, "the word is a thing and not merely 
the meaning of something represented by 
sound", Angel Rama observes when 
examining the influence exerted by this 
language and culture on the writer Jose Maria 
Arguedas. Toe former also explains that, 
because it is oral literature, the mythological 
narrative associates sounds to words in the 
sense attributed to linguistic signs by 
Ferdinand de Saussure. This characteristic 
and the association between words and music 
are present in Arguedas' work, as Rama 
points out in Transculturacion narrativa en 
America Latina (Transcultural narrative in 
Latin America): 

Como, edemas, se trata de una palabra dicha 

y no escrita, esta capacidad evocative se 

emparenta con la que tiene la musics, aunque, 

como sabemos, esta ejerce mas libremente pues 

se halls desprendida de 14:)S significados precisos 

que comports el signo lingufstico.(Furthermore, 

since it is a spoken word and not a written word, 

its evocative capacity is related to music's 

evocative capacity, although, as we know, the 

latter exerts itself more freely for it finds itself 

detached from the precise meanings which the 

linguistic sign entails.) 
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Further on, in the same context, Ram~ 
says: 

La palabra no es vista como escritura, sino 

ofda como sonido. En una epoca en que la poesia 

ya se habia tor~ado escritura, el (Arguedas) 

siguio percibiendola como fonema, vinculando 

intimamente las palabras con los marcos 

musicales. Huelle de su formacion en el seno de 

comunidades agrafas, pasion por el canto donde 

la palabra recupera su plenitude sonora, en 

Arguedas la palabra no se disocia de la voz que la 

emite, entona y musicaliza. Puede por eso decirse 

que su misma narrative, mas que una escritura, 

es una diccion.( The word is not seen as writing 

but, heard as sound. In an era when poetry had 

already become a written form of expression, he 

(Arguedas) still perceived it as a phoneme, 

relating words intimately to musi~al markers. A 

trace of his upbringing in the bossom of agraphic 

communiti~s, of his passion for song, wherein 

words recuperate their sonorous plenitude, in 

Arguedas' work the word does not dissociate itself 

from the voice which emits it, intones it and puts 

it to music. For this reason, it can be said that his 

narrative is more than written literature, it is an 

enunciation.) 
Toe generating power of words perhaps 

explains the tendency towards emphatic 
repetition of the same phrase several times 
during the narration ofa myth. Not only does 
repetition confer emphasis and rhythm to the 
allocution but, it also reinforces the creative 
power of words. As the latter become 
creation and the myth becomes history, both 
act as unifiers and mediators in the process of 
composing a totality: society and its 
regulatory institutions. 

Toe myth is often theatrically enacted in 
rites. On these occasions, in order to make . 
themselves more attractive and transmit 
intelligible messages, they are aesthetically 
endowed with chants, dances, corporal 
painting and decorated objects. The song is 
accompanied by gesticulations, imitations of 
animal voices, dramatic or comic intonations 
which can make the actors' performance 
more moving and verisimilar. 

.Kuarup, the funeral rite of the natives of 
the upper Xingu region, because it was 
filmed and described from a scientific and 
from a literary point of view, is one of the most 
well known. Enacted during the exequies of 
the tribal chief, it reincarnates the myth of 
origin, when the cultural hero carves wooden 
effigies (kuarups ), from which he engenders 
humanity. Such rituals only assume 
cosmogonic meaning, as Mircea Eliade notes 
in O mito do etemo retomo (1he myth of the 
eternal return)," by .repeating deliberately 
these acts practiced ab origi,ne by God, 
heroes, or ancestors". 

Whether enacting the rite or listening to 
the myth, each participant comes to feel that 
he or she is an heir to a tradition which comes 
from a remote past: that of their ancestors 
which created the world and humanity, 
endowing the latter with the necessary 
knowledge to make the world habitable. 
Fulfilling these social functions not only 
contributes towards the perpetuation of the 
mythological corpus but, of the ethnic group 
who created it as well. This is the essential 
characteristic of cosmogonic myths. 
According to Schaden, th<!y assure a s~iety 
of its specificity as a people through its faith 
in a common origin and destination. 

THE DES.ANA'S MAGIC WORLD 

Interpretations of stories of the 'days of 
old' assume that, for the natives, they 
constitute a mystification of the past and a 
current ideology. When considering the 
myths which give an account of creation, 
emphasis is placed on the doctrine that the 
'Creators' imposed order upon a 'universe 
where, previously, chaos reigned and that 
they endowed their creatures with cultural 
goods so as to make their lives viable. This 
'cultural revolution' was produced by means 
of rites protagonized by heroes. They 
established a mythological legislation, which 
became a code of rules for the moral, 
political, and social regulation of society. This 
legislation, in existence since then, is still in 
effect today. 

Under these circumstances, what we 
interpret as mythological narrative is like a 
natural dimension oflife, to the natives, which 
arises in 'the early days of humanity and is in 
force, with hardly any modifications, up to the 
present. There is no distinction between 
mythological time and real time within the 
myth. Human beings and animals mingle and 
interact With each other continually, turning 
this pristine order into a sinless, utopian 
paradise. This view excludes a conception of 
history, as we understand it.. In some tribal 
societies, in fact, interest in the group's history 
tends to be understood as evidence of 
aculturation. 

Life, according to the Desana, is thought 
to follow a model drawn up in an aquatic 
environment. They call themselves Emi!kho 
mahsa, which means 'universe, people', or 
'day, people'. They also say they are waf 
mahsa, which means 'fish, people', and their 
cultural heroes, Bol6ka, from the Desana 
tribe, and Doe tir6, from the Tukano tribe: 
have fish names: they are respectively, the 
arucu fish (Leporinus sp) and the trafra fish 
(Hoplias malabaricus). 

Toe Desana believe there are two worlds: 
a visible and an invisible world, both of which 
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are real. Both superimpose themselves on 
living beings, including man. Toe latter, in 
order to deserve an acceptable quality of life, 
should create conditions which will enable 
not only himself, but, all other living creatures 
to subsist, as Reichel-Dolmatoff observes in 
Cosmology as ecologi,cal analysis: a view 

from the rainforest (1975). The visible,. 
terrestrial world has its mirror image in the 
subterranean world (or subaquatic world, in 
the case of the Amazons, where water is so 
abundant) and another replica in outer space. 

Toe myth of origin reproduced in Antes o 
mundo ndo existia (Be/ore the world existed) 
gives an account of the creation of the world 
and of humanity. This myth is called Como 
apareceu Yeba be/6 do nada.( How did Yeba 
be/6 emerge from nothing). Yebd be/6, which 
means 'earth, great grandmother', the 'one 
who is not created', creates herself, in a 
subterranean room made of quartz, from six 
invisible things (figure 1 ). She then creates 
her five thunderbolt-brothers and asks them 
to populate the great sphere, the emekho 
patole (universe,belly ), that she produces 
through the power of her imagination (figure 
2). Since they don't know how to do this, 
Yeba belo creates a new being called Yeba 

. ngoamiin ( earth, creator) with the smoke 
from her cigarette. This being, also known as 
Emekho sulan Pan/ii.min (universe, 
untranslatable cerimonial word, 
great-grandson), carries out the task of 
populating the great sphere(figure 3). 

It is interesting to note that, in the above 
mentioned version of this myth, adopted by 
the Desana of Brasil, the creative principle is 
feminine whereas, according to the Desana of 
Colombia's version, it is masculine. In the 
former version, the feminine principle, 
solitary and pristine, is counterbalanced by 
the masculine principle's regulation of real 
society; likewise, the creative actions of the 
great-grandmother of the world are 
complemented by those of the masculine 
cultural heroes. 

On the ideological level, material 
elements, existent in the real world, are also 
present in this account, although here they 
are endowed with magical powers and are 
invisible. Toe great-grandmother of the 
world, for example, creates herself from 
foods for the 'spirit': tobacco and coca. And 
from tapioca as well, which is a food for the 
body extracted from the manioc (Manihot 
esculenta) root. She draws out tiny tobacco 
seeds from her left breast to make the earth 
and, in order to fertilize it, she pours milk out 
of her right breast. Here, the act of creation 
can be seen as a metaphor of the feminine 
condition: horticulture which sows and 
harvests. 

With the help of a spiritual object, a 
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.rattlespear, also referred to as a magic stick, 
Yeba bel6's creation - her great-grandson 
Yeba ngoaman - creates the sun. Then he 
goes to the house of the third thunderbolt, 
who is. the guardian of , 'riches' which are 
potentially human (because these corporal 
adornments contain the substance from 
which humanity will be made), and invites the 
latter to join him in the act of creation (figure 
4). 

Before he agrees upon participating in 
this endeavor, thunderbolt teaches Yeba 
ngoaman and his companion, Boleka, chief of 
all the Desana, to create the first women from 
their vomit spilt in the river. The vomit 
simbolizes birth as enacted by male creatures. 
This is expressed as follows in the myth: 
"Their vomit was like a childbirth which made 
the first women appear". Within this episode 
there is a reiteration of the themes of the 
fish-woman, of the indians of the river and, 
perhaps, of the allegory of the equivalence 
between eating and copulating as well (figure 
5). 

Created in the belly of an anaconda 
(Eunectes murinus) also referred to as a 
canoe-snake or a transforming canoe (figure 
6), humanity matures as it goes ashore at the 
transforming houses. 

At each of these houses, rites are 
performed in order to propitiate it's 
development. In this episode, there is a clear 
analogy between fetal maturation and that of 
humanity. Toe 'transforming houses', the 
womb of the giant-snake-canoe and the 
subterranean layer of quartz where Yeba 
be 16, the 'one who was not created' appeared, 
represent primeval uteri. The fetus and 
humanity both develop in an aqueous 
environment - ontogenesis repeats 
philogenesis - in the Desana's way of 
thinking. At the same time, the phallic 
rattle-spear, hurled from the pristine 
subterranean uterus, crosses the great 
sphere, the 'belly of the universe' ( emekho 
patole) created by the great-grandmother, 
segmenting the layers of the cosmos and 
creating the sun, which, in turn, is considered 
the earth's fertilizer and a masculine principle 
(figure 7). 

Toe name of the rattle-spear - yei wai 
ngoa - (wildcat or shaman, fish, bone), 
contains the most powerful simbolic 
elements, which refer to the power of the 
wildcat ( equivalent to that of the shaman, 
into whom it sometimes transforms itself), of 
the fish (which represents the proto-Desana ), 
and of the bone, which, like the quartz, is a 
transformer and is eternal. Toe cultural 
heroes are always powerful shaman which 
have access to caapi, a hallucinative plant 
(Banisteriopsis caapi), and they are attributed 
the feat of having created culture as it is 

perceived today. It is interesting to'note that, 
in real life, women do not consume 
hallucinatories - Yeba bel6 doesn't 
consume them either - and they are 
excluded from or . have a very limited 
participation in ritual life, being kept in 
ignorance as to the expedients of male 
initiation. · 

A cosmic act of creation, Yeba ngoaman's 
ascent within the rattle-spear to reach the 
house of the third thunderbolt is a vertical 
movement, whereas the movement of the 
snake-canoe - in which humanity matures 
- and the location of the 'transforming
houses' -where this process of development 
takes place - are horizontally and 
geographically defined. In the 54th house, 
'ordinary' men and women step on earth for 
the first time (figure 8). From then on, they 
disperse, reaching, until the end of the 
subfluvial and terrestrial parts of the trip, the 
locations which correspond to the current 
place of residence of each linguistic group. 
Toe first twelve houses are situated within a 
mythological space. In Kenhfri's conception, 
the lake and the river made of milk are, 
respectively, the Atlantic Ocean (or Titicaca 
Lake) and the Amazon River (figure 9). 

From the 13th transforming house on, the 
localization of each of these can be charted in 
the region's geography (figure 10). At one of 
these houses the law of exogamy is 
established. That's when Gaphf mahsan 
(caapi/person), who symbolizes the 
Banisteriopsis caapi plant, which provokes 
visions and claivoyance is born (figure 11). 
Toe visions which the latter's birth provoke, 
confound men. And, from undifferentiated 
humanity, the indigenous groups now living 
in the northwestern amazons arise, each with 
the language which identifies it and the rules 
of matrimony which unites it to the rest. Toe 
creative intents expressed by Yeba bel6 
(feminine principal) are carried out by the 
creatures she engendered (masculine 
principal). These acts of creation, present in 
the natives' thoughts, get mixed up with 
mythological, sexual and factual aspects -of 
their experience in real life. 

The episode on page 102 of Antes o 
mundo niio existia (Before the world existed), 
which is about the migration of the lower 
hierarchy of two clans from the Papuri river 
to the Tiquie river, subsidizes ethno-historical 
reconstruction. Toe clans of higher lineage 
were the ones which remained on the Papuri 
river. Toe migration was motivated by the 
news obtained by an indian, while travelling 
on the Tiquie river, that two tribes which lived 
there had been exterminated by the white 
men, and that the river was, consequently, 
uninhabited. The authors', Kumu and 
Kenhfri's clan, which occupies a village on the 
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Tiquie river, would have originated in this 
way. Thi,s hi~torical event, retained in 
memory through oral transmission was 
incorporated in the mythological herita~e. 

Another myth in this anthology refers to 
the origin of the pejibaye (Bactris gasipaes). 
The latter is a common palm tree in the 
. Amazons. It's fleshy fruit, which has a slightly 
fatty pulp, tastes good and is very nutritious. 
The myth is entitled 'The story of Gafn panan 
and the origin of the pejibaye'. Gafn panan, 
the anthropomorphized ancestor of the 
parakeets (Brotogeris tirica), marries a 
fish-woman, the daughter of the great snake 
of the river, the sucuri (Eunectes murinus). 
She was previously married to the 
~iranha-fish (Se"assalmus sp). This myth, 
hke many others, remits to a primeval period, 
w~en humans, supernatural beings, and 
aminals were still undifferentiated. 

?afn panan's difficulty in procuring a wife, 
. havmg to conform himself with a pregnant 

fish-woman, would be due to the fact that he 
lived by himself, not being able to offer a 
woman from his group in exchange for his 
wife, in accordance with the clans' rules of 
reciprocity. The artifices employed by Gafn 
panan in order to capture the fish-woman and 
obtain timb6 (Lonchocarpus sp ), abortive 
poison which he uses to kill the piranha babies 
in the fishwoman's womb, so that he can 
mar~ her recall, metaphorically, the fishing 
techmques, the theme of the origin of the 
Desana (who are also designated waf mahsa 
- fish,people) and the universal myth of 
· castration: the bitten vulva, as Ernesta Cerulli 
observes in an article published in 1986 
(figure 12). 
. A noteworthy aspect of this myth is that 
its characters are identified either as humans 
or as animals according to their eating habits. 
When she is asked what she eats, the 
fishwoma~ answers: ''vermin, • grasshoppers, 
daracub1s (worms), ants, maniuaras 
(termites) and other insects", that is, the food 
eaten: by certain species of fish of the upper 
Negro river region. 

This description of the diet also takes 
place when the daughter informs her father 
~he _great-snake-of-the-river, upon hi~ 
mqu1ry, that her new husband "eats them" 
that is, fish, a circumstance which doesn'; 
impea~~ the matrimonial relationship. 
Cerulli mterprets this as an allegory of 
exogamous marriage which is in force in the 
region for, the fish-woman's relatives lived in 
huts,like humans, planted manioc and ipadu 
(Erythroxylum coca) in their fields, used 
corporal ornaments and established bonds of 
cooperation and solidarity with the husbands 
of their kin (figure 13). 

A constant and continual metamorphoses 
from people to animals and vice-versa 
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unfolds in the myth entitled 'The story of · 
Anga mahsdn pe (large tinamous, person, 
father), followed by the story of the Diloa 
(little fishes) and of the Koa yea (gourds, 
shamen )'. The myth explains: 

·once humanity had arisen, that is, the 

pahmelin mahsa (transformation, people),the 

group of the Anga mahsin pe appeared. This was 

the name of the chief of the inhambus,Ja~amins, 

Jacus, socos, mutuns (tinamous, trumpeters, 

guans, bitterns, curassows) and other birds 

which sing at a certain hour of the day (Kumu & 

Kenhiri, 1980, p.161). (figure 14) 
. This description places Anga mahsan pe 
m the category of chief of the clan or fratria 
whose ~culiar trait is that of being a singing 
faun which seduces women. He is defrauded 
in his amorous conquests by the likewise 
sexua!lyvoracious Opossum (Oa, in desana), 
who 1s ugly and stinks, and, moreover, 
transmitted his stench to women. In the end 
of the myth Anga and Oa die and are 
transformed into other beings. 

The key to the transformations is the 
bone. Hard and perennial, it is present in the 
root of names such as those of the Creator 
Ngoaman(ngoa = bone),ofthesacredflutes 
which were responsible for establishin~ 
masculine dominion and the laws of exogamy 
(tal6su waf ngod = reed, fish, bone), and of 
the gourd rattle scepter (yei waf ngoa = wild 
cat or shaman, fish, bone), a phallic symbol 
used in the initiation of boys as well as an 
emblem of the hierarchical status of the chief. 

· The' narrative flows coherently and 
magi_c~lly, as it explicits, dialectically, the 
opos1t1ons man/man, man/woman, natural 
world/cultural world, acquisition/loss thus 
alluding to life, death and resurrection: It's a 
symbolic manipulation which seeks to 
reconstitute the origin of libidinous conflicts 
which are generated in order to obtain, by 
fore~ as well astuteness, sexual partners 
o~ts1de the group of procreation. The myth 
gives an account of the confrontations 
between Opossum's (Oa's) and Tinamous' 
(Anga's) grandmothers in order to ave11ge 
the death of their respective grandsons. 
When the former is killed by Anga's 
he_nchmen, his grandmother recuperates his 
thighbone and transforms it into hawks. 
These assassinate Anga, delivering his corpse 
to the wild cats. 

Anga's grandmother avenges the death of 
her grandson and her husband takes 
I".°ssession of his thighbone. The latter give 
nse to the Diloa, two little fish, · which 
transform themselves, successively and 
through their own resources, into crickets, 
twin boys, birds and adult men (figure 15). 
The myth narrates, with an abundance of 
detail, the feats and dangers that the twins 

confront, as well as the system of rites 
associated with the cultural-historical context 
of the upper Negro river region. It also gives 
an a:count of the invention of the plaited 
dr~w1~gs by the fishboys, an artistic technique 
which 1s an exclusive specialty of the Desana. 
Furthermore, it describes the final battle 
during which the Diloa, unfurlin~ 
thunderbolts, destroy the group of wild cats. 
Then they realize that they had also destroyed 
the grandmother who had raised them and 
bring her back to life. But, ''with her, rose all 
the Koa Yea ( gourds, wild cats)", for this 
grandmother was also Koa Yea. "Since that's 
the way things are - the Diloa say -, our 
grandmother must also die" (figure 16). 

Amongst the most beautiful and 
complete myths within the anthology Antes o 
m~ndo nao existia (Before the world existed), 
this narrative suggests diverse 
interpretations, principally when dealing with 
the relations between myth and folclore. It 
depicts a fabulous biography of the cultural 
heroes, which, according to Mircea Eliade, 
would draw the myth closer to the pessimism 
of the saga and.the optimism of the fantastic 
tale. With respect to its antecedents, in the 
saga and the tale, a "progressive . 
dessacralization of the mythical world" takes 
place, as this author observes in Mito e 
Realidade (Myth and Reality) (1972): 

On the level of 'primitive cultures', the 

distance which separates myths from tales is less 

clear-cut than in cultures in which there is a 

profound chasm between the classes of the 'men 

of letters' and the 'populace'. 
Under these conditions the appearance of 

the fantastic tale (not its origin, which is more 
dificult to research) interests historians of 
religions and, possibly, literary critics and the 
history o~ literature as well. The Desana myth 
tellers, hke so many others, incorporated 
themes from catholicism into the tribal 
mythological corpus - conception without 
carna_l contact, revelation, the coming of the 
Messms - and personalities whose names 
were adapted to the temperament of the 
language: Kiritu for Christ, kurusa for cross, 
Balfa for Maria, Yuse for Joseph. The white 
man also appears in the desana mythology as 
a passenger of the pahmelin gahsilu 
(transformation, canoe), from which he 
emerges armed with a rifle. Incapable of 
understanding the tribal institutions he is 
driven away to the sou th and adverted by the 
Creator: 

You are the last one; I gave the first om~s all 

of my possessions. Since you came last, you 

should be fearless. You should make war and take 

the others• riches. In this way, you will find money 

(Antes o mundo nao existia -Before the world 

existed, p.74). (figure 17) 
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The Wai Mahsa 
The amerindian groups of the Tukano linguistic family are classified as indians of the 

river: they live along the fluvial arteries of black waters, bathing banks of soils poor in 
nutrients the so called terra firme of the upper Negro river, northwestern Amazon. 
Adapted to this ecosystem, classified by ecologists as of the oligotrophic type (acid soils 
which are extremely poor in nutrients), they maintain simbiotic relationships with the 
indians of the forest ( the Maku ), with whom they exchange fish and manioc flour for prey 
and produce from the forest. (see 'Chuvas e constela<;6es. Calendarioecon6mico Desana' 
(Rain and the constelations. The Desana's economic calender), in Ciencia Boje 36). 

The basic social units are the clans , who occupy a hut - today one family houses in 
a village - and who reckon descendance only along the paternal lineage, marrying women 
from clans of other tribes of the same or of other linguistic families. That is, they segment 
themselves in hierarchical patrilineal lineages, whose residence is patrilocal. A network of 
reciprocal relationships between various clans and tribes are the consequence of this form 
of exogamous marriage. 

A recurrent theme in the mythology of 
several tribes, and exemplified here through 
the mythology of the Desana, is that 
present-day humanity is a second or third 
generation. The preceeding one ( or ones) 
was ( or were) destroyed by cataclisms. Before 
these catastrophes, people wer~ 
'uncultivated': they didn't know how to 
produce fire, were ignorant of the plants 
which they now raise and of the equipment 
which allows them to dominate nature. The 
cultural heroes created the world and man, 
teaching him how to manipulate the 
techniques which he now masters and 
endowing 'his people' with · the necessary 
equipment. These possessions are frequently 
mentioned in the mythology and, 
consequently, this increases the tribe's 
transcendence by creating a bond between 
the latter, the ancestors who created them 
and the primeval period of creation. 

IMAGINATION AND ESTHETICS 

Antes o mundo ndo existia (Before the 
world existed) can be considered a 'narrative 
transculturation' in the sense that Angel 
Rama used this term when examining the 

indigenous literary work of Jose Maria 
Arguedas, a Peruvian author. Kumu & 
Kenhfri had the same goal in mind as 
Arguedas': to redeem a mythological 
heritage treated by the refined norm as 
"infantile", "primitive", "destined to total 
disappearance once the tribes became 
'civilized"', as Eliade points out. 

In the book, Kenhfri sought to transpose 
to portuguese the sintax of his language 
which lacks prepositions and in which 
adjectives and verbs are placed at the end of 
the sentence. In Desana one says: "I from this 
tribe citizen am", and "in this world he made 
appear said" and "life inside the cigarette was 
born". His disciplined and rhythmic narrative 
is divested of rhetoric without being dry or 
laconic despite the economy of words. And it 
is rich in images. For example, when he is 
characterizing an ancestral group, · the Ye 
bolei (white wHd cat), he explains that it 
''wasn't white like lime, it was white like the 
day" (p.80). 

Not content with creating a literary 
translation of tribal mythology, in which he 
concatenated episodes and defined 
characters, Kenhfri wanted people to be able 
to visualize them. The 50 drawings that he 
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produced are not merely book illustrations, 
they are visual translations of 
imaginary-reality. At this point, it would be 
interesting to di~tinguish esthetics from art. 
By their very nature, the mythological stories 
which give an account of creation, relating the 
trials, obstacles and feats of primeval heroes, 
enclose an esthetic-magical content. The 
artistic is created by the translator, that is, the 
person who transcribes an oral narrative, in 
written form, to another language. 

Angel Rama sought to demonstrate that 
Latin~American literature, in the zeal of 
becoming independent, rejected its Iberian 
roots, as well as its N ative·American and black 
matrices. A similar attitude was taken by 
anthropologists divulging the oral literature 
of the tribes they studied. Among the latter, 
this occurred due to their concern with trying 
to avoid the 'profanation' of their work by 
supposedly artistic ornaments which would 
compromise it's scientific 'purity'. 

However, it must be acknowledged that a 
careful study of the literary aspects of the 
language employed in the myths of agraphic 
peoples will enable anthropologists' 
interpretations to surpass the limits imposed 
by the analysis of formal terminological 
systems. As the mythological corpus, divulged 
in anthropological monographies, begins to 
circulate outside the narrow sphere of the 
specialists, it will awaken the kind of awe 
inspired by the fantastic tale. This will not 
impede mythology, as an autonomous 
creation and a system of representations, 
from conserving its symbols and metaphors, 
and from performing its consequent 
socio-religious role in relation to the ethnic 
group who produced it, conferring identity 
and authenticity to it. 

Figure 1. Y eba bel6 the grandmother of the ·universe, creates 
herself out of six invisible things: benches, pan holders, 
half-gourds filled with tapioca, half-gourds filled with the coca 
plant, cigarettes arid cigarette cases. 

humanity. She ate coke, smoked tobacco and noted the presence 
of Yeba ngoaman, to whom she confided the task of creating the 
world and human beings. 

Figure 2. The "universe belly" and the houses of the five 
thunderbolts: of the north, south, east, west and of up above, the 
house of the Third Thunderbolt. The latter, with his riches, the 
corporal ornaments, will create humanity. 

Figure 3. Yeba bel6 used her power to create the world and 
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Figure 4. Yeba ngoaman and Emekho mahsan Boleka, ancesters, 
respectively, of the Tukano and the Desana, entered the house of 
the Third Thunderbolt. 

Figure s. "Their vomit was like a childbirth from which arose the 
first women." 
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Figure 6. Once the ornaments which were in the House Up 
Above, that of the Third Thunderbolt, were received and 
humanity of the future was formed, the Thunderbolt himself 
turned into a canoe-snake which navegated underwater. His 
point of departure was the Lake of Milk. 

Figure 7. YeM ngoaman, the great-grandson of the world, sends 
his rattle-scepter to the tower of the emekho patole. The tip of 
the cane transformed itself into a face which irradiates light. 

Figures. At the Ipanore waterfall, mid Uaupes, men stepped on 
the earth for the first time. On the upper left hand corner, 
Wahtin, the last creature created by Emekho sulan Panlamin. 

Figure 9. The F1ncestors of the Tukano and the Desana at the 
command of the transforming canoe at the beginning of the 
voyage departing from the Lake of Milk. 

Figure 10. Penetrating the Negro river, the transforming canoe 
stops at three houses where the city of Sao Gabriel da Cachoeira 
is located at present. 

Figure 11. Gahpi mahsan's (caapi, person), birth which symbolizes 
the plant Banisteriopsis caa.pi which brings about visions and 
clairvoyance. 

Figure 12.Gain paftan made an invisible fence around the ucuqui 
( a sapotaceous Amazon tree), so as to capture the two women 
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who robbed its fruits. He captured one of them. The other one 
turned into a fish as she jumped into the water. 

Figure 13. The house of old Pinlun (great snake of the river), 
father of Gain paftan's wife. It was a hut, like the ones in the 
visible world but, it was located at the bottom of a bay called 
waitu dihtaru ( anklet,lake ). 

Figure 14. Anga mahsan pe leading his entourage of birds: the 
capped heron, the common heron, the saracura wood rail, the 
curassow, the guan, the trumpeter, the sun grebe, the capueira 
partridge, the kingfisher, and the bittern. 

Figure 15. The metamorphoses of Anga mahsan pe (the great 
tinamou, person, father): his thighbone first tranforms itself into 
two little fish, the Diloo. These turn into, successively, crickets, 
twin boys, birds, and adult men. 

Figure 16. Wishing to save his 'grandmother' from the lightening 
hurled at the hut of the Koo yea (gourds, shamen ), Diloe (in the 
singular) hides her underneath a clay pot. Her curimisity leads 
her to raise the lid and she is stricken by lightning. 

Figure 17. The seventh and eighth persons to leave the pahmelin 
gahsilu (transforming,canoe) were the white man with a rifle and 
the priest with a book in his hand. The Creator drives them f~r 
away to the South. 
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BRAZILIAN INDIGENOUS POLICY AND 
HEALTH ASSISTANCE 

Dina Czeresnia Costa 

Departamento de Epidemiologia e Metodos Quantitativos, 
Esco la N acional de Sau de Publica, Fiocruz 

The effects of any infectious disease are more serious in populations that have never been exposed to it before. Therefore, 
as a result of an extremely ~olent and brutal process of pomination, the occurrence of devastating epidemics among indian 
populations in Brazil is a significant aspect of the history of the contact of such groups with our society. It is important to 

stress that we are not talking of the past: this process has been taking place again and again in the current 
occupation fronts of the Amazon region. 

Besides epidemics resulted from the initial contacts between the civilized and the indian populations, the:Brazilian indian's 
health conditions suffer severe alterations due to cultural, social and ecological changes. New eating habits and new living 

conditions alter and introduce several pathologies, from tooth decay to arterial hypertension. · 
Together with a growing concern about the environment, the discussion about social rights, among which the right to 

diversity, is becoming increasingly important to us. There is, so far, no solution to the indian question, and one of its aspects 
is health policies, a controversial issue. A short time ago, the Brazilian Army Minister expressed a traditional view: the 

indian culture is "inferior" and "not worthy of respect" and, therefore, does not need to be preserved. That opinion was not 
shared by other Brazilian military, among whom marshal Candido Rondon, who · 

started a tradition followed by several volunteers. 
A little-known aspect of the Brazilian indigenous policy was the creation of a government health assistance service by Noel . 
Nutels, in the 1950. Nutels was an extraordinary man. Born in Odessa, USSR, he arrived in Recife (northeastern Brazil) in 
1922, at nine years old. Several years later he adopted Brazilian nationali_ty and in 1943 he participated as a doctor in the 
historic Roncador-Xingu expedition. From then on until the end of his life, he dedicated himself entirely to the Brazilian 

hinterland sanitary problems, particularly those concerning the indian populations, of which he was an outstanding defender. 
This article presents part of Noel Nutels' work. 

Illustrations: patterns of body painting; drawings by Anoa (first three), and Kayap6-Mekranoti of Iriri River, having the 
hexagonal pattern of a turtle shell as reference. 

BRAZILIAN SOCIE1Y AND THE 
INDIAN WORLD 

Brazilian colonization was associated, _ 
from the very beginning, to a process of 
extermination of indian communities. At 
different moments of the country's history, 
the impact caused by the contact of those 
communities with Brazilian society resulted 
in social, economic and demographic changes 
which were catastrophic to the physical and 
cultural survival of the Brazilian indians. Toe 
conquest of indian territories - a permanent 
object of the settlers' greed - was extremely 
violent. Toe indians were considered mere 
obstacles; there was no reason why they 
should be respected. This domination 
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process, however, did not take place 
smoothly, due to the great cultural, ethnic 
and linguistic diversity of the indian 
populations and to the fact that the contacts 
between those groups and Brazilian society 
did not occur in the same way. 

In the colonial period and during the 
Brazilian Empire, the contacts with the 
indians were mediated especially by religious 
missions, which had a strongly ethnocentric 
conception of the so-called "primitive" 
societies. The indians were considered 
creatures with "heretical" cultural 
characteristics that had to be eradicated; they 
should learn to dress, eat, talk, communicate 
as well as modify their beliefs regarding the 
salvation of the soul. Toe intolerant and 
fanatical work of catechesis developed by the 

old religious m1ss10ns led to the 
extermination of several tribes, destroying 
the indians' confidence in their ancient 
cultural values and adding further difficulties 
to their battle for survival. 

During the first republican years, when 
the telegraph and railway lines were 
stretching towards western Brazil, several 
indian populations were contacted with 
extreme violence. The early 1900s 
newspapers registered impressive reports on 
massacres and murders resulting from 
conflicts between indians and settlers. A 

· discussion arose among those who saw the 
indians as hostile people who obstructed 
development and should be eliminated, and 
those who were horrified by the massacres 
and contested the racist theories that 
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proposed elimination as a solution for the 
conflicts. The naturalist Hermann von 
Ihering, in his "Anthropology in the state of 
Sao Paulo" (Revista do Museu Paulista n° 7, 
1907), candidly declared that the indians did 
not contribute to work and progress, being, 
on the contrary, an obstacle to the settlement 
ofthesertao, the remote hinterland of Brazil. 
He defended extermination as the only way 
out. This clear belief in genocide as a solution 
resulted in widespread local and international 
protest and stimulated intellectual views 
influenced by positivism, which, in turn, 
defended the need for government 
protection of the indians. 

The work developed by general candido 
Rondon (then head of the Commission for 
the Telegraph and Strategic Lines from Mato 
Grosso to the Amazon) was of great 
importance, as it proved, through practice, 
that it was possible to contact the indians 
without hostility. Rondon worked directly 
with the BorC>ro, Paresf and Nanbikuara 
tribes, establishing a relationship of respect 
and protection. He reported, at the same 
time, the extreme misery and the exploitation 
to which the "civilized indians" were being 
subjected. 

The repercussion of the political and 
practical work developed by Rondon and his 
assistants resulted in the creation of the 
Indian Protection Service - IPS - in 1910, 
which marked an important change in 
Brazilian indigenous. Legislation was passed 
ensuring respect to the indian culture and 
their right to the land. The creation of the IPS 
did not represent, however, the defeat of the 
interests lying behind the views held by people 
like von Ihering. In spite of the advances in 
legislation, in practical terms the indians were 
still considered by many as an "obstacle to 
national development". 

The formulation of the Brazilian 
indigenous new policy was based on the 
humanistic evolutionism devised by positivist 
August Comte. According to Shelton Davis, 
in his book Victims of the Miracle, although 
Comte's philosophy is now considered 
outdated, ·it offered, at the time, a 
philosophical framework favorable to the 
defense of a protectionist policy, as it stopped 
considering the indians as savages and 
barbarians, to see them as individuals at a 
certain "stage" of civilized development. 
They had to be protected, and the conditions 
necessary to their survival should be 
guaranteed. 

According to Darcy Ribeiro, in Os fndios 
e a civilizaf do (The Indians and Civilization) 
(Vozes, 1982), " ... the cr~ation of an 
institution for the enforcement of the law, 
precisely in the most remote areas where it 
could never have been effectively 
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implemented ... ", brought great difficulties. 
In order to overcome local political power it 
was necessary to ensure sufficient funds, 
highly trained personnel and authority. 
During the IPS' first three years, the funds 
requested were guaranteed; Rondon 
counted on a team created during the 
construction of the telegraph lines as well as 
on intellectuals who participated i~ the 
struggle for the creation of the agency, and 
authority was ensured by the Army itself, 
because the majority of the IPS' staff were 
army officers. 

However, it is important to remember 
that actions taken by the IPS ensured 
peaceful occupation of huge areas in Brazil 
and the transfer of indians to specially 
delimitated areas which corresponded to 
small parts of their tribal lands. And the 
"romantic" and mistaken vision held by the 
positivists - that " ... once the opportunities 
for development were ensured the tribes 
would bloom from their fetishistic condition 
to increasingly more advanced stages and 
would become harmoniously integrated to 
Brazilian society ... " - was quickly and 
categorically disproved. Furthermore, the 
measures adopted by the IPS did not deter 
the destruction of the indians' culture, nor 
were they successful in deterring the invaders, 
since the government did not guarantee the 
indians' legal rights, the most important one 
of which being ownership of the land 
necessary to their survival. If, on one hand, 
the IPS saved some tribes from total 
extinction, on the other hand the process of 
" ... pacification of hostile tribes caused the 
dissemination of hunger, disease, 
disintegration, making the indians part of the 
most miserable group of th'e marginal 
segments of society ... " (Darcy Ribeiro, op. 
cit.) 

Evaluation of the measures adopted by 
the IPS show, above all, the contradictions 
presented by the action of a group of idealists 
before the brutal and excluding logic of the 
expansion fronts of the Brazilian capitalism 
frontier. Darcy Ribeiro stresses that " ... all the 
tribes that came in contact with the pioneer 
front of the Brazilian society were led to 
pacific coexistence, without a single shot 
having been fired by IPS people, although 
more than a dozen IPS employees fell hit by 
arrows during the work of pacification. And, 
after each team fell, another one would come 
forward, to continue the work. Even more 
than the IPS, these facts reflect the moral 
reserves of the Brazilian people. In those 
cases, however, only heroism, obstinacy and 
capacity for sacrifice were demanded." 

On the other hand, the structural 
determination that imposed clear limits to the 
possibility of individual and humanitarian 

action stands out. The degenerative process 
that affected the IPS through the ' years 
became pronounced. Contacts by Brazilian 
society with the indian populations turned 
into a series of murders, massacres and other 
forms of violence. 

The basic dilemma faced by the IPS was 
the contradiction between actions of 
individuals deeply motivated by the will to 
protect the indian populations - such as 
Rondon and, later, Noel Nutels and his 
assistants - and the structural dynamics of a 
society that produced misery and 
degradation on a large-scale. 

NOEL NUTELS AND HEALTH 
ASSISTANCE TO INDIAN GROUPS 

Even with the creation of the IPS, health 
assistance to indian populations was 
permanently disorganized and sporatic, with 
no systematization. lnformation on health 
conditions was available from reports made 
by missionaries and doctors who participated 
in expeditions. 

Noel Nutels'work with the indians began 
with his participation, as a doctor, in the 
Roncador-Xingu expedition sponsored by 
Getulio Vargas government, during the 
Second World War. That expedition, headed 
by Joao Alberto Lins e Barros, was 
administratively linked to the Central Brazil 
Foundation. Its objective was to explore the 
still unknown territory between central Brazil 
and the Amazon region, and to open landing 
fields for an air route that would link the north 
to the south of the country. 

The Central Brazil Foundation was not 
associated with the IPS (it was under the 
direct responsibility of the Presidency of the 
Republic), but the attitudes of the members 
of the expedition to indian areas was 
influenced by Rondon's proposals. Besides 
Nutels, the brothers Claudio and Orlando 
Vilas Boas participated in it. From the work 
they carried out during the expedition -
when they contacted the indians of the Alto 
Xingu and Araguaia regions among others, 
- arose a concern for the creation of some 
form of medical structure to care for the 
health of those populations. Tuberculosis was 
one of the most severe health problems faced 
by the Karaya indians in the Araguaia region. 

In order to master the treatment of 
tuberculosis, Noel Nu tels took a course at the 
National Tuberculosis Service, during which 
he raised the indian issue. In 1952, having 
concluded the course, he presented a project 
for the implementation of mobile health 
assistance units in the indian areas, showing 
that positive and organized actions, especially 
regarding the prevention of infectious 
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diseases, could avrnd the high mortality rate 
usually verified among the indians when they 
came in contact with the expansion fronts. 

According to Nutels, work should 
concentrate on those diseases to which the 
indians had no resistance, being required the 
creation of a protective shield:" ... in this way, 
we will establish a real sanitary curtain around 
the area to be tackled. No one can penetrate 
the area without prior control". Nutels 
believed that such a measure was, by itself, 
not enough: it would be impossible to render 
satisfactory assistance to the indians without 
a simultaneous protection program for the 
populations close to them. Furthermore, he 
saw his project as one of the aspects, among 
others, of the struggle for the indians. His 
words, today, sound prophetic: "We are sure, 
however, that our plan will not succeed if 
other essential measures are not adopted ( ... ) 
Only a basic. reform of the economic 
structure can bring that about. Under the 
conditions our men currently live in, 
especially in the rural areas, their physical 
resistance is deplorable. As long as we don't 
fix men to the land that is theirs; as long as we 
don't supply them with good seeds, 
machinery, the means to place their products 
and a guaranteed market, their resistance will 
be minimal. Cowherds invading indiari lands 
with their miserable herds in search of new 
pastures and gold prospectors digging for 
their dreams with pickaxes will be taking their 
misery and their diseases to the poor 
savages". 

This project had a strong impact on the 
National Tuberculosis Service, around which 
Nutels managed to assemble a group of 
professionals. Between 1952 and 1956, a 
group of volunteers, headed by Nu tels, made; 
with resources obtained by means of their 
personal influence, a few trips to the 
Araguaia and Alto Xingu regions, taking 
chest X-rays of the indians and vaccinating 
them. But only in 1956, during Juscelino 
Kubitschek's government, was the Airborne 
Sanitary Services Unit (Servi(io de U nidades 
Sanitarias Aereas - SUSA) made official by 
Maurfcio Medeiros, then Health Minister, in 
accordance with the government policy of 
'developing the hinterland'. 

The SUSA was created to render 
assistance to indian and other populations in 
areas of difficult access. Although its activities 
were not restricted to the control of 
tuberculosis, the unit was administratively 
associated to the National Tuberculosis 
Service. Until 1964 it had the support of the 
Brazilian Airforce, which created the 
Airborne Sanitary Service, (Correia Aereo 
Sanitario), under the National Airborne 
Postal Service (Correia Aereo Nacional) for 
equipment and health personnel 
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transportation. After the SUSA was created, 
vaccination, tooth extraction and chest x-ray 
control were extended to the indian 
populations in the south of the former state 
of Mato Grosso and in the area of the Negro 
river. 

As director of the SUSA, Noel Nutels' 
approach to the work with the indians was 
intimately linked to the activities then 
proposed by the Vilas Boas brothers. Based 
on a critical assessment of the work 
developed by Rondon in the IPS, the Vilas 
Boas realized that, although the indian 
populations were preserved in the initial 
contacts, soon they would be swept away by 
more powerful economic interests to be 
found throughout Brazilian economic 
frontiers. The Vilas Boas suggested both the 
cession of a territorial base to the indians, so 
that they could preserve their traditional 
forms of economic subsistence, and the 
implementation of a permanent network of 
medical assistance against exogenous 
diseases. Integration with Brazilian society 
should be much slower, ensuring the survival, 
the ethnic identities and the life-style of each 
group. 

Those issues led to a project for the 
creation of the Xingu National Park. In 1946, 
when the indians in the area were contacted 
by the Roncador-Xingu · expedition after a 
long period of isolation, an attempt was made 
to insure them more effective protection, 
including, as proposed by Nutels, a 
mandatory sanitary quarantine to all those 
who penetrated the area. 

CONTROL OF TUBERCULOSIS IN 
THE INDIAN AREA 

From 1952 onwards, aided by Noel 
Nutels' personal contacts with the National 
Tuberculosis Service, the Brazilian Air Force 
and the Roncador-Xingu expedition, a few 
trips were made to the Araguaia and Alto 
Xingu regions, where the indians were taken 
chest X-ray, and vaccinated against smallpox, 
yellow fever and typhoid fever. Through the 
chest X-rays it was verified the nonexistence 
of tuberculosis in the Alto Xingu area and its 
widespread ocurrence among the Karaya 
indians in the Araguaia region. 

After the creation of the SUSA, work was 
extended to the indians in the south of the 
former state of Mato Grosso and along the 
Negro river, as well as to rural populations in 
areas of difficult access. Those were assisted 
mainly at places of high concentration of 
people such as pilg~image sites. A 
government decree established that any 
sector of the Ministry of Health could be 
requested by the SUSA to meet local needs. 
The working teams would be formed 

according to the characteristics of each area. 
By 1958, however, the agency already had its 
own team with doctors, inoculation 
specialists, dentists and X-ray operators. 
There were no nurses, but all the staff had 
been trained to execute basic nursing 
activities. With its institutionalization, the 
SUSA started to give oral BCG vaccines and 
TB tests, as well as treatment for parasitism, 
generic diseases, tooth extraction, epidemic 
screening and sanitary education. 

Treatment for tuberculosis was restricted 
to the distribution of hydrazide. By the end of 
the 1950s, doctors were already aware that 
the tuberculosis bacillus might develop 
resistance to a single drug, but it was not 
possible to adopt medication with PAS 
(Paraminosalicylic acid) and streptomycin --
the triple scheme used at the time - as this 
would require fixed sanitary units. The X-ray 
was considered a very important tool for the 
diagnosis of tuberculosis. This aspect was 
reflected in the SUSA's activities, for which 
insuring the use of appropriate equipment 
and trained personnel for that chest X-ray 
control was a major concern. 

Only during the 1960s was it possible to 
offer a more systematic treatment for 
tuberculosis, which started in the south of 
Mato Grosso, among the Terena, Kayoa and 
Kadiweu indians. Contact with a presbyterian 
mission close to Dourados - the Kayoa 
Mission - was of crucial importance, as the 
missionaries created a special pavilion .for the 
treatment of indians with tuberculosis at their 
small hospital. In 1961 chest X-ray control 
was adopted for indians coming from several 
settlements and an attempt was made to 
ensure treatment with the triple scheme for 
all those indians'who might have acquired the 
disease. The most important event that year, 
however, was undoubtedly the official 
creation of the Xingu National Park, headed 
by Orlando Vilas Boas. 

At the end of 1963, Noel Nutels became 
the head of the IPS, which was already going 
steadily downhill. Realizing that it would be 
impossible to develop a serious work without 
a complete structural change in the 
institution, Nutels proposed a broad 
discussion about Brazilian indigenous 
policies involving, among others, 
anthropologists, specialists and health 
professionals. His tenure, however, was 
abruptly cut short after six months by the 
military coup in 1964. 

On the following year, the Escola Paulista 
de Medicina (Sao Paulo Medical School) 
started to provide medical assistance to the 
Xingu indians through agreements with the 
head of the Park. A short time later, through 
an agreement with the IPS, more resources 
were obtained for the struggle against 
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tuberculosis in several areas. This work was 
extended to all settlements in the sou th of the 
former state of Mato Grosso and a special 
structure was created with two doctors, a 
nurse, a nursing assistant, four other 
assistants, a laboratory technician and fifty 
beds. During the first phase of treatment, all 
patients would remain at the health service 
post. The staff was trained according to the 
standard techniques of the National 
Campaign Against Tuberculosis which, at the 
time,. emphasized the importance of the 
tuberculosis test (PPD) and of the spittle 
bacillus exam for diagnosis of the disease. 

Periodically a team with one doctor, one 
bacteriology specialist, one X-ray operator 
and an assistant would go through the region, 
trying to identify new cases, control those 
under treatment and reexamine those who 
had been considered cured. Between the 
visits a doctor would return to the area for 
supervision. All information was notified and 
filed. In addition to the control of 
tuberculosis, the indians were vaccinated and 
their infected teeth removed. · 

During that period, work with the indians 
at Xingu was kept up. During the 1950s four 
series of chest X-ray control had been made, 
showing no cases of tuberculosis. In 1960, 
another chest X-ray control was made in 
eleven groups of indians and only three 
groups presented strong reaction factors. 
Only in 1966 the first tuberculosis cases 
appeared in the already infected groups (in 
those groups whith negative results, the first 
cases of infected indians were only reported 
from 1975 onward). In 1968 intradermal 
BCG inoculations were carried out among 
the indians in the area, before its general 
implementation in Brazil. 

In 1968, the SUSA was included into the 
structure of the Ministry of Health as a 
Special Assistance Unit. The staff were 
recognized as government employees and 
from ,then on no other people were hired. 

VIOLENCE AND GREED: THE 
CREATION OF THE FUNAI 

From the end of the 1950s on, accusations 
of violence against indians with the 
connivance and participation of JPS 
employees were rife. According to Shelton 
Davis and Patrick Menget in "Primitive 
Peoples and Civilized Ideologies in Brazil" 
(Antropologia e indigenismo na America 
Latina, Cortez, 1981), " ... a series of books 
and public declarations mentioned blankets 
contaminated by smallpox and other diseases 
being given to indians as gifts, incidents with 
napalms being thrown from airplanes onto 
indian settlements; photographs of razed 
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villages were shown to them, with the remains 
of indian women and children lying on the 
burned-out soil. The unanimous sentence 
passed upon by Europe was that Brazil was 
putting into practice a policy of ethnic 
genocide". 

Only in 1967 did the Minister of the 
Interior, General Albuquerque Lima, name 
a commission to investigate the accusations 
against the JPS. The atrocities and violence 
were confirmed and proved, including the 
deliberate introduction of smallpox, flu, 
tuberculosis and measles among the indian 
tribes. Albuquerque Lima closed down the . 
JPS and named a commission composed of 
indian specialists, anthropologists and 
specialists from the SUSA to create a 
substitute agency - the National Indian 
Foundation (Funda~o N acional do Indio
Funai). 

Professionals from the SUSA suggested 
the creation of mobile health teams 
composed of a doctor, a nurse, a biochemist 
and a dentist, at regional Funai offices, to 
render the indian populations medical 
assistance. Thus, the SUSA was only in 
charge of the tuberculosis issue, leaving the 
other activities to the Funai Health Division. 

The Funai was initially headed by a 
specialist who executed the directives issued 
by a board of directors, made up by those 
indian specialists who had contributed to its 
creation. With the toughening of the military 
government, after 1969 significant alterations 
took place in terms of .the Brazilian 
indigenous policies. General Albuquerque 
Lima was substituted at the Ministry of the 
Interior by Colonel Costa Cavalcanti, and all 
the important posts at the Funai (including 
the board of directors) were occupied by the 
military. The euphoria of the "Brazilian 
miracle", with slogans such as "development 
and national integration", strengthened the 
former view of the indian as an obstacle to 
development, especially in the Amazon 
region. The construction of the 
Trans-Amazon . Highway was the highest 
expression of the new policy of extermination. 
Extreme violence was used in the contact of 
almost totally isolated groups. 

The new "Statute of the Indian" was 
published at the end of 1970. In 1973 it was 
turned into law, establishing the 
government's position in regard to the indian 
issue. Davis and Menget stressed the serious 
threat the Statute brought to the 
indians'rights: their fate was imposed and 
determined by the government; the "indian 
income" was instituted, justifying the use of 
the wealth of their land for the maintenance 
of government bureaucracy; the relocation of 
indian populations for "security" or "national 
development" reasons was also foreseen. 

The Funai, executor of these policies, 
under the Ministry of the Interior , had to 
follow the same rationale of the development 
agencies that represented interests contrary 
to those of the indians. Their lands - not 
precisely d~limitated and never demarcated 
- were at the Funai's disposal, which caused 
situations of conflict and violence. In what is 
today the state of Mato Grosso do Sul, for 
example, the lands of the Kadiweu indians, 
given to them by emperor Pedro II as a 
reward for their participation in Brazil's war 
with Paraguay, were leased by the Funai and 
occupied by rural producers. Those same 
lands suffered invasions and when the Funai 
acted against them, it was not defending the 
indians' right to the land but the leases it had 
made. With no access to the minimum vital 
space required to guarantee their survival 
through hunting and fishing, the indians 
started to look for work in the leased farms, 
which, in turn, generated resources 
controlled by tt:ie administration in Brasilia 
and spent in the agency's own administration 
(about 80% of the agency's budgetary and 
extra resources were spent in its own 
administration). 

The Funai's overall situation affected 
each and every one of its services. The mobile 
health teams, for example, began to give 
individual assistance only. Members of those 
teams lived in the state capitals, close to the 
Funai's regional offices, making only sporadic 
trips to supply simple medical services and to 
remove the more serious cases to hospitals. 
The major part of the available resources 
were spent on wages, transportation, 
boarding expenses, removal of the sick 
indians and payment for medical services in 
larger towns hospitals. The work of the 
Special Attendance Unit, from the 1970s 
onward, was developed under a slow process 
of extinction due to lack of resources and of 
institutional support from both the Ministry 
of Health and the Funai. 

CONCLUSION 

The history of the SUSA and of the 
Mobile Assistance Unit shows how the health 
assistance provided to the indian populations 
depended on very specific conditions, much 
based on individuals'personal efforts and on 
Noel Nutels' personal charisma. The 
institutional aspect of the work did not 
represent the birth of a governmental policy 
for the sanitary preservation of those 
populations. Although the SUSA initially 
dealt with several types of health problems, 
it directed its action especially to the control 
of tuberculosis, due to the close ties it 
maintained with the National T,uberculosis 
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Service (which later became the National 
Campaign Against Tuberculosis). The big 
lesson one can get from all this is that the 
health policy for the indian populations 
cannot be restricted to the dedicated work of 
isolated individuals. 

It is important to consider government 
actions directed . to the indians health as an 
aspect of social policies. That, in turn, will 
lead us to broader and more current issues, 
such as citizenship, political representation 
and the re-definition of those populations' 
legal rights - the right to the land necessary 
to the reproduction of their economic, social 
and cultural lives; the right to control their 

Translation: Lavinia Henderson Cotrim 
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lands' wealth; the right to a social policy that 
will respect their identity. 

The Brazilian government must define 
more clearly the basis of its global policy 
concerning the indians. Ronqon's attitude 
became internationally known as an example 
of human respect and solidarity. His ideas 
represented a notable advance comparing to 
the catechesis performed by the previous 
religious missions. But it is also true that his 
views still bore a strong ethnocentric 
condition. Rondon saw the indians as 
" ... evolving to more advanced stages ... " -
stages based, obviously, on our own 

. civilization's patterns. 

Similar observations can be made about 
the work and the practice of indian specialists 
of that generation immediately after 
Rondon's. They were deeply committed to 
the indian cause, but their paternalistic and 
individualistic way of thinking was still 
influenced by positivist evolutionism. The 
appearance of the indian movement put the 
question in other terms, as it imposed the 
view that the indians, as other groups, had to 
have their particular characteristics 
respected. This is an issue that affects us all: 
what is at stake is our right to diversity. 
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INTERVIEW 

THE y ANOMAMI DRAMA 
MARIA MANUELA CARNEIRO DA CUNHA 

Interview given to Carmen Lucia Visconti Weingrill and Vera Rita Costa ( Cifncia Hoje ) 

0 n May 1st, 1991, a 60-meter clandestine airstrip at the Baiano Formiga gold prospecting site, 350 kilometers from Boa Vista, was 
blown up with 675 kilos of dynamite. The explosion made the campaign launched by commissioner Romeu Tuma, head of the 

Federal Police, headline news in all the major newspapers. The objective of the campaign was to destroy, by September, all 129 illegal 
airstrips embedded in Yanomami territory. Life became more difficult for the 30 thousand gold prospectors who, in the last ten years, had 
invaded the indian reservations searching for gold. However, in spite of the repercussions in the press, life for the Yanomami indians has 
become no less painful. The destruction of the illegal airstrip is a single chapter in a long history of victories and defeats. Since 1975, when 
the Radam-Brazil Project registered the presence of gold, uranium, diamonds and cassiterite (raw material for tin) in Yanomami territory, 
the indians have been facing a deadly battle with invading gold prospectors and airplane owners, as well as having to cope with the diseases 

broughtbytheirivaders. · 
The 1980s were marked by a continuous struggle by these indian communities for the effective recognition of a right guaranteed to them by 
the Brazilian Constitution - the right to the nine million hectares of uninterrupted forest that are part of their traditional, century-ol<;tJand. 

· In 1988 an inter-ministerial ruling reduced the Yanomami territory to nineteen "islands" -isolated stretches divided by·"corridors" which 
supply legal shelter to the invaders between one pillage and the next. Since then, according to Survival International (a worldwide entity for 
the defense of native populations) roughly 1,500 Yanomamis have died in bloody struggles or through disease. Destruction of the airstrips 
is not enough: the indians' constitutional right to their land must be respected. This is the warning given by anthropologist Maria Manuela 

Carneiro da Cunha. It is the only way to put an end to a drama that has no place in the twentieth century. 

- How do you explain the' presence of gold mining sites .. in 
Yanomami land? How can legislation have facilitated the invasion? 

- The presence of gold prospectors in indian territory has never 
had legal support. Previous Constitutions, like the current one, have . 
always considered the exploitation of surface mineral resources 
(prospecting for gold, cassiterite and other minerals) in those areas as 
the indians' exclusive right, and legislation has never favored invasion 
by gold prospectors or miners for the extraction of this surface wealth. 
The presence of gold prospectors in indian territories is usually 
justified with the pretext that, if there is gold in the area, invasion is 
inevitable. If that were true, however, the gold reserves of the Central 
Bank of, Brazil would be totally unprotected. The invasion can be 
explained by the simple disobedience to the due process of law, to 
non-compliance. In other words: the invasion occurred .because it was 
allowed to occur. Proof of this is that the first group of gold 
prospectors who arrived in the area in 1985 (an extremely violent 
event, in which the gold prospectors turned up disguised as the 
military) was dispersed by the Army. 

- In relation to the Y anomam~ however, a legal loophole does 
exist: the lack of designation of the territory they occupy. Terms such as 
reservation, area, park or national forest, are used depending on what 
is convenient, is that correct? · 

- Yes, that's perfectly true. In 1985 the Yanomami area was 
closed off by the National Indian Foundation (Funda<,;ao Nacional do 
fndio- Funai) for demarcation purposes but, instead of progressing 
towards the delimitation of the land, successive legal instruments have 
·attempted to alter the characteristics of the Yanomami territory. The 
inter-ministerial ruling n° 160, published on 09/13/88, is an example. 
The ruling divided the Yanomami territory into 19 separate areas of 
occupation, calling "national forests" some areas which had been 
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traditionally occupied by the indians; these areas belong 
constitutionally to the Yanomami. It was as a reaction to this 
manipulation of concepts that the Attorney-General of the Republic 
filed a suit that resulted in a ruling ordering the removal of the 
prospectors from the area. 

Now, in order to understand the presence of gold prospectors in 
Yanomami territory, a perfectly obvious question stares us in the face: 
why did the government suspend the protection given to the 
Yanomami area? The answer only became clear in June, 1989, when 
I was in Roraima as a representative of the SBPC (Brazilian Society 
for the Advancement of Science) in the Action for Citizenship 
Commission. I saw, in loco, the presence of different interests 
converging towards one point: the invasion of the Yanomami land. -
Among the most obvious interests were all those who make money 
from gold prospecting and these are not ( except in some rare cases) 
the gold prospectors themselves. There are also election interests, 
such as those of Romero J uca Filho, former governor of Roraima and 
ex .. president of Funai who, at the time of the first invasion, was a 
candidate for the Senate. On the part of the Army, there's a different 
attitude now in relation to the indians than the one that prevailed 
during the days of marshal Rondon: if, before, the indians were 
considered as "barriers of the interior", essential to the maintenance 
and expansion of the Brazilian frontier, today they are considered a 
threat to national sovereignty. The Yanomami, in fact, were 
s~cifically mentioned in the Catha Norte Project, and that particular 
view was expressed. I believe that it's time to re-think all of this; 
indigenous population cannot be considered enemies of their own 
country; this is an appalling injustice. It's a repeat performance, 150 
years later, of the conquest of the North-American West. 

- In practice, how do these interests work, especially thpse aiming 
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at financial profit? 
- A service network was created around gold prospecting to 

satisfy these interests. This network requires an extensive 
infrastructure which could not possibly go unnoticed by the 
authorities, and it starts with the gold prospectors, whose survival 
depends exclusively on airplanes. The airplanes, in turn, are used for 
transportation, food delivery, and also for the prospectors to send out 
their gold. Some of the gold prospectors are employed by the owners 
of the airplanes. They pay the latter 70% of the result of their work 
plus "shipping" expenses (provisions, transportation and fuel). The 
airplane owners, in turn, have agreements with the owners of the 
illegal airstrips. Air traffic in Boa Vista ( capital of Roraima) is intense 
- in June, 1984, the airport was the second busiest in Brazil in terms 
of take-off and landing operations: approximately 300 a day. There 
are only three legal airstrips in the area; there is no way these could 
cater to all this traffic. During the hour and a half that the Action for 
Citizenship Commission was at the Paapiu airstrip, in the Surucucu~ 
region, it was possible to count dozens of parked airplanes and four 
helicopters. Every five minutes an aircraft would take off or land. We 
felt as if we were in Vietnam: one of the members of the Commission 
compared the scene to Apocalypse Now. Airplanes and helicopters 
would take off and land all the time. It's very strange that all this 
movement was never noticed before. Evaristo Miranda, from 
Em bra pa (Empresa Brasileira de Pesquisas Agron6micas) conducted 
researches based on satellite images that show the multiplication of 
illegal airstrips in the Yanomami area. Between January and 
December 1988, for example, the number ofairstrips multiplied from 
a dozen to a hundred. The Ministry is certainly able to control air 
traffic, just as it has the means to detect and identify clandestine 
airstrips. 

- Is the Paapiu runway illegal? 
- No. According to information received during our trip to the 

area, the more important airstrips (which served as bases for the 
construction of other illegal airstrips) were built and subsequently 
abandoned by the Brazilian Air Force. The strip at Paapiu was built 
with resources from the Catha Norte Project, supposedly to serve as 
support to the Funai and to the indians. Now, if the landing strip was 
built as an aid to the Funai, one would expect to find at least one 
agency representative; what we found, instead, was an abandoned and 
plundered office. The radio used for communication had been 
destroyed and medical supplies were scattered all over the ground, 
where anyone could get them. Documents were carelessly lying on a 
table. Also, it's rather unusual to build a runway as a support for an 
agency that has no aircraft in Roraima. 

- What benefits or support do these airstrips offer to the indians? 
- None. In Sururucus the Yanomami village, with around a 

hundred inhabitants, is at one· end of the airstrip, less than 50 meters 
from the head of the runway, and the noise is deafening. The intense 
aircraft traffic endangers the lives of the indians. To top it all off, the 
airstrip is surrounded by stalls and sheds where the prospectors buy 
their supplies. 

-To what do you attribute the existence of illegal airstrips? 
- These runways are essential for the gold prospecting sites. What 

is surprising is that they have multiplied freely. Local army men - the 
commander of the frontier battalion and the commander of the 
military area that comprises the state of Roraima - admit that it's 
impossible to ignore the existence of illegal airstrips, the so-called 
"unauthorized runways". In Surucucus there are illegal airstrips 
barely five minutes away from the army barracks. Senator Severo 
Gomes, from the PMDB, who headed our Commission, asked the 
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officers what measures were adopted when they were told of the 
existence of such runways. They said that whenever they received 
information about an illegal airstrip it would be passed on to their 
superior officers, not being their responsibility . to take any action. 
What becomes abundantly clear is the total impossibility of the 
runways having been built without the knowledge of the army. 
Apparently, after the 1985 evacuation of the invading gold 
prospectors (see 'The History of the Conflict') the Army ignored 
further activities, practically allowing a massive entry of new gold 
prospectors in the area. 

- Do you think that the prohibition of the airstrips would be enough 
to obstruct the advancement of the gold prospectors? 

- Yes, in part, considering that, as I said earlier, the airplanes are 
absolutely essential for their survival. I met some prospectors who had 
arrived at the gold mining sites on foot, but they wouldn't be able to 
survive there without air support. In 1988, when Jose Fernando Cirne 
Lima Eichenberg was Executive Secretary of the Commission for the 
Defense · of the Rights of Humankind ( created by the Attorney 
General of the Republic), a committee from the Justice Department 
reported that, if the illegal runways were closed down, the gold mining 
sites would be unable to survive. This intervention, however, came up 
against political and economic barriers linked to the interests 
dominating the area. 

It's a fallacy to think that gold prospectors obtain profit from gold 
mining. They rarely make money, and when they do only a very few 
manage to make it last. The money goes to pilots, traders, to 
employment agents, smugglers, and others. Although they make 
more money than the majority of the Brazilian workers, gold miners 
never actually make any profit, due to the high cost of living and the 
speculation in the area. Airplanes are paid for in gold dust. Food and 
hotels in Boa Vista are absurdly expensive. The economy is powered 
by gold. On one hand, it's important to realize that most of the gold is 
smuggled, not being subject to any sort of tax that will benefit the 
country. According to declarations given by Romero Juca Filho, 
former state governor, the National Treasury taxes less than 15% of 
the area's gold production, estimated by Ju~a to be 3 kilos a day. 
Politically, therefore, it is not a simple situation to solve. 

- There are some sectors of society that consider the creation of 
indian areas and reservations a paternalistic attitude on the part of the 
government. What do you personally think? 

- I don't consider .the law paternalistic. What it recognizes are 
rights, and these rights don't come from the fact that the indians are 
weaker, but that they are the country's first inhabitants. The 
Constitution is very clear in regard to that: " ... the indians have a 
natural right to their land ... "; this signifies that their rights are prior 
both to the Constitution and to the Brazilian nation itself. The indians' 
right to the land prevails over any other right. You can't, for example, 
create an area for environmental conservation, such as a National 
Forest, on indian lands, because that is expropriation. Nor can you 
create a gold prospecting reserve. Many people believe that those 
rights are only justifiable as long as the indians are not integrated in 
Brazilian society, from which moment on they would be needless. This 
argument has been used in several ways, including by those official 
agencies that attempt to classify the indians into culturally assimilated 
and non-assimilated groups. 

- It's also common to hear people questioning the right of the 
indians to large stretches of land, to the detriment of landless laborers 

- Several people try to disseminate this notion, that the indian 
areas constitute "too much land for too few indians". It's enough, 
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however, to look at land distribution in Brazil to realize that the 
greatest concentration of land is not in the hands of the indians. Toe 
whole concept is misguided: the problem of the landless is due to· the 
lack of a just land.distribution policy, and not be·cause of the indians. 
Certain farms are larger than indian reservations and have fewer 
inhabitants. 

- What justifies the size of the areas and of the indian reservations? 
- Toe indians have a specific way of life that presupposes 

extensive and continuous land. For example: marriages and 
celebrations require, very often, that entire groups move from one 
place to another; the indians' food is varied and demands several 
products found throughout the forest (see "The Yanomami Way of 
Life"). Toe rubber tappers also need extensive forest areas. A short 
time ago I ,went to the J uru~ Valley Extractive Reserve, in the state of 
Acre. I saw that, although the area is totally populated, it has a low 
populational density. Toe economy of the indians and rubbertappers 
is based on the extensive use of the forest, and their form of 
occupation is non-predatory. In fact, it ensures the conservation of th~ 
forest and of the forest's natural resources. Now, some people think 
it would be easier if the indians planted rice and beans. That way indian 
areas would shrink still further and eventually there would be nothing 
left! Nothing more to fight about! Such an attitude would result in an 
immeasurable loss to humanity. Toe awareness and knowledge of 
nature that the indians have is priceless. Toe possibility of introducing 
new species into their eating habits or even new medication are a few 
examples of the importance of their knowledge. People shouldn't 
restrict what they have but preserve and invest in the diversity. This is 
fully accepted from a biological standpoint: the genetic heritage is 
valued as -a potential for diversity. Toe same thing stands from the 
social standpoint. It's necessary to respect the different forms that 
men have to organize themselves in a society. This "bank of 
sociabilities" is also part of the heritage and wealth of humanity, which 
should be preserved for the future, a reserve against the threat of 
global uniformity and entropy. "Socio-diversity" is as important as 
bio-diversity. 

- There is, however, a clear relation between the conservation of 
the forest and the demarcation of indian territory. Should this become 
official? Should the indians become responsible forthe conservation of 
the forest? · 
~ It's enough to look at a map· of the Amazon to see that not all 

the preserved areas are indian areas, but all the indian areas are 
preserved. I've seen satellite photographs where it was possible to 
distinguish very clearly those areas occupied by the indians from areas 
occupied by other human groups, especially gold prospecters and 
miners. In the areas occupied by the Yanomami the different color of 
the river water ,caused by mercury contamination) is remarkable. Toe 
quality of the water in the Mucajaf river was altered to such a point by 
gold prospecting that the indians can no longer eat fish or drink water 
from that river. Today, in Boa Vista, people are afraid to eat fish. 

You asked me ifindian areas should become official areas for 
environmental preservation. To tell you the truth, almost all of them 
are exactly that, except for those where territorial confinement has 
degraded the indians' living conditions. In the preserved indian 
reservations, environmental interest and the specific interests of the 
populations for which a non-degraded environment is an essential 
condition for physical and cultural reproduction are present. In that 
sense, the "Alliance of the Forest Peoples", an entity assembling 
indians and rubber tappers around the defense of the Amazon forest, 
is very important, because it also defends their traditional waY$ of life. 
I met an indian group in Alagoas; their territory had been reduced to 
three hectares of land. Of these wretched three hectares, one and a 
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half were preserved - the only virgin bush in the area - simply 
because the group's main ritual had to be performed in the bush. If 
the right of the indian populations to land for the conservation of their 
traditional way of life is recognized, they will effectively become the 
guardians of those lands and of their ·natural resources. This does not 
mean, however, that, instead of being reserved for the indians, special 
areas should be demarcated for environmental conservation, for the 
reason that the rights of the indians (which, as we have seen, is of a 
historical nature) would be weakened even further. 

- You've mentioned an interesting point: the predatory action of 
the gold mining sites. Mining companies usually present themselves as 
the rational alternative to these sites. Is that true? 

- .Toe invasion of a region by thousands of people is certainly a 
, very serious event, with unforeseeable consequences. But the 

activities of the mining companies, although apparently more civilized, 
can also be extremely predatory. Such arguments are excuses adopted 
by mining companies to remove gold prospectors from the most 
promising areas. The mining companies never denounce the 
predatory action of the gold mining sites with the intention of 
suspending mineral extraction in a specific area but, on the contrary, 
to substitute the gold prospectors' activities for their own. It is 
important to explain that gold prospecting is totally forbidden in indian 
areas, while the mining of the rich subsoil requires exceptional 
conditions and depends on the approval of the National Congress. 
This is the legal situation. However, there's a big difference between 
the legal situation and what is really happening. 

- What arguments were used to forbid the access of anthropologists 
and doctors to the Yanomami area? 

- They alleged "national security" and "defense of the national 
territory". These arguments seem strange to me: when you talk about 
gold prospectors the access is free, but when the visitors are specialists 
conducting field work, access is forbidden. Even stranger, considering 
the health conditions of the Yanomami population, is the removal of 
doctors! It's difficult to understand the underlying logic of this 
prohibition, unless one sees it as the wish to exclude witnesses. Toe 
following is a good example of this situation. In 1986/87 Pierrete 
Ziegler, a Swiss geographer who was conducting a research in the 
Yanomami area, traveled to Rio de Janeiro to present some work at 
·an international festival of ethnographic films. When she decided to 
return Funai forbade her to go back. Only after several months and 
the intervention of the Attorney General of the Republic did she 
manage to collect her belongings and her field work material. When 
she did she noticed that her things had been searched. The Attorney 
General demanded explanations from Funai and the Federal Police. 
They justified having gone through her belongings because, as she had 
maps (obviously a geographer's material!) she could have been 
practicing espionage in the region. 

In November, 1989, in answer to a request from the Attorney 
General and after a long legal battle, doctors were allowed to visit the 

• area. Doctor Maria Gorete Selau, one of the doctors who went, 
published a dramatic report and, based on her report the Attorney 
General demanded that certain medical measures be adopted in the 
area. Toe Funai said it had no resources available and requested funds 
from the Commission for the Creation of the Yanomami Park and 
other entities. Then it backtracked and sent anthropologist Bruce 
Albert and a team of doctors to the Yanomami area. Up to that point 
Bruce "Albert, as an anthropologist, had been forbidden to enter the 
Yanomami area. 

- The General Attorney of the Republic played an important role 
in the ·attempt to solve the conflict. How can one explain this attitude on 
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the part of a government agency? 
- This can be explained by the fact that the new Constitution 

attributes the indians' legal defense to the General Attorney. The 
Funai was formerly responsible for this, but that entity, under its 

. current structure and subject tothe Secretary of the Interior, took no 
action. The Attorney General, on the contrary, took it as its 
constitutional obligation and filed several suits in defense of indian 
rights. This drastically changed the situation of the indians in Brazil 
with the appearance, from .then.on, of a new, more positive attitude 
in terms of the defense of the indians, at least in regards to legal 
matters. We must also stress the confrontation between the judiciary 
and the executive branches. This was the first instance of 
confrontation between the two since the voting of the new 
Constitution. The Executive resisted as much as he could in complying 
with the decision by the Judiciary in favor of the removal of the gold 
prospectors from the area. 

- Do you believe that the fact that government ministries are 
involved in the issue can signify a .greater guarantee for the indian 
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Figure 1. Helicopter rentals in indian territory. 

Figure 2. Paapiu's runway, taken over by gold prospecters. 

Translation: Lavinia Henderson Cotrin 

populations? 
- I believe i~ the law. Now, just as laws which take indian rights 

into consideration are necessary, so is the mobilization of civil society 
through the appropriate entities in order to .ensure that these rights 
are observed. The Action for Citizenship Commission is just that: a 
set of entities that desires and demands that the law be obeyed. Our 
objective is to create and consolidate an attitude from the citizens, of 
respect towards the law. In terms of legislation, it has become evident 
that there are only two choices: all or nothing. If, in a remote corner 
of Brazil, the law is broken, all rights are threatened. I believe, for that 
reason, that the indians' situation has already changed substantially. 
The indians' problems were previously considered as "subjects for 
anthropologists" but now, thanks to the participation of major 
non-governmental organizations such as the Order of the Brazilian 
Lawyer's (Ordem dos Advogados do Brasil), the National 
Confederation of Bishops and the SBPC itself, we've moved into a 
new phase where public opinion has weight. That is essential. I believe 
that the Attorney General of the Republic is meeting these demands 
and this mobilization in a very effective and competent way. 

Figure 3. A clandestine runway, bordered by Yanomami indian
faces and samples of Yanomami art. 

History of the Conflict 
The situation of the Yanomami indians was aggravated in 

January of 1974, with the beginning of the construction of the 
Perimetral Norte highway (BR210). The road was part of the 
National Integration Plan (Plano de Integra(iao Nacional),, with 
which the Medici government intended to colonize the "great 
demographic desert", represented by the Amazon. Interrupted in 
1976, the construction left dozens of indians dead, victims of 
diseases transmitted by laborers who worked on the highway. 
According to a study made by professor Aleida Ramos, from the 
Anthropology Department at the University of Brasilia (UnB), 
among these diseases were the measles, which in a 1977 epidemic, 
wiped out half the population of four villages in the Catrimani River 
valley. 

The construction of the highway, however, was not the only 
source of problems for the Yanomami. In 1975, before the 
interruption of the highway, the government released the results of 
the Radam-Brasil Project, turning public the existence of great 
quantities of uranium, gold, diamonds and tin ore on Yanomami 
land. From that date onwards, the indians found their land 
constantly being invaded, particularly around the Surucucus 
mountains, the heart of the Yanomami nation, where the greatest 
number of villages were concentrated. If in 1975 there were eight 
goldminers in Surucucus looking for tin ore, one year later this 
number had jumped to 500. The majority came looking for gold. 
The conflicts multiplied and the invaders were finally driven out in 
September of 1976. New waves of miners, however, continued to 
invade the reservation and the conflicts soon received international 
attention. 

Iii the 1980's there was a great national and international 
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campaign in favor of the demarcation of the sacred land of the 
Yanomami. Finally, in January 1985, the National Indian 
Foundation (Funai) recognized, with act n°1.817, the right of the 
indians to create the Yanomami Park and their .rights to the lands 
9,419,108 hectares, they traditionally occupied. The miners' 
reactions were violent. On the February 14th of that same year, 
therewasanattemptofinvasionon the Yanomami territory. Under 
the leadership of the president of the Miners Union of Legal 
Amazonia, Jo~ Altino Machado, 44 miners disembarked in 
Surucucus after a imall milicia rendered the four soldiers and 
sergeant who guarded the area. The following day the invaders were 
taken out by troops from the army and the federal and military 
police, while the airforce prevented five airplanes, full of miners, 
from taking off to Surucucus. Meanwhile, 27 buses were stopped 
along the highway which connects Manaus to Boa Vista. 

According to Aleida Ramos, the military had plans for the region 
since 1970, which included the construction of the Perimetral Norte. 
With the Catha Norte Project, whose basic objective was to create 
an infrastructure for a military occupation and economic 
colonization of the area (See "Coisa de Branco" (Things of the 
White) in Ciencia Boje n° 34, supplement of n° 39 Annual SBPC 
Conference), the military effectively assumed the control of the 
entire northern region of Brazil. The year after the expulsion of the 
miners, the airforce enlarged the landing fields of Paapiu, adjacent 
to Surucucus, defining an area of 100 square meters around the 
fields as a national security area. By 1988, this same area had been 
totally occupied by the miners and their tents, who were protected 
by military interests. 

The conflicts, therefore, did not cease with the creation of the 
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Yanomami Park. With the military entering the scene, the disputes 
continued to be marked by violence. In August of 1987, this violence 
would hit the front pages of the major newspapers, with the murder 
of four indians. During the same period medical teams from the 
Commission for the Creation of the Yanomami Park (CCPY), the 
Catholic mission of Catrimani (initially accused of the murders by 
Funai) and university researchers were driven out of the region. "I 
think they didn't want witnesses to the massacre", accuses Aleida, 
who has studied the Yanomami since 1968, when she first travelled 
to a region inhabited by th.e Sanuma (one of the four Yanomami 
groups). Officially, only Funai employees and the military from 
Catha Norte were allowed to enter the region. Months later, the 
members of the Catrimani mission were given authorization to 
re-enter the area. Even with the expulsion f the medical teams, the 
Funai did not arrange medical assistance for the indians. "Toe Funai 
expelled us and abandoned the indians", says a professor from UnB 
(University of Brasilia). · 

Toe worst, however, was yet to come. Toe expulsion of the 
CCPY was followed by a dramatic reassessment of the recognized 
rights of the indians to the lands. In October of 1988, the 
interministerial directive n° 160 created two national forests and a 
national park within which 19 areas without common borders were 
designated as indian reservations. The directive reduced the 
Yanomami territory in 70%, dividing the rest into "islands" which 
added up to 2,435 thousand hectares and recognized limited owner 
rights on another 5,781 thousand hectares. Toe protests began, and 
a month later, in November, a new directive (n° 250) cancelled the 
first, clarifying that the Yanomami's rights were restricted to the 19 
demarcated areas. It was a flagrant disrespect of the Federal 
Constitution, article 231, which, guarantees the indians "the rights 
to the land they originally occupied". According t_o Aleida Ramos, 
one explanation for the fragmentation of the Yanomami territory 
is the fear, expressed in the Catha Norte Project, of the creation of 
a 'Yanomami State' unifying Brazilian and Venezuelan territories. · 

To the Attorney General of the Republic, Eugenio Aragao, the 
Catha Norte Project serves to conjure powerful economic interests 
around gold exploitation. It is calculated that the number of illegal 
miners inside the indian reservation has already reached 40 
·thousand. Toe busiest mine and the one which has inflicted more 
damage is the one situated in Paapiu, where there is an abandoned 
Funai station. In October 1989, when a malaria epidemic spread 
among the · indians and miners, the judge from the 7th federal 
district, N ovely Vilanova da Silva Reis granted a preliminary 
injunction, solicited by the Judiciary to ban from the original 
indigenous area all the miners. Toe judge gave Funai the task of 
removing the workers with the help of the federal police. Funai, as 
well as the federal police alleged insufficient conditions to obey the 
judicial order and on November 27th judge Novely Vilanova 
requisitioned troops from the army and air force to guarantee the 
compliance of the preliminary. On December 5th a federal judge, 
Joao Baptista Coelho Aguiar, of the 1st federal district conceded 
another preliminary ordering the airforce to ban landing fields for 
civilian use on Yanomami area. 

On the same day, the president of Funai, Iris Pedro de Oliveira, 
told senator Severo Gomes (PMDB-SP) that a medical team which 
was being formed by the A~ao· pela Cidadania (Action for 
Citizenship) jointly with a indigenous group would no longer take 
the trip to Yanomami territory on December 8th as scheduled. 
According to Iris Pedro, the team could damage the project planned 

by teams from Funai and the Federal Health Department. These 
teams planned to go to Roraima as part of the "Yanomami 
Operation" starting January 2nd

• Toe operation, which foresaw the 
withdrawal of the miners, took ex-president Jose Sarney before 
radio and television channels on January 29th

• 

"Operation Yanomami is a very important event and 
demonstrates the respect my government has for human rights", 
said the president. Toe apparent goodwill of the president did not 
bring results. On the contrary, Sarney ratified an agreement signed 
between representatives of the miners, the director of the federal 
police, Romeu Tuma, and the ex-governor of Roraima, Romero 
Juca Filho. The agreement created, by decree, three mine 
reservations in the regions of U raricaa-Santa Rosa (which intersects 
with Yanomami territory), Catrimani-Couto Magalbaes and 
U raricoera (the latter situated inside indigenous territory). On April 
10th judge Novely Vilanova told Funai to continue the evacuation 
of the invaders "disconsidering the mining reservations created by 
decrees n° 98.959 and 98.960. Toe judicial order referred only to 
the two areas situated inside Yanomami territory. 

Toe indians are, not only, fighting against invaders but also 
against epidemics brought about by the white people. In 1989 a 
group from the A~o pela Cidadania and another led by doctor 
Maria Gorete Selau were authorized to visit the reservation. In 
Paapiu, Dr. Selau found only 11 Yanomami indians living in a small 
hut 50 meters from the miners' landing field. Toe health scenario 
found by the groups demonstrates that the deterioration of health 
conditions of the Yanomami population is a consequence of the 
illegal exploitation of the mines in Roraima. Several reports exhibit 
a direct relation between the increased morbidity rate and the 
mortality rate among the indians. Figures from Funai indicate that 
beginning 1988 the Yanomami began to get ill with much more 
frequency than all the other six indigenous groups of Roraima 
combined. According to data presented by a Funai doctor, Oneron 
de Abreu Phitan, in 1987 the Yanomami represented 15% of all the 
patients at the "Casa do Indio" (House of the Indian). Last 
november, at the request of the Judiciary, when Dr. Selau was in 
"Casa do Indio", she observed that out of the 230 patients 197 
(86%) were Yanomami. Toe majority coming from.areas where the 
mining activity is intense. In November, 75% of the Yanomami 
patients came from Paapiu. 

Malaria is the most common illness to afflict the Yanomami in 
the last three years. Toe incidence of illness registered in 1989 was 
five times more than the number registered in the beginning of 
1987, reaching epidemic proportions even in places where the 
disease did not previously exist. Doctor Ivone Menegola, from the 
A~o pela Cidadania, and anthropologist Bruce Albert, from UnB, 
found in a study, conducted between January 17 and.February 15, 
1990, that in some Yamomami communities the incidence of 
malaria ·surpassed 90% of the population. Sexually transmitted 
diseases have also been registered- non-existent before among the 
Yanomami. This information, combined with the desolate scenario 
brings Aleida Ramos to believe that the proximity between the 
Yamomami and the miners is impossible. "How can ~e have 
proximity with this level of destruction?" inquires the researcher. 

Margareth Marmori 
Ciencia Hoje, Brasilia 
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The Yanomami Way of Life 
It is not known how many .centuries the Yanomami have 

occupied the far north of Brazil - an area which includes part of 
Roraima and the Amazon - and the south of Venezuela. In Brazil, 
the Yanomami territory is limited on the left by the Negro River 
and on the right by the White River. In Venezuela they occupy 
approximately 10 million hectares. Toe Yanomami population is 
estimated to be about 22 thousand; 10 thousand in Brazil, 
distributed through 130 villages. Toe "nation" is divided into four 
large groups- Sanuma, Yanomam, Yanomamo and Yanam -
which speak different languages. Toe languages, though, are 
understcxxl by the entire population. A number of dialects also exist, 
creating a source of amusement among the children who like to 
imitate the accent of the indigenous from other villages. Because 
the Yanomami have a habit of cremating their dead and eating the 
ashes of the carbonized bones, it is difficult to reconstruct the past 
of these villages, even with indications that the villages originated in 
the Parima mountains, which divide the basins of the Orinoco River 
(in Venezuela) and the Amazon. 

Toe necessity of a reservation with a sufficiently large unbroken 
area to guarantee the survival of the Yanomami can be better 
understcxxt when their organizational methods are better known. 
Anthropologist, Aleida Ramos, from UnB, emphasizes in her book 
Memorias Sanuma - espOfo e tempo numa sociedade Yanomami 
(being published in the next few months by Editora da UnB and 
Marco Zero) the importance the 'igarapes' (waterways in a forest 
passable by native canoes) and the trails made by the indians (who 
do not know about the limitations imposed on them by the directive 
n°250/88) in the transmission of news and traditions between 
various villages. 

"In the 'igarapes' there is an inscribed geography that is also 
history", says Aleida, who has studied the Yanomami society for 
more than 20 years. Toe trails leave each village forming an imense 
web, linking not only communities but also summer camping sites, 
hunting areas, and new and old plantations. Trails and 'igarapes' 
cover the whole 9 million hectares territory and maintain the chain 
of relationships between almost 150 Yanomami villages in Brazil. 

Toe frequent migration of the tribes explain in part the difficulty 
of rendering compatible the division of Yanomami spa~e, 
determined by the federal government, with the living reality 
experienced by the indians. One reason for this migration is the 
plantations' short-span oflife, where bananas, yams, sweet potatoes 
and primrose are cultivated. In two or three years the plantation has 
to be abandoned because of the depletion of the soil, unsuited for 
conventiontll agriculture. Toe advancement of weeds on to the 
plantations is the first sign of forest rejuvenation. When this 
happens the Yanomami know it is time to start another plantation. 
"To abandon a plantation may appear as an act of lazyness, but it 
reveals an incredible ecological knowledge", says Aleida. "In the old 
plantations, the shade of small trees, and later, of medium sized 
trees, protect the seedlings of bigger trees that, without root 
displacement, are able to recuperate from the burning and the 
extensive use of the soil", she explains. That is the reason, that after 
some time it is easier to start another plantation than to clean the 
old one. 
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When a plantation starts to lose its power, the villagers start a 
new one. There are cases of one community having various 
plantations at different stages. When the new plantations start 
getting too distant, it is time for the villagers to move. A few 
generations later, when the soil has already recovered, the indians, 
guided by the trails they had left, may return to the same place. 

In hunting, done individually or in groups, the indians have a 
preference for animals such as the cavy or the white-lipped peccary. 
During hunting season, men from the same village get together with 
their guests to remember their dead. 

Toe forest contains a great number of wild nurishment like the 
"nabi", a larva which grows on rotten palm trunks, honeycombs, 
frogs, fruits and nuts. Because of the distribution of vegetables and 
animals in the Amazon forest (where the quantity of species is 
immense, but very scarce) the possibility of extinction of these 
resources is very high. 

"It is necessary to maintain areas of refuge for the animals, giving 
opportunities for species to recompose their demographic 
equilibrium", states Aleida Ramos in "Terra e sobrevivfncia da 
cultura Yanomami" (Land and survival in Yanomami cutture), 
prepared exclusively for the Attorney General. Toe Yanomami, 
aware that the populational concentration depletes rapidly the 
resources from the forest, favor the territorial dispersion in their 
economical, political and social systems. Toe Yanomami villages 
have an average of between 30 to 150 persons. 

Toe forest landscape and the Yanomamis' routine are radically 
modified by the climatic variations. During rainy season, from June 
to November, the vegetation looks more like an immense swamp, 
making migration in the forest almost impossible. Toe dry season, 
from December to ·May completely transforms the lives of the 
indians. During this period, entire families visit other villages to 
divide with friends the surplus of the agricultural yield. Toe survival 
of the indigenous tribes, is intrinsically linked to the profound 
knowledge about their territory and to the extremely rich 
communication system developed between the villages. 

Toe justification for the creation of a Yanomami park with more 
than nine million hectares of uninterrupted area is based on 
evidence that only an ample territory can guarantee the survival of 
this nation. Even if the areas where the "islands" are located were 
respected, the "corridors" between these regions would hamper 
communication between villages and the migration of the 
communities. Not only that, but according to anthropologist Aleida 
Ramos, the division of the 19 "islands" was made without much 
planning since they do not even correspond to the areas where the 
indians were concentrated in 1988. This is a dramatic example of 
how the "divorce" between law and reality can provoke the 
extermination of a nation. 

Margareth Marmori 
Ciencia Hoje, Brasilia 

Translation: Lise Ribeiro Alves 
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ORCHIDS: 
Entry And Dispersion In The Amazon 

Pedro Ivo Soares Braga 
Instituto de Ciencias Biol6gicas, 

Universidade Federal de Minas Gerais 

A large part of the Amazon forest was derived from other regions, through processes resulting from the influence of 
geological disjunctions and climatic alterations in the remote past. It is fascinating to reconstruct the orchid migration 
routes, probably originating from the Guyanese and Central American plates. Their small, light seeds can be carried by 
the wind or water to far, distant locales. Widely dispersed and almost always cross-pollinated, the species of this family 

display extraordinary variety. They can live among stones, on rocks or supported upon other plants to obtain more light. 
There are even those that defy extreme conditions, growing in strong sunlight with little water. Attraction of insects and 
birds is guaranteed by the production of odors and colors, by the elegant form of the flowers and by other strategies that 

In an area of approximately 370 -million 
hectares - equivalent to 40% of the 

Brazilian territory - the Amazon Basin 
extends to include the states of Amazonas, 
Para, Acre and Rond6nia, the territories of 
Amapa and Roraima, the northwestern part 
of Maranhao and northern Mato Grosso. It 
is crossed by the Equator, and its . extreme 
latitudes are 56° in the north and 13° in the 
south. 

The area of th~ upland forest, that once 
covered 90% of the Brazilian Amazon, has 
been progressively reduced through the 
colonization process. Furthermore, it is not 
entirely continuous, but interspersed with 
mosaics of vegetation, with and without trees, 
interruptions that are intimately linked to the 
geological and climatological history of the 
region. We can identify numerous subtypes 
of forest: dense forests ( circa 306 million 
hectares); cip6-vine and liana - forests (10 
million hectares); open bamboo forests (8.5 
million hectares); hillside forests ( 1 million 
hectares); shaded wooded grasslands (3 
million hectares) and dry forests (1.5 million 
hectares). Besides these subtypes of upland 
forests, there are other types of vegetation 
communities (see table 1). 

The humid tropical forest of this region, 
denominated as the "Amazon Rain Forest" 
by Humboldt and Bonpland, constitutes a 
phytogeographic province, with a typical 
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make orchids so remarkable. 

physiognomy, great biomass, structural 
variation ( as to the size and appearance of the 
vegetation) and heterogeneity of plant 
families, genera and species. The latter two 
characteristics stand out when distant regions 
are compared among themselves. A 
phytogeographic province is understood as a 
region with, at minimum, one community in 
climax - that is, one which has already 
arrived at its optimum organic production, is 
stable and maintains equilibrium with its 
environment -with several endemic genera 
and species. In the specific case under 
discussion seven spbprovinces are identified, 
shown in figure 1. 

Among the families of magnoliaceae 
(angiosperms) that occur together in the 
region, around 130 belong to the 
magnoliopsids ( dicots) and 31 to the liliopsids 
( monocots ). There are few families exclusive 
to the Amazon, among which we can 
distinguish the dialipetalantaceas, the 
duckeodendraceas and the 
rabdodendraceas; . all three of which are 
considered small. Another 13 families of 
magnoliaceae and five liliopsids are 
neotropical, and only a few have the region as 
their distri~ution center (that is, all genera · 
and species included in them being limited to 
the Amazon Basin). 

As to orchids that occur there, almost 91 
genera are neotropical, seven are pantropical 

and only one is subtropical. There are few 
genera - such as Orleanesia, Duckeela and 
Xerorchis - which have their distribution 
center in the Amazon Basin, and whose flora 
must be widely derived from other regions. 

-The area currently occupied by various 
species is intimately related to the limits of 
their climatic adaptability and to the available 
means of expansion. For this reason it is 
necessary to know a little about the 
geographic history of the region to 
understand the current distribution of 
orchids. 

Ignoring the separation between the South 
American and African continents - of 

little importance in explaining the 
present-day distribution of the orchid family 
in South America - three perceptible 
disjunctions affect the distribution of orchids 
in Central and South America. 

In the Tertiary Era orchids probably 
entered the region of the Amazon and 
Paraguay basins, because they were formed 
by low-lying lands and were covered to a great 
extent by salt and fresh water (see figure on 
following page). Only in the Pleistocene, the 
first period of the Quaternary Era, were these 
areas filled with earth originating from the 
erosion of the Andes and that of the 
peripheral plates. This caused a strong 
disjunction, which separated a region to the 
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northwest - all of Central America and the 
Andean region, from western Venezuela to 
Bolivia, including the spurs of the Andean 
foothills - and another region to the 
southeast, formed by the territory of the 
present Brazilian states of Pernambuco, 
Bahia, Espfrito Santo, Rio de Janeiro, Minas 
Gerais, Sao Paulo, Parana, Santa Catarina 
and Rio Grande do Sul. 

A secondary disjunction separated, within 
the northeast region, the greater part of the 
Andean zone, situated in the south, and 
present-day Central America, to the north. 
The line of separation crossed the Caribbean 
Sea, leaving the Lesser Antilles as part of 
South America and the Greater Antilles, up 
to the Virgin Islands, integrated with Central 
America: It is difficult to know the location 
and the exact geological period in which a 
separation zone arose or disappeared, since 
there were many interruptions of the 
continental continuity of Central America 
and of the Caribbean zone, in different 
epochs and regions. 

A third disjunction separated· Central 
America (up to southern Mexico) and the 
Greater Antilles. Again, it is difficult to 
ascertain the geological period in which the 
separation occurred, because others 
occurred in many different eras. One of the 
causes of these geological processes was the 
sea level fluctuation during the Pleistocene. 
During this period, the first two disjunctions 

- mentioned above disappeared. Thus, the 
possibility arose of disjunct regions 
interchanging elements, which was only 
possible in .the last million years. 

On the other hand, there is strong 
evidence that the history of Amazon 
vegetation was also extremely influenced by 
climatic alterations of the past, when very dry 
periods accompanied Pleistocene glaciations. 
In this epoch, or as it were, in the_ Upper 
Pleistocene to the Pleistocene, after the initial 
formation phase of the Andes, the sudden 
changes in climatic and ecological mosaics 
provoked changes in the distribution of the 
flora during relatively short intervals, from 
the standpoint of geologic time. 

Thus, in the same region the complexes of 
vegetation distribution followed 
environmental conditions, which were humid 
and hot in the interglacial phases, and dry and 
cold in the glacial phases. While the latter 
lasted, the upland forests - islands of forest 
vegetation which we call refuges - were 
drastically reduced, surrounded by a mosaic 
of non-forest vegetation, predominantly 
savannas. 

When the glaciations ended and the 
humidity of the air increased, it became 
po~ible for the islands of vegetation, disjunct 
up until then, to expand and occupy various 
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ecosystems in the region, and become . varzea (low, flat water banks) and igapo 
different within them. In other words, (marshy) forests, they are richer in orchid 
conditions were once again propitious for species, number of individuals and biomass 
hybridization and divergence, permitting the than the rest of the types of vegetation (figure 
formationoftheAmazonforestcomplexand 4). We have recently observed that, of the 
the evolution of its flora. 500 species of orchids found in the region, the 

The above description was already majority occur in wooded grasslands, which 
partially proven by multidisciplinary studies reinforces the jmportance of these areas for 
of palinology (area of botany that studies the orchid family (see "Orchids: Floral 
pollen) and geomorphology, which supplied Biology" in this publication). · 
information about the variation between wet There is a high correlation between the 
and dry periods in the Upper Pleistocene and grassland orchids and the geomorphological 
in all of the Quaternary Era. Even so, it regions (figure 5), since the phytogeographic 
should be pointed out that criticism has subprovinces V and IV B have ~n extensive 
recently been leveled at the criteria used for area from the Tertiary and Quaternary Eras, 
the selection of the refuge areas, since these where the greater part of the Amazon 
were based, in the majority of the cases, on wooded grasslands are contained and where 
the current distribution of species. It was thegreatestnumberofspeciesoftheseplants 
argued that it would be more appropriate to are found (figure 6). 
call them "centers of endemism" or "centers As figure 7 shows, the correlation is 
of specific diversity". Paleoecological factors evident between the areas of climatic 
examined revealed limited differentiation as differentiation and the phytogeographic 
to the level of geographic subspecies, subprovinces. In the case of the grassland 
undermining the foundation of the majority orchids, subprovinces V and IV B are the 
of theories and creating controversies about greatest centers of endemism in the Brazilian 
the forest refuges of the Quaternary Era in Amazon. The first, which contains the largest 
neotropical regions, since there had not been number of orchids, has a superhumid climate, 
mass speciation. without a dry season, (more than 2,500 mm 

In our opinion, although the criticism is of annual precipitation). Subprovince IV B, 
valid, further research is urgently needed. second in number of orchids, is characterized 
These refer as much to animals as to by a superhumid climate with dry periods of 
vegetation, and the former and latter could less than a month, and a humid climate with 
have used different standards of one- to two-month dry periods; the annual 
differentiation. It does not seem precipitation rate always exceeds 2,000 mm. 
appropriate, meanwhile, to relegate the Subprovince 1, the third in number of 
theory of refuges to a second plane. Thus, orchids, has a humid climate with only one to 
although the identification of refuges can two dry months, and a humid climate with 
bring valuable data concerning the evolution three dry months; the precipitation varies 
of its flora (aiding the planning of future between 1,750 and 3,250 mm annually. 
forest reserves), we should take into account · Subprovinces II and III have a humid climate 
the fact that all the geologic_al and with three dry months and annual 
climatological history of the region has had a precipitation of between 1,750 and 2,500 
decisive influence on its biogeography. Any mm, and a semi-humid climate with four to 
analysis of this type should pay special five dry months and 1,750 mm of annual 
attention to this particularity. precipitation. The rest of the subprovinces, 

R 
of varying climates, have few orchids. 

eturning to orchids. Their very small Few orchids are endemic to the wooded 
seeds can be transported by wind or grasslands, which is explained, in part, by the 

water from one place to another, in any dispersion of seeds by wind. While the ocean 
season, disregarding the existence of islpnds and the archipelagos are isolated, in 
phytogeographic barriers. It is necessary to continental areas the barriers that impede the 
take into account, therefore, that such seeds dispersion of organisms are clearly defined. 
do not have endosperms and, in general, their There is frequent occurrence of belts of 
fertile period is relatively short, which limits contact between the types of vegetation 
the dispersion of the orchid family. Even so, which permit the mixture of their 
we can infer valid data about the evolutionary components. 
diversification that followed the dispersion Other factors and modes .of adaptation 
process. - affect the spatial distribution of orchids in· 

The areas of "forest refuge" ( centers of general, provoking the existence of a vertical 
endemism or specific diversity) in many microclimatic gradient inside vegetation 
subprovinces shelter a great number of ecosystems: there, the light intensity, the 
wooded grasslands that function as islands of temperature "! and the circ~lation of air 
non-forest vegetation (figure 3). Just like the generally increase from the ground to the 
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canopy. Although this phenomenon is 
constant, it varies from one place to another 
in function of the irregular stratification of 
trees and the different densities of treetops. 
The interception of rain also varies directly 
with the density of the treetops, depending 
further, as is obvious, on total precipitation. 

the coast, along the Atlantic, through 
ecosystems similar towooded grasslands and 
tableland forest, both in white sand soil; the 
other was through central Brazil, where 
non-forest vegetation also frequently 
occurred - the Brazilian cerrado (savanna) 
(figure 8). 

relatively stable ecosystems. The marshy 
jungles are more important as a conduit of 
migration, and the low hillside vegetation as a 
center of evolution and dispersion of orchids 
in the Brazilian Amazon. 

Given the great territorial exten~ion of the 
Amazon phytogeographic province that 
remains uninhabited and unexplored by. 
botanists, it is expected that these data will be 
modified insofar as studies in the region are 
intensified. Our report reflects the 
knowledge available today about the 
phytogeography of orchids in the Brazilian 
Amazon, seeking to aid in understanding the 
mode in which many species penetrated and 
occupied the region. 

The high degree afforest affinity between 
the orchids of the Guyanese plate and the _ 
Brazilian Amazon wooded grasslands 
reinforces the idea that they derived from the 
Guyanese plate and suggests the existence of 
a connection in the past. Grassland orchids, 
which penetrated the Brazilian Amazon from 
the Guyanese or Central American plates, 
followed two main migration routes: one 
which crosses the Amazon Basin and follows 

It is important to note that the species 
which occur in the marshy jungles (igap6s ), in 
the hillside forests, in the open and shaded 
wooded grasslands and those that occur in the 
upland forests are equally characteristic of 
the high wooded grasslands. 

The vegetat~on of the marsn.y and hillside 
forests is very important for the past and 
present distribution of orchids, since both, in 
terms of geological history, constitute of 
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Figure l. Geographic subprovinces in the Amazon region. (I) 
Atlantic Coast - Begins in the west in the Orinoco River delta and 
extends through the northern part of the Guyanas, to the eastern 
limits of the Amazon and from the state of MaranMo and the 
western part of the Xingu River; (II) Jari/frombetas -Delimited 
by the Jari River to the east, by the borders of the states of 
Amazonas and Para to the west and by the Amazon River to the 
south; (III) Xingu/Madeira - Delimited to the north by the 
Solimoes River, to the south by the Central Plateau1 to the east by 
the Xingu River and to the west by the beginning of the Purus 
River; (IV) Roraima/Manaus - Subdivided in two, to distinguish 
the great savanna of Roraima, which extends to Guyana: (a) 
Roraima - Delimited to the north and the east by (British) 
Guyana, to the south by the northern border of the state of 
Amazonas; to the west, extending to the vicinity of the Venezuelan 
border; (b) Mana us - Delimited to the north by a transverse line 
that crosses the mouth of the Branco River, to the south by the 
Solimoes River, to the east by the division between the states of 
Amazonas and Para; and to tpe west, it extends to the vicinity of 
Barcelos; (V) Northwest/High Negro River - Formed by the lower 
Negro River west of Barcelos; penetrates the borders of Brazil 
with Colombia and Venezuela; (VI) Solimoes/Western Amazon -
Beginning of Solimoes, Japura and Putumayo Rivers; (VII) 
Southeast - Includes the Amazon River in Peru, the eastern 
Andes, the upper limit of the beginning of the Jurua and Purus 
Rivers in the state of Acre, and the territory of Rond6nia, to the 
western border of the Roosevelt River. 

Figure 2. Intercontinental disjunctions in South America 
(according to Brieger, Maatsch and Senghas, 1971) and probable 
migration routes of orchids in Brazil ( according to Pabst and 
Dungs, 1975) 
- Andean Area 

(:Nfesoandean and Mesoamerican overlap in Costa Rica region) 
- Higher Amazon Area 
- Lower Amazon Area 
- Southeast and coast of Brazilian Northeast 
- Areas with few orchids 
- Marked indications of orchid family migration 
- Indications of orchid family migration of little relevance 

Figure 3. Above, the vegetation of the open wooded grasslands in 
distrophic quartzite soil in the central Amazon. On the ground, 
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lichens grow in profusion, the tree level is consists of rickety bushes 
with wrinkly bark and gnarled trunks, an effect of the low fertility 

. of the soil; humidity is low and the light diffuse; some xerphylic 
orchids grow here, like Epidendrum huebneri and Encyclia 
tarumana. Below, vegetation of the shady wooded grasslands in 
distrophic quartzite soil along the Cueiras River in the central 
Amazon. Has. more complex vegetation stratification than the 
open wooded grasslands, prevailing humidity and penetration of 
light to the lower levels, which provides an ideal habitat for a great 
number of epiphytic orchids. 

Figure 4. Above, Corianthes macrantha, orchid with an exotic 
appearance which occurs in flood plains and marshy forests. 
Catasetum pileatum, a very ornamental orchid collected in a 
marshy forest of the Curicuriari River, along the upper Negro 
River. 

Figure 5. Geomorphological Regions of the Brazilian Amazon 
-Arcs which form the basins and sub-basins (subsuperficial 
structures of the Precambrian which rose up and delimited the 
geomorphological areas). 

- Undivided Precambrian 
-Paleozoic 
-Tertiary 
- Quaternary (Holocene-Pleistocene) 
-Mesozoic 

Figure 6. Cattleya eldorado, commonly called "catalea", species of · 
ornamental orchids with many varieties, mostly found in the 
grasslands of the central Amazon. If measures are not taken to 
preserve them, they run the risk of extinction in their natural 
habitat, which has been destroyed by burning; they are in sandy 
areas where sand removal is common for use in construction or for 
land adaptation for cashew plantations. 

Figure 7. Climatic differentiation in the Brazilian Amazon. 
Median annual pluviometric displacement 
1 Superhumid climate without dry season - hot equatorial climate 
2 Superhumid climate with dry season - hot equatorial climate 

. 3 Humid climate with one to two dry months - hot equatorial 
climate 
4 Humid climate with three dry months - hot equatorial climate 
5 ·Semihumid climate with four to five dry months - hot tropical 
climate . 
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Figure 8. Principal orchidaceous migration routes of the 
Brazilian phytogeographic Amazon wooded grasslands. (A) 
coastal migration; (B) migration through central Brazil; (C) 
occurrence in the Guyanese plate and in northern South America 

in ecosystems similar to wooded grasslands and occurrence in 
Guyanese plate without ecosystem indication; (D) regional/tropical 
with occurrence in other countries which are not in th~ Guyanese 
plate. The percentages refer to the 156 orchid rate. 

NON-NUMBERED FIGURES (See Amazonia p. 60 and p. 62) 

(p. 60). Table 1 

Principal Types of Vegetation Communities in the Brazilian Amazon 
(in hectares) 
Forest Area 

Upland forests 
Varzea and igap6 forests 
Coastal (mangrove) forests 

Non-Forest Area 
Upland forest grassland vegetation 
Low hillside vegetation 
Open grassland vegetation 
Coastal salt marsh vegetation 
Varzea grassland vegetation 
Other types and water surfaces 

(p. 62). Table 2 

337,400,000 
330,300,000 

7,000,000 
100,000 

32,600,000 
15,000,000 
2,600,000 
3,400,000 

100,000 
1,500,000 

10,000,000 

CHRONOGEOLOGICAL COLUMN (Bullets indicate main events that happened to plants) 
Eras 
+ /- 1 million years 
Cenozoic - + /- 70 million years 
Mesozoic - +/- 150 million years 
Paleozoic - + /- 275 million years 
Proterozoic - + /- 550 million years 
Archeozoic 

Periods - systems 
Quaternary 

Tertiary 

Current 
Pleistocene 

Pliocene 
Miocene 
Oligocene 
Eocene 
Paleocene 

Cretaceous 
Jurassic 
Triassic 
Permian 
Pennsyulvanian 
Mississippian 
Devonian 
Silurian 
Ordovician 
Cambrian 
Proterozoic 
Archeozoic 

Characteristics 
Man 
Extinction of the great mammals 
Development of the magnoliophytes 
(flowering plants) 
Predomination of ·great mammals 
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Differentiation of the mollusks 
Apogee of the nummulites (protozoa) 
Appearance of flowering plants 
Predomination of the gymnosperms 
(plants with naked ovulae and seeds) 
Appearance of birds 
Development of the great reptiles 
Predomination of ammonites (mollusk genus) 
Appearance of the first reptiles 
Extinction of the trilobites (type of arthropod) 
Domination of the amphibians 
Occurrence of bony fish 
Domination of the brachiopods (relatives of mollusks) 
Domination of the pteridophytes (ferns, 
polypodies and other non-flowering plants) , 
Appearance of insects 
Occurrence of cartilaginous fish 
Appearance of primitive terrestrial flora 
Appearance of the cephalopods (mollusks) 
Occurrence of graptolites (relatives of coral) 
Occurrence of spiny/armored fish 
Occurrence of trilobites ( class of arthropods) 
Occurrence of brachiopods (mollusks) 
Occurrence of coral 
Appearance of algae 
No fossils 

Physical Conditions and Climate of the Earth 

Period of uniform climate 
Great rising and glaciation 
Climate ·more uniform, continents flooded, separated by epochs 
of rising and geological perturbances, with varying climates 
Great rising and glaciation Uniform climate and flooded 
continents, separated by epochs of rising and geological 
perturbances 
Great rising and glaciation 
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THE PEJIBAYE: 
A DOMESTICATED TREE 

Charles R. Clement 
Instituto Nacional de Pesquisas da Amazonia 

The American Indians practiced an efficient migratory agriculture which lead to marked improvements in certain 
c~ltivated plants much before the arrival of the Europeans. The relatively isolated clearings in the forests were planted · 
with few s~~ds and could thus be used for prese~g genes of d<:sirabl~ species. It is in this way that different types of 

peJ1baye were sefocted and made appropnate for occupying an Important place in modern agriculture 

Scientists have recently concentrated 
their attention on an elegant palm tree 

named pejibaye (Bactris gasipaes) which 
yields a highly nutritive and tasty fruit. This 
fruit is reputedly a potential substitute for 
part of the ~nimal proteins consumed by the 
population of the Amazon. The pejibaye is 
the only species of the Palmae family that was 
truly domesticated by the American Indians 
and has outlived them. 

The first European explorers soon 
discovered the importance and uses of the 
pejibaye. They learned from the indians that 
all the parts of the tree could be useful. For 
example the root was a vermicide; the trunk 
could be used in the construction of houses, 
fortifications, bows, arrows, and fishing 
utensils; the male flowers as a condiment; the 
leaves for weaving baskets, making shelters 
and other objects; and the secondary stems as 
food. The pejibaye was cultivated by the 
indians primarily because its fruit was a 
source of food when cooked. The fruit was 
also useful for producing flour which could be 
stored for the whole year and oil by 
extraction. These fruits are almost complete 
in nourishment value because they contain 
reasonable quantities of protein, oil, carotene 
(the pro-vitamin A often absent in a tropical 
diet) and primarily starch. 

Scientists are impressed with the multiple 
uses of this tree and propose that the pejibaye 
should occupy an important place in the 
agriculture of the wet tropics in Brazil and in 
Central and South America. In 1976, the 
Fruit Divison of the National Institute for 
Amazon Research (INP A) placed this fruit 
on its top priority list and launched four basic 
research projects for its improvement. The 
objectives of these projects are in order of 
importance: human consumption, flour 
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in the Am~zon region. 

·The Fruit Project 
The direct consumption of the fruit is practically the only use for the pejibaye in the 

Brazilian part of the Amazon region. The fruit must be cooked because of two active 
substances present when raw: an enzyme that inhibits protein digestion and an acid 
(probably oxalic acid) that irritates the mucous membrane of the mouth. The eating habits 
of the population of the Brazilian Amazon have not contributed to the development 
program of the pejibaye. The population prefers the small strong flavored fibrous fruit 
containing typically 10 to 20% of oil, some starch, generally high on carotene which comes 
from the predominant primitive variety presently available. Thus, the process of 
substitution faces the challenge of developing another variety of the fruit which maintains 
similar appearances, taste and texture but displays advantages with respect to size and 
quality. 

The Solimoos (mesocarp) race is presently under investigation with its racemes that 
vary from 4 to 15 kilos and reach an average of 8. 7 kilos. Previous experiments have shown 
that it is possible to plant 400 palm trees per hectare with a yearly average of 10 racemes 
per plant if the land is appropriately fertlized. An annual production of 34.8 tons per 
hectare could then be estimated which is a highly interesting yield from an economic point 
of view. The genetic varieties and the agricultural techniques presently used by farmers 
in the region of Manaus rarely allow for ·more than a 6 to 8 ton per hectare yield. Thus, 
much remains to be done in order to achieve the best results. 

The Table below shows the variation of the nutritional value of the pejibaye fruit found 
in the region of Mana us which must correspond to the variation presented by the Solimoos 
race. Three basic improvements must be achieved in order to make this fruit an important 
factor in the regional diet: 1) an increase in the average level of protein in order to reach 
the present maximum values; 2) an equivalent high starch and oil content; and 3) a similar 
or increased level of carotene which is rare in the regional diet. It is also necessary to 
control the growth of the trees so that they are more productive and less exhuberant. The 
goal is to achieve high efficiency for photosynthesis, small leaves, smaller thornless trunks 
and resistant to diseases already identified. It is also desirable to avoid reducing drastically 
the genetic base of the "cultivated" species to make them more resistant to new plagues 
and diseases that might appear. (The word "cultivated" is used in quotation marks 
because high variability of species which is desirable will lead to such diverse improved 
species that there will be no limit to this concept). 

Table 
Composition of the pulp from pejibaye fruit from the Mana us region. 
Humidity/ Protein Oil Starch Fiber Ashes / Carotene 

(% of dry weight) (mg/lOOg of fresh weight) 
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The Flour Project. 
Experiments carried out in Manaus and Costa Rica indicate that it is possible to use 

the flour from the pejibaye fruit in bread and pastry making in substitution to corn and 
wheat which are imported in large quantities in the Amazon region. It has been shown 
that up to 10% of pejibaye can be used to substitute wheat in breadmaking without 
significant change in the final product other than higher levels of carotene and oil and a 
somewhat lower protein level. The taste and color were somewhat different but 
acceptable and better than that of common bread in the opinion. In confectionery, it was 
possible to use 100% ofpejibaye in cakes and up to 25% in pancakes and cookies. 

The main problem in obtaining the flour is the large water content in the pulp. It is 
hoped that the Putumayo and Uaupes races will have an average humidity content 
comparable to the lowest one observed in Manaus (25%) which would make the drying 
process more economic. These varieties will be used as the genetic bases for the flour 
production research. 

The plant requires a bigger energy investment in the production of oil than for starch. 
This meams that the Solim6es variety ( oilier) would be less productive than the Pu tu mayo 
and Uaupes (starchier). Thus, it was surprising to observe that the racemes of the latter 
ones are smaller reaching around 6.5 kilos. Two possible explanations can be advanced 
for this phenomenon: either the macrocarp varieties lost their productivity during the 
selection by the Indians, or they produce the same amount than the Solim6es type except 
that in smaller racemes. These aspects are being the subject of further investigation. If 
the first hypothesis is right it will be . necessary to search for a way to reintroduce high 
productivity in the populations that will be used for improvement. If the second hypothesis 
is right there is no reason to be alarmed. A production of 15.7 tons of flour per hectare 
( 400 plants) can still be obtained on the assumption of 6.5 kilos per raceme, 25% humidity 
and a 6% seed/fruit ratio. This is an excellent result when compared with corn which yields 
two tons of flour per hectare, and manioc, which has no protein, which yields 10 to 20 
tons. 

production, oil production and production of 
animal ration. The fifth priority is the 
production of the heart of palm delicacy. 
These programs show recognition of the 
work of several centuries carried out by the 
Indians on the improvement and control of 
this palm tree. 

The pejibaye is a multistalk tree that can 
grow 20 meters high. Its trunk is 

divided between thorny rings (internodes) . 
and thornless rings (nodes) left by the falling 
leaves. The thorns are generally wide and 
black and appear on the trunk as well as on 
the rachis and stem of the leaves. There are 
usually 15 to 25 leaves with 120 to 240 leaflets 
along the rachis depending on the climate and 
physiological condition of the tree. The leaves 
concentrate on the crown of the tree which is 
also the only point for the growth of the trunk. 
The inflorescence starts in the same place as 
the leaves in the so-called apical meristema. 
They also have a central rachis which bears 20 
to 60 spadices of unisexual flowers. The 
female flowers number from 20 to one 
thousand while the males range from 10,000 
to. 30,000. The male flowers fall after they 
release their pollen while the females develop 
into red, yellow or orange fruits. This palm 
tree is exhuberant in side branches which 

44 

grow from the base of the trunk. This allows 
for the renovation of the plant, and 
maintenance of its productivity, or for 
consumption as hearts of palm. 

The pejibaye is so diverse that botanists 
initially described it by a variety of different 
names. At the beginning of the 19th century, 
Humboldt, Bonpland and Kunth found the 
tree on the Magdalena River in Colombia and 
named it Bactris gasipaes. Soon after, the 
German von Martius believed he had found 
a new variety in Para (then part of MaranMo) 
and named it Guilielma speciosa. The 
Frenchman Orsted working in Central 
America between 1825 and 1850 named it 
Guilielma utilis while the German Karsted 
named it Guilielma chontaduro upon finding 
it on the Pacific side of the Colombian Coast. 
The fact that all these names referred to the 
same plant was only recognized in this 
century. The name Bactris gasipaes was 
maintained because the Guilielma taxon is no 
longer accepted as a genus. 

The genetic diversity of the pejibaye 
developed during the evolution of this 
species. The primitive single species gave rise 
to two new ones by the . process known as 
speciation. This is normally observed when 
two populations of the same species are 
separated by some physical barrier and 

continue their development independently of 
each other. A river is sometimes a sufficient 
obstacle to separate two populations of 
pejibaye and of other Bactris species which 
are counted amongst the most widely 
available in tropical America. It is assumed 
that the Amazon region was divided by many 
rivers in the past as it is today. It was this 
geographic characteristic that determine the 
speciation of the original Guilielma taxon, a 
subdivision of the Bactris genus. The new 
physical barriers generated with the 
formation of the Andes further contributed 
to differentiation of the species. 

There are certainly Guilielma species 
along the Andes that are yet to be described. 
However, species derived from the original 
form can be found from Bolivia to the 
Caribbean ( on the east side of the Andes) and 
from Equador to Panama ( on the west side). 
Some of these species are so similar to the 
pejibaye that it cannot be ascertained 
whether they can be considered a different 
species. In other cases, there are marked 
differences which leave no doubt about their 
classificatio~. Unlike the animal kingdom, the 
differences are not always well defined for 
plant species and particularly for palm trees. 
Plants of different species can often undergo 
mixing if they are similar from a genetic point 
ofview. 

A scientist of the Emilio Goeldi Museum 
in Para, J. Huber, first proposed in 1904 that 
the pejibaye had a hybrid origin. He found a 
palm tree similar but not identical to the 
pejibaye in the middle of the forest during a 
trip to the Ucayali River in Peru. He 
concluded that this species was related to the 
cultivated pejibaye as the native form is rarely 
seen in the jungle. He named this species 
Guilielma microcarpa and concluded that the 
pejibaye type characteristics had been 
derived from another species, probably the 
Guilielma insigniswhich was described by the 
French scientist Orbigny at the beginning of 
the 19th century in Bolivia. 

Seventy five years after the publication of 
Huber, a well known researcher of the 
pejibaye, the geneticist J. Mora U rpf from 
Costa Rica, agreed with the idea that the 
pejibaye very likely had a hybrid origin. 
Nevertheless, he suggests that hybridization 
took place over a period of time and in several 
places, and prior to the arrival of the first 
inhabitants of America. It is believed that the 
climate of the Amazon region was then 
considerably different than the present one 
due to considerable changes during the 
Pleistocene. The alternation of dry and 
humid periods provoked changes in the 
distribution and diversity of the regional 
fauna and flora. During the dry periods, 
plants and animals adapted to the humid 
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The Oil Project 
The oil from the pulp of the pejibaye is rich in unsaturated fatty acids which are highly 

appreciated in the international market. The analysis indica~e significant variations in the 
components according to the populations examined as shown in the table. 

The production of oil from pejibaye requires a longer program than for the other 
objectives. Firstly, the fruits are not always rich in oil content because the Indians were 
not concerned with this product during their selection of the pejibaye. High oil levels_ are 
common in the primitive varieties of microcarp. Secondly, it has already been mentioned 
that improvements in the size of the fruit and of the racemes cannot be expected to help 
since oil production is energetically more demanding. Thus, it is necessary to search for 
plants which are efficient in photosynthesis and which disperse their photoassimilated 
products in a favorable way for oil production. Finally, the extraction of oil from pejibaye · 
is much more difficult than from the oleagineous plants like the African oil palm tree 
(dende). The process also becomes expensive because it requires the use of solvents to 
extract the oil from the emulsion formed with starch and water. 

The oil production can be estimated by assuming the following parameters: small 
racemes ( average 3.5 kilos), large number of small fruits ( a fruit/raceme ratio of 90% ); 
a pulp/fruit ratio of 70%; a water/pulp ratio of 50%; an oil/dry pulp ratio of 50%; ten 
racemes per plant and 400 plants per hectare. This leads to an expected 2.2 tons of oil per 
hectare which is not bad for a plant that was never selected for this purpose. If the weight 
of the racemes were to be increased to an average of 5 kilos, the ratio pulp/fruit to 80%, 
the oil/dry pulp ratio to 60% and the average number of racemes to 12, a production of 
5.1 tons per hectare could be expected. These expectations are.achievable but it will 
require the use of germ plasms found in the more primitive species of pejibaye and species 
alike. This will require an increase in the genetic diversity of the special collection 
maintained by the Germ Plasm Active Bank maintained by the INrA 

Table: Fatty acids that are found in the chemical composition 
ofpejibaye oil (in%). 
Note (See Amazonia p. 70): Fatty acids are chains of carbon atoms bonded to 
hydrogen and oxygen. Carbons bonded by single bonds are referred to as saturated 
molecules (C18 for example). Unsaturated compounds are those where double bonds 
exist as in the case of C18: 1. 

tropical -conditions could still find rainy 
natural refuges, like in the east part of the 
Andes (see "Fitogeografia das orquideas da 
Amazonia", in Ciencia Hoje n° 28). 
According to this hypothesis, these refuges in 
the dry regions acted as barriers which 
favored speciation. It is noticeable that the 
pejibaye and species alike remain restricted 
to these natural refuges as strongly indicated 
by the geographic distribution shown in 
figure 1. It is also likely that the indians 
arrived in such regions during, or soon after, 
the last drought and carried away the fruit of 
hybrid species similar to the Guilielma 
microcarpa i:11 their migrations. 

The pejibaye underwent rapid changes in 
human hands. Several indian groups must 
have accomplished the domestication of this 
tree under different circumstances by 
selecting the varieties that most interested 
them from the original hybrid and/or similar 
species. They carried the seed of their 
preferred species on each migration. The new 
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tree populations which were thus started had 
a very restricted genetic base. Rapid fixation 
of the genes was then accomplished by the 
selection made by the indians (the process of 
domestication) and by the differences in 
adaptation to the new ecological conditions 
(the evolution process of all living things). 
The type of hybridization called introgression 
was then verified to occur upon 
dissemination among the several populations 
of pejibaye. In this process, different plants 
cross and then undergo further crossing with 
one of the original types. Consequently, the 
original genotype dominates the distinct 
genotype (figure 2). 

The migratory characteristic of the 
agriculture practiced by the Indians was 
apparently very efficient in improving the 
plants as each field received but few seeds 
from selected trees. Since the plantation 
fields were relatively isolated inside the 
forests the flow of genes was reduced and 
their fixation was further reinforced. This 

explains why each tribe or indian nation 
developed its own type of pejibaye: Some 
species were especially starchy, others more 
oily; some wer:~ big while others small; some 
were high on fibers and others low; some were 
rich in carotene; others could be thorny or 
· thornless, and so on. 

The palm tree was so important to the 
Indians that the arrival of the fruit crop and 
the subsequent season of plenty was greeted 
with large celebrations. These festivities are 
still in effect to this day among the indians that 
live on the Uaupes River on the Colombian 
border. The fruit is cooked and the drink 
made from fermented pejibaye (chicha) is 
consumed in great quantities amidst singing 
and dancing. 

Scientific research on the pejibaye 
originally initiated in Costa Rica 60 

years ago was intermittent until the 1960's. It 
was almost exclusively centered at the 
Tropical Agronomy Institute for Research 
and Learning, a subsidiary Qf the 
International Institute for Agricultural 
Cooperation. A new period of stagnation was 
then verified in the 70's until the University of 
Costa Rica established itself as the main 
research center in the world on this palm tree. 
In Colombia, the research interest dates back 
to the S0's but progress has been slow: with 
particular emphasis on the history and 
ethnobotany of the species. 

In Brazil, some valuable information was 
obtained in the S0's by the former Agronomy 
Institute of the North, nowadays the Center 
for Agricultural Research on the Humid 
Tropics (Centro de Pesquisas Agropecuarias 
do Tropico Umido - CEPATU) attached to 
the Brazilian Agricultural Research 
Enterprise (Empresa Brasileira de Pesquisa 
Agropecuaria - EMBRA-P A), but work was 
halted at the end of that decade. Its collection 
of germ plasma was partially destroyed at the 
beginning of the 1980's. However, the studies 
in Brazil expanded rapidly starting in 1976 
when the Fruit Division of INP A established 
the pejibaye as a priority area. Brazil is now 
the second generating center of information 
on this palm tree. 

Scientists from Brazil, Colombia, Costa 
Rica, Equador and Peru have recently 
undertaken four expeditions to collect 
pejibaye germ plasma and to outline the 
species left by the Indians who in some cases 
are still active in the selection process. These 
expeditions helped in mapping out the types 
of pejibaye which resulted from the Indian 
selection over the last centuries. It was also 
verified that this palm tree is found in its 
complete pre-Colombian distribution (figure 
3) running from Honduras in the north to 
Bolivia in the south, and from S~o Luis in 
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The Animal Ration Project. 
Toe extraction form the pulp of the fruit of 2.2 tons per hectare of oil leaves 2.2 tons 

of residue rich in starch, protein and fiber. These can be easily removed t~ obtain a high 
nutritional meal which could be used for human and animal consumption substituting 
corn and soybean ration which are imported in the Amazon region at very high costs. The 
ration obtained from the pejibaye can fully substitute corn because their chemical 
compositions are similar. 

Toe improvement of pejibaye for animal ration production is easier to achieve than 
the other objectives. Toe mealy fruits are available in the Putumayo, Uaupes and Inirida 
races. No particular demand is made on the appearance of the fruit. Furttwrmore, the 
size of the seed is not critical because-it can be crushed with the pulp and branches of the 
racemes since the fruits of these plants are low on fiber. 

Toe first problem in this program arises from the presence of the enzyme and the 

Maranbao in the east to the Emerald River in 
Equador to the west. 

· irritating acid previously described. Scientists in Costa Rica are trying to develop a 
technique to select plants without these characteristics. However, it remains to be 
determined whether the enzyme and the acid constitute a natural defense mechanism 
afainst plagues and diseases. If this is the case, the two components will be neutralized by 
industrial means to be developed rather than removed. Toe second problem concerns the 
water in the pulp. This question is as· critical here as for the case of flour production since 
the price of animal ration from pejibaye must be competitive with that of corn. Toe third 
problem is the protein content, lower than that normally required for animal ration. This 
deficiency can be overcome by using fruits which contain 14% of protein in the pulp and 
seed. Toe desirable protein level (22 to 24%) can. be reached by the addition of soybean 
or fishmeal, the latter a local product. 

Toe types of pejibayes were classified in 
races and further subdivided _in three groups 
according to the size of the fruit: microcarp, 
mesocarp and macrocarp. There is no 
evidence that the indians had practiced a 
strong selection on the microcarp group. This 
includes the more primitive types of pejibaye 
with fruits that range from two to twenty 
grams in weight and display 50 to 80% of pulp 
when fresh. By comparison, the mesocarp 
and macrocarp groups clearly show the 
effects of a long selection. Toe only mesocarp 
family identified in Brazil is found along the 
Solim6es River, in the State of Amazonas, 
and is apparently related to the 
pre-Colombian distribution of the Omagua 
Indians (figure 4). This type of pejibaye 
received the name of Solim6es and is one of 
the best for direct consumption. It varies in 
weight from 30 to 80 grams with 90 to 95 % 
of pulp. Its texture is agreeable and contains 
reasonable levels of oil and carotene which 
may contribute to its strong and tasty flavor. 
Toe INP A has recommended the planting of 
this fruit to farmers of the region since it is the 
preferred variety in the Belem and Manaus 

46 

Ayield of 19.9 tons per hectare per year of animal ration can be estimated by assuming 
average racemes of 6.5 kilos, a 25% water content in the pulp and seed, a fruit/raceme 
ratio of 85%, a 12 raceme/plant/year, and 400 plants/hectare. 

· markets. 
Three other mesocarp races were 

identified in the Amazon region: Pampa 
Hermosa,near the Yurimaguas in Peru, 
Pastaza at the bottom of the Andes in 
Equador, and Inirida along the same river in 
Colombia. The first one is particularly 
interesting because the indians selected it due 
to the quality of the fruit. It is easy to handle 
when used to make hearts of palm due to the 

While the pejibaye can be specifically improved for the production of animal ration, 
the residue from the oil extraction can also be used for the same purpose with the added 
advantage of a high protein level. Studies carried out in Costa Rica showed that the 
pejibaye meal obtained after removal of the enzyme and the acid constitutes an excellent 
ration for fowl and hogs. Toe possibility of extending it to cattle is presently under 
investigation. 

The Hearts Of Palm Project. 
Brazil is presently the world largest exporter of hearts of palm 

produced primarily in the Amazon region from the large natural 
populations of assai palm (Euterpe oleracea) which grow on the 
lowlands of the Amazon River and its tributaries. Toe other part of 
the production comes from another assai palm, the ju~ra or 
Euterpe edulis, which was formally common in Southern Brazil. Few 
populations of this species are left because of predatory 
exploitation. While the pejibaye cannot compete with the assai palm 
which produces cheap if variable in quality hearts of palm it could 
substitute the ju~ra in the South. While the ju~ara provides hearts 
of palms of excellent quality it must be planted after each harvest 
because it is a single stalk plant. 

Toe Agronomy Institute of Campinas, which is part of the 
Department of Agriculture -of the State of Sao Paulo, hopes to 
cooperate with the INP A on a program dedicated to improve a 
thornless . pejibaye variety for hearts of palm production. Toe 
natural populations of Euterpe have already been devastated in 
Costa Rica. Toe local producers there have adopted the use of the 

pejibaye and have more than 3,000 hectares planted and a good 
export market. However, the cost of production is much higher than 
that in Brazil partly due to the higher cost of labor. Toe producers 
claim that they can obtain as much as three tons per hectare at the 
cost of quality. 

Toe experimental plantation of the INP A produced 1.2 ton of 
top quality hearts of palm. Toe program for improving the pejibaye 
to make hearts of palm is the lowest in priority since the assai type 
dominates the national and international market. However, a large 
genetic variety can be explored in a short time by resorting to the 
Germ Plasm Active Bank maintained in collaboration with the 
National Center of Genetic Resources, a branch of Embrapa. Toe 
production components for hearts. of palm are already well 
understood and the correct evaluation of the seeds requires fewer 
years than that necessary for improvement of the fruit. Thus, the 
INP A intends to continue this program as an alternative to the assai 
in case a decrease in the production of this palm tree becomes 
evident. · 
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lack of thorns on its trunk. Toe Pastaza race 
appears to be the most primitive form of the 
mesocarp type because it displays small fruit 
and many thorns. The Inirida variety has big 

Peru and Equador. Its big, starchy and often 
dry fruits weigh anywhere from 50 to 250 
grams with 90 to 95 % of pulp. Toe Uaupes 
variety appears in the upper Black River, on 
the Uaupes River itself (in Brazil) and along 
its tributaries in Colombian territory. Its 
fruits are exceptionally big, starchy and dry as 
the ones from the Putumayo type, and weigh 
60 to 240 grams with 95 to 98% of pulp. Its 
average weight is usually higher than that of 
the Putumayo. Toe form of the fruit is the 
main difference between the two races. Toe 
Pu tu mayo is oval like the typical pejibaye fruit 
while the Uaupes is flatter, wider than longer, 
and appears to have been crushed. These two 

races which can be considered the high point 
of indian development of these species 
constitute the basis for the present work on 
improvement of the pejibaye. 

' fruits with peculiar wider than longer shapes, 
much like the macrocarp family along the 
Uaupes River. 

The distribution of the two identified 
macrocarp races, the Putumayo and the 
Uaupes, also reaches Brazil as ~en on figure 
4. Toe first variety is found in the High 
SolimOes, above Fonte Boa between the 
Jutaf and Japura River, along the Putumayo 
(lea in Brazil) and Caqueta (Japura) Rivers 
in Colombia, and along the N apo River in 

NUMBERED FIGURES (See Amazonia pp. 70-72) 

Figure 1. South American distribution of the species similar to the 
pejibaye. The shaded areas correspond to species closely related 
to the pejibaye. Toe other outlined areas correspond to more 
distant species. Notice that all of them occur along the Andes 
with the exception of 3 and 13. (1) Guilielma insignis; (2) G. 
ciliata; (3) G. matogrossensis; ( 4) G. microcarpa; (5) G. ~p 1 
"chinomato"; (6) G. ~p 2 "equador"; (7) G. ~p 3 "tigre"; (8) G. 
~p 4 "narino"; (9) G. ~p 5 "darien"; (10) G. caribea; (11) G. 
granatensis; (12) G. piritu; (13) G. maraia. 

Figure 2. In introgre~ion, individual species from two different 
populations yield a hybrid. Toe hybrids cro~ without exception 
with members of only one of the original populations. Thus, the 
cromossomes of the minority species become dispersed in the 
majority population with a transfer of genes which still maintains 
the original characteristics of the majority population. In wide 

NON-NUMBERED FIGURES (See Amazonia pp. 66-73) 

(p.66). At right, pejibaye's racemes with 385 fruits and weighing 
21 kilos. Found in Yurinaguas (Peru) and kept in the Germ and 
Plasma Bank of the INP A Programs of improvement of fruits 
and hearts of palm can benefit from ti,e progeny of these plants. 

(p.68). Fruits from the Putumayo race collected in the region of 
Benjamin Constant (AM). Large variations in size, shape, color 
of the fruit (skin and pulp) are noticeable. This diversity · 
developed by the indians constitutes an important starting point 
for the improvement programs primarily for that dedicated to 
fruit selection for flour production. 

(p.69). Toe flour for cakes and pastries is obtained from fruits 
which are separated from the racemes, cooked, peeled, mashed 
and mixed with other ingredients. Toe picture shows the dry flour 
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It is worthwhile to point out that tropical 
countries which search for their own ways for 
development are beginning to discover that 
the indians had already managed and 
controlled the basic aspects of many vegetal 
species which can be further exploited. 
Among these species, the pejibaye emerges 
as one of the most versatile species capable of 
playing an important role in modern 
agriculture in the Amazon region. 

hybridization, two populations are mixed to such an extent that 
the hybrids have similar proportions of both genotypes. Thus, the 
new populations display characteristics intermediate to the two 
original populations. 

Figure 3. Present distribution of the pejibaye (almost identical to 
the pre-Colombian distribution) and approximate locations of 
the first botanical descriptions of these species. (1) Humboldt, 
Bonpland and Kun th; (2) Marti us; (3) Karsten; ( 4) Oersted. · 

Figure 4. Approximate distributions of the mesocarp races (areas 
with horizontal lines) and macrocarp races (vertical lines) in the 
Amazon region. Both of these species were selected by the 
Indians and can be used in iheimprovement programs. (1) 
SolimOes; (2) Inirida; (3) Pastaza; (4) Pampa Hermosa; (5) 
Putumayo; (6) Uaupes. 

and two types of cakes. 

(p.71). Pejibaye tree with the multiple stalks of a thicket, thick 
crown and racemes of ripe fruits. 

(p.73). Hearts of palm from pejibaye which find a favorable 
market in Brazil and abroad. Toe diversity in size of the useful 
part containing a high level of protein is particularly noticeable. 
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Starting in the sixties, increased access facilities and an accelerated human settlement program attracted to Rondonia 
thousands of immigrants from all over Brazil. The counterpart of this rapid population growth was the felling and 

burning of large forest areas. The unique and still little investigated flora of this state is being destroyed. The situation is 
critical: if current colonization practices persist, no forests will remain in Rondonia within the next decade. The 

preservation of the remaining native forests and the build-up of germoplasm banks are urgent tasks. 

The tropical forests of the world have 
been subjected to intensive 

deforestation during the past few decades. 
Recent studies have emphasized the 
importance of these forests to human 
populations, as a source of food, fibre, fuel, 
building material and medicine, and as a 
habitat for native populations. Deforestation 
will probably have its largest impact on the 
quality of human life in tropical regions, 
especially ori people who are dependent on 
the forest. Although Amazonia still contains 
the largest area of undisturbed rainforest in 
the world, it has suffered a severe impact in 
recent years from a series of development 
projects. In some areas this interference with 
the natural environment has been especially 
serious. The state of Rond6nia is a prime 
example. One of the largest human 
settlement programs in the history of tropical 
regions is taking place in Rond6nia, and the 
practically still uninvestigated flora of the 
state is rapidly being destroyed. Rond6nia 
occupies an area of 243,000 km2 and is 
located in the Southwestern part of the 
Brazilian Amazon. 

Because of the geomorphological 
diversity of the region, many different 
botanical formations occur in Rond6nia, 
including forests, savannas and 'campo 
rupestre' (See "Campos rupestres: paraiso 
botanico na serra do Cip6", Ciencia Hoje; n° 
25). High forest, which predominates on 
non-flooded terrain, may be either dense or 
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Table 1. Species of orchids in primary and secondary vegetation in the region 
of Ji-Parana and Presidente Medici (Rond6nia) 
(P - Primary forest; S - Secondary forest) 

Campylocentrum micranthum (Lindi.) Rolf. - P 
Catasetum aff. macrocarpum L.C. Rich. - P 
Catasetum saccatum Lindi. var. chrystianum(Reichb. f.) Mans. - P 
Cattleya violacea Lindi. - P 
Cyrtopodium aft. andersonii R. Br. - S (5 years old) 
Dichaea panamensis Lindi. - P 
Encyclia fragrans (Sw.) Lemee - P 
Epidendrum rigidum Jacq. - P 
Epidendrum strobiliferum Reichb. f. - P 
Lockhartia guianensis Reichb. - P 
Lockhartia ludibunda Reichb. - P 
Maxi.Ilaria friedrichsthalii Reichb. f. - P 
Maxi.Ilaria cf. rufescens Lindi. - P 
Notylia punctata (Ker.) Lindi. - P 
Orleanesia amazonica Pabst - P 
Ornithocephalus aft. kruegeri Reichb.f.- P 
Pleurothalis nanif olia Foldats - P 
Pleurothalis picta Lindi. - P 
Polystachya estrellensis Reichb. f. - P 
Polystachya f oliosa (Lindi.) Reichb. - P 
Rodriguesia cf. lanceolata Ruiz & Pavan - P 
Scaphyglottis ochroleuca Schltr. - P 
Ste/is endresii Reichb. f. - P 
Trigonidium acuminatum Baten. ex Lindi. - P 
Vanilla pompona Schiede - P. 
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The Practice of Selective Logging 
Up to 1973, the state of Rond6nia had only 32 sawmills. The following decade, the 

timber industry grew by 800%. According to the IBDF (Ministerio da Agricultura), the 
number of sawmills grew to 250. In a recent survey, the authors have found 25 new 
sawmills in full production in the immediate vicinity of Alvorada d'Oeste, at km 90 of 
highway RO-429. The accelerated growth of the timber industry has already exhausted 
those remaining primary forests of the municipality of Ji-Parana that were located outside 
reserves. Up to 1978, this municipality was the primary producer of timber in the state 
(29,381 m3 per year). A 1983 IBDF survey shows that the production dropped slightly in 
that year, to 29,f17 m3

, while other neighboring municipalities, with no significant 
production a few years earlier, produced a volume of sawn lumber greater than that of 
Ji-Parana, which in 1983 became the fourth ranking producer. The timber now processed 
by the sawmills of Ji-Parana comes from other municipalities through the activity of the 
so-called "puxadores", who transport logs from far-off places, such as Alta Floresta, a 
new town 25 km away from Rolim de Moura, and Alvorada d'Oeste on RO-429. In 1987, 
the greatest timber producers were the municipalities of Cacoal (109,796 m3 per year 
including the new municipality ofRolim de Moura), Piment~ Bueno ( 4629 m3 ), Colorado 
d'Oeste (3556 m3). Presidente Medici, with no production prior to 1978, now has a 
growing output ( 4596 m3 in 1983), as a result of the newly-built road RO-429. 

The number of forest species used for lumber is less than 15, which creates strong 
selective pressure on those sawn-in the region. Timber of great industrial utility in other 
regions, such as ucuubas (Virola species), are not sawn because they are of no value in 
the local market, since there is no plywood or laminate industry in the area. In addition, 
there is an abundance of other species of excellent commercial quality for internal and 
external markets, such as Brazilian cherry (Torresia acrena), mahogany (Swietenia 
macrophylla), peroba (Aspidosperma sp.), muiracatiara (Astronium lecointei), angelim 
(Hymelobium sp.) and Brazil nut (Bertholletia excelsa). 

Selective lumber extraction can cause two problems already recognized in other 
tropical regions: loss of species and genetic erosion. Loss of species is probably a frequent 
occurence in the Amazonia, where species distributions are often localized and the 
biological inventory is still far from complete. Plants still unknown to science, or known 
but with unidentified economic potential, are in a process of extinction not only because 
of the elimination of the forest to make way for other activities, but on account of the very 
activity of lumber extraction. In Rond6nia, where the extraction and transportation of 
logs takes place over land, the degradation of the forest is intense because the whole area 
over which the lumber is dragged is affected, destroying large numbers of other trees; 
shrubs and epiphytes. 

The indiscriminate cutting of species such as Brazilian cherry (Torresia acreana) and 
mahogany (Swietenia macrophylla), for use in fine furniture, is eliminating the 
populations of these species. It is now necessary to penetrate long distances into the forest 
to obtain these timber species. Some individual trees occur along the sides of the roads 
or in the forest which the settlers "preserve", but they are twisted individuals, sometimes 
with hollow trunks, which were spared from destruction because they have no market 
value as timber. These are the only trees that remain to produce seeds for the 
perpetuation of the species. They are certain to produce new generations of 'inferior' 
individuals, exemplifying the type of genetic erosion occurring here. 

Brazil-nut trees (Bertholletia excelsa), despite the fact that their destruction is illegal, 
are still used by sawmills. Those that are not cut are seen along the roads, having survived 
the fire because of their thick bark. However, because of their isolation from the forest 
environment, they produce few or no nuts, since their pollinators do not leave the primary 
forest. 

open, often with an abundance of vines, 
bamboo, or palm trees. It occurs both on 
deeply undulating and almost flat relief. The 
highest parts of the state are covered by 
upland grasslands on arenitic soil of the 
Pacaas Novas, Uopione and Parecis hill 

ranges, which reach an altitude of 1000 m. 
The upland areas display a rachitic vegetation 
that is a mixture ofcampo rupestre, campina, 
and cerrado formations . In the 
seasonally-flooded valleys of the Mamore and 
Guapore rivers a lowland varzea forest 
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occurs, similar to the flooded forest of the 
great Pantanal of Mato Grosso. 

Up to 1960, the human population of 
Rond6nia was sparse (two inhabitants per sq. 
km), and it was concentrated in the northern 
part of the state, in nuclei that arose from the 
building of the Madeira-Mamore railroad. 
Since the completion in the sixties of 
highway BR-364, linking Rond6nia with the 
south of Brazil, thousands of people from all 
over the country, especially from the 
south-central region, moved into Rond6nia. 
This accelerated, disorganized occupation of 
Rond6nia continued until 1967, when the 
National Institute of Colonization and 
Agrarian Reform (lnstituto Nacional de 
Colonizac;ao e Reforma Agraria - INCRA) 
began its efforts to control the distribution of 
immigrants. (See Ciencia Hoje, n° 33, p.74). 
The construction of highway RO-429 
(Presidente Medici-Costa Marques) is now 
attracting new immigrants to Rond6nia: 
about 10,000 immigrants arrived in the first 
four months of 1985 to occupy that area. 
Little forest area remains along that road. 

Besides the state government and 
INCRA, the Polamazonia and Polonoroeste 
development programs are also contributing 
to the colonization process. Thousands of 
people are attracted to the region by the 
unexploited and allegedly "fertile" lands 
available for agriculture, cattle raising, timber 
extraction, etc. The paving of the new 
highway by the Polonoroeste program was 
the chief cause of migration to Rond6nia. 
The opportunities for exploitation of 
resources that include rubber, Brazil-nuts, 
wood, game, and minerals such as gold and 
cassiterite, continues to draw people to the 
state. The colonization projects in Rond6nia 
have occupied progressively poorer soils, 
according to the land capability maps of 
Project RADAM-BRASIL. The result is that 
the population of Rond6nia has grown 
exponentially since the late sixties, from 
11,000 in 1970 to 191,084 in 1975, reaching 
over 500,000 in 1978. Rapid deforestation is 
following this growth in population. The 
migrants practice slash and burn techniques, 
destroying large areas of forest that have 
barely been investigated. Fortunately, 
predictions (based on exponential 
projections) that, if the 1981 annual rate of 
deforestation were maintained, the state of 
Rond6nia would be completely deforested by 
1988, have not been fulfilled. However, at 
least 25 per cent of the state is now denuded. 
Because of the increasingly rapid elimination 
of native forest in Rond6nia, we decided that 
it was urgent to study the still nearly unknown 
flora of the region. The aim was to encourage 
conservation to the largest possible extent of 
the unique flora and fauna. 
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Table 2. Structure and composition of the primary forest plots ( 1 ha. each) and regional secondary vegetation of 1 year (500 m2), 5 years 
(2,500 m2), 10 and 15 years (5,000 m2 each) 

Primary Primary Primary Secondary _Secondary Secondary Secondary 
Characteristic Forest Forest Forest Forest Forest Forest Forest 

(Fl) (F2) (F3) 01 year 05 y~ars lOyears 15 years 
(Cl) (C2) (C3) (C4) 

Number of Species 188 111 164 40 52 78 156 
Number of Genera 145 66 106 32 43 55 94 
Number of Families 45 31 43 26 30 34 32 
Number of Trees below 
15 cm CBH . ./100 m2 % 88 34 390 175 142 150 

Number of Trees 
15 cm CBH/ha. 2950 2403 2326 0 2168 1936 1636 

Basal Area ( m2) of trees 
15cmCBH 67.751 34.70 30.73 0 4.97 18.00 . 26.21 

Basal Area (m2) of trees 
below 15 cm CBH 0.03 0.03 0.02 0.06 0.01 0.01 0.03 

1 This measurement is comparatively high for this forest type, probably because all trees ~th larger than 15 cm CBH were used here 
versus 30 cm for other forest inventories. 

Table 3. Dominant tree species in three primary forest areas of 1 ha each (Fl, F2 e F3) in the region of Ji-Parami and 
Presidente Mfdici (Rond6nia) 

N°of Basal Area 
Species LocalName individuals (m2) 

I Area Fl 
Bertholletia excelsa H. & B. Castanha do Pani 2 3.715 
Tabebuia serratifolia (Yahl) Nichols i¢ 2 3.252 
Cedrela odorata L. cedro 3 2.095 
Couratari guianensis Aubl. tauari 4 1.817 
Pseudomeldia aff. laevis Macbr. 17 0.725 
Pourouma guianensis Aubl. maratirama 13 0.669 
Castilla ulei Warb. caucho 5 0.654 
Iriartea ventricosa Mart. paxiuba barriguda 18 0.587 
Hevea brasiliensis Muell. Arg. seringa 2 0.540 
Poecilanthe effusa Ducke gemadeovo 28 0.412 

II Area F2 
Gallesia integrif olia (Spreng.) Harms alho bravo 10 4.856 
Tetragastris altissima (Aubl.) Swart breu manga 82 2.840 
Theobroma cacau L. cacau 142 2.840 
Ceiba pentandra Gaert. sumaumeira 2 2.169 
Franchetella anibifolia (AC. Smith) Aubr. 6 1.886 
Pseudolmedia macrophylla Trfc. 26 1.817 
Guadua superba Hub. taboca 44 0.506 

III Area F3 
Torresia acreana Ducke cerejeira 8 2.493 
Swietenia macrophylla King mogno 2 l.627 
Tabebuia serratifolia (Yahl) Nichols i¢ 1 1.626 
Sclerolobium paraense Hub. taxi branco 3 1.021 
Euterpe precatoria Mart. a~f 49 0.827 
Dialium guianensis (Aubl.) Sandw. jutaf pororoca 13 0.607 
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This study analyzes the impact on flora by 
the human occupation of Rond6nia, focusing 
on the conversion of primary forest to cattle 
ranches and the selective extraction of 
timber. In order to evaluate the 
anthropogenic changes in vegetation, an 
ecological and floristic study was made in 
areas of natural forest and of secondary forest 
of various ages. We also analyze some aspects· 
of the effects of deforestation and selective 
timber extraction on vegetation structure and 
composition. · 

The region between the cities of 
Ji-Parana and Presidente Medici 

displays some of the worst consequences of 
human occupation in Rond6nia. Intense 
ranching and lumbering activities occur there 
because of the preference of immigrants for 
its central location and of the infrastructure 
that was offered. Between 1980 and 1985, 
over 39,000 immigrants settled there, coming 
mainly from the states of Parana, Mato 
Grosso, S~o Paulo, Espfrito Santo and Minas 
Gerais. We concentrated our study of 
primary and secondary forest on the areas 
adjacent to highway BR-364 between these 
two cities and along highway RO-429 
between Presidente Medici and Costa 
Marques. Three hectares (Fl, F2, F3 on 
Map) of primary forest on 'terra firme' were 
inventoried. 

Area Fl is open tropical forest with palm 
trees. It is on red-yellow podzolic eutrophic 
soil, and it has undulating relief. Area F2 is 
also covered with open forest but it has an 
abundance of bamboo and it is characterized 
by red-yellow podzolic eutrophic soil with 
undulating relief, bordering the cerrado. 
Area F3 is a forest similar to Area Fl but 
with alic concretionary soil, also bordering 
the cerrado. 

We sampled four areas of secondary 
vegetation, of different ages, near primary 
forest Fl (in Map Cl, C5, ClO and C15). 
Because of their proximity, similar soil and 
topography, they were likely to have had a 
similar forest cover before use. We 
inventoried 500 sq. m· of one year regrowth, 
2,500 sq. m of five year regrowth and 5,000 
sq. m each of 10 and 15 y~ar old forests. The 
secondary vegetation regrowth of 15 years 
was the oldest we found in the· region. The 
ages_ of these forests were obtained through 
information supplied by the owners of the 
lands on which the study plots occurred. D. 
Knight, an American ecologist, used 
secondary vegetation of different ages in 
adjacent areas and observed that one can 
consider the different plot ages to be 
comparable to a sequence. In an area of 
intensive human occupation and forest 
destruction, such as the stretch of highway 
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between Ji-Parana and Presidente Medici, 
this method is the most convenient one, 
because there are no guarantees that areas of 
regeneration will be preserved for study over 
longer periods. 

We chose the four areas of secondary 
forest because of their comparable patterns 
of use. All were subjected to cutting and 
burning and to the growing of several 
agricultural crops. The 1-, 19- and 15-
year-old areas had been used for growing 
cassava, corn, bananas and rice. The five
year-old site was used for two crops of cassava 
followed by a short period of coffee growing. 
The fifteen-year-old site was used for two 
crop cycles and the one-, five- and 
ten-year-old sites were used at least three 
times. Because of their similarities and 
proximity we feel that these areas can be 
compared for regeneration studies. 

In the primary forest plots, · we divided 
each hectare into 40 rectangles of 25 x 10 m. 
In each rectangle, individual trees with a 
circumference of 30 cm or more at breast 
height (CBH) were counted and measured. 
We counted and measured all trees of 2 m 
height or more in one subplot of 5 x 1 m within 
each larger rectangle. 

We divided the 500 sq. m plot of regrowth 
of one year into twenty 5 x 5 m rectangles and 
counted and measured all individuals above 
2 m high. In regrowth of five years, we divided 
the 2,500 sq. m into ten 25 x 10 m rectangles 
and counted trees being equal or greater than 
15 cm CBH. Smaller individuals were 
counted in ten 5 x 1 m sub-plots. In regrowth 
of 10 and 15 years, 5,000 sq. m were divided 
into twenty 25 x 10 m rectangles in which all 
trees being equal or greater than 15 cm CBH 
and 2 m height were measured. Those with 
le~ than 15 cm CBH but of at least 2 m in 
height were measured in twenty 5 x 1 m 
subplots within the larger rectangles; in all 
cases, both CBH and stem height were 
measured. 

Herbarium voucher material was 
collected in the plots, and we also collected 
fertile botanical material in the primary forest 
near highway BR-364 between Ji-Parana and 
Presidente Medici and along RO-429. This 
greatly facilitated identification of our sterile 
plot material. In addition, we also collected 
epiphytic vegetation such as pteridophytes, 
orchids and bryophytes, in order to estimate 
the reduction in diversity for the non-tree 
groups. 

Herbarium voucher material for this 
study was deposited in the Museu Paraense 
Emfiio Goeldi (PA), Belem, Brazil. 

1. Primary forest 
To the west of BR-364, in the direction of 

Costa Marques _on RO-429, the forest is of 

Table 4. Pteridophytes collected in 
vegetation along RO-429 (Presidente 
Medici-Costa Marques) & BR-364 
(Cuiaba-Porto Velho), in areas of 
primary forest and secondary forest of 1, 
5, 10 and 15 years 
(P - Primary forest; S - Secondary forest) 

Adiantum latif olium Lam. - P & S, 10 
Adiantum pulvernlentum L. - S, 5 
Asplenium curitum SW. - P 
Asplenium serratum L. - P 
Diplazium cf grandifolium Sw. - P 
Lygodium venustum Sw. - S, 10 
Polybortrya cf caudata Kze. - S, 10 
Polypodium bombycinum Maxon - P 
Polypodium ciliatum Willd. - P 
Polypodium phyllitidis L. - P 
Polypodium fuscopunctata (Hook.) 

Vareschi -P 
Polypodium juglandif olium H. & B. - P 
Polypodium percussum cav. -P 
Pteris biaurita L. S, 10 
Saccoloma inaequale (Kze.) Mett - P 

the open type with palms, vines or bamboo 
(Guadua superba) as defined by Project 
RADAM-BRASIL. At km 15, in addition to 
bamboo, there is an interesting dense natural 
stand of native cacau (Theobroma cacao) 
with 142 plants/hectare. Le~ bamboo is seen 
in the vicinity of Alvorada d'Oeste. There, 
various enclaves of vegetation on more clayey 
soil are common. These areas also often have 
a rich orchid flora (Table 1 ). This vegetation 
is similar to that of the Amazonian 'cerrado'. 

The primary forest is diverse in both its 
structure and floristic composition (Table 2). 
Even the two areas (Fl and F2) close to each 
other show considerable differences. The 
density of area Fl (2,950 trees/hectare, equal 
or greater than 15 cm CBH), is greater than 
that of areas F2 and F3. Also, the basal area 
of the trees in area Fl is much greater (67-75 
cm2/hectare, of trees, equal or greater than 
15 cm CBH) than that of the two other areas. 
For individuals of le~ than 15 cm CBH the 
basal area is very small, even though there is 
a great number of individuals. 

The flora composition is diverse (Tables 2 
and 3). Forest Fl and forest F3 are the richest 
in flora. In area Fl this high species diversity 
is correlated with a low density of each species 
in comparison to the other study areas. A 
remnant of this forest type also occurs to the 
east of BR-364. In area F2, where some 
species have a high density [ e.g., cacau 
(Theobroma cacao) and bamboo ( Guadua 
superba, Table 3], the diversity is le~. In area 
F3 the a<saf palm (Euterpe precatoria) has a 
rather high density (Table 3). In area Fl 
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Tables. Bryophytes in areas of primary and secondary vegetation (1, 5, 10 and 15 years), along highways BR-429 and R0-364, 
between Ji-Parana - Presidente Medici,, and Alvorada d'Oeste -

Vegetation Type 
Terra Varzea 

Species Firrne (Floodplain Cerrado Secondary Age 
Forest forest) 

Bryum coronatum Schwaeger 
Callicosta evanescens C. Mull. p 

Chleilolejeunea sp. V 
Crossomitrium sp. V 
Ectropothecium sp. V 
Fissidens guianensis Mont. s --
Fissidens zollingeri Mont. V 
Hookeriopsis parkeriana(Hook. & Grev.) Jaeg. V 
/sopterygium sp. P,S 
Lejeunea sp. V V 
Leucobryum sp. V 
Leucodontopsis geniculata (Mitt.) Crum & Steere -- V 
Leucomium lignicola Spruce ex Mitt. p 

Lepidoziaceae sp. V 
Lophocolea perissodonta (Spruce) Steph. V 
M acromitrium sp. 
Meteoriopsis patula (Hedw.) Broth . V,P V 
Neckeropsis disticha(Hedw.) Kindb . V 
Neckeropsis undulata (Hedw.) Reichdt. y . V 
Octoblepharum albidum Hedw. 
Octoblepharum cocuiense Mitt. 
Pilosium chlorophyllum (Hornsch.) C. Miiell. p V 
Piloirichella sp. p 

Pireellapohlii (Schwaegr.) Card. p p 

Plagiochila thysanotis Spruce P,V V V 
Rudula sp. V 
Riccardia sp. P,V --
Schizomitrium pallidum (Hornsch.) 

Crum & Anders. P,V 
Schizomitrium sp. p 

Sematophyllum spp. P,V 
Syrrhopodon incompletus Schwaegr. V 
Taxithelium planum (Brid.) Mitt. V V 
Taxithelium sp. V 
Thuidium involvens (Hedw.) Mitt. P,V 
Thuidium sp. P,V 
Trichosteleum guianae (C. Muell.) Broth. V 
Trichosteleum sp. V 
Vesicularia amphibola (Mitt.) Broth. V 

LEGEND : Substratum: V - live stem; P - rotten stem; S - soil. 

palms such as paxiuba barriguda (lriartea 
ventricosa) are common, while in F2, less 
than 30 km from Fl in a straight line, bamboo 
is the characteristic element. In Table 3, the 
most important species in terms of density 
and basal area are grouped for the three 
areas of study. In the vicinity of Alvorada 
d'Oeste (Area Fl), the forest contains species 
such as Brazilian cherry (Torresia acreana) 
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and mahogany ( Swietenia macrophylla ), both 
of high commercial value. These species were 
not found in Fl or F2. These two species 
constitute about 15% of the basal area of the 
forest inventoried. The· ac;af palm (Euterpe 
precatoria) is common in area F3, and places 
this site within the open forest type with palms 
of Project RADAM-BRASIL. Since areas 
Fl, F2 and F3 are all within 75 km of each 

forest 

p 1 & 10 years 

p 5 years 

V 15 years 
10 years 

V 10 years 
V 10 years 
p 10 years 

V 15 years 

p 

p 5, 1 0 & 15 years 
p 15 years 
P,V 

P,V 1,5,10 &15 years 
p 5, 10 & 15 years 
p 15 years 
p 1, 5 & 15 year 
p 5, 10 & 15 year 

other, the differences between these areas 
must be attributed to local variations of soil, 
relief and dispersal rather than geographic 
separation. Forest areas Fl and F2, in spite of 
the fact that they are only about 30 km apart, 
belong to different morphoclimatic units. · 

General collections made in the region 
under study produced a considerable variety 
of epiphytes and bryophytes. The epiphytic 
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flora is rich in species, both of higher plants 
(Table 1) and lower plants (Tables 4 & 5). 
More than 40 species of bryophytes were 
collected in the various types of natural 
vegetation along highways BR-364 and 
RO-429, on the stretches between Ji-Paran~, 
Presidente Medici and Alvorada d'Oeste. 
They are more abundant iri the 'terra firme' 
forest, an ideal habitat for these plants 
because of the high humidity and large 
diversity of substrata. The bryophytes grow 
mainly on trunks and branches of living trees 
and on rotten trunks. 

2. Secondary vegetation 
Settlers clear the forest to build ranches 

and farms. These clearings are _ eventually 
abandoned because of the loss of soil fertility 
and other factors, as the difficulty of 
controlling forest regrowth. This is usually 
followed by natural regeneration of 
vegetation. Pioneer plant species get 
established on these abandoned plots and 
form a mass of vegetation which develops 
sequentially into secondary forests. 

In areas of strong seasonal rainfall, fire is 
the fastest and cheapest means for the settler 
to clear the area to be planted. Each year 
thousands of hectares of land are burned off 

in the regions of Ji-Parami and Presidente 
Medici at the height of the dry season 
(July-October) preceding the first rains (see 
Malingreau & Tucker 1988). The 
unprotected soil, subjected to the heavy rains, 
is quickly leached and loses its accumulated 
organic material because of the run-off, 
becoming compacted. Within a few years the 
soil becomes less productive and is 
abandoned by the settlers. 

Table 6 shows the flora composition of the 
secondary forests at different stages of 
succession resulting from the abandonment 
of cultivated areas. In the regeneration after 
one year, Solanum sp., Vernonia 
mattogrossensis, Eupatorium conyzoides, 
Spilanthes sp. and Cassia multijuga 
predominate. 

The 10-year-old site had a total basal area 
less than 30% of that in the adjacent open 
palm forest ( of area Fl), and shows much less 
species diversity (Tables 2, 3 and 6). In the 
10-year-old forest Cecropia sciadophylla, 
Apeiba albiflora,Jacaratia spinosa and Cassia 
multijuga predominate, with basal areas 
(sq.m/ha) of 1.5, 0.81, 0.69, and 0.63 
respectively. In the regrowth of 15 years, 
despite its more exuberant appearance, the 
basal area is still less than 40% of that in the 

primary forest of area Fl and 75% of that in 
areas F2 and F3. The flora composition 
remains almost totally different from mature 
forest and is quite similar to the regrowth of 
l0years. The predominant species areApeiba 
albijlora, Cochlospermum orinocense, Inga 
edulis, Sapium marmieri, Rollinia exsucca 
and Cecropia sciadophylla. The regrowths of 
5, 10 and 15 years are quite_ similar to one 
another. Some primary forest species begin to 
regenerate ( e.g. Cedrela odorata ), but always 
in small numbers. 

Epiphytes are non-existent in regrowth 
from one to five years and very sparse in the 
10 and 15 years' growths. Some bryophytes 
are found on live trunks, but most grow on 
the rotten trunks that remain from the 
original forest. We found that, when the 
clearing of an area included removal of 
trunks, the frequency of bryophytes was 
smaller. Some species of bryophytes, such as 
Thuidium involvens, Trichosteleum sp. and 
Bryum coronatum, appear to be pioneers and 
may be able to withstand a relative humidity 
lower than that of the primary forest. Orchids, 
though formerly abundant in Rond6nia, are 
being eradicated along with the forest, and 
are rare in the secondary vegetation studied. 
A single (terrestrial) orchid species, 

Table 6. Dominant tloristic com~ition in secondary vegetation of different ages: 
1 year (500 m2), 5 years (2,500 m2), 10 and 15 years (5,000 m2 EACH); D = density 

Secondary Forest Secondary Forest Secondary Forest Secondary Forest 
Species 1 year Basal · 

N° Individuals Area ( m2) 
5 years Basal 10 years Basal 15 years Basal 

N° Individuals Area (m2) N° Individuals Area (m2)N° Individuals Area (m2) 

Apeiba albijlora Ducke 2 0.0017 10 0.0922 43 0.8130 48 2.0036 
Cassia lucens Vog. 10 0.4216 16 0.2025 
Cassia multijuga L.C. Rich. 14 0.0113 12 0.0031 30 0.6356 15 0.4197 
Cecropia sciadophylla Mart. 4 0.0063 60 0.5967 38 1.577 31 1.2596 
Croton salutaris Cass. 44 0.1918 2 0.0126 
Cochlospermum orinocense (Kun th) 

Steud. 64 2.6639 
Eupatorium conyzoides Vahl 340 
Hieronima laxi.flora M. Arg. 13 0.0717 
Inga edulis Mart. 4 0.0011 24 0.0278 5 0.1314 77 0.9729 
Jacaratia spinosa (Aubl.) DC. 1 0.0011 10 0.0596 10 0.6927 16 0.9544 
Mabea angustifolia Benth. 24 0.0665 
Piper aduncum L. 11 0.0014 192 0.0575 
Poecilanthe effusa (Hub.) Ducke 169 0.0484 10 0.0039 
Rollinia exsucca (Dun.) ADC. 68 0.4498 
Sapium marmieri Hub. 114 0.5796 9 0.1606 90 0.9940. 
Spilanthes sp. 65 0.0046 
Schizolobium amazonicum Hub. 4 0.0023 
Spondias lutea L. 25 0.3964 11 0.0840 
Solanum sp. 675 0.1776 48 0.3912 10 0.0050 
Trema micrantha (L.) Blume 4 0.0061 408 5.9611 2 0.0910 15 0.3638 
Urera caracasana (Jacq.) Griseb. 54 0.0186 54 0.1834 1 0.0150 18 0.2454 
Vernonia mattogrossensis Hier. 270 0.1396 
Zanthoxylum regnellianum Engl. 10 0.0046 2 0.0091 18 0.0977 
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Cyrtopodium aff. andersonii, was collected in 
the regrowth of five years (Table 1 ). 

Another study that has shown the 
differences between primary and secondary 
forests is that of J. Saldarriaga, made in 1985 
in the Rio Negro region of Colombia and 
Venezuela. He showed that the biomass of 
the secondary forest was greatly reduced. For 
example in his 10 year old study plot the 
biomass was 51 tons/ha, to be compared with 
336 t/ha for the mature forest. His study in 
plots of up to 40 years since deforestation 
showed that the rates of recovery of flora 
composition, forest structure and biomass 
are all relatively slow. He calculated that 
approximately 140 to 200 years are required 
in order for abandoned farmland to attain a 
basal area and biomass comparable to the 
mature forest. Our study certainly confirms 
this tendency and shows that recovery is 
much slower when large areas are deforested 
and seed parents of rainforest species are not 
close by (to make use of the shade and soil 
built up in the secondary forest). 

R ond6nia is one of the states most 
strongly affected by the activities 

which are currently destroying the forests of 
the Amazon region. The areas around 
Ji-Parana and Presidente Medici are the most 
affected ones in the state, because of the 
preference of settlers for these areas,in view 
of the excellent infrastructure offered by the 
city of Ji-Parana and of the near-central 
location of the city with respect to highway 
BR-364. The municipality of Ji-Parana 
covers 795,000 hectares of land, of which 
141,950 constitute the urban and rural 
settlement area; 268,500 hectares comprise 
the Jaru Biological Reserve and 185,000 
hectares comprise the Lourdes Indian 
Reserve. 

The municipality of Presidente Medici 
borders on Ji-Parana to the north. Until 
recently extensive natural forests were found 
on its territory. The construction of highway 
RO-469 (Presidente Medici-Costa 
Marques), which links the east and west areas 
of the state, facilitated access to a previously 
unpopulated area and allowed heavy cutting 
of forest to begin in that region. 

Until 1978, the deforestation of 
Rond6nia State, as shown by images from the 
LANDSAT satellite, encompassed an area of 
418,450 hectares.In the periodrrom 1978 to 
1980, the monitoring revealed an additional 
339,477 hectares, amounting 80% of the 
total area of prior deforestation. That report 
stated that the region where the cities of 
Ji-Parana and Presidente Medici are located 
was responsible for almost 60% of the 
deforestation occurring in the whole state of 
Rond6nia throughout the period 1979-1980. 
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Our ground observations in the areas of 
native forest show that the remaining forest 
areas have been greatly disturbed, and that 
the primary forest plots that the settlers were 
supposed to preserve have been exploited for 
extra profit. 

The preservation of these areas is 
supposed to conserve the genetic endowment 
of the flora of the region. However, the 
species that furnish commercial timber are 
cut out not just to supply the needs of the 
settlers, but also to be sold. Protection of the 
forest would be easier if the checkerboard 
system of lots were substituted by the 
requirement that, a single continuous area of 
forest must be reserved in each municipality, 
with an area equal to that divided into lots for 
that municipality. 

One of the au th ors (P. Lisboa) has 
correlated the rates of deforestation given by 
Ant6nio Tardin and collaborators with 
population figures for Rond6nia. The result 
shows that indiscriminate settling and 
population growth leads to a vastly 
accelerated rate of deforestation, and that 
the amount of deforested land "per capita" 
is also growing, in spite of the number of 
people settling in urban areas of Rond6nia. 
In 1975 approximately 0.4 hectares were 
deforested per individual/year, whereas the 
current rate has grown to 1 hectare per 
individual/year. The problem becomes more 
and more serious as the population increases. 

The Migration Bulletin of the Rond6nia 
State Government mentions that during the 
past lOyears around 85.8% of the population 
comprises of people born outside Rond6nia. 
A large proportion of those who settled in 
Ji-Parana and Presidente Medici came from 
Parana State in Southern Brazil. 

The activity of cutting and burning the 
forest for farming has not been rewarding for 
small-scale settlers. For this reason, many are 
abandoning this activity and settling in the 
outskirts of the towns of Ji-Parana and 
Presidente Medici. Joao Mur~ Pires has 
pointed out that the settlers do not know how 
to use the soil of Amazonia properly. Indeed; 
the extreme climatic conditions of the tropics, 
especially heavy rainfall, affect soil conditions 
and lead to the exhaustion of nutrients. Due 
to the fragile nature of the soil and the high 
cost of fertilizers, settlers would need cheap, 
appropriate technology to help them farm 
successfully. Perhaps farming techniques 
closer to those of the indigenous peoples can 
be developed to assist these settlers. 

In the immediate vicinity of Ji-Parana and 
Presidente Medici, the abandonment of 
farming plots arises from similar problems; 
furthermore, the settler has little or no capital 
and employs his own family for labor. Family 
members prepare the land, plant and harvest 

the crop. After the harvest, the sale of the 
crop almost always leads to disappointment, 
because of the ridiculously low prices that are 
offered. As an example of the grower's 
problems, if he does not own a machine to 
remove the hulls from rice, he must trade part 
of the crop (sometimes up to 60%) to have 
the rice threshed. This removes any incentive 
to work hard, for he sees the greater part of 
his effort of a year traded for a few hours of 
machine operation. In addition, even though 
the government guarantees a minimum price 
for the crop, the producer prefers to sell to 
individuals to avoid the ponderous official 
bureaucracy: if he waits for payment from the 
government, it comes too late for him to pay 
his debts. 

The settlers, if they own any capital, prefer 
to cut forests to make pasture, planting 
grasses such as jaragua (Hyparrhenia rufa), 
coloniao (Panicum maximum), and quicuio 
(Brachiaria humidicola). Every year the 
pasture is invaded by weeds such as the 
assa-Reixe (Vemdnia mattogrossetisis) or 
malva (Urera caracasana). To combat these 
invasive species, he burns off the pasture, 
which then sprouts spontaneously after the 
first rains, because of the regenerative 
capacity of the forage grasses. The plant 
assa-peixe (Vernonia ferruginea) is eaten by 
cattle in periods of drought, but because of its 
,great proliferation and because it reaches a 
height of3 m, it impedes the movement of the 
cattle. Carrapicho (Desmodium sp.), another 
common invader, is more difficult to control, 
because cattle do not eat it, and the plant 
produces a fruit full of thorns that scratch the 
animals' bodies. 

This study shows that the situation in 
Rond6nia is critical. The impact of the 
settlement program is apparent, probably 
stemming from poor planning. It will soon be 
too late to preserve the unique flora and 
fauna of this region, which has been cited as 
a center of endemism by one of us (Prance). 
However, there are still some areas that are 
reasonably intact, such as the remaining part 
of the Jaru Reserve and some of the hilly 
parts of the state. To reduce ,the loss of 
species in the region, it is strongly 
recommended that greater attention be given 
to the preservation of those areas of forest 
that remain. It is also important to set up 
germ-plasm collections of the economically 
important species, such as the Brazilian 
cherry and the Brazil nut, that are being 
exterminated by over-exploitation. 

Our study of the pattern of regeneration 
has shown that the secondary forest, at least 
in its initial phases, is quite different from 
primary forest in its species composition. The 
only way to protect the primary forest species 
is to preserve areas of the natural forest. 
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Considering the number of useful products 
likely to be found in these species, their 

preservation also makes much better 
long-term economic · sense than their 

destruction to produce short-term farmland 
and pastures which are soon abandoned. 
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NON-NUMBERED FIGURES (see Amazonia pp.76-78 and 82) 

(p. 76). - Open tropical forest 
- Dense tropical forest 

(p. 82). - New generation of inhabitants of Rondonia of European 
descent. 

- Cerrado 
- Pioneer formations 
- Cerrado contact with other formations 

(p. 77). -Above: Transportation of cherry-tree logs 
- Left: Sawn nut-tree logs 

(p. 78). - Fl- Botanical inventory of one hectare of primary 
forest on km 7 of the left branch, at km 15 in the direction 
Ji-Parana - Presidente Medici. 

- F2 and F3- Botanical inventories of two hectares of 
primary forest on R0-429, on kms 15 and 48, in the 
neighborhood of Alvorada d'Oeste. 

- Cl, CS, ClO, C15- Sites of botanical inventories of 
secondary vegetation ( capoeira ), respectively one, five, ten and 
fifteen-year types. 
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p ASTURE BURNING AND SELECTIVE 

LOGGING: AD AN GERO US 

COMBINATION 
Christopher Uhl 

Department of Biology, The Peilnsylvania State University, U.S. A. 

Robert Buschbacher 
The Conservation Foundation, Washington, D.C., U.S. A. 

Where the game of nature is concerned, it is not enough to ponder the pros and cons of isolated plays. For example, 
in the Amazon region, the selective harvesting of wood on a rotational basis, in and of itself, does not represent a threat 

to the environment. However, fires set in pastures to control weeds frequently escape into logged forests and when 
these logged forests do catch fire the damage is severe and long lasting, 

0 f all the options for economic 
development in the Amazon Region, 

the selective harvest of valuable timber 
species on a rotational basis is one of the most 
ecologically sound. Selective tree harvesting, 
when done carefully, usually creates three to 
six canopy gaps per hectare which are akin to 
natural forest treefall disturbances. 
Regeneration following natural tree falls is 
rapid. Pre-existing seedlings and saplings 
(advance regeneration) and fast-growing 
pioneer trees, usually originating fr~m seeds 
buried in the soil, dominate the regrowth. 
Moreover, because only the nutrient-poor 
boles are removed (i.e., the relatively 
nutrient-rich twigs, leaves, and roots remain) 
and because regeneration is rapid, nutrient 
loss is probably inconsequential. 

Although regeneration occurs rapidly 
without further disturbance, selective tree 
harvesting leaves the forest in an open, 
fuel-rich, fire-prone state. We have observed 
that fires set to control weeds in degraded 
pastures in eastern Amazon commonly 
spread into adjacent forests. Fire readily 
spreads through selectively logged forests 
causing extensive damage, but fires reaching 
the edge of unexploited forests quickly die 
out. Thus, the effects of forest timber 
removal and pasture burning interact to 
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produce more detrimental effects than either 
process acting singly. 

Prior_to 1970, almost all timber harvesting 
in the Amazon region was restricted to 
forests bordering navigable rivers. Since 
1970, however, the development of a 
rudimentary road network associated with 
colonization · and cattle ranching has 

Table 1: 

RATE OF DEFORESTATION FOR 

PASTURE ESTABLISHMENT IN 30 

RANCHES IN THE MUNICIPALI'IY OF 

PARAGOMINAS, PARA, BRAZIL* 

Before 1973 16,890 9.0 
Between 1973&1978 25,570 13.7 
Between 1979&1984 6,730 3.6 

Total 49,190 

First Column: Deforested area 
(hectares) 

26.3 

Second Column: % of total area on 
the 30 ranches studied 

* Calculations based on interviews 
with 30 ranchers in Paragominas 
(Para, Brazil) in 1984. 

facilitated interfluvial timber exploitation. 
The municipality of Paragominas in the north 
of Para state (Brazil) provides a case study 
site for the interactive effects of road building, 
cattle ranching, and a depressed economy on 
the exploitation of timber resources. 

The municipality of Paragominas lies 
three degrees south of the equator. Annual 
rainfall averages 1700 mm with a pronounced 
dry season from July to November; rainfall 
during the drier period is about 40 
mm/month according to Brazilian Center for 
Agricultural Research (Empresa Brasileira 
de Pesquisa Agropecuaria - EMBRAP A). 
The terrain is rolling: hilltops contain clayey, 
red-yellow oxisoils with iron-rich concretions, 
and valleys have sandy, yellow oxisoils. Two 
types of evergreen rain forest dominate the 
landscape: a 25-30 m tall, closed-canopy 
forest; and a 15-20 m tall, vine-laden, 
open-canopy forest. There is no clear 
association between topography or soils and 
forest type. 

Cattle ranching began in earnest in 
Paragominas in the late 1960's. The opening 
of the Belem-Brasflia Highway provided 
access to the region at that time, and land 
prices were never more than a few dollars per 
acre. In addition, the Brazilian government 
offered financial incentives to potential 
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Table 2: 

STRUCTURE OF VEGETATION BEFORE BURNING 

Diameter Class 
1-4.9 cm 
5-9.9cm 
10-19.9 cm 

Density of Trees (n° /hectare± SE) 
4,430 ± 430 1,230 ± 210 1,504±395 
:470 ± 90 1,080 ± 240 1,750 ± 393 
180 ± 90 500 ± 80 683 ± 174 

~ 20cm 280 ± 30 7$_ ± 25 0 
Total All Classes 5,360 ± 472 2,885 ± 581 3,937 ± 583 

IMPACT OF FIRE• 

Diameter Class 
1-4.9 cm 

% of Trees Killed by Fire 
93 100 99 

5-9.9 cm 32 100 94 
10-19.9 cm 0 95 100 
~ 20cm 
Total All Classes · 

4 
79 

100 
99 97 

CHARACTERISTICS OF REGENERATION AFTER FIRE** 

Vegetation Type 
Primary Forest Trees 
Pioneer Trees 

% of Individuals 
27 3 1 
57 34 27 

Vines 4 60 8 
-Herbs 
Grasses 

12 3 61 
0 0 3 

First Column: Tall closed-canopyforest 
Second Column: Low open-canopy forest 
Third Column: Second-growth forest (8 years old) 
* Data based on counting all individuals in 4-6 plots of 10 x 10 m in each forest type. 
Since surface fire did not completely burn the stems, it was possible to determine the 
plant composition prior to burning. 
**Databased on counting all individuals between 2 and 200 cm in height, in four to 
six plots of 3 x 3 m in each location, about one year after burning. 

investors; provisions allowing investors to use 
their tax payments to establish cattle ranches 
were common, as were low-interest loans 
with long payback periods. In some cases, the 
incentives were so generous that it was 
impossible to lose money. Under these 
conditions, hundreds of ranches were 
established in Paragominas. Because half of 
each land holding was required by law to be 
left in forest, a mosaic of forest and pasture 
was created with the current rat_io of forest to 
pasture at approximately 3: 1 . 

Within three to four years of pasture 
establishment, pasture grasses (Panicum 
maximum and/or Brachiaria spp.) generally 
began to lose vigor because of soil infertility 
(phosphorus is a potentially limiting element 
in Amazonian pastures), insect attack 
(Brachiaria spp. are in susceptible to spittle 
bugs) and competition with aggressive weeds. 

By the late 1970's, cattle raising in the 
north of Para in general, and in Paragominas 
in particular, faced severe economic and 
ecological constraints. A nattonal monetary 
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crisis prompted the government and banks to 
significantly reduce support to the ranching 
sector. Ranchers responded by sharply 
reducing the rate of new forest clearing (See 
Table 1 ). Ranchers claimed that clearing new 
land was costly and their limited resources 
were better spent in maintaining the clearings 
they already had. More significantly, because 
ranchers had reduced capital for ranch 
management, they were inclined to rely more 
heavily on fire as an inexpensive means of 
pasture weed control, instead of hand-cutting 
with machetes or spraying with herbicides. In 
previous years, fire had been used 
occasionally as a management tool, but in the 
1980's its use appears to have become more 
pervasive. 

As the economic return from their cattle 
operations declined, ranchers_ began to 
exploit their timber resources. The key 
prerequisite to wood harvesting was the 
development of the road system, both 
regionally for transport ·of sawn wood, and 
locally, especially within ranches, for log 

removal and transport to sawmills. This large 
capital investment was subsidized to promote 
pasture development. Timber extraction 
might not have become economically feasible 
without previous infrastructural 
development. 

The forest lands being exploited are 
generally the forest reserves owned by 

ranchers. Because enforcement of the 
_ SO-percent virgin forest law is weak, it is 
generally ignored. Ranchers, recognizing the 
value of the virgin forests, are now quick to 
sell logging rights to sawmills. In 1984, a 
survey of 30 ranch owners within a 50-km 
radius of Paragominas showed that · 53 
percent had already permitted logging. The 
survey also revealed that timber was removed 
from half of the area cleared since 1979 for 
new pasture development; previously the 
wood in all such clearings had been burned. 

The number of sawmills in the 
municipality of Paragominas increased from 
a handful in 1975 to more than a hundred in 
1984. As wood becomes less accessible in 
southern Brazil, many mill operators are 
simply moving their entire operations north 
to Amazonia. Some 50 species of forest trees 
are currently. being processed in the 
Paragominas mills, and each mill handles 30 
m3 of roundwood per day-roughly the 
amount of commercial timber found in a 
typical hectare of the closed-canopy forest in 
the region. After sawing, most of this wood 
is trucked to southern Brazil and used in the 
furniture and building industries. 

The more common woods of the region 
-Manilkara huberi, Bagassa guianensis, and 
Didymopanax morototoni - are worth about 
US$ 20/m3 before sawing. Given these prices 
and the poor quality of the roads, most mill 
operators will not go more than 40-50 km 
from their mills for timber unless the wood is 
exceptionally valu'able. For example, 
Tabebuia seratifolia brings US$ 60/m3

, and 
operators will travel up to 100 km for this 
species. In general, those ranches with logged 
forest are more accessible to the town of 
Paragominas, or a primary road, than ranches 
that have not yet been logged. 

In summary, extensive pasture · 
development occurred in Paragominas in 
response to government subsidies. By the 
middle to late 1970's, pasture degradation 
was widespread and fiscal incentives were 
dwindling. In response, new pasture 
development was sharply reduced, and fire 
was increasingly used as an inexpensive 
pasture management strategy. 
Simultaneously, ranch owners and loggers 
took advantage of a fledgling road network to 
exploit the timber resources in forested 
tracts. 
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Selective logging, if properly done, need 
not be a severe disturbance or cause for 
concern. But in the Paragominas region 
several factors can interact to make timber 
harvesting much more detrimental than it 
would appear. First of all, because the 
loggers do not own the land that they log, they 
have no vested interest in harvesting 
carefully. Cutters with chain saws fell all 
potentially harvestable trees, cutting many 
more than are actually harvested. Bulldozers 
follow and sloppily drag undamaged boles 
with good form to spur roads, killing many 
saplings in the process. Toe end result is 
thousands of square kilometers of cut-up 
forest scarred with bulldozer tracks and laden 
with dead slash (fuel). Closed-forest canopy 
cover is often reduced by 40 percent. Vine 
forests, which already have open canopies 
(approximately 75 percent canopy cover), 
lose almost all their structural integrity as 
whole units of vine-knitted trees are toppled 
over. 

Toe extensive canopy openings and the 
addition of slash on the forest floor turn a 
normally fire-resistant ecosystem into a 
fire-prone ecosystem. Add the use of fire to 
control weeds in degraded pastures and 
logging roads to provide a route from pasture 
to forest, and the entry of fire in logged forest 
is guaranteed. Of the fifteen ranchers we 
surveyed who had permitted exploitation, 
eight reported that their forest tracts had 
since burned. It is critical to recognize that 
whereas exploited forest burns readily, fires 
do not penetrate more than a few meters into 
virgin, unlogged forest. 

The impact of burning differs among 
forest types (See Table 2). In a high, 
closed-canopy forest site with a basal area of 
43 m2 /hectare, fire was restricted to the 
ground surface and killed most stems with 
less than 5 cm DBH (diameter at breast 
height) in the patches that were burned. 

FURTHER READING 

About one-third of stems with between 5-10 
cm DBH were killed, and stems with greater 
than 10 cm DBH survived. We visited four 
other exploited high forest sites in the region; 
all had been subjected to recent ground fires 
that killed the regeneration but left the larger 
trees unharmed. 

Compared to high forest, low, 
open-canopy, vine forests are much more 
flammable after selective exploitation; fires 
characteristically move into the crowns, 
resulting in the death of almost all trees. 
Young second-growth forests, which also 
tend to be somewhat open and to support 
heavy vine loads, are prone to extensive fire 
damage as well. Indeed, we found it very 
difficult to locate second-growth forests in 
the Paragominas area that had escaped 
burning in recent years. 

Regeneration patterns also differ 
markedly by forest type. In a vjrgin high 
forest, primary forest trees comprised 80 
percent of the forest floor regeneration (i.e., 
stems 2-200 cm tall). In an adjacent, 
selectively logged site subjected to a ground 
fire, only 27 percent of the regeneration was 
composed of forest tree species. In the low 
vine forest and second-growth sites, forest 
trees represent an even smaller component 
of the post-fire regeneration. Thus, the more 
severely these forests are burned, the more 
complex and prolonged will be the pattern of 
succession. 

When carried out with care, selective 
logging is a minor disturbance, akin 

to natural tree falls. However, careful logging 
practices are the exception in tropical rain 
forests. In the Dipterocarp forests in 
Southeast Asia, where 50 % of wood or more 
are extracted per hectare, the forests are 
often left in an open, ravaged condition. In 
the Amazon rainforest of Surinam, Wybrand 
Jonkers and Pieter Schmidt report that 

considerable damage is done when only 20 m3 

are removed per hectare. Our observations in 
the north of Para likewise confirm that even 
low-level logging, when carelessly conducted, 
can severely alter forest integrity and 
predispose the residual stand to wildfire. 

The potential for wildfires to cause 
wide-scale destruction of lowland evergreen 
rain forests is still only dimly recognized, but 
recent events are sounding an alert. Between 
February and June of 1983, thousands of 
square miles of tropical moist forest burned 
in the Bornean rain forest in Indonesia. A 
two-year drought in the Pacific region and 
debris from logging operations set the stage 
for this catastrophe. 

Although lowland Amazonia, like 
Borneo, has generally been considered 
immune to fire, our report illustrates that 
alterations of canopy cover and fuel left after 
timber removal could predispose the 
Amazonian forests as well to wildfires. Toe 
detrimental effects of fire in exploited forest 
should be mitigated by burning less 
frequently in pastures, or by leaving a buffer 
of undisturbed forest between pastures or 
major roads and the area of timber 
harvesting. 

In a broader context, this report illustrates 
how two activities-pasture burning to 
control weeds and selective timber 
harvesting-that appear innocuous when 
considered in isolation, can wreak havoc 
when they interact. Clearly, in any land-use 
planning decision, it is crucial to consider the 
entire landscape, and how economic 
decisions in one sector could cause ecosystem 
degradation in another. 

Note: This material was adapted from an 
article published by the authors in 
Biotropica, vol 17, n° 4 (1985). 
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INPA: ON THE ROAD TO RECOVERY 

The transfer of the National Institute for 
Amazon Research (INP A) from the 

aegis of the National Council for Scientific 
and Technological Development (CNPq) to 
the Secretary of Science and Technology had 
salutary effect. Researchers, technicians and 
administrative personnel have received 
salaries adjustments that bring them in line 
with the regional reality. Restructuring of 
administrative and research career tracks has 
corrected the distortions that existed. 
Moreover, a policy for evaluating 
productivity has restored employees' 
confidence, which will certainly result in 
increased productivity. 

The restructuring process has not been 
limited to salaries. It has also involved 
administrative and technical planning, with a 
rearrangement of departments and 
redefinition of their basic goals, as well as 
incentives for greater interdepartmental 
interaction. In addition, computers have been 
installed, a move that proved its worth within 
a few weeks. Improvements in the physical 
plant and a more coordinated operating 
policy have also been delineated. 

The changes were carried out after ample 
discussion, open to all who wished to 
participate. 

INPA is responsible for 60% of the 
graduate courses in Brazil's Northern region, 
the development of human resources being 
one of the institute's major concerns. INP A 
also serves the region as a consultant to the 
community in the fields of pisciculture, 
agriculture and wood and food technology, 
besides supplying innumerable answers to 
questions from the general public especially 
elementary and high school students about 
the research that is under way._ 

0 ther work that is done at INP A is 
more controversial, such as projects 

involving international entities or services 
rendered to national corporations. -It is a 
complex question. On the ,one hand, the 
contracts with international organizations 
lead to increased scientific productivity, which 
is a positive result. On the other hand, they 
cause the institute tq be more dependent on 
foreign funds, which is a negative result. But 
how is the problem of shortage of national 
funds to be solved? Doing research in the 
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Amazon is more expensive, in general, than 
in any other region of the country - not only 
because of the long distances involved, but 
also because national · policy on research 
funding is strongly influenced by the more 
developed centers in the South of Brazil. 
Projects that involve cooperation between 
Brazilian and foreign organizations can also 
lead to favorable situations in which Brazilian 
and foreign researchers work side by side. 
Fortunately, this direct interaction tends to be 
the rule in most of the joint projects carried 
out at INPA 

The furnishing of services to local 
companies such as Eletronorte has had a 
number of negative aspects. The supply of 
material and personnel involved in these 
agreements has gradually drained away the 
institute's own resources. With time, the 
institute has found itself not only short of 
funds for research and for maintenance and 
expansion of the infrastructure, but also shrn;. 
of researchers. Scientific productivity has also 
been affected by these contracts mainly 
because they tend to employ a large 
proportion of unqualified personnel. 

One of the first points to be addressed by 
INP A's restructuring plan was the 
normalization of outside contracts. For this 
purpose, a list of the researchers who had 
been involved in these contracts was drawn 
up and a search was undertaken for more 
qualified personnel, with the aim of forming 
research groups in different fields under the 
leadership of PhDs. In a relatively short time, 
these researchers will be able to .make a 
substancial contribution to the institute by 
training new graduate students. 

INP A currently operates in many areas of 
science and technology: agronomy, aquatic 
biology, ecology, botany, entomology, fishing 
resources, pisciculture, endemic diseases, 
phytochemistry and wood technology, 
including research on forest products, pulp 
and paper. It also develops technology that 
can be used in the fishing industry and in the 
harvesting of tropical fruits. In the future, the 
institute plans to develop research in the field 
of social sciences, focusing on the settlement 
of the man in the · Amazon. In addition to 
anthropological studies, there will be surveys 
of regional development and of the role of 
science and technology in this process. 

During the time that he served as Minister 
of Science and Technology, Renato Archer 
demonstrated a special interest in the 
Amazon region and greatly strengthened 
INP A He created and presided over a 
commission made up of scientists and 
directors of regional dev~lopment agencies 
who formulated the guidelines for 
restructuring the institute. The participants 
were: Aziz Nacib Ab'Saber, Delile Guerra de 
Macedo, Heitor Vieira Dourado, Henry 
Checralla Kayath, Jose Duarte de Araujo, 
Lf dia Loureiro da Cruz, Marco Ante>nio 
Raupp, Paulo Emf)io Vanzolini, Warwick 
Kerr, Jose Cassiolato and Herbert 0. R. 
Schubart. 

In this period of crisis, when Brazil still 
seems to be unaware of the importance of 
science and education, couldn't the 
restructuring of the country's sole institute 
for tropical research represent a light at the 
end of the tunnel? 

Vera Maria F. de Almeida e Val 

Instituto Nacional de Pesquisa da Ama
zonia 

Translation: Elisa Landau 
Revision: Martha Sorenson 
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BIOLOGICAL RESERVE FOR 
MARANIIAO 

The Brazilian state of MaranMo 
is especially interesting 

biogeographically for the wealth of 
ecosystems found within its borders. 
Mangroves, sand dunes, and halophytic scrub 
extend along the coast. The lower courses of 
the state's major rivers form chains oflagoons 
with extensive swamps and seasonally 
inundated campos. The southern third of 
Maranhao is cerrado. The northwestern 
section of Maranhao is the easternmost 
extention of the rain forests of Amazonia, 
which give way to deciduous forests 
("monsoon forests") in the east and middle 

· section of the state. 
The western part of the state constitutes 

one of the least known areas of Brazil in terms 
of biogeography. This lack of information 
has a number of causes. Historically, the 
biological research concentrated around 
Belem, Para, revealed rich and distinctive 
fauna and flora, while there was virtually no 
information available regarding western 
Maranhao. Given. the lack of data, it was 
presumed that the rich biota typical of the 
Belem region successively lost species as one 
moved east into "pre-Amazonian 
MaranMo," until, finally, tliese species were 
substituted by those typical of northeastern 
Brazil and the cerrado. This "school of 
thinking" in biogeography--in which 
absence of evidence is the equivalent of 
evidence of absence--suppressed any 
interest that existed in studies of the forested 
parts of MaranMo. This region is one where 
access (until recently)was extremely difficult, 
distant from both Belem and the.state capital 
of Sfio Lufs, and drained by rapid-filled river 
courses. In addition, until the last few years, 
attempts to penetrate the area were resisted 
by local Amerindian groups, intent on 
defending their tribal lands. Even during the 
rubber boom, the valley of the Guru pi River, 
rich in Hevea brasiliensis, remained outside 
the realm of rubber tappers, since it was rare 
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that any stranger that entered the area ever 
came out alive. For all of these reasons, 
information on the wildlife of MaranMo was 
restricted to that of the coastal regions and 
the courses of the principal rivers, such as the 
Parnafba, the Itapecuru and the Mearim. 

To alter this state of affairs, and at the 
request of the Brazilian Institute for Forestry 
Development (IBDF), the Ornithology 
Division of the Museu Paraense Emflio 
Goeldi began a series of expeditions to the 
forested regions of Maranhao in 1981. The 
objective of these initial studies was the 
golden parakeet (Aratinga guarouba), a 
magnificent species of psittacine known only 
from a limited region in the Brazilian states 
of Para and Maranhao, and endangered with · 
extinction (See Ciencia Hoje, ·n° 29, p.76). 
These studies were made to uncover basic 
aspects of the golden parakeet's biology -
food plants, reproduction, habitkt 
requirements, behavior - up until then 
completely unknown. In addition to these 
specific goals, the research carried out 
demonstrated how much there still was to 
learn about the avifauna of Maranhao (see 
"the discovery of an avifauna," which 
follows). 

The final report of the Golden Parakeet 
Project was submitted to IBDF in 1984, with 
the strong recommendation that a biological 
reserve or national park be created in the 
western part of Maranhao. The report 
emphasized that it was also necessary to do 
supplementary research to help orient both 
economic development and wildlife 
conservation in the state. Supplementary 
research was considered extremely urgent 
because of the accelerated rate of 
deforestation registered during the field 
study expeditions and the ·insignificant 
amount of knowledge available at that time 
regarding the region's biota. Therefore, with 
the completion of the specific project on the 
golden parakeet, the head of the Zoology 

Department of the Goeldi Museum, 
Fernando C. Novaes, approved the idea of 
concentrating field research in the least 
known parts of Maranhao during the next few 
years. It was through .participation in this field 
work, from 1981 to 1989, that we "'ere able 
to put together new information on the 
distribution of bird species and, by extention, 
on the forested ecosystems in MaranMo. 

0 riginally there were · two distinctive 
types of forest in MaranMo: tropical 

rain forest, typical .of the Amazonian hylea, 
and tropical deciduous forest. Both types 
have already undergone modification as the 
result of human actions and the extent of 
their areas is diminishing rapidly. In the past, 
tropical rain forest covered the greater part 
of the west of the state, extending from the 
Gurupi River; which forms the western 
border with Para state, to at least the Mearim 
River in the east. The southern limit 
occurred at approximately 6°S. 

However, even though most authors 
consider the Mearim as the eastern limit of 
the tropical rain forest in MaranMo, the 
ornithological collections made by Ferdinand 
Schwanda at Miritiba from 1908 to 1911 and 
sent to a number of natural history museums 
in Brazil and overseas, demonstrate that a 
number of bird species known to require 
tropical rain forests existed in that region, 
approximately 100 km east of Sfio Lufs and 
not far from the coast. Among these are the 
pinima curassow (Crax fasciolata pinima), 
the golden-winged parakeet (Brotogeris 
chrysopterus), the white-throated toucan 
(Ramphastos tucanus), the red-necked 
arac;ari (Pteroglossus bitorquatus), the 
silvered antbird (Sclateria naevia) and the 
white-tailed c.otinga (Xipholena 
lamellipennis ). The. records of these species 
in Miritiba - today called "Humberto de 
Campos" - is clear evidence that tropical 
rain forest in MaranMo extended, at least in 
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certain areas, well east of the Mearim River. 
During aerial and land reconnaissance of 

the Humberto de Campos district, we 
searched in vain for any remaining rain forests 
that in the past were home to the toucans, 
curassows, and cotingas of Miritiba. Project 
RADAM-Brasil today classifies the area as a 
halophytic scrub ("r<!stinga"), with a 
predominance of low scrubby vegetation 
growing on sandy soils. 

What happened there? 
Apparently, with the removal of the 

forests that covered the district in the past, the 
area underwent a process of desertification. 
With deforestation and consequent exposure 
of the soil to wind and S\.m, local climatic 
change so drastically modified the landscape 
that today, in addition td the altered 
vegetation, we find enormous, wind-blown 
sand dunes more than 50 km from the coast. 
Where once grew exuberant rai? forests, 
today there are dunes' and low, dry, tangled 
scrub. 

To the east and south of the rain forests 
of Maranhao are found tropical deciduous 
forests. These contain a number of endemic 
species, as revealed by our ornithological 
work, including an undescribed relative of the 
spotted piculet (Picumnus pygmaeus), the 
moustached woodcreeper (Xzphocolaptes 
falcirostris), the pectoral antwren 
(Herpsilochmus pectoralis), and a peculiar 
form of the pearly parakeet (Pyrrhura perlata 
caerulescens). To our surprise, this zone has 
more in common with parts of Bahia, in terms 
of biogeography, than with northern 
Tocantins state, Goias, which is much closer 
in distance. 

One of the dominant tree species in both 
the rain forests and deciduous forests of 
Maranhao is the palm babassu (Orbign,ya 
phalerata ). This palm tree, which requires 
relatively rich, humid Sdils and is widely 
represented in the understory of primary 
forests, has a number of remarkable 
adaptations that make it resistent to fire and 
to predators. When the forests in which it 
occurs are cut and burned for agriculture, the 
babassu quickly becomes dominant. 
According to a 1982 report by the Brazilian 
Ministry of Industry and Commerce "the 
great babassu palm forests of Maranhao are 
of secondary origin, and are the consequence 
of the destruction, by man,· of the canopy 
trees, which inhibited the predominance of 
the palm in the understory. Since the 
Portuguese-Brazilian colonization of 
Maranhao was initiated in the 17th century, 
the physionomic and phytosociologial 
alteration of the forests there took place in a 
more complete fashion that in other 
[Brazilian] states." The babassu palm 
forests, therefore, are an indicator of rain 
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forest and deciduous forest disturbance (See 
Ciencia Hoje, n° 20, p.58). 

According to data from the 
RADAM-Brasil Project, in 1972 Maranhao 
had 123,595 km2 of forests, divided as 62,730 
km2 (50.75%) of primary forests and the rest 
secondary forests. These data contrast 
strikingly with the affirmation by IBDF that 
only 4.145% of Maranhao had been 
deforested by 1980. But the question of the 
extent of forests in Maranhao is a polemic 
issue, which we do not intend to resolve here. 
The important thing is to· show that a great 
extent of the primary forests of the state has 
been destroyed and that what remains is 
seriously thr~atened. 

Based on the RADAM-Brasil data 
(figure 3), the following regions still 

had significant stands of primary forests in 
1972: the upper Mearim and Grajau River 
valleys, the Western Lowlands ("Baixada 
Ocidental"), Imperatriz, Pindar~ and 
Gurupi, in addition to the municipalities of 
Presidente Dutra and Tun-tun. Since that 
date lumber production has grown rapidly in 
Maranhao, as demonstrated by the number 
of sawmills in operation (figure 4). Even 
more revealing, according to IBGE (Instituto 
Brasileiro de . Geografia e Estatfstica ), is the 
fact that the lumber and wood industry, 
responsible for 3.4% of the industrial 
production of Maranhao in 1975, rose to 
16.8% of the state's industrial production in 
1980. It is important to remember that 
almost all of this timber is from native stands, 
most of it in primary rain forest. 

Of the regions with remanescent forests, 
the Western Lowlands had the least primary 
forest remaining in 1972. This region is 
relatively close to Sao Lufs and has had a long 
history of agriculture and relatively high 
human population density. An insignificant 
producer of lumber before 1970, the region 
began to supply significant quantitites of this 
commoditJ in 1973, reaching a peak of 
278,000 m in 1975 (figure 5). Since then, 
wood production has been falling, and the 
region re~istered lumber production of 
135,000 m in 1982, the last year for which 

· data are available. 
In the region of the upper Mearim and · 

Grajau Rivers, where tropical deciduous 
forest dominates, the production of lumber 
grew during the 1970's, but since then has 
been declining. Presidente Dutra, a 
neighboring municipality of relatively small 
territorial extent (1,311 km2

), shows a pattern 
which is seen repeatly in the state: with no 
replanting following forest cutting, the 
production of wood diminished from 8,660 
m3 to 3,100 m3 in 1982. The sawmills 
installed in Presidente Dutra still function, 

but based on logs imported from neighboring 
municipalities, principally Tun-tun, where 
60,000 m3 of lumber were extracted in 1982 
from the municipality's 4,062 km2 of 
territory. 

The Imperatriz · region entered a new 
phase of its history when the Bel~m-Brasflia 
highway (BR-010) was constructed, and the 
region underwent explosive development 
when that roadway became passable 
year-round in 1964. In 1965, 97% of 
Maranhao's lumber production (761,500 m3) 

came from Imperatriz. The wood easily 
accessible from the highway was harvested in 
a predatory fashion, and by 1970 the lumber 
industry in Imperatriz had entered into 
collapse, producing only 4,000 m3

• With the 
asphalting of the BR-010, completed in 1973, 
Imperatriz again became an important 
lumber producing region. Side roads 
radiating from the main highway opened up 
new areas, and the region produced 640,000 
m3 in 1975 and 694,000 m3 in 1976. Since 
then lumber production has been falling, and 
235,000 m3 were produced in 1982. 

The Pindar~ region entered a phase of 
exponential growth in lumber production 
with the construction of the BR-222, cutting 
from southwest to northeast. Regional 
timber production reached a peak of 95,000 
m3 in 1981,withaslightdeclinein 1982. Since 
then the Carajas-Sao Lufs railroad has been 
built (completed in 1985), creating a new 
impetus to growth in the region. Although 
the data are not available, regional wood 
production has undoubtedly climbed rapidly 
in response to this. 

The Gurupi region began to produce 
lumber in significant quantitities in 1974. 
Since then growth has been rapid, reaching 
60,000 m3 in 1982. The figures presented by 
IBGE for this region are lower than the true 
amount of lumber produced here, however, 
as large quantities of timber are removed 
clandestinely from the area along the Gurupi 
River ( municipality of Carutapera) to lumber 
mills in Paragominas, appearing erroneously 
as Para production. In this context it is 
interesting to note that Paragominas 
produced the extraordinary quantity of 
901,000 m3 of lumber in 1982, with an 
unknown proportion of this· total coming, in 
fact, from western Maranhao. 

Lumber is not the only wood product 
coming from the remaining native forests of 
Maranhao. Charcoal and firewood are also 
important, and an unknown quantity of wood 
is burned in forest clearance for pastures and 
agriculture. IBGE's figures for the 
production of charcoal and firewood in the 
rain forest and deciduous forest regions of 
Maranhao for 1980 are shown in figure 6. 

Charcoal production is likely to grow 
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The Discovery Of An Avifauna 
Before we began our research, ornithological studies in Maranhao were rare and 

concentrated in few areas. Among the expeditions realized previously, the most 
important include that of Johann Baptist von Spix of 1819, who, in spite of being ill during 
the Maranhao section of his travels, described the results in the bookAvium species novae 
Brdsiliae, published in Munich in 181A and 1825; the voyage of the Vienna Royal 
Academy of Science to Maranhao, Piauf and Bahia in 1903; the work of Emilie Snethlage 
and her nephew Heinrich, who, together and separately, studied birds in Maranhao and 
other sections of the Brazilian Northeast from 1923 to 1926, with extremely important 
results. Other work that stands out includes the collections made by Ferdinand Schwanda 
in Sao Lufs and Miritiba from 1905 to 1911 and sent to numerous museums around the 
world; the material collected by Emil Kaempfer in 1926 through financing by Elsie 
Naumburg, benefactor of the American Museum of Natural History (the specimens 
deposited in this institution largely remain unpublished); and the birds collected on an 
excursion by the Sao Paulo Museum to Maranhao in 1955. 

The areas studied by Museu Goeldi research teams were selected with the idea of 
increasing the geographical coverage of ornithological research, by taking advantage of 
new road access. In all, we did research at ten sites (figure 1 ), concentrating efforts in the 
western part of the state, precisely that section least known. Of the over 600 species of 
birds encountered during the period, 115 in 34 families were recorded for the first time 
for Maranhao, representing over 18% of the species registered. The newly added species 
are mostly Amazonian in affinity, which demonstrates how little was known previously 
about tropical rain forest in the Maranhao. 

Our methodology at each site was always the same: we looked for tracts of· 
undisturbed forest, where we cut transect lines (that is, we opened trails) for the 
placement of mist nets (fine nylon nets 12 min length) in the forest understory in order 
to capture birds. We also used binoculars to make observations. 

Figure 2 presents the results of the samples made with mist nets. We classified all 
species according to the geographic distributions of the subspecies represented in the 
samples. For example, the Royal Flycatcher (Onchorhynchus coronatus) was always 
represented by the form 0. c. coronatus, typical of Amazonia. In the same fashion, the 
barred woodcreeper (Dendrocolaptes certhia), was represented by the form 
Dendrocolaptes certhia medius, found both in Amazonia and the Brazilian Northeast. 
Other birds were classified as having widespread distribution (usually including most of 
South American and part of Central America), a Northeast Brazilian distribution or were 
forms endemic to Maranhao. 

The map permits one to see that the understory avifauna is basically Amazonian in 
the rain forests ' of Buriticupu, Itinga, Macaca, Pedra Chata, Santa Barbara, and 
Urutawi-Renda. At Amarante, Trans-MaranMo and Tun-tun, birds with widespread 
distributions or those typical of Northeastern Brazil are more important--a 
characteristic composition for the avifauna of the tropical deciduous forests of these 
localities. 

Lago Verde is an interesting case, since it is a region where all the primary rain forest 
has been cut and substituted by second growth dominated by babassu palm (Orbign,ya 
phalerata). We were unable to find undisturbed forest at this locality. In the vegetation 
that grows among the babassu palms there are still a , few species of. birds typical of 
Amazonia, such as the hooded gnateater (Conopophaga roberti) and the rufous-capped 
antthrush (Form~carius colma), but these woodlands, drier and lower in profile, favor 
species typical of the Brazilian Northeast. In fact, one could say that the forests of 
MaranMo are undergoing a process of "Northeasternization." 

Our research has shown that instead of an impoverished fauna, western MaranMo 
holds extremely rich biological communities. In addition to the birds added to the 
MaranMo fauna, we were able to verify what primatologist Marcio Ayres discovered in 

•· 1981: the bearded saki monkey (Chiropotes satanas), supposedly limited to the parts of 
Amazonia west of the Gurupi River, is an important faunal element in the rain forests of 
MaranMo. As an obligate frugivore, it is undoubtedly an important seed disperser, with 
a fundamental ecological role in these forests. The Tiracambu Mountains, in particular, 
show the characteristics of being an important center of endemism, with especially 
exuberant fauna and flora. 
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rapidly in the near future in response to the 
establishment of iron-ore smelting 
operations installed along the Carajas-Sao 
Lufs railroad, already approved by the 
Interministerial Council of the Grande 
Carajas Program. These pig-iron factories 
will run on charcoal, requiring over 1,000,000 
tons per year. Studies underway which are 
evaluating international market conditions 
for charcoal consumption fix a goal of 
800,000 tons per year for export from Sao 
Lufs and Barcarena (the latter near Belem). 
The utilization of charcoal is also planned in 
cement factories (the only regional industry 
that already uses charcoal), and the possible 
use of the fuel in energy substitution 
programs is under study. 

Whatsmore, with the construction of the 
,North-South railroad, A<sailandia will be at 
the intersection of this new line with the 
existing Carajas-Sao Lufs railroad. This town 
in Maranhao is already projected to have the 
largest concentration of iron-smelting 
industries in the region of the Grande Carajas 
Program, demanding at least 430,000 tons of 
charcoal per year. If all the charcoal 
consuming projects are implemented, the 
consumption of charcoal in western 
Maranhao and eastern Para will jump from 
the current 90,000 tons per year to 
approximately 2,500,000, an increase of more 
than 27-fold. 

National Institute for Amazon Research 
(INP A-Mana us) researcher Philip M. 
Fearnside calculates that to meet . the 
projected demand, it would be necessary to 
plant rapid-growing trees (such as 
eucalyptus) in an area more than 15 times 
greater than the gigantic J ari Project in 
northern Para. But up until 1984 the total 
amount of plantation forests of eucalyptus in 
Maranhao amounted to 16,.094 ha, enough to 
meet the projected demand for no more than 
three months. Result: without any doubt, the 
majority of the charcoal to be used in the 
iron-smelting industries that are being 
installed will come from the region's 
remaining native forests. 

In addition to A<sailandia, five other 
centers of charcoal production are planned: 
three in Para (Maraba, Barcarena and 
Tucuruf) and another two in Maranhao 
(Imperatriz and Santa Infs). The projected 
increase in charcoal demand in these areas 
will have grave consequences on the 
remaining native forests of western 
Maranhao. 

The growth of Maranhao's wood industry 
is reflected by human population growth. 
The population density in western MaranMo 
reported by the 1980 censl,ls (IBGE 1981) is 
relatively low in the Gurupi region and part 
of the Pindare, and higher in Imperatriz and 
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the Western Lowlands. In all these regions 
the population is growing rapidly. Only two 
municipalities, Born Jardim and Carutapera, 
still had fewer than 5 people per km 2. These 
municipalities contain some of the state's 
richest and most extensive remaining forests 
anci are the ideal location for a biological 
reserve. In fact, a forest reserve was created 
by decree in this region in 1%1, but never 
implemented. Finally in January 1988, a part 
of this area was decreed as the Gurupi 
Biological Reserve, aiming to protect the 
fauna and the flora, the most precious natural 
genetic resources in Brazil. A detailed 
examination of the situation within its 
boundaries and nearby can provide an 
evaluation of the best prospects for 
conservation in western Maranhao. 

On 25 August 1961, Brazilian 
President Jania Quadros signed 

decree n° 51,026 creating the Gurupi Forest 
Reserve ("Reserva Florestal de Gurupi"), 
occupying_ approximately 1,674,000 ha 
( figure 7). The lands, flora, and fauna of the 
reserve were to be protected, the reserve to 
be surveyed, Indian lands to be defined, and 
private land owners to have their holdings 
within ther reserve boundaries 
disappropriated. Of these directives, up until 
January 1988, only the definition of some of 
the Indian lands had been accomplished. 
This forest reserve, along with eight others 
created under the Brazilian Forestry Code of 
1934, was left undefined when -,the new 
forestry code was written in 1965 (law n° 
4,771/65). The new code has provisions for 
national parks, biological reserves, and 
national forests (these last for economic 
exploitation), but does not mention "Forest 
Reserves." When the Brazilian Institute for 
Forestry Development (IBDF) was created 
in 1967 ( decree n° 288/67), the forest reserves 
again were not defined. 

The lack of definition of the Gurupi 
Forest Reserve led to years of omission on the 
part of IBDF. Instead of disappropriating 
privately held lands as directed by the decree 
of 1961, the state of Maranhao issued an 
indeterminate number of new definitive 
titles, with no reaction on the part of IBDF 
until July 1984. That year IBDF personnel 
finally directed the state to cease in the 
emission of new titles within the reserve's 
boundaries. At the same time, studies were 
initiated to determine what should be done 
with the reserve's lands. 

Figure 8 shows details of the region of the 
Gurupi Forest Reserve. Three indian 
reserves that include lands defined in the 
1961 decree were delineated by 1985: Alto 
Turia~u (Urubu-ka'apor, Tembe, and Guaja 
Indians); Caru (Guajajara and Gl.iaja 
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Indians); and Pindare (Guajajara Indians and 
Timbira Indians). A small part of the forest 
reserve was incorporated into one of the 
Company for the Colonization of the 
Northeast's (Colone) colonization projects. 
This federally-owned company began its 
colonization program in Maranhao in 1962 
and has received considerable financial 
support through loans from the World Bank. 
The Maranhao state program for 
colonization (Comarco) has projects 
northeast of the Colone project and south of 
the Gurupi Forest Reserve. It has already 
been proposed that 726,000 ha of this latter 
area be utilized as an "income forest" for the 
sustainable production of wood products, an 
idea that was abandoned early on, since 
predatory deforestation practices in the area 
have already left it without sufficient forest 
cover to carry out the plan. The Carajas-Sao 
Lufs railroad is parallel to the southeastern 
border of the forest reserve. 

The planned colonization schemes of 
Colone and Comarco always included forest 
preservation in half of the area of the lot 
occupied by each colonist. This · directive 
( called the "50% rule") is part of the Brazilian 
Forestry Code as it applies to the Amazon 
region and the Northeast. In practice, 
however, this rule has not worked anywhere 
in western Maranhao for lots smaller than 
100 ha and in many areas where larger lots are 
colonized. In our research we found that in 
the colonization areas in this region, the 
entire lot inevitably is deforested or its section 
for "preservation" is seriously damaged 
through burning. For this reason, the impact 
of these planned colonization programs on 
the forest cover of western Maranhao has 
been devastating. 

In 1981, the dry season was especially 
severe in western . Maranhao. Fires set to 
clear fields invaded uncut forest in the mosaic 
of lots in the Colone area, killing all the 
understory and approximately one-third of 
the trees. Dozens of square kilometers were 
affected. The fires stopped only upon 
reaching the frontiers of the Alto Turia~u 
Indian Reserve, where the continuous forest 
seems to have retained more moisture. 
These understory fires are widespread in 
areas being opened by colonists. Because 
one-half to two-thirds of the trees survive 
these fires, remote sensing techniques do not 
pick up the environmental alteration they 
cause. These fires wreck havoc on wildlife, 
and have caused the local extinction of most 
ground birds and many understory birds in 
the Colone area. Theoretically, 50% of this 
area cons ti tu tes permanent forest reserve, 
but consultation of-satellite imagery shows 
that 80 to 90% of the southern part of the 
Colone area had already been deforested by 

August of 1985, without counting that section 
damaged by understory fires. Tragically, the 
50% rule is nothing but a reference on paper. 

It can be seen from the map that the 
destiny of viru tally all of western Maranhao is 
already defined. The map does not include 
the thousands of unplanned colonists 
("squatters") in the area. The severe 
droughts in the Northeast of Brazil in the last 
few years swell the ranks of the landless iI?, 
search of a homestead. Waves of immigrants 
moved into western Maranhfio with the 
construction of the BR-316 and the BR-222, 
and more of them flooded in when CVRD 
( Companhia Vale do Rio Dace) built the 
Carajas-Sao Lufs railroad. Invasion by 
unplanned colonists has been an especially 
grave problem in areas which had access 
facilitated by these new transport routes. 

Gold has also been an important recent 
factor in drawing immigrants. Placer mining 
operations exist in a number of places north 
of the 3°S parallel. These gold mines, 
together with deforestation, have had a 
severe impact on the river systems of 
northwestern Maranhao. The Maraca~ume 
and Parua Rivers, once perennial, through 
siltation now have their flows interrupted 
during the annual drought from August to 
October. Only the Turia~u River, with its 
headwaters protected in the Alto Turia~u 
Indian Reserve, maintains its flow during dry 
periods in this region. · 

The lands in the indian reserves have 
formally been transferred from IBDF to the 
National Indian Foundation (FUNAI). This 
leaves approximately 900,000 ha of the 
original 1961 decree that could be defined for 
nature conservation. Through overflights 
and ground reconnaissance we can affirm 
that the eastern third of the reserve 
-including 95% of the Pindare Indian 
Reserve- has been completely deforested 
and now has extensive babassu stands. There 
is little use in including this degraded section 
in a biological reserve, and it should be 
liberated for other purposes. Agro-forestry 
would be especially appropriate in this area. 
Significant stands of forest still remain in the 
central and western parts of the original 
"reserve," and it is in this section that a 
biological reserve was created on 12 January 
1988, together with a new indian reserve for 
the Guaja tribe. The two decrees signed by 
Brazilian President Jose Sarney represent an 
important advance in nature conservation 
policy in the region. 

The effective protection of thi~ area is 
essential to guarantee the survival of 

the biological resources of the rain forests of 
the state. Research done by anthropologist 
William L. Balee among the Urubu-ka'apor 
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Indians in the Alto Turiac;u Indian Reserve 
gives an idea of the extent of these resources. 
This researcher showed that 100% of the 
trees in a 100 m2 plot of forest under study in 
the Indian reserve had a least one recognized 
use to the Urubu-ka'apor, either as a food 
source, medicine, or building material, 
among other uses. Many trees had two, three 
or more uses by the indians. If the biological 
reserve is not in fact protected, Maranhaowill 
lose at least 21 species of birds and four 
species of mammals by 1995. (figure 9). In 
addition to the known species, indicated in 
the figure, an uncalculable number of other 
species of insects, plants, and other forms of 
life, many of potential economic importance, 
will also become extinct. 

Why is such a large area necessary for a 
biological reserve? It is because only a tract 
of this extent can permit the conservation of 
some of the most threatened faunal and floral 
elements, such as jaguars, harpy eagles, and 
golden parakeets, species of forest creatures 
that require extensive areas to survive. On 
the other hand, it is clear that, with all the 
economic forces unleashed in western 
Maranhao, all areas that are not explicitly 
protected will be deforested. 

It is important to emphasize that indian 
reserves should not be considered as 
conservation units in a strict sense. In 
addition to hunting within their lands and 
clearing forest fo(' gardens, indians have the 
right to sell timber concessions in their 
reserves to the lumber industry. And the 
economic pressure on the forests on indian 
lands increases as other forested areas in 
Maranhao succumb to the action of the 
chain-saw. 

The limits of the biological reserve were 
defined based on the following criteria: 

1) relatively low level of forest cover 
alteration; 

2) presence of species endangered with 
extinction; 

3) few installed private land holdings; 
4) habitat diversity; and 
5) absence of mineral deposits. 
Figure 10 shows the lands included in the 

Gurupi Biological Reserve in the decree of 
January 12, 1988. The delimited area 
contains a few tributaries of the the right bank 
of the Guru pi River, a section with tributaries 
of the left bank of the Pindare River and an 
extension of the highest sections of the 
Tiracambu Mountains, with altitudes over 
300 m. Considering the steep slopes, the 
Tiracambu region is inadequate for 
agriculture or pastures and, in any case, needs 
to be protected to avoid serious problems 
with erosion. The inclusion of streams that 
drain into the Gurupi and Pindare Rivers is 
essential for the conservation of species that 
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demand seasonally flooded forest habitat. 
Our research shows that the faunal and floral 
elements most threatened with extinction in 
Maranhao still exist in the area. 

CVRD (Companhia Vale do Rio Doce), 
responsible for the Carajas-Sao Lufs railroad, 
owns mining rights to large bauxite deposits 
in Paragominas (Para) and in Maranhao, in 
the southwest corner of the Gurupi Forest 
Reserve. There was a project for the 
construction of a spur rail line linking the 
existing railroad to the bauxite deposits of 
Paragominas, that would pass directly 
between the Alto Turiac;u and Caru Indian 
Reserves, precisely in the area of the new 
Biological Reserve and Awa Indian Reserve. 
Such a route for the new rail line would be 
disastrous for both indians and wildlife in 
western Maranhao, as it would open up the 
last remaining forest to uncontrollable 
invasion by economic interests, just as the 
lands along the Carajas-Sao Lufs railroad 
have been invaded. Fortunately, with the 
recent discovery of extremely highly 
concentrated bauxite of the finest quality in 
the Tiracambu Mountains, the trajectory of 
the the rail line will be dislocated to the south, 
in order to first establish access to the the 
Maranhao deposits, before being extended 
on to those in Paragominas. To avoid conflict _ 
between the biological reserve and mining 
interests, the borders of the the protected 
area were draw to exclude the bauxite 
deposits. 

The state of Maranhao has issued an 
unknown number of definitive land titles 
within the area of the biological reserve. 
Based on satellite imagery and overflights, it 
was found that the deforestation by these 
land holders has been so extensive along 
certain sections of the Guru pi that it was best 
to exclude most of this area from the 
biological reserve, thereby reducing the cost 
of necessary land disappropriation. Within 
the defined borders, however, there are still a 
number of title holders that will have to 
receive i'ndemnifications for IBDF to 
integrate their lands into the protected area. 
Thete are exc_ellent ·private roads from 
Paragominas into the western part of the 
reserve and some well-constructed bridges 
over the Gurupi River. The land holders in 
the section along the Gurupi excluded from 
the biological reserve extract an incalculable 
quantity of logs from the area, but their 
presence helps avoid new invasions of the 
region. The infrastructure _they have built 
could be used for logistic support, helping 
IBDF to gain access to the area and enforce 
wildlife protection laws. 

A ,.tion to implement the Gurupi 
~iological Reserve is urgent. Bridges 

and rafts provide access to the area by way of 
Paragominas and Ac;ailandia, and selective 
logging is decimating the area's wood 
resources. Several ranches raising cattle and 
horses have been established. Lumber roads 
run along the divide of the Tiracambu 
Mountains and countless quantities of 
Spanish Cedar, Massaranduba and Tabebuia 
wood are removed from the reserve area each 
dry season, without proper lumbering 
documentation from IBDF. · Uncontacted 
groups of hunter-gatherer Indians still roam 
through the area and have entered in armed 
conflict with "civilized" local inhabitants. 
There are indications that illegal lumbering 
activity has actually increased since the 
biological reserve was decreed. 

The World Bank, through its loans to 
Colone and to CVRD, has had a special role 
in accelerating the development of western 
Maranhao. The Gurupi Biological Reserve 
is in a pincher between these two projects. 
Therf exists the argument that ~he Bank 
should assist in the implementation of the 
reserve, including financing to IBDF for the 
necessary disappropriations. Part of the 
Colone project called for a 25,000 ha forest 
reserve near Nova Olinda on the BR-316. 
This reserve itself, which would have been too 
small to compensate for the hundreds of 
thousands of hectares of rain forest destroyed 
in the Colone area, no longer exists: it was 
invaded in 1984 and is now entirely occupied, 
with most of its lands reduced to low second 
growth. 

The formal demarcation and effective 
protection of the Guru pi Biological Reserve 
should be viewed as top priority for 
development planning in eastern Brazilian 
Amazonia. The region east of the Tocantins 
River, recognized during centuries has one of 
the richest in biological resources in all of 
Amazonia_, did not have a single hectare in a 
national park or biological reserve until the 
decree of January 1988, even though it has 
been considered "priority number one" by 
IBDF since 1976. Environmental problems 
in this area rival those in Rondc')nia, which 
have received much more attention. Even 
wood development experts, usually 
optimistic, claim that lumbering in Maranhao 
will be over within six years. Some of the 
industries that burn charcoal for producing 
pig-iron are already in operation, and others 
are under construction. The vast biological 
resources represented by the forests of this 
region are nearing exaustion. There is a 
choice: a few more years of sacking, including 
the destruction of the last forest redoubt in 
Maranhao, or rapid action to save the little 
that remains of this natural heritage. 
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NUMBERED FIGURES (See Amazonia pp. 92-98) 

Figure 1. Research localities. Localities of research.by the Museu 
Paraense Emflio Goeldi (1981-1986). Localities of previous 
research. 

Figure 2. Understory bird communities and their distribution 
AM = Amazonian; AMPLA = Widespread; AM-NE = 
Amazonian and Northeastern Brazil; NE = Northeastern Brazil; 
MA = Maranhao 

Figure 3. Vegetation of MaranMo (1972) 
Atlantic Ocean 
Primary Tropical Rain Forest; Primary Tropical Deciduous 
Forest; Evergreen Second Growth; Deciduous Second Growth; 
Coastal Secondary Scrub; Contact Zone Forest/Cerrado; 
Cerrado; Seasonally Flooded Campo, Mangroves, and Dunes 

Figure 4. Sawmills in Operation in MaranMo; units in operation; 
year 

Fi~ure 5. Lumber Production in MaranMo; measured in 1,000 
m; year 

Figure 6. Charcoal and Firewood Production in Rain Forest and 
Deciduous Forest Regions ofMaranhao (1980); Region; 
Charcoal (tons); Firewood (m\ Western Lowlands; Imperatriz; 
Pindare; Gurupi; Upper Mearim and Grajau; source: Brazilian 
Institute of Geography and Statistics 

Figure 7. Gurupi Forest Reserve, Created in 1961; Gurupi Forest 
Reserve; Indian Reserves 

Figure 8. Situation of the Guru pi Forest Reserve as Decreed in 
1961; Gurupi Forest Reserve; Colone Lands; Comarco Lands; 
"Income Forest" proposed by SUDAM; Indian Reserves · 

NON-NUMBERED FIGURES (SeeAmazonia pp. 90-99) 

(p. 90). The region east of the Tocantins River, one of the richest 
in Amazonia, did not have a single hectare of land protected in a 
national park or biological reserve. In January of 1988 the 
Gurupi Biological Reserve was created in western MaranMo. It 
is imperative now to implement it and preserve it. 
Deforestation along the Carajas-Sao Lufs railway 

(pp. 92-93). Scarlet Macaw (Araracanga), Bearded Saki Monkey 
(Cuxiu), White-throated Toucan (Tucano Grande), Harpy Eagle 
(Gaviao Real). 

FURTHER READING 

Figure 9. Animal Species Threatened with Extinction by 1995 
Birds: Gray Tinamou (Tinamus tao) 

White-throated Tinamou (Tinamus guttatus) 
Cinereous Tinamou ( Crypturellus cinereus) 
Variegated Tinamou (Crypturellus variegatus) 
Harpy Eagle (Harpia harpyja) 
Guianan Crested Eagle (Morphnus guianensis) 
White-crested Guan (Penelope pileata) 
Razor-billed Curassow (Mitu mitu) 
Pinima Curassow (Craxfasciolata pinima) 
Dark-winged Trumpeter (Psophia viridis) 
Scarlet Macaw (Ara macao) 
Golden Parakeet (Aratinga guarouba) 
Rufous-vented Ground-cuckoo (Neomorphus geoffroyi) 
Paradise Jacamar (Galbula dea) 
Great Jacamar (Jacamerops aurea) 
White-throated Toucan (Ramphastos tucanus) 
Guianan Red-cotinga (Phoenicircus carnifex) 
White-tailed Cotinga (Xipholena lamellipennis) 
White-crested Spadebill (Platyrinchus platyrhynchos) 
Nightingale Wren (Microcerculus margi,natus) 
Red-and-black Grosbeak (Periporphyrus erythromelas) 

Mamma/,s: 
Bearded Saki Monkey ( Chiropotes satanas) 
Jaguar (Felis onca) 
Lowland Tapir (Tapirus terrestris) 
White-lipped Peccary (Tayassu pecari) 

Figure 10. Boundaries of the Guru pi Biological Reserve, Created 
on January 12th, 1988. 

(p. 95). A substancial portion of the wood extracted from native 
forest ends up in coal ovens. 

(p. 99). Tract of Virgin Rain Forest in the interior of the Guru pi 
Biological Reserve. 
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II HANDLE WITH CARE: FRAGILE II 
Cleber J .R. Alho 

Departamento de Biologia Animal, 
Universidade de Brasilia 

The Amazon rain forest is being fiercely devastated. It is estimated that approximately 500 tons per hectare of the 
exuberant vegetation cover have been cleared. Such deforestation affects the delicate balance of the forest causing 

serious alterations, one of the most important being the reduction of biological diversity, with the subsequent extinction 
of the species. Exploitation of the wealth of the region has been occurring with no concern for the conservation of the 
forest, fauna and rivers. It is of the utmost importance th~t solutions be found so that resources in the Amazon can be 
used rationally, without implying its destruction. Biological management is a possibility for the intelligent intervention 

0 f the 100,000 plant species existing in 
Latin America about 30,000 are in 

the Brazilian Amazon region. The rain forest 
is the habitat of a fantastically diverse fauna, 
well adapted to each environment. Upland 
forests offer a gradient of ecological niches 
occupied by different animals that live in the 
various strata of the forest. The animals, 
however, do not merely inhabit the area, they 
are an intrinsic part of its complexity. 

Those who foolishly wander within the 
wonderful Amazon upland forest opening 
trails, cu.tting lianas, treading noisely on dry 
foliage, hardly notice the immense 
complexity of the different life forms all 
around. Although there can be attacks by a 
few insects, no one even imagines that the 
Amazon rain forest is a paradise of animal 
diversity, with thousands of known and 
unknown species. 

The result of the co-evolution between 
the predator and his prey, camouflage and 
aposematism represent a fascinating chapter 
of natural selection. Camouflage or 
mimetism is an evolutionary process 
presented by certain species where the 
similarity of one animal to another or to some 
object of the environment occurs to deceive 
predators. Aposematism, another result of 
the evolutionary process, gives an animal a 
conspicuous appearance, warning the 
predator that it is pernicious and unpalatable. 
Thus there are insects with vibrant colors, 
associated to strong odors that are not at all 
appetizing to the predator. They soon learn 
to avoid beautiful, rich-colored prey. There 
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by Man in nature. 

are also ants and wasps whose sting, the pain 1 

of which is unforgettable. Arthropods 
(insects, spiders and other animals) are 
present in all strata of the rain_ forest. Social 
insects such as ants, termites and bees 
exploit the arboreal strata, although the soil 
is also inhabited by leaf-cutting ants and 
termites. Due to the recycling of forest 
biomass nutrients, these insects and other 
invertebrates that dwell on the ground have 
a highly relevant biological role in the 
maintenance of the rain forest. Reptiles ( such 
as snakes), amphibians and animals with 
scansorial capacity ( adaptation mechanism 
that some beings have of climbing up steep 
areas) ·such as the quatipuru squirrel and 
several lizards exploit the lower and middle 
strata. 

The higher stratum is exploited . by 
hummingbirds in search of nectar in addition 
to macaws, parrots and parakeets that feed 
on fruit, sprouts and chestnuts and build 
nests on the hollow branches of trees and 
palm trees. Toucans,· short distance fliers, 
exploit the tall trees. They feed basically on 
fruit, although they also like insects, spiders, 
eggs and fledglings. The middle stratum is 
inhabited by curasows, guans, cuckoos, 
hoatzins, hawks, owls and hundreds of small 
birds. Tinamous, trumpeters, land turtles, 
tapirs; paca, white-lipped peccaries and 
collared peccaries can be found on the 
terrestrial stratum. 

Mammals that forage on the ground take 
advantage of the seasonal and rhythmical 
productivity of food, such as fruit that fall 

from trees. These animals, in turn, serve as 
food for the great felines and for large snakes. 
Mammals can also be found in other strata of 
the rain forest. Sloths and howler-monkeys 
feed on sprouts of various trees and coaitas, 
sakis, marmosets and hedgehogs also haunt 
the area, searching for insects, fruit and other 
food items. Still, our inconsiderate visitor, 
penetrating the rain forest, billhook in hand, 
producing noise, believes that the primary 
rain forest is deserted. Sheer illusion! 

Ecologists and biologists have been 
trying to understand how complex 

communities with many different species, as 
in humid tropical rain forests, interact with 
one another. How do members of this 
community remain in the same habitat and 
interrelate? The issue seems simple enough, 
yet it is an enormous challenge. How do the 
climate and the humidity of the forest, as well 
as other physical factors, affect the relation 
between vegetation and its productivity, its 
primary consumers and predators? Finally, 
how does this interaction affect the regulation 
of the animal population? 

The Amazon rain forest has gone through 
millions of years of evolutionary processes to 
attain the maturity of its natural ecosysteQ1s. 
Nonetheless, to reach this stage, it had to go 
through periods of drastic climatic change, 
du_ring and after the Pleistocene period ( a 
time of great floods and glaciations, around 
2.5 million to 10 million years ago). The vast 
diversity of species, the composition of 
ecological communities, the interaction of 
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environmental components - including t~e 
refined system that animals and plants have 
of depending on one another and of those 
whose cycles originate from environmental 
factors - are the result of a complex 
ecological homeostasis (balance and stability) 
resulting from this biome's long evolution. 

Abiotic factors influence the productivity 
of flowers, fruit and new foliage on trees at 
certain times of the year. The seasonal 
rhythm of the rain forest creates an enormous 
dependence on animals who need this cyclical 
resource to survive. Any irregularity in this 
rhythm of productivity affects the equilibrium 
of the animal populations. 

Rain is one of the most important 
elements in the productivity of the rain forest. 
Climatic factors such as precipitation, 
temperature, humidity, solar radiation and 
wind affect the structure of the forest soil 
(through the water content on the soil's 
humus layer) and the periodicity 
phenomenon of plants. These phenomena 
are called phenology. Although a stretch of 
the Amazon upland forest soil can have a 
large diversity of trees, each tree species 
seems to have its own phenological rhythm. 
This alternating rhythm of resources, 
involving the availability of new foliage, 
flowers and fruit, alters the leaf-eaters' forage 
strategy (sloths and howler-monkeys, for 
example) and terrestrial fruit eaters (spotted 
cavies, cu tias, peccaries, land turtles and 
others). 

In · a humid rain forest, leaf-cutting ants 
indirectly consume more leaves than any 
other species of leaf eaters which, in turn, 
serve as prey to insect-eating animals . . 

The different seasonal patterns of the 
flowers also attract different pollinizers, · 
either specific or not, such as arthropods, 
hummingbirds, bats and marsupials. The 
more specific the plant/pollinizer relation is, 
the more dependent the animal on the plant. 
There are also the dispersers, such as little 
squirrels called quatipurus, who pick 
chestnuts from husks discarded by other 
rodents and put them away in different 
places. Some nuts are forgotten and end up 
germinating and thus helping with the 
dispersion of the species. Like the quatipurus, 
other species depend on new foliage, flowers, 
fruit and seeds for food. 

In addition to depending on seasonal 
abiotic factors, food supply oscillation in the 
rain forest varies from habitat to habitat. 
During the wet season, th~ Amazon River 
and its tributaries flood a vast area around its 
banks; these areas remain flooded for 
months. After this period water levels 
diminish and return to the river beds. This 
annual process creates the ~onditions for 
different habitats, even within regions with 
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the same vegetational characteristic. Thus 
swamp forest stretches (igap6s) are 
permanently flooded areas, while flood plains 
(varzeas) are seasonally flooded. 

Depending on the quality of the water, 
swamp forests and flood plains have 

different habitat structures. When the water 
is clear, such as in the Tapaj6s River or along 
a stretch of the Amazon River (the 
Solimoes), it has more nutrients and, due to 
this, the flood plains are more exuberant. In 
swamp forests with dark, muddy waters and 
permanently flooded stretches, nutrients are 
less copious. 

Forest uplands, which are free from 
seasonal flooding, have different habitats 
covering higher levels. While in the flood 
plains the forest canopy is more open, the 
upland forest canopy is denser, thus allowing 
less penetration of light. The high rate of 
humidity, heat and light favors a second very 
dense stratum on the flood plain forest, with 
a bushy and herbaceous formation, making it 
practically impossible for a person to walk 
within its vegetation. Even so, there are 
enormous trees, such :is the ceiba tree (Ceiba 
pentandra), cedar (Cetrela) and the 'virola or 
bicuiba' (Virola surinamensis), many palm 
trees, such as the 'bacabas' (Oenocarpus sp), 
assai (Euterpe oleracea), 'muriti or buriti' 
(Mauritia alexnosa), 'camona' (lriartea 
exortriza), 'airi or brejeuba' (Astrocaryon sp) 
an,d 'acuri' (Atta/ea), that attract rodents, 
primates, birds (parrots, macaws, toucans) 
and other animals during the fruit season. 
Virola surinamensis, for example, is dispersed 
by toucans, 'arac;aris' and other birds that 
feed on the pulp of its fruit and regurgit<Jte its 
seeds, one by one, all around the forest. 

Upland forest trees are larger, for 
example the gigantic species of Leguminosae, 
Moraceae, Sapotaceae and Lecythidaceae 
(an example of this is the enormous 
Brazil-nut tree, Bertholettia excelm); these 
trees can measure up to 10 meters in trunk 

· circumference. Because of the dense canopy, 
which renders the light penetration difficult, 
it is easier to walk, for the intermediate 
herbaceous strata is not so thick. There are 
also smaller trees such as the cacao tree 
(Theobroma), a native of the forest currently 
cultivated in other countries as the main 
chocolate ingredient. The 'ararajuba or 
guaruba' (Aratinga guarouba), a small green 
and yellow macaw threatened with extinction 
and which only exists in Brazil, can still be 
found in such forests. Ornithologist Helmut 
Sick suggests its adoption as a national bird 
(see "A guaruba:-novo sfmbolo nacional?" in 
Ciencia Hoje - n° 29). 

Tree phenology in various forest habitats 
depends on abiotic environmental factors. If 

drought periods are more severe or the wet 
season more humid, many plants are 
phenologically affected, presenting foliage 
instead of flowers during the flowering 
season. Others do not bear fruit, leading to 
starvation and an enormous impact on the 
animal population that relies on these 
resources for feeding. 

Recent studies carried out in the 'Barro 
Colorado Forest', in Panama, show that some 
bird populations are particularly adjusted to 
the food supply during the drought season: 
some species, for example, do not reproduce 
when there is a food shortage. Likewise, the 
feeding habits of the paca (spotted cavy) and 
cotia populations (terrestrial rodents that 
feed on fruit and seeds that fall from the trees 
during the drought season) change when 
there is a food shortage. The pacas turn to 
germinating seeds and vegetation and the 
cotias to the seeds they buried during the 
abundant season. When there is a food 
shortage the animals begin to starve; a low 
reproduction and a high mortality rate can 
then be verified. The same occurs with 
squirrels and other small mammals, as well as 
with peccaries and some primate species. The 
howler-monkeys (Alouatta spp) are a good 1 

example of the delicate dependence on forest 
resources which, in turn, depend on cyclical 
environmental factors. 

In a recent paper written for the 
University of Brasilia concerning a 
population of wooly spider monkeys 
(Brachyteles arachnoides) who inhabit a small 
stretch of the Atlantic Rain Forest, 
researcher Rosa M. L. Sa concluded that 
each group of monkeys invests 18% of its 
available time on foraging activity. A total of 
50.56% of these monkeys' diet is composed 
of new foliage, 28.24 % of flowers, 18.49% of 
fruit and seeds and 2.69% of other items. 
Another paper, by Karen Barbara Strier, 
concerning the Atlantic Rain Forest with the 
presence of Brachyteles shows that these 
primates have seasonal activity, preferring 
the primary forests. The area established by 
the group is strongly related to the 
phenological · availability of the chosen food, 
towards which they are highly selective. 

The howler-monkeys inhabit the upper 
stratum ofthe forest, and feed on sprouts, 
new foliage, fruits and flowers. They are social 
animals that live in groups and have a strong 
call, characteristic of the species. They are 
abundant in the Amazon upland forests. 
However, the size of the social group, the 
numeric relation between the sexes, the 
proportion of young animals and their 
physical condition reflect the diversity of food 
to which the troop has access. Similarly, otht!r 
leaf-eating species (such as sloths) and 
herbivores (such as deer) depend on the 
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Turtles: A Suggestion For Sustainable 
Management 

In the Amazon region, past consumption of turtle meat and the industrial use of its 
eggs was significant. Between 1885 and 1894, 123 tons of butter made from turtle eggs 
entered Belem officially. Recently, however, due to the intense exploitation, an important 
change has occurred in the utilization of these turtles. Industrial use of products has been 
reduced to a small business of homemade remedies. Turtle meat is no longer part of the 
diet of the humble population in the Amazon; it has become a delicacy of upper-class 
people in the region's major cities. Apart from being a simple way of obtaining protein, 
turtle meat has become a lifestyle, connected to local culture. 

Thus the exploitation, illegal trading and consumption of turtle meat are socially 
important for the upper classes and economically important for the lower classes. 
'Caboclos' (peasants) are encouraged to capture these animals and to collect their eggs 
to pass on to the wealthier population, who pay a market price for its delicate taste. Due 
to the non-existence of sustainable management and turtle-raising techniques, the 
market is supplied by capturing individuals from the natural population. 'Podocnemis' 
and 'Kinostemon' are the more exploited genera in the Brazilian Amazon Rain forest, 
especially the hawksbill turtle (Podocnemis expansa), the 'Tracaja' (Podocnemis unifilis) 
and the 'muc;uil' (Kinostemon scorpioides). Forest chelonians, such as land turtles 
(gender Chelonoides), are also fiercely hunted. · 

A management program must urgently be adopted: the turtle population is 
diminishing continuously, not only because of the pressure exerted by hunters and seizure 
of eggs but also because of environmental modification and disturbances, which degrade 
feeding and reproductive habitats. The main idea of this type of management is to restore 
the natural populations and comply with the demand for meat consumption. We propose 
a rational use of the turtle based .on its life cycle. A turtle lays an average of 91.5 eggs. 
However, presumably, less than 20% of the turtlets return to the sand banks as adults to 
spawn. Predatory rate is high, leading to a loss of ecological and economic resources. Our 
proposal for sustained management is to take a percentage of these turtlets and raise 
them in appropriate tanks for eight years- the time needed for a turtle to reach maturity 
and, henceforth, provide the investor with profits. 

In a group with 5,000 turtlets, 10% of the animals would be returned to their natural 
habitat at the end of each year, that is, 4 75 turtle ts, minus 250 that die from natural causes 
(a maximum of 5% ). Such an action would assist in the conservation of the species by 
improving the recruitment in natural populations. The turtlets, at this age, are less prone 
to natural predatory action by piranhas, 'aruanas' (Osteoglossum bicirrhosum), 
'tucunares' (Cichla ocellaris) and other predators. Thus, in the first year, 4,750 animals 
would remain. The second year would bring 4,038 animals, 237 of which would probably 
die and 403 would be returned to their natural habitat, and so on. 

Experiments have shown that the Amazon turtle is easily raised in intensive systems, 
presenting a low mortality rate. At the end of each eight-year cycle, if the cycle begins with 
5,000 turtlets, the raiser can have more than 1,500 adult turtles to trade and still be able 
to return 10% of these animals to nature every year. Devolution ofthese 10% will result 
in increased reproduction. Reproductive and feeding habitats should be protected as a 
complementary measure of the management, 

Once this program is put into practice and several raisers are registered, there will be 
a significant production of turtles for trade at the end of each cycle. Thus the turtle raising 
program, with an annual group of turtle ts, can be an economic incentive for the protection 
of the natural populations, as well as a form of recolonizing areas which are entirely 
deserted today. These programs demand complete control from the official services in 
charge of nature conservation. Before the advantages and risks can be entirely 
considered, it is most important to establish the minimum and maximum size of each 
raising operation; the continuation of research in order to supply detailed information 
about the ecology and behavior of the populations and upgrading of environmental 
educa~ion, with the organization of political actions and public information campaigns. 

This management plan could be adapted for the 'tracaja', mainly in the great lakes 
formed by the hydroelectric dams in the Amazon region. As long as it is adapted to the 
ecology of the species, a similar plan could be applied to the land turtles that inhabit the 
upland forests. 
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seasonal resources supply. 
The coatis (Nasua nasua) live in groups 

and reproduce in a syn chronic manner. The 
seasonal variation of food availability affects 
the exact period of reproduction. Yearly 
difference in food availability strongly 
influences the age of the first reproduction of 
female coatis, affecting even the size of the 
population and the potential for animal 
growth. Everything points to the fact that 
densities and other population parameters 
depend on these cyclical resources present in 
the forest. 

The livelihood of insect eaters depends on 
the prey population densities, which may 
range from the abundant offer oflarge insects 
that emerge immediately after the beginning 
of the wet season, and the more or less stable 
number of small insects present during the 
seasons. Even so, size is not the only 
parameter which changes from one season to 
another. Some flying insect~ are more 
a1'undant at certain times of the year, 
favoring bats and birds whose feeding 
strategies are characterized by capturing their 
prey in flight. 

The large-scale construction in Amazon 
- hydrelectric plants, for example -

demonstrate that when the reservoirs are 
being filled, causing forest cave-ins, millions 
of animals are expelled from their habitats. 
Surprised by the rising waters of the dam, the 
animals either swim in the lake covering the 
forest or are stranded on branches of partially 
flooded trees. In Tucuruf the rescue of 
animals from flooded areas was called 
"Curupira Operation". During the seven 
months that it took to fill this reservoir, an 
extraordinary number of animals was saved. 

According to the 'Eletronorte report' on 
the "Curupira Operation", 19,652 
howler-monkeys (Alouatta be/zebu!), 28,925 
common sloths ( Bradypus tridactylus ), 11,935 
two-toed sloths ( Choloepus didactylus ), 9,731 
armadillos (Dasypus novemcinctus), 9,343 
hedgehogs (Coendou spp), 6,075 cotias 
(Dasyprocta sp), 843 'cobras comboia' 
(Bothrops sp ), 172 coral snakes (Micrurus sp ), 
773 'jiboias' (Boa constrictor), 49,426 land 
turtles (Chelonoides sp) and 21,599 iguanas 
(Iguana sp) were saved to start with. In 
addition to these, also saved were birds that 
are not very efficient fliers such as: 1,422 
hoatzins (Opisthocomus hoazin), 752 
cuckoos (Orta/is sp), 305 'inhambus
azulonas' (Tinamus tao). The reports also 
registered 36,224 bird-spiders. To conclude: 
102,370 mammals, 99,519 reptiles, 4,032 
birds and 61,743 arachnids were saved in 
Tucuruf. A total of282,192 animals. 

It's obvious that in spite of Eletronorte's 
efforts not all the animals that inhabit the 
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2,430 km2 of flooded area were able to 
survive. It's important to emphasize the fact 
that many regions of the flooded area already 
presented a depleted fauna because of the 
different human activities which existed 
previously to the filling up of the reservoir. 
Even so, the numbers above illustrate the 
exuberance and variety of the rain forest 
fauna. In the case of certain species, such as 
the hedgehog, the report indicated an 
abundance which did not appear clearly in the 
sample statistics. 

Humans have frequently caused an 
imbalance in nature. The violent 

deforestation of the Amazon region with the 
subsequent removal of approximately 500 
tons per hectare of vegetable cover has been 
transforming vast areas into barren land. 
Estimates indicate that three million hectares 
are cleared every year. This causes impact on 
the solar radiation reflected and absorbed by 
the devastated area; the reduction of 
evaporation, changing the energy balance on 
the surface; alteration of the hydrological 
cycle and, most important, the reduction of 
biological diversity, with the extinction of the 
species. 

Regardless of this, we frequently seem to 
forget that we can also exert a positive 
influence: biological management is an 
intelligent interference by man in the natural 

system, adjusting it to his own needs, without 
causing damage to nature. As the soil is 
generally poor in nutrients (see. 'Uma 
Floresta Sobre Solos Pobres'- (A forest on 
poor soils) in Ciencia Hoje n° 10), only 1 % of 
the Amazon is used for agriculture and cattle 
raising. Maintenance of the forest is essential 
for the recycling of nutrients which 
accumulate mainly on the foliage and barks 
of plants. Total removal of the biomass -
because of the 'queimadas' (land clearing by 
burning), for example - quickly makes the 
environment non-productive. Thus, forest 
management, in a wider sense, is a set of 
techniques which aim at making the 
productive (economic) character of the forest 
possible, while maintaining the essential 
ecosystemic flow such as recycling of 
nutrients and soil protection against erosion 
and leaching. . 

During the "Amazon Deforestation 
Alternatives" symposium (part of the 
XXXIX National Botanical Congress held in 
Belem last January), opinion was unanimous 
regarding the need to curb the current level 
of deforestation in the region and implement 
forest techniques. 

In relation to the fauna, several 
manageable species can be found in the 
Amazon. The researcher responsible for this 
task will be committed to the 
human-habitat-animal trinomial. Successful 
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interference in this system depends 
fundamentally on previous knowledge of the 
basic needs of the animal species in question, 
that is, its ecology. An example of this is the 
turtle, object of our five-year research in the 
Amazon, (see "Turtles: a suggestion for 
sustainable management"), whose biology 
and ecology are already relatively well known, 
especially the Podocnemis expansa. 

Our present knowledge (in its initial 
stages and still very fragmented) relative to 
the marvelous interrelation· of ecological 
factors in the Amazon, shows that ecosystems 
are extremely susceptible to human actions. 
This knowledge, however, has been seriously 
threatened by the high rate of decline and 
environmental degradation imposed upon 
our rain forests. Harmony, popularly known 
as ecological balance, is being destroyed. 
Humankind's anxious search for 
development is causing a rapid advance in the 
modification process of the natural 
environment. Scientists have been unable to 
accompany this movement and augment 
their knowl~dge. Piants and animals are 
quickly disappearing without leaving behind 
to science any record of their existence as a 
species. In spite of the many _advantages 
brought by the renewable natural resources 
of the rain forests, our relationship with them 
has been dramatically destructive. 

(p.102). On the right: An area flooded by the Tucuru{ 
Hydroelectric Power Plant reservoir. Surrounded by water, 
thousands of animals swim on the lake covering the forest, having 
been expelled from their natural habitats. 

(p. 106). Turtles inhabit lakes and spawn on the river sand banks. 

(p.107). According to the management program, every year 10% 
of the turtlets would be returned to their natural habitat. The 
rest would be used for consumption, after eight years. 
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(p.102). The Amazon rain forest. A complex ecological 
homeostasis. 

(p.103). On the upland forests, trees of up to 10 meters of trunk 
circumference. 

(p.104). Hedgehog rescued in Tucuru{ (Coendou sp). 

(p.104). Bushdog (Speothos venaticus), a species threatened with 
extinction. 

(p.104). 'Inhambu-azulona' nest (Tinanus tao), with its enormous 
eggs in relation to the size of the bird. 

(p.105). It is estimated that three million hectares are cleared 
annually in the Amazon forest. Removal of the exuberant 
vegetable cover has been transforming the land into barren areas. 
Deforestation reduces the biological diversity of the region. 

(p.107). The research verified a high reproduction potential on 
the protected spawning sand banks. The objective of the 
management program is to reestablish the natural population 
and comply with the turtle market demand. 
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We are in Patagominas, a municipality in the state of Para in the country of Brazil. In 1987, there were already 400 
sawmills existing here. Selective logging is practiced intensively and is highly profitable at present, but, in the long run, 
irrational and unsustainable. In five years, little will remain of the majestic hardwoods of the region. The complete 

removal of trees displaying certain desirable characteristics tends to cause genetic impoverishment. All of Para's forests 
could be completely stripped of certain species over the next half century. The Brazilian government is an accomplice in 
this process: its official incentives ensure the further promotion of logging activities, rather than the stimulation of more 

Logging has been conducted in the 
'.Amazon for over three-hundred years. 

During most of this time logging was done by 
hand and, therefore, restricted to relatively 
accessible, seasonally inundated forests. 
More recently, the opening of roads such as 
the 1900 km Belem-Brasflia Highway in 1960 
and the 4900 km Transamazon Highway in 
1970 has made the interfluvial forest 
accessible to loggers. Combined with the 
depletion of tropical hardwood supplies and 
the Agency for· the Development of the 
Amazon (Super intendfncia do 
Desenvolvimento da Amaz�nia - SUDAM) 
incentives for Amazonian sawmill operations, 
this has resulted in a dramatic increase in 
Amazonian logging during the past decade. 
For example, the wood harvest from 
Amazonia increased from 14 percent of 
Brazil's total in 1976 to 44 percent by 1986 
(Brazilian Institute of Geography and 
Statistics). 

Up until the first half of this century, 89 
percent of the wood harvested from the 
Amazon came from a select group of six 
species. Today, more than 200 species of 
trees are cut for commercial purposes. Ten 
of these represent 60 percent of the entire 
production of sawn lumber and laminated in 

, the region, according to the Food and 
Agriculture Organization (FAO 1979). 
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rational forms of forest management. 

Logging in the Brazi l ian Amazon is 
concentrated in the states of Rondonia and 
Para. 

In co·ntrast to tradit ional logging 
operations, which were highly selective and 
hand-powered, contemporary loggers use 
heavy machinery for logging. The harvesting 
is performed using teams of five or six people: 
first, a chain-saw operator, generally with an 
assistant, locates the desired trees and makes 
the cut, a bulldozer operator opens roads 
and drags tree trunks out of the forest; an 
assistant ties the fallen trunks to the dozer 
with a steel cable; and a helper cooks and 
supplies water. Afterwards, a log-loader lifts 
the trunks onto lumber trucks. 

How much damage is caused to the 
environment in a typical, modern-day wood 
harvesting operation? To answer this 
question, we closely accompanied this work in 
the municipality of Paragominas, in the 
northern part of the state of Para, three 
degrees south of the equator (Figure 1). 
There, the annual rainfall is 1700 mm, with a 
pronounced dry season from July to 
November. The principal type of soil is 
oxisoil, with 80 percent kaolinite and 20 
percent gibsite. The forest is evergreen, from 
25 to 35 m in height, with a basal area of 30 
m2/ha and an above-ground biomass of 300 
tons/ha. The vegetation is rich in species: 

some 25 different tree species, with a 
diameter of more than 10 cm dbh ( diameter 
breast height): can be found in each 100 
square meters of forest. 

The colonization of Paragominas was 
begun by ranchers in the mid- sixties and 
resul ted from the opening of the 
Belem-Brasflia Highway. The price of land 
was extremely cheap at that time: a hectare 
could be bought for a few dollars. The 
pasture grasses planted by the colonizers, 
however, began to lose their fertility after 
three to four years. By the end of the 
seventies, the cattle industry in the north of 
Para began to i:un into serious difficulties 
ecologically as well as economically. This led 
ranchers to exploit their forest reserves. The 
number of sawmills grew rapidly, from a few 
in 1975 to more than 400 in the municipality 
of Paragominas alone in 1987, according to 
the records of the Regional Agency for State 
Finances. Today, for each truckload of cattle 
that  leaves Paragominas, dozens of 
truckloads of lumber leave. A survey by the 
Amazon Center for Remote Sensing 
(CSRA) showed that in 1986, 24 percent of 
the primary forest cover of the region had 
already been altered (Figure 2). 

We studied the effects of logging on two 
forest tracts on the Vitoria Ranch, seven km 
northwest of Paragominas. The first tract 
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Senseless But Lucrative 
· Along the 700 m of roads that we inventoried in detail, only 1. 7% 

of the trees with a diameter greater than 10 cm were harvested. 
However, 12% of the remaining trees lost their crowns, 11 % were 
uprooted by bulldozers, and 31 % suffered severe bark loss (a loss 
that may eventually prove fatal). Hence, while less than 2% of the 
trees were harvested, 26% were killed or damaged. Because the 
harvested trees were among the largest trees in the stand, 16% of 
total stand basal area was harvested, with an additional 28% of the 
basal area being destroyed or damaged. Damage can also be 
expressed in terms of loss of canopy cover. Along the two sections 
of logging roads the cover was 43%, whereas in non-exploited 

the equivalent of about 1000 work hours, or 9.5 hours per day for 
each of the five workers involved. The cost of chainsaw operation 
was $17.50 per day (including the salary of the operator), or a total 
of $368 for the 21 days of work. The cost of bulldozer operation, 
including operator and fuel was $20 per hour. The total payment 
for the general helpers was $30 each for 21 days of work. Thus, 
$3,750 were spent in all. The sale of the wood for this operation 
rendered $12,900. The total profit, after expenses, for the rancher 
was aproximately $9,150. 

The preliminary data collected in Paragominas allows us to 
make a projection of the time that would be needed to log the entire 
state of Para, all 1.2 million square kilometers of it. The result is 
not binding, but serves as a first approximation. 

forests it was 80% (Figure 4 ). · 
In the survey of the 52 hectare logged forest tract, we found that 

222 individuals were harvested which corresponded to 4.3 trees per 
hectare, or 32 m3 /ha. Many parts of this tract did not have usable 
trees, while others had more than 15 trees/ha (Figure 5). The 
average diameter of the harvested trees was 87 cm (71 % were from 
60 to 100 cm, 25 % more than 100 cm and 4 % less than 60 cm). The 
thinnest tree was 48 cm in diameter and the thickest, 159 cm. Sixty 
percent of the total trees were of five species. Ma~aranduba 
(Manilkara huberi) represented 30% of the volume harvested. 
One of the most valuable timber species, i~ (Tabebuia seratifolia), · 
sold for about $40/m3 in bole form. Among the less valuable 
species, bringing between $7 and $15 m3

, were ma~aranduba, 
jatoba (Hymenaea courbaril), piquia (Caryocar sp) and tatajuba 
(Bagassa guianense ). 

In order to complete the harvest, 21 days were needed, which is 

Considering that some 30% of the state has already been 
deforested or possesses vegetation that does not interest lumber 
dealers, and considering that a typical hectare has 15 m3 of 
sawnwood (30 m3 of roundwood), Para could yield a volume of 
about 1.4 billion cubic meters of sawnwood. If the 3000 existing 
sawmills in the state operated for 22 days out of the month, 
producing 20 cubic meters of sawn wood per day (capacity of a 
medium-sized sawmill), then each year 15.8 million cubic meters 
could be produced. Thus, all of the wood supply existing in Para 
would be exhausted in 80 years. Note .that this result assumes that 
ail of the variables remain fixed, but under actual conditions this is 
an optimistic expectation. If, for example, the ·number of sawmills 
were to double during the next .decade, Para's forest could be 
completely exploited in 40 or 50 years. 

was logged in January, 1987. We visited this 
tract in July, 1987 and surveyed 700 m of 
logging road divided into two sections (276 
and 425 m long). We established plots that 
extended 50 m into the forest along both sides 
of each road section. We chose this width 
because the felling and harvesting of wood 
was generally confined to the 50 m of forest 
bordering these roads. We mapped and 
measured the diameter of all trees of more 
than 10 cm DBH in these logged forest plots 
(total area = 6.8 hectares) noting those that 
had been killed or damaged as a result of 
logging (Figure 3). We also estimated the 
volume of wood removed and the percent of 
canopy loss. Bole wood volume was 
estimated by multiplying bole l~ngth by the 
average basal ar.ea of the bole, based. on 
diameter measurements made at each end of 
the bole. In January, 1988, when a sec.and 
forest tract (52 ha) was being harvested, we 
measured the length, width and orientation 
of all logging roads and then mapped, 
identified, and measured stump diameter 
and bole volume for all harvested trees. We 
thereby demonstrated that the effects of 
logging are not restricted just to vegetation 
that is purposely felled (See Box: "Senseless 
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but Lucrative"). 

Even though selective logging may seem 
to be a desirable type of land use at 

first sight (i.e., ·economically lucrative and 
undamaging), a closer inspection reveals 
possible errors in this evaluation. First, 
because logging is selective it tends to 
eliminate the most desirable genetic 
characteristics of timber species by 
systematically removing individuals that 
display those traits. Secondly, · some of the 
most sought-after timber species produce 
fruits that are important food for forest 
animals1 For example, fruits of the . timber 
species, Ma~aranduba, are consumed by 
parrots, monkeys, coati, deer and turtles. 
The loss of this food source could reduce 
forest secondary productivity and possibly 
lead to the local extinction of some animal 
species. 

In our study, selective logging disturbed 
the landscape in a very localized way. Certain 
areas of the forest which have a relatively high 
density of coveted species had more than 20 
percent of their surface marked by logging 
roads, and suffered complete loss of canopy 
cover. Other areas, lacking these more 

valuable_ species, remained virtually 
untouched. Selective logging, therefore, 
produces a landscape punctuated by 
perturbed habitats which provide conditions 
for the proliferation of new plants. 

The future development of these logged 
stands is difficult to chart. On the one hand, 
the effects of logging are similar to those of 
natural disturbances caused by tree falls. In 
such cases recuperation is rapid due to the 
presence of innumerable sprouts and young 
plants in the forest understory, which grow up 
in response to the increased light and 
nutrients in the new clearings. On the other 
hand, Amazon forests normally have only 10 
to 20 percent of their area in a gapped 
condition, and not the 50 percent or more 
characteristic of logged areas. Since the 
forest is left in a fragmented and open state 
after logging, even undamaged trees may die 
as they become more exposed to the wind and 
are more readi!y toppled. In addition to this, 
excessive light due to canopy openings, and 
the abundance of waste in these large 
clearings, seem to favor the rapid growth of 
vines. 

· Fire is an additional threat to succession 
in selectively logged forests. The organic 
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debris left on the forest floor after logging 
provides a ready supply of fuel, and the 
opening of the forest canopy allows greater 
entry of radiation which dries this fuel. In 
this way, the previously fire-resistant 
ecosystem becomes vulnerable to fire. 

The type of exploitation that we are 
describing is a recent phenomenon in 

the Amazon region. Ten or fifteen years ago, 
bulldozers were rare in Paragominas; loggers 
manually sawed selected trees and then drove 
their trucks to the felled trees and 
hand-winched the boles onto the truck beds. 
The damage was relatively small because the 
logging was highly selective (restricted to a 
very few species) and truckers sought the 
least obstructed passages through the-forest. 

Informal interviews with loggers in 
Paragominas reveal that today the process is 
different. The majority of sawmill owners 
have· invested capital in heavy equipment, 
particularly DC-4s, log lifters, and trucks. 
Many carry on integrated operations: after 
acquiring logging rights from ranchers, they 
conduct both the logging and transportation 
operations, excluding intermediaries. They 
argue that this method "is faster and more 
efficient." Considering that land is still cheap 
(logging r:ights are sold for 15 to.30 dollars per 
hectare, depending on the quality of the 
forest and the proximity of roadways), this 
new generation of loggers aims for large and 
quick profits. Meanwhile, some ranchers 
have also begun to get into the act, logging 
their own land utilizing heavy equipment. 

Most lumber dealers foresee their leaving 
Paragominas in the next 5 to 10 years, when 
timber supplies in nearby forests (within a 
radius of 100 km of the town) will have been 
exhausted. What will happen to the region 
when the sawmills move away? Some 
ranchers hope to use the profit they have 
obtained by selling timber to reform 
degraded pasture lands, but this project does 
not seem very encouraging from the 
economic point of view. One hundred and 
fifty dollars are needed to till, fertilize and 
replant one hectare of degraded pasture land. 
Therefore the ranchers, who receive about 

. $25 per hectare in the sale of logging rights to 
their forest reserves, would have to sell the 
logging rights to six hectares of forest to 
restore productivity to one hectare of pasture 
land. Even so, the pasture lands may be 
degraded again after 4 to 6 years, and would 
once more need to be restored. When 
ranchers log their own forests, they earn 
about $175 per hectare. In this case they 
would need to harvest just about one hectare 
of forest in order to restore one hectare of 
degraded pasture land. Thus, the active 
involvement of more and more ranchers in 
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the process of logging is not surprising. 
A future use of these logged forests rµight 

be for the harvesting of the residual wood for 
the p~oduction of charcoal. The demand for 
charcoal by Carajas (the large iron mine 
about 400 km to the south of Paragominas) 
for smelting ore is enormous. Phillip 
Fearnside estimates that a forest patrimony 
20 times the size of the gigantic project at J ari 
would be needed to supply the smelting mills 
planned for the Carajas Region (see "O 
· Carv~o de Carajas," in Ciencia Hoje, no. 48, 
p. 17). 

It is important to distinguish selective 
logging from selec~ive management. 
Selective logging is, as we have seen, a 
predatory activity that removes the most 
valuable forest trees in an unplanned manner 
leaving the forest in an open, fire-prone state. 
Selective management, on the · other hand, 
entails careful harvest procedures and the 
application of post-harvest silvicultural 
practices, such as vine cutting and ringing of 
undesirable trees, aimed at increasing the 
growth of desirable trees. 

Innumerable efforts to manage tropical 
forests have failed as a result of the low 
volume of commercially valuable wood per 
unit area, the high cost of harvesting, lack of 
knowledge about silviculture, governmental 
policies that make the sustained-yield forestry 
economically unattractive, and forestry 
agencies that do not effectively . regulate 
forestry practices. 

This combination of factors leads forest 
professionals, developmental agencies, and 
the public to believe that, from the economic 
and ecological points of view, it is impossible 
to manage tropical forests. Two field 
experiments challenge this. belief. The first 
was developed by N .R. De Graaf and his 
associates, ·who worked in Surinam in the 
beginning of the eighties. The second took 
place in Peru, and was conducted by .G.S. 
Hartshorn and his team. 

De Graaf observes that tropical forests 
are composed of many spe.cies of trees of all 
sizes. When these forests are selectively 
logged and· regeneration is allowed to occur 
naturally, trees grow poorly, mortality is high 
and valuable wood accumulates slowly. This 
occurs because the harvesting is done 
carelessly, causing much unnecessary 
damage, and regeneration is dominated by 
vines and species without economic value. 
These problems can be combated, says De 
Graaf, by careful extraction practices and 
post-extraction measures to reduce the 
competition from non-valuable species. For 
example, if sites are mapped prior to logging 
so that terrain characteristics and tree 
locations are known, then target trees can be 
directionally· felled and skid trails can be 

planned to minimize damage. Growth of 
valuable species can be improved by poison 
girdling neighboring trees without 
commercial value. Poisoned trees die slowly 
over a period of several years. Hence, 
saplings of valuable species experience 
gradually improved light levels and a steady 
input of nutrients from slash and debris. De 
Graaf affirms that this forest management 
model is economically viable, and that it 
would make the harvesting of20 cubic meters 
at intervals of 20 years possible. 

Another interesting type of forest 
management has been proposed by· G.S. 
Hartshorn and his associates. Hartshorn has 
observed that tropical forests are very 
dynamic and that rapid renewal of the forest 
occurs with the natural fall of large trees and 
their replacement by young, fast-growing 
species . . This forest renewal through , 
"gap-phase dynamics" is the key to 
Hartshorn's management plan for forests in 
the valley of the Palcazu River in Peru. In 
this approach, timber exploitation is limited 
to long, narrow clear-cut strips. Each strip is 
20-50 m wide and contoured to the 
topography. Because each strip is bordered 
by intact forest, there is a source of seeds for 
natural regeneration of trees, and regrowth 
following strip cutting is vigorous. 

Inventories performed in the forests of 
the valley of the Palcazu River revealed the 
prese~ce of an average of 150 m3 per hectare 
of sawwood and more than 90 m3 per hectare 
of wood for stakes and posts. After cutting 
the strips, draft animals are used to remove 
the trunks and posts. These are taken to 
centers for processing which are organized as 
part of a cooperative, so that any profit 
remains in the hands of the local people. In a 
typical forest tract of 40 hectares, a 
reasonable profit can be obtained beginning 
in the first year and continuing on a 
permanent basis with a rotation cycle of30 to 
·40years. 

An interesting characteristic of this 
project is the integration of biological 
principles (regeneration of the forest), of 
social concerns (guarantee of ownership of 
the land),. and of financial return. As 
Wyatt-Smith observes in a recent work, "the 
techniques to practice natural (forest) 
management are largely known or could be 
modified to cover many, if not most, local 
circumstances. However, for various reasons, 
especially in recent decades, their 
implementation can but be discussed in many 
cases as poor. In my opinion, the reasons are 
essentially social and political." For each 
hectare of humid forest submitted to 
intensive management in tropical America, 
there are 35 thousand that are not managed. 

To impede the predatory use of forest 
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resources in the Brazilian Amazon, drastic 
structural reforms are necessary. The 
government has been an accomplice in the 
uncontrolled exploitation of the forest by 
fragmenting the responsibility for forest 
regulation among many organizations, none 
of which has a sufficient number of workers. 
Today, for example, in all of the parks and 
reserves spread throughout the 2:6 million 
square kilometers of the state of Amazonas, 
there are 8 to 10 guards on duty, responsible 
for all forest operations. Just one 
governmental agency, given enough legal 
authority and operational capacity, should 
supervise all aspects of forest management. 
With an adequate budget and strict 
regulations, it would be capable of 
guaranteeing effective penalties for those 
responsible for damage caused by logging, 

such as the removal of trees with le~ than the 
specified diameter, the removal of secondary 
fo res ts , inadequate use of fire, the-
destruction of wildlife, etc: 

The actual system of incentives for 
lumber activities should also be modified. 
Until now, the incentives that the Agency for 
the Development of the Amazon 
(Superintendencia do Desenvolvimento da 
Amaz~nia - SUDAM) has given have served 
more to promote logging of the forest than to 
stimulate innovations in forest management. 
But forest management should be its primary 
objective. 

forest they have felled. The lumber dealers 
should be forced to assume their 
responsibilities for reforestation. One way to 
make them become responsible would be to 
prohibit sawmill owners from re-establishing 
in other locations. They should instead be 
granted a license to harvest specific area~ for 
an indefinite time period, as long as these 
areas are managed properly. 

Finally, the laws concerning reforestation 
should be reconsidered. Under the existing 
legislation , lumber dealers can buy 
"certificates of reforestation" from third 
parties, instead of replanting the areas of 

Whatever the solutions may be, they will 
not be easy to implement. But the alternative 
is the degradation of the forest, with benefits 
for only a few, and even these benefits 
running out in a short time. This situation is 
unacceptable. 

NUMBERED FIGURES (SeeAmazonia pp.109-115) 

Figure 1. The opening of the Belem-Brasilia Highway (1960) 
turned Paragominas into a logging boomtown. 

Figure 2. In 1986, according to the Amazon Center for Remote 
Sensing, approximately 24% of the virgin forest cover of the 
municipality of Paragominas was already altered. Deforestation 
continues. 

Flesh color = Deforested area 
Lt. brown = Area not yet deforested 

Figure 3. Location of dead or damaged trees after selective 
logging along 50 m wide swaths bordering two logging road. The 
number of trunks harvested is small.but the removal of 
vegetation cover is great 

Green = Trees not damaged 
Yellow = Trees killed or damaged 
Red = trees harvested 
Flesh = Open canopy 
Brown = Logging roads 

NON-NUMBERED FIGURES (SeeAmazonia pp.109-115) 

(p. 109). Tree trunks on the forest floor, but the work goes on. 
The logger penetrates deeper into the jungle to locate valuable 
trees. 

(p. 110). A chainsaw operator and his helper rest after cutting a 
valuable hardwood. 

(p. 112). A chainsaw operator prepares a trunk for loading. 

(p. 114). The work continues, beginning a new cut deeper in the 
forest. 

(p. 114). The movements of a bulldozer increase the damages to 
the jungle, destroying trees not selected for harvesting. 
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Figure 4. Percentage of trees and of basal area affected in the 
harvesting of a small quantity of wood from the study area. 

Left circle caption: Number of trees 
Right circle caption: Basal area 
Green = Trees surviving extraction undamaged 
Gold = Trees that ~uffered bark removal 
Lt. brown = Trees that lost their crowns 
Dk. brown = Trees pushed over by bulldozers 
Purple = Trees felled and not harvested 
Blue = Trees felled and harvested . 

Figure 5. In this area of 52 hectares, 4.2 trees per hectare were 
harvested on average. The network of logging roads and skid 
trails was constructed without any effort to minimize damages to 
the forest. 

Brown = primary roads 
Gold = primary skid trails 
Green = secondary skid trails 
Red = harvested trees 

(p. 115). End of the journey: Trucks take valuable wood from the 
Amazonian forest to the sawmills. No concern is demonstrated · 
for rational management. 
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RoNnONIA: RoAns THAT LEAD TO 
DEVASTATION 

Philip M. Fearns'ide 
Departamento de Ecologia, 

Instituto Nacional de Pesquisas da Amazonia 

Estimates of deforestation in Amazonia vary widely, largely as a result of different criteria used in analyzing images from 
the different satellites. This debate does not change the fact that deforestation is a serious problem that requires the 

immediate definition of an effective preservation policy. 

The deforestated area in Rondl'>nia has 
been growing at an explosive rate. This 

acceleration was already obvious in 1986, 
when we published an article in this journal 
entitled 'Rondl'>nia: sem florestas na pr6xima 
decada' (Ciencia'Hoje, n° 19). In part, this 
phenomenon can be attributed to the 
massive migration of population in 
Rondl'>nia. The World Bank-financed 
Polonoroeste Project paved the Marechal 
Rondon Highway (BR-364, Cuiaba-Porto 
Velho), greatly facilitating migration since 
September ,1984. Migration is not the only 
factor: deforestation has been growing an 
even more dizzying pace than population. In 
other words, it's not only Rondl'>nia's 
population that is growing, but the rate of 
deforestation per inhabitant - the average 
person who lives there has begun to clear 
more. 

Faced with this, not only do we have to 
improve monitoring as a source of accurate 
information about the extent of 
deforestation, but we also need to better 
understand the phenomenon's underlying 
causes. Only this kind of analysis hin allow a 
more realistic projection of future trends, 
whether the current plans are maintained or 
alternative strategies are adopted. This is also 
the only way making possible to identify 
effective measures to control the 
deforestation process. 

The data on deforestation in Rond6nia 
given by different satellites are quite 
conflicting; nevertheless, they give us an idea 
about the pace of the deforestation process 
(see 'The escalation of deforestation'). 

In interpreting the meaning of the 
deforestation data from . Rond6nia it is 
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instructive to analyze the relationship 
between the growth of deforestation and the 
population of the state. What we find is that 
deforested area was growing more quickly 
than the population: from 1980 to 1985 the 
estate population grew at an exponential rate 
of 14.85% per year, but deforestation grew at 
the much higher rate of 24.8% per year 
(figure 2). 

Another alarming fact is that 
deforestation has started to spread. This is 
apparent in AVHRR images from 1987 
analyzed by J.-P. Malingreau, at the NASA, 

. indicating that deforestation had already 
begun to spread along the BR-429 Highway 
that goes to Costa Marques, on Brazil's 
frontier with Bolivia (the route of this 
highway is shown on the map in figure 3). 
Until then, deforestation in the state had 
been concentrated along the BR-364 
Highway (Cuiaba-Porto Velho) and the 
roads that connect the BR-364 with 
Guaraja-Mirim and.Colorado. The Guapore 
River valley - which takes up nearly half of 
Rondl'>nia - had remained practically 
untouched prior to building the BR-429. The 
opening of this vast area to migration and 
deforestation is much more serious than 
would be felling the same amount of forest in 
the occupied area along the BR-364 
Highway, because the likely to result is 
explosive and uncontrolled expansion of the 
process in the remainder of the state. 

Both the diagnosis of problems and the 
prescription of countermeasures need 

be finely tailored to particular locations in the 
case of Rond6nia. That is necessary because 
deforestation does not follow a uniform 

pattern, even within the bounds of the region 
covered by settlement projects. In fact, in 
some limited areas of these projects - more 
precisely in the oldest settlements -
deforestation continues at a much slower 
pace, which is very different from the 
exponential pattern evident when one looks 
at the state as a whole. 

An example of these areas is indicated on 
the map shown in figure 3. A square on the 
map, measuring 1/4 degree of latitude by 1/4 
degree oflongitude, has been delimited in the 
Cacoal area. In figure 4, we can see the 
growth of the deforested area in this square 
over the period from 1973 to 1980. The 
parallel vertical strips represent the 
deforested areas along the side roads located 
at intervals of 5 km to provide access to the 
100 ha lots of the colonists. The curved area 
of felling that we see in the lower left hand 
corner of each square corresponds to the 
'clearing along the BR-364.Highway. 

Why does the increase of deforestation in 
the square that we showed - even though 
extremely rapid- not exhibit the exponential 
trend observed in the state as a whole? The 
reason is that throughout this area the lots 
had already been distributed to colonists by 
1973, the beginning of the time series shown. 
The measurements therefore reflect the 
behavior of farmers who have already been 
settled, and do not include the effect of 
immigrants arriving in the virgin areas to 
establish new land-holdings. 

If we look still closer and consider 
individual lots- instead of examining a wider 
area within a settlement project - we will see 
deflorestation showing yet another pattern. 
Interviews in the Ouro- Preto colonization 
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The escalation of deforestation 
White the data provided by different satellites are often 

inconsistent, it is essencial to identify the most reliable information 
and to perform the necessary corrections if we are to arrive at an 
adequate estimate of the deforestation taking place in Rond0nia. 
However, whatever data source is used, the conclusion is always 
alarming: the deforested area is growing at a dizzying rate. 

A report written by the Directorate of Remote Sensing of 
Brazil's National Institute for Space Research (lnstituto Nacional 
de Pesquisas Espaciais - INPE) as a contribution to the federal's 
'Nossa Natureza' Program indicates that by 1988 a total of30,046 
km2 of forest had been cleared in Rond6nia. If we add to this value 
a proportional amount of clearing in the cerrado (scrubland) areas, 
we get a total of 31,623 km2 (13% of the state). This cor~ection 
assumes that onJy25% of the cerrado area indicated on INPE's map 
is exposed to deforestation. The remainder is in two Amerindian 
reserves (the illegal deforestation detected so far on indigenous land 
is limited to forest areas). The estimate for clearing in the cerrado 
(989 km2

, with an adjustment for the area of state used in the INPE 
study) is conservative· because of the widespread conversion of this 
type of vegetation to pasture and soybeans in the Vilhena area of 
eastern Rond6nia. The INPE technicians based their study on 
LANDSAT satellite data. 

However, INPE's estimate is not compatible with information 
derived from the A VHRR sensor, a piece of equipment carried by 
the NOAA-9 meteorological satellite. Although better correction 
coefficients may clear up this inconsistency in the future, we have 
no way to explain it at present. Data from A VHRR - interpreted 
by J.-P. Malingreau and C.J. Tucker at the National Aeronautics 
and Space Administration (NASA) in the USA - indicated that 
39.000 km2 

( 15.1 % of Rond6nia) had already been cleared by 1987. 
An image from 1985 interpreted by the same researchers had 
already indicated devastation of 27,658 km2

• A linear projection 
from A VHRR estimates for 1985 and 1987 indicates that by 1988 
the total cleared would be 41,521 km2 (17.1 % of the state). 

A VHRR produces images with a resolution of 1.1 km, which is 
much less accurate than the 30 m resolution of LANDSAT images. 
The estimates based on A VHRR are less reliable, and it is possible 
that the difference in the results is due to the difference between 
the sensors. 

INPE presents as a reinforcement of its more optimistic 
evaluation an estimate made by the Brazilian Institute for the 
Environment and Renewable Natural Resources (lnstituto 
Brasileiro de Meio .Artlbiente e Recursos Naturais Renov~veis -
IBAMA), indicating that deforestation had reached 22,913 km2 by 
1986. These data, according Roberto Pereira da Cunha, leader of 
the team at INPE that carried out the study, had been given to 
INPE by Fernando C~sar Mesquita, then Director of IBAMA. 
Later, a technical report from the IBAMA explained that the data 
were referring to 1987 LANDSAT images rather than 1986 images; 
this makes the discrepancy still greater with the results based on the 
data from A VHRR. 

It is plain that the data on deforestation in Rond6nia are, to say 
the least, confusing. Part of the discrepancy among the different 
studies can be attributed to the upward or downward biases 

inherent in the methods used for each one. In a study done in 1986, 
G.M. Woodwell and co-workers, from the Woods Hole Research 
Center in the USA, concluded that A VHRR data, due to their long 
degree of resolution, shm1ld under-estimate deforestation in 
Rond6nia by 2 - 18%. Later, uncertainty about how to best adjust 
for comparing LANDSAT and A VHRR images from different 
years led the same authors to conclude that it would be appropriate 
to use a correction factor of 1.0 (leaving the results unchanged). 
This research group continues to find good agreement between 
LANDSAT and AVHRR data, but now believes that AVHRR 
over-estimates deforestation. 

Malingreau, Tucker and co-workers, who have published 
various estimates for Rond6nia based on information from 
A VHRR, consider that it is not necessary to use a correction factor. 
On the other hand, David Skole at the University of New 
Hampshire, USA, calculated a correction factor of 18% to balance 
the over-estimation resulting from the course resolution of 
A VHRR. He compared data from images with 10 m resolution 
produced by the French satellite SPOT with data from the same 
images with their resolutions de grated to 1. t km to simulate the 
level of detail detected by A VHRR. · 

The over-estimation inherent in A VHRR would be greater in 
Rond6nia than in states such as Mato Grosso where large ranches 
predominate in deforested areas. The results in Rond6nia would 
be biased upward by long narrow strips of deforestation that 
produce the 'fish bone' pattern evident in images of settlement 
areas occupied byrsmall far01ers. Deforestation with this pattern 
often has a width smaller than the resolution of the sensor, but not 
wide enough to trigger the entire 'pixel' (the small squares of which 
the images are composed) that covers the clearing. 

The studies carried out on Rond6nia using LANDSAT data 
from 1975, 1978, 1980, 1983and 1988alsoproduced biased results, 
but in the opposite direction. Instead of a computer analysis of 
digital tapes, all of these estimates were based on manual 
interpretation of paper photographic images. Manual 
interpretation tends to under-estimate the area of small clearings: 
the errors become larger as the scale of the images increases. The 
studies with images from 1975 and 1978 used a scale of 1:500,000, 
while the later studies used a scale of 1:250,000. We do not yet have 
ways of correcting for the biases inherent in the man·ual method. 
The resolution of the sensors also differs: the estimates through 
1983 used the multispectral scanner (MSS) with a resolution of 80 
m, while estimates for more recent years use the thematic mapper, 
with a resolution of 30 m. 

The graphs in figure 1 allow comparison of LANDSAT and 
A VHRR estimates for the rate and extent of deforestation in 
Rond6nia. More information will be necessary to analyze the 
discrepancy between INPE's estimate for the extent of 
deforestation by 1988 and that based on data from the A VHRR. 
With res~ct to the rate of deforestation, however, the value of 
4,042 km2/year derived from the latest AVHRR data is most 
congruent with the general trend. Assuming this as the rate, w~ can 
calculate that the deforested area by 1989would total about 35,700 
km2

, which represents 14.7% of the state. 

project, where the government settled 
farmers in 100 ha lots, showed an interesting 
phenomenon. In lots that had been occupied 

by only one owner over a period of ten years, 
the deforested areas increased in a linear 
fashion over the first six years. However, after 

the sixth year - as can be seen in figure 5 -
what we observe is that deforestation 
continued, but much more slowly, tapering 
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off to form a plateau. 
In this case a sample of 18 lots was 

considered. This same trend is evident in a 
larger sample of original owners (30 lots) with 

_ data on cumulative deforestation through the 
ninth year of occupation. 

And what happens when the lots pass to 
other hands? When a lot is sold in an area that 
already has access roads, the new owner 
generally acts in a way similar to what his 
predecessor did when he first occupied the 
virgin lot: with greater financial resources and 
a different cultural background, this second 
o~er starts to deforest nearly twice as much 
per year as do long-established original 
colonists (figure 6). Consequently, the cycle 
is repeated: for several years rapid linear 
growth in the deforested area occurs, again 
followed by a plateau. 

There are still other factors that cause 
farmers to intensify their deforestation 
activity. One of these is easier access to the 
lots when the roads are opened or improved. 
Road acce~ causes the value of the lots to 
increase abruptly. This leads to sale of the 
lots, with the consequence that we have 
shown. However, even if a colonist does not 
sell his lot, he changes his behaviour with the 
improvement of access. The ability to market 
products more easily makes agricultural 
activities more profitable, and the farmer 
starts to fell at a faster rate. 

Opening or improving roads also causes 
deforestation to increase because it makes 
planting pasture more attractive, in that the 
resale value of the lots increases. Pasture 
serves as a means of safeguarding against 
squatters. 

A t present the growth of deforestation 
_l--\jn the state as a whole appears to be 
determined mainly by immigration, 
reinforced by factors like the increase in land 
values due to improvement of access. In the 
future, however, the behavior of the 
population already settled in the region will 
assume a greater relative importance. Other 
reasons to expect a future decrease (but not 
interruption) of deforestation include the 
lower quality of the available soil, the 
difficulty or impossibility of access to the 
remaining unoccupied lands and the finite 
capacity of the states from which immigrants 
are coming to expel population at 
ever-increasing rates. We also need to 
consider the decrease in the relative 
attractiveness of Amazonia after this frontier 
of "lands without owners" is closed, as well as 
the limited availability of capital, petroleum 
and other inputs that would be necessary if 
the rate of deforestation were to continue do 
increase rapidly. However, it is unlikely that 
deforestation could be stopped before the 
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complete felling of the region's forest, unless lands, rather than speculation. Large 
a far-reaching government program is firmly ranchers are probably more likely to start 

· implemented, based on knowledge of what their activities in the region with speculation 
occurs in the field. in mind, but they too are careful to refer to 

Rond~nia's ever more rapid themselvesas'producers'ratherthanasmere 
deforestation cannot _ be expressed speculators. 
appropriately by any single algebraic formula, As mentioned above, deforestation grows 
suoh as an exponential equation. Neither can through a positive feedback process - a 
we expect that its eventual slowing will follow vicious cycle that leads to exponential 
the smooth and symmetric trajectory of a changes. For example, the construction of 
logistic (S-shaped) curve. Computer roads is closely connected to the rate of 
simulation would be the best way to analyze immigration: more and better roads attract 
the complex interaction of factors affecting . more immigrants, while the increase of 
the process. To have and idea which factors population justifies the construction and 
are involved and the relationships among improvements of mads. 
them it is necessary to examine more closely These relationships can be represented in 
some cases of deforestation that have been the causal loop diagram shown in figure 7, in 
occuring in Amazonia. , which the arrows indicate the influence of 

One must look for the primary causes of each item on the others. We can see that 
this phenomenon in places far away from roads represent a key item, both because of 
Amazonia. In fact, the changes that have their connection with the growth of the 

· occured jn the agricultural patterns in population and through their influence on the 
southern Brazil in the last 20 years are area that each· farmer deforests. In the 
strongly reflected in the occupation of diagram, 'deforestation' can be obtained by 
Amazonia. With the expansion: of soybean multiplying the 'clearing per colonist' by the 
plantations, for every 12 workers employed in size of the 'population', that is, the number of 
the previous agricultural system there were farmers. 
11 who were unable to find work in the new The key role of opening and improving 
production system. Expansion for the roads indicates this as the most sensitive point 
sugar-cane plantations - encouraged by the on which to concentrate efforts intended to 
government for the alcohol production - slow deforestation. This factor, which has a 
also expelled small farmers from their lands. heavy impact on ths: rate of deforestation, 
Replacement ofcoffee, which makes intense would be relatively ease to control: road 
use of manual labor, by mechanized crops construction depends exclusive~y on 
such as wheat (a switch that has been sped government decisions, instead of on the 
both by damage from frosts and by the thousands of individual decisions made by 
relatively unfavorable price ,of coffee in farmers, squatters and speculators that 
comparison with soybeans and other crops) determine the fate of a forest after a road is 
swelled the flood of immigrants leaving for opened or paved. 
Amazon still more. The future of felling in the rainforest 

In Amazon itself the most evident forces depends on a complex system of interacting 
fostering this process are land speculatipn, factors. We can expect deforestation to be 
the magnifying effect of cattle pasture on the stimulated by forces like the positive 
impact of even a sparse population, and the feedback relationship between road 
positive feedback relationship between road construction and forest felling, to stimulate 
construction and population growth (see 'A deforestation, while factors like the growing 
floresta pode acabar?', Ciencia Hoje n° 10). importance of the resident population in 

The profits from agricultural production, relation to the arrival of migrants probably 
added to those coming from speculation and will contribute to slowing (but no stopping) 
from the various kinds of government the process. Everything indicates that 
subsidies, made deforestation financially very deforestation will accelerate in the coming 
atttractive. Many smalJ farmers come to the years. 
region to make their fortunes as commercial The poor quality of the soil under the 
farmers. However, they gradually see that remaining forest in Rond~nia is_ sufficient 
speculation yielqs much bigger profits as their justification in itself for not opening _ more 
neighbors sell their lots at prices that exceed roads (see 'Distribui~ao de solos pobres na 
the return obtained from years of hard work. coloniza~o de Rond~nia', Ciencia Hoje n° 
In this way, agriculture becomes a means of 33). The plan to pave the BR-429 Highway in 
paying living expenses while the farmer waits the Guapore River valley, if put into practice, 
an opportunity to sell his land at a good profit will unleash a surge of deforestation that will 
and move on to a more distant frontier. be difficult to control in an area without 

Generally, colonists see these sales as a agricultural potential. A good start for a 
compensation for improvements on their ' preservation policy for the rest of the forest 
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in RondCmia would be cancellation of these 
plans, as going ahead with the plan would 
stimulate the flow of migrants into the 

infertile valley of the Guapore River. The 
many and various cost of such a project 

boggle the mind. And who would · gain 
from it? 
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Figure l. The graph on the right shows the extent of deforested 
area in Rond6nia, according to estimated based on data from the 
A VHRR sensor (corrected) and the LANDSAT satellite. The 
annual rates of deforestation estimated in the same way are 
shown on the left. 

Right: Rond6nia cleared area 
Cleared area (knl) Cleared area ( % of the estate) Year 
Left: Rond6nia - rate of clearing from LANDSAT · 

and corrected A VHRR data 
Rate of clearing (km2/year) year 

Figure 2. Growth of population and of deforested area in 
Rond6nia: felling is expanding at a more accelerated pace than 
the population. The broken line up to the year 1988 represents a 
linear projection based on the latest data available. 

Population (thousand inhabitants) Deforested area 
(thousand km2

) 
Deforested area(% of terrestrial area) 

Figure 3. Map of Rond()nia, with a square (1/4 degree of latitude 
x 1/4 degree of longitude) delimited in the Cacoal area - an area 
where colonization began in the early 1970s. The region has been 
deforested at a less intense pace than that observed in the state 
as a whole. 

Figure 4. Deforestation series for 1/4 x 1/4 degree square 
(delimited in the Cacoal area) from 1973 to 1980. The series 
shows that in this area, where the land had already been 

NON-NUMBERED FIGURES (SeeAmazonia p.116) 

(p. 116).Burning in the Cujubim Colonization Project, August 
1986. 
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distributed in lots when the surveys began, the forest was cut very 
quickly, but the pattern does not show the exponential trend 
displayed by data for the state as a whole. 

Figure 5. Deforestation observed in a sample of 18 lots occupied 
by original owners. 

Cumulative felling by original lot owners. Ouro Preto, 
Cumulative area felled (Ha). 
Time lot occupied (years). 

Figure 6. The effects of colonist turnover on the rate of 
deforestation. Ouro Preto, Rond()nia (1978-1981) 

Felling/Lot/Year (Ha) 
Original lot owners 
Newcomers in first 4 years after arrival 

Figure 7. Causal loop diagram of the relation between the 
construction of roads and deforestation. The sign (positive or 
negative) at the tip of each arrow indicates the expected direction 
of change in the item it points to if the item at the base of the 
arrow increases. Feedback loops - such as the positive loop 
between roads and population - are indicated by signs in 
parentheses. 

Roads 
Population Agricultural profitability Colonist turnover 

Clearing per colonist · 
Deforestation ( cumulative total) 
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II A PIGMENT IN THE BLACK WATERS II 
Luis Renato Caldas 

Instituto de Bioffsica Carlos Chagas Filho, 
Universidade Federal do Rio de Janeiro 

Who has not heard of the dark color of the waters of the Black River in the Amazon? A team from the Institute of 
Biophysics of the Federal University of Rio de Janeiro (UFRJ) undertook a research program on water samples of the 

Black River in search of an explanation of this phenomenon. The first analysis revealed massive amounts of the 
microorganism Chromobacterium violaceum which is responsible for the formation of the violacein pigment. Hwas then 
proposed that the black color of the river was related to the large concentration of these bacteria. Violacein would then 

act as a photodynamic sensitizer in the presence of sunlight. 
However, this first proposal could not be confirmed. Tests carried out with strains of Escherichia coli irradiated with 

lamps of a wide spectrum revealed that the water of the Black River does not display photodynamic prope~ties. A 
second hypothesis was then advanced as to whether the presence of the Chromobacterium vio/aceum could be related to 

the lack of microflora and microfauna in the dark waters of the river that threaten the survival of fish. 
It was then verified that the violacein pigment acts as an antibiotic. Its effect on the microfauna results in a shortage of 
food that drives away the shoals of fish and makes fishing difficult for the riverside population. The Black River is thus 

known internationally as the hungry river and is known to drive away fishermen from its margins. The biomass of the 
Black River can be as little as 200 times that of the Amazon River. 

It is now well established that large 
amounts of the Gram-positive bacteria 

Chromobacterium violaceum are present in 
the waters of the Black River. The first 
sample, collected in 1976 at a depth of 3.0 
meters across from a water treatment station 
in Manaus, revealed 500 colonies of C. 
violaceum per mililiter of water. The 
sediment of this sample collected from a 
trypsinated medium on Petri dishes displayed 
two different types of bacteria: white colonies 
and violet colonies. The latter was originally 
identified by Wilson Chagas de Araujo of the. 
Microbiology Institute of the UFRJ as 
Chromobacterium violaceum (Bacillus 
violaceus). 

These microorganisms had not been 
previously isolated or studied in Brazil. Even 
the Institute Oswaldo Cruz had no previous 
record of these species ilmidst its bacteria 
collection, the largest of Brazilian origin. A 
later study carried out by the National 
Institute for Amazon Research confirmed 
the strong correlation between the dark 
waters and this microorganism based on 
more than one hundred samples collected in 
the middle Amazon basin. The 
Chromobacterium violaceum (figure 1) is · 
systematically present in the dark waters of 
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the Amazon. However, it is not known 
whether the water is dark due to the presence 
of the bacteria, or whether the bacteria 
develop favorably in the specific environment 
of the dark waters. 

The identification of the bacteria by the 
research team posed the next question: what 
is the action of the Chromobacterium 
violaceum? The answer must take into 
consideration the photodynamic action 
mediated by violacein. It is known that many 
chemical processes that require light are 
necessary to insure the survival and normal 
operation of living organisms. These 
reactions are sensitized by specific pigments 
since the large majority of substances that 
make up living matter (carbohydrates, fats, 
proteins, nucleic acids, salts, water) do not 
absorb light efficiently. Well known examples 
of this behavior are chlorophyll, essential for 
photosynthesis, and carotenoid complexes 
that absorb light necessary for animal vision. 

Photodynamic action is not always 
beneficfal to a sys.tern. Unlike the 
photobiological processes mentioned above, 
biological systems can be damaged or 
destroyed by photosensitized non
phyisiological r~actions (reactions among 
cellular components that occur abnormally in 

the presence of light and a sensitizer dye and 
result in cell damage). These sensitizers can 
be derived either from the environment 
(exogenous sensitizers) or synthesized in 
certain cases by the organism itself 
(endogenous sensitizers) as in the case of 
algae, pigmented bacteria, or und~r certain 
conditions in human cells. 

The first studies of artificially sensitized 
photobiological reactions were carried out by 
the German scientist Oscar Raab in 1900. His 
pioneering experiments showed that low 
concentrations of acridin and eosin dyes have 
no chemical effect in the dark, but provoke 
the rapid death of the paramecium 
protozoan in the presence of light. Later 
experiments proved that certain enzymes 
could be inactive in the dark, while certain 
microorganisms are highly sensitive· to the 
presence of light. -

It is now known that certain types of 
molecules, as well as viruses, .cells and even 
plants and animals, can be totally damaged or 
rendered inactive by the effect of light. 
However, it is necessary that the appropriate 
sensitizer be present. Most of the reactions 
require molecular oxygen and the name 
photodynamic effect is used to describe the 
fotosensitization of special dyes in the 

81 



presence of molecular oxygen. 
Toe studies involving Chromobacterium 

violaceum began with the isolation of its most 
important subproduct, violacein. The 
pigment was succesfully crystallyzed at the 
Institute of Biophysics Carlos Chagas Filho in 
collaboration with Professor Aida Hasson 
Voloch. Its molecular weight (343) was then 
determined by mass spectrometry at the 
Research Center for Natural Products 
(NPPN) of the Biomedical Institute of the 
UFRJ. 

Toe isolation of violacein paved the way 
for the investigation of its phoiobiological 
action. Experiments were carried out with 
protozoans such as Tetrahymena pyrif ormis 
and Trypanosoma cruzi. Toe lethal action of 
the pigment on T. pyrif orlnis is dramatic. 
Violacein concentrations as low as 1 
microgram/mililiter can kill one hundred 
percent of the cells in their exponential phase 
of growth in only ten minutes. The same holds 
true for T. cruzi suspended in PBS (a 

phospate buffered salt solution). However, 
higher (75 micrograms/mililiter) violacein 
concentrations are necessary to kill T. cruzi in 
a few minutes. 

The photobiological effect of violacein on 
bacteria was demonstrated on strains of 
Staphylococcus epidermidis, namely the 
P(w) and W5. The bacterian virus (w), 
contained in the DNA of the S. epidermidis, 
was induced upon addition of violacein (ten 
miciograms/mililiter) to the culture in its 
exponential phase of growth (2x108 

cells/mililiter in a trypsinated medium). 
Figure 2 compares the behavior of a S. 
epidermidis culture treated with violacein in 
the presence of light with that of a control 
experiment that represents one hundred 
percent survival. 

A new experiment was undertaken with 
an exponential culture of S. epidermidis 
treated with violacein to cmppare the 
behavior of a preheated sample with that of 
an unheated sample. Toe culture displays less 
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than 90% survival to heat: Figure 3 shows 
that the lysing with phage production is 
completed after incubation with violacein at 
37 degrees centigrades. Toe Staphylococcus 
strain is deactivated by violacein and the 
effect changes as a function of the pigment 
concentration. 

Pre-treatment of bacterian cells can 
increase the action of violacein. Figure 4 
shows the effect of violacein and heat on E. 
coli AB 1157. In the first experiment E. coli 
was only heated to 52 degrees centigrades. In 
the second experiment, violacein (ten 
micrograms/mililiter) was added to the 
previously heated sample. 

The observation of changes in the 
behavior of the bacteria in the presence of 
violacein are still at a very early stage. Much 
remains to be discovered about the ecology 
of the C. violaceum in the basin of the 
Amazon, and in particular about the effects 
of this pigment on the low fertility of the dark 
waters. 

Figure 1. Sample of Chromobacterium violaceum collected in the 
dark waters of the Amazon basin. 

Figure 2. Toe effect ofviolacein o_n a strand of W5 of 
Staphylococcus epidermidis. Toe rectangular points refer to the 
behavior of an exponential culture, approximately 2x108 cells per 
mililiter, pre-exposed to the light of a GE-H6 lamp during 15 
minutes. Toe round points refer to the behavior of the colony 
without pretreatment with light. 

colony of approximately 2x108 cells per mililiter treated with ten 
micrograms/mililiter of violacein with preheating at 52 °C during 
ten minutes. Toe survival to heat was less than 90%. Toe 
incubation ofviolacein was done at 37 °C. Toe round points 
show the behavior of the same colony without previous heating. 
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Figure 3. Effect of violacein on a W5 strand of Staphylococcus 
epidermidis. Toe rectangular points show the behavior of a 
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Figure 4. Effect of violacein and heat on Escherichia coli AB 
1157. Toe line with round points shows a culture of 2x108 

cells/mililiter heated to 52 °C. Toe rectangular points refer to the 
same colony heated in the presence ofviolacein (ten micrograms 
per mililiter). 
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VIOLACEIN: THE DISCOVERY OF AN 
ANTIBIOTIC 

S tudies of Chromobacterium violaceum 
found in the Black River (Rio Negro) 

have paved the way for new applications of 
violacein. This pigment displays antibiotic 
action against Gram-positive and 
Gram-negative bacteria. It is particularly 
effective against the pathogenic bacteria 
Staphylococcus aureus and Bacillus subtilis 
that are commonly responsible for hospital 
caused infections ( see figure 1 ). Violacein is 
also known to have significant phototherapy 
properties. Photooxygenation experiments 
carried out in our laboratories show that 
violacein displays similar properties to that of 
violet gent when irradiated with light in the 
500 to 550 nanometer range (1 nanometer = 
one millionth of a milimeter). This indicates 
that both substances are capable of oxidizing 
organic compounds rapidly in the presence of 
oxygen and light. Above 610 nanometers, 
violacein behaves like hematoporphyrin, a 
well known phototherapy agent in medicine 
primarily used in the treatment of tumors and 
some varieties of herpes ( figure 2). 

Several photochemical processes in the 
Black River decompose violacein into 
colored products which also display antibiotic 
activities. Typical examples such as the yellow 
compound II and the black product III are 
illustrated in figure 3. This phenomenon has 
been recreated in the laboratory by the 
photolysis of violacein. Besides the antibiotic 
activity, the photooxygenation experiments 
revealed that the low toxicity of violacein 
could be of potential use as a phototherapy 
agent over commercial products such as 
violet gentian and hematoporphyrin. There 
are also synthethic derivatives ( compounds 
IV, V, VI and VII) that decrease the 
cytotoxicity of violacein and increase its 
solubility in water (figure 4 ). Professor 
Marcela Haun, from Unicamp, 
demonstrated that compound V is mildly 
toxic to a cell culture of Chinese hamster V-79 
and is comparable to the commercial product 
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Nifurtimox in its lethal action against 
trypanosome agents. Similar re~ults were 
obtained with regard to its genotoxicity 
(effect on the synthesis of DNA) carried out 
with the same strain of cells (figure 5). 

Compound V was the most efficient in the 
immobilization of Trypanosoma cruzi 
(Chilean Tulahuen strain, epimastigots). 
One hundred percent immobilization can be 
achieved with a 20 micrograms/mililiter 
concentration of this compound (figure 6). 
Compound V further promotes structural 
modifications as well as loss of the flagellum 
in T. cruzi after a few hours. These 
experiments demonstrated that the 
properties of compound V (low toxicity, 
water solubility and similar action to 
Nifurtimox in vitro) could be very effective in 
the treatment of Chagas disease (figure 7). 

On the other hand, the trypanocides 
differ in their effectiveness against 
parasitemia (the presence of parasites in 
animal blood) depending on the strain. 
Consequently, new experiments were carried 
out to establish the sensitivity to different 
strains and to increase the effectiveness of the 
trypanocides on those strains responsible for 
Chagas disease in Latin America (see 
"Trypanosoma cruzi: retrato de um invasor", 
in Cien_cia Hoje n° 4). 

Professor Solange Lisboa de Castro, of 
the Institute Oswaldo Cruz (Fiocruz, 

RJ), carried out studies on the effect of 
compound V on the more infectious strains 
of T. cruzi. Her work on epimastigots 
revealed that a 75 micromolar concentration 
of V produces a 50% inhibition of after 24 
hours. (Epimastigots are the basic type of T. 
cruzi that have high division capability in an 
invertebrate host like the barbeiro bug but is 
incapable of infecting the vertebrate host). It 
was further shown that with amastigots an 
inhibition of 50 % (ID) could be achieved 
after 48 hours with a 500 micomolar 

concentration. (Amastigots refer to the low 
mobility round forms of T. cruzi which are 
characteristic in the vertebrate host and 
which have high capability for cellular 
division). Analysis of the effect on in mice 
blood showed total lysing ( ~estruction) of the 
protozoan after 24 hours with concentrations 
above 750 micromolar. (Trypanomastigots 
are forms of T. cruzi incapable of division and 
highly specialized in the infection of the 
vertebrate host cells). 

L. de Souza Filardi, from the Rene 
Rachou Research Center (Fiocruz, MG) 
obtained different results from in vitro 
experiments with infected rats (5x104 blood 
trypanomastigots of the Y strain of T. cruzi). 
Only four .to six percent suppresion of 
parasitemia was reported for mice. This 
indicates that whereas violacein and its 
derivatives are highly effective against the 
Chilean Tulahuen strain, the same is not 
observed with the more resistant Brazilian Y 
strain. Structural variations of violacein which 
could overcome the resistance of the 
Brazilain Y variety are presently under 
investigation at Unicamp. 

C. violaceum also produ_ces a number of 
metabolites of the tryptophan amino acid: 
5-hydroxitryptophan, 6-hydroxitryptophan, 
indol-2-carboxylic acid, pyrrol-3-acetic acid, 
indolpyruvic acid and indol-3-acetic acid. 
Tryptophan in itself has an important role in 
the biosynthesis ofviolacein as verified by the 
action of metabolites like indol-3-acetic acid, 
isatin and 5-hydroxitryptamine. Experiments 
carried out with indol-3-acetic acid, 
isotopically labeled in carbons 1 and 2, allow 
us to conclude that the carboxylic carbon is 
not eliminated and that the indol-3-acetic 
acid molecule is completely incorporated in 
violacein. The metabolite N-ethyl
( 5-hydroxi-indol-3-yl) -2-indolylethylamide 
(figure 8) could be involved in the 
biosynthesis of violacein. 

The importance of the large potential of 
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Chromobacterium violaceum in the synthesis 
of other antibiotics should be pointed out. It 
is already known that monobactamic 
antibiotics, like SQ-26 180, can be isolated 
from the colorless strains. Other kinds of 
antibiotics have been found in BMF-EG2 
strains of C. violaceum, like 3,6 
dihydroxiindoxazene (also known as 
Y-TO678H or Bactropone ). · Glycopeptides 

(SQ-28, 504 and SQ-28, 546) which are used 
to increase the activity of the basic penicillins 
(or betalactams) have been isolated from the 

· strain ATCC 31532. Two new antibiotics, 
Aerocianidin and Aerocavin ( figure 8), have 
been recently isolated from the strain ATCC 
5343. 

· Research on the- chemistry of bacteria 
provides the opportunity for multidisciplinary 

work with large applications in biotechnology. 
While C. violaceum has already been 
described as pathogenic in the specialized 
international literature, no cases have been 
reported in Brazil for infection derived from 
this microorganism. The search for new 
antibiotics from Brazilian strains of C. 
violaceum is an open field that promises to be 
very rewarding. 
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MINIMUM INHIBITORY CONCENTRATIONS (MIC) OF 

VIOLACEIN FOR DIFFERENT MICROORGANISMS 

Figure 1. The table shows that the antibiotic activity of violacein is 
particularly effective on Staphylococcus aureus and Bacillus 
subtilis. 

RELATIVE RATES OF PHOTOOXYGENATION OF 

ETHYL-ALFA-FORMYL-ALFA-PHENYL ACETATE 

Irradiation Eosin 

Violet gent 

Hematoporphyrin 

Methylene blue 

Violacein 

Figure 2. Above 610 nm violacein behaves like hematoporphyrin, 
a phototherapy agent widely used in me9icine. 

Figure 3. Chemical formulas of the compounds l, II and III 
derived from violacein. 

Figure 4. Synthethic derivatives, compounds N, V, VI and VII, 
that increase the water solubility ofviolacein. 

CYTOXICI1Y OF NIFURTIMOX, VIOLACEIN AND ITS 

DERIVATIVES ON FIBROELASTIC CELL OF HAMSTER V-79 

Compound 
III not determined 
Nifurtimox non toxic up to 30 µM 
(a) Survival (B) 50% inhibition of DNA synthesis 

Figure s. Compound V displays a comparable behavior to that of 
Nifurtimox, a commercial drug lethal to trypanosomatids. 

FURTHER READING 

DE MOSS, RD., "Violacein", in Antibiotics, volume 2, 1967. 

MOBILI1Y PERCENTAGE OF TRYPANOSOMI CRUZI 

(EPIMASTIGOT) AFTER INHIBITION WITH THE DERIVATIVES 

OFVIOLACEIN (a) 

Dose Control Compounds 

(a) after 48 hours of interaction 

Figure 6. Compound V proved to be the most efficient in the 
immobilization of Trypanosomi cruzi . 

GROWTH INHIBITION OF Trypanosoma cruzi BY DERIVATIVES 

OF VIOLACEIN 

Dose Compounds 

Figure 7. The properties of compound V can be very effective in 
the treatment of Chagas disease. 

MONOBACTAM 3,6 DIHYDROXIINDOXAZENE 

AEROCIANIDIN AEROCA VIN 

INDOL-3-ACETIC ACID 5-HYDROXITRYPTAMINE 

TRYPTOPHAN N-ETHYL-(5-HYDROXI-INDOL 
-3-11 )2-INDOL YLETHYLAMIDE 

Fig~re 8. Chromobacterium violaceum produces a large number 
of metabolites of the aminoacid tryptophan besides ·violacein. 
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II THE FRESHWATER GIANT II 
Roberto Huet de Salvo Souza and Adalberto Luis Val 

lnstituto Nacional de Pesquisas da Amazonia 

From an economic point of view, the pirarucu is no mystery: it can be raised in captivity with excellent results. The 
respiratory physiology of this species is unusual, however, and still awaiting investigation. 

Pirarucu, a Tupi word, is a combination 
of pira, meaning fish, and urucu, 

meaning red, the color characteristic of the 
urucu seed or urucum (Bixa orellana). The 
animal's reddish color comes from the scales 
on its flanks, belly and tail and is the first 
characteristic to catch an observer's 
attention. 

The fish is found in the Amazon. It lives 
in the lakes of the region, but can also be 
found in slow moving rivers surrounded by 
dense forests. Information from the 
literature suggests that the animal reaches 
sexual maturity after the fifth year of life, 
when it constructs nests approximately one 
meter in diameter where it deposits its eggs. 
Toe male stays close by, ensuring ventilation 
of the nest by constant movement of his fjns. 

The number of eggs spawned per season 
is still controversial: estimates vary from 
2,000 to more than 10,000. Whatever the 
number, it appears to be the male's role to 
protect his progeny, which swim around his 
head, near the surface of the water. 

According to Rui Sim6es de Menezes, it 
was Father Jose Monteiro de Noronha who 
first wrote about the pirarucu in his 1768 
Travel Log, included in the work 
Recollections of the History and Geography of 
the Overseas Nations. Since then, rftany 
interesting observations have been made. 

In 1784, Alexandre Rodriguez. Ferreira 
wrote: "A curious observation is reported by 
the fishermen of the Pirarucu fish, and the 
Indians say that the same is seen wjth the 
catfish,or Bagre; the Tucunare; and the 
Uiritinga: wherever they go their hatchlings 
always follow along close to their heads, in the 
same way as chicks do with chickens; if they 
sense any prolonged movement in the water

1 

the mother opens the flaps of her gills and the 
young ones hide themselves inside; so that 
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sometimes when fishing for Pirarucu with a 
harpoon (which is how they are caught), as 
they hit the Pirarucu over the head to kill it, 
the young ones jump from inside." 

At the turn of the century, in 1907, 
Clara Mesquita Pinheiro observed: 

"The pirarucu (Arapaima gi,gas, V astres gi,gas, 
Sudis gi,gas) - great and beautiful fish of the 
Amazon Basin, considered 'the freshwater 
giant', is the only living representative of the 
remote and unique family Arapaimidae ( ... ). 
Its fishing and preservation, carried-out in a 
rudimentary fashion, leave much to be 
desired. Laborious and slow methods of 
fishing, which result in a great deal of waste 
due tQ inadequate salting and to solar action, 
urgently require modification to modern 
methods of collection and conservation." 

In the recent literature, the osteoglossid 
family is considered to be a primitive group. 
It consists of only two genera: Osteoglossum 
(with two species, 0. bicirrhosum and 0. 
ferreirai) andArapaima (with a single species, 
A. gi,gas). Both genera occur only in the 
Amazon and are related to the genera 
Scleropages, which is found in Australia, and 
Heterotis, which occurs in Africa. The 
pirarucu (Arapaima gi,gas Cuvier, 1817) is the 
largest species of the family, reaching up to 
three meters in length and weighing up to 200 
kilograms. 

The species was originally abundantin the 
area around Manaus, but intense demand 
has depleted the natural stock~ Its great 
commercial value has stimulated the capture 
of young specimens, known colloquially as 
'bodecos'. In the last few years, the 
production of pirarucu in the state of 
Amazonas has snarply declined. According 
to the Amazonas Superintendency of 
Fisheries Development (Sudepe/AM), the 

annual catch fell from 1,751 tons in 1984 to 
310 tons in 1988. These data, although 
official, are' controversial. It appears that 
production may have been underestimated: 
since the sale of animals less than 1.5 m long 
is prohibited, the slabs of meat from smaller 
animals would not be registered. In any case, 
it cannot be said that the pirarucu is 
threatened with extinction. 

An obligate air breather, the pirarucu 
uses a modified swimming bladder· as 

if it were a lung; it comes to the surface to 
breathe at regular intervals. Fishermen take 
advantage of this habit to capture them. 
Stationed in their wooden canoes, armed with 
harpoons or spears, they wait for the fish to_ 
come to the surface. Harpooned, the animal 
flails until it tires, whereupon it is pulled in 
and loaded into the canoe. The corral 
method is also used, although it is prohibited. 
This consists of closing off a narrow channel 
with wood in such a way that the fish can enter 
but cannot leave. Fish are also taken using 
nets, which drown the animals rapidly: once 
netted, they cannot rise to the surface, and so 
then die from asphyxiation. 
· The pirarucu is sold mainly in the form of 

salted, frozen, or even fresh slabs, primarily 
the former. In fact, hardly anything has 
changed in the 80 years that have passed since 
Clara Pinheiro commented on the precarious 
conditions that prevailed during the 
preparation of pirarucu for human 
consumption. With the exception of larges 
companies that export the fish and control the 
quality of the salted product, very little 
attention is given to the salting process. 

The meat of the pirarucu being tasty and 
practically free of bones, lends itself to the 
preparation of a variety of delicious regional 
dishes, including the famous 'Tailcoat 
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Pirarucu'. In addition, the scales are used for 
nail files or in the hand carving of typical 
ornaments; even the rough and bony tongue 
is widely used, for grating sticks of guarana. 
The eggs are also consumed, and the skin of 
the fish has been closely investigated with a 
view to its possible use in making shoes, 
handbags and clothing. 

Cultivation of pirarucu in captivity has 
been the object of controversy due to two 
characteristics of the species: it has a long life 
cycle, only reproducing after the fifth ye~r, 
and it is carnivorous, not adapting to a diet of 
artificial foods. Its cultivation in various 
hatcheries in the Brazilian Northeast, 
however, has shown that this approach has . 
great potential. 

Interested in studying the aspects of the 
physiology of the respiration of Arapaima 
gi,gas, we began raising approximately 300 
newly-hatched specimens. The process _we 
used to catch them consisted in leaving a 
recently-captured adult specimen with its tail 
in the water; the hatchlings gathered around 
it and were collected with a net. 

In the laboratory, the animals measured 
slightly more than 12 centimeters and 
weighed, on average, 30 grams. They were 
distributed into 1000-liter asbtstos cement 
tanks, and into two ponds dug into the earth, 
with sides five meters wide and about one 
meter deep. 

At first, food for the hatchlings consisted 
of small foraging fish and freshwater shrimp. 
During this phase, we observed, that many 
animals died while trying to swallow prey that 
was so big it got stuck in their mouths. To 
capture its prey, the pirarucu chases it and, 
when it is near enough, sucks it into its mouth 
along with a large quantity of water, 
producing a characteristic noise. 

During the next phase, when they were 
acclimated to the conditions described above, 
the young fish were fed chopped-up fish meat 
of low commercial value: one centimeter
square cubes were placed in the tanks and 
ponds, always in the same place and at the 
same hour, and were voraciously devoured. 
We observed that, once accustomed to the 
time and place of feeding, the fish became 
intensely e,...cited in expectation of being fed 
when there was any activity close to the ponds. 
When free of restrictions, the pirarucu 
consumes, on average, six percent of its 
weight in daily. 

Each month, 30 animals were weighed 
and measured, and from them we obtained a 
reasonable quantity of blood for analysis of 
hematological parameters, various metabolic 
intermediates, phosphate compounds in the 
erythrocytes, and the concentrations of 
ammonia, nitrites and other compounds. 

The increase in length and weight of the 
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pirarucu in captivity was readily apparent 
from one week to another, even without the 
use of scales or ichthyometers. Raised for a 
year under the conditions described, they can, 
show an increase in weight on the order of 
10,000% and an increase in length on the 
order of 500%. This means that an animal 
with an initial weight of 40 grams would 
weigh, at the end of 12 months, four 
kilograms! Figure 1 illustrates these 
observations, on a monthly basis. Other 
methods of cultivation have been reported to 
produce weight gains of not less than ten 
kilograms per year. Due to these -impressive 
results, various interested parties have begun 
farming the pirarucu with some success in 
several states in the North and Northeast of 
Brazil, and others are preparing to do so. 

Although the pirarucu are air 
breathers, it is necessary to control the 

quality of the water in which they are 
immersed. In the culture tanks, when the 
water· is not renewed, nitrite anions (NOf) 
accumulate, formed from the ammonia -
principal nitrogenous excretory product of 
the fish - by the metabolic activity of 
microorganisms. Absorbed through the 
fishes' skin, the nitrite is highly specific in the 
conversion of hemoglobin - the 
oxygen-carrying protein into 
methemoglobin, which is a non-functional 
form of the protein, incapable of binding 
reversibly with oxygen. Thus the nitrite can 
induce hypoxia, a low level of oxygen in the 
body. The data reveal a direct relationship 
between the concentration of ammonia in the 
water and of nitrite in the plasma of the 
pirarucu. 

Experiments conducted. in aquaria where 
the composition of the atmosphere in contact 
with the surface of the water was controlled 
have shown that the pirarucu is incapable of 
oxygenating its blood from the oxygen 
dissolved in the water, even in extreme 
conditions. In an atmosphere composed of 
100% nitrogen gas, the animals die within five • 
to ten minutes. Spectrophotometric analysis 
of the blood reveals that, under tbese 
conditions, their hemoglobin becomes 100% 
deoxygenated (figure 2). This shows that, if 
prevented from rising to the surface of the 
water to breathe or if exposed to an anoxic 
atmosphere, the animal dies, unable to 
oxygenate its tissues. 

During a scientific expedition that 
brought the ship Alpha Helix to the Amazon 
in 1976, two researchers simultaneously 
registered the presence, inArapaimagi,gas, of 
inositol pentaphosphate (IPs), an organic 
compound found in the red blood cells 
(erythrocytes) of birds, where it acts as a 
modulator of the affinity of oxygen with the 

hemoglobin. 
The finding was so unexpected that Grant 

Barlett, one of the researchers, later 
commented: "When an assistant showed me 
the first analyses of the phosphates in the red 
cells of Arapaima gi,gas, I was convinced that 
she had inadvertently exchanged the cells of 
the fish with those from ducks that we were 
studying at the same time." This gives a good 
idea of the similarity between the 
chromatographic profiles of the erythrocyte 
phosphates from the pirarucu and from birds. 
In fact, in the erythrocytes of these birds, IPs 
occurs in concentrations that vary between 
ten and 20 micromoles per milliliter. It is also 
present in the erythrocytes of some species of 
reptiles, although in relatively low 
concentrations, and is absent in more 
specialized species. 

Since the researchers on the Alpha Helix 
expedition had studied only small specimens, 
the presence of this compound in adult 
animals needed to be confirmed, and the 
question of its ontogenetic evolution 
remained open. Our studies of the 
erythrocyte phosphates of Arapaima gi,gas 
confirmed the presence of inositol -
pentaphosphate (figure 3). Thus we were 
able to confirm the hypothesis of the 
existence of this compound in an animal 
phylogenetically more primitive than reptiles. 

Studies of the physiological role of IPs in 
Arapaima gigas should be undertaken in 
order to determine whether, in this animal, it 
can modulate the affinity of hemoglobin with 
oxygen, as observed in other erythrocyte 
phosphates such as adenosine triphosphate 
(ATP) and guanosine triphosphate (GTP), 
which interact with the hemoglobins of the 
great majority of fish species. 

With its surprising characteristics, its 
primitive origin, its limited geographic 
distribution and its considerable economic 
value, the pirarucu remains little known and 
relatively unexploited. It continues to be, in 
sum, as Eigenmann and Allen said about it in 
1942: " ... a fertile subject, waiting for an 
investigator." 
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Fishing, Resarching 
In addition to those who hold PhD. or M.S. degrees and those 

who are undergraduate research fellows in the biological sciences, 
the Department of Aquatic Biology of INP A (National Institute for 
Amazon Research) includes a group of very important employees 
who have never attended a university lecture; most of them have 
not even completed primary school. These are the 14 fishermen 
who are part of the support team and contribute to the success of 
the academic research with their empirical but quite precise 
knowledge about migration, feeding habits, reproduction, spawning 
and seasons sites, and other information on the behavior of the 
aquatic fauna that complements that found in books and sometimes 
even fills gaps left by the authors. 

For the most part, these men are natives of the region, 
exceptionally gifted in their ability to capture and identify different 
species, and they move with remarkable facility among the rivers, 
lakes, swamps and bayous of the Amazon basin. Thanks to oral 
tradition and to what they learned by watching their elders, they 
have been able to deal with the natural resources of the region since 
childhood~ One of them is Joao de Souza Pena, employed by INP A 
for ten years, son and grandson of fishermen. He says: "Just as the 
researcher sat in the classroom to learn, the fisherman sat in the 
bow of a canoe, to put into practice his ability to observe and to 
create his techniques." 

Jansen Suanon, research assistant and graduate student in 
Freshwater Biology and Inland Fishing, considers the support of the 
fishermen fundamental for his work, especially since, coming from 
the metropolis of Sao Paulo, he was raised in a totally different 
context: "If I had to do my collecting alone, instead of a single year, 
I'd have to organize everything into three years, with the first two 
spent merely to familiarize myself with the species in order 
afterwards to be able to select the varieties that interest me." 
Another researcher, Vera Maria Val, of the Division oflchthyology 
and Aquatic Mammals, considers that the fishermen's knowledge 
represents 'a science apart'. And Adalberto Luis Val, coordinator 
of graduate studies states: "Conversations with tl~e fishermen 
during our excursions lead to working hypothesis for which we later 
try to find a scientific explanation." 

"When I was preparing my thesis" he adds, "I studied the 
production of a compound in the fishes' blood. This compound is 
more concentrated when the organism is subjected to stress. I was 
dealing with a group of migrating fish that swam great distances. I 
collected various ·specimens at two different sites and in one group 
I found a large quantity of the compound, but in the other group 
the quantity was very small, and I didn't have the slightest idea why." 

Later, while talking to a fisherman, Adalberto learned that 
among the fish he was studying there was a non-migratory species: 
"It was a fish they called a resident, because it didn't leave its habitat 
even to feed or reproduce. I collected some additional specimens 
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of the fish that had a small quantity of the compound in its blood . 
and confirmed that they didn't migrate; they are endemic to the 
region." 

Do the fishermen also learn from the researchers? Carlos 
Sotero da Silva, or 'Carlitos', says yes: "I learned, for example, the 
scientific names of the fish, how to tell the males and females apart, 
and. to know when certain types of fish are spawning." Some of the 
fishermen, before starting work with INP A, had worked in 
commercial fishing and were accustomed to capturing schools of up 
to ten thousand fish, as Joao Pena recounts: "We even caught fish 
that were spawning. Afterwards, I was sorry, because the fishermen 
have alternatives. They can fish other types of fish in other areas of 
the river." For these fishermen, working together with the 
researchers has contributed to the development of an ecological 
awareness. They also appreciate the po~ibility that is opened up, 
with scientific work, for raising certain species in captivity. 

As in any other profession,the fishermen wish to see their work 
better paid and recognized - which sometimes merely means 
mentioning their names in connection with the research in which 
they participate. They also demonstrate a desire to understand the 
researcher's work better, not only during the field trips to collect 
specimens, but also with respect to the results. This type of 
reciprocity contributes to a relationship that facilitates the research 
: "There are, for example, experiments in which it is necessary to 
collect fish every two hours, including at night", comments Vera 
Val. "Knowing the reason for the work, the fishermen are more 
supportive and more cooperative." 

Nevertheless, not everything is easy or comes off smoothly. But 
since it, is from difficulties that solutions arise, this contact, 
sometimes friendly and cooperative, sometimes tortuous and 
distant, leads many researchers to recognize the difficulty they have 
in explaining their own work. Overcoming this deficiency through 
a clearer and more objective form of expression also enriches their 
scientific work. Atthe same time, suggestions come up, such as that 
of Jansen's: "We should organize special training for fishermen 
here, showing, for example, why it is important to study the stomach 
contents of the fish, to know what it eats, its peculiarities ... There 
should be a way to transmit the knowledge generated here using 
simpler, more accessible language, a plainer form of 
communication!" 

Vera Rolim Salles 
Departamento de Economia Rural 
Universidade Estadual do Maranhao 

Luis Bely 
Journalist 
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NUMBERED FIGURES (SeeAmazonia, pp.131-132) 

Figure 1. Weight Gain in Captivity. Raised in captivity, the 
pirarucu shows a much greater yield than that of other species. 
Although it is carnivorous, its rate of alimentary conversion 
averaged 3.01 in our study. In the first month, the fish grew from 
an initial weight of 40 grams to 128 grams; in the second, they 
reached 246 grams; in the 12th month of cultivation, some 
specimens weighed more than 4.750 kilograms. 

Figure 2. Absorption Spectrum of the blood of the Pirarucu. In 
man, oxyhemoglobin (the oxygenated form of hemoglobin) has a 
characteristic absorption spectrum between 500 and 600 nm 
(the nanometer is one millionth of a millimeter). In fish, the 
absorption maxima may be shifted slightly, but in general the 
spectra are practically the same. Blood drawn from the pirarucu 

FURTHER READING 

subjected to an atmosphere of 100% nitrogen (-) shows a 
spectrum characteristic of deoxyhemoglobin (the deoxygenated 
form of hemoglobin); the same blood, when shaken in contact 
with air, combines with oxygen and shows the spectral behavior 
( - - -) characteristic of oxyhemoglobin. 

Figure 3. Phosphate Compounds in Erythrocyte of the Pirarucu. 
Chromatographic profile of the phosphates present in the red 
cells (erythrocytes) of pirarucu blood, in micromoles per milliliter. 
Surprisingly, the concentration of IPs is similar to that present in 
the erythrocytes of birds. 
Pi, inorganic phosphate; ADP, adenosine diphosphate; GTP, 
guanosine triphosphate; Fe-G TP, complex of iron with G TP; 
HCl, hydrochloric acid; IPs, inositol pentaphosphate. 

BARTLETT, G.R., 'Phosphates in red cells of two South American osteoglossids:Arapaima gi,gas and Osteoglossum bicirrhosum', 
Canadian Journal of Zoology, 56, pp. 878-881, 1978. 

FONIBNELE, o., 'Habitos de desova do pirarucu,Arapaimagi,gas (Cuvier) (Pisces: Isospondyli, Arapaimidae), e evolu<_sao de sua 
larva,' Coletania de Trabalhos Tecnicos, MINIBR/DNOCS, 1982. 

MENEZES, RS., 'Noras biol6gicas e econdmicas sabre o pirarucu', Serie de Estudos Tecnicos, n° 3, Servi<_so de Informa<_sao 
Agricola/Ministerio da Agricultura, 1951. 
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REPORT 

SCENARIOS FOR THE AMAZON REGION 

This article attempts to review the proposals and scientific conclusions reached by a study entitled "Macroscenarios for the 
Amazon region - Alternative scenarios and normative scenario for the Amazon in the year 2010", carried out jointly by 

Agency for the Development of the Amazon (Superintendencia do Desenvolvimento da Amazonia - SUD AM), Bank of 
Amazonia SJ A (Banco da Amazonia S/ A - BASA) and Agency for the Free Trade in the Region of Mana us 

(Superintendencia da Zona Franca de Manaus - SUFRAMA) under the auspices of the PNUD 
(United Nations Program for Development). 

The Amazon Region is the land of t~e poorly defined and subject to uncertainties. 
future. Its development can be Several general features in the 

envisioned under a wide spectrum of international scene have recently contributed 
alternatives which lead to significantly to areas of instability: 1) the disruption in the 
different perspectives for the coming years monetary and international finance system; 
and generations. The likely outcome of these 2) the depolarization of the structure of 
alternatives depends on the intrinsic potential power on a world basis; 3) the liberal 
of the region and its own limitations as well as overtures in the political and economic 
on external circumstances. In short, the system of the socialist countries; and 4) the 
future of the Amazon Region in the following formation of powerful economic blocks. At 
decades will be dictated by a combination of the same time, forces have emerged which 
political, economic, social and environmental demand dynamic changes in our society. Two 
factors. The delicate interplay of these of them, the scientific and technological 
variables - both internal and external to the revolution and the development -of an 
region - can _either promote or hinder the ecological awareness, will bear direct 
development of the Amazon. consequences on the future of the Amazon 

The possible scenarios proposed here for region. 
the Amazon are based on an analysis of The short term outlook is for the 
different national and international instabilities to remain on an international 
conditions and their probable impact on the level and help moderate and guide the forces 
unique and rich characteristics of the region. of transformation. The combination of the 
The most desirable scenario (the normative · central ideas for changes with possible 
scenario) is the one that reconciles the hopes sources of tension results in significantly 
and aspirations of the regional participants different predictions for the alternative 
with the real circumstances, opportunities international scenarios. Yet, it is reasonable 
and external challenges. ,This is the scenario - to assume that the winds of change will 
for a 'Project for the Amazon' which will have . overcome the tensions created even by 
to be negotiated at a political level as a critical events leading to a worldwide cycle of 
reasonable alternative for the future of the economic expansion based on a new 
region. technological model. 

Opportunities and Future Challenges 

The profound social, political and 
economic transformati01,s which are 
sweeping the world and Brazil can be 
expected to have a considerable effect on the 
conditions for development and on the future 
of the Amazon region. New challenges and 
opportunitifS along with their obstacles are 
being created in a global context and also 
within the Brazilian reality. The latter is still 
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The last years have witnessed a slow, if 
irregular, return to reasonable growth rates 
in the world economy as it undergoes an 
important process of reorganization. The 
scientific and technological revolution has 
quicken'ed its pace although shades of 
differences are noticeable for breakthroughs 
to reach an adult stage. The accumulation of 
capital in the developed countries fosters a 
new dynamics, and new_ international 
markets, monetary standards and . 
institutional systems are having their roles 
redefined. · An international division of labor 
has gained acceptance as a trend while the 

idea of supranational blocks formed around 
the United States, Germany and Japan has 
grown rapidly. 

The characteristics of this new 
organization model for the world economy 
tenp to create difficulties and isolation for the 
less developed countries rather than easing 
their way towards the new technological 
model. Nevertheless, countries enjoying the 
same conditions as Brazil have the possibility 
of transforming these external challenges into 
opportunities for designing and defining their 
own future. The Amazon is a particularly 
good example of such an opportunity 
because of the increasing awareness 
regarding the importance of ecological 
matters on a national and worldwide basis. 

Within the context of economic, social 
and political transformations, Brazil exhibits 
its own internal factors of change, 
conservatism, difficulties and potentialities 
that will be subject to different impacts from -
the world scene. A few of these factors readily 
stand out and can be listed: 1) the political 
instability of the present government derived 
from the difficulties encountered in 
establishing the solid base of political support 
necessary to launch an hegemonic project; 2) 
the crisis surrounding the role of the State 
generated by the public deficit, the increase 
in the internal debt and the strong political 
and social resistances to drastic changes; 3) 
the economic crisis and the persistent 
inflationary pressure; 4) the strangling of the 
economic infrastructure _and the shortage of 
human and technolt,.gical resources as a 
result of the complete lack of investment, the 
degradation of the basic and higher 
educational system and the deficiencies in the 
national science and technology programs; 
and 5) the external limitations imposed by the 
high foreign debt. 

These factors reveal the frailty . of the 
country towards external impacts and further 
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restrict the opportunities and advantages 
offered by the new world scene presently 
under construction. Yet, Brazil exhibits 
potentially important areas and has the 
capabilities to undertake the transformations 
which will qualify it to play an important role 
in the international scene. The natural and 
strategic resources necessary for the new 
world model, the relative t.echnological basis 
of its selective but diverse system of 
industrialization, and the high potential of its 
internal market are among the important 
areas of Brazil within this context. 

The definition of the future of Brazil as a 
result of the interaction of its potentialities 
with the probable impact of the international 
factors will depend in the first place on the 
establishment of a dominant social project 
that can effectively use the iqstruments of 
power of the Brazilian State. Secondly, it will 
depend on the consequences of economic 
measurements such as, removal of indexation 
from the economy, reform of the. financial 
system, price and salary freezes, privatization 
of government owned companies, and the 
opening of the economy to outside investors, 
as a means to stop the inflationary process. 

Three scenarios can be drawn for the 
future of Brazil depending on the way in 
which the government of Fernando Collar 
can drum up support for a political project to 
face the short term restrictions and 
conditions previously discussed. 

Scenario 1 - Stagn,ation and political 
instability 

Brazil enters a long period of stagnation 
with low and irregular economic growth 
coupled with large political instability and a 
marked decline in its standing in the 
economic world. This is brought about by the 
inability of the government to control the 
financial and economic crisis and to stop 
inflation. This situation deprives the 
government of the political support necessary 
to impose austerity measurements, and to 
promote the opening of the economy aimed 
at recovering economic agents' confidence in 
the future of the country. Social tensions, 
unemployment and increasing poverty 
contrast with the concentration of wealth 
which further contributes to social 
disintegration. 

Scenario 2 - Modem neoliberalism 

Brazil becomes strongly integrated in the 
expanding global economy. It resumes 
vigorous economic growth and modernizes 
its industrial installations by pooling its forces 
in a · dynamic renovation of science and 
technology. This is the result of the capacity 
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of the government to achieve economic 
stabilization and to carry out a strategy 
directed towards competitive integration on a 
worlwide basis. This support is obtained by a 
political coalition which gives the government 
a majority force in the legislature. An increase 
in the GNP, in employment and in average 
per capita income is verified although social 
inequalities and poverty still prevail as a 
consequence of the large concentration of 
wealth. 

Scenario 3 - Model of social reform 

Brazil undergoes a far reaching process of 
economic development. Economic growth 
and income distribution make rapid progress 
stimulating the internal market, raising the 
standard of living and reducing social 
inequalities. This is a result of a renegotiation 
of some of the premises of the government 
project with the more reformed oriented 
segments of society. Political support is 
gained by introducing social reforms capable 
of redefining the pattern of development. 
The model foresees insertion in the world 
economy but with priority to the internal 
market preserving moderate mechanisms of 
protectionism and State intervention in the 
economy. 

The national scenarios are presented in 
Chart 1 in the form of dominant 
configurations for the next two decades 
without an explicit outline for its progression. 
The three scenarios are generally considered 
to be equally possible depending on the 
specific combination of the endogenous and 
exogenous factors previously discussed. 
However, an attempt is made to draw the 
most probable progression assuming 
economic and political viability at different 
times of the two decades. 

The most probable progression of events 
foresees Brazil undergoing a period of 
instability and economic stagnation during 
the first years of this decade. After some years 
of difficulties and disruptions incurred by the 
policies directed towards economic 
stabilization and liberalization, a period of 
high growth rates ensues coupled with fast 
technological modernization. The country 
then finds the path to enter the global 
economy and experiences a social and 
economic evolution compatible with the 
modern neo-liberal scene. The recovery of 
the economy catalyzes the formation of a pact 
of political domination and insures economic 
stability and a general increase in income. 
This phase of the progression should be 
dominant for a longer period most likely 
continuing until the turn of the century. 

Nevertheless, the success of the neoliberal 
model brings about substantial changes in the 

national development program with respect 
to an accelerated growth, a spreading of the 
unemployed mass and urban growth. In spite 
of the social inequalities and the distribution 
of wealth, the profound modernization of the 
economy precipitates the political conditions 
necessary to revert the bases of the national 
development model near the year 2000. 
These ideas will find slow but steady 
consolidation as the process of growth and 
modernization becomes more intense. Thus, 
the progression of events must reveal turning 
points by the end of the century which 
promote a reform of the social structure in 
Brazil based on a widespread redistribution 
of the benefits of development. 

Along the trajectory of events envisioned 
in a simplified way as the most probable, 
Brazil acquires characteristics which are 
grouped in three distinct configurations 
identified as "Scenes of the Probable Future 
of Brazil". Typical snapshots in time of these 
scenes are presented in Chart 2 as a way to 
underline the turning points along the 
historical path. 

Alternative scenarios for the 
Amazon region 

The probable destiny of the Amazon 
region will come about as the result of the 
combined influences of the national and 
world scenarios (and their effect on the 
potentialities and endogenous limitations of 
the region) and ,the participation of regional 
leaders in the political process. The extent to 
which Brazil becomes involved in the global 
process of transformation will confront the 
Amazon with different opportunities and 
external challenges. 

It is a paradox that the natural renewable 
and non-renewable resources of the Amazon, 
undoubtedly the greatest asset of the region, 
also constitute the major weakness of the 
region. This area is part of a highly vulnerable 
ecosystem subject to general covetous and 
predatory practices. The fragility is further 
aggravated, by ,the lack of adequate 
technological support to enable choosing 
from the wide range of possibiHties of rational 
economic utilization. 

Si rice the Amazon · is a region of 
continental dimensions and at the frontier for 
capital investment, it is an area of social and 
cultural conflicts resulting mainly from the 
struggle to gain access to its natural 
resources, its riches and its land. The fast 
process of space recomposition enhances the 
social, economic and cultural differences 
which generate a complex mosaic of different 
standards of production, economic 
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organization and social relations. An analysis 
of the group of determining elements for the 
future of the Amazon leads to four 
alternative scenarios (Chart 3). 

Scenario 1 -An export outlet 

The Amazon region maintains its role as 
. the ''warehouse" of the national and world 
economy as it strengthens its position as 
exporter of raw materials and natural 
resources. The economic and commercial 
integration with the rest of the country and 
the outside increases and its high growth rate 
is 'externally stimulated by the demand for 
natural resources and substantial capital 
investment. . However, these resources are 
intensely exploited with little internal effects 
and poor results in terms of wealth, of vertical 
integration in production and coupled with 
strong degradation of its potential. 

Scenario 2 - Growth and income acquisition 

The Amazon exhibits high growth rates 
and becomes integrated to the national and 
world economies. Income is used to improve 
the region and the regional production 
reaches significant vertical integration. The 
list of export goods and commerce become 
diversified including-basic commodities and 
semi-manufactured products. The average 
income level increases in the region as well as 
its contribution to the GNP. Likewise, the 
regional centers tend to initiate a dynamic 
propagation of their influences over larger 
areas of the Amazon. New poles of 
development which include the production of 
biotic commodities become evident and gain 
national economic importance. 

This scenario results from the 
combination of a worldwide recovery allied to 
a national project of social reforms. The latter 
presumes regional policies for development, 
a diversification of the economy in the 
outposts of the region, a set of specific 
policies and a plan of action for 
environmental control directed towards the 
regulation of the exploitation of the Amazon 
region. 

Scenario 3 - Endogenous development 

The development process of the Amazon 
,is strongly directed towards regional needs 
and potentialities. The region becomes 
weakly integrated to the outside economic 
world and displays moderate growth rates. 
The incorporation of high technology is 
limited and absorption of the world scientific 
progress is limited. However, the region 
develops alternative technological models 
suitable to the ecological conditions and 
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social demands. 
This scenario is based on a framework of 

strong external restrictions imposed on the 
economic growth of the Amazon by political 
instability in the world and moderate 
economic expansion which limits the 

. technological revolution. Brazil is dominated 
by the social reform model strongly oriented 
towards an internal national development 
program. 

Scenario 4 - Selective internationalization 

The Amazon partially dissociates itself 
from the national economic progress and 
strengthens its links with the outside world 
due to large foreign investments and high 
export of natural resources to the developed 
world. Its growth rate although moderate 
exceeds that of the rest of the country and is 
influenced by the dynamics of a·new cycle of 
world expansion which demands natural 
resources. The region becomes a new 
frontier and an export outlet. The list of 
goods for export is diversified and includes an 
increasing volume of biotic commodities. In 
spite of a high level of exploitation of natural 
resources, the degradation of the 
environment is lessened by the biodiversity 
compatible with environmental conservation. 

The persistence of the economic crisis and 
political instability at the national level, 
coinciding with world growth . and 
consolidation of the new technological 
model, paves the way for the economic 
penetration of great world powers and 
international conglomerates in the Amazon 
interested in implementing a new pattern of 
exploitation of natural resources. 

These four scenarios can be considered as 
equally plausible for the future of the 
Amazon. Nevertheless, a comparison of the 
likely circumstances of the world and of Brazil 
with the potentialities and limitations of the 
region, point out three · turning points which 
help to outline the progression of events in 
three parts: the first, ranging from 1991 to 
1993, is dominated by instability and 
restrictions; the second, between 1994 and 
the year 2000, previews (} stable period 

. subject to important transformations at the 
national and international level; the third 
period covers the first decade of the 21st 
century when new conditions will 
considerably enhance the regional 
potentialities (Chart 4). 

The desirable and plausible scenario 

The normative scenario is the one that is 
both desirable and plausible for the Amazon 

region. The methodology for its construction 
begins with the aspirations of the regional 
participants (as sampled by a wide reaching 
consultation to different social groups of the 
region) and the circumstances dictated by 
reality. It is therefore a viable and strategic 
scenario which finds political support. The 
originality of this project stems from the 
definition of the region as a coherent society 
in its social, cultural and ecological 
background but modern and aware of the 
outside ·world. This society searches for its 
own space within the country, and for the 
transfer of scientific and technological 
progress for the sake of its own development 
. centered on the potentiality of its own natural 
resources and its particular diversity. 

According to the normative scenario the 
Amazon undergoes a process of increasing 
accumulation of income in the next decades 
through vertical integration and 
diversification of its production structure . . 
The regional internal market expands and the 
supply of durable goods becomes larger. At 
the same time, the industrial production 
directed towards export is reinforced 
especially with regard to new industries based 
on biotechnology and the chemistry of 
natural resources such as, biotic 
commodities, pharmacological products, 
cosmetics and industrialized products 
derived from tropical agriculture of high 
aggregate value and scientific content. · 

The technical and political viability of this 
normative scenario depends on the ability of 
the regional' agents to influence the national 
scene in introducing political variations of 
regional, environmental, scientific and 
technological dimensions. Fundamental 
changes in the region directed towards the 
utilization of its natural resources will be 
introduced to accomodate a growth in 
regional income and scientific and 
teehnological knowledge. Small realizations 
will be achieved in the first years of economic 
austerity and even during the full decade of 
1990 in view of the modern liberal orientation 
of the national dominating policies. 

As a result of the prevailing political 
.conditions the Amazon (with its inherent 
attractiveness) then receives important 
private and public investments from national 
and international sources even in the years of 
national austerity. The investments mount 
with the recovery of the Brazilian economy 
which in turn promotes a rise in the regional 
GNP during the period. These investments 
are channeled to sectors of high aggregate 
value which greatly benefit from the natural 
resources in a highly selective, intensive and 
high productivity process. The technological 
innovations lead the region to reformulate its 
purely extractive-oriented tradition towards a 
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combination of advanced and new extractive 
techniques with the development of new and 
modern industrial sectors. This significantly 
increases the production without 
compromising the conditions for reproducing 
the ecological system. 

The assumption of the most probable 
events, an analysis of the development 
processes and a forecast of future trends help 
to draw the progression of events and the 
evolution of the indicators and variables of 
the normative scenario. Chart 5 presents this 
evolution with qualitative information on the 
trend of the central variables while Chart 6 
lists quantitative results of the trajectory for 
the normative scenario compared with the 
most probable progression. 

According to the normative scenario the 
GNP of the Amazon region will grow 10% a 
year on the average during the next two 
decades jumping from an approximate $22.3 
billion dollars in 1991 (the beginning of Scene 
1) to something of the order of $127.4 billion 
dollars by 2010. As a result of the fast rate of 
economic growth, participation of the region 
in the national GNP will climb from the 
present 6% to about 11.8%, an almost 20% 
relative increase ovedhat predicted by the 
most probable progression of events ( around 
10.0% ). This is due to the expectation of 
much higher growth rates • (on the average 
10% a year during the whole 1991-2010 
period) than the 5 to 6% predicted for Brazil 
by the most likely succesion of events for the 
two decades. 

The population of the Amazon tends to 
grow moderately during the two decades of 
the scenario. A projection is made that the 
present 16 million inhabitants will reach 25~8 
million by the year 2010, a 62% increase in 20 
years. This evolution is slightly below that of 
the most probable progression but still ahead 
of the national population growth rate. This 
implies that the population of the Amazon 
will increase its contribution from 11.4% to 
13% of the total number of inhabitants in 
Brazil. 

The moderate demographic rise is due to 
increasing urban living and moderniz~tion of 
the social and family life leading to a decrease 
in the fertility rate. Furthermore; a pattern of 
economic growth based on advanced 
technology will tend to discourage the 
migration of unskilled labor to the region (a 
main factor in the expansion of the local 
population). This will be compensated by an 
increase in life expectancy and a decrease in 
the infant death rate. 

The combined action of fast regional 
GNP growth with a moderate expansion of 
the · population promotes a substantial 
increase in the average annual per capita 
income which jumps from the present $1,271 
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dollars to $4,934 dollars by the year 2010, a 
fourfold growth in 20 years. This income 
figure for the Amazon region will also raise its 
position on a national basis from the present, 
51.5% to 88.8% of the national average 
assuming that the national average income 
will also rise during this time. This is signifcant 
progress within the context of the increasing 
income expected in Brazil at this time. 

The reduction of the population growth 
.rate will also encompass the economically 
active population of the Amazon region 
although to a lesser extent because of the 
adjustment in age distribution. The demand 
for employment grows at a slower pace than 
the opportunities generated by economic 
expansion even if the latter reflects a jump in 
work productivity brought about by technical 
progress. Thus, the normative scenario points 
out to a significant decline of unemployment 
and underemployment in the region in the 
next decades, and larger than that predicted 
by the most probable scenario. 

The spcial, cultural, scientific and 
technological exchange of the Amazon region 
with the rest of the country and the outside 
world will be consolidated during this period. 
The region will establish even stronger ties 
with Latin America, and in particular with the 
Pan Amazon countries, but will also extend 
its global links to support its foreign trade and 
scientific exchange. 

The changes in the pattern of foreign 
trade corresponds to an important change in 
the regional scheme of production. Thus, the 
desirable and plausible scenario for the 
Amazon witnesses a profound 
transformation in the more dynamic sectors 
during these 20 years. Electronics, mining 
and metallurgy are seen to lose importance 
relative to the development of new high 
technology industries related to biotic 
resources. These two decades also mark the 
relative growth in importance of agriculture 
and rural activities associated with forestry 
especially due to advanced extractive 
techniques which bear a positive impact on 
agricultural dependent industries. Thus, the 
focus of the economy of the Amazon slowly 
shifts towards products derived from 
biotechnology and linked to advanced 
extractive tehniques such as those used in 
biotic commodities, pharmacological 
products, cosmetics and fine chemicals. 

Agriculture also undergoes a structural 
diversification with the utilization of the 
floodplains and meadows of the region. The 
devastated areas are recovered and 
traditionally purely extractive techniques are 
controlled and stabilized while new biotic 
resources, including fishing, are on the 
upswing. The agriculture-derived industries 
look for the improvement of vegetal products 

that range from the industrialization of 
tropical fruits to the processing and industrial 
treatment of wood and animal products. Toe 
concept of ecological tourism becomes an 
important source of income and employment 
and at the same time helps to preserve the 
environment in the Amazon. 

The fact that the growth of the Amazon is 
based on its natural resources for the 20 years 
of the scenario suggests that by the year 2010 
the reserves of these resources will be 
replenished and maintained, and their 
economic utilization optimized. By the same 
token, the devastated areas will tend to be 
recovered. Although this recovery is slow in 
the initial years it gains momentum as new 
technologies are acquired · and new policies 
are adopted for environmental control. 

The ecologic dimension given to the 
development pattern favors the freedom and 
standard of living of the Indians, in reserved 
areas, and of the population dedicated to 
extractivist activities. It also helps the 
coexistence between these two groups which 
find seve.ral options ranging, from an 
integration of the extractive process into 
modern industry in biotechnology, chemicals 
and pharmacological products, to a voluntary 
decision for more profitable means of 
production capable of promoting qualitative 
jumps in their living standards. 

The technological foundations of the 
Amazon improves and reaches a 
medium-to-advanced stage by the.year 2010. 
This is accomplished by absorbing important 
scientific contributions and combining them 
with the traditional techniques of the region. 
This mixture yields a reasonably 
heterogenous level of technology capable of 
instilling the new technological model of the 
world to the productive sector along with an 
integration in the technological culture of the 
region and the advances obtained in the 
process of technology transfer. 

Besides the significant growth in 
production and per capita income the 
Amazon now retains a significant portion of 
its gross income during these decades. This is 
achieved by reducing the gap between the 
productive end and the foreign nature of the 
invested capital. The local business 
community increases its participation in the 
capital investment in the Amazon and wage~ 
increase their contribution in the gross 
regional product. A significant rise in 
productivity is observed as a consequence of 
the higher qualification of regional labor and 
adequate policies. This scene also foresees a 
slow development in the second half of this 
decade but rapid expansion in the next 
decade within the framework of the coalition 
for social reform established in the country. 

One of the results of this process is the 
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expansion of the internal consumer market of 
the Amazon. The income generated by its 26 
million inhabitants in the year 2010 will be 
relativelywell distributed among the different 
social classes. The demand for durable 
consumer goods will rise and in iurn, 
stimulate the installation of new productive 
activities. 

The distribution of economic activities in 
the country forces a reorganization of the 
Amazonian space. By 2010, an urban 
network exists with a chain of cities of well 
distributed sizes . This reflects the 
decentralization of capital investment, the 
strengthening of the m~ddle and small cities, 
and a minimization of anarchic practices of 
land occupation. The existence of production 
centers coupled with ecological concerns 
guide the organization of space. A 
transportation network becomes available 
with several options and exits to the Atlantic 
and Pacific Ocean. 

The combination of five basic factors 
promote medium to high level of living 
standards, public safety and an adequate 
educational and cultural system in the 
Amazon region by the year 2010: (1) the 
social pressure exerted on the State and its 
policies by significant advances in the process 
of social participation and organization; (2) 
the attainment of co1_1ditions which insure the · 
population access to better quality in eating 
habits, housing, education and public 
sanitation as a consequence of the rise and 
distribution of regional income; (3) 
municipal, state and federal investments 
directed to a social infrastructure which 
although slow in the beginning will tend to 
increase by 1995 and particularly after the 
year 2000; ( 4) a significant improvement in 
the quality of the environment, of the water, 
of the air and of the sanitary conditions 
brought about by the technological pattern 
used in conjunction with the naturnl 
resources; (5) the institutional, tectnological 
and organizational alternatives for 
production oriented towards collective needs 
and capable of reaching a large clientele at 
low cost. 

These factors become evident and their 
combination reaches a high point in the 
Amazonian region although unevenly in time 
and space until the year 2010. In spite of 
subregional differences in attaining these 
conditions, a global perspective of the region 
leads to the conclusion of significant 
reduction in the social deficits observed in 
education, sanitation, housing, nutrition, 
public health ar.,.d public safety, which will 
increase the participation of the population in 
the construction of their future. 

The majority of the key variables in the 
redefinition of the future role of the Amazon 
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is slow to bear results and faces large inertial 
resist.ances as well as inter-regional 
competition for the necessary resources. The 
picture for the desirable society deviates 
slowly at the beginning from the most 
probable progression of events. By the 
beginning of Scene 2, and specially in Scene 
3, these differences become further apart. 

In Scene 1 (1991-1993), the overall 
picture of the Amazon is effectively similar to 
that projected by the most probable 
progression. Changes at the national policy 
level need to be added in this stage for a 
future differentiation between the two 
scenarios. Some elements of regional policies 
are particularly noticeable with respect to a 
greater environmental control and a 
decentralization of the national training 
program in science and technology. Inertial 
forces are strong and must be overcome by 
the present policies directed towards 
liberalization of the national economy. The 
establishment of regional strategic action and 
the need to give the State a clean financial 
slate must also overcome this inertia. 

. By Scene 2, ranging from 1994 to 2000, 
some initiatives would have already taken 
place and new economic and financial 
conditions will be in effect in the country. The 
situation is favorable to new adjustments of 
national policies to the normative scenario. 
Since Scene 2 covers seven years of relative 
stability, regional implementation of some 
important variables will play an important 
role. Even though research and development 
are not priority areas in the dominant 
national model, which favors modernization 
and transfer of technology, the regional 
participants can influence the development 
of special areas of interest and of regional 
tradition and qualification. 

If these policies are implemented, the 
Amazon will enter the 21st century (Scene 3) 
in favorable condition and with a different 
scope than that outlined by the most probable 
trajectory of events. On the international 
level, ·the scientific and technological 
revolution reaches its high point. 
Biotechnology is particularly to be 
emphasized because of its interest on the 
biodiversity of the Amazon which now 
exhibits only 5% of deforestation, less than 
half of the present 10 to 12%. 

A pact for social reform adopted by the 
country opens up the doors for the 
implementation of strategies of regional 
interest at this point. Some of them deserve 
special attention: 1) regulation of the 
economic relationship among the regions; 2) 
more control on the transfer of technology 
and emphasis on scientific and technological 
training; 3) rigorous policies of 
environmental control, distribution of 

wealth, investment in social infrastructure 
and regional economic decentralization. For 
these reasons, the first decade of the 21st 
century sees an acceleration of the economic 
and social transformations and supports the 
model of ecologically oriented development 
by the year 2010. The Amazon region then 
enjoys a high standard of living and a high 
technological level. · · 

The viability of the normative scenario 

Three external variables can make the 
normative scenario for the Amazon come 
true: 1) the acceleration of the scientific and 
technological revolution which values highly 
the biodiversity and the mineral resources of 
the region; 2) a consolidation and 
·strenghtening of world pressure on ecology 
and ·environmental awareness in Brazil; 3) a 
return of a growth pattern in the national 
economy i9 the first half of this decade 
coupled with large investments in 
infrastructure and a financially healthy State . 

A simulation of this macroeconomic and 
· social model updated to March 1991 shows 
the normative scenario to be possible when 
submitted to a test of economic and financial 
consistency. As for all cases based on the 
technique of scenarios, the results reflect a 
prospective view based on the present which 
is used as a reference starting point. Changes 
resulting from innovattons and their effect on 
social and econom'ic actions require 
continuous monitoring to be incorporated in 
the model. 

The simulation showed that the 
implementation of the normative scenario 
will require a gross investment of the order of 
$320.63 billion dollars in 20 years, equivalent 
to 90% of the annual Brazilian GNP. This 
respresents an annual average pf 16 billion 
dollars which would obviously be unevenly 
distributed over time. The annual investment 
will tend to grow considerably by the end of 
the century and even more as the year 2010 
is approached. Under these conditions, the 
average corresponds to $6.8 billion in Scene 
1, 12.9 billion in Scene 2 and 25.6 billion in 

, Scene 3. The participation of the Amazon in 
the total national investment will be roughly 
10.6%, 11.4% and 12% on the average 
during these three periods. Likewise, the 
regional investment rate starts at 30% ( a high 
number since the initial stage lies at a relative 
low production level), rises to35%, due to the 
recovery in the investment capacity, and 
drops to 25.1 % in Scene 3 when the region 
already displays a reasonably superior 
production scheme. 

The proposal suggested by the normative 
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scenario is far reaching and ambitious. It 
represents an historic opportunity based on · 
the potentialities of the Amazon and not just 
sheer fantasy. Nevertheless, the most 
essential aspect has yet to be discussed and is 
related to its political viability: the possibility 
that this scenario can be put into action within 
the context of the social construction of the 
country. This will only come true if the 
regional leaders adopt the idea and are able 

to influence the decisions of the Brazilian 
government for a collect~ve effort on 
resources and on institutional, financial, 
technological and political mechanisms. This 
mobilization reflects a coalition in search of 
growth and development for the Amazon. 

94 

Negotiations, alliances within the region 
and outside, and coalition with external allies 
in strategic points (information, technical, 
financial and technological cooperation) are 

NUMBERED FIGURES (See Amazonia pp. 136-141) 

Chart 1.National Scenarios 

Economic 
growth 

Technical 
progress 

Integration 
in the 
world 

Productive 
structure 

Social 
interactions 

Regional 
division 
of labor 

Environment 

Scenario 1 
Stagn~tion and 
instability 

Small 

Increasing technical 
gap and little 
awareness 

Falls behind in 
expansion and 
in commerce 

Small decline 
of industries 
and small changes 
in their outlook 

Large wealth 
concentration, 
high levels of 
poverty and large 
social deficits 

Regional economic 
reinforcement 
with medium 
expansion in its 
outlook 

Industrial 
pollution reaches 
a stationary 
situation but 
sanitation problems 
worsen 

Scenario 2 
Modern 
N eoliberalism 

Moderate 

The gap is reduced, 
intense dissemination 
and moderate training 

Competitive integration 
with increasing capital 
and commerce 

Industrial growth 
and increase in 
service industries 
while primary sector 
enters into decline 

Concentration of 
wealth, rise in per 
capita income, and 
in employment 
opportunities 

Weak decentralization 
but wide 
expansion in 
outlook 

Increase in 
industrial pollution 
and in selective 
and concentrated 
urban pollution 

potential courses of action to be implemented 
immediately by the regional leaders. They will 
initially face restrictions from the inertia and 
rigidity of the region in their attempt to model 
society according to the normative scenario. 
The success of the project will therefore 
depend primarily on the presence of a 
catalytic force which can inspire and mobilize 
the political forces of the region. 

Scenario 3 
Model of 
social reform 

Moderate 

Strong training 
program and moderate 
dissemination 

Well defined option 
for internal market 
with selective 
occupation of space 
in world commerce 

Homogenous growth 
of tourism, of 
agriculture and of 
industry with a 
redefinition of 
their outlook 

Fast reduction of 
poverty and misery 
with increasing 
employment and 
redistribution of 
income . 

Moderate · 
decentralization 
with medium 
expansion in 
outlook 

Decrease in 
industrial 
pollution; urban 
and rural 
pollution and 
sanitation improve 
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Chart 2. Most probable national progression of events 

Scene 1 Scene 2 Scene 3 
1991-1993 1994-2000 2001-2010 

Economic Small Medium to high High 
growth 

World Moderate Competitive integration Competitive integration 
integra- with some with increasing open and stabilization of its 
tion restrictions trade participation in world trade 

Technical Increasing Technologically Advances in science 
progress gap and small selective and fast and technology with~ 

dissemination modernization internal training program 
and wide dissemination 

Role of Privatization, Minimal state Social role and 
the State deregulation, intervention regulator 

healthy public 
finances 

Political Presidencialism Consolidation Strong political 
system allied to of political parties parties with 

personalism and and strenghtening of participation 
control of the the liberal center of society 
legislature and liberal democrats 

,Labor Precarious and Dualism with Modern and socially 
relations traditional modernization advanced 

Producti- Stationary Restructure with Light recovery of 
ve structu- industrialization agriculture and 
re and beginning beginning of the 

of third stage fourth stage 

Internal Restricted Moderately dynamic Enlarged and 
market and very selective widely dynamic 

Social High unemployment, Increasing Decentralization 
situation poverty, employment income and income distribution 

concentration of distribution social and welfare 
wealth infrastructure 

Envi- Halt to industrial Moderate and Partial recovery 
ronment pollution with localized of the environment 

increasing sanita- environmental and life quality 
tion problems degradation 

Regional Moderate Concentrated Partial and selective 
division centralization with moderate -decentralization 
of labor decentralization preferentially towards 

to outpost areas the outpost regions 
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Chart 3. Alternative scenarios for the Amazon 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 
Export outlet Growth with Endogenous Selective 

accumulation of income development internationalization 

GNP Medium/High High Medium Low to medium 

Internal Weak absorption of Strong income absorption High retention Weak income 
absorption income and limited with vertical integration of regional income absorption and limited 
of income vertical integration and sectorial links vertical integration 

in production in production 

Market Strong national National and world Moderate national Strong world connections 
integration integration and . .connection along new integration and weak with low integration to 
and economic and commercial production schemes with connections with the the national economy 
orientation connection with the widening of the regional foreign world 

outside world market 

Technical High on dissemination Rapid dissemination Moderate dissemination Selective and accelerated 
progress but low on transfer with parcial transfer with the adaptation and dissemination without 

generation of adequate transfer 
technologies 

Production Industrial increase with Diversification with Moderate diversification Low diversification 
structure little diversification, growth of consumer good with growth in consumer with relative growth of 

decline of agriculture industry,biotechnology good, agriculture and extractive processes, 
and of extractive and ecological tourism extractivist activities biotic and tropical 
activities products 

Organization Concent~ation in the Propagat_ion of centers Small propagation of the Stationary in the 
of space centers with moderate and formation of a dynamic centers but enclaves but relocation 

propagation network of cities spatial dispersion of the centers of extraction 

Environment Moderate degradation, Moderate preservation Recovery and self-support Low environmental impact, 
pollution,deforestation with reduction of of ecosystem selective and localized 

environmental impacts 

Population High growth with mild High growth with moderate Low growth with strong Low growth with reduction 
reduction in migration reduction of migration drop in migration rate of migration rate 
rate rate 

Pan-amazo- Moderate with emphasis Dynamic and far reaching Moderate and oriented Moderate but disorganized 
nism on infrastructure and integration towards education,culture, and erratic 

preservation of borders tourism and preservation 
of borders 
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Chart 4. Most probable progression of events in the Amazon. 

GNP 

Population 

Internal 
interaction 
and Pan_

amazonistn 

Production 
structure 

Internal 
market and 
absorption of income 

Technical 
progress 

Environmental 
interaction 
( exploitation 
of natural resources) 

Space 
organization 

Indian 
situation 

Social 
situation 

Quality 
of the 
environment 
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Scene 1 

Medium 

Migration stabilized 

Medium link 
with Brazil, high 
with the world and 
weak within 
Pan-Amazonism 

Small diversification 
and integrated; medium 
growth of rural( cattle, 
grains, vegetal-related 
products) and industrial 
activities ( electric and 
electronic,mining and 
metallurgy) 

Dynamically low 
and poor absorption 

Slow dissemination/ 
traditional technology 
with little transfer 

Intense 
and 
traditional 

Low propagation 
and integration 
of centers 

Continuous threat 
and cultural degrada
tion;depopulation due to 
land invasion and growth 
of dominant society, 
lack of horizons for 
an orderly and 
participative set of 
Indian policies 

Unemployment and 

· concentration of 
income with high 
social deficits 

Deforestation 
and environment 
remain stationaiy 

Scene 2 

High 

Moderate migration growth 

Strong traditional 
ties with Brazil, 
medium and selective 
outside connection, 
weak Amazonian 
integration 

Moderate 
diversification with 
little integration: 
large growth of rural 
( cattle, grain and 
food products) and 
industrial activities 
( electric and electro
nic, mining and 
metallurgy) 

Moderately dynamic/ 
poor absorption 

Fast dissemination 
with poor transfer of 
traditional _and advanced 
technology 

Intense with 
use 
of technology 

Moderate growth 
and propagation of 
centers, low integration 

Moderate threat 
for depopulation 
while cultural 
degradation 
continues 

Generation of jobs 
and concentration 
of income and high 
social deficits 

Reduction of deforesta
tion and environmental 
degradation 

Scene 3 

High 

Migration process stabilized 

Medium link 
with intermediate 
technology in Brazil, 
medium selective external 
link and moderate 
Amazonian integration 

Diversified 
with moderate 
sectorial integration; 
large sectorial 
growth: rural ( cattle, 
grain, and other 
biotic products), 
industrial( mechanical 
mining and metallurgy 
durable consumer goods, 
new industrial ,pharmacological 
and chemical products), 
.ecological tourism 

Dynamic/high 
absorption· 

Moderate dissemination 
with transfer of 
advanced technology 

Intense and 
selective 
(advanced technology) 

Redirected with growth 
and integration; 
development of new 
fronts along biotic 
resources 

Low depopulation, 
moderate acculturation 
due to Indian policies 
defined · and implemented 
towards preservation 
of cultural values 
and Indian reservations 

High on job 
opportunities with 
distribution of income 
and moderate reduction 
of social deficits 

Environmental 
conservation with 
recoveiy of the environment 
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Chart 5 Progression of events for the normative scenario 
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Population 

Internal 
interaction 
and P�m
amazonism 

Production 
structure 

Internal 
market and 
absorptioq of income 

Technical 
progress 

Exploitation 
of natural 
resources. 

Space 
organization 

Indian 
population 

Social 
situation 

Quality 
of the 
environment 

Institutional 
situation 

Scene 1 
1991 - 1993 

Migration process 
stabilized 

Moderate integration 
with national and 
world scene, weak 
integration with 
Pan-Amazonian scene 

Low on diversification 
and integration with 
moderate growth in rural 
and industrial 
activities 

Dynamically low 
and poor absorption 

Slow dissemination 
modest transfer and 
effort on science 
and technology 

Intense and 
traditional with 
moderate control 

Low propagation 
and integration 
of centers 

Partial occupation 
of Indian land, 
conflicts and 
depopulation with' 
small cultural gains 

Unemployment and 
concentration of 
wealth with high 
social deficits 

Low degradation 
and · controlled 
deforestation 

Restructure of 
government agencies 
with partial 
recovety of planning, 
modernization and qualification 

Scene 2 
1994 - 2000 

Stabilization of 
migration with small growth 

Strong traditional 
ties with Brazil 
and the world, and 
moderate 
Amazonian integration 

Moderate� 
diversification and 
integration, growth 
of extraction 
activities, agriculture
related industries 
and tourism with the 
appearance of new 
biotechnolgy-oriented 
industries 

Moderately dynamic 
with moderate 
absorption 

Rapid dissemination 
with moderate 
transfer and high 
on local research 

Intense with 
moderate control 
and intermediate 
technology 

Moderate growth, 
propagation and 
integration of 
centers, and 
appearance of new centers 

Reduction of 
conflicts, 
control of 
depopulation and 
small cultural gains 

Job opportunities 
and moderate 
accumulation 
of income with 
reduction of social 
deficits 

Moderate conservation 
with low impact 
on the environmental devastation 

Restructure of the 
State, emphasis on 
its regulating role 
and qualifications of 
non-government organizations 

Scene 3 
2001 - 2010 

Decline in the 
migration process 

Strong links with 
selective and advanced 
technology, and large 
Amazonian integration 

Intense 
diversification 
and integration; 
with strong growth of 
biotechnology, of 
advanced forn1s 
of extractive 
activities, of 
agriculture-related industries, 
and of ecological tourism 

Highly dynamic 
with strong 
absorption 

Moderate dissemination 
with high technology 
transfer. High 
technical standards and selective 
endogenous innovation 

Intense and selective 
with advanced technology 
and strong 
environmental control 

Growth and integration; 
propagation of centers 
along specialties, with 
formation of small centers 
strong in biotechnology 

Important cultural 
and social gains 
directed towards self
determination of Indian 
tribes 

High employment and 
income opportunities 
with wealth distribution 
and high investments in 
in economic and social 
infrastructure 

Recovety and 
self-reproduction 
of ecological system 

Consolidation and 
increasing liberatlization 
of the State and 
strenghtening of 
non-government organizations 
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Chart 6. Normative scenario - Central Indicators 

Growth GNP (Average)% 

_GNP US$ billion 
( end of scene) 

Population/millions 
( end of scene) 

Unemployment* 
( % economically active . 
population - EAP) 

Per capita income US$ 
( end of scene) 

Participation in national 
GNP% (end of scene) 

Participation in national 
per capita income 
% Amazon/Brazil ( end of scene) 

Scene 1 
1991-1993 

6.5 

25.1 

17.9 

51.3 

1,400 

6.4 

54.9 

Scene 2 Scene 3 
1994-2000 2001-2010 

9.9 10.1 

48.8 127.4 

21.4 25.8 

36.1 24.8 

2,280.3 4,934.8 

8.6 11.8 

68.3 88.8 

*In this indicator, the economic characteristics of the economically active population of the Amazon (in extractive activities and small products) tend to increase 

participation in the normative scenario with a change in outlook and partial integration in the formal economy. Open-air mining ten..ds to decline in relative importance 

with absorption of the labor force. It is assumed that it will drop from the present 10% of the EAP to 8%, 6% and 4% respectively by the end of scenes 1, 2 and 3. 

SUPERINTENDENCIA DO DESENVOLVIMENTO DA AMAZONIA 

Translation: Jose M. Riveros and Deborah E. Riveros 
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II THE ANATOMY OF W 00D II 
Pedro L.B. Lisboa 

Departamento de Botanica, 
Museu Paraense Emilio Goeldi 

The 260 million hectares of the Amazon forest shelter over 2,300 plant species, distributed among 700 genera and 120 
families which are wood producing species. This immense territory and the variety of the species still hold a challenge 

for scientists: what is the best way to obtain a secure identification process, considering the vast 

The major part of the Brazilian forest 
potential is located in the Amazon 

region, where forests stretch over 260 million 
hectares. Upland forests and flood plains, 
richly populated by wood-producing plant 
species, occupy more than 90% of the area: 
And, since the lack of uniformity is one of the 
most important features of the tropical 
regions, the different types of woods in these 
forests are very similar from the organoleptic 
standpoint, that is, considering those 
properties that affect the senses. Such 
similarities have jeopardized commercial 
exploitation, as hardwood is sometimes 
exchanged for other similar types of timber 
whose mechanical, physical and biological 
properties are less . interesting in market 
terms. Timber exploited in the Amazon is 
almost always known by its popular names; 
these common names, however, are used to 
identify different species of woods. In 
addition, sometimes the popular name of a 
given wood varies from one area to another. 

The catalog record of the 
wood-producing species in the Amazon 
region - available in the wood collection 
department of the National Institute for 
Amazon Research, in· the Goeldi Museum 
and in the Center for Agriculture and 
Livestock Research of the Humid Tropics - · 
registers over 2,300 species divided into more 
than 700 genera and 120 families. That 
implies the need for a method that will lend 
scientific accuracy to the identification of 
different woods. 

The best wood identification process is 
based on the comparison between anatomical 
and organoleptic features. Several 
anatomists, intending to improve methods 
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quantity of very similar woods? 

for wood identification, have prepared a 
dichotomous identification system based on 
the fact that the differential anatomical 
features of the wood always unfold in one of 
two directions, which they follow until the 
family, genus and/or species are identified. 
This method both shortens the time spent in 
identification attempts and improves the 
accuracy of the identification. Recently, 
however, with the appearance of perforated 
computer cards and computer science, 
newer, even more perfect methods are 
available. 

Anatomical study of woods can be 
conducted macroscopically, using both 
entomological or thread-counting magnifying 
glasses which increase visibility tenfold. This 
process helps experienced anatomists in the 
field determine the species of wood under 
examination as well as conduct identification 
procedures by comparing a fragment of the 
wood with standard samples from the wood 
collections. 

There is, however, a disadvantage: 
anatomical details (figure 1) are less varied 
when compared to those supplied by 
microscopic study. For this type of study 
transverse, tangential and radia1 histologic . 
sections are required (figure 2), showing the 
main elements that constitute the wood. 
Observed through a microscope, such 
histologic sections are seen in much greater 
detail (figure 3). The material, steeped in a 
solution which separates the different 
elements (maceration, see below), also 
contributes to a greater efficiency of the 
process. . 

In both methods, identification of the 
wood is based on the morphological 

differences of the anatomical structures of 
the secondary xylem. The secondary xylem is 
the compact mass of cells originating from the 
intricate vascular layer between the bark and 
the wood, arranged in such a way that they 
originate two orientation systems: 
longitudinal (vertical) and transverse (radial). 

On principle, the cells that constitute the 
tissue of wood are very similar. During 
growth, however, they acquire specific 
shapes: they become axial and radial 
parenchyma cells, fiber cells, vessel element 
cells and others. . Each cell has a specific 
mechanical and/or physiological activity: 
fibers participate in the support mechanisms 
of plants and parenchymal cells answer for 
several different functions; one of the most 
important is the storage of nutritious 

· substances. It is important to observe that the 
sap (a solution combining water and mineral 
salts absorbed from the soil by root hairs) 
circulates through the xylem's vascular 
system. Each particular wood species, 
therefore, is always cons ti tu ted by 
morphologically similar cells. 

A new approach has recently been 
adopted for the study of the secondary xylem, 
The influence of environmental factors in the 
determination of the morphological pattern 
of anatomical wood structures has been 
widely demonstrated, especially in relation to 
the vessel elements. These are cellular units 
constituting a vessel; they are formed by a 
seri~s of axially superimposed vessels. The 
final contact walls among the vessels are 
perforated, permitting water circulation 
(figure 4 ). Research results show that 
scalariform perforation plates are more 
common in cold and temperate 
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environments, while simple perforation 
plates generally occur in dry environments. In 
Brazil, a country with a wide range of climatic 
variations, further research would be 
worthwhile. 

Within the context of plant anatomy 
development, wood anatomy has attained the 
status of an independent branch of research. 
Its importance in the identification of 
commercial woods and its use in 
technological studies - to establish 
correlations among the anatomical 
structures and the physical properties of 
wood - were the main factors behind the 
adoption of applied research in the place of 
theoretical research. Nonetheless, as British 
anatomist C. Metcalfe observed, these two 
lines of research will probably be combined 
eventually, since wood anatomy is 
increasingly important for studies of 
botanical taxonomy and philogeny and, more 
recently, comparative plant ecology. 

TAXONOMY AND PHILOGENY 

Microscopic study of wood fragments is 
conducted through histologic sections 
obtained in appropriate microtomes; the 
anatomical structures are dissociated 
through wood maceration. Microtomes are 
equipped with special cutting blades for the 
histological section of biological tissue and 
maceration, as we will see further on, is the 
dissociation of the cellular structures that 
constitute the wood by the action of chemical 
substances. This microscope study has 
opened a fascinating road to the 
understanding of the systemic and 
philogenetic relations among plants. At 
present, the use of anatomy for this end has 
been the objective of research of a countless 
of anatomists all over the world ( see 'The 
Different Anatomical Studies'). 

Alterations of xylem structure prove that 
vegetation, seeking a greater biological 
efficiency, adapts to new mesic conditions 
thanks to morphological modifications. The 
clearest example of the evolutionary process 
is the water absorption system. Conside_ring 
that plants originated in an aquatic 
environment water was not, initially, a 
limiting factor for their survival, as it 
surrounded and affected .the entire plant and 
did not require the development of 
specialized structures (such as the current 
vessel elements) for internal water 
distribution. 

Colonization of the terrestrial 
environment by vegetation was only possible 
due to the appearance and specialization of 
the tracheidal elements (major 
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water-conducting cells in the xylem), since 
plants required an efficient internal transport 
water mechanism to adapt to the new 
environment. And, in order to develop on the 
soil, plants would have to count on a more 
sophisticated support function structure. 
Tracheids appeared early and developed in 
two directions: fibrotracheids (in answer to 
the needs of a stronger support mechanism) 
and vessel elements (for the water transport 
function). 

The first anatomists to observe that the 
morphological variation in vessel elements 
( notably in the perforation plate area) was the 
result of specialization were W. P. 
Thompson, I. W. Bailey and W.W. Tupper, 

, in 1918. They concluded that primitive 
angiosperm, whose tracheids have 
scalariform pitting, originated vessel 
elements with scalariform perforation plates. 
Theories put forward by these authors, 
although initially contested, were confirmed 
by later studies such as those by F. H. Frost 
in the early 1930s. Comprehension of 
philogenetic relations in plants would be 
consolidated through the study of other wood 
structures, such as the axial and radial 
parenchymas, fibrous elements, and others. 

AMAZON WOODS 

The Myristicaceae family constitutes one 
of the most interesting groups of 
wood-producing plants in the Amazon. 
Morphological variations presented by these 
plants supply extensive data for the 
comprehension of philogenetic relations in 
plants. After successive modifications · their 
vessel elements attained a maximum level of 
specialization, characterized by the presence 
of simple perforation plates, reduction in 
length and increase of diameter. This 
evolution sequence reflects several 
specialization levels, used by anatomists as 
valid parameters to explain the philogenesis 
and taxonomy of botanical groups. 

The Myristicaceae, widely distributed in 
tropical areas, are represented in the 
American continent by five genera: 
(Compsoneura, Iryanthera, Osteophloeum, 
Otoba and Virola) and 84 species, 55 of which 
are concentrated in the Amazon forest. 
Several botanists (such as Adolfo Ducke 
-already deceased - and William A. 
Rodrigues) consider the Amazon as 
America's distribution center for this family. 
In the Brazilian Amazon the Myristicaceae 
species are distributed in the following way: 
five Compsoneura, 19 Iryanthera, one 
Osteophloeum, one Otoba and 29 Virola. 

In order to study the vessel elements the 

maceration method was used, with samples 
from 41 species, of the 55 occurring in the 
region. Of the genus Compsoneura, only the 
wood of the C. ulei was examined, due to the 
nonexistence of samples of other, extremely 
rare species. The specimens examined were 
obtained from the wood collections of the 
National Institute for Amazon Research in 
Manaus, the Center for Agriculture and 
Livestock Research of the Humid Tropics 
and the Goeldi Museum , in Belem; Utrecht 
University (Holland) and of the Forestry 
Laboratory Products and Samuel Record 
Collection in Madison, Wisconsin (U.S.A). 

Maceration with wood samples was 
conducted with the selection and removal of 
longitudinal slivers from each specimen 
studied. Samples were macerated in a 
solution with equal amounts of acetic acid 
and hydrogen peroxide (120 volumes) at 
6()<>C for 24 hours. The samples were then 
washed in running water and placed in jars 
with water and a few drops of formaldehyde 
(2% solution). For microscope slide 

• preparation, each sample was dyed with a few 
drops of safranine in an aqueous ethanol 
solution. A minimum of 25 vessel elements · 
were examined per sample. 

Figure 5 shows a brief picture of the 
morphological characteristics of the vessel 
elements of the five Myristicaceae genera 
examined in this study. Their morphology 
shows an extensive variation of form, 
including the length and width of the vessels. 
Perforation plates appeared in several points 
along the walls of the vessels, varying from 
gently slanted (almost horizontal) to vertical. 
The perforation plates also present a variety 
of shapes. Simple types of plates (scalariform 
or reticulate) are the most common ones. 
Atypical forms·, however, also occur, of type 
scalariform compound with anastomising 
bars or perforation plate complex scalariform 
and reticulate (figures 6.10 and 7.2). 

In spite of the extensive morphological 
variety of the perforation plates of each it was 
possible to observe a dominant type for each. 
Scalariform plates are common in all genera 
studied, but only predominate in 
Compsoneura and Otoba (figure 6) and in the 
I. coriaceae, I. elliptica, I. juruensis, I. laevis, 
I. lane if olia, I. olacoides, I. paradoxa, I. 
polyneura, I. sagotiana, I. tessmannii and I. 
triconis species. In the other genera, Virola 
and Osteophloeum, scalariform plates were 
also found, but not predominantly. 

The number of scalariform-type bars per 
plate is higher in Compsoneura. Several plates 
were found in the other genera examined, but 
the average number was not as high as in 
lryanthera (figure 7). Plates can be regular or 
highly irregular and with ramifications; in 
terms of width, the bars can be slender or 
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.-----------------------------------tJn great variety within the family. 

The Different Anatomical Studies 
Toe anatomy of wood is the study of the structures of plants which develop, starting 

from the changing zone, a secondary growth. It is· an extremely old branch of the study of 
the vegetal anatomy. Toe Italian Marcelo Malpighi ((1628-1694) and the Englishman 
Nehemiah Grew (1641-1712) are considered to be the great pioneers of the study of the 
anatomy of plants, although much of their work was produced after the classic, 
Micrograjia published in 1695 by Robert Hook (1605-1703), a reseacher with only a 
passing interest for the subject. 

Malpighi's most important work,Anatomia plantarum, was published in 1675. Grew's 
research gave origin to three books edited, beginning in 1672, and·culminating in the 
Anatomy of plants, in which he gave an account, for the first time, of the existence of 
vessels, fibers and tissue in wood, confirming the cellular structure of plants and revealing 
that they could be identified because of these structural differences. 

A little before the publication of the Anatomy of plants, Anton van Leeuwenhoek 
(1632-1723) from Hollahd had developed a simple microscope. With it, Leeuwenhoek 
made detailed studies of the anatomy of wood and its bark, to the point of elaborating 
an anatomical description of the woody section of the Myristicaceae root, in cuts of the 
radial, tangent and transversal planes. This description, however, remained ignored for a 
long period of time. Only recently, in 1982, would it be recognized as a pioneering 
anatomical research, when anatomists -Pieter Baas and Brian J. Ford, studying the 
extensive correspondence kept between Leeuwenhoek and the Royal Society of London, 
discovered the various detailed results obtained . by the Dutch which had not been 
published. 

Toe value of the anatomical characters of the secondary xylem (wood) to help in the 
solutions of taxonomic problems is known since 1818, when a Swiss botanist Augustin P. 
de Candolle (1778-1841) made a differentiation between the presence or lack of vessels 
in the botanical classification. 

After that, other taxonomists recognized the value of the anatomical character, 
' applying it systematically in comparative studies. Toe modern classification systems, 

elaborated by the botanists A Cronquist (in 1968), R.F. Thorne (in 1976) and A 
Takhtajan (in 1980) used the anatomical characters of wood. 

In relation to the phylogenetic studies, the use of anatomical characters started in the 
beginning of the 20th century, when researchers established morphologic links in an 
identical anatomical unit component of wood from various vegetal groups, as well as 
among the different anatomical units. These links represented the different levels of 
specialization of the anatomical characters, letting the anatomists gain knowledge about 
the evolutional paths of the vegetable kingdom. 

Translation: Lise Ribeiro Alves 

thick. Branched bars are very common in 
Iryanthera. Excessive ramification results in a 
type of intermediary plate, between 
scalariform and reticulate. 

Reticulated-type perforation plates are 
more frequent in Iryanthera, but only 
predominate in J. crassif olia, I. hostmannii, I 
macrophylla, · I. paraensis and I. ulei. These 
plates are also present in Osteophloeum, 
Otoba and Virola, but were not observed in 
the Compsoneura material we examined for 
this study. Simple plates are characteristic of 
the genera Virola and Osteophloeum (figure 
8). In the first genus, there is a predominance 
of simple · plates in all species. In 
Osteophloeum, a monospecific genus, simple 
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lates are present in all specimens, with a 
frequency over 80%. In Iryanthera, simple 
plates predominate only in I. grandis, an 
atypical condition in the genus, while 
scalariform or reticulate plates are less 
common. In Compsoneura the occurrence of 
simple plates is insignificant and in Otoba it is 
apparently absent. 

It is possible to distinguish the five major 
Amazon genera of Myristicaceae based on 
the differences between perforation plates, 
although scalariform plates are reported in 
all. This study has shown that, with rare 
exceptions, a certain type of plate 
predominates in practically all the species and 
specimens of each genus, although there is a 

Among the 41 species studied Iryanthera 
grandis was the only one to consistently differ 
from the predominant characters of the 
genus. Toe absence or scarcity of simple 
perforation plates in all other species and 
specimens of Iryanthera apparently indicates 
that I. grandis belongs to another genus, 
possibly Virola. Predominance of scalariform 
plates in Compsoneura, lryanthera and Otoba 
and of simple plates in Osteophloeum and 
Virola demonstrates the existence of several 
levels of specialization in the vessels of the 
secondary xylem. 

In 1930 the anatomist F. H. Frost 
demonstrated that the development of 
evolution lines of perforation plates occurred 
originally through solely scalariform 
perforation plates with a large number of 
rods. There followed scalariform perforation 
plates with few rods, followed by scalariform 
and simple perforation plates representing 
the more, highly developed conditions, 
according to a series from one to 15 already 
presented in figure 8. 

Scalariform-type plates are present in all 
the species examined in the five Amazon 
genera and apparently constitute a common 
ancestral characteristic for all the 
Myristicaceae. · The occurrence rate of 
scalariform plates is relatively low in the 
genera Osteophloeum and Virola, high in 
Compsoneura and intermediate in 
Iryanthera. In that sense, the almost exclusive 
occurrence of scalariform plates with an 
exceptionally high number of bars indicates 
that, from the standpoint of the evolution of 
the secondary xylem vessels, Compsoneura 
and Otoba are the more primitive genera of 
the Amazon Myristicaceae. Vessel elements 
are found in both genera considerably wider 
in relation to the diameter in Compsoneura, 
which suggests that this genus may be the 
most primitive one in the group. Tangential 
diameter is measured by a transverse 
histological section, using an optical 
microscope equipped with a micrometer 
scale. 

lryanthera is the only genus that does not 
present a single predominant type of 
perforation plate. In spite of the high 
frequency of scalariform plates in the genus, 
reticulate plates are well represented in all the 
species examined . That is why, in 
evolutionary terms, Iryanthera is apparently 
intermediate in relation to other regional 
genera, although with predominant primitive 
characteristics (indicated by the total · of 
scalariform and reticulate plates). The 
frequent occurrence of perforation plates 
complex scalariform and reticulate (which 
represent a morphological transition between 
scalariform and reticulated types) is another 
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indication of the intermediate evolutionary 
stage of this genus. 

Virola and Osteophloeum show a more 
highly developed situation, considering their 
simple-type perforation plates. Several 
species of Virola also present scalariform and 
reticulate plates, but in a relatively lower 
quantity. Toe monospecific Osteophloeum is 
apparently the most highly developed genus 
in the group, not only due to the relatively 
high incidence of simple plates but also 
because its vessel elements are wider, when 
compared to those of the other genera ( a 
proportionally wider diameter in relation to 

length). 
In order to determine the precise 

evolutionary position of the five genera 
examined in this study a complete analysis of 
all morphological characteristics is required. 
In 1937 a pollen analysis conducted by U.S. 
researchers A Smith and Wodehouse, in a 
monographic study of the neotropical 

specialization of the xylem, based on the 
morphology of the perforation plate, is 
different: 
Compsoneura _. Otoba _. Iryanthera 
_. Virola_. Osteophloeum. 

. Myristicaceae, indicated the following 
sequence of specialization: 

In spite of this difference, A Smith and 
Wodehouse observed that "the distribution 
of the essential characteristics among the 
American genera of Myristicaceae is such 
that a single character is not sufficient to 
designate a primitive genus''. They were right. Otoba _. Virola _. Osteophloeum 

_. Compsoneura _. Iryanthera. In this 
s tudy ,  the proposed sequence of  

NUMBERED FIGURES (SeeAmazonia pp.146, 147, 149-151) 

Figure s. Characters of vessel elements 
(Myristicaceae family/Amazon) 

Figure 1. Photomacrographies of transversal section of woods (10 
x magnification), showing different anatomic patterns; (A) 
Nectandra amazonum, of absent or individual parenchyma; (B) 
Iryanthera. ulei, with axial parenchyma banded and small pores; 
(C) Brosimum utile, with thin aliform or confluent axial 
parenchyma, solitary pores dominants, and (D) Bowdiclda nitida, 
with thick aliform or confluent axial parenchyma, middle or large 
pores. 

Genera length (µm) tangencial diamenter (µm) 

Figure 2. Perspective of three sections of a wood: st = transversal 
section; sr = radial section; stg = tangencial section; po = 
pores (vessels); r = radial parenchyma (rays); pa= axial 
parenchyma; Iv = vessel lines; f = fibers; v = vessels. 

Compsoneura ( 400) 
Iryanthera (320)· 
Oste.ophloeum (800) 
Otoba (1.000) 
Virola (480) 

1.078 
1.188 
1.407 
1.394 
1.070 

(1.700) (20) 39 (60) 
(1.990) (40) 90 (190) 
(2.400) (60) 148 (240) 
(1.750) (90) 152 (200) 
(1.980) (40) 109 (190) 

Figure 3. Photomicrographies of amazon woods, with different 
anatomic patterns. Photos A, B, C and D show transversal 
sections, with 50 x magnification. Toe photos E and F show 
tangencial sections (50 x magnification photo E and 120 photo 
F). (A) Virola calophylla - solitary and multiples pores sparse 
paratreacheal and absent apotracheal parenchymas; (B) 
Chrysophyllum gonocarpum - reticulate apotracheal parenchyma 
and radial chains; (C) Iryanthera polyneura - bands and sparse 
apotracheal parenchymas and multiples and solitary vessels; (D) 
Qua/ea paraensis - aliform or confluent paratracheal 
parenchyma, solitary and large vessels; (E) Iryanthera grandis -
multiseriate rays; and (F) Iryanthera elliptica - opposite 
intervascular pits. 

simple reticulate scalariform and N° of Bars on 

Figure 4. (A) Part of a vessel with three elements: (Al) simple 
perforation plate;· (B) vessel element: (B 1, B2) simple 
perforation plates, (B3) intervascular pits; (C) vessel element: 
(Cl, C2) scalariform perforation pla.tes; (D1) scalariform 
perforation plate, (D2) scalariform'intervascular pits; (El) simple 
perfortion plate, (E2) scalariform intervascular pits. 
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plates plates(%) compound scalariform 
(%) scalariform plates 

plates (%) 

0,9 99,9 (4) 10,8 (24) 

3,1 32,4 64,5 (1) 5 (16) 

90,3 0,7 8,8 (0) 3,9 (11) 

16,6 83,3 (2) 4,6 (7) 

85,5 0,05 13,6 (1) 3,6 (22) 

Numbers between parenthesis are maximum and minimum values of 

each character. 

Figure 6. Vessel elements of Compsoneura and Otoba. 
Compsoneura ulei from 1 to 5 and Otoba parvifolia from 6 to 14. 

Figura 7. Vessel elements of Iryanthera: ( 1) I. sagotiana; (2) I. 

macrophylla;.(3) e (10) I. polyneura; (4) I. tricornis; (5) and (7) I. 

· grandis; ( 6) I. laevis; (8) and (9) I. campinae; ( 11 ), ( 12) and ( 15) 
I. longijlora; (13) I. juruensis; (14) and (16) I. paradoxa; (17) and 
(18) I. paraensis. 

Figure 8. Vessel elements of Virola and Osteophloeum: (1) (7) (8) 
and (9) V. michelii; (2) and (3) V. elongata; (4) and (11) V. 
coelhoi; (5) V. caducifolia; (6) V.guggenheimii; (10) V. sebifera; 
(12) (13) (14) and (15) 0. platyspermum. 
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MARGARET MEE'S MAGIC BRUSH 

The first decade of our century brought · her friend Roberto Burle Marx. She fell in 
to Brazilians an especially precious gift: love with the city at first sight: indeed, .on the 

the birth of an artist who later resolved to use day after her arrival, she bought a house in 
her paintbrush to reveal the mysterious the Saata Teresa district, where she lived with 
secrets of the Amazon forest. Born in Greville until her death in November, 1988. 
England, Margaret Mee arrived in Brazil in On that date, the Mees were in England, to 
1952 and immediately fell in love with the attend the release of her third book of 

· flora of our country. After three years of paintings and an exhibition of 60 watercolors 
drawing Bromeliaceae at the Botanical from her most recent trip to the Amazon. On 
Institute of Sao Paulo, she decided to follow her way to visit friends, Margaret was killed in
her vocation as a naturalist. At the age of 47, a car accident in Leicester. 
she set out on her first excursion to the T 
Amazon. Age would not slow her down: on . he English artist set out on her long 
thecontrary,hervisitstothatregion-atotal trips through the narrow channels of 
of 15 excursions - would come to an end the Negro River and the lakes of the Amazon 
only when she had reached the age of 79. lowlands by herself, or sometimes 

According to her husband Greville Mee, accompanied by indians or mestizos. When 
during the first years of her life in Brazil she decided to draw a plant, she would collect 
Margaret loved to travel to the coastal a single specimen and nestle it with a little dirt 
mountain range (Serre.\ do Mar), always ip a plastic bag to keep it alive for a few more 
taking along her sketchpad, paints and hours, until she reached a convenient place to 
brushes, to record details of the luxuriant stop. In spite of these precautions, many 
forest, which at ._ that time was still virgin flowers wilted during the trip. Thus, it was not 
growth. The Mees used to spend their unusual for her to start sketching while still 
weekends at a biological station near aboard the rocking boat. She was especially 
Cubatao (SP). At first, Margaret knew very fascinated with orchids, Bromeliaceae and 
little about botany, but in pursuit of her Heliconeae. 
interest in depicting the many plants she During her 15th and last excursion to the 
discovered, she eventually became well Amazon region, in mid-1987, Margaret 
versed in the subject. Today, a large portion Mee's obstinate passion finally led her to a 
of the Atlantic forest has been destroyed, and' specimen of the moon-flower, a variety of 
some of the extinct species can be seen only cactus which she had sought for many years. 
in her collection of watercolors of Serra do Strophocactus wittii flowers only once a year, 
Mar. in the evening, and dies the following 

Those who knew Mrs. Mee admired her morning. The flower, which is reminiscent 
adventurous spirit and her stamina, of a white . chrysanthemum with narrow 
concealed by an apparent fragility. Her petals, had to be painted while the boatman, 
excursions to the Amazon region bear who patiently sat beside her for hours, 
witness to these qualities. On different provided illumination with a flashlight. 
occasions, she faced a shipwreck, threats by Her interest in Brazilian flora led 
hostile natives and gold prospectors armed Margaret to discover species that had never 
with guns, diseases such as malaria and been described in the botanical literature. 
hepatitis, alligators, snakes and insects. This Some of them have been christened with her 
clear-eyed woman with blond hair, nearly name, such as Sobralia margaretae, Aechmea 
white, would not reveal her age -·not out of meeana, Neoregelia margaretae and 
vanity, but because the businessmen who Neoregelia meeana. One of the Bromeliaceae 
financed some of her trips would not believe she found, Neoregelia leviana, bears the 
that a lady already in her seventies could name of her good friend Rino Levi. As a 
roamthroughtheAmazonregionlookingfor tribute to her tireless fight for -the 
flowers. preservation of Nature, the Brazilian 

After living for 16 years in S~o Paulo, government awarded her the "Order of the 
Margaret became acquainted with Rio de Southern Cross_" and Queen Elizabeth of 
Janeiro in 1968, through an invitation from England conferred upon her the title of 
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"Member of the British Empire". 
Margaret Mee's wa·tercolors have been 

published in three books: "Flowers of the 
Brazilian Forest" (1968), "Flowers of the 
Amazon" (1980) and "In Search of Flowers 
of the Amazon Forest" (1988). In her diary, 
Mrs. Mee recorded the paths that had led her 
to each flower: " Close to the river, the forest 
gave way to underbrush, containing many 
blue orchids. A few Accallis 'cyanea hung 
from moss-covered trunks. With great joy, I 
saw that the aracea I was looking for could be 
found there, clinging to the slender trees of 
the narrow river passages. We crossed the 
transparent waters of the river, enchanted by 
the beauty that surrounded us." 

Many of the species collected by Mrs. Mee 
in her expeditions have been donated to the 
Botanical Garden of Rio de Janeiro and to 
Roberto Burle Marx's collection. This 
artist's talent has restored an activity that had 
been in jeopardy since the era of photography 
began, in the middle of the XIX century: 
watercolor painting, until that time greatly 
favoured by English landscape painters. The 
naturalist's sharp observing powers and her • 
firm bnishstroke have enabled part of 
Brazil's valuable botanical endowment to be 
perpetuated in her paintings. Margaret Mee 
is regarded by her peers as one of the greatest 
experts in scientific illustration who lived in 
our country. 

Alicia Ivanissevich 

Ciencia Hoje, Rio de Janeiro 
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NON-NUMBERED FIGURES (SeeAmazonia pp.152-153) 

(p.152). The improvised studio in the forest. 

(p.152). Left, Heterostemon mimosoides, a shrub of the 
leguminous family, native to the swamplands of the high Negro 
river. The watercolour was painted in loco, because the flowers 
wilt soon after they are plucked. Above, Scuticaria steelii, a 
fragrant orchid, whose cylindrical leaves reach one meter in 
length, found in Brazil, the Guyanas and Venezuela. Right, 
bromeliaceae exceeding 70 cm, endemic in the Amazon, from the 

Translation: Marta Sorenson 

.region of the Tucano indians, classified by the botanists Reitz and 
Pereira, who have christened it Aechmea meeana in honour of 
the English artist. 

(p.153). Margaret and her precious load of flowers. 

(p.153).Aechmea rodriguesiana, apiphyte found in the dark 
forests of the low Amazon and Negro.rivers. 
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INTERVIEW 

A CHALLENGE FOR THE FUTURE 
KENTON MILLER 

Interview gi,ven to Gustavo A. B. da Fonseca (Instituto de Ciencias Biol6gi,cas da 
Universidade Federal de Minas Gerais) and Marise Muniz (Citncia Hoje) 

The future of the Amazon region is no longer an issue limited to a small circle of conservationists and specialists on environmental 
problems. Today, the whole world is concerned with the fate of the region for, although it aggregates the largest reserves of 

animal and plant species on the planet, the forest is being slowly and indiscriminately destroyed. We can no longer admit the corrosive 
action of electric saws on its tree trunks and the criminal burning which annually swallows significant amounts of its forests . In 

December 1988, with the murder of rubber-tapper and union leader Chico Mendes, the world discovered another type of violence 
committed against the Amazon: the arbitrary execution of those who are willing to defend it. "The future of the Amazon Forest is as 

worrying as the threat of nuclear war", compares North-American scientist Kenton Miller, coordinator of a global biodiversity 
conservation program - 'An offer for the future' - expected to be launched at the start of the next decade. Forty-nine-year-ol_d Miller 

has accumulated an experience which enables him to direct such an important project: he taught forest management at Michigan 
University and worked on training and forest management programs for the Food and Agriculture Organization (FAO-UN) staff in 
Latin America, as well as heading the International Union for The Conservation of Nature (IUCN) in Switzerland. He is currently 

president of the Global Resources Institute 'Forests and Biodiversity Program', with headquarters in Washington, D.£ .. Interviewed 
during the 'I Symposium on Conservation of Biodiversity in Brazil' held at the University of Minas Gerais in Belo Horizonte, Miller 
explains the objectives and priorities of the global plan and analyses the conditions for conservation of the biotic resources in various 

countries. He refutes charges that concern and aid programs for the Amazon hide sinister international interests, declaring: "I've 
travelled all over the world and, believe me, I've never heard anything to indicate that". According to Miller, the project he is currently 

directing has nothing to do with sover~ignty-related issues. 

- How did you become interested in the conservation of 
biodiversity? 

- I've been keenly interested in the subject ever since I was very 
young. While I was at University I used to always try and find jobs 
at National Parks during vacations. My interest in cooperating 
towards the creation of biological reserves and protected areas led 
me to dedicate myself to studies related to the conservation of 
biodiversity. 

- Why is the world today so concerned with the conservation of 
biodiversity? What's the difference between this concept and the one 
used before: 'conservation of nature'? 

;__ Nature conservat_ion projects have been going on for a long 
time. The difference is that now we're living through moments of 
great global changes: climatic alterations, increasing pollution, 
contamination of ground water and sea water, and loss of soils and 
forests. We are therefore aware of the need to change the approach 
to these projects. If at one time we spoke of the extinction of 100, 
200 species, we now realize that we have a very different perspective: 
we're aware that we have no real idea of the true number of species 
existing on the planet. The proportion between known and unknown 
species is one to five, perhaps even one to ten. We know that we 
must work to save certain species threatened with extinction, but 
this is not enough. We have to deal with millions of species at the 
same time, and most of them we don't even know. It ·is necessary to 
change the methodology, strategy and the way we work. We cannot 
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work with just one specie or just one area. We have to deal with 
entire regions,where there is probably a great variety of species. This 
is the first rule of the new methodology: we should think of regions 
which are large enough to contain countless populations of species 
capable of surviving when enclosed by rice and soya cultures. We 
also talk about biodiversity and not nature - a concept which, to 
me, seems very general - because we not only want to emphasize 
the species but all the members of the group, which are not all the 
same. Genetic variability is very important: the different varieties 
are what give strength and power to species _such as wheat, corn and 
soya, for example .. We don't just mean wheat but all varieties of 
wheat. How, then, can we save a single variety? In some cases this 
is done in laboratories, with in vitro_ techniques such as rice seeds, of 
which there are about 50 thousand varieties preserved in 
refrigerators. Or we have to try and conserve these varieties in the 
forests, in their live forms, in constant evolution. We can't take all 
the different varieties to a zoo or a botanical garden. 

Those of us who are dealing with biodiversity now perceive that 
this work is not only biologically but socially related. When we ask 
for extensive areas with countless species and when we refer to food 
and pharmaceutical resources we are obviously working towards 
development. We no longer talk about conservation or 
development. This has become obsolete. There now exists only one 
intrinsic concept: it's important to work simultaneously for people 
and for nature. The biggest challenge is to extract benefits from 
these reserves, these nuclei, in the form of new products which can 
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become available to mankind. Man must realize that the resources 
exist and belong to him. Toe management style we are proposing is 
not anti-man but pro-man. 

- What is the estimate on the number of species existing on the 
planet? 

- There are approximately one million 700 thousand 
scientifically classified species. However, there are those who 
defend that the Earth holds about 5 million species. Results of 
studies in canopy levels conducted in tropical rain forests point to 
an enormous number of species, the great majority of which belong 
to the insect group. This allows a projection of a much higher 
amount. One study group estimates that there are about 30 million 
species on the planet. 

·_ You are coordinating a global biodiversity conservation 
project. Is your involvement personal or is it linked to the institution 
you work for? 

- Toe fact that I am coordinating this project is mainly due to 
the projects I have developed previously. I was aware that I had to 
start working more effectively on behalf of biodiversity. However, I 
needed time to read, reflect, and consult some people in a systematic 
way in relation to the conduct to be adopted in certain parts of the 
world. There are hundreds of initiatives proposed by national and 
international institutions involved in the project. We obviously run 
the risk of having a hotch-potch of ideas due to such a great number 
of initiatives. This would undoubtedly be a tremendous setback, 
which we have been taking measures to avoid. It's important to take 
local groups into consideration in order to have an appropriate 
collective idea of the problem - we cannot work ·only at 
international level - there are national levels which require a more 
extensive idea of what is being done in other regions of the world. 
These groups want to be part of a bigger movement; they want to 
feel that what they are doing is important and is moving towards a 
common goal. With this strategy we intend to stimulate 
conservation actions for the next decade and raise funds for their 
execution. 

-Among the basic guidelines of the global plan, how are regi,onal 
peculiarities distinguished? ls there a global conservation strategy 
document which deals with these various subjects? What guidelines 
have changed from then to now? 

-In 1980, IUCN, WWF (World Wildlife Fund) and the United 
Nations Environmental Program prepared a document called 
"World Conservation Strategy", the first to stress the need for the 
conservation of genetic material, different species, ecosystems and 
ecological processes. With the support of these institutions 
(associated with us in this project) we are now proposing to extend 
this position still further. In 1980 there was the propo~l of doing 
some serious work in the area; today, after countless field projects, 
we have currently assembled a significant amount of scientific data. 
The world now lias a different vision of these issues. There is, for 
example, the Brundtland Commission Report, prepared by the 
United Nations in 1983 with the objective of putting together a 
program with strategies for the self-sustained development of the 
Earth by the year 2000. In this report the Commission proposed 
that governments dedicate to biodiversity conservation the same 
treatment given to economic development. We agree with this 
aspect and we want to carry this out. 

Our objective is to create a new science which will include a 
world strategy for nature conservation. In order to do this, our work 
has to be more intense and more detailed. We have to show 'how' 
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things must be done and not 'what' must be done. This is more 
useful and more instructive for those who have to work .in the field. 
Our objective is to create guidelines which will aid future 
conservation specialists, technicians, and people in general. 

I don't want to cry over what has happened. On the contrary, I 
want to be an optimist, to try and emphasize positive examples, to 
show that a certain country is developing certain activities and that
they are working. A good example of this are the Amazon reserves, 
where attempts are made to exploit the forest resources in a 
self-sustained way, that is, without threatenfng the survival of the 
species in these ecosystems. This is a new approach, which most 
certainly can be successfully adopted in other regions. 

Part of our project is also to define areas to be conserved and to 
carry out sustained management plans in those areas which will 
involve action at an international level. We will need capable people 
to carry out the plan for the preservation of green areas. We should 
give refresher courses to those who are already involved in this type 
of work, so as to inform them of new scientific discoveries in the 
field. In fact, it would ~ best if universities were responsible for 
these courses so that people involved with conservation and 
sustained management could, every 3 or 4 years, learn about the 
new political and scientific dimensions of the problem. We have an 
agrarian policy,an energy conservation policy and a policy for sugar 
cane plantations etc. It seems equally reasonable to demand a 
biodiversity policy. 

- How would these policies be compatible in underdeveloped 
countries? 

- We know this is a delicate issue and that a biodiversity policy 
can clash with the other policies. We can't, however, have everything 
at once. We have to make agreements, exchanges. Several 
institutions involved with the environmental issue find themselves 
lagging behind in current objectives. Nevertheless, we believe in the 
reversal of this scenario. In Brazil, the recent creation of IBAMA 
(Toe Brazilian Environment and Renewable Natural Resources 
Institute) is a sign that people are beginning to realize the need to 
put together new forms of administration such as the creation of 
protected areas, political know-how, legislation and education (to 
mention only a few examples), as stressed by the new Brazilian 
Constitution. With regard to funding, there is a . study - "The 
International Conservation Financing Program"- of the United 
Nations, OAS, WRI and several other institutions which is analyzing 
new mechanisms for financing conservation. Toe study should be 
concluded this year. 

-Are there financial resources for the execution of the plan? 
--:- I have been assured that there are. Both the World Bank and 

the Inter-American Development Bank state that they want to 
cooperate. In most countries, however, there is a lack of know-how 
in1 relation to requesting and adequately managing these financial 
resources. It is important, nonetheless, to stress that just money will . 
not solve all the problems we are facing. Parks lacking any kind of 
infra-structure don't work, just as work by unqualified people is 
useless. We need to confront all these problems as a whole. I 

· sometimes think that we attribute too much importance to the 
financial issue. That is why we want to analyze our project very well 
before launching it on a global scale. Its success depends on the 
significant participation of entities and political authorities of every 
continent. Launching of the project should be considered by Heads 
of State as important as other national topics. Otherwise we will not 
be successful. 
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We need to boost a 10-year work program. Funding agents 
assure me that, in the next 5 years, we will be able to raise up to 1 
billion dollars annually for conservation, defined in its broadest 
sense, and including biodiversity. We will have two years to think, 
which isn't very long. It means that we have only two years to decide 
how and where we will distribute so much money. We know it is 
important to have a very good definition of this, because no matter 
how much funding we have it will still be very little. Another 
important factor is that we will not have a second chance. Once the 
process has begun, there will be no return. That is why it is 
important, from the very start, to be sure of what we are going to 
do, to be sure that we will be working in the most intelligent way 
possible. That is why it is of the utmost importance to analyze every 
aspect in detail at the very start so that we can establish the right · 
guidelines. 

- How will decision structures be formally defined? How will the 
various countries participate in the program? 

- We will have six basic documents which will be prepared by 
groups that will meet and work with three major subjects: global 
strategy for the conservation of biological diversity; emergency 
management plans for protected areas; and the launching of the 
action plan of the international decade of biological diversity, where 
world efforts will be made to put the global strategy plan into 
practice. These documents will be discussed and perfected in 
regional conferences with the participation of scientists, 
governments and industry. . 

The global strategy will be prepared after these regional 
meetings. Regional plans prepared by groups and institutions from 
these countries will be included in the strategy. Thus the working 
groups of each country should define what must be done, on the 
basis of needs which are considered priority. It is thus necessary to 
check that there are adequate institutions to implement the goals 
proposed and, if so, whether they have an appropriate national 
policy. Hence the program should be on a national scale. During the 
first year we intend to determine which countries can provide 
support, participate in meetings, and work, in such a way that an 
international program can be defined with the positions of each one 
of these countries. We will try to provide the necessary support -
technical or financial - to those countries who run into difficulties 
in- the preparation of their plans. We still have to define the 
institution which will coordinate the program on an international 
scale. We still don't know ifit will be UNEP, FAO or UNESCO. 

Apart from these two prior stages - the regional meetings and _ 
the meeting which will define the institution responsible for 
program coordination - we must quickly prepare an emergency 
plan for protected areas, in order to strengthen those who need 
immediate aid. I believe thatthere are about 300 areas in the world 
which answer these conditions. We have been informed that money 
is available for emergencies. A team of specialists will be required 
to prepare a list of these areas. This list will be sent to the UN, to 
the World Bank and to the Inter-American Development Bank. We 
will act as intermediaries between the financial institutions and the 
countries in need to develop very specific projects. Some areas can 
wait for more detaited studies; other areas, however, need 
immediate action, such as the Brazilian Atlantic Rain Forest, one 
of the most exuberant areas with the largest number of endemic 
species in the Neotropical region. 

.!,._ Would these emergency resources be considered loans? 
- None of this would come in the form of loans. We obviously 

want to avoid new forms of debt. We are looking for different forms 
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of cooperation which will not compete with health or education 
projects. It is not because one is more important than the other; the 
problem lies in the fact that thcie is no way of solving all the conflicts 
and needs at the same time. 

- The Brazilian government has insistently stated that it will not 
-accept the internationalization of the Amazon, and nationalist 
campaigns are starting to appear in the country, with the slogan 'The 
Amazon is ours'. ls there any foreign group interested in sharing the 
Amazon with the Brazilian people? 

- I have travelled all over the world and I have never heard of 
any project involving the internationalization of the Amazon. I don't
even 'believe that this matter is being discussed between 
governmental authorities and conservation groups. I have never 
heard anything of this sort. What is in fact being proposed is very 
simple. The truth is that the whole world is concerned with the 
future of the Amazon. It is more or less the same as our concern 
with the nuclear issue: we're all afraid of the possibility of a nuclear 
war! We receive this signal and interpret it as an individual 
awareness emergency. No one talks about the internationalization 
of the Amazon, no one ever has. What does exist is a concern with 
the problem, manifested on a global scale. The whole world, 
represented by WWF, IUCN and other groups, is interested in 
cooperating with science, health, education and field projects. This 
has got nothing to do with sovereignty issues. 

How can we expect short-term solutions from the Brazilian 
government, if for the last ten years the country has not registered 
a real increase in per capita income, and 30% of the economically 
active· population are excluded from the formal work market? 
There is, therefore, concern with the dilemma that the Brazilian 
government is facing. We just want to cooperate. This is the spirit 
of our work. 

- From a biodiversity viewpoint, what countries and ecosystems 
are the wealthiest? 

- I would say all the countries are important because all have 
flora and fauna which are of great value to man and to the planet, 
both today and in the future. However, some countries - with 
extensive and rich ecosystems such as tropical rain forests, 
mangroves, coral reefs, and great basins such as the Amazon and 
Orinoco- have a very high number of species and animal and plant 
varieties. If we consider this, we obviously cannot omit Brazil, 
Colombia, Ecuador and Peru, the richest countries of the tropical 
region and the Western Hemisphere. In Africa, we have 2.aire, the 
Cameroon and Tanzania. In Asia, we can mention , Indonesia, 
Malaysia, and the Philippines. Also the northeast of Australia, with 
its coral reefs and tropical forests, and New Caledonia (a French 
territory in Oceania). 

This is a very short list, which could be extended if we considered 
other dimensions. However, when we work with a list of 15 to 20 
countries we are referring to 70% of all live matter on the planet. I 
insist, we're talking of numbers. The Arctic countries are also 
essential. Fishing between Alaska and the Soviet_ Union, for 
example, is of major importance. The Arctic Ocean is one of the 
richest on the planet. Any inadequate management can cause 
irreparable damage to the world supply of fish. 

- Why is the greatest biologi,cal diversity found in the humid 
tropical forest? 

- There are accurate studies of. this and other studies are still 
underway. One of them suggests that this part of the world has 
remained stable for a long period of time, as opposed to the 
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temperate regions. Toe north, covered by ice, has lost many of its 
species. In reality, it pushed several species down to the south. Toe 
first point, then, is related to climatic and geological stability. In 
addition, the tropical environments are structurally more complex, 
making possible the emergence of new niches and species. Toe 
creation of new species, in turn, allows for the appearance of 
additional niches. As the environment is stable, the species can take 
advantage of different opportunities. Toe tropical region has subtle 
chemical factors - nonexistent in cold.zones -which allow for the 
multiplication of J!iches. Small temperature variations can . 
determine ecological niches of different dimensions. This is what 
explains the existence of so many insects in the tropical rain forest 
canopy. 

- In terms of biodiversity conservation programs, what 
distinguishes Brazil from other countries? 

- In Asia, with a very high population density and intensive 
agricultural practices, natural areas, with the exception of some 
regions in Borneo and Sumatra, have become much smaller .. 
Possibly because of this, .a few countries (Malaysia, for. example) 
have adopted very sophisticated conservation programs: protected 
areas, national services, Biology Institutes and forestry projects. But 
there are always problems, because the country needs areas for 
agricultural development and-also depends on the consumption of 
forest products. Toe situation in If}donesia - where there is a 
considerable population growth - is very similar to Brazil, in 
relation to 'protected areas, public services and forms of forest 
exploitation. Timber exploitation is perhaps more worrying there 
than here in Brazil. 

'There are well-preserved areas in Zaire and on the West African 
coast. These areas are inhabited by people who live in tribal systems. 
Although the country has an efficient National Park service, 
protection of these areas is a challenge, because they have animals 
such as elephants and rhinoceros, very valuable on the black market. 
Smuggling and illegal hunting in these areas are intense. And these 
regions are constantly at war -,- people get killed because of ivory 
or rhinoceros horns. 

Each country has a different panorama; contexts vary a lot. This 
is probably due to the colonial history of .each one, which lent a 
Belgian aspect to · Zaire and a British aspect to Malaysia, for 
example. However, if on one hand colonialism brought 
disadvantages, on the other hand it brought benefits such as the 
creation of well-structured National Parks. Zaire has a biological 
station which has been operating perfectly well- for 70 years, and . 
Malaysia has a very strong research tradition. Although many 
countries register important advances in the area, international 
speculation of the timber markets and demographic growth-have 
rendered maintenance of forests and national parks very difficult. 

- Would the fact that Brazil being one of the five countries 
included in the mega diversity concept and having approved an item 
relative to the conservation of genetic diversity in the new 
Constitution's Environment Chapter, not capacitate it to host an 

· • international meeting to promote the launching of the global 
biological diversity conservation plan? 

- I believe Brazil does have the conditions to host this meeting, 
not only because of the wealth of ecosystems but also because of 
the dimension the subject has gained with the new Constitution. In 
fact, the whole world hopes that Brazil will have a leading role in the 
field of conservation. We hope that what is established in the 
Environment Chapter of the new Brazilian Constitution is 
respected and that the other nations do the same, because · much 
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more still needs to be done on a global scale. Today no country is 
free from ecological problems. This is a reason why everyone has to 
fight against these problems instead of merely limiting themselves 
to the events in Brazil. 

- Could we think of an optimistic future or is there no way to 
escape from a generalized pessimism that nature is irremediably 
condemned? 

- I'm an optimist, otherwise I wouldn't be doing this work. 
However, when examining the development of history of human 
civilization, I have no doubts that we will still lose many spe~ies 
before the situation shows signs of improveQient. Twenty years from 
now \Ve will probably be talking of 'restoration'. Toe rivers, for 
example, will be in such chaos that most probably there will be 
.scientists concerned with the reconstitution of hydro graphic basins. 
Toe collapse of agriculture and the consequent food shortage will 
make the recovery of soil and vegetation necessary. I believe that 
then, and only then, will man find the need to carry out really serious 
ecological work. Unfortunately we will need more great disasters
perhaps as terrible as the bubonic plague in Europe, six centuries 
ago, or as serious as the drought in the Sahara Desert - before 
arriving at a really effective program. I only hope that these disasters 
will not be so serious as to render restoration impossible. We have 
at the most twenty years to do our work. 
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NON-NUMBERED FIGURES (SeeAmazonia, pp.154-160) 

Figure 1. Continuous Amazon Forest in the state of Rond6nia, 
one of the most affected by the burnings. 

Figure 2. Rio Doce Forest State Park, one of the last Atlantic 
Rain Forest areas in Minas Gerais. 

Figure 3. A marble mine, in one of the last sanctuaries of the 
golden-headed lion tamarin (Leontopithecus chrysomelas), an 
endemic species of southern Bahia threatened with extinction. 

Figure 4. Area devastated for sugar cane plantation in southern 
Bahia. 

Figure 5. Hunting of tufted capuchin monkeys (Cebus apella) for 
subsistence. 

Figure 6. Orangutan (Pongo pygmeaeus) threatened with 
extinction, and only found on the islands of Sumatra and Borneo 

Translation: Maria Alice de Mendonc;a Lima 
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(Asia). The capture of this species for exhibition in zoos and 
· circuses has contributed to the risk of its extinction. 

Figure 7. Net-hurling shotgun used for the management of 
medium-sized small herbivores in North American National 
Parks. 

Figure 8, LOSS OF FOREST IN THE ZONA DA MATA 
(FOREST ZONE) 

- First steel mill installed 

- Native forest cover 

Loss of forest cover in the 'Zona da Mata' 
( Atlantic Rain Forest) area in Minas Gerais between 
1900 and 1983 caused mainly by charcoal production 
for the steel industry. The three peaks are due either 
to sample effects or regeneration of natural vegetation. 
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