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W ·ORD OF THE E✓ARTH 

From latitude 7°38 South and longitude 72°32 West 
to 7°07 South and 34°52 West. From 5°12 North and 
60°20 West to 33°31 South and 53°21 West, we find 
Brazil in the map ofth~ world. A land of great wealth 
and countless· miseries. Of men. 

Aqai de terra firmf! 
jurema branca esponjeira 
bordiio de velho borragem 
taxi de flor amare la 
ubim peuva do campo 
caju mansq mamiio bravo 
cachimbo de jabuti 
e pau ~oxo de igap6 

Different cultures, never told stories. Justice 
always unknown, unfairly distributed land.Aggression 
not a word, but a wound_. No mem.ory. 

goiaba d 'anta ange Lim 
rajado burra leiteira 
tamboril timb6 cazumbra 
ma/icia d 'agua mumbaca 
mulatinho mulateiro 
muirapixuna pau ferro 
chapeu de napoleiio 
no capim de um s6 botiio 

A republic which is not, ill-tolerated freedom. 
Tiradentes the people's hero. Quartered. Joaquim 

. Silverio dos Reis still circ'ulates, patron. 
Soap manufacturing was once forbidden .. It still is. 

sapopema erva de chumbo 
mororozinho salvina 
agua redonda aqucena 
sete sangrias majuba 
sapupira pitangueira 
maria mole puruma . 
purui rape dos indios 
coraqiio de negro aipe . 

· Rio Grande is Acre. Frontiers shift. People 
migrate. Plant without reaping. Expel. Devastate. Man 
and land. Barter mahogany for cow, chestnut for 
burning. Soybean and rice. Sugar cane. 

sebastiiio de arruda embira 
pente de macaco preto 
gonqalo alves zaranza 
pacova ce g_a machado · 
barriguda pacuiba 
rabo de mucwa sorva 
cravo do mato xuru 
morotot6 tarumii 

Of curupira, saci and wild beast, cougars, land 
turtles, gu~ns and parakeets. Forests, cerrados, backland 
or floodland. Ac;af, guava, sapopoema and Sebastiao 
- one enunciates, little is known. Nothing is taught. 

Junco popoca . . . 
1unco popoca 
biquipi" biriba botao de ouro 

Carlos Drummond de Andrade 
(From 1'Origem: A palavra ea terra") 

The Editors 
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THE BACKLANDS: 

THE UNIQUENESS OF THE LAND 

Aziz Nacib Ab' Saber 
Departamento de .Eco)ogia da UNESP 

"No single pioneer of science has withstood the bitterness of that corner of the backlands sufficiently for a definition( ... ) 
The struggle for life which in the forests is the irrepressible search for light( ... ), there, on the contrary, it is more obscure, more 

original, more moving. The sun is the enemy to be avoided, fought or otherwise tricked. By simply avoiding it( ... ), the burial of the dying 
flora through its stems in the ground. But this in turn is rough and hard, exsicated by the drain of the slopes or sterilized by the suction of 

the strata. It is sunstruck between two unfavorable media, the hot_ espaces and the rough terrains, and the more robust plants with their 
abnormal shapes bear all the signs and stigmas of this ardu.ous battle( ... ) 

The structure and conformation of the soil are interpolations to a large extent of the agents resposnible for the drought. Whatever the , 
intensity of the most complex and most remote causes"(. .. ), their influence is always felt in the absorptive and emissive capacity of the 
exposed lands, in the inclination of the strata cutting through them. The roughness of the topographic relief further aggravates the hard 
crests of summers and the intensive degradation of the rush waters. The land, which is poorly protected by a deciduous vegetation and 

changes from prolonged sun exposure to sudden floods, is burnt by the first and uprooted by the second, and is slowly taken over by a pure 
desert. 

The strong storms which extinguish the silent fire of the droughts prepare the land for bigger vicissitudes even if it brings back life. 
They rudely denude the land, exposing it even further for the next summers and furrow it in a frame of rough edges. They beat on .her and 

sterilize he~, and on leaving her they leave her barer to the cauterization by the sun. The regime runs t~rough a deplorable intermittent cycle 
and reminds us of a vicious circle_of catastrophes( .. ) 

There, the martyrdom of man is a reflection of a bigger torture, larger and reaching the general economy of life. 

There are three large semi-arid regions in 
South America: the region of Guajira in 
Venezuela and Colombia; the diagonal dry 
Ii ne bf the Southern Cone with different degrees 
of aridness involving Argentina, Chile. and 
Ecuador; and, finally the dry Northeast of 
Brazil, a phytogeographic province of thorny 
stunted vegetation 'catingas' where the annual 
average temperatures are very high and 
constant. The similarities among these regions 
can always be traced to climatic, hydric and 

· phytogeographic origins: low levels of 
humidity, shortage of annual rains, irregularity 
in the rate of precipitation over the years, long 
period of water shortage, problematic soils 
from a physical and geochemical point of 
view (saline soils, carbonated soils) and the 
absence of permanent rivers of the region. 

A more adequate knowledge of the 
geographic and social system of the dry 
backlands along with·a defini tioh of attributes,• 
limitations and capabilities of the ecological 
space could be viewed as an exercise of 
Brazilian patriotism. This could i~ fact be the 
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It is born from the secular martyrdom of the Earth .. " 
Euclides da Cunha, OsSertoes, 1901. 

basis for a desperate solution for one of the 
most dramatic social region of the Americas. 
The dry Northeast comprises of a total area of. 
around 750 thousand square kilometers 
housing 20 million Brazilians among which 4 
million are landless peasants. People of this 
region display a close relationship to thei_r 
environment featuring the physical and 
ecological rusticity of the backlands and living 
under a particular! y perverse agrarian structure. 
It is one of the most populated semi-arid 
regions amongst the dry lands in the tropics or 
between the tropics. 

The physical and ecological 
characteristics cannot by themselves explain 
the reasons for the great drama of the human 
beings living there. However, the analysis of 
the conditioning factors of the natural 
environment constitutes a preliminary 
consideration towards an understanding of the 
basic causes of a problem which combines 
physical, ecological and social facts. No 
particular solution or set of ·solutions for the 
prob I ems of,the Brazi Ii an Northeast can ignore 

the relationship between behavior and the 
environment. This includes the physiology of 
the landscape, the types of ecological systems 
and the adequate use ofthefewwater resources 
available. 

Many factors are responsible for the 
physiographic, ecological · and social 
uniqueness of the dry backlands. This a 
paradoxical reg.ion in respect to other 
geographic locations of the developed world. 
On the one hand the degree of economic and 
social differentiation is admittedly low. On 
the other hand, it is a region ·'under 
intervention" in the sense that projects and 
economic incentives have been defined by 
State planning through incomplete, uneven 
and disconnected programs of economic 
development. The hybrid characteristics of 
the socio-economic profile is best illustrated 
by the combina"tion of archaic structures with 
important single elements of modernization. 
For ·example, there is a reasonable urban 
hierarchy, a good system of paved highways 



linking the different regions and a network of 
reservoirs offering different water supply 
sources for irrigation of the floodplains. 

The region is polarized _towards the 
Atlantic Coast with strong relationship to 
metropolis and · Jarge coastal cities. Several 
regional capitals are nevertheless noticeable 
(Campina Grande, Crato, Mossor6, Feira de 
Santana, Patos, Caruaru) with multiple 
functions, active commerce and functioning . 
as relay cities. At the social level, these urban 
agglomerates represent an important mee~ing 
point during the popular fai rs_for the population 
of the backlands. \ 

The repetitive and traditional notions 
taught in school, and absorbed to some extent 
by most of us, have.contributed to speci fie but 
i □complete observations regarding the physical 
and ecological universe of the dry Northeast. 
The interior was always described as a region 
of plateaus with poor and parched soils · 
inhabited by unproductive human groups; a 
semi-nomadic population running away from 
the droughts and permanently mistreated by 
the forces of nature. Many of these views can 
be shown to be untrue and particularly 
exaggerated since it is a gross generalization 
reflecting a group of heterogeneous and 
disconnected facts. 

The first wrong point of view is that the 
dry Northeast is the empire of the plateaus. 
The semi-arid Brazilian region extends through 
a mixture of depressions .and plateaus in 85% 
of its total space. These are situated between 
old massifs and eventual highlands marked by 
endless rustic hills of schist and gneiss and 
low level of chemical decomposition of rocks. 
These somewhat monotonous and certainly 
primitive hills have been furrowed by 
intermittent rivers and rivulets and are subject 
to hot and relatively dry climates. The dry 
winter is almost without rain and lasts five to 
eight months while the rainy summers amount 
to four t<? seven months of preci pi ta ti on. Rains 
are irregular in time and in space to such an 
extent that average precipitation indices are 
unrealistic and can only be used as a generic 
reference for comparative purposes with the 
humid or subhumid regions of the country. 

A low covering vegetation is also an 
importantpartoftheoverall idea of the region. 
The vegetation is more of the bush variety and 
trees are seldom found. These are characterized 
by small leaves and thorny stems adapted to 
sustain the effects of intense evaporation and 
transpiration. This vegetation is al most 
completely of the caducous leaf variety, burnt 
gray in the summer and exhuberantly green in 
the rainy months. There is also s~me 
contribution of xerophytic species and most 
notably those of cactaceous species Ii ke cereus, · 
'coro~s-de-frade', senna trees, 'xique~xiqu_e' 
and other scattered cactus species. This flora 

is one with a long history of adaptations to the 
heat and dryness of the regional semi-arid 
~urroundings but incapable of renov~tion as a 
group, after mechanical scarifications from 
their edaphic support. The scrub growth of the 
catingas, quince trees and ",juremais'' (acacia 
type .trees), clearly indfcate the difficulty in 
returning to the original vegetation while the 
flat areas where roads have been built show 
the rapid spread of xerophytic species on their 
way to occupy the land in an irreversible path 
of degradation. 

The existence of large areas of wi th,ered and 
cracked soil is another incorrect belief about 
this area. The n.otionof scale here is particularly 
serious. There is a large difference between 
the local existence of pockets of clay in the 
middle o.f receeding river beds, known as 
"va-rzeas" or "banhadors'' in other parts of 
Brazil, subject to cracks due to contraction 
and generalization of this to larger areas. In 

' fact, 'the soil of the semi-arid Northeastern 
region located in the stream-beds and 
interfluves of the primitive hills is a complex 
regionals association of soils completely · 
different from that encountered in other parts 
of the country. Its uniqueness stems from the 
presence of types of soils equally distant from 
typical saline soils to highly carbonated ones. 
On the other hand, they seldom resemble the 
characteristics of oxidized soil rich on iron 
and aluminum -oxides (oxysol, latosol). 

In spite of the intermittent na·ture of the 
regional rivers, their extensive drainage 
towards the sea prevented the large scale 
formation of true saline soils especially along 
the stream-beds and interfluves. The salts 
dissolved from the cristalline rocks (the 
predominant local variety) are almost 
completely eliminated during the rainy season 
and the soluble materials are washed away to 
all the coastal regions. 

The better clay, like the 
montm·orilonites, formed by pedogenesis of 
the hot semi-arid surroundings are dragged to 
the floodplainsof the main rivers. This enriches 
the ebbings and penetrates the sand banks 
along the river-beds making their use possible 
for small annual crops during the five to seven 
months without water. The low level of 
humidity and the short underground residence 
time of water result in a low degree of chemical 
decomposition of rocks. This contributes toan 
uneven and discontinuous soi I coverage mixed 
with rocky patches and eventually islands of 
gravel terr_ai ns. These and other reasons 
account for the fact that these soils bear 
completely different names from those usually 
known i_n Brazilian regions subject to a 
combination of heat and humidity. The 
technical names-of the driest catingas of the 

. Northeast illustrate these facts: lithosols, non-

calcareous brown soi'ls (para-vertisols), 
eventually typic~I vertisols and spots of 
solonetz. 

On the whole, there is_ a bigger chance 
for the resevoirs to become salty in the dry 
Northeast than for an increase in the saline 
content of the soils. This bolds true even if 
halomorphk soils can be found in some 
locations of the ca ti □gas represented by pockets 
of solonetz, solonchaks and saline coastal 
soils as in the flat parts of the lower valleys of 
Rio Grande do Norte. On these latter ones, it 
is only the perrichil, a small plant jndicative 
of high salt content, which dares to appear 
along the bare lowlands. Several. local 
toponyms appear in parts of the 
hyperxerophyllic catinga along recesses of 
the ba·cklands that denounce the saline 
component: salty river, salty land, salt marshes, 
briny, saltpeter, salt mine. These words refer 
more appropriately to exceptions rather than 
to their importance as their oc_currence is 
usually measured in hectometers, or in some 
cases to areas from one to ten square kilometers. 
They rarely compri·se of areas from ten to one 
hundred square kilometers and on the whole 
they amount to an insignificant fraction of the 
morphoclimatic and geopedologic domain of 
the catinga. 

There are many other factors responsible 
for the unusual uniqueness of the dry lands of 
the Northeast. An initial observation finds 
them occupying an anomalous geographic 
location as they are closer to the Equator than 
to the tropics. Nevertheless the regional climate 
has a tropical pace marked by two seasons: a 
-very dry one and the other moderately wet 
although the amount ofratns is highly variable 
over the years. Very dry years can go along 
with periods of torrential ~ains leading to 
catastrophic floods. On the other hand, the dry 
Northeast behaves like paradoxical sub-desert 
regiori since it is served by a well structured 
hydrogr"aphic network leading directly to the 
sea. The regional, rivers originating from the 
edges of the plateaus or from springs from old 
arched massifs (Borborema) travel through 
diverse pathways passing along the depressions 
between the dry and hot highlands until they 
reach the sea directly or end in the Sao Francisco 
or Parnaiba Rivers, the two large permanent 
rivers which cross or are tangent to the region. 
The hydrologic operation of the rivers born 
and running through the core of the backlands 
depend on the pace of the_ dry and rainy 
seasons. Thus the flow of the ri".ers becomes 
intermittent and.seasonal to the dismay of the 
population of the region. The native rivers of 
the semi-arid Northeast remain dry during 
five to seven months of the years from their 
headwaters to the proximities of t_he ocean. 
The principal channel of the Sao Francisco is 
the·only rivenyhich runs through the backlands 
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and maintains its flow. However, this river 
derives its waters from other climatic a~d 
hydric regions and should therefore be 
considered foreign to the backlands. 

The consequences in the inadequacy of 
the soils in the dry Northeast are not worse due 
to the open nature of the intermittent 
hydrographicnetworks. The result would have 
been a higher percentage of extensively saline 
or carbonated ter~ains. On the other hand, the 
hilly countryside of the dry backlands display 
a degree of corrugation or topographic 
amplitude that defies irrigation projects in the' 
river beds or interfluves in an area of half a 
million kilometers. The plains truly :available 
for irrigation amount to less than 2% of the 
total area and are interspersed with primitive 
hills where numerous groups live their old 
routine of human drama. Under these 
conditions, the net.result of all the irrigation 
projects is a drop in the 0cean of regional 
problems. 

The concept of regional space is vital to the 
understanding of the problems of the Northeast. 
The semi-arid Northeast is a physical, 
ecological and anthropogeographic territory 
three to four times the size 9f the state of Sao 
Paulo if the area includes the "agreste", the 
rural land which is climatic and ecological 
transition region between the forest and the 
catingas. Theextentoftheinteriorenvironment 
of tbe backlands reaches hundreds of 
kilometers (is many cases from 600 to 700 
kilometers) from the edges of the forest region 
to the most distant backlands, or from the 
beaches to the high backlands, ~r yet from Rio 
Grande do Norte to the South and Southeast of 
Piaui. The core of the semi-arid Northeast 
runs along its South-North axis from Po~es 
and Milagres in the county of Amargosa 
(Bahia) until the extreme Northwest of Ceara 
reaching the coastline in several parts of this 
State and of Rio Grande do Norte. 

The concept of the "polygon of the 
droughts"was first introduced by engineers of 
the former Department of Works against 
Drought and helped to establish in a rough 
way the boundaries of the morphoclimatic, 
phytogeographic, hydrologic · and 
geoecological core of the dry backlands. The 
balance of evaporation and transpiration is 
largely negative during six to nine rilonths of 
out of the year. The excess heat overpowers 
the volume and intensity of the seasonal 
precipitations to the point that streams are dry 
by the time the dry or low rain season arrives. 
As the rains cease altogether the remaining 
water on the soil evaporates ata progressively 
faster pace. The underground water tables 
become deeper until the rivers feed the water 
tables close to the riverbeds. 

The more extensive se01i-arid area of 
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the Northeast is located between the inter- · 
plateau depressions. The typical high · 
backlands are all embedded iri plateaus or 
large spaces from old massifs (Ceara, Parafba, 
Pernambuco/Bahia, middle/inferior Sao 
Francisco River, South-Southeast Pia ui). There 
are nevertheles~ several local 'exceptions 
occupying a smaller space which constitute 
variations of the model. This is the case in 
Borborema where the dry regio_n extends from 
the slopes of an old elevated massif, running 
West to East, to the lower central areas of 
complex structure. There is also the leeward 
sectorof high plateaus where the pattern of the 
catinga,adapted to the mountainous semi-arid 
climate,settled on the sedimentary grounds of 
the highlands (thicket of Wetern Araripe). 

· There is also the case where the back of the 
plateau is so low and so lacking in. humidity 
that a climaticcontinuityisestablished between 
the pe~ipheric depression and the ample back 
of the sedimentary plateau (plateau of Apodi, 
Rio Grande do Norte). In the Southern region 
of the Sierra Grande of lbipiaba (Ceara and 
Piaui), the catingas invade the back of the 
Devonian steep slope making a bridge between 
the sparse catingas of the Southwest of Ceara 
(backlands of Taua-Arneiroz) and the 
depression located between Fronteiras and 
Picas in the South-Southeast of Piaui where 
the draining basiri of the ltaim and Caninde 
Rivers are located. Nobody can comprehend 
the dry and hot backlands of the Northeast 
without a previous perception of the network 
and typology of the depressions, in between 
mountains or plateaus, which occupy an 
important compartment in the vast regional 
semi-arid territory. 

The farmers residing in the "humid 
hills"butwhoalsoown farming land in the dry 
backlands usually refer to these ones with a 
typical expression: "Tomorrow I am going 
down to the backlands". Nothing could be 
more real.Starting from the environment of a 
humid mountain the way is always down to the 
hot, dry and suffocating environment of the 
backlands. On the other hand, reaching the 
high point of the humid hills, formerly forest, 
it is always necessary to climb as is the case 
even to traverse the dry slopes of some massifs 
displaying more complex climates. ~ 

These facts prove that the inter-plateau 
depressions represent the most typical semi- ' 
arid spaces of the semi-a.rid Northeast from a 
physical and ecological point of view. All of 

· them are in turn an inheritance of a long 
physiographic history behaving as the remnants 
of a vast network of erosion plains carved 
between the end of the Tertiary Age and 
beginning of the Quaternary. These inmense 
plains developed between plateaus and old 
massifs act as the "paleospace'' of the dry 

backlands. It is in a way a type of old space 
easily defiqed by the analysis of the present 
regional topographic division. During the first 
stages, the interior parts were lowered and 
flattened by erosion while the the large masses 
of detritus were removed and deposited in the . 
old adjacent coastline. This corresponds to the 
layers of the Barreiras group ,in the coastal 
mesas of the Eastern Northeast. The flattening 
was the result of leveling mechanisms Qtsoils 
and and sideway smoothing. They represent 
aggressive and complex erosion processes 
named ·by unfamiliar technical names: "ekta
planing" and "pedi-planing". 

The mass of resistant rocks resisted the 
leveling of the end of the Tertiary Age giving 
rise to inselbergsand elongated c_rystals,some 
of which are pitted with water gaps. These are 
about the only remaining points breaking the 
relative monotony oft he vast areas of the hills 
of the backlands. Some groups of inselbergs 
like those of Patos (Paraiba), Quixada (Ceara), 
those of the Northeast Ceara or even those of 
Milagres (in the county of Amar~osa, Bahia) 
constitute monumental landscapes with their 
own individuality. These features in the middle 
of the semi-arid area have the same landscape 
significance of the · rocky pontoons and 
sugarloaf type of mountains which appear 
above the forest covered hills in the tropical 
AtlanticBrazil (RiodeJaneiro, EspfritoSanto, 
Northeast Minas Gerais). The inselbergs are 
in a way related to the sugarloaf type 

. formations. In fact, the latter were formerly 
inselbergs during periods of dry climates in 
areas presently of high humidity. On theother 
hand, some of the present inselbergs appearing 
in the backland could have been sugarloaves 
in the humid phases preceding the leveling 
mechanisms at the end of the Tertiary Age. 

Something must also be said about the 
canyons which cross the quartz type crests in 
different parts of the interior of the Northeast. 
Many of the main rivers start over sedimentary 
ground and later find ,the complex rocky 
substrates underneath these soils. They are 
referred to as epigenic rivers derived from a 
geological andstrucutral scenario no longer in 
existence in those places. They form water 
gaps similar to those encountered in the 
Appalachians in the United States where a 
hydrographic superposition was first noticed. 
The seasonal intermittent rivers run through 
these water gaps in different parts of the 
interior of the Northeast and cross the isolated · 
Appalachian type crests. This situation implies 
that these water gaps remain without water 
during several months. By comparison, either 
types of canyons of lesser depth which run 
through crests of hard rock play no regional 
role as a waterway. In this case they are called 
wind gaps according to the definition 



established by American ,geomorphologists. 
A whole generation of technocrats 

formulated in the past many projects for the 
construction of dams using the beight of these 
large water gaps of · the dry .backlands as 
possible water reservoirs in different'areas. In 
most cases, the propgsed solutions were 
convenient from an engineering point of view 
without taking into consideration the 
availability downstream of these reservoirs of 
lowlands for irrigation. These were the first 
attempts of sterile pharaonic projects unable. 
to deal .with the big regional problems. 

The existence of "islands of humidity" and 
fertile soils in several points of the dry 
backlands is more important than simple and 
accidental topographical characteristics, 
important from a landscape point of view but 
economically insignificant. They are-referred 
to as local marshlands and they help in breaking 
the monotony of the physical and ecological 
conditions of the dry backlands and enriching 
the local agricultural productivity. The term 
marshland is customarily used in the folk 
language of the Northeast to mean any humid 
subarea inside the semi-arid domain. Thus, 
this includes any terrain with a higher humidity 
content, the soil of the forest areas, permanent 
orsemi-pt?rmanentcreeks, where it is possible 
to grow the produce and typical fruits of the 
tropical humid regions. Amarshland, 'brejo', 
is by definition always an enclave oftropicalia 
in the semi-arid medium, or an island of hot or 
warm wet landscape with signs of former 
fores t coverage which break the coritinuity of 
the backlands and the catingas. It is obvious 
that these pockets of humidity only show upin 
certain places: chains of hills or slopes of 
mass_ifs catching the windward humi'dity; 
piedmonts with accumulation of water 
retaining detritus; groups of springs (referred 
to as "eyes of water"); slopes, plateau edges, 
isolated alveol;u plains of alluvial origin; 
valleys ventilated by maritime air currents 
(creeks and humid valleys). 

I proposed the first typology for thes.e 
"marshlands" of the dry Northe~s,t in 1955 in 
Garanhuns,"Pernambuco. This classification 
include 'marshlands' of the altitude (Triunfo, 
Garanhuns and Serra Negra, Pernambuco); 
'marshlands' of the slopes of mountain chains 
or old massifs (Southeast of Borborema, 
Alagoas and PernambucGi; Eastern Baturite, 
Ceara); 'marshlands' of the piedmonts 

· (Frecheirinha, Ceara; Alagoa Grande, Paraiba; 
Bufque, Pernambuco; Oliveira dos Brejinhos, 
Bahia); 'marshlands' of the creeks or humid 

· valleys (humid valleys of Rio Grande do Norte 
and Ceara; Ribeira do Pombal, Bahia); 
'marshlands' of the springs (C.ariris Novas 
and Eastern Baturite, CE; Eastern Borborema 
between Areia and Alagoa Grande, PB) . 
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The study of these 'marshlands' is of 
great social and scientific significance. Their 
role as granaries in the midst of the vast dry 
spaces ·of the Northeastern backlands cannot 
be ignored or underestimated. On the o~h~r 
hand, the overall view of the group / of 
'marshlands' vis-a-vis the qry backlands was 
the key in the interpretation of the predominant · 
landscap~s in Brazil during the dry periods of 
the Pleistocene. · 

The word 'brejo' has been apparentl-y 
used in the more archaic form of the language 
in the Northeast to mean • riverside 
marshlands', 'riverside land full of ~ater', , 
'areas of swamps next to the rivers', or even 
'areas of alluvial plains flooded with ~ater. In 
the alluvial plains of the rivers of the Northeast, 
the word 'varzea' (lowlands) was used to · 
describe the overall terrain while 'brejo' was 
used for particular details. In the forest region 
of the ·Oriental part of the Northeast the word 
'varzea' predominated as the term to describe 
the large plains attached to the low regional 
rivers. The forest there extends everywhere, 
from the lowlands to the water terraces and 
from there to the drain channels of the low 
hills and slopes of the mesas . 

The word 'varzea' was changed to 
'vazante' (ebb or drain channel) in the 
backlands further in and already in catinga 
land. The worci 'vazante' describes exactly the 
land adjacent to creeks and streams w~ich was 
cove'red by the rapid rise of the waters in the 
rainy periods of the year. Vazante is that which -
leak~, drains, or overflows. It is a very 
appropriate word because it evokes the 
hydrologic dynamics routine ·of the dry 
backlands. Rests of ciliated forests exjsted 
originally along the 'vazantes· jnterspersed 
with fields of gramineous species and group~ 
of Palmae tress (carnaubas). The margins of 
the alluvial plains or the low slopes of the_ 
rustic hills dominated by sandy infertile soils 
were referred to as "arisco" (wild or difficult 
to tame) to define this other type of riverside 
terrain ecosystems. According to Taunay, the 
word is derived from 'areiusco' (sand-like) a 
fact that reve~ls the practical insight of the 
local residents in recognizing different types. 
of terrains through an empirical geoecologic 
perception. The meaning of the 'ariscos' in the 
_catingas is similar to that of the ·veredas' 
(footpath) in the woody pastures known in 
Brazil as 'cerrados'. 

The word 'baixio' (lowlands) was used 
in the more interior parts of Ceara to identify 
alveolar plains and small alluvial gutters 
originally covered with forests and displaying 
almost permanent productivity. The 'baixios' 
are usually located near groups of hills and on 

, the slopes of plateaus orold massifs and act as 
projections of the typical hillside plains. The 
larger and more continuous plains located in 

the central regions of these hills, and far from 
them, were again referred to as 'vazantes' in a 
vety significative way. Thus, we ~re dealing 
with toponyms indicating similar 
physiographic facts in the same space but 
u nd~r different orders of magnitude. The people 
of the ba ckl ands were more a dept at conquering 
the 'baixios' and makinguseoftheproductivity 
of the soil to establish annual crops and fruit 
trees (banana, mango, coconut). It is only in 
recent years where labor in these areas has , 
been possible under irrigation projects 

' impleme~ted through the respons~bility of 
government agencies . . 

The route followed by the usage of the word 
'brejo' in the backlands seemed to have been 
more complicated. At the beginning the word 
was used to indicate flooded alveolar plains 
located in humid sierras like suspended valleys. 
A remnant example js the Sierra of B·aturite. 
The concept later evolved to include all types 
of terrains r·esponsible for the formation of the 
massifs. Deep red soils endowed with a good 
level of humidity can be found here along with 
a hot and humid climate and precipitations 
much more frequent ' than in the adjacent 
backlands. People of the backlands used to tpe 
hard grounds of their native space envisio,ned 

,a certain association of .ideas between the 
flooded alluvial plains and the wet soils of the 
humid sierra slopes. It is difficult in any way 
to establish since when the term 'brejo' 
expanded to include a whole set of landscapes 
and ecosystems related to the 'humid sierras '. 
Dozens or even hundreds of square kilometers 
would then fit into this definition as in the case 
of Baturite or the Brejo Parnibano. The 
important fact is tha_t this word now refers to 
different types of locations: crests and central 
parts of old massifs, highlands with respect to 
the backl~nds or the 'agrestes '; piedmonts and 
slopes of massifs and sierras oriented towards 
humid winds; margins of creeks and parts of 
valleys placed facing the humid maritime 
winds; humid slopes along the groups of 
springs, ' olhos d'agµa ', as well as other 
combinations of regions . 

- The 'marshJands' are essential for the 
prod~ction of food in the backlands a~ 
illustrated by the origin of the products sold i•n 
_local fairs . The strength and success of the 
Northeastern fairs are to some extent a 
thermometer of the productivity of these areas. 
These soils have been responsible for the 
formation /of the first granaries of cheap and 
traditional food in the vast space of the 
backlands. The low cost of transportation on 
the back of dqnkeys coupled to the low profit 
expectancy of the peasants have provided 
food at affordable prices for the population. 
Beef and meat from smal l animals come fro'm 
all parts of the backlands but the rest of the 
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necessary food ingredients for the population 
come entirely from the small and fertile 
marshlands w,hich dot the backlands. The 
marshlands are responsible for manioc and 
flour, beans, part of the coffee, large number 
of fruit as well as the hard brown sugar 
("rapadura") and the local rum derived from 
the small plantations of sugar cane. There is 
even a small coffee region in the marshlands 
of the grottos of Garanh~ns. Most of the 
banana plantations and vegetables of Ceara 
are installed in the sierra marshlands competing 
in space with the traditional annual crops. 

Th~ concept of ' agrestes' is even more 
complex than-that of ' brejos ' in the ecological 
spaces of the Northeast. In generic terms, the 

1 'agrestes' represent a region of climatic 
tr~nsition, or buffer zone, between the Eastern 
forest of the ~ortheast and the vast spaces of 
the dry backlands. It is neither a wide nor 
homogeneous strip displaying great variety 
from a topographic point of view. Rain is 
more common in the 'agrestes' than in the 
backlands but conside~ably less than in the 
forest. The dry season is almost as long as in 
the backlands. The vegetation of the 'agrestes' · 
corresponds to that of an arboreal catinga with 
eventual contributions from dry forests. On 
the other hand, marshland fype sectors can be 
enpountered in more .complex 'agrestes' as 
wfell as real ' brejos' as in the case of the region 
of Garanhuns. 

The terrain of the 'agrestes' can ~e 
recognized more directly by the pre~ence of 
traditional structures in the landscape rather 
than .by .remaining examples of their primary 
nature . Their landscapes reflect an agrarian 

structure whereagricul ture and ranching share 
the same lands affording more balanced and 
secure rural productivity. The live fences 
typical of the landscape of the ~agrestes' reflect 
the need to separate the land of cultivation 
from the areas of pasture. This is a landscape 
which retlects ·a longstanding agrarian system 
established in an environment of climatic and 
ecological tra nsi ti on. The 'agrestes' 
representing areas of small to medium size 
constitute the most densely populated areas 
and the more balanced in terms of rural 
economy of the interior of the Northeast. 

During a long time the word 'sierra' in 
the Northeast always meant the 'humid sierras', 
an ingenious phrase recently introduced by 
geographers. This identification serves to 
distinguish this group from the overall set of 
Northeastern chains of mountains. Yet, the 
existing 'dry sierras' are often neglected in a 
global view due to their lack of importance in 
terms of human occupation and economic · 
productivity_. The dry sierras house ttie worst 

·pattern of catingas, the rockiest soils and the 
spaces least likely to be incorporated into 
economic activities. It is nevertheless a fact 
that a whole range of not-too-tat.I sierras and 
mountains which are poorly located to capture 
humidity represent some of the most repulsive 
geoecological tissues of the backlands. 

In spite of the considerations above a 
better understanding and differentiation onhe 
sierras still awaits a more definite typology. 
Several years ago it_ was suggested that the 
type of mountain groups existent in thecatingas 
be classified along a line of reasoning simi lar 
to that used for the marshlands: crests of 
quartzite and itacolomite from Western 

Borborema (Sierra of Ferros between J uazeiro 
and Patos); quartzite crests from •the isolated 
Appalachian type heights in the Northeastern 
backlands (Sierra of Basti6es, Ceara;. Sierra 
Santa Catarina, Paraiba; Sierra Boqueirao, 
Bahia); graniti c massifs of the interior 

· backlands (Sierra .Queimadas, PB; Eastern 
Borborema on the north face of Sierra Teixeira, 
PB; hills on the boundaries between Ceara and 
Parafba); water gaps from structural scarps in 
the form percee de cuesta (water gap of Poti 
between Crateusand Oiticica , CE); and finally 
all the .small sierras and big rocks of the dry 
backlands which are part of the inselbergs 
(Milagres-Amargosa,BA; Pates, PB; Quixada
Quixeramobim, CE; Pau dos Ferros, RN). 
Crests, inselbergs and granitic massifs have 
all been monumental reference points in the 
landscape of the dry backlands: There are 
good reasons for _ some of them to be 
transformed in national parks or tourist 
attraction centers so that all Brazilians can 
have better access to the large problems of the 
dry backlands which are not easily understood 
from a distance. 
' The beginning of the more substantial 

solutions for the problems of the human beings 
and the society of the backlands will depend 
on the level ofknowledgeoftheact1;1al regional 
scenario. There is little hope from 'magical 
saving ideas' put forth by bourgeois and distant 
mentalities. These are almost always directed 
to stir demagogic arguments and to pulverize 
resources which should have a more generous 
social goai. The cause of the backlands of the 
Northeast deserve-no less, no more-than 
a truecr:usadeofBrazilain intelligence without 
appealing to elitist or insincere fads. 

Man Along The Water Paths 
The longitudinal profile of th~ rivers which drain vast 

extensions of hills of the backlands are extremely shallow and 
tangent to the so~called equilibrium profile ( especially in Ceara and 
Rio Grande do Norte). This conformation results in an excessive 
increase in the volume of water of the short and long·r~nge rivers 
during the heavy rains which also reach the large areas of the dry 
backlands. This in turn puts pressures on the regions of the lower 
valley resulting in catastrophic overflows. The small torrential 
basins originating from the overti·ow of the plateau edges, the top 
of the ancient massifs and marshlands of all types.are enlarg~d by 
the p.recipitations which eventually contribute important volumes 
of water to the recent flowing and already full regional rivers~ 
Floods become·generalized along a territorial strip running from the 
,Baixada Maranhense ( outsi'de de dry area) all the-way· to Ceara and 
Rio Grande do Norte. Under these circumstances, the large 
floodplains of the low valleys along the regional rivers have their 
spacealmostcompletely affected by theovertlowof the rain waters. 

The water routes in the interior of the plains are complex . 
They first reach the shallow and connecting channels of the 
lowlands invisibleduring the dry period. Flood becomes generalized 
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after the channels join their , waters. The floods firn~lly affect 
plantations and scattered rural houses when the waters arrive to the 
alluvial and .hydromorphic soils of the beds of larger rivers, and 
eventually spread to the small villages in the lower valleys, and to 
the poor neigborhoods <:Jf the middle and small cities. 

The poorest sector of the population is usually the most 
affected by the floods as they live in inadequate places in the 
surroundings of the towns of the backlands located along the big 
axis of the valleys. This fact is well illustrated by the calamities of 
last Apri I during the period of heavy rains which affected more than 
half a million people in the Northeast from Rio Grande do Norte to 
Maranhao. lt became evident once more the gravity of the situation 
regarding the spatial projection of a society with an underde~eloped 
structure. The more destitute part of the population settles on the 
inadequate and high risks terrains along the river fronts for lack of 
better housing choices. These are exactly the social and physical 
spaces which were hit-hardest by the recent floods of the lower 
valleys of the Northeastern rivers. 

There have been attempts for some time to improve the 
forecasting of droughts. The annual dynamics of the waters of tlie' 
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intermittent and seasonal rivers is well known. It is now necessary the occupation o_f urban and rural spaces in the lower floodplains. 
to improve the system of flood forecasting and to try to reorganize 

The.Uniqueness of The Population 
The most absurd and unacceptable fall acy about the dry 

Northeast is the concept of teaching the local population to live with 
drought. It is a pretentious attitude whi ch hurts the dignity of one 
of the most courageous and long suffering populations of the 
country. The region houses the most important mass of peasants 
residing in Brazil distributed a long the strips of climatic transitions, 
'agrestes ", the sma ll grana ries of agricultural production, 'brejos', 
and the large extensions of -poor cattle raising. This population 
forms a cultural group closely associated with -the rustic character 
of the economic and social li fe of the catingas surpassing by far any 
other demographic group of the interiorof Brazil in this respect. A 
popular centuries old culture can be found centered on an Iberian 
model and modified by telluric forces and Indian traditions. this 
land is a physical and human space which left no room for the weak 
or for people without w ill power. 

The, man of the backl ands has an unµsual intuition for the 
tell uric forces: the faraway signs of thunder announcing rain; the 
arrival of the water season, or the so-called •winter'; theresprouting 

· of the leaves in thecatingas; the return of the water to the rivers with 
the firs t rains; the knowledge of the productive capacity of each 
small space of the backlands from the drainage channels of the 
riverbeds to the dry and rocky heights of the hills of the backlands : 
A lot of these people own nothing; others are only the labor force 
for the landowners . 

The uniqueness of the human and social problems•of the dry 
Northeast are directly related to the'balar1ce of the masses of people 
that must be fed and maintained and the effective potential of the 
rural p hysical space. This _balance must be established within the 
cultural patterns of the population and the limits imposed. by the 
relationships of the forms of production. The specter of hunger 
hangs exactly on the heads of the population and workers 'without 
land. This fragile position of the main segment of the labor force of 
the backlands-identified as the largest manual labor force in the 
Americas - confers an aura of survivors to the whole society 
constituted by peasants and herdsmen . 

The Northeast continues to have more people than the 
prevailing forms of production_ can tolerate there. The sharp droughts 
affecting the region yield mandatory discontinuities in rural 
production. It further leads to massive unemployment of those 
without land, potentially relegating them to the condition of migrants. 
Nobody can survive the hardship of a rustic environment without a 

· job and without bread. The misfortune of tens to hundreds of 
thousands of people of the bac;::klands depended on the unpredictable 
and irregular rhythm of the droughts . The vast space of the cati ngas 
thus b~came the true poverty belt of the forest region where are 
located all the urban centers, the poles of development and of 
political and adminstrative control. 

A high human fertility, strnng biologic selection and the lack 
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NON-NUMBERED FIGURES (see Eco-Brasil, pp.4-14) 

of employment opportunities drove the landless population to 
migrate in a desperate struggle for survival. Thus, the large dry 
Brazilian region started its historical rol,e as providerof cheap labor 
force for almost all regions of the country with some employment 
opportunities. Notheasterns from all parts travelled in the most 
diverse directions according to the opportunities of the moment: the 
Amazon at the end of last century and beginning of the present ·one; 
to Sao Paulo since the 1930s; to Brasilia in. the 1960s; to Northern 
Parana and Sao Paulo throughout time especially after the 
c~nstruction of the Rio - Bahia higtiway; finally, to the North of 
Goi~s, to the sides of the Belem - Brasflia highway, the 
Transamazonic highway and South of Para in the 1970s,; from the 
limiting situation for life represented by the backlands to the other 
extreme represented by the vastness of the super-humid Amazonian 
forest under precarious living, working and safety conditio_ns . 

· The period of climatic crisis is the most critical in its appeal 
for leaving the region . The recently created 'labor fronts', a tested 
and contested idea, ha~ had an effect in decreasing the departure of 
the local labor force to other parts of the country. However, 
formulas must still be worked out for a more effective use of the 
potential labor force towards the benefit of regional development. 
The government plans for prevention against the consequences of 
droughts have been relatively unable and inefficient in meeting the 
demands of the population of the backlands. This is especially true 
in the case of providing s~lf-sustaining working conditions which 
could result in an improvement in the quality of life and social 
status. There is a need to gain the trust of the courageous people of 
the backlands through a more direct injection of resources. These 
mustcom.e in the form of ideas and economically practical proposals 
without appealing to pharaonic · projects or bigly specific and 
problematic technologies. 

The Northeast continues to be a great producer of human 
beings. The pre,dominant rural character of the population coupled 
with high rates of demographic density and small spaces adequate 
for agriculture are responsible undoubtedly for a fragile 
infrastructure of the regional economy. Even the appeals to mineral 
exploitation seen as a partial .solution nowadays have had much 
force to overcome the serious problems 9f the region. There is the 
need to think of more manageable rural modules, including · 
agricuJture and cattle raising, of an increase of dry crops, and above 
all of better management in the technology of water use from the 
interfluves and slopes.- There. is the need to rethink ~bout the 
pr.oblemofindividual property and experiment-with well-organized 
tests of collective property for areas of land. It is also necessary to 
adopt more polivalent production patterns to insure the continuity 
of rural production at all times and not to yield to the local 
oligarchies unflinching in their massive human insensitivity. 

(p. 4). Backland hills with bush covered catinga at the peak of the dry season . The jujube and some rare carnauba trees are the only -species · 
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with permanent leaves. The ~hitish-gray color of the catinga is 
particularly noticeable. 

(p. 6). Catinga with bushes and trees near Chorozinho (Ceara). The 
picture was taken in the middle of the year at the beginning of the dry 
season. 

(p. 7). The large lowlands of the Baixo Apodi-Mossoro, saline _,clay 
soils, 'sal6es', the odd carnauba tree and · clumps of scattered cacti 
'xique-xiques'. Thesmallerpictureshows the parched soils ·contraction 
cracks', localized in pockets of clay with some degree of saline content 
in the middle of the lowlands of the Baixo Apodi-Mossor6. 

(p. 8). Survival strategy in the backlands: vegetable garden built on a 
wooden platform during the height of the dry season in the middle of 
bushes of the catingas in the vicinity of Quixeramobim (Ceara). 

(p. 10). One of the most beautiful examples of inselbergs of the whole 
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Northeast surrounded by catingas of bushes and trees in the bacl~lands 
of Quixada (Ceara). 

(p. 11). Water boys, a typical' scene of the dry backlands. The water 
drama and poverty calls for an early start .and while still in childhood 
in the labor force market. · 

(p.13). Left, festooned trimmings oft.he Sao Jose do Moxoto plateau, 
between Bufque and Arcoverde (Pernambuco). Incipient runeform 
topography as depicted by the hills. Arboreal catingas, humid soils, 
marshlands, 'brejos', and artificial pastures areal so noticeable. Below, 
savannas with carnaubas. 

(p. 14). The Cedro reservoir in the middle of the inseibergs of the 
granitic massif qf Quixada (C.eara). Profile of the mountain called 
•·Galin ha Checa', a typical case of a hanging slope in inselberg of the 
Northeastern backland. Rocky slopes with gutters and specialized 
vegetation. 
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THE RAIN WE.DO NOT WANT 

I 

Modernsocietyhasinventedacruel paradox. 
It .needs, on one hand, to speed industrial 
developme,nf to meet the necessities of an 
increasing p·opulation. On the other hand, 
however, this accelerated industrialization can 
cause irreparable damage td the environment. 
We need the industrialization, but at the same 
time, we must be wary of it. Industrialization 
and pollution seem to be on opposite sides of 
the same coin. The government's process of 
controlling pollution has proven to be difficult 
to perform, beca·use of constant conflicts with 
the various social s_egments involved in the 
production of pollutants. Today an average 
newspaper reader, moderately informed, h_il,S 
already heard of"the greenhouse effect'', or'of 
the depletion of the protective ozone layer in 
the atmosphere. Now a new type_ of pollution 
is claiming atten.tion: acid rain. 

This , phenomenon can be lethal. Its 
environmental damages are terrible. Acid rain 
ca_n exterminate aquatic life. Fishes are usually 
very sensitive to changes in the pH (acidity 
measurement) of the environment in which 
they live and do not survive in levels lower 
than 4,5. Forest and wood vegetation also 
suffer serious damages. In normal conditions, 
forests concentrate from two to four times the 
acidity of rainfall. If before falling to the 
ground, the acidity of the rain is already high, 
the concentration in the ~oods c;an have drastic 
effects: the protecting wax on the leaves is 
destroyed; the thinner ro_ots are affected. In 
addition, aluminum, calcium, magnesium, 
sodium and potassium are washed away from 
th~ soil,' bacteria which fix the nitrogen are 
eliminated and the humus formation is altered. 
Humus is an organic aggregate which fixes 
nutrients and yields them to the soil according 
to t9e latter's necessity. All of these factors 
diminish the fertility of the agricultural land 
and the woods die slowly. 

Only recently has acid rain become the 
subject of research. The Scandinavian 
countries we~e the first, in the fifties, to link 
fossil combustion with the acidity of the rain, 
through studies made by H. Rodhe (University 
of Stockholm) and A. Damerig. The two 
researchers discovered that there was a relation 
betwen the _decreasing pH of the water and the 
shrinking fish population in the nordicwaters. 
In 1969, the situation had reached such a 
critical point,.that the governments of several 
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countries decided to conduct a study about the 
acidity of the rainfall in Northern Europe. The 
study found that wi i:1d currents brought 
p·ollutants from England and Germany to 
Sweden and Norway. It was shown that in an 
area of 13,000k2 in the south of Norway, 
marine life had been exterminated and in 
another 30,000k2 it had been grea ti y 
diminished. And what was more troubling: the 
qua Ii ty of the drinking water had been affected. 
The results of thi·s ~tudy caused apprehension; 
-and in 1979, 34 European countries signed an 
agreement toadoptthe first measures to control 
this type offar-reaching pollution. In 1983 the 
agreement was subscribed by the Soviet Union, 
the United States and Canada. 

Known for its devastating effects, acid 
. rain must be first carefully defined. Th

1

e · 
phenomenon does not occur, as it looks at first 
sight, in the form of precipitation, with an acid 
pH .- Pure water with atmospheric carbon 
dioxide is not neutral. On the contrary, it'is 
sligthly acidic(pH 5,6) because the dissolution 
oJ CC?2 produces an excess of protons in the 
solution: 

CO
2

+ Hp--> HC0
3

- + W 
In 1982, the International Chamber of 

Commerce, meeting in Paris, with the purpose 
of elaborating a legal definition for acid rain, 
preferred to define it as "a phenomenon in 
which emission of pollutants from one area, 
especially sulfur oxide (SO,) ~nd nitrogen 
oxide (NO,), produced by anthropogenic and/ 
or natural sources, are transported far ·away 
crossing nationa·1 borders to receiving areas, 
,where they settle in wet or dry forms" (figure 
1). The definition serves to show one of the 
characteristics of acid rain: it is a phenomenon 
that is produced at long distances. Something 
happens in a region which turns the water 
more acidic than normal,and miles away from 
there itfal lsas rain, causing countless problems ·. 
to the environment, including violent losses 
in the agricultural and cattle raising seGtors. 

This ··something" can either be theres ult 
· of human action or some natural phenomena. 
· A volcanic eruption, for example, pPoduces 
sulfur and nitrogen oxides i.n sufficient quantity 

· to raise the acidity level in the water. Asimilar . 
situ·ation happens inan anaerobicdecompositon 
of organic compounds or even in a violent 
lightning discharge. Nature's actions, 
however, would not be sufficient to produce 

catastrophic effects on the environment. 
Human activity, therefore, is m'ainly • 
responsible for. the warning emitted by the 

' international scientific community. 
Thermoelectric plants, non-ferrous foundries, 

· petroleum refineries,andsulfuricacidfactories 
are all industries which produce significant 
quantities of.sulfur oxides. The ·combustion 

· engines also leave an enormous quantity of , 
nitrogen oxide in the air. 

It is not en~ugh, however, to de~~rmine the 
causes of this dangerous increase of acidity in 
the water. An important question still remains: 
how is acid rain produced? The adoption of 
adequate measures of prevention depends on 
this answer. Today a region suffers the effects 
of a type of pollution "produced" miles away 
from there. When different countries are 
involved, acid rain can, i'n the long run, cause 
diplomatic embarrassment. For this reason, it 
is imperative for scientists to correlate the 
quantity of oxides emitted from a certain 
region to the level of acidity found in another. 
Oppenheimer and colleagues obtained, in the 
United States, an important result when they 
linked the deposit of S0

2 
in eight demarked 

areas, in four different states, with the emission 
of ten non-ferrous foundries located far from 
the locations. These scientists measured the 
annual variations of theemissionsand deposits 
during a four year period. They found a linear 
relation, of one to one, between the emission 
and the deposits. 

The chain of chemical reactions 
between the emissions ofoxides and the acidity 
deposits still remains to by determined. It is 
known that in these reactions there is a decisive 
influence of. the meteorological conditions. 
The formation of large thunderstorms depends 
on countless factors. From one area to the 
next, everything can change according to 
wind velocity and the configuration of the 
terrain. 'with all these variations, it is not easy 
_to establish a quantitative relation between.the 
ce·nter of emiss.ion and the level of acidity 
deposit in the center of the receiving area. One 
important factor to note: this deposit does not 
occur only in the wet form but also in the dry 
form. 

If we take into consideration. that the 
sulfur dioxide (SOi,) is one· o.f the main 
subproducts of combustion of coal containing 
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sulfur, the first step, then·, would be to transform 
the sulfur dioxide into sulfur trioxide (SOJ 
For this to happen, a reagent, the ozone, which 
produces radicals of the hydroxyl type and 
oxidizes the atmospheric water, turning it into 
hydrogen peroxide (HpJ, or even acting 

· directly, on the SO
2

, is indispensable. In the 
presence of water, the SO

3 
transforms itself 

into sulfuric acid, an essential component of 
-acid rain because it mixes itself with water in 
all proportions (figure 2). 

The mistery surrounding the dry acidic 
sulfate-type deposits remains unsolved. The 
series of chemical reactions yielding salt 
from sulfuric acid have not yet been 
discovered. The researchers consider, however, 
that something similar to the production 
process of sulfur oxide also occurs in th_e 
production of nitrogen oxides. In the latter 
case, we have as a starting point the nitrogen 
trioxide, wh-ich passes through similar 
oxidation reactions to form the nitrogen qi oxide 
and consequently the nitric acid, another 
important component of acid rain. 

Models which were able to predict the 
level of acidity in the rainfall of an area, with 
respecttothequantityofforerunners produced 
by an emitter, were constructed. The more 
sophisticated models were developed in the 
United States. With the super computer Cray-
1, the National Center for Atmospheric 
Research, in Boulder, Colorado, simulated a 
model of regional acid deposits which 
estimated the probable quantity of acid . rain 
and its possible location, caused by specific 
emission points. The computer considered as 
variants, the meteorological conditions, the 
rate of rainfall of the receiving region, the 
atmospheric reactions and the quantity of 
pollution which returns to earth without 
forming acid forerunners (SO

3
, NOJ. Another 

model created by American scientists has the 
objective to stimulate the impact of alternative 
measures for controlling pollution. Focussing 
on the northwest region of the country, it 
analyzes the concentration of seven elements 
to identify the origin of the emissions. It is 
estimated that the majority of the acid rain 
(80%)which occur in the American Northwest 
is produced in the mid-west. 

The most important result of the 
simulation of what happens in nature is that 
once a quantitative relation 'qetween source 
and receptor is established, it is possible to 
draw up a cost/benefit relation and choose the 
best strategy to fight pollution. The preventive 
measures involve millions of dollars . It is then 
imperative to know if the30% reduction in the 
emission of SO

2
, will also bring about a 30% 

decrease in the depoisit of sulfur in the 
receiving area. This data can be used as basis 
for modern legislature. A legislature which 
wi II prevent disastrous effects without 
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compromising the economic development of 
a nation. The data can also be used as part of 
a guideline fora more precise industrial policy, 
which examines the distribution of 
thermoelectric factories and plants in more 
adequate regions. 

The delay in the adoption of preventive 
meaures can be attributed to the fact that the 
levels of SOx and NOx necessary to avoid add 
rain are inferior from those demanded to protect 
public health. The damages done to human 
life are what mobilize public opinion and, 
therefore, to which governments give attention 
to and work on. Only when the consequences 
of acid rain become widely known, will social 
pressure be able to overcome the industries' 
and governments' inertia. 

European scientists have already made 
a "balance of the export of pollutants" which 
include various countries (figure 3). England 
is a small importer of SO

2 
if compared to the 

high levels of pollutants received by Norway. 
West Germany has a balance of nearly zero, 
while Poland and the United States are the 
largest exporters of pollution in the Northern 
Hemisphere. As a consequence of this 
'·balance'', the European group formed the so
called .. Club bf the 30%" represented by 
countries which agreed to reduce their 
production of pollutants by 30%. Until now 
England; Poland, and the United States have 
refused to participate in the agreement. West 
Germany, reluctant at first, was quick to join 
when a study revealed that its forests were 
found to be seriously threatened by acid rain. 

What is observed today is that the 
determination of government authorities in 
controlling their sources of pollution vary 
according to thequantitiy of external pollution 
their country receives. When the imported 
pollution is more than 50%, the governments 
quickly take the initiative of regulating it and 
start negotiations for an international 
agreement. When the importation is less than 
50%, its representatives raise doubts as to the 
seriousness of the problem and the best way to 
control it. 

What kind of control over the levels of 
water acidity does Brazil have? At least two 
critical areas of pollutant emissions exist in 
the country: Cuba tao and Cri ci uma, 
respectively in the states of Sao Paulo and 
Santa Catarina. Therearedifferences,however, 
as to the sources of this pollution. In Criciuma, 
it is the result of the exploitation and 
combustion of the coal with a hi,gh level of 
sulfur, while in Cubatao the petrochemical 
and steel industries are the main sources of 
pollutants. While most of the pollutants remain 
in the areas where they are produced, traces of 
acid rain are present in the city of Sao Paulo. 
As these industrial and mining areas expand, 

it will become clearer and easier to detect the 
high levels of nitrogen and sulfur oxides. 

The relation between coal and sulfur in 
Brazil is unique. It is estimated that there are 
23.1 billion tons of coal in the sedimentary 
basin of Parana andschistin the Ira ti formation. 
Of this total, more than one billion is sulfur, 
especially in the form of carbonous pyrite. 
Brazil is also the world's fifth largest importer 
of sulfur. It is possible, with these references, 
to have an idea of the importance of convincing 
the Brazilian industrial park to take advantage 
of the sulfur associated with the coal and 
schist in order to prevent its loss in the form of 
pollutant emissions. 

The largestthermoelectricplantin Latin 
America is Jorge Lacerda in Imbituba (Santa 
Catarina). It consumes coal-vapor that has a 
sulfur level of 2.5-3.0%. In 1986, the plant 
consumed l,900thousand tonsofSO

2
perday, 

which would correspond to 11,300km2 with a 
deposit of 10g. of SO

2 
per sq. meter, or nearly 

14% of Santa Catarina's total area. The 
situation reached such a critical level that in 
1977, the state government was informed that 
the hydrographic network was almost entirely 
in jeopardy with the rivers showing a pH of 
between.2.0and 3 .0 . The thermoelectricplant, 
the sulfuric acid factory, as well as the waste 
and pyrite deposits, the industries which 
produce coke, and the pre-washers (the first 
phase in the elimination of pyrite at the exit of 
the mine) contributed to thisdramaticsituation. 
In 1982, the region south -of Santa Catarina 
was declared a '·critical area" for pollution 
control_. 

A solution of substituting Jorge Lacerda 
I and II thermoelectric plants' current 60-
meter chimneys for 150-meter ones (seeing 
that Plant nil 4 would have a 400-meter 
chimney) so as to reduce local pollution 
without reducing the level of pollutants, was 
discussed. In this case, however, it is good to 
remember, that the construction of chimneys 
in England resulted in an increase of pollution 
in regions within Sweden and Norway. It is, 
therefore, a false solution to the problem. 
Nevertheless, the Brazilian _ situation can be 
considered mild, in contrast with some 
emission zones in Europe and the United 
Stat.es. Here we still have time to exert an 
effective control of the pollution without large 
investments . 

The high levels of sulfur and nitrogen 
oxides emission demand costly control 
measures, usually seen by the industries as 
"additional investments". They are the first to 
be cut in ti mes of crisis. Due to this, 
governmental pressure must be intense. Social 
groups interested in an effective reduction of 
pollution should also direct! y participate within 
the public agencies which deal with the 
environment. The SO2 emissions can be 
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reduced to acceptable levels-, using modern 
technology to clean the coal containing 
moderate amount (between 0.75 and 2.15%) 
of sulfur. Coal with high levels of sulfur also 
have to be desul ferize.d from the effluent gases 
of the combustion. 

All the methods of desulfurization of 
coal deal with elimination of sulfur rn the 
form of pyrite. The three most promising 
technologies in this area include: methods of 
advance flotation, selective aglomeration and 
cyclones with the use of heavy liquids. Any of 
these three technol9gies could reduce the sulfur 
emissions to costs which would equal half of 
what is used to pay to clean the effluent gases. 
The gases are presently cleaned by the 
limestone method, a partially dominated 
technology, which produces large quantities 

of useless plaster. 
The Laboratory • of Organic Physical

Chemistry of the Federal University of Santa 
Catarina has been developing projects aiming 
the separation of coal/pyrite by the flotation 
method, studying the process and using new 
compounds which selectively separate the 
pyrite from the coal (collectors). The studies 
for desulferization of products of combustion 
were concentrated around the reactions of 
sulfurgasification of coal , which eliminate 
sulfur dioxide by reaction with coal to produce 
carbon sulfide, with important industrial 
applications. The stages involved in this 
desulfurization and the catalyzers which 
increase the yield are under study. 

In Brazil, the researchers are in a race 
against time. It is indispensable to develop 

inexpensive and efficient technology to control 
pollution before the·emission of the pollutants 
in the atmosphere reach higher levels . The 
expansion of the industrial park i.ends to 
aggravate the situation, and what is worse, 
increases drastically the co·sts of control. 
Experience in other scenarios show that 
scientific proof is not enough to reach an 
effective decision. The cost of this decision 
has been, until now, a definit factor and 
scientific criteria are not sufficiently taking 
into account. 

Eduardo H umeres , 
Departamento de Qui mica, 
l)niversidade Federal de Santa Catarina 
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II THE FoRESTAND THE WATER II 
Eneas Salati 

D,iretor do Centro de Energia Nuclearna Agricultura (CENA), Universidade _de Sao Paulo. 

· Ex-diretor do Instituto Nacional de Pesquisas daAmazonia (INPA) 

Half the rain that falls in the Amazon region flows into the Amazon River and the other half returns to the atmosphere as vapor 
through evaporation and plant transpiration. Studies of the water cycle in the Amazon have shown the importance of the vegetation cover 

to the ~ater balan.ce and the climatic equilibrium of the region. What are the consequences of excessive land clearing? 

Attempts to colonize the humid tropics have 
always been limited by the difficulty of 
establishing economically viable agriculture, 
because of adverse ecological conditions such 
as low soil fe~tility and a high incidence .of 
pests and disease. · 

European settlement of areas explored 
after the great voyages of discovery was more 
successful in milder climates, in temperate 
zones. C.,olonization of the Americas was 
dev_eloped in subtropical regiops, inserting 
economically independent units which were 
establishe~ and became the more developed 
countries of our continent. 

From the XVI century on, attempts by 
the Portuguese and the Spaniards to settle and 

· develop the Amazon region were hindered by 
the failure of agricultural activities. Hence, 
colonization of South America was 
concentrated in · areas with more favorable 
climates, especially the Center-South and the 
area along the Andes . 

For a long time, only activities of 
extraction (the most important example being 
the rubber cycle) were economically viable in 
the A'mazon. They contributed to the 
establishment, development and sustenance 
of some villages and small towns along local 
rivers. Extraction hardly altered the ecological 
balance at-all, though it did affect the local 
ind.igenous populations and large animal 
species like the alligators and turtles. The 
forest as such and the large rivers remained 
practically untouched. 

Since the 1960s, however, several 
projects and settl.ement plans have been 
initiated in different countries that are within 
.the Amazon region and have given rise to an 
intensive process of occupation. After twenty 
years, the problems of developing the region 
still defy scientists and engineers. Although 
advanced and modern techniques are used, the 
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settlement systems now in use cannot be 
considered successful. 

Over the years, increasing pressure has 
been • put on the ecosystems: the primitive 
forests are being replaced by pasture and 
plantations atthe rate of three million hectares 
a year, and deforestation is growing 
exponentially. However, as the replacement 
of the rain forest by other kinds of vegetation 
aoes not always bring positive results, an 
estimated 800,000 hectares have been 
degraded. · 

The pressure on the Amazon Forest, 
associated with the deforestation which is 
occuring in all the rainforests of the world (the 
primary forest was completely destroyed over 
the last 30 years), ha~ attracted the attention of 
researchers from all over the world. They are 
interested in discovering the importance of 
the vegetation cover, in areas of smaller 
latitudes, in determining the properties of the 
·earth's atmosphere. 

. When a forest is replaced by ano,ther 
kind of vegetation, it is nor hard to identify 
lame variations in the biogeochemical cycles . 
of carbon, nitrogen, sulphur, phosphorous and · 
other elements, although it is difficult to 
quantify the variations. Land clearing is known 
to introdu_ce profound changes, not always 
completely understood and often not properly 
discussed. The crucial issue that has been · 
challenging the abilities of researchers is: will 
there be a change in the climatic equilibrium 
if there is substantial deforestation of the 

I 

region? 
Several research programs involving 

various national organizations have tried to 
~nswer this question . . One of them sought to 
focus directly on the water cycle. The research 
was done jointly by the National Institute for 
Amazon Research (INPA) and the Center for 

Nuclear Energy in Agriculture/University of 
Sao Paulo/National Commission for Nuclear 
Energy (CENNUSP/CNEN), with technical 
support from the Technical Airspace Center 
(CTA) in Sao Jose dos Campos and funding 
from CNEN, Funding Agency for Surveys 
and Projects (Finep) and the Foundation for 
Research Assistance of the State of Sao Paulo 
(FAPESP). J had the privilege to coordinate 
the research that beg~ri in 1970; some of 
whieh is still under way. The journal Acta 
Amazonica and other national and international 
scienti(ic publications have already published 
more than two dozen papers on tl)e subject 
during, the last 13 years. 

The research was developed along four 
different lines, of increasing technical 
complexi.ty: 

1. Analysis of available meteorological 
data about the Amazon region, covering 
neighbouring countries as well as Brazil. 
During this phase, we studied clata on 
precipitation, solar energy, surface winds, 
relative humidity and temperature; we 
organized the data according to conventional 
climaticclassifications and m~de preliminary 
estimates of energy and water balances. 

2. Analysi'sof data on monthly flows of 
water vapor in the region, collected daily in 
eight towns over the period of five years, from 
ground level to an altitude of 5.000 meters. 
Through radiometeorography we observed 
temperature variations, humidity and wind 
speed, getting an overview of the predominant 
directions of air masses and a quantification 
of water vapor flows . . 

3. Detailed study of the water balance . 
in an experimental river basin located in .the 
area of the INPA, 60km north of Mana us. ·one 
of the results of this study, done· with the 
support of a special program of the 
Organization of American States and the World 
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Meteorological Organization, was the 
measurement of various components of the 
water balance including precipitation, 
interception of rain by plants and surface 
water drainage. 

4. Use of an independent method to 
show the circulation of water vapor in the 
region, using concentrations of 180 and D 
(hydrogen isotope) in rainwater and rivers.at 
different points in the Amazon Basin. The 
isotopic method (see explanation below) is, in 
theory, simple and provides a better 
understanding of the origin.and dynamics of 
water vapor, factors that determine rainfall in 
the region. In some cases, it makes it possible 
to differentiate between seawater vapor and 
vapor produced through evaporation and 
transpiration of plants. 

Based on this study of the water cycle, 
it was possible to identify factors respm1si ble 
for the present dynamic equilibrium of the 
Amazon region and make some assumptions -
presented below - about the interdependence 
between the climate and the forest. 

People who live at greater latitudes 
(Sao Paulo, for example, at 23°S) notice a 
variation in the length of the days throughout 
the year. Summer days are longer and winter 
days are s~orter. Going towards the poles and 
greater latitudes, days are longer in summer 
and shorter in winter. In Porto Alegre, for 
example, at 30°S, the day lasts 13.93 hours on 
December 23rd and 10.07 hours on June 23rd

• In 
the Falklands Islands (about 52°S), December 
23rd lasts 16.77 hours and June 23rd only 7.44 
hou~. · 

In the equatorial region, day and night 
have practically the same length, varying little 
in the latitudes between 5°N and 10°S, a strip 
that includes most of the humid tropical forest. 
For example, the longest day in Manaus 
(latitude 3°08'S, right in the' middle of the 
Amazon) lasts 12.4 hours and the shortest 
11.8 hours. 

The variation in the length of the day is 
associated to the total energy from the sun, 
which is responsible for most' climatic 
phenomena. _Normally, the amount of energy 
that comes into any region is related to the 
time of year and length of day, which, for their 
part, depend on the inclination of the suh. In 
the equatorial region, the inciden.ce of energy 
on the highest parts of the ,ltmosphere is 
almost the same throughout the year. In 
Manaus, the incidence of solar energy on the 
highest layers of the atmosphere varies between 
885 and 767 calories per square centimeter per 
day in June. 

In the Amazon, it is the nebula which in 
reality limits the incidence of energy on the 
forest canopy. Thea mount of energy available 
for the processes - water evaporation, plant 
transpiration, photosynthesis, heating of the 
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earth and air, turbulence, and so on - depends 
on clouds which, for their part, depend on the 
existence of water vapor in the atmosphere. 

Figure 1 shows variations in the length 
of days and solar energy reaching the upper 
parts of the atmosphere, the ratio of insolation 
(relationship between number of hours that 
the sun shines. and length of day) and the 
energy that reaches the ground. in the region. 
The decrease in solar energy (at crown level -
Qg) in February, March and April is related to 
the decrease in number of days of insolation 
(n/N); ·during this time of the year, the ratio of 
insolation in Mana us is less than 30%. On the 
other hand, the highest level of solar energy, 
which occurs in September, coincides with an 
increase in the number of hours of sunlight: 
with a decrease in clouds. During this time, 
the rate of insolation ranges from 60 to 70% 

Within this context, a question arises: 
does the humidity of the air depend on the 
forest? The question can be viewed in several 
ways: by observing the tota I water vapor in the 
atmosphere and the movements of air masses 
that transport the water vapor from the ocean 
to the Amazon region; or by examining the 
movement of air masses within the region and 
transportation ofwatervaporfrom the Amazon 
region, to neighbouring areas of the continent. 

Figure 2 shows the total water vapor in 
the atmosphere from ground level to abou~ 
5,000m, a layer that includes almost all the 
water vapor in the region because, for the 
purp9ses of calculation, vapor existing at 
higher levels of the atmosphere is negligible. 
The parameter used for this measurement is 
called "precipitable water·• and represents the 
accumulation of liquid water that would be 
obtained if all of the water vapor in the 
atmosphere were condensed. 

In the Amazon region, the average 
precipitable water is 40mm; this figure 
increases as one travels into the continent. The 
increase in· the quantity of available water 
(which represents an increase in the relative 
humidity of th~ air if the same average 
temperature is maintained) already indicates 
the importance of the interaction between 

. atmosphere and the kind of ground cover. 

A the air mass from the ocean penetrates 
the continent, it accumulates humidity from 
the evaporation and transpiration of plants. 
Generally, relative hurnidity increases as one 
goes further into the continent; however, the 
flow of water vapor from increased humidity 
of the air, caused by wind speed, diminishes in 
the Atlantic-Andes direction. Figure 3 gives 
an idea of water vapor flows that, during 
almost the whole year, follows the same 
general pattern, coming from the Atlantic 
Ocean. During half the year southwesterly 
and during the other half, northeasterly winds 
prevail. 

Changes in the amount of water vapor 
in the atmosphere cause variations in the type 
of vegetation in the various ecosystems. Plants 
in the Amazon region have been selected over· 
time for adaptation to high levels of 
precipitation a.nd to high levels of humidity in 
the air. 

It is this high degree of humidity which 
determines the low temperature variation in 
the region, almost causing isothermia, or · 

· absence of variation in air temperature even 
between daytime and nighttime. Great 
variations in daytime and nighttime 
temperatures in dry areas are due especially to 
the low levels of water vapor in the air. In 
Brasflia, for example, the temperature varies 
up to l 7°C between day and night and even on 
the Sao Paulo plateau there is a range of f5°C. 
In the desert regions, with only a few 
millimeters of precipitationr the difference in 
temperature can exceed 40°C. 

Climatic conditions, including air 
temperature, depend not only on available 
solar energy but also on air humidity and kind 
of ground cover, which is analyzed below. 

lsothermia is rpore characteristic of the 
cen tra I strip of the Amazon; going towards the 
Guyana plateau and the central Brazilian 
plateau, conditions begin to change and the 
transitional areas vary from the humid tropic
likeclimate to the savannah-like di mate, being 
influenced by the altitude. At the Andean 
limit of the western region, there are much 
more abrupt changes over short distances. 
The altitude, in this case, is the determining 
factor in the climate and there are even glaciers 
on the highest areas. 

The flux of water vapor and, especially, 
the zone of convergence of winds from the 
South and the North (called the Zone of 
lntertropical Convergence) define the rate of 
precipitation in the Amazon Basin . 

Figure 4 shows that the greatest annual 
precipitation falls within the coastal areas, 
with more than 4,000mm in the Maraj6 area 
(Para), decreasing towards the center of the 
continent. Levels of precipitation rise again in 
the West, especially in the upper Negro River 
and the slopes of the Andes. Figure 5 shows 
variations in precipitation over the year in 
Belem and lauarete, and Figure 6 gives a 
general idea of the precipitation distribution . 
There is a great variation, over a period·of six 
months, between seasons in the north and in 
the south. This variation in precipitation is 
very important to rivers and especially to the 
biology of water, influencing fish migration. 

What happens to the water coming from 
this precipitation? The water balance of a 
river basin near ·Manaus (covered with dense 
forest) shows that 25% of the rain (for a total 
of 2,200mm) never reaches' the ground, but is 
retained in the leaves and returns to the 
atmosphere through direct evaporation; 50% 
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of precipitaion is used by plants and returned 
. to the atmosphere as water vapor, through 
transpiration. Streams and brooks (igarapes), 
which drain the river basin, remove the 
remaining 25% of the rain water. These data 
show that, in that kind of dense forest, 75% of 
precipitation returns to the atmosphere as 
vapor, through transpiration, which is a result 
o f the direct influence of the nature df 
vegetation cover. 

Studies of the Amazon Basin as a whole, 
incl uding areas of different kinds of vegetation, 
the cerrado - with stunted trees on grazing 
land - and the mountainous areas, show that 
50% of total rainfall flows into the Amazon 
River and about50% returns to the atmosphere 
as vapor through evapotranspiration. The type 
ofvegetationcoverisfundamentallyimportant 
to the water balance, as illustrated in figure 7. 
The present water equilibrium in the Amazon 
region depends, therefore, on the existing 
fores t. Because the climate is linked to many 
factors, espec'i ally the humidity of the air 
(water vapor) , a relation of dependency exists 

between the present water equilibrium and 
vegetation cover. That is, there is an intimate 
rel a ti onshi p between the climate and the forest. 

Solar energy in the Amazon is greater than 
was origi na 11 y believed. The average energy is 
around 425 calories per square centimeter per 
day; its variation over the year depends not on 
the inclination of the sun but on the nebula. 
Maximum energy levels in the central area of 
theAmazon,550caloriespersquarecentimeter 
per day, occur in the dryer months, September 
and October. Minimum levels, around 320 
calories, occur from February to April. 

Current information shows that between 
50 and 60% of energy is used by plants in 
evapotranspiration. This indicates the link 
between the energy balance with the type of 
vegetation.cover. Hence,changes in vegetation 
cover alter the energy balance. 

Recent radiometeorographic and 
isotopic studies of the composition of water 
vapor and rainwater showed that water vapor 
is being recycled. Rainwater returns to the 

The· Isotopic Method 

atmosphere as vapor, mixing with the existing 
water vapor in the air. It then forms new 
clouds that give rise to more precipitation. 
This phenomenon occurs i ncreasi ngl y as water 
vapor from the ocean moves towards the Andes 
(see figure 8). 

An estimated 50% of the rainwater 
comes from the Atlantic Ocean and the other 
50% is recycled water vapor, demonstrating 
once again the strong infl uence of vegetation 
cover in the rate and distribution of rainfail. 
Recycling is highly valuable to the biological 
dynamics of Amazon ecosystems and is most 
import~nt at times of decreased precipitation. 

This is the conclusion that can be drawn 
from the information -collected: the forest is 
not just a consequence of climate. On the 
contrary, the existing equilibrium determines 
a specific kind of climate and depends on 
present vegetation coveL Land clearing or 
intensive settlement that replaces· the forest 
with other kinds of covers (pasture, annual 
crops) can introduce alterations in the energy 
and water balances of the Amazon. 

T he isotopic method can be explained, in a simplified and usually precipitation through which the vapor becomes part of 
manner. Water contains different kinds of molecules composed of surface and river w,ater. As the heavier molecules condense more 
different hydrogen and oxygen isotopes. Stableisotopesofhydrogen easily, the process of cloud formation and precipitation leads to 
are 1H and 2H ( or D). Stable isotopes of oxygen are 160, 170 and 180. isotopic deplet.ion of residual water vapor. This means that water 
Combinations of these istotopes form water molecules such as vapor in areas further west have lower concentrations of 180 . 
HH160 , HH 170, HH180 and HD160 . The most important ones in this Systematicmeasurementofisotopiccomposition ofrainwater 
context, because of their concentration, are HH16O and HH180. in the Amazon region showed that the decrease in concentration of 

Duringtheevaporationofseawater,HH16Omolecules,with 180 was less than expected, given the constant removal of water 
a molecular mass of 18,evaporate moteeasilythan HH18O molecules, vapor through precipitation. 
with a molecular mass of 20. · This anomaly can be explained. Water vapor produced 

Hence, the vapor formed from seawater has a concentration _ · through evapotranspiration mixes with vapor from the ocean water. 
of 180 about 8/1000 lower than the concentrati.on in the ocean. As The mixture of these two vapors produce the rain in c:1 given location. 
this water vapor passes over the continent, there is condensation 
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Figure 1. Manaus (AM) - Lat 3°8 'S, Long 60°2'W. Average monthly 
val ues for the rates of insolation (n/N), solar energy atthe outside limit 
of the earth 's atmosphere (Qo), global radiation at treetop level (Qg) 
and length of day or maximum number of hours of insolation (H). 

Figure 5. Numbers on the left of each table represent temperatures in 
degrees centigrade; annual variations are shown by the white horizontal 
line. Numbers on the right show precipitation levels , measured i'n mm, 
while monthly rainfall is shown by the vertical columns. 

Figure 2. Spatial distribution of precipitable water in the Amazon 
region in March. Source: Marques et al., 1980. 

Figure 3. Flux of water vapor in the Amazon region in March . The 
other months show the same general pattern, with the flow coming 
from the Atlantic Ocean. During half the year the winds blow from the 
Southwest and the other half from the Northeast. Source: Marques et 
al., 1980. 

Figure 4. Distribution of annual precipitation over the Amazon region, 
following Brazil ian Institute of Geography and Statistics (Instituto 
Brasileiro de Geografia e Estatfstica - IBGE) data. 
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Figure 6. Distribution of rainfall in the Amazon Basin. 
Stations: 
1. Boa Vista 
2. Iauarete 
3. Taracua 
4. Uaupes 
5. Barcelos 
6. Manaus 
7. Benjamin Constant 
8. Fonte Boa 
9. C,aari 
10. Cruzeiro do Sul 
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11. Caruari 
12. Rio Branco 
13. Porto Velho 
14. Humaita 
15. Alto Tapaj6s 
16. Taperinha 
17. Concei~o do Araguaia 
18. Imperatriz 
19. Belem 
20. Clevelandia 
21. Amapa 
22. Macapa 
23. Parintins 
24. Porto Nacional 
25. Cuiaba 
26. Piren6polis 
27. Serra do Cachimbo 
28. Jaca_reacanga 
29. Altamira 
30. Terna 
31. regional average 

NON-NUMBERED FIGURE (see Eco Brasil pp. 18-24) 

(p.19 ). The Amazon Forest is the habitat of more than 60,000 
species of vegetation, 2.5 million species of arthropods, about 2,000 
species of fish and more than 300 species of mammals. Average 
precipitation in this vast ecological complex is 2,400mm, two times the 
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32. fqui.tos 
33. Apolo 
34. regional average 

Figure 7. The \\'.ater balance of the Amazon basin shows 
1

0n the 
average, the fotal precipitation of 12 X 1012m3 per year; the discharge 
of the Amazon River, of 5.5 X 1012m3 per year and evapotranspiration, 
including evaporation and transpiration, in theorderof 6.5 X 1012m3 per 
year. 

Rainfall Vapor 
Evapotranspi.ration Discharge of the Amazon River 

Figure 8. The. figure shows a simple model of water re-circulation . 
common in' the central region of the Amazon. About 50% of water 
vapor that produces rain comes from the Atlantic Ocean on winds that 
blow from the East quadrant. The other 50% is produced within the 

· Amazon Basin by transpiration of plants in the forest. Re-circulati•on 
of water occurs in this way in the region. 
Vapor from the ocean 50% 
Vapor from transpiration of the forest 50% 

one recorded, for example,_ oo the Sao Paulo plateau. The average 
temperature along the 4,000km extension from Belem to Mana us and 
Iquitos is practically the same all year long.. Forest, water and • 
temperature weave a web of relations essential to the local ecology. 
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THE INSECT COLLECTION OF 

FRITZ PLAUMANN-

It is sometimes impossible to .separate a man 
from his work. And this is the case of a large 

· insect collection in Santa Catarina and its 
organizer, Fritz Plaumann. Born in Germany, 
Fritz Plaumann arrived in Brazil in 1924,aged 
22, running away from the high inflation that 
was corroding German economy at the time. 
He settled at the district of Nova Teut6nia, a 
municipality of Seara, in Santa C..atarina. He 
was attracted by th~ German name of the place 
and by the local colonization, eminently 
German and Italian. Whiles till in his country, 
Plaumann was already enthusiastic about 
entomology. The region around Nova Teut6nia, 
with its untouched valleys, mountains and 
streams and a huge variety_ of insects, 
encouraged him to collect and organize his 
own collection which never stopped growing 
in a work that has now lasted for 63 years. 

Today, Fritz Plaumann 's collection has 
more than 70 thousand sped mens and a·round 
16 - thousand. species of insects distributed 
through almost all orders. Some insects are 
very well represented (Coleoptera, 
Lepidoptera, Diptera), others not so well 
(Ephemeroptera, Mecoptera, Trichoptera), 
partly because of the deterioration of their 
habitats. Samples were sent to Brazilian and 
foreign experts and as a result of their 
identification, the collection ended up with 
631 species of Diptera, 564 of Coleoptera, 63 
of Hemiptera, 46 of Hymenoptera and 4 of 
Lepidoptera. Plaumann's name is already 
immortalized in 139 species, 10 classes, 3 
sub-families and one familyofaquatic acarus. 
Several insect groups, classes and families 

have not yet been classified by experts; once 
this has been done, the number of new species 
will increase considerably. 

Probably the most important merit of · 
Plaumann's collection is to represent the 
entomofauna of a Brazilian state with no 
tradition in this field (with the exception of the 
work of another German, Fritz Muller, during 
the second half of the 19th century). B_esides 
it is an·entomological asset which documents 
a typeofvegetation-theAraucaria forest
today almost totally destroyed. 

Lacking a better place to work with his 
material and to keep his collection, Plaumann 
transformed his houseintoa virtual laboratory 
and museum. He built a work area with 
benches, greenhouses and shelves, which 
doubles up as a reception room for visitors, 
researchers or even the curious. Next to the 
house he built a shed to raise young forms of 
insects (nymphs, larvae and pupae) and to 
observe insects mating. To obtain working 
material (ti!specially entomological pins and 
books), he used to sell part of his collections 
t? Brazilian and foreign researchers. Such a 
procedure has been alw,ays severely criticized 
by Brazilian investigators, but if we think 
about Plauma_nn's difficulty in obtaining 
precision entomological material some 30 or 
40 years ago in a place as distant as the west of 
Santa Catarina and without any kind of 
financial support, we probably should not be 
so critical. · 

In 1983, feeling old and tired, Fritz 
Plaumann began to negotiate the sale of his 

NON-NUMBERED FIGURES (See Eco-Brasil, p. 25) 

entomological collection to the Federal 
Oniversities of Parana and of Santa Catarina. 
After both negotiations failed, the municipality 
of Seara purchased the collection fora symbolic 
sum, began to pay Plaumann a regular salary 
and undertook to build an 'Entomological 
Museum to keep the collection in and to 
provide basic infrastructure for visiting 
researchers . • · 

1 
• 

- Construction of the museum, funded by 
federal, state and municipal grants, started :in 
1984. When concluded, the museum will have 
558 square meters distributed in three floors: 
the ground floor for management and 
information to the public; the first floor -
accessible only to researchers - for the 
collectiqo room, the support room and the 
library; the third floor will be used as lodging 
for researchers. The Federal University of 
Santa Catarina has a technical and scientific 
agreement with the municipality and acts as a 
mediator in the request for funds. 

Today, at age 85, Fritz Plaumann's 
single dream is to se the the Entomological 
Museum concluded. He still collects insects, 
no longer in the forests, now destroyed or 
deteriorated, qut rather in the gardens and 
areas next to his home. He also records 
temperature, wind and rain data every day of 
the year, three times a day - as he has been 
doing since 1924. 

Benedito Cortes· Lopes 
Departmento de Biologia 
Universidade Federal de Santa Catarina · 

(p. 25 ). Fritz Plaumann and the house where the museum began, · 
in Seara, Santa Catarina. 

(p. 25). Some specimens of Fritz Plaumann's entomological 
collection. 

Translation: Maria Esmene Comenale 
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II .THE •NATURE OF SAND BANKS II 
Dorot~y Sue Dunn de Araujo 

Departamento de Estudos e Projetos, 

Fundac;;ao Estadual de Engenharia do Meio Ambie·nte 

Luiz Drude de Lacerda 
Departamento de Geoquimica, 

Universidade Federal Fluminense 

Sand banks and sand dunes cover about five thousand kilometers (79%) of the Brazilian coast. Located between marine and 
continental environments, these ecosystems display structural complexity and biological diversity comparable only to those of the rain 

forests. Today, however, such regions are very close to being deprived of their main characteristics: the increasing human activity along the 
coastal zone has led to progressive degradation - and even destruction - of their biological and landscape components. Amidst such 

devastation , animal and vegetable species are being-eliminated, thus restricting biotic diversity and jeopardizing a rich genetic heritage. 

Variations of the ocean level which took 
place during the Holocene Period, between 
seven and two tho.usand years ago, have led to 
the for~ation, next to what is today the 
Brazilian coast, of vast sandy sedimentary 
plains,speciallywell developed on the Eastern 
and Southern coasts . As a result of marine 
transgressions and regressions-the forwards 
and backwards movements of the sea waters 
in relation to the continent-they have taken 
the form of successive coastal sand bars. 
Following the deposition of sand by the sea, 
storms, offshore currents and winds started to 
build a complex and diversified topography 
which can appear as high barriers blocking the 
estuary of rivers or separating lagoons from 
the sea, as migrating dunes of varia hie heights, 
or as plains of sand bars with a _mildly uneven 
relief. 

Such sand de.posits are usually covered 
by typical and diverse vegetable communities, 
such as thin grass fiel,ds, thick woods up to 12 
meters high, or marshes with dense aquatic 
vegetation. Taken together, these 
geomorphological formations and the different 
biological communities found upon them are 
given the generic name of sand banks. 

On the Eastern and Southern Brazilian 
coastal areas - especially on the Northern 
region of the state of Espfrito Santo and the 
South of the states of Bahia and Rio de Janeiro 
~ large coastal plains were formed. Around 
the mouth of the Paratba do Sul river (Rio de· 
Janeiro), the plain penetrates up to 30 
kilometers into the continent. In other areas, 
the sand banks have segregated large lagoons 
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from the sea, as in Araruama (Rio de Janeiro), 
or even formed islands of sizable dimensions, 
such, as Ilha Comprida and Cananeia, in the 
southern part of the state of Sao Paulo. In the 
southernmost part of the country, where the 
climate is mild, the coast has been taken by 
extensive sandy plains, large lagoons and high 
migratory dunes. 

Sand banks are less frequent along the 
equatorial line. Between the Oiapoque river 
and the bay of Sao Lufs (state of Maranhao) 
mangrove swamps predominate on the'coast 
(see Ciencia Hoje n° 13), favored by the large 
amount of sediments brought by the waters of 
the Amazon river and by tidal fluctuations . 

On the coast of the Northeast, between 
the Parnafba river(Piaui) and the "Reconcavo 
Baiano'', the characteristic traits are the low 
plateaus of the Barreiras formation. Upward 
from the Cape Sao Roque (Rio Grande do 
Norte), in a semi-arid stretch, large migrating 
dunes generally deprived of vegetation, attain 
heights of up to a hundred meters. Southward 
from this cape unti I the ''Reconcavo'', subjected 
to a superhumid climate, the coast shows 
narrow plains often interspersed by Tertiary 
formations, responsible for the steep sloping 
coast along the seafront. 

Together, the faun~ and then ora of the sand 
banks form quite typical associations, 
displaying animals and plants characteristic 
of different ecosystems, from the Atlantic 
forest to the Amazon rain forest. Thus the sand 
banks present specimens of"maria-ferrianda" 
(Poso9ueria latifolia), ··aricanga" ( Geonoma 

sclwttiz), and Casearia commersoniana, of 
the Flacourtiaceae family, all'of them typical 
species from the Atlantic .forest. Together 
with the Amazon prairies, the sand banks 
share the presence of the "umiri" (Humiria 
balsamifera), and, together with the rocky 
sites, theMandevilla moricandiana, a Iiana of 
the Apocynaceae family, and the Marcelia 
taxifolia, a sm a 11 specimen of the 
Melastomaceae family (see Ciencia Hoje, n° 
25). 

Sand banks also present endemic 
species, as shown by a survey conducted in 
Rio 9e Janeiro. The still unfinished studies on 
the global distribution of the 700 species 
included in the survey indicate, however, a 
low level of endemism (18 species o~ 2.6%). 

As to the fauna, owing perhaps to the 
scarcity of zoogeographical studies, few cases 
of endemism are known so far, all of them 
concentrat_ed on the lower groups. In the sand 
banks of Rio de Janeiro, among others, the 
following endemic species were found: the 
white beach I izard (Liolaemus lutzae), 
restricted to the foredune zone (the shoreline 
area covered by water during undertows), and 
to the knoll (the crest of the sandy string), 
where it is masked by the sandy environment; 
the "borboleta-da-praia" (Parides ascanius), 
whose caterpillar feeds from-the leaves of the 
"jarri nha '' (Aristolochia macroura),only found 
on the dense vegetation of the shoreline and 
the dragonfly Leptagrion ~ndromache, which 
completes its vital cycle within the water 
deposited among the leaves of the "gravatas" 
(Family Bromeliaceae) 
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By and large, due to the diversity of 
their physical conditions, sand banks can be 
considered as an extension area for animal and 
vegetable species typical of other ecosystems. 

Usually sand bank bar vegetation 
presents well-defined zones. The complexity 
of the communities increases according to 
theirdistance from theocean,andcomposition 
of the fauna is determined by local 
environmental factors such as topography, 
closeness to the sea, soil conditions, depth of 
the groundwater, as well as the diverse 
biological inter-relations among the 
componentsofthedifferentcommunities. The 
schematic profile of a typical sand bank, with 
its different vegetation zones, is presented in 
the figure below. 

Beach vegetation is usually composed 
of herbaceous plants with long and collapsed 
stalks. These stalks, called stolons, act as 
barriers to sand displacements. Their tloristic 
composition is very similar all along the 
Brazilian coast. Some species - like the 
"feijiio-da-praia" (Canavalia rosea) and the 
"salsa-da-praia" (Ipomoea pes-capre) -
present the same distribution found in all 
tropical beaches of the world. In this area -
greatly intluenced by the sea and even flooded 
during storms - the plants cope with high 
concentrations of sodium chloride from the 
environment by adapting themselves through 
the development of juicy leaves and means of 
excretion which allow them to keep a certain 
level of internal concentration of that sodium. 
Some of their adaptations are very similar to 
those found in mangrove swamps plants . 

The beach area extends through strips 
ranging from a few meters to hundreds of 
meters in width, covering dunes which are 
usually less than two meters hi.gh. In some 
regions, such as the coast of Rio Grande do 
Norte, we often find Aeolic dunes up to a 
hundred meters high, often presenting no 
vegetation. 

In certain stretches of ·our coast, less 
subjected to human activity, the shoreline is 
restricted to a narrow strip along the sea. On 
the continent, this strip is followed by a dense 
and almost impenetrable shrubby vegetation, 
with thorny bromeliads, cacti and other 
rigidbranched bushes. Within this community, 
much affected by the wind, the treetops seem 
to have been combed seaward. This area is 
immediately followed either by a lower bush 
formation (in better preserved places), or a 
community of small trees and clearings to 
which thepopularnameofsand bank is usually 
associated. Sometimes, a system of multiple 
sand bars descends to a marsh or lagoon. 

Quite often, the formation of sand banks 
parallel to the coast line generates a system of 
bars interspersed by depressions which can be 
occupied by long, narrow lagoons qr extensive 
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marshes. The groundwater outflcw is 
responsible for the occurrence of such large 
tlooded areas which, in extremety rainy years, 
can reach a depth of 60 centimeters. 
Hygrophytes, chiefly gramineous and 
cyperaceous, predomi,nate in these areas. 
Differently from the dunes, the soi I in these 
areas is covered by a thick layer of organic 
matter,attaining a depth of30 centimeters and 
forming real turf. Several species of animals 
us·e such handy oases for nesting and feeding . 
They are also a heaven for various species of_ 
herons. Small mammals, rodents and 
marsupials are also frequent visitors of the 
area, due to the abundance of foodstuffs. 

Although this is uncommon, it is 
possible to find well-developed forests still 

· resisting human devastation within the 
depressions and the shore of lagoons. These 
dense and somber forests have trees 10 to 15 
meters high, the most common of which are 
Symphonia globulifera and the Calophyllum 
brasiliense (the "guanadi''). The soil presents 
a thick layer of debris and, in rainy weather, a 
few centimeters of water can cover it. Certain 
palm trees are characteristic of such forests, 
among which the 'palmito' (Euterpe edulis) 
and the ··uva-do-mato" (Bactris setosa). The 
soi I is covered by a continuous mat of 
bromeliads, with species varying according to 
the geographic region of the forest (seeCiencia 
Hoje nu 13 and n11 2l). In those areas where the 
soil is permanently covered by water, the 
forest is much less dense and cork trees "pau
de-ta ma nco'' (Tabebuia .cassinoides) 
predominate. In theirnativesta.te,such forests 
contained tall trees with thick trunks and 
branches covered with epiphytes, as attested 
by the testimonies of naturalists who crossed 
them in the last century, like the Frenchman 
Auguste de Saint Hilaire anq the German 
Prince of Wied Neuwied. 

Next to the flooded area, various 
physiognomictypesofvegetation expand into 
the continent over the sand bank internal 
string (the oldest and farthest from the sea). 
Today, in the State of Rio de Janeiro, a low 
formation commanded by the Allagoptera 
arenaria predominates. This small stalkless 
palm tree, known as ··guriri'' (a coconut palm), 
has a thick and resistant , underground organ 
which allows it to survive the frequent fires on 
these areas . Associated to the •·guriri", there 
are other species, also fire_-resistant, such as 
the "murici" (Byrsonima sericea) and the 
bromeliads Neoregelia cruenta and Vriesea 
neoglutinoa. 

In places less subject to man's 
pernicious action, t_allerandstrongervegetation 
forms shrubs interspersed by clearings and, 
sometimes, low and continuous woods. There, 
the plants present xeromorphiccharacteristics, 
that is, morphological adaptations which 
increase their resistance to the relatively dry 

environment of the sand bars. Their -leaves are 
usually juicy-thus, capable of storing water 
-and surrounded by a thick epidermis, which 
helps to reduce the loss by evaporation. 

Several species of the Myrtaceae family 
are very common in this type of vegetation, 
predomi nan ti y the genera Eugenia andMyrcia. 
In addition to their beauty and decorative 
value - with plenty of white and perfumed 
tlowers - these plants produce plentiful and 
tasty fruits, important for the nutrition of local 
fauna,especially birds. The Guttiferae family, 
on the other hand, is noticeable not by the 
number of species but by the amount of 
individuals. The genus Clusia ("abaneiro") 
prevails over the shrubby vegetation, and the 
Reedia (''bacopari") over the thicket 
vegetation. Just on ~and banks offshore of Rio 
de Janeiro, over 40 species of bromeliads can 
be found, surrounding the shrubs and forming 
continuous mats under the close-knit 
vegetation, or as epiphytes on shrubs ancJ 
small trees. 

Sand bank ecosystems are characterized by 
sandy soils. Being poor in clay and organic 
matter, they have a low capacity for retaining 
water and nutrients crucial to the maintenance 
of the system's biological components. 
Differently from most terrestrial ecosystems, 
the soil of sand banks does not constitute their 
basicsourceofnutrients. Due to their closeness 
to the sea, the nutrients come basically from 
the evaporated tidewater present in the 
atmosphere. 

· In order to acquire a higher efficiency 
in the absorption of nutrients and water from 
the atmosphere, these ecosystems have 
developed features which collect the 
precipitation at both levels: vegetable cover 
and soil. In the first case, the sand bank woods 
are populated by a large and diversified stratum 
of epiphytes,.chietly bromeliads, wh;ch absorb 
water and nutrients basically through their 
leaves. The formation of.real aerial soils, rich 
in organic matter, thanks to their capacity of 
retaining water and nutrients, is very common 
in such colonies of epiphytes. At the soil level, 
most plants have large and superficial radicular 
systems which significantly increase their 
absorption surface, thus contributing to the 
fixation of the migrating sand substratum. On 
the other hand, the deposition of dead parts of 
the plants also increases the soil's capacity to 
retain water and nutrients. 

Bromeliads are the example par 
_excell,-nce of .such adaptations. Present 
everywhere on sand banks, in certain areas 
these plants reach 85 individuals per 100 
square meter~, forming a shrubby vegetation 
amidst large areas of bare sand. Their root 
system, extremely modified, serves basically 
to fix them to the substratum and has little or 
no capacity to absorb .the nu!rients from the 
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soil. Such plants use the system of vessels 
formed among their leaves (disposed in a 
rosette form) to collect the water and. nutrients 

protected against the int~nse lixiviation that 
occurs during rainy periods and becomes rich 
enough to be populated by more demanding 
vegetable species. -

ecosystems. 
Given this diversity of ecological 

mechanisms, the stability of such ecosystems 
depends strictly on the preservation of their 
biological components. The removal of the 
vegetation causes an accelerated washing up 
of the nutrients, which are carried to the 
depths of the soil, out of reach of the roots,.in 

. from the atmosphere, which are afterwards 
directly absorbed by the leaves. In this way, 
several species of bromeliads would be able to 
populate areas where other plants~ depending 
on their roots to absorb water and nutrients, 
would not survive. 

Once they are dead, the leaves of the 
bromeliad remain stuck to the body of the 
plant, while the portion that remains in contact 
with the richer soil _gradually decomposes. 
Such dead and deposited matter makes the soil 
richer in organic matter and better able to 
retain water and nutrients. Thus, the soil is 

When areas previously populated by 
bromeliad colonies are colonized by shrubby 
and arboreous species, these start to grow 
vegetatively over the treetops, thus ·•escaping" 
the competition for light, a process that allows 
them to keep their high density levels. 
Described for the first ti me by one of us (LO. 
de Lacerda), together with John Hay, as seen 
on sand banks along the c0ast of Rio de 

a process of gradual impoverishment of the 
system. In more advanced stages of 
degradation, the soil will undergo intense · 
erosion by the wind, which, in turn, leads to 
the formation of migrating dunes-a serious 
hazard to the coastal environment and 
particularly to the coastal population. 
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·Janeiro, this process might well be one of the 
major mechanisms responsible for the 
development of vegetation on the· sand bank 

Preservation and handling 
Diversity makes the habitats of the Brazilian sand banks one 

of the most complex existing ecosystems. If, on one hand, s·uch a 
characteristic provides them with a special interest and value,on the 
other hand, it is partly responsible for their fragility and extreme 
sensitivity to disturbances caused by man. 

As environments where the sea and the lagoons provide 
abundant foodstuff, for a long time sand banks have been occupied 
by man. Plentiful ele~ents found along the Brazilian coast, such as 
the"sambaquis"(shell mounds),attest to its occupation by prehistoric 

· men. Upon arrival of the colonizers exploitation of natural resources 
increased, and the complex and fragile ecosystems of sand ba'nks 
suffered growing degradation. We can consider the felling of trees 
as one of the oldest _aggressions against these ecosystems. The 
exploitation of so-called noble species,to extract timber for 
construction and, more recently, iogs for ce'ramic manuf~.cturers 
and bakeries, has led to the devastation of practically all sand bank 
woods, mainly along the coast of Rio de Janeiro. 

It is not uncommon that after timber is cleared, remains of 
vegetation are a_!§o burned, and the soil is the_n used for agricultural 
or cattle raising purposes. On the Northern coast ofthe state of Rio 
de Janeiro, on the shore of the Lagoa do Robalo, sand banks have 
been used for growing pineapple. In addition, the turf from the sand 
bank is used as a fertilizer. In this same region, sugar cane 
plantations are invading the ecosystems, after "treatment;. of the 
sandy soil with detoxified and dried vinasse. 

Growth of cities like Rio de Janeiro has been detrimental to 
·sand banks. Those that surrounded the boroughs of Botafogo, Ilha 
do Governador, Copacabana, Ipanema, Leb!on and Barra da Tijuca, 
were simply destroyed. During the last 20 years, real estate 
speculation - whose range of action has been expanded by the 
opening of excellent highways along the coast - has become the 
most serious threat to those systems. Thus, vegetation has disappeared 
from the majority of sand banks of the south coast of Rio, from .the 
islands of Jacarepagua, Jtaipu and ltaipua~u, as well as in areas like 
Marica, Saquarema, Araruama, C.abo Frio, Barra de Sao Joao, Rio 
das Ostras,SaoTo~eandSaoJoaoda Barra. Even when they do not 
destroy completely the natural environment,such lan9 development 
projects imply the elimination of a diversified and abundant tlora, 
with the subsequent extinction of associated species of the fauna. 
Developers even take advantage of the numerous plants of high 
ornamental value which grow on sand banks, such as fig trees, 
quaresmeiras, cassias, ingas, maracujazeiros, bouganvillea·s; . 

I 

gravatas, orchids, anthurium and others. And not only that: the rare 
stretches where the vegetation has been m~intained reasonably 
preserved are sti 11 threatened by sever.al dangers; extraction of sand 
and turf, use of recreational vehicles, presence of bovine and 
caprine herds, hunting and fishing (in the lagoons), and even 
garbage deposits. 

On the Massambaba sand bank, which separates theAraruama 
lagoon from the sea, a garbage deposit which receives the daily 
refuse of three cities is gradually destroying the habitat of the 
Cattleya in_termedia, a beautiful orchid growing _at the edge of the 
shrubbyvegetati9n that covers the dunesoftheregion. This species, 
which also occurs as epiphyte in ·sand banks located in the south of 
the country, is now under threat of extinction in Rio de Janeiro. in 
or~er to protect not only th'is species but also the various existing. 
sand bank ecosystems, the creation of a preservation unit (not 
included in the newly-created Massambaba.'s Environmental 
Protection Area) is mandatory, as well as the adoption of restrictive 
measures concerning land division for urbanization purposes. It is 
also important to forbid the alteration of the natural profile of the 
terrain, the opening of public grounds and construction sites. 

Another area that requires urgent measures is the region that 
separates the Cabiunas and C.arapebus lagoons, on the shoreline of 
Macae (RJ). The remaining dense woods and other typical sand 
bank communities still shelter botanical species not found in the 
rest of the state,such as the .. gravata"(Aechmea multijlora),Persea 
aurata, of the Cinnamon family, and the Turnera lucida, of the 
Thurneraceae family, as well as isolated populations of Vernonia 
crotonoides, a species from the rocky sites of the State of Minas 
Gerais . 

From a legal standpoint, these ecosystems are already 
protected, since the floristic formations of the· sand banks are 
considered as species requiring permanent pres~rvation, according 
to Federal Lawn° 4771 (Forestry Code) of September 15, 1965, and 
by Resolution n° 4, issued on September 18, 1985 by the The 
National Council for the Environment - Conama. 

Only compliance with the legislation on land ~se, as 
established by the Forestry Code, and surveillance either by 
government agencies such as the Brazilian Institute for Forestry 
Development - IBDF -, the Special Secretariat for the Environment 
and state agencies for environmental preservation, a_s well as the 
community, will provide ·the conditions for the recovery of the 
original structures and functions of those sand banks not yet 
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destroyed, and the recovery of their vegetable and animal 
populations; which will also bring great benefits tl) the human 
population. The fixa tion of the sandy substratum -:-- constantly 
subjected to the erosive action of the wind- by a vegetable cover 
will prevent road blockages and the action of squatters, besides 
attenuating the silting up of marshes, lagoons and canals. Such a 
vegetable cover would also contribute to keep'the substratum in a 
permeable condition,' allowing rainw~ter to feed the groundwater 
whose level, in turn, would ensure both ttiesupply of drinking water 
to the region and 'the maintenance of the level of water bodies. 

~ON-NUMBERED FIGURES (see Eco-Brasil pp. 26-32) 

(p. 27). On the Massambaba (RJ) sand bank, which separates the 
Araruama lagoon from the sea, the bushy vegetation dominates the 
landscape. 

(p. 28)~ Four major regions of the Brazilian Coast with different 
geomorphological characteristics 

. equatorial climate 
mangrove swamps 

semi-arid 
large m~grating dunes 

superhumid 
table land, reefs 

humid . 
large plains, sand banks, lagoons 

subtropical 
isles, narrow beaches, 
crystalline cliffs 

mild 
sand banks, dunes, lagoons 

/ 

Northern Quaternary 
shoreline 

Eastern Tertiary 
shoreline 

Southeastern 
coast 

Southern Quaternary 
shoreline 

(p. 29). The high dunes of the C.abo Frio region'(above) are only partly 
secured by the vegetation. On the shoreline, the Canavalia rosea 

FURTHER READING 

Another crucial measure wou ld .be the creation of a genetic 
bank, since the utilization poten tia l of the species found on sand 
banks -in terms of food, pharmacology, extraction of resi ns and 
dyes.and even landscaping - is practically unknown . In addition, 
the preservation of the characteristic diversity of these formations 

· requires the preservation of entire ecosystems, also for research 
purposes (see Ciencia Hoje n° 26, p.90). The preservation of rare, 
or already scarce, species from the native biota will certainly be 
beneficial to the regional environment, since there are no secondary . 
roles in an ecosystem: each organi sm performs a relevant function. 

·(b~lo~, left) anp other piants "are already adapted to this dynamic 
environment, where the sand is moved and washed up by the waves. 
The Marcelia ta.xifolia (below, right), a small melastoipaceae, always 
occurs in the most humid areas of sand banks and even spreads over 
wider areas . 
Below, a schematic profil e of a typical sand bank with its diverse 

•vegetation areas . From left to right: average sea level; crawling 
halophytes and psammophytes; low and tight shrubs; :external sand 
bank; thicketorshrubbyvegetation,sand bar wood; marsh herbaceous, 
flooded wood; internal sand ba nk; thicket or shrubby vegetation, sand 
bar wood; lagoon; marsh herbaceous, collapsed halophytes. 

(p. 30). Vegetation of the sand b~r in the Reserva Bio16gica Estadual · 
da Praia do Sul , located in llha Grande, Rio de Janeiro, forms an 
impenetrable· barrier along the shoreline (above) . · 
It is common to see a ring of bromeliads (such as the Aechmea 
nudicaulis) surrounding the shrubby vegeta,tion on sand banks (below). 

(p. 31). At the Reserva Biol6gica Estaclual da Praia do Sul, the presence 
of indian populations is substantiated by the lithic workshops fou_nd on 
the existing rocks~·located on the most protected sites of the beaches. 

(p. 32). In the best preserved beaches on sand banks, tree branches are 
covered with epiphytes (above). Relationship between bromeliad 
Neoregelia cruenta and soil nutrients (left) .. 
entry of nutrients and water through the atmosphere 
retention in the soil ' 
lixiviation 
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II SOYBEAN - PROTEIN FOR MILLIONS II 
Mercedes Concordia Carrao-Panizzi 

Centro .Nacional de Pesquisa de Soja 
Empresa· Brasileira de Pesquisa Agropecuaria 

A better balance of essential amino-acids; higher protein content; improved appearance; reduction of anti-nutritional factors and 
alterations of taste are some of the challenges faced by scientists who work with soybean, a leguminous plant cultivated on a large scale with 

a high nutritional value, especially if ingested with cereals. 

Hundreds of thousands of Brazilians are 
undernourished. Although serious, the situation 
looks absolutely pathetic when it becomes 
clear thatthis is not due to an eventual shortage 
in food production but to the way food is 
distributed and to the low purchasing power of 
the population. Since 1980 Brazil has exported 
a yearly amount <'.lf soybean ·(Glycine max) 
which almost doubles the protein needs of the 
entire Br:azilian population. To attain such a 
result it is sufficient to compare the standards 
determined by the Ministry of Health (the 
average need of 135 million inhabitants) and 
official data on the performance of the crop. In 
1982, for example, we produced 4,169,148 
tons of soybean protein, 85 .6% of which were 
destined to foreign markets (figures 1 and 2}. 

With an average annual harvest of 14 
million tons, Brazil is the world's second 
largest producer of soybean (see "The advance 
of soybean in the brazilian landscape"). This 
leguminous p!antis the only vegetable planted 
on large scale whose protein satisfactorily 
substitutes animal protein. Due to its economy 
and abundance, soybean is an important 
alternative for supplying calories and proteins 
to hum.an populations. This fact has become 
part ~f the nutrition strategi~s of several 
industrialized countries, who use soybean in 
different ways - in natura, as an ingredient 
for manufactured products or as vegetable 
meat (in hamburgers). 

In Brazil, however, acceptance of 
soybean is still a problem. Among its by
products, only oil and margarine are 
extensively consumed. The unpleasant taste 
of the leguminous plant, as well as its 
exaggerated identification with exotic recipes 
and the popular belief that soybean is bad for 
the health, causing rickets, and digestive 
problems contributes to this situation. In actual 
fact, the digestibility of soybean proteins is 
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below that of eggs (the most digestive protein 
of all). Its nutritional value will be analyzed 
further along in greater detail. · 

Exploited in Brazil for the production of oil, 
soybean, however, is far richer in protein. 
Soybean seeds present the following 
composition: 5.4% ashes, 2.3% fibers, 20% 
oil, 32.3% carbohydrates and 40% protein. 
Figure 4 shows the amount, the qua Ii ty and the 
cost of this protein, compared to beans and 
food of .animal origin. Based on the proteic 
efficiency coefficients (PEC)-which express 
the relation between weight gain and proteins 
consumed-one can estimate that, in terms of 
quality, soybean protein has 62% of the value 
of meat protein, 80% of the value of milk 
protein and 52% of the value of egg protein. 
And, as ·to quality, soybean supplies three 
times as much protein as eggs, twelve times 
more than milk, and twice as much as .meat 
and beans. 

The quality of a protein is determiped 
by the simultaneous presence, in its molecular 
composition, of adequate quantities of essential 
amino-acids, that is, those(a total of nine) that 
the orga'nism does not synthesize, and which 
should therefore be obtained from food. In the 
even tua I absence of some of these, other amino
acids ingested are metabolized as energy, and 
are not used for the synthesis of tissues or for 
growth. 

Animal protein contains an adequate 
amount of all the essential amino-acids, and, 
therefore, has a better quality. Figure 5 shows 
that soybean protein presents a balance close 
to the standards determined by the Food and 
Agriculture Organization (FAO),although the 
amounts of methionine and cystine, both , 
sulphated am'ino-acids (which molecules 
contain sulphur), are low. The latter, however, 
are present in adequate amounts in cereals 

which, in turn, present a limited quantity of 
the amino-acids lysine and tryptophan. This 
implies that both types of vegetables are . 
complementary: the combination of lower 
quality proteins results· in other proteins with 
all the necessary amino-:acids. The quality of 
the proteins resulting from the combination of 
soybean and cereal 'is far higher than a single 
one and is just as good as cow's milk protein. 
This, by the way, is the combination tha_t 
warrants the survival of several Third World 
populations, whose staple diet is limited to 
beans and maize or to rice. and, beans, so 
popular in Brazil. 

The soybean germoplant contains 28% to 
48% of protein. Thanks to genetic 
improvement, recently recommended cul ti vars 
present an average of 40% protein. The amount 
of methionine - the limiting aminb-acid -
varies from 1 to 1,9 per 16 grams of nitrogen 
(N). Experiments have shown that 
supplementation with methionine improves 
soybean proteins, resulting in a positive 
nitrogen balance. In this case, the organism 
retains N, which indicates the occurrence of 
the synthesis of tissues and the use -of N in the . 
formation of other amino-acids and, 
consequently, of protein. It has also been 
proved that 6 to 8 g daily of proteic N were _ 
sufficient to warrant a positive N balance, 
wit~ or without supplementation of 
methionine. As 6 g of N of soybean proteins 
are equal to 4.5 g of N of egg proteins, it is 
correct to say that, when protein consumption 
is low, methionine is limiting(thatis, it appears • 
ina loweramountthan the standard determined 
by the FAO to ensure tissue synthesis). 

Nonetheless, a greater soybean 
consumption can overcome the disadvantages 
of its proteins when compared to egg proteins. 
It has already been proved that 38 g of soybean 
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The Advance' of Soybean in The Brazili~n Landscape 
At the end of the 1960s, soybean plantation in Brazil began 

to present a quick expansion and the country started an effort to 
promote soybean exports, aiming to achieve the necessary financial 
inputs for a·period·of rapid economic growth. A broadening of the . 
international soybean market and its detivates was taking place. 

The policy adopted by the Brazilian government included 
the creation of special credit lines with subsidized interest rates and 
the concession of tax exemptions and credit-prizes for exports. In 
terms of exchange, the practice of mini-devaluations of the Brazilian 
currency in relation to the U.S. dollar considerably reduced variations 
in exchange rates, in real terms, during each year. Agriculture was 
supposed to. generate resources through the export of traditional 
products and, in domestic terms, supply food for urban centers at 
sufficiently low prices to lessen the high pressures on industrial 
wages. 

Quotations for soybean and soybean derivates rose sharply 
due to the simultaneous growth of the tlocks in the international 
market and in the U.S., where the livestock level was almost 
stagnant until the start of the 1970s. As a consequence, demand for 
soybeans suffered a sharp rise, especially as animal feed. The 
imbalance between supply and demand became even more marked 
in the year/crop 1972/73 because of the d'rop registered in grai,n_ 
production, especially in Asiatic countries. This was when the 
USSR resorted, for the first time, to the world soybean market. 

In Brazil, during the 1970s, agriculture ( especially soybean 
· and sugar cane) underwent rapid and deep transformations. The so
called export cultures (such as sugar, cocoa, coffee, oranges, 
soybean and castor oil) registered expressive advances, and the 
opposite occurred with the products destined for the domestic 
market (figure 3). The growth rate for rice, maize and beans, for 
example, was clearly unsatisfactory in relation to the increase of 
population. As for manioc· - one of the main nutrients of the low
income population-, there was a decline in absolute terms. · 

Food imports and price controls were adopted in an attempt -
to solve the crisis in domestic supply. The crisis resulted from the · 
implementa~ion of an economic growth model that classified and 
divided local agriculture by profitability. The "modern" techniques 
for exploitation of agriculture are more lucrative, as they have 
"technological packages"which are supposed to reduce production 
costs. A vicious circle was formed: the more profitable crops had 
access to technology and modernization - subsidized by the 
government - and this made them even more interesting when 
compared to the domestic supply products. 

As a result of this process during the 1970s soybean occupied 
vast areas of the Southern region (substituting the traditional 
plantations in the major part of the fertile and mechanizable lands) 
and in Sao Paulo, with a marked growth in the central-western 
region and in Minas ·Gera is during the 1980s. A second expansion 
cycle has occurred i_n the "cerrado" areas, boosted'by the cr~ation, 

in 1975, of the Polocentro-a program that injected an expressive 
quantity of resources into the region, at low interest rates, with a 12-. 
year average financing 1term. Subsidies that were part of this 
program and .the rural credits for cost and investments ended by 
making soybean cultivation in the area possible. After clearing the 
land and the addition of limestone and chemical nutrients, the soils 
of the "cerrado" became interesting for agriculture. Soybean then 
became the best choice for temporary plantations, because this crop 
ensures to farmers a higher and more constant return. 

The persistent drop of the quotations in the international 
market, in the last two harvests, have forced those involved in the 
production, industrialization and sale of soybeans to rethink their 
short and medium-term strategies. An increase in domestic 
consumption is contemplated, but the obstacle to this is the feeding 
habits of the Brazilian population and the taste of soybean and its 
derivates in the substitution of traditional products such as milk. An 
increased use of soybeans in human nourishment is worth trying, as 
soybeans are largely produced in Brazi.l, but we must stress that the 
so-called "nutritional issue" is centered on income distribution and 
not in a poor supply of basic products. Production of genera for the 
domestic market is insufficient because there is no demand to 
sustain the prices farmers are paid. 

As the government is more concerned with the rate of 
intlation than with its causes, rises in the price of basic products
due to poor harvests or to increases in production costs, which are 
being moved to less fertile and more distant soils - are solved by 
means of imports, price controls and sale of inventories. If such 
policies solve the problem in the short terl)l, in the medium term the 
result has been the stagnation or the drop of production of genera for 
domestic supply. 

Soybean cultivation, obviously, cannot be considered 
responsible for the performance of the remaining temporary crops. 
It is, however, the most important actor of a process that has been 
called "conservative · modernization", the effects of which on · 
agriculture are extremely extensive. 

Another aspect is land concentration, which results in the 
proletarization and marginal social identity of millions of families 
that now live on the outskirts of towns or who have gone in search 
of new lands to occupy in the Amazon region. From the environmental 
standpoint, the consequences are also serious. Intensive use of the 
land, use of chemical products and heavy machinery have resulted 
in the compacting of the soil, erosion and contamination of rivers. 

Leila Tendrih 
Centro de Estudos Agricolas 
Funda\ao Getulio Vargas 

Milk and Oil-Solving Doubts 
A few questions sent to CienciaHoje by reader Edson Soares 

da Costa mirror aspects of the current discussion surrounding the 
use of soybean: what is the value of soybean milk, when compared 
to cow's milk? Can itbe produced at home? Does soybean oil_ cause 
cancer? 

CltNCIA HOJE 

Let's take it in parts. Soybean milk presents, in relation to 
-cow's milk, twic~as much iron, the same amount of phosphorus and 
higher amounts of calories, glycids and lipids. It is, however, poor 
in vitamins A and C and in calcium, three times less than present in 
cow's milk. Therefore, supplementation with these last three 
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compounds is required when soybean milk is used for children 
who_se diet is not varied. The biological value of soybean proteins 
equals 80% of the value 9f cow's milk protein. 

this flavor(a_s well as th.eaccompanyingsmdl) is derived from-the 
lipoxygenase enzyme, which does not react to the substratum 
lynolic acid when the gtains are dry. 

Soybean milk is, therefore, a fe~sible alternative, not as a 
substitute for cow's milk but as another choice of food, especially · 
if we consider that the production of the latter is insufficient meet 
the needs of 135 millions of Brazilians. 

1 

• 

No scientific work•is known which mentions the presence 
of carcinogenic substances in soybea·ns. Misunderstandings 
concerning this· can originate from· the use of hexagon (organic 
compound resulting from petrol) as a solvent dl!ring c~emical oil 

Powdered soybean milk is marketed with varied flavors and 
excellent quality. Another type is obtained using the so-called 
"mechanical cows",suc_cessfullyintroduced by some municipaliti_es 
in local nutrition programs. It is also possible to prepare domestic 
soybean milk through different methods, one of .which I am 
forwarding to the read.er who wrote to us. The most traditional 
method, used for centuries by the Chinese, has the problem of 
leaving a characteristic flavor, not very appreciated by those not 
used to eatiQg the leguminous plant_As we explained in the article, 1 

· extraction. This is repeated in the production of all vegetable oils; 
at the end of the process the solvent is totally eliminated through 
evaporation. , 

Soybean oil is the most consumed vegetable oil in the 
world. There is, therefore, no truth in the statement that this is a 
carcinogenic product, inasmuch as the substance remains as a 
residue. At present we dominate the technology of oil extraction, 
which ensures a product with a much better quality than has been 
used for several years. · · 

protein is enough to supply the· adequate oil as a supplier of energy is -essential, since, 
contentsofsulphatedamino-acids.According in a low-calory content diet, protein is 
to Health Ministry standards -whicn assess· transformed intoenergy,insteadofbeing used 
the need of protein per inhabitant at 15 kg a for tissue synthesis. Except for cakium and 
year- 41 g daily of protein would meet the .vitamins A and C, the amounts of which are 
needsofBrazilians(stressingthefact, however, reduced by the maturing of the plant, soybean 
that in industrialized countries 56 g daily is contains -a significant amount of minerals and 
considered necessary). vitamins (see "Milk and oil: solving doubts"). 

· These data allow us to conclude that;in Research has demonstrated that soybean 
a normal diet combining several different , is also valuable during therapy. Due to their 
components, supplementation with methionine low sodium content, soybean is recommended 
is unnecessary, especi;illy when soybean is in cases of high blood pressure. With a high 
consumed in natura. In this case, the addition potassium salt content, they facilitate loss of 
ofsyntheticamino-acids,aswellasnotbeing water · and favor slimming. Rich in fibers 
economical,alters the organoleptic properties (hemiculosis 'of the,_husk), soybean also helps 
(taste and smell) of the food. C..ombined with th_e digestive process, avoiding constipation. 
ce~eals and 9ther vegetables, soybean am'ino~ And, due to its · low sugar content, this 
acids, vitamins and limiting minerals are leguminous plant is also a possible solution 
naturally complemented. for diabetics, while its high protrin content 

The study of the quality of soybean · makes it useful in ,the thei:~py of infectious 
protein as food for children is especially processes. 
important, as it is ofte·n necessary to find a ~ Lecithin is another soybean's 
substitute for human milk. Lactose (sugar in component very used for medical objectives: 
animal milk) intolerance is common in tropical It is a fatty substance, rich in phosphorus, and. 
regions, both among childreri and adults.' As a helps to disperse the deposits 'of fatty matter 
consequence of the low concentration in t-he . ard cholesterol i·n the organism as well as 
small intestine of the lactase _enzyme facilitating the transport of such substances 
responsibl'e for lactose degradation, thi~ is not through blood circulation, thus preventing 
digested, giving rise to vomit., diarrhea and arteriosderosis. Being a source of phosphorus, 

, abdominal pain. In such cases, as well as in the lecithin is also important for the cells of the 
c,ases of allergy to cows' milk, soybean milk nervous system. Several doctors prescribe 
is a possible alternative. · this substance -sold .in capsules - for skin 

.For babies still nursing (zero. to six t~eatments, nervous problems, arteriosclerosis 
m0nths of age) soybean milk enriched with and as a growth acti~ator. 
methionine,viramins and minerals is equal to 
cow's milk. For ehildren between 19 and 44 
months old there is apparently no difference 
between the two types of milk, therefore, 
supplementation ·of soybean ,milk with 
methionine is unnecessary. Even because, 
within that age range, diet is already diversified · 
and milkparticipatesonly as a complementary 
nutritional agent. · 

. The n_utritional value of soybean does 
not only derive from protein, The presence of 
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Soybean'~ nutritional quality is hindered by 
the presence of.certain chemical components 
which interfere in the use of snybean protein 
by the organism. These are the so-called anti
nutritional factors, some of which the plant 
uses to defend itself from predatory .animals. 
Am_ong these, the most imporiant one is the 
inhibitor of ·ttie Kunitz trypsin. This is an 
enzyme secreted by the pancr~as which acts 
cin the peptide links during protein digestion. 

If its action is inhibited, d'igestion of such 
compounds is disturbed. A symptom which 
may be observed is the inc.rease in th~ size of 
the pancreas: pancreatic hypertrophy. 

. The effects· of anti-nutritional factors, 
present both in raw soybean and in other 
leguminous plants, can be reduced or 
elimi~ated by heat and humidity · - simple· 
boiling for 10 to 20 minutes is sufficient to 
deactivate' them (figure 6). The destruction of 
7D to 80% of the tryp.sin inhibitors already 
ensures weight gain · through soybe.an 
consumption. Also observed was the fact that, 
with the destruction of 40 to 70% of the 
inhibitor, the above-mentioned pancreatic 
hypertrophy does not occur. Studies conducted 
with rats.demonstrated that 10% of the residues 
·of the trypsin inhibitor did not cause loss of 
weight or pancreatic problems. · 

Other anti-nutritional factors also 
inactivated by humid heat are the anti-vitamins, 
substanc;:es also present in eggs and fish. They 

· obstruct the action of vitamins D, E and B12, 
but,, being sensitive to heat, are only 
nutritionalt'y significant when the food is 
consumed raw. In the cases we have tre.ated, 
this effects were discovered after it was 
registered that chicRens fed.with raw soybean 
presented rickets. The suggested hypothesis 
was that, in such cases, phytates ( organic 
phosphorus salts) a~e responsible ·for this 
process, sincelhey interfere in the availability 
of minerals and vitamins. Bound to the minerals 
(calcium, phosphorus, zinc, magnesium and 
iron), they form an insoluble complex. Phytates 
intervene, for example, in the synthesis of 
vitamin D because they bind to calcium, a 
problem that can be overcome with the adoption 
of a diet rich in this last factor. 

Hemoglutamines present in soybean 
are also considered anti-nutritional factors, 
because they agglutinate the red blood cells. 
Recent studies have demorstrated, however~ 
that hemoglutamines are eljminated, by heat 
and barely affect soybean's nutritional value. 
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Like all vegetables, soybean digestion 
incurs in the formation of flatulence. Soybean 
contains sucrose, raphinose and stachiose 
sugars, the two latter being complexes, with 
large molecules. These forms of sugar, which 
have a· difficult process of complete 
hydrolization in the large intestine, produce 
excess gases upon being metabolized by the 
microflora of the large intestine. Heat does not 
eliminate such flatulence factors, which are 
also anti-nutritional. They are, however,absent 
from fermented soybean and from soybean 
shoots, used in oriental food. 

The taste of soybean has been defined 
as sour, astringent and rancid, similar to paint 
or to raw beans. Analysis conducted with 
soybean milk have led to the identification of 
41 compounds as being responsible for such 
effects. A major drawback to a more extensive 
acceptance of this leguminous plant as food is 
its bad taste, attributed, jn an concluding 
analysis based on extensive research, to the 
lipoxygenaseenzyme,presentduringoxidation 
of the lipids. It has also been demonstrated 
that whole soybean grains - where the 
lipoxygenase enzyme is separate from the 
substrate (fatty acids) - do not contain the 
compounds responsible for the bad taste. The 
enzy~e is only exposed to the substrate when 
the. tissues of the cotyledone are broken or 
damaged. Even in this case it remains inactive, 
whilethegrainscontinuedry. With the addition 
of water, a reaction takes place and bad taste 
is produced. Both during s~orage and 
processing, breakage of soybean grains .and 
their exposure to humidity are frequent, 
although avoidable, and these facts result in· a 
worsening of the taste of the vegetable. In 
addition, some soy-based recipes recommend , 
leaving the grains in~aterfor a certain amount 
of time and then scrubbing them one against 
the other to remove the shell . This process, 
obviously, results in damp and broken grains, 
with a bad taste. · 

Boiling the grains for five or ten minutes 
is enough to deactivate the lipoxygenase 
enzyme and thus avoid the disagreeable taste. 
Although high temperatures tend to .denature 
proteins, making them insoluble, it has been 
suggested that the quality of the protein 
improvessubstantiallywhensoybeaniscooked 
for 20 to 40 minutes, ensuring the reduction of 
the anti-nutritional factors and the inactivation 
of lipoxigenase. • 

Soybean is divided into t~ree · basic types: 
commercial, forage a,nd vegetable oi:: 
"horticultural" soybean. The two former must 
becookedslowlyandhavea bitter,adstringent 
and raw taste. Horticultural or vegetable types 
have a milder taste, general I y presenting larger 
seeds; they cook more quickly than commercial 
cul ti vars (in some cases, soybean cooks faster 
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than beans). The vegetab~e and commerci_al 
types have the same chemical composition~ 
except for the amount of protein, higher in 
some vegetable varieties. 

. In a scale from one to five used in taste 
tests (where one is equal to very bad and five 
is equal to very good), commercial types 
received points one and two; vegetable types 
received four arid five. Although the reason 
for this is still unknown, there is a distinct 
difference. 

Preliminary tests for the.determination 
of the heredity of taste demonstrated that 
differences in flavor are due to a few main 
genes, with moderate hereditability. Be.ing 
inherited, such a flavor can be genetically 
improved. This is essential, because the great 
majority of people ch~oses the food by its 
flavor and considers the nutritional quality in 
second place. 

A program for improving the nutritional 
qualities of soybean must, therefore, take 
several aspects into · account, such as the 
development of a genotype with a.high protein 
content, improvem~nt in the balance of 
essential amino-acids, a reduction in anti
nutritional factors that cause flatulence, 
alteration in flavor and a better appearance. It 
is true that processing can overcome all these 

· limiting factors. Nonetheless, processing also 
implies added costs, inasmuch as the genetic 
resolution of such problems - by traditional 
methods of plant improvement-can lead not 
only to a more adequate consumption of 
soybean in natura ·but also to less· expensive 
processing. 

With the objective of obtainingcultivars 
adapted to human consumption in natur~ and 
to the food industry, the National Center for 
the· Production of Soybean, under theEmpresa 
B rasileira de P esqu isaAgropecuaria ( CNPSo/ 
Embrapa)hasdevelopeda program for specific 
improvement of the nutritional qualities of 
leguminous plants. This resulted in cell lines 
with a high protein content (49%, when the 
average observed is 40%); New cell lines 
present a production equal to the one considered 
standard_.:_ the Boissier cultivar-and an 8% 
higher protein content. The same program 
obtained a cell line 44% richer in methionine 
than the standard one. 

The visual appearance of soybean has 
also been studied, as this factor can limit 
soybean consumption in natura, esp~cially 
when soybean is mixed with other beans. 
Development_ of cultivars with black, brown 
and two-color seeds can ~timulateconsumption 
of soybean, as beans, in different areas in the 
country. Commercial cultivars have yellow 
seeds and a colored hilo. Natural alterations 
often occur, , resulting in genotypes with a 
colored integument, while the remaining 
characteristics are the same as those of the 

original cultivars. Based on this fact,confirmed 
byCNPSoresearchers, thesecoloredmutations 
are an eventua·t possibility for the adoption of 
soybean in natura as domestic beans. ~ 

The objective of yet another of the· 
CNPSo's programs is an improvement of the 
taste of soybean. For this to be possible, a 
series of crossings with vegetable-type cell 
lines was conducted, the results of which 
presented a good taste. One of the aims is to 
combine these cha.racteristics with nutritional 
quality and adequate aspect. A cross of the PI 
133,226 genotype - which does not present 
the Ii poxygenase enzyme, responsible for the 
bad ta~ te -with vegetable-type eel 11 i nes was 
also conducted. 

With the objective of increasing the 
quantity of protein and bettering its quality, a 
cross was effected between vegetable-type 
cell lines (good taste) and those developed in 
the CNPSo's, with a high protein value. 
Considering that the industry in general prefers 
large soybean grains with a yellow hilum, cell 
lines with a better taste were crossed with 
others with a yellow hit um. Finally,considering 
the Brazilian habit of eating beans, attempts 
are being made to improve the taste of the 
mutant cell lines with yellow integument. 
Because the most important anti-nutritious 
factor-Kunitz trypsin inhibitor-is absent 
from two genotypes (PI 157,440 and PI 
196,168), a cross was conducted between 
vegetable and PI · 157.440 cell lines. The 
expected long-term results of the improvement 
progr~m by the CNPSo co_nsist of a soybean_ 
gen.otype with better taste and improved 
nutritional characteristics. In the short term, 
available cultivars ~n be used both by the 
industry and in natura. 

When correctly prepared or processed, 
mixed with other foods, soybean is nutritional 
and have an excellent potential to overcome 
nutritional deficiencies in any type of 
population. In Brazil soybean has been largely 
used by the food industry-as wholegrain or 
fat-free flour, concentrates, isolated proteic 
components or texturized protein - to enrich 
the functional and nutritional quality of a 
seriesofproducts.However,aswehavealready 
observed, industrialization always implies a 
higher cost, and such food is out of reach for 
a large part of the Brazilian populatjon. To 
make the diffusion of soybean easier, it would . 
be interesting to stimulate soybean 
consumption innatura,just like any traditional 
nurishment. 

Both soybean sprouts (similar to bean 
sprouts and to green grain fully filled) and 
completely mature ones can be used for 
industrjalization and consumption in natura. 
Analysis reveals that protein, in those three 
forms of soybean, have an equal PEC, that is, 
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a similar quality . Moreover, when soybean is 
cooked, the PEC attains values very close to 
casein found in milk (2.5), as shown by figure 
7. The same research observed th.attheactivity 
of the trypsin inhibitor, practically the same in 
mature and green grains, is reduced by 1/3 in 
soybean sprouts. The major nutritional 
advantage of green grains and of sprouts in 
relation to the mature grains, however, is the 
vitamin content. Researchers from the 
University of Florida observed that, when the 
seeds germinate, the nutrients which had 
decreased during the maturing process, such 
as ascorbic acid (Vitamin C) and carotene 

(pro-vitamin A), represented in figure 8, 
undergo regeneration . 

Soybean is an alternative and 
complementary food product. It should be 
used to enrich daily diet similarly to other 
availablevegetables, but itis not as a substitute 
for milk, meat or beans, which have specific 
characteristics regarding their appearance, 
texture, flavor and nutritional value. 

Thequantityofmaterial published about 
soybean for human nutrition is extensive, both 
in Brazil and abro;id. Nutritional value, 
nutritio'nal deficiencies and the need for the 
consumption of this leguminous plant have 

NUMBERED FIGURES (see Eco-Brasil pp. 33-39) 

been commented and registered since the 
1920s. It is interesting to observe that, during 
World War II, when there was a poor 
availability of food and protein, the use of 
soybean was common. Its introduction foto 
restaurant menus was accompanied by 
observations which explained the vegetable's 
nutritional value. Unfortunately, once the war 
and rationing were over, both soybean and its 
virtues were forgotten. 

Acceptance of this leguminous plant is 
undoubtedly slow. We must, however, 
remember that 300 years passed before potatoes 
were acce·pted. 

Figure 1. Total need of proteins for human consumption in Brazil and 
proteins exported as grains and soybean flour. 

Figure 5. Composition of soybean proteins in some amino-acids (g/ 
16g N) 

Total need of proteins 

Exported soybean protein 

Figure 2. Distribution of food consumption of the urban population in 
Brazil, per income range. 

Class Family income % of urban Consumption Consumption 
(in minimum wages) population (%) (in US$ billion) 

A > 34.5 7.7 41.7 8.75 

B 13.8 - 34.5 16.7 37.7 7.80 

C 4.6 - 13.8 31.9 18.6 . 3.90 

D 2.8 - 4.6 
43.7 2.6 0.55 

E < 2.8 

Figure 3. Evolution.of soybeans in Brazil (harvested area) 

Figure 4. Cost and value of animal and vegetable proteins 

Protein Protein PEC* Price Price/kg 
sources (%) (March 1986) · of protein 

Eggs 13.0 3 .8 9 .00 (dozen) 9.23 

C-type milk 3.2 2.5 2.58 (liter) 80.63 

Meat 20.0 3 .2 30.00 (kilo) 150.00 

Beans (grao) 20.0 1.0 8.00 (,kilo) 40.00 

Soybean 40.00 0.7-20** 2.08 (kilo) 5 .20 

Amino-acids 

Isoleucin 
Leucin 
Lysin 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Tryptophan 
Valine 
Arginine 
Histidine 

Standard (FAO) 

4.2 
4.8 
4.2 
2.2 
4.2 
2.8 
2.8 
2.8 
1.4 
4.2 

Figure 6. Modifications introduced by soybean boiling 

activity of the trypsin inhibitor(%) 

proteic efficiency coefficient (PEC) 

minutes of boiling 

Soybean* 

4.5 
7 .8 
6.4 
1.3 
1.3 
4.9 
3.1 
3.9 
1.3 
4.8 
7.2 
2.5 

Figure 7. Some nutritional characteristics of green and dry grain and 
soybean sprouts of the Bragg cultivar. 

Protein(%) 

Weight gain 
(in rats)* 

Adjusted 
PEC** 

Methionine 
(*) PEC=proteicefficiencycoefficient=weightgain/protejn consumed (g/l0g N) 

(**) Variation from raw to cooked soybeans Cystine (g/16g N) 
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Tripsine 
inhibitor 
(-!!,. Nmin/g protein) 

(8) Initial weight= 69.9 +/- 0.2g; (**) CPE casein= 2.92 adjusted.to 

Ascorbic acid (mg/lO0g of fresh matter) 

13- Carotene (mg/100 g x 100 fresh ,matter) 

humidity content(%) 

2.50 storage ( 6 weeks) 

green maturation (c_omplete) 
Figure 8. Some alterations in the cultivar seeds of Jupiter soybean 
during maturing and g_ermination dry maturation (complete) 

NON-NUMBERED FIGURES (see Eco-Brasil, pp. 33-39) 

(p. 38). Cell lines of vegetable-type soybeans originating in a cross 
between a recommended cultivar and the Late giant. · , 
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IIENVIRONMENT, REsERVOIRSAND DAM~I 

Jose Galizia Tundisi 
facola de Engenharia de Sao Carlos, 

Universidade de Sao Paulo 

The increasing use of hydroelectric power results in large alterations of the hydrographic basins. In the state of Sao Paulo, 
approximately 150,000 km2 have already been flooded to make way for dams and their artificial reservoirs. They maintain multiple 

relationships with rivers and lakes accumufating a great deal of information on biological and socio-economic events of the neighboring 
regions. The correct handling of several multiple use reservoirs located along tpe same river poses a real challenge because it must take 

T hecon~tructionof artificial water reservoirs. 
in increasing numbers and scale stands. out 
amongst the impact caused by human beings 
on ecosystems. Small reservofrs former I y used 
for irrigation purposes or as a source of drinking 
water have given way to inmense dams 
dedicated to the production of energy and 
other goals like transportation, the productiqn 
of biomass' and even recreational facilities. 
The rapid spread of these reservoirs and the 
large dimensions of theseartificial ecosystems 
have produced a large number of changes in 
the hydrologic, atmospheric, biological and 
social.systems of the regions where they have 
been built and in the areas affected by the 
artificial lakes . This is a question of national 
dimension in present day Brazil. Our first 
large dams were bui It to support hydroelectric 
plants and were installed in the South and 
Southeastern regions of the country . They 
were later extended to the Northeast and are 
beginning to be planned and built in the Amazon 
region. The formation of these large dams in 
the latter region have raised many problems 
due to their peculiarities and dema~d rapid 
and intense investment in ecological research 
for their solution. 

The large dams produce a profound 
interference in the various hydrographic 
systems and . original basins. The resulting 
ecosystem represents a complex unit to study 
containing great theoretical - and practical 
value. The multiple use of the large bodies of 
water accumulated in the reservoirs depends 
on adequate manipulation for which it is 
necessary . to establish the mechanisms and 
processes that take place in the reservoirs and 
involve the internal and external environment. 

The interruption of the water flow of a 
river caused by the dams brings about a wide 
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into account the characteristics of the ecosystems. · 

spectrum of modifications of activities and 
processes along the hydrographic basin. In 
fact, dams interfere in the evolution processes 
of the aquatic organism communities like 
fish, algae (phytoplankton), animals 
(zooplankton), and animal species residing at 
the bottom (benthos) as well as in the chemical 
composition of the sediment and the water. 
The reservoirs become under these conditions 
''reaction vessels" or "collector events" and 
given their attainable dimensions they 
constitute important intersections of the 
terrestrial ecosystem. Furthermore, dams and 
reservoirs assume the role of an intermediate 
system between rivers and lakes with which 
they maintain closerelationship(figures 1 and 
2). 

Every aquatic sy~tem is characterized _by 
three main interfaces: 1) the air-water interface; 
2) the -sediment-water interface, and· 3) the · 
orga ni sms-wa ter interface . Thus, the 
constructiofl of a dam in a waterway implies a 
broadening of these interfaces and introduces 
other important effects in the natural 
ecosystems. Some of the~e effects can be 
listed: · 

a) modifications of the hydrological 
cycle and hydric balance,geophysical impacts 
due to modifications of the land configuration, 
seism produced by the formation of the 
reservoir or by increasing erosion; 

b) impact on the regional microclimate 
and the natural aquatic systems (rivers) due to 
modifications in the transport of sediments 
and the poor conductivty of water; increase in 
the surface for evaporation; 

c) ,i·mpact on terrestrial and aquatic 
flora and fauna, due to the disappearence of 
~iliary woods, which are important diversity-

preserving systems; disappearence of 
terrestrial fauna; 

d) imp~ct on human beings and on 
human activities with changes in the routes for 
ground communication, disappearance of 
agricultural activities, esthetic modifications 
of the hydrographic basin, submersion of 
archaelogical sit~s and need to relocate 
population; changes in the sanitary conditions 
and increasing expansion possibility of the 
geographicdistribution of vectors responsible 
for diseases related to hydric spreading. 

The reservoirs formed in hydrographic 
basins also open the possibility for the 
dispersion and colonization of many aquatic 
organisms. On the other hand, they can become 
a geographical barrier for ground populations 
and communities . 

The understanding of dams and their 
reservoirs as ecosystems requires that 
distinctions be made with natural systems like 
rivers and lakes . The main differences lie of 
course in their origins. Unlike re.servoirs, 
always a human undertaking of similarorigin, 
lakes havediverseoriginsdependingon events 
which are related to the local . geomorphic 
conditions and which differ according to 
continents and latitudes. In South America, 
many lake systems are linked to the qynamics 
of rivers in a highly interdependent 
n~lationship. 

Several mechanisms and the local 
geochemistry give rise to specific processes in 
lakes related to hydrodynamic and 
hydrothermic characteristics, physical and 
chemical conditions of the water, and 
composition and structQre of living creatures . 
The origins of the lakes also determine 
relatively well defined evolution patterns 
dependent on the circulation mechanism, 
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degree of isolation and duration of the process. 
·A · brief description of the most common 
mechanisms involved in the formation of 
natural lakes is presented in Box 1. 

One of 'the essential and determining 
factor of the operation of a reservoir is its 
spatial structure(horizontal and vertical). They 
are more highly heterogeneous in this respect 
than lakes because they depend'on the entrance 
level of the water from the rivers and the 
height at the water exit. The system is thus an 
important ecological factor in the isolation of 
a massof.waterand in the transportofnutrients, 
planktonic organisms and sediments . It can 
also be considered an important fertilization 
factor of the euphotic region (water layer 
reached by sunlight of sufficient intensity to 
allow photosynthesis). 

The morphological and morphometric , 
organization of the reservoir, itself dependent 
on the type of construction, e·quipments 
installed in the dam and their uses, have 
relevant ecological consequences. These have 
to do· with the compartmentalization of the 
reservoir in units and subunits represented by 
different affluents (figures 3 and 4) . Besides 
the theoretical interest raised by this division, 
there are many possibilities for the exploration 
of these spatial differences with respect to 
their handling for breeding of organisms .in 
certain compartments and for irrigation 
purposes from ·othercompartments !ocated on 
the arms of the reservoir. ' 

The spatial and temporal succession of 
comm unities and the colonization of reservoirs 
are intimately related to the .vertical and 
horizontal structures. EcologistlikeClements, 
Cowles and Shelford had already shown 
concern at the beginning of the century about 
the problem of temporal succession of the 
ground vegetal communities. S_tudies carried 
out by limnologists Eli nas Naumann (Swedish) 
and August Thieneman (German) in the 20's 
introduced basic concepts for the understanding 
of these ecosystems as well as for their 
classification and typol.ogy. 

In 1942, ecologist Raymond Lindeman 
working in a small American lake (Cedar 
Lake) further advanced the study of lake 
evolution from the point ofviewof changes in 
the nourishing relati9nships and energy flow 
during a certain period of time (four rears). 
His main conclusions showed the progressive 
increase of aquatic organisll) biomass and 
primary production· and a decrease in the 
number of species. 

· Reservoirs have well defined ages since 
they are artificially made. Furthermore, 
modifications can be continuously monitored 
during the filling of the , reservoir which 
involves circulation, inflow and outflow of 
water and the transport and accumulation of 
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The Most Common Origins of 
Natural Lakes 

Tectonic - Lakes formed from processes of fragile tectonics (depression from 
multiple faults) responsible for closed compartments called tectonic cavities with water 
accumulation from post-tectonic drainage. Examples: Lake Baikal (CEI),LakeTanganyka , 
and Lake Victoria (Africa). 

Volcanic - Lakes formed in the calderas of old volcanoes. The volcanic material 
creat~s cavities (craters) upon ejection which . later become large and are capable of 

· retaining masses of water. Examples: lakes in Japan and New Zealand. 

Glacial - Effects of basal corrosion and frontal deposition by movement of ice 
masses subject to melting. Lake type small depressions formed in areas of drainage 
unsettled by glaciation. Examples: large lakes in North America, lakes in Northern 
England and Scaridinavian lakes. 

River activities - Lakes fo abandoned meanders in horseshoe shape ( oxb~w lake). 
Examples: side lakes along the Pan\anal in Mato Grosso and many l<;l~es in tropical 
draining areas associated with meandering rivers. 

Solution - Lake depression in areas of soluble rocks, slowly dissolved by the 
percolating action of water. Examples: lakes in Central Europe, Yugoslavia and Florida. 

1 
Sand bar - Lagoons originating from the closing of bays or inlets thmugh the 

extension of sand bars or groups of coastal sand bars. Examples: lake systems along the 
Brazilian Coast (Patos, lguape - Cananeia; state of Rio and Macei6). 

sediment. The study of the various stages of 
biological succession and progressive changes 
of physical and chemical conditions is essential 
for the formulation of theories of ecosystem 
colonization and progressive evolution of 
ecological filters which appear after the initial 
modifications produced by the ·da·m. 

.' The colonization of reservoirs occurs 
soon after the river enclosure.and stabilization 
of the water level. It is primarily promoted by 
rivers which feed on to the reservoirs but «::ther 
factors such as bird migration or the 
introduction of eggs resistant to dessication 
can also contribute. 

The spatial and temporal succession of 
the communities therefore depends on the 
speed offilling,on the intensity of deforestation 
prior to the closure of the dam and on the 
creation of an extensive coastal zone which 
enlarges the substrate. Thus, reservoirs as 
lakes are in permanent evolution. Since their 
age is perfect! y known, the evolution processes 
which· take place there represent a traceable 
record of human activities. 

Unlike reservoirs, rivers are generally 
shallower ecosystems. The horizontal gradient 
predominates over the vertical one. The water 
flow is their main force of function. They are 
more strongly dependent on material 
introduced from the outside (leftover 
vegetation and ground organisms, sediments) 
than lenticsystems (lakes and reservoirs) where 

photosynthesizing organisms and original 
material become dominant. 

Based on theapplicationofinformation 
theory to the ecology of artificial reservoirs it 
has been proposed that the selective processes 
which are progressively established result in a 
series of"ecological filter". They constitute a 
set of condi'tions producing extensive 
modificati.ons in the biological structure of the 
reservoirs by eliminating some species while 
promoting the development of others, or by 
interfering in the in.ter or intra-specific 
relationships (see "The process of 

_ euthrophication in reservoirs"). T~e gradual 
elimination o'rsome species is the result of the 
action of these filters. The only organisms 
which become established in the reservoirs 
are those resistant to selective processes 
induced by the series of physical, chemical, 
biological and hydrodynamic changes taking 
place locally. The increase in coastal area ~nd 
fluctuation of the level typical in these systems 
can also function as an ecological filter as not 
all species are resistant to dessi'cation. 

The physical and chemical information 
remains stored 

1

in the system and in different 
spatial greups. For example, high mercury 
and sulfate concentrations in the sediment and 
in water are due to air pollution . Another 
ecok,gical filter to be considered is the 
"residenc~ tim~" of the water in the reservoir. 
Short residence times imply high rates of 
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reproduction for planktonic organisms as a from a conceptual pointofview. The evolution 
means to restore the loss of biomass with of reservoirs is naturally related to the social 
reproductive potential which is carried away and economical transformationsofthestateof 
by the outflow of water. Sao Paulo. 

In short, the ecological situation of the Technological evolution has introduced 
reservoir after a given period of time is the net major changes in the reservoirs. The possibility 
result of the input of the system of origin, the of using the accumulated water for energy 
operational mechanisms of the reservoir and generation (hydroelectricity) has paved the 
the activities of t~e hydrographic basin. The way for increasingly farger systems. 
information regarding biological, ecological, ConsequentJy, the implications of these 
social and economic events along the constructions and the alterations provoked in 
hydrographic basin are s.tored in the state the hydrographic basin have grown 
variables and in the ongoing processes in the considerably. It is now a common fact the 
reservoirs. This is the reason why they can be existence of reservoirs occupying thousands 
considered as "reservoirs or accumulators of ofkilometersandaccumulatinglargevolumes 
information" of the hydrographic basin of water. The state of Sao Paulo al.one claims 
resulting from thesettlementofnewstructures about 15,000 km 2 of artificially flooded areas. 
in the community and new chemical and The last ten years have seen an 
ecological characteristics (figures·S, 6 and 7). intensification of studies aimed at the multiple 

The larger and more diversified the uses of reservoirs. In most cases, the possible 
morphometry of the reservoir the more uses are directly related to technological 
information will be stored in a given time of possibilities, tradition and the .level of social 
residence. The hydrodynamics of the system and economic development of the country. 
isthedominantfactorin reservoirs with simpler . They also depend to a large extent on the way . 
morphometry and a smaller number of dents. . in which the hydrographic basin · was 
Those with more complex morphology traditionally used before the construction of 
accumulate more information since the the dam. , 
activities performed by the different parts, or The usage of reservoirs for multi
"arms", are stored and recorded in a variety of purposeactivitiesdemandsin practice adequate 
ways. handling, a ta~k which is always problematic 

1 for large systems. The introduction of 
The state of Sao Pa_ulo is uniqu~ in Brazil management techniques, an important step in 
due to the distribution range of reservoirs, the the application o( ecology to reservoirs, is the 
variety of their geographical location and result of basic research carried out on these 
theirs pace in time with regard to construction. ecosystems. The different management 
The reservoirs therefore form a group which techniques involve forexamplechanges in the 
accumulates a significant collection of ~ater level (for flood and irrigation control), 
information about environmental, economic control of euthrophication, production of 

· and social processes. Their characterization biomass in the reservoir (fish fanning) or 
and their impact represent importa_nt progress outside of them (tanks for · pisciculture), 

navigational systems ( dredging and removal 
of sediment), and adequate equipment for. 
education and recreational facilities. Certain 
irrigation techniquts which use tlJe nutrient 
rich deep waters have been recent! y 
incorporated as a handling technique. The 
emergence of bioman'ipulation methods like 
the introduction or removal of selective 
predators to in

1
duce changes along the steps of 

the food chain have also been important for 
these systems (figure 8). 

On the other hand, the handling of 
cascade systems with several'reser.voirs and 
dams built on the same river (Grande, Tiete 
ancl Paranapanema Rivers in the state of Sao 

· Paulo) is a real challenge given thediversityof 
the operational regimes of these systems in 
line, of the residence times: and of other 
pecularieties to be taken into consideration for 

• this group of dams. 
The muti-use and management 

techniques of artificial reservoirs are thus 
intimately linked with the mechanisms of 
operation of these ecosystems and· their 
relationship with the environment. Knowledge 
about the ecology of these environments has a 
theoretical dimension of extreme importance 
related to limnology (the study oflakes), to the 

· establishment of progressive "ecological 
filters" for the community ofliving organisms 
and to the application of information theory to 
ecology. A crucial problem in basic ecology, 
thatoffollowingthecolonizationandevolution 
of communities in ecosystems, is perfectly 
feasible in large artificial reservoirs whose 
age is well known and whose modifications 
can be foreseen and considerably anticipated. 
It is thus necessary to stimulate research in 
this field for theoretical and practical reasons. 

The Process of Euthrophication ·in Reservoirs 
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The euthrophication of reservoirs and lakes is a process 
which· results in the increase of essential nutrients to the 
phytoplankton and higher aquatic plants, mainly in the f~rm of 
nitrogen, phosphoro·us, potassium, carbon and iron. The initial 
concepts of the trophic state advanced by C. A. Weber in 1907 and 
mo~ified by E. Naumann and A. Thieneman lead to the series of 
multiple variables characteristic of the trophic state. However, 
euthrophy and oligothrophy, (shortage of nutrients in lakes and 

' rivers) can only be defined within a regional context (see box). 
Natural euthrophication occurs normally in any continental 

or coasta·I water (estuaries) system. Yet, · the development of 
agricultural activities ai:id urban population rapidly incr'eases the 
drainage of materials from the land surface and ecosystems to lakes 
and reservoirs. This entails a fast growth of the essential nutrients 
for aquatic plants. This process, generally associated with an 
increase of biomass, is ,called cultural euthrophication (see '"The 
disease of lakes" in this edition). . . . 

. Classical examples of cultural euthrophication in Brazil can 
be found in LakeParanoa (Brasilia), in Pampulh~ (Belo Horizonte), 

and Taquaral (Campinas) . Many reservoirs of the state of Sao 
Paulo, close or not to large urban centers, also display an advanced 
stage of euthrophication. 

The principal causes of euthrophication are: a) dumping of 
residues from agricultural activities; b) dumping of domestic 
sewages; tj air pollution and material fallout from the atmosphere 
(in the form of particles or rain water); d) vegetation remaining in 
the reservoir which was not cleared prior to closure. 

Theeuthrophication of reservoirs attached to dams constitutes 
a very selective ecologicai filter with ~espect to the diversity and 
succession of species. The process has the fo_llowi ng consequences 
for aquatic systems: a) increase of the biomass and primary 

. production of phytoplankton; b) decrease of the diversity of species; 
c) decrease-in the concentration of dissolved oxygen; d) decrease in 
the ion concentration (atoms where electrical equilibrium has been 
disrupted); e) increase in total phosphorous content in the sediment; · 
t) increase in the frequency of blossoming of cyanoficeans. ' 

Yet, these global changes are regulated by a series of factors 
and particularly by the residence time of the reservoir which is 
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important because it acts as a control system for the biomass and for 
the concentration of nitrogen and phosphorous. 

It is also significant from an ecological point ofview,that as 
the algae population dies and decants to the bottom of the f\ese rvoir 
the concentration of dissolved oxygen is significantly reduced 
causing high death rates among fish. It should also be mentioned 
that cultural euthrophication in the tropics is associated with the 
aggravation of the incidence of schystosomiasis and malaria. 

On the otherhand,euthrophication hassomevaluableaspects. 
It can lead to an increase in the production of the fish biomass or at 
least of the potential nourishment available for them. 

The main techniques used to correct the effects of 
euthrophicatiqn involve the following processes: a) decrease of the 
intake ofnitrogen and phosphorous; b) renewal of the hypolimnion; 
c) periodic renewal of the aquatic macrophyte; d) renewal of the 

bottom sediment; e) decrease of the residence time; t) chemical 
isolation of the sediment. 

Techniques for biological control have been recently 
int'ro.duced by use of selective predators . Lack of predatory activity 

' againstspecificcomponentsofthe trophicchain, like the herbivo_rous 
. zooplankton, makes it possible an increase of the herbage over the 
phytoplankton and its renewal. These biomanipulation techniques 
aimed at controlling euthrophication coupled with manipulation of 
the residence time a·nd the height of the water exit are essential in 
the management of reservoirs. 

The comparative study of reservoirs provides a unique 
opportunity for the determination of the degree of cultural 
euthrophication and its relationship with the cultural, social and 
economic information of the hydrographic basin. 

Characteristics of Oligotrophic and Euthrophic Lakes or Reservoirs. 
Factor 

Nutrients 

Dissolved 
oxygen 

Communities 

Subaquatic 
sunlight 

Hydrographic 
basin 

Oligotrophic systems 

Low concentrations and slow 
recycling of nitrogen, 
phosphorous and silica 

Frequently close to 
saturation both in the 
hypolimnion and 
the epilimnion 

Low biomass of 
phytoplankton, zooplankton 
zoobenthos and fish 

High transparency 
in the euphotic zone 

Deep lakes with 
V shaped valleys. 
Small changes in the 

hydrographic basin cultivated basin 

NUMBRED FIGURES (See Eco-Brasil pp. 40-46) 

Figure 1. Satellite pict~re of the reservoir system of Barra Bonita. 

Figure 2. Mosaic of soils of the hydrographic basin of the Lobo 
reservoir (Broa) in the center of the state of Sao Paulo. 

Purple latosol· 
Dark red latosol 
Yellowish red latosol 
Yellowish red podzol 
Purplish structured earth 
Deep quatzlike sand 
Lithosol 
Hydromorphic soils 

Figure 3. Some of the main characteristi.cs of a reservoir as an 
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Euthrophic systems 

High concentration and 
fast recycling of nutrients 
mainly nitrogen and 
phosphorous 

Large variation with 
respect to s::ituration: 
low in the hypolimnion 
and supersaturated in the 
epilimnion 

High biomass and sediment 
of phytoplankt_on, zooplankton 
zoobenthos and fish 

Low transparency in the . 
euphotic zone 

Shallow lakes with low 
stratifications. 
Extensively modified and 

ecosystem: gaseous exchange at the air-water interface; penetration of , 
radiant energy; euphotic zone limit; aphotic zone; circulation in the 
euphotic zone; water diffusion of the sediment substances; precipitatiQll 

· and complexation in the sediment. · 

intake from rivers radiant energy 

air/water interface biological fixation phosynthetic respiration 
euphotic zone limit circulation of nutrients 
advection current 

vertical gradients sediment/water interface 
diffusion precipitation I ight/temperature 

Light blue - euphotic zone 
Blue - aphotic zone 
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Figure .4. Other important characteristics of a reservoir as an 
ecosystem: planktonic organisms, benthos, fish, aq1,1atic 
macrophytes, periphyton. The latter term refers to the algae 
community located on the surface of the rocks, to the upper aquatic , 
vegetation or to the .leftover vegetation in lakes, reservoirs and 
rivers. 

periphyton emersed aquatic macrophytes 
submersed aquatie macrophytes 

circulation in 
the euphotic zone 

fish (ne~ton) zooplankton . 
motion and vertical 

phytoplankton 
loss to the 

, aphotic zone 

los~ .of 
migrations . migra'tion biomass 

benthos 
benthos deep 

NON-NUMBERED FIGURE (see Eco-Brasil pp. 40-46) 

(p. 40). To the left, eutrophycation of the Barra Bonita· resevoir in tbe 
state of Sao Paulo. Notice the concentration on the borders of aquatic 
macrophytes (Eichhornia crassipes - aguape). 

FURTHER READING 

Figure 5. 'Intense blossoming of Microcystis in the Barra £onita 
reservoir in the middle Tiete. Notice the concen,tration effect due to 
the wind next to the dam. 

Figure 6. Deforestation, burning and blossoming of cyanoficeans 
in the Barra Bonita reservoir (SP). An important interaction is 
observed · 
between the ground and aquatic ecosystem intensified by human 
intervention. 

Figure 7. Sulfate distribution in the water of the reservoirs of the 
state of S,~o Paulo as a consequence of air pollution. 

Figure 8. Experimental bio-ma'nipulation system at ~he . Lobo 
reservoir(Broa). E?(periment u'nderway at the Limnology Lab of the 
Center for Hydric Resources and Applied Ecology of the University 
of Sao Pa~lo (Sao Carlos). 
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SCHAFER A., Fundamentos de ecologia e biogeografia das aguas c'antinentais. Porto Alegre, Editora da UFRGS, 1985. 
TUNDISIJ.G., "O modelo Broa",AnaisdoSimposiosobrea Comunidade Vegetal coma Unidade. A~adeniia de Ciencias do EstadodeSaoPaulo, 
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VAN DER HEIDE J., Filling phase limnology of a man made lake in tlie humid tropics. Amsterdam, University of Amsterdam, 1982. 
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Translation: Jose M. Riveros and Deborah E. Riveros 
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·BOOK REVIEW 

FROM THE FOREST TO THE CERRADO 

FROM THE SAND BANKS TO THE 

MANGROVES 

To describe the gre"tness of the natural · 
· ecosystems of Brazil in only 96 pages with 

bilingual texts, interspersed with numerous 
d~awin·gs, and to portray in a comprehensive 
but brief manner, the prodigious biological 
diversity of the country is a difficult task, 
requ_iring an exceptional power of synthesis. 
TheauthorsofEcossistemas, whose elaboration 
had · the stated aim of "describing and 
registering photographically a synthesis of 
what remains of the main Brazilian biomes" 
have achieved it in an objective, pleasurable 
and useful manner. 

The work opens with the presentation 
of a phytogeographical map in color, where 
the areas and the naturally ocurringvegetation 
types found on the . national territory are 
indicated. The areas and vegetation are 
classified according · to the author's own 
terminology, which is compared with that 
prescribed by the Brazilian Institute of 
Geography and Statistics (IBGE). 

The introduction contains general 
considerations concerning Brazilian Nature, 
emphasizing the need to manage and utilize it 
accordingtoconservationistprinciples. ltcalls 
attention to the inherent risks of a generalized 
destruction of the natural habitat of men - the 
biosphere. The chapters address s·eparately 
the 12 bi'omes considered to be most important 

' by the authors: amazonic forest, atlantic 
forest, pine forest, mangroves, sand banks, 
cerrado, ciliary forests, coconut groves and 
the swa mpl~ nd. A short description is made of 
each group's fauna and vegetation, mentioning 

· the most common or endemic species and 
classes; in the fauna, the mammals, birds, 
reptiles and amphibians, which are the more 
conspicuous animals,stand out. Aspects having 
to do with ecology, climates, terrains, 
anthropogenous influences and peculiarities 
of the biomes are cited, with several 
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explanatory annotations along the page 
margins. This renders the text easier to be 
understood, even by those readers unfamiliar 
with the ·usual terminology of the bi,ological 
sciences. A large number of drawings 
portraying some of the most representative 
vegetation species accompany the text and 
facilitate their identification. 

The work is illustrated with 122 
excellent colored photographs, carefully . 
chosen to represent the 12 biomes. They focus 
sometimes on scenic aspects, other times on 
groups or species that are particularly 
significant. The photographic material with 
its captions, by itself, would provide an ample 
vision of the biomes considered in the book. 
The graphic quality is excellent, increased in 
value by the adequate size of its pages (22x32 
cm). 

In an extremely complex work, with 
the collaboration of several persons, small 
mistakesandsomeimproprietiesarepractically 
i nevi table. A few i 11 us tra ti ons carry i nadeq ua te 
or exchanged captions ( e.g., the photograph of 
a grove of wax palms on p. 71 is cited as beirig 
a babassu palm grove). In the text, some rare . 
lapses can be identified, such as the reference 
made to the,Tucuxi porpoise (pg. 42) describing 
itas being endemic to theamazonicecosystem, 
when in reality the Sotalia fluviatilis is :1lso 
found along the southern coast, from the 
Antillas ocean to Santa Catarina. One could 
also point out the limitation of the references 
made to the invertebrate· .fauna, an 
understandable fact due to its immense 
diversity and to the lack of information which 
is prevalent in many cases. 

The system adopted to present, in 
annotations on the page margins, the-scientific 
nomenclature of the classes and species cited 
in text by their common names also deserves 
criticism. Although it permits a more fluent 

reading by non-specialists - the motivation 
behind the adoption of the system -it creates 
a problem to all those who wish to identify 
more precisely the· animals and plants 
mentioned. Maybe the only major deficiency 
in an otherwise excellent work is the almost 
total omission of the rich marine biome found 
in the coastal waters, part of the national 
territory, to which only a few laconic references 
are devoted in the chapters about sand banks 
and mangroves. . 

The book is presented with texts both in 
Portuguese and in English, printed in two 
distinct colors. The Portuguese text is written 
with great care and its English version has 
been found to be extremely accurate, in a 
review published abroad. 

A special mention of the laudable 
preoccupation of the authors with the vast and 
unfeeling devastation of the Brazilian 
e

1

cosystems is also called for. This destruction, 
occurring because of the predatory exploration 
and abusive utilization of natural resources, is 
depriving the Brazilians and all mankind of an 
immeasurable biological richness,still scarcely 
investigated. 

In conclusion, the work is an excellent 
introduction to the study of Brazilian vegetation 
and fauna, equally useful to the public at large 
as well as to foreign and national experts. As 
a visual introduction to the biological diversity 
of Brazil, taking into account its page 
limitation, the book will be difficult to be 
surpassed 

Ibsen de. Gusmao Camara 
Sociedade Brasileira de Protec;ao Ambiental 
- Sobrapa 
Fundac;ao de Estudos do Mar - Femar 

Translation: Lise Ribeiro Alves 
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ARTIFICIAL EuTHROPHICATION: 

THE DISEASE OF LAKES 

Francisco de A. Esteves 
Departamento de Ciencias Bio16gicas, 

Universidade Federal _de Sao Carlos. 

Francisco Antonio Rodrigues Barbosa 
Departamento de Biologia Geral, 

Universidade Federal de Minas Gerais 

It is necessary to save lakes and reservoirs from premature aging and subsequent death. The continuous dumping of domestic and 
industrial effluents induces a,rapid increase in the production of organic material ~nd in the amount of waste which upon decomposi_tion 
consumes oxygen in large scale. This is_ artificial euthrophication that leads to the production of poisonous gases, eliminates fish, c;!estroy 

recreational facilities and turn water unusable for consumption . 

The w~rd 'limnology' is derived from the 
Greek limne meaning lake. This word would 
then represent the "science of lakes" if it is 
restricted to its etymology. However, 
limnology is nowadays defined as the study of 
all the continental masses of water 
independently of their origin, dimensions or 
degree of salinity. Although most of the 
research is concentrated on lakes and 
reservoirs, rivers are also the subject of such 
a science. Limnologyclaims its own theoretical 
framework while keeping close links with the 
sciences which originated it like botany, 
zoology, chemistry, physics, geology and 
climatology (see Box). 

Since . 1901 and starting . with the 
pioneering work of, F. A. Forel (Swiss) until 
the SO's the main concern of lirrinology was 
the discussion regarding the classification of 
lakes. This stage was dominated by discussion_ 
i nvol vi ng the descriptive cha racteris ti cs which 
gave birth to the classification of lakes in three 
groups: euthrophic, with high concentration 
of nutrients and high density of algae, 
oligothrophic, poor in available nutrients and 
low · algae density; and disthrophic, poor in 

· nutrients with low algae density · but high 
concentration of humic substances 
(compounds which confer water a yellowish 
color). 

A new era started in the SO 's and still 
active today is based on an experimental 
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Some of The Main Areas of Concern of 
Limnology 

Research of ecosystems 
* Research that enables the understanding 
of the ecosystem and makes their handling 
feasibl e and maximizes the biomass (for 
example, piscisculture). 
* Research that will allow minimization of 
environmental effects provoked by the 
.creation of artificial lakes . 
* Participation in the planning, 
implementation . and ecological 
administration of the reservoirs. 
* Elaboration of models which allow an 
evaluation of the build up of biomass. 

Rational Use 
* Studies aimed at the rational uses of the 
ecosystem and its species. 
* Studies and integrated policies that will 
enable the preservation of the ecosystem 
for future generations. · 

research approach to elucidate the interaction 
processes of the animal and vegetal 
communities with their environment and the 
study of the ecosystem as a whole . More 

Quality Control of Water 
* ldentificaton of the sources of pollution 
and proposal for their elimination. 
* Adoption of criteria (biological, chemical 
and physical) for the control of the quality 
of water for irrigatjon and for domestic 
and industrial consumption. 
* Im plementa ti on of policies for the control 
of effluents froip treatment stations in 
cooperation with technicians from other 
areas. 
Recuperation of Qegraded Ecosystems 
* Proposal for the most adequate method 
of recuperation of the ecosystem through 
integrated research. 
* Identification of the sources of artificial 
euthrophication and pollution for the 
adoption of criteria for their control. 
* Integrated research projects dedicated to 
the recomposition of the_native fauna and 
flora. 

recent! y, the el a bora ti on of opera ti on al models 
of the lacustrine ecosystem have been at the 
forefront of limnological research . 

The apparently homogeneous lacustri ne 

ECO- BRASIL SUPPLEMENT 



ecosystem is well differentiated from a 
structural and operational point of view. At 
least four distinct compartments can be 
recognized and they are outlined· in figure 1: 

· a) the coastal region representing a 
transition between the lacustrine and the land 
ecosystem; the main features are large number 
of ecological shelters, high diversity of animal 
and vegetal species and consequently a large 
number of steps in the nutritional chain; 

b) the pelagic (or limnetic) region 
corresponding to the internal zone and 
characterized by algae (the phytopla·nkt6n) 
and invertebrate animals (zooplankton). Fish 
which are part of the nekton are also common 
in this region; 

c) the deep region comprising the bottom 
of the lake where growth is prevented for the 
higher vegetal forms (aquatic macrophytes) 
and even algae. The local community, known 
as benthos (from the Greek benthos meaning 
deep), is primarily represented by invertebrate 
animals and bacteria; 

d) the interface region between the water 
surface and air where group of small animals 
can be found and even plants known as 
neustons. 

These compartments are different in 
their composition with respectto the organisms 
who live there and to patterns of operation. 
The regions 'remain in ·constant interaction 
through the exchange of energy and matter. 
Sunlight is

1

to ecosystems what fuel represents 
to machines. Sunlight is absorbed by the 
vegetal species and transformed together with 
'Carbon dioxide and nutrients (phosphate, 
nitrate, silicate and others) into chemical 
energy (carbohydrates, lipids and proteins). 
This process is known as "primary production., 
and acts as the energy sink for the nutritional 
chains of the lacustrine system. 

. The processes resulting.from sunlight 
' absorption as it goes through the mass of water 
give rise to two distinrt regirn;is in lakes: in the 
first, illuminated or euphotic, producer 
(responsible for the synthesis of food) and 
consumer organisms are dominant whereas 
the region. below, a'photic or dark, is 
characte{rized by decomposing organisms, 
typical y bacteria responsible for the 
mineralization of organic molecules. This 
second region is therefore the main site of the 
nutrient recycling processes where mineral 
elements become available to the organisms. 

The phenomenon of therm a I 
stratification of the water column is of 
fundamental importance for the metabolism 
of lacustrine systems. This phenonienon 
derives from differential heating as the higher 
water levels oflakes and r~servoirs are exposed 
to more intense solar heating. As a result, 
three distinct levels can be found each with 
different densities: a superficial level, warmer 
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and less dense, named epilimnion; a deep 
level, colder and denser, named hypolimnion: 
and an in'te·rmdeiate region, named the 
metalimnion (figure 2). 

The time and duration of the 
stratification period depend primarily on 
climactic conditions . Thus, it is in the 
summertime that lakes remain stratified 'in 
temperate regions whilf destratification is 
verified in spring and fall. The full circulation 
of the wateroolumn takes place in daily periods 
(24 hours) in

1 

the majority of Brazilian lakes 
with stratification during the day (from heating 
of the superficial level) and destratification at 
night time due to cooling and wind action . 
This pattern of operation is typical of the 
majority of lakes of the Amazon region, of the 
Pantanal in Mato Grosso and the lagoons and 
lakes alopg the Brazilian coast. The latter ones 
are bei ·ng ~xtensively studied by scientists 
from the Limnology Laboratory of the 
Department of Biological Sciences of the 
Federal University of Sao Carlos. 

The wind action is generally insufficient 
to break up the differences in density and to 
achievedestratification in the deeper Brazi I ian 
lakes. It is then observed that they remain 
stratified in spring, summer and fall and 
become destratified in winter. This is the case 
of the Po~o Verde Lake in the city of 
Coromandel (MG) presently under study by 
the team of the Fedeial University of Sao 
Carlos. 

The nutrients produced by 
decomposition accumulate in tne hypolimnion 
due to the stratification of the water column . · 
The euphotic zone becomes depleted 'at the 
same timegeneratinga reduction of the primary 
productivity of the system in most cases. The 
exchange of energy and matter is restored by 
the circulation of the water column 
(destratification). and the nutrients 
accumulated during tbe previous period are 
transported to the euphotic region where the y 
are again absorbed by the algae . 

Thousands of years may pass before a lake 
displays ideal conditions for the proliferat ion 

. of fish and exhibits higher aquatic plants like 
the ones floa ting on the water surface. The 
conditions are then referred as changing from 
oligothrophic to eutrophic in the· language of 
limnologists in a process known as 
euthrophication or natural aging . The agents 
of natural euthrophication can be identi fi ed in 
the nutrients brought about by rains and 
superficial water which erodes and washes the 
surface of the land. However, man has also 
learned to reproduce the natural process 
through what is called artificial euthrophication 
or accelerated anthropic euthrophicati on. 

Tbe recreation of controlled -euthropic 
conditions may be desirable for the case of 

pisciculture since it allows the multi plica ti on 
of algae which ultimately serve as food fo r 
microcrustaceans. These, in turn, become the 
food of the larva of the majority of fish. Cases 
of artificial euthrophication have been known 
for decades. European fish farmers had already 
made use of this technique in the last century 
to increase produ'ctivity of tanks and lagoons 
dedicated tothecs,mmercial breeding of trouts 
and other fish . 

Nevertheless, natural euthrophication 
has been aggravated in the last decades as a 
result of the dumping of domesticand industrial 
effluents on lakes and rese'rvoirs and of 
drainage from cultivated areas with chemical 
fertilizers . This process is spread worldwide 
(figure 3) due . to the 'industrialization of 
fertilizers and cleaning products based on 
synthetic components ( especial I y phosphorous 
compounds). 

Many otherroutineactivities of modern 
life also generate euthrophic agents like 
phosphate, ammonia and nitrate . These 
substances· are directly related Jo the 
_photosynthetic process of algae and higher 
aquatic plants since they belong to the structure 
o f many important compo ne nts of the 
metabolism of vegeta l cells like adenosine 
triphosphate and the proteins. These nutrients 
are considered to be the main limiting factors 
of growth of aquatic vegetals because they are. 
generally found in very low concentrations in 
aquatic media. Thus, a rise in their 
concentration ·levels leads in most cases to 
growth of algae and higher aquatic plant 
populations, especially those of the floating 
variety li ke the ·water lettuce (Pistia sp) and 
the water lilly aguape (Eichhorniacrassipes). 

Artificial euthrophication is generally 
rel ated-to some form of pollution but the two 
must not b·e mistaken. Pollution has an a I most 
immediate negative effect on aquatic 
organisms while artificial euthrophication 
becomes apparent only after many years. It 
can be viewed as a chain reaction with well 
defined causes and effects causing as an end 
result a rupture in the ecological bal~nce since 
the system produces more organic material 
than it can decompose. This ecological 

. imbal ance provokes radica·I changes in the 
metabolism of the whole lacustrineecosystem 
(figure 4) : The main modifications arise from 
physico-chemical conditions ·(increase in the 
nutrient concentration, signific~nt changes in 
pH in short periods of ti me, increase 
concentration of gases like methane and 
hydrogen sulfide) and biological conditions 
(changes in the diversity and density of 
organisms). 1 

A rise in the nutrient concentration 
implies in an increase in the density of algae, 
in qualitative cha,nges like the appearance of 
riew species and the disappearance of others. 
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High populational densities of algae can be 
observed in the hottest months of the years in 
artificiallyeuthrophiclakes. This is particularly 
true of the blue varieties (cyanoficeans) like 
thegenusOscillatoria;Microcystis,Anabaena 
and Aphanizomenon which display a 
characteristic blossoming during the process 
of artificial euthrophication. In this stage, 
water _from the lacustrine system becomes 
unsuitable for domestic use especially due to 
the large quantity of toxic and smelly 
substances secreted by algae which persist 
even after the use of sofisticated methods of 
purification. In the coastal region, the intense 
growth of fibrous algae •inhibits algae 
penetration in the water and causes the death 
of the younger forms of aquatic plants rooted 
in the sediment. These are exactly the ones 
which could provide an adequate site for fish 
to spawn and for the proliferation of organisms 
useful as food supply for the fish. . 

The increase in production of animal 
and vegetal organic material due to artificial 
euthrophication bears direct relationship to 
the increase in the quantity of organic waste 
(dead organic material). The decomposition 
of this waste by microorganisms consumes 
large quantities of oxygen. Under these 
conditions, other gases such as methane and 
hydrogen sulfide are produced as a result of 
the activity of anaerobic bacteria. These are 
highly poisonous gases for aquatic organisms 
and particularly for fish. For example, 
hydrogen sulfide directly affects hemoblobin 
reacting with the active site of this molecu_le to 
form a complex (sulfohemoglobin) that 
prevents the assimilation of oxygen. Death is 
produced in fish and oth_er organisms by 
asphyxiation, a fact which is not rare in .the 
Rodrigo de Freitas Lagoon in Rio de Jarieiro 
and in others. The lack of oxygen also favors 
the release of ions (atoms Where electrical 
neutrality has been disrupted) deposited in the 
sediment. Among them, orthophosphates can 
reach the eup~otic zon~ by diffusion where 
they are asimilated by the phytoplankton and 
further contribute to the process of · 
euthrophication. 

The final stages of the artificial 
euthrophication process finds the lacustrine 
ec;osystem characterized by low depth, water 
co'lumn with high oxygen deficit, dead 
organisms floating on the surface and large 
quantities of"mattresses" of algae adrift. These 
characteristics signify that the ecosystem is 
agonizing and that it can only be saved by 
large investment and the use of modern 
technology. Several of the reservoirs attached 
to dams and natural lakes · in Brazil have 
already reached this stage, and in particular 
most of the reservoirs in the State of Sao 
Paulo; Pampulha (Belo Horizonte) and the 
Santa Lagoon in Minas Ge'rais. The artificial 
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lake of Paranoa (Brasflia), which also acts as 
a dike,hasalreadyreached this stage.Technical 

. studies have shown that approximately 70% 
(81.6 tons) of phosphates which reach that 
system come from domestic sewage. 

The team from the Federal University 
of Sao Carlos has been able to verify the 
intense, process of artificial euthrophication of 
the State of Sao Paulo reservoirs. Those 
impoundments derived from the Tiete River 
are particularly enlightening. The study was 
based on water analysis, on the communities 
living in such an environment and on the 
sediment. The data reflect present conditions 
as well as those · existent in the .past. The 
analysis of sediments, particularly the vertical 
profiles, have made it . possible the 
reconstruction of the historical evolution of 
the ecosystem. 

The profiles of a total of 17 reservoirs 
were studied. The analysis of organic carbon, 
phosphate and pheopigment (degradation 
products of chlorophyl) concentrations, all of 
them strong indicators of thedegreeof artificial 
euthrophication, show that the impoundments 
at Bariri, lbitinga, Volta Grande and Barra 
Bonita are in an advanced stage of artificial 
euthrophication. Similarresults were obtained 
for the Santa ·Lagoon . 

The lagoon's in the region of Lin_~ares (ES), 
and specifically those of Meio, Aviso, Piaba, 
Arural and Testa, were also studied by the 
Federal University of Sao Carlos team: Those 
ecosystems, formerly high producers of fish 
and crustaceans for the local population, have 
become hyper-euthrophized environments 
with low fish productivity and unsuitable for' 
recreational activities. Furthermore, they have 
become a dissemination center for diseases 
and thus a source of serious social problems. 

It is thus essential that the sources of 
artificial euthrophication of lakes and 
rt:servoirs have their efficiency reduced to a 
minimum or be eliminated in time to avoid 
•·premature aging" or death of the ecosystem. 
All' the methods aimed - at controlling this 
process have as an objective the reduction in 
the supply of nutrients. These include the 
construction of canals for detouring the 
effluents conta,ining euthrophic agents, the · 
use of floafrng aquatic plants, the treatment of 
effluents and the· elimination of phosphates 
and nitrogen compounds. 

The construction of canals for capturing 
water drainage is more efficient for small 
lakes. The captured effluents are then sent to 
another canal of higher water circulation and 
smaller residence time. This relatively efficient 
and inexpensive method can be especially 
recommended for urban and suburban lakes. 
The use of aquatic plants, li.ke the aguape, is a 
more recent attempt in the control of 

euthrophication and even as a method to clean 
up lacustrine systems. Nevertheless, the lack 
of son~e preliminary basic research on these 
plants has led to highly contradictory results. 
Some experiments with aguape have shown 
this plant !O be efficient in the elimination of 
ph_osphates, ammonia and nitrate, whereas in 
other cases the results were notsa tis factory. In 
short, it is known that the th~se plants have a 
limited capability fot absorption of nutrients. 
As in other plants, a point of cellularsaturation 
is reached after which the rate of absorption is 
greatly reduced and becomes minimal. 

The pr.ocess of de-euthrophication can 
only succeed if all t_he vegetal biomass is 
eliminated. Otherwise, decomposition of the 
biomass would result in the return of nutrients 
and would tax again the ecosystem . In most 
cases, the capacity for biomass production by 
aqua ti cpl ants is less than the.quantity necessary 
for the elimination of even a small part of the 
nutrients which reach the lake. While 'the use 
of plants for the process of reverti'ng the 
euthrophication of lakes is theoretically 
feasible, its actual application in practical 
cases is limited. The treatment of effluents in 

. special stations is the most adequate and" 
efficient method. For example, the treatmeqt 
of sewages is accomplished in three stages: 
mechanical, biological and chemical.1he latter 
is very important because phosphate can be 
eliminated by as much as 90% through the 
addition of chemical compounds based on 
iron and.aluminum. Nitrogen compounds can 
beeliminated in the form of ammonia through 
an increase in pH. 

The presence of large and dense urban 
centers demands increasing amounts of water 
for consumption and for recreationa/ facilities. 
Almost all human activities are nowadays 
related to continental aquatic environments. 
In this way, limnology takes on a vital role in 
modern society and limnologists becbme 
essential to thedevelopmentof many activities. 
Given the serious and undesirable · 

, consequences of artificial euthrophication, 
policies will have to be adopted to avoid it or 
at least to slow down these processes. 
Otherwise, the potential economic and 
especialjy ecological damages for future 
generations are beyond the imagination. The 
concern with the upkeep of the natural qualities 
of ~ontinental watei:s becomes more evident 
when it is considered that only 15% of all the 
water in the biosphere is fresh water available 
for human needs and that the only known 
means nowadays to increase thi~ amount is by 
desalination, a very costly and not always 
feasible process. 

The slowdown in euthrophication 
processes is therefore an important socio- , 
political task. The scientific community~ and 
limnologists in particular, have the duty to 
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detect and evaluate them and to propose 
policies for their ~ontrol. Politicians must 
make every effort to create laws to implement 
these policies. (The cre,ation of specific laws 

in Scandinavia ·and Canada has ·resulted in a 
·decrease in the pol iphosphate content of 
detergents and powdered soaps which had a 
positive effect in the drastic reduction of_the 

number of cases of euthrophication). Finally, 
the government has the responsibility to enact 
these laws and to encourage the community to 
make rational use of the lacustrine ecosystem. 

NUMBERED FIGURES (see Eco-Brasil pp.48-53) . 

Figure 1. Different compartments of a lacust_rine ecosystem showing 
their communities and inter~relationships. nutrients 
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Figure 2. Patterns of thermal stratification and destratification in a 
deep tropical lake (Po~ Verde, MG) and. in a shallow lake (Iodada 
Lagoon, RJ). 
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Figure 3. Simplified scheme of artificial euthrophication responsible 
for fast modifications in the equilibrium of the lac~strine system. 
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Figure 4. Consequences for the lacustrine ecosystem of the process of 
artificial euthrophication. 
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II ENSO AND THE CLIMATE IN BRAZIL 
. ' . II 

Lob.: Carlos Baldicero Motion · 
Instituto de Pesquisas· &pacia_is 

Abnormal. ~Iterations in our planet's atmospheric conditions have occurred in recent years, causing damage to human beings and 
their activities. These are the effects of ENSO, the phenomenon which severely affects Latin America. Qualitative weather forecasts are the ' 

means to face it. ' ' 

The . variations in pluvial· prec1p1tation precipitation again caused floods in Brazil, 
indexes are one of the most impo'rtant mainfy in the . southern -and_ southeastern 
meteorological parameters, especially when · regions. Once again it is impossible to quantify 
dealing with tropical regions . A series of ·precisely the amount of socio-economic 
activities - starting with agricultural and damage. Nevertheless, it is known that the 
hydrologic, of which· so many others depend number of deaths wa~ large and the financial 
on - are closely related to the rainfall regime iosses amounted to billions of dollars. 
and aresever-ely.affected by.droughts orf19ods Pluvial precipitation,is directly related 
which result from reduction or increa~e of the to convections. These are upward motions of 
precipitations. To what may we attribute the humid air, resu.lting from the occurrence of 
well-known variation which this meteorologic - lower atmospheric pressure near the Earth's 
parameter has shown in r~cent years? surface, as either the result of the warming of 

El Nino, the great- villain of climatic . theairasitcontactsthesurfaceoroftheacti·on . 
catastropheswhidfliaveinflictedsufferingon of transient atmospheric systems, which are 
our planet, has had much coverage on both TV essentiallydynamic,suchas the frontal systems 
and the printed press. However,theatmospheric (the cold fronts) . On theotherhand,convections 
circulationvariationsonaglobalscale,which are controlled - intensified or inhibited - by 
9etermine such ·anomalies, may only be general atmosphericcirculation,a global scale 
understood if we take into consideration the phenomenon resultin-g from · comple~ 
joint action of the El Nino with another interactions between the planet and the 
important phenomenon, the "Southern --.. atmosphere (see Ciencia Hoje, n". 18). 
Oscillation", the so-called ENSO(seeCiencia .One of the most spectacular 
Hoje, n" 25, p. 20}. ' manifestations of the annual variation of thi•s 

· The m,onths between Feoruary 1982 general circulation is the previously mentioned 
and October 1983 were marked by an ENSO, Southern.Oscillation. ltisa typeofbarometric 
consideredoneofttiestrongesteverregistered see-saw with two main action centers: one of 
and whose effects was felt worldwide. _In them located over Indonesia and Northern 
Brazil, while subtropical regions were 
devastated by large periods of droughts, 
tern pera te la ti tu des suffered from catastrophic 
floods. In the Amazon region , during January . 
and Fybruary a 70% decrease in precipitation 
was registered; in the Northeast the reduction 
verified forthewholerainyseason was greater -
than 80%. Since the country does not have 
updated agric;ultural statistics, it is d ifficult to 
quantify the losses caused by these anornalies. 
Figure 1 lists the 'number of victims and the . 
damages registered in several parts of the 
world in the sa.me agricultural year. In 
Australia, for instance, the financial loss added 
up 2.5 billion dollars. · · 

In 1983 and 1987 excessive 
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Australia, and the other over· the Eastern 
Pacific, close to the west coast of South 
Am~rica. 

The waters of the_ West Pacific (the 
region of Indonesia and Northern Australia) 
a·re normally warmer' than those of the eastern 
portion of the Pacific. For this reason, it is 
commo

1

n for lower atmospheric pressure to 
· occur there close to the surface and, 
consequently, convections, which cause 
abundant rainfalL The air, which rises . to 
approximately 10 km in that region, tends .to 
shift, descending slowly over the Central and 
Eastern Pacific. This descending motion of air 
in the atmosphere, called subsidence, causes 
the rise of atmospheric pressure near ·the 

surface. This type of ai'r movemen.t is called 
Walkercirculationcell,in honor of the English 
meteorologist Gilbert Walker, who presented 
the first report of ·such coupled variations in 
the field of atmospheric pressure. 

· The Southern Oscillation is represented 
by an index(SOI) which expresses its intensity 
and phase. The SOI is deter,mined by the 
,difference between tne deviations of 
atmospheric pressure at the sea level (PSL) 
recorded by the meteorological stations in 
Darwin, Australia ',and in Tahiti,_the two action 
centyrs s~own in figure 2. In oth~r_words,'the 
SOI is given ·by the Tahiti PSL minus the 
Darwin PSL. 

The positive phase of the Southern 
Oscillation occurs when the Eastern Pacific · · 

. high pressure system and the low pressure 
system in Indonesia intensify:_ Accordingly, · 
when the Tahiti PSLrises above its mean a'L 
the same time the Darwin drops to below its 
own PSL, the result is a positive SOI. Under . 
such c_onditions, th~ upward air movements 
intensify, convective activity increases and, 
consequently, precipitation increases over 
Indonesia and Northern Australia. 

Sim ul taneousl y, the convective act,ivi ty 
0ver the ·- Amazon and Northeastern Brazil 
inc~eases. The air that rises in these regions 
'cleceQd over the Central-Ea-stern Pacific regi~n 
as wel_l as over the whole subtropical Atlantic 
region, contributing to the increase of the-SLP 
and-inhibiting rain cloud formation in these 
regions, i.n a movement that shapes another 
Walker circulation cell (figure 3). 

During the pQsitive· phase of the 
Southern Oscillation, the increase in the 
horizontal pressure gradient - that_ is, the· 
SLP between East and West Pacific ~ 
intensifies the southeastern trade· winds. As a 
result, th~re is an accent.uated water flow 
toward the west , which provokes the 
resur~ence phenomenon, that is, the surfadng 
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of colder waters, from the west coast of South 
America to the central Pacific region. 

In the negative phase, the low pressure 
system in India and in Northern Australia, ~s 
well as the high pressure system in the Eastern· 
Pacific area, weaken. The horizontal SLP 
gradient decreases and, consequently, trade 
winds lessen in intensity and sometimes invert 
their direction in East Pacific. With this, tht 
water flow and · resurgence lessen, which 
causes a series of oceanic phenomena, among_ 
which the Kelvin waves are the most 
noteworthy. These waves within the ocean 
move quickly from West to East P~cific, 
causing rapid heating of surface waters near 
the west coast of South America. 

It is this abnormal heating of the ocean 
surface in this region that forms the El Nifio 
(the Child Jesus in Spanish), baptized as such 
because it occurs near Christmas time. The 
intense convection moves over the 
anomalously heated water, completely 
changing the configuration of the Walker 
circulation. Theairwill descend over Australia 
and Indonesia as well as over the Amazon 
region and Northeastern Brazil, causing lack 
of rainfall. 

According to Vernon Kousky and 
Iracema Cavalcanti, the tendency of the El 
Nifio phenomenon occuring in the Southern 
hemisphere's summer indicates that the 
seasonal cycle has an important role in the . 
Southern Oscillation. If the trade winds are 
stronger than normal during a summer, the 
West Pacific waters will heat up because there 
will then be 18 consecutive months of strong 
trade winds. When these winds weaken the 
following summer, favorable conditions for 
an El Nino are created. If the winds remain 
weak during the winter, there will be a period 
of 18 months of weak winds and this could be, 
therefore, the length of the El Ni fio 
phenomenon. 

El" Nifio occurrences have always been 
economically disastrous for the west coast of 
Latin American countries, especially their 
damage to the fishing activity, an important 
money source for the area. As long as the 
event persists, thesurfacingof colderwater
resurgence - decreases, or simply does not 
occur, drastically reducing the amount of fish. 
This effect is so noticeable thattheexamination 
of fishing industry records allow us to 
reconstructa time line of El Nifiooccurrences 
since 1725. Since the Southern Oscillation 
and El Ninoarecorrelated,a more trustworthy, 

.data series is one that also takes i_nto account 
1 atmospheric pressure registered at the Darwin 
and Tahiti stations. A statistical analysis of 
this series done by William Quinn and 
collaborators indicates that, at intervals of 
seven to eight years, there is a 35% probability 
of an El Nino occurrence. This probability 
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rises to nothing less than 82% at 15-16 year 
intervals. 

The origin of the phenomenon-whose 
physics are now well known - has not been 
·discovered. The majority of scientists have 
agreed that the ENSO is the result of the 
coupling between the ocean and the 
atmosphere, but the primary cause of the 
change of the negative phase to the positive 
and vice-versa has not yet been explained. The 
ocean-atmosphere coupling alone could not 
explain the oscillation of the phase because 
the viscosity of the fluids would tend to bring 
them to rest. Therefore there must be a factor 
outside the system which is the prime cause of 
the ENSO. 

One of the hypothesis current! y 
consi-dered is that this determining factor_ are 
the small variations in the Earth's rotation. 
Indeed, a concomitance has been observed 
between a strong ENSO and a slight increase 
in the length of day (to the order of three 
millisecc)nds). Another hypothesis is that the 
ENSO is the result of underwater releases of 
large quantities of heat caused by magma 
ejected from active volcanoes on the ocea.n's 
bottom or by other processes related to the 
underwater Pacific mountain ridges that are 
relatively · closer_ to the South American 
continent. The heatedwaterwould take around 
10 to 15 days to emerge and raise surface 
water temperatures. This he3ting, in turn, 
would act on the ·atmosphere setting off the 
entir~ process. 

The 1982-83 El Ni fio, which had remarkably 
high sea surface temperatures (figure 4), 
caused great climatic anomalies throughout 
the world. In Brazil, the three-month periods 
of March-May and June-August 1983, the 
entire South and Southeast had rainfall that , 
exceeded normal levels by more than half the 
standard deviation (figure 5) . Pluviometric 
indexes for the city of Sao Paulo, in May, 
increased · more than 300%~ while those of 
Lajes in the state of Santa Catarina exceeded 
the normal ,by more tha ·n 650% in .June. 

According to Kousky and Cavalcanti, . 
excessive precipitation was caused by frontal 
systems, which were blocked and remained 
stationary in great activity in these regions for 
a long time. 

Normally, the frontal systems that 
penetrate South America advance rapidly to 
the equator. When the subtropical-jet streams 

· - whose maximum wind velocity is at the 
higher troposphere, at approximately 10 km/ 
altitude-are more intense than normal, they 
block the movemen't of the fronts which are 
thus held south of the jets. In.this case, strong, 
convective activity, associ-ated with the fronts 
brings abundant rain. ' 

In El Nino years, the jets intensify. In 

fact, in the three-month periods of March
May and .June-August 1983, a jet whose 
intensity was four to five times above normal 
was observed . The resulting block of 
atmospheric flow over the East~rn Pacific and 
South America, caused the cold fronts to 
station themselves above the South and 
Southeast regions of the country. As a result of 
this same atmospheric pattern, the North and 
Northeast areas suffered their most severe 
drought in 20 years. 

If the neg~tive phase of the Southern 
Oscillation is rela~ed to El Nino events, the 
positive phase (positive SOI) is correlated to 
an opposite event, to which the name Anti-El 
Nifio, or La Nina, was given. In this case, 
atmospheric pressure rises above normal in 
Tahiti and drops in Darwin. The stronger 

, horizontal pressure gradient intensifies the 
trade winds, resurgence increases and the 
surface waters in the East and Central Pacific 
become.colder than normal (figure 6). Under 
these circu~stances, convective activity over 
the Amazon region and the Northeast increases 
and, with it, thetotal precipitation increases 
as well. 

The-Hadley cell in turn - the southern 
componentoftroposphericcirculation between 
the equatorial and tropical regions - has 
downward movements of air, intensifying over 
,the Southeast and South of Brazi_l stretching 
out over Paraguay, Uruguay and Northern and 
Central Argentina. This fact associated with 
the blocking of the atmospheric flow which 
occurs over the East Pacific region, inhibits 
convection and reduces precipitation over these 
regions. 

Typical Anti-El Nino occurrences took 
place in 1Q78-79, 1985-86 and 1988-89. In 
October 1985, for instance, the pluviometric 
indexes for the city of Sao Paulo dropped 
88%, while in Santa Maria and Cruz Alta, in 
the state of Rio Grande do Su'i, reduction was 
respectively 45% and 81 %. In 1979 and 1986, 
in the month of .January - when adequate 
rainfall is decisive for a good soybean crop in 
Rio Grande do Sul -the reduction in rainfall 
reached 70% in Cruz Alta and 67% in Porto 
Alegre (figure 7). 

Due to the scarcity of weather stations 
the analysis of precise pluviometric 
precipitation indexes does not always reflect 
the magnitude and extension of the convective 
activities and rainfall linked to the ENSO 
phenomenon; even in the Southern and 
Southeastern regions. In collaboration. with 
.Jose Carvalho de Moraes, I correlated an SOI 
series with the flow of several rivers in South 
America. Tbis study covered a period of 76 
years (1901-1976) and was based on SOI 
series gathered· from data furnished by the 
Tahiti and Darwin stations and outflow 
measurements of the Parana river in C.qrrientes, 
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Argentina. Considering only the extreme 
events, we obtained a correlation of -0.74, 
which shows that extreme flows are negatively 
SOI correlated: if this SOI is highly positive, 
the flow is below normal and vice-versa. 

The physical explanation possible for 
this fact is that positive SOi's are re lated to 
upward movements over the Amazon region 
and centra I Brazi I. Consequent! y, the. 
descending of the Hadley cell intensifies, 
causing a rise in the a tm ospheri c pressure over 
the Parana basin, thus reducing rainfall and 
outflows. On_ the other hand, negative SOi's 
(El Nino) are associated with downward air 
movements over the Amazon region and 
central Brazil. High atmospheric pressures 
resulting from this subsidence block or impede 
the propagation of frontal systems which hover . 
over the basin, producing high pluviomefric 
totals and gr_eater than the normal flows. 

Air temperature, which is not a limiting 
factor for agriculture in most of South America, 
greatly influences farming activities ·in 
Southern and Southeastern Brazil. In El Nino, 
years (negative SOI), winter tends to be more 
humid and mild, while in Anti-El Nino years 
(positive SOI) the contrary occurs: the seaSOfl 
is drier and c.older than normal, such as the 
winters of 1955 and 1988. 

Being a pbenomenoq of large spatial s'cale, 
the El Nino-Southern Oscillation affects 
atmospheric circulation . Its globe girding 
climatic disturbances, interfere severely in 
man's activities. Its negative phase (El Nino) 
is generally associated with dry periods in the 
tropical regions and w~rm and humid periods 
in the extra tropics . The positive phase_ (Anti
El Nino) is characterized by opposite events: 
humid periods in the tropics and dry and cold 
in other region. In Brazil, due to its territo~ial 
extension, both sides of the phenomenon are 
observed: we have droughts in the Amazon 

region and in the Northeast, and excessive 
rainfall in the South and Southeast in )31 Nino 
years and the opposite in Anti El-Nino years. 

Due to the persistent nature of the 
phenomenon - an event may last as long as 
18 months-it should be:possible to forecast 
its climatic consequences beforehand, at least 
qualitatively. Mark Cane, for instance, says 
that it is possible to forecast an ENOS event a 
year ahead. . -

Moreover, it is wise to consider that 
since it is during summer and autumn that the 
(?OUntry's agricultural and hydrologicactivities 
have greater economic importan·ce, spring 
precipitations are decisive for the soil to recover 
its moisture and the reservoirs to fill up. Using 
data covering a period of 41 years, Vladamudi 
Rao and Kioshi Hada studied the correlation 
between SOI and rainfall at some stations in 
Brazil. As figure 8 shows,· higher an·d more 
consistent - simultaneous correlation 
coefficients were obtained with the Rio Grande 
do Sul data. For the three-month · period of 
September-November, they were higher, in 
absolute value, than -0.6; therefore, the 
precipitation during these months is below 
normal when the firsttrimesterSOI is positive 
and vice-versa. Another region of maximum 
correlation - positive in this case - is the 
Trombetas basin, in Western Para. 

In order to test the SOI as an effective 
forecast indicator, the above-mentioned 
authors made 'lag l ' correlations: To do so, 
they took the SOI (J une-August)bfthe preyious 
quarter and correlated it with spring 
(September-November), which also presented 
i mportantva lues. These results are encouraging 
because the September-November quarter is 
the planting a.nd crop planning period. It is 
also the beginning of the hydrological year, 

, when dam operations demand critical 
decisions,such as the bleeding of reservoirs or 
the allocation of reserves until the rainy season. 

Therefore, it seems that constant monitoring 
of conditions in the Pacific and of the SOI in 
the June-August quarter makes it possible to 
de~tect the event 's phase and, theoret(cally, 
make qualitative rainfall fo~ecasts fo11 the 
following quarter (September-November), 
early enough to make decisions . 

If it becomes possible to make forecasts 
(obviously qualitative) one year in advance, 
the plannin·g of man 's activities will benefit 
~normously. Agriculture carried out on the 
scale as it is in Brazil today cannot remain at 
the mercy of irregular climatic fluctuations, 
principally those of rainfall. Just the states of 
Rio Grande do Sul and Parana, for example, 
produce an average of eight million tons of 
soybeans: the equivalent of 2.5 billion dollars. 
Another example is hydroeletric power 
generation, which involves more millions and 
is an important oil-saving factor. 

Obviously, meteorologistscannotavoi~ 
or modify climatic anomalies like those we 
have described. However, they can, through 
studies a'nd forecasts, contribute tow~rd 
minimizing their effects . National Institute 

· for Spatial Research (Inpe), in ~ao Jose dos 
Campos, in the state of Sao Paulo, recently 
created its Center for Forecasting and Climatic 
Studies ( CPTEC). The center, in col I abora tion 
with the Center for Climate Analysis (CAC), 
a department of the· National Meteorologic 
Center (USA), already has the know-how and 
adequate conditions to carry out continuous 
monitoring of Pacific Ocean atmospheric 
conditions. When theCPTEC'ssupercomputer 
goes into operation, we wi 11 be able to si mutate 
climaticvariations numerically and, using the 
information at our disposal, reach the 
achievable limit in, atmosphere predictability. 
We will then be able to-forecast; for example, 
the intensity of the rainy season two or three 
months ahead - information that will bring 
great socioeconomic return to our country. 

NUMBERED FIGURES (see Eco-Brasil pp.54-61) 

Figure 1. Losses ·caused by El Nino, 1982-83. 
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Northern Argentina evacuated 
and Eastern Paraguay floods 170 deaths 3 billion 

Bolivia floods 50 deaths 
2,600 homeless 300 million 

Tahiti hurricane · 1 death 50 million 

Australia droughts and 71 deaths 2.5 billion 
fire 8,000 homeless 
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Indonesia droughts 340 deaths 

Philippines droughts 

Southern India 
and Sri Lanka droughts 

Southern China excessive rain 600 deaths 
Middle East 
principally 
Lebanon cold and snow 65 deaths 

Southern Africa droughts 

Iberian Peninsula 
and Northern Africa droughts 

Western Europe floods 

disease and 
famine 

25 deaths 

500 million 
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Figure 2. Isolines for correlation coefficients (xl0) of annual 
atmospheric pressure averages at sea level between Darwin (12 S; 130 
E) in Northern Australia, and stations selected around the world. 
Observe the high negative correlation over the central-Eastern Pacific, 
represented by the Tahiti station (17 S; 150 W) in French Polynesia. 
The opposite signs in the correlations indicate alternation in the 
atmospheric pressure field, the so-called bar~metric see-saw. Also 
note that South Ameriqi has low correlations, positive in the Northern 
regions and negative in the Southern, which suggests the existence of 
another see-saw over the continent, this time in the north-south 
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direction. 

Figure 3. In (a) Walker circulation graph for a normal year, with three 
distinct cells over Africa, South America and, Indonesia/Northern 
Australia. In (b) the same circulation in a strong El Nino year. The 
upward arrows show therisingair movements that rise up to 10 km and 
shift, descending over the subtropical oceans. 

. Figure 4. Sea surface temperature anomalies for December-February 
1983, year of a strong-El Nifio. · 

Figure 5. Precipitation deviation isolines returned to normal by the 
sta,ndard deviation for the three-month periods of March-May (at top) 
and June-August 1983. 

Figure 6. Anomalies in the sea surface temperature linked with Anti
El Nifio, for the three-month period: September-October-November 
1985. 

Figure 7. Soybean yield in Rio Grande do Sul and cultivated area for 
1970-71 to 1985-86. 

- cultivated area 
- yield 
- dry year 
- very dry yea_r 

Figura 8. Isolines of simultaneous coefficients between the Southern 
Oscillation Index (SOI) and the pluviometric index for Brazil for the 
September-November quarter. 
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CACTACEAE: 

THE SECRET OF SURVIVAL 

Carlos Toledo Rizzini 
Jardim Botanico do Rio de Janeiro 

Endowed with peculiar features, the cactaceae present remarkable anatomical, morphological and functional characteristics. Because 
of these they attain quick absorption rates, high levels of retention ~nd minimal consumption of water, captured from rain or dir~ctly from 
the air. In some species even the thorns are part of the hydric supply renewal system, helping in their adaptation to hostile environments. 

The cactaceae are found from Alberta, 
Canada to the cold Patagonia, in the far South 
of Argentina. Most of them live in dry, 
predominantly mineral and often stony, sandy 
and even clayey soils with little humus. Many 
of them are saxicoline that is, grow on stony 
soi Is oron rock cracks, such as theM elocactus 
and th·e Coleocephalocereus. This is true both 
for plateaus up to 3,000 meters as for coast, 
sites which receive intense solar radiation, 
thus being highly actinic. The paradox is that 
such succulent (with extremely developed 
acquiferous parenchyma) and xerophilous 
(resistant to the absence.of water) plants also 
grow in rain fore~ts which are wet and shady, 
althbugh in smaller numbers. Examples are 
the Strophocactus, the Zygocactus,. the 
Schlumbergera and the Epiphyllum. 

No one kriows for sure how many 
species make up the family because while 
some are submerged in synonymy others 
emerge with new taxa. Personal counts, as 
close as possible to reality, revealed that the 
cactaceae family comprises of approximately 
239 classes and 3,300 species. Curt Backberg 
ind_icated in 1966, 233 classes and 2,797 
species. 

Approximately half of the classes a,re 
found in Mexico, roughly the same as i·n South 
America and around 1/4 as much in the United 
States. Most classes and species from North
America are different from those inhabiting 
our continent. A remarkable exception is the 
fact that the Pilosocereus ulei, endemic in the 
Cabo Frio (RJ) region, and theP. cenepequei, 
endemic in Pedra Azul (MG),are more similar 
to the .Mexiqin representatives than to the 
native Brazilian species in general. When a 
class is common to the Southern and Northern 
hemispheres,sometimes the numberof entities 
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differs. AccordingtoHelia Bravo, for example, 
there were 134 species of the Mammilaria 
class i·n the Northern Hemisphere and only 
two in South America; on the other hand, the 
Rhipsalis genus has four species there and 59 
here. The Opuniia, however, is distributed in 
a rather equitable manner throughout both 
hemispheres. 

According to our findings, succulent 
vegetables adopt en'!_irnnments which vary 
from deserts and barren -rocks lit by the sun to 
the interior of rain forests. Ecology is not 
responsible for their organization, except for 
one factor common to all those environments: 
the irregularity of the water supply. In fact, be 
it a desert or a forest, w;iter distribution is 
subject to a strong instability-in the deserts 
because it almost does not rain; in the forests 
because such plants live under trunks and 
stones where water does not stay. Therefore, 
eP.iphytesandrupicolous plants can only absorb 
water when it rains, paving then, of course to 
·store it. · Rain forests however go through 
several sunny and extremely hot days, _with . 
three months of drought per year. This is why 
the succulence is, paradoxically, a common 
featur~ to very dry and very wet regions. 

Cactaceae are relatively few, in dense 
and wet forests (110 species), but kilophites 
(succulent_vegetables) from other families are 
numerous, among them the piperaceae, the 
orchidaceae, the gesneriaceae and the 
loranthaceae. In fact, forest cactaceae should 
not b~ called xerophilous but mesophillum 
because, although subject to the lack of 
available or useable water, the forest 
environment is essentially wet. 

The existence of roughly four species 
in the Old World, all from theRhipsalis genus 
is surprising. The most common species, found 

in tropical Africa and in Sri Lanka, is the R. 
cassutha, precisely the . most common 
American species. It is logical to suppose that 
the plant was introduced inadvertently there 
and became ~ubspontaneous. On the other 
hand, there are four species which are only 
found in Madagascat,andareconsidered native 
to this large island with peculiar flora, including 
plants which are typical from the New World' 
like Rhipsalis coralloides, R. suareziana, R. 
saxicola,andR. madagascariensis. Something 
similar happens with the bromeliae. They are 
all Americans except one - Pitcairnia 
feliciana-theonly plant of this 2,lO0species 
family found in a single location in Africa, in 
the gulf of Guinea (see CienciaHoje n°14and 
21). 

With fe~ exceptions, the ~ctaceae live in 
dry and sunny places. Only six classes have 
leaves . Thorns are always present, except in 
wild species where they are rudimentary. W~at 
differs the cactaceae from all other vegetables 
are the areola: special points where thorns and 
hairs are fixed and from where flowers emerge. 
Areola represent the generators or branches 
w _hich could hot develop and remained stunted 
and strongly modified. 

A series of morphological and 
physiological adaptations allow. the cactaceae 
to survive in places with poor supply of 
nutrients and ·water, under intense solar 
radiation and high temperatures. Such. 
adaptations give them very peculiar features, 
rendering them very different from other 
plants, which explain the fascination they 
exert over botanists, collectors and gardeners. 
Thanks to those structural and functional 
devices, cacti are able to consume and to lose 
a minimum amount of the _water they store. It 
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is enough to say that they store carbon with 
closed stomata during the day - as opposed 
to common vegetables - without using 
carbonic gas from the air (see, "A remarkable 
adaptation"). · 

As to the succulence and xerophyly, 
these are the most impor~ant adaptations: 

a) features which avoid the loss of 
water and reduce the surface for evaporation, 
such as globous and ellipsoid shapes in addition 
to the aphilia (lack of leaves); 

b) structures which avoid perspiration 
such as: thick cuticles, wax coating, several 
hair coatings, few stomata below the surface, 
very dense spinescence which, under the 
thorns, generate and maintain a somewhat wet 
and less actinic environment next to the derma I 
surface. The terminal gem is protected by 
long hairs and dense thorns which, bent over 
it and make up a.protective layer; 

c) devices which favor water retention, 
such as the strong presence of mucilage in the 
tissues. Mucilage is a viscous substance able 
toabsorbwaterfrom the vicinity (by extracting 
it from the air, for example) and composed of 
pentosanes (polisaccarides common to plants, 
made of pentose molecules). TheMelocactus 
lensselinkianus cacti, examined by us and 
found in ltaobim (MG), has 97.5 % of water 
in the tissue of the stem which stores and 
distributes nutrient ·substanc~s (cauline 
parenchyma) at 100 °C; the juice foams a lot. 
The vulgarly called M. oreas, from the same 
location, showed 94.6 % of water after being 
submitted to a temperature of 70 °C for 15 
days. In addition, the high level of 
differentiation of the above-mentioned water 
storing parenchyma is, by itself, a valuable 
adaptative resource; 

d) means which allow the immediate 
absorption of water, even in small quantities, 
such· as: exrensive and superficial radicular 
systems; quick formation of absorbent roots 
during rainy periods and i mmediateabsorption 
of atmospheric water by the thorns. 

Our recent researches with D iscocactus 
horstii have revealed important factors which 
are mentioned below. We will initially consider 
some data: roots are typically fasciculate; the 
adventitious one being longer than the primary 
roots; the latter are aimed only at the fixation 
of the plant and do not absorb the solution 
provenlent from the soil. The stem, thick and 
'leafless, called cladode, is subdivided into 
knots or branches. 

The cactaceae's epiderm is extremely 
thick, sometimes even coriaceous; their cell 
walls present several superimposed layers of 
cellulose; the external outinized layer is often 
covered with wax or hair. The epiderm of 
larger or older stems may consist of a thin 
layerof suberine-substance made of carbon, 
hydrogen and oxygen which impregnates the 
wall of some vegetable cells-having between 
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A Remarkable Adaptation 
As opposed to what happens with other green plants, the cactaceae's small 

epidermic openings (stomata) remain closed during the day when the evaporation is 
high, and open at night when the evaporation levels are low and the relative humidity 
is high. It is when most of the atmospheric carbonic.gas absorption (added to the same 
gas internally transferred by respiration) and the loss of water through transpiration take 
place. As a consequence, organic acids, mainly malicacid, are formed during the night 
through carboxylation (introduction of the carboxyl radical) catalized bythecarboxylase
phosphoenolpi ruvate enzyme (figure 1). Ptiosphoenol piruvate, known as PEP, derives 
from stored carbohydrates which undergo glycolysis, that is, the chemical decomposition 
of the a·myl (opposed to what could be expected, s~luble sugars are not responsible for 
supplying the carbon necessary to the PEP synthesis, except in few plants, such a~ 
pineappres). The resulting malic acid is kept during the night in cell vacuoles which 
occupy up to 90 percent of the cell volume: 

Thus, a partial carbon assimilation is achieved in the dark! But there is still no 
photosynthesis. 

At dawn, malic acid is removed from the vacuoles and, in the presence of light, 
undergoes decarboxylation and is again transformed into carbonic gas. It then allows 
the normal photosynthesis within the body of the plant once the stomata have already 
been occluded. During the first two hours, however, there is some absorption of 
external CO

2
_ Later, photosynthesis depends entirely on the carbon supplied by the 

malic acid decarboxylation. In this case, the external CO
2 

is almost totally excluded 
from the photosynthesis. It has been stated that such process allows the fixation of a 
much larger amount of carbonic gas in 24 hours. In summary, organic acids are 
synthetized in the dark from amyl and CO

2
, by the action of the carboxilase enzime. 

During the day they aredecarboxylized ( deacidified) and they transfer CO
2 
which forms 

soluble sugars, and later the amyl polimer, as a reserve (figure 2) . 
It is believed that this is a physiological adaptation to dry environments because 

water conservation in such cases is a critical issue. We also know that many species 
presenting this type oforganic performance survive for long periods with their stomata 
closed. This is possible because they maintain a certain amount of activity of the 
metabolism by the internal recycling of carbonic gas through the' crassulaceous 
metabolism which will be later described. Such recycling results in productive 
photosynthesis, although in low levels. 

it and the internal parenchyma, a hypoderm 
made of a row of cells rich in calcium oxalate. 

Thesuber,an impermeable tissue made 
of cells coated with suberine, is interrupted 
where there is a stoma . It then gives way to 
canaliculus conveying air which puts ,the 
underlying chlorophyllaceous parenchyma in 
contactwith the air, tofacilitategasexchanges. 
In addition, air-filled spaces are irregularly 
disseminated through the green parenchyma. 
Below, there is the large colorless parenchyma 
whose cells are rich in hygroscopic mucilage 
( able to absorb environmental water), and that 
constitute the majority of the cactus' body. 
The conductive tissue is immersed in this soft 
mass, rich both in water and in organic acids. 

reduced to a vascular net or "skeleton". In 
ltinga (MG), the B. subacarpa is called ~'lace 
beam" because the wooden frame resulting 
from the decomposition of soft parts, after the 
falling of the tree, has theshapeof a fishing net 
and burns like a train of gunpowder. 

At the base of older and larger cacti one may 
find hard timber. Our common "mandacaru", 
therefore, when old, may give origin to boards. 
A curious and frequent fact is that while the 
parenchyma easily decomposes, the wooden 
tissue remains. It is not uncommon to find 
cacti such as the Cereus jamacaru, 
Brasiliopuntia ~rasiliensis or B. subacarpa 

None of the Brazilian cactaceae have 
latex. It is surprising that a hundred Mexican 
species from the Mammilaria genus contain 
lactiferous vessels which produce real latex 
when pressed . This is similar to what happens 
to some leguminosae: only half a dozen 
Mimosa species are lactiferous in a family of 
more than 18 thousand representatives. 

In this family, the thorn structure, 
examined usingelectronscanningmicroscope, 

· reveals remarkable particularities. In certain 
more evolved genera, there is a very unique 
modality of superficial structure. The rows of 
coating cells are ruptured giving origin to long 
regularly sectioned filaments. The cells 
themselves may suffer such fragmentation. 
The resulting cell tubes are full of 
pol isaccharide crystals at the separation points. 
In some species the cell walls are broken into 
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irregular reticulate pattern. 
The process has been also investigated 

inDiscocactushorstii, a globmus cactus native 
from Brazil. There, the walls of the spine's 
external fayer are transversely subdivided, 
generating more or less parallel ruptures - a 
real profusion of tiny cavities (figure 3). The 
whole thorn becomes porous and is able to 
absorb water like a sponge. The use of water· 
with a phosphorous radioactive isotope showed 
that theD. ho)-stii thorns and those from some 
other species, a9t, in fact, like small organs 
able to absorb water (figure 4). The parietal 
organization·described above is, to the best of 
our knowledge, unique to D. horstii. The 
marked water placed over the thorn was locate~ 
some time later in the central part of the 
plant's body. 

· Thorns were not supposed to be part of 
the water supply renewal apparatus of such 
plants, which can also be noticed in other 
species such as the "cabe~-de-frade" from 
the sandy seaside (Melocactus melocactoides 
and M. margaritaceus). These bave thorns 
covered with a very thin gray layer which, 
under a magnifying glass, are full of 
perforations; when scraped with a blade, it 
reveals itself as spongeous. A drop of water 
placed on the surface of one such thorn, if not 
excessive, is quickly displaced to its edges, 
changing its color to brown. It is also quickly 
.absorbed and then disappears. Soon after, the 
surface returns to its natural color. Rainer, 
Schill et al. proved, in 1973, that such thorns 
have the function of absorbing atmospheric 
water. In theM. oreas,on the contrary nothing 
indicates the presence of such mechanism. 
Thorns have very little, if any; spongeous
gray lining. 

Cactaceaeflowers bloomalmostalw1;1ys 
at the ai'eoles or groups of thorns (figure 5). 
Generally the floriferous areoles have a more 
or less visible wooliness look and in some 
classes, ;ire so compact as to make up special 
areas or zones - floriferous area, 
pseudocephalium or.cephalium, according to 
the structure. 

The term floriforous area means only a 
thickening of the flower-forming areoles and 
its larger quantity of wool. No more advanced 
differentiation is found. Cephalium, however, 
is a unique type of floriferous structure: it is 
a colored thready-bristly organ originating · 

from the terminal differentiation of the vascular 
cauline axis, on which flowering and fruiting 
occur. 

The cephalium filaments are made of a 
bright, soft and abundant ·white or yellow 
wooliness . Within it there is als9 a higher or 
lower amount of generally red arrowheads or 
bristles which are harder and even piercing. 
The newcephati·um iswoolierand th.us whiter. 
Whe_n old, it tends to be more arrowheaded-

. more bristled - thus reddisher. When a 
longitudinal cross-section of a Melocactus or 
Coleocephaiocereus cactus is made, one can 
immediately see the hard cauline axis (from 
one to three centimeters, in diameter) which 
forms the vegetative axle. Around it develops 
a very thick water storing pareQchyma which 
constitutes the cactus itself. Through the 
parenchymatous mass,axis ramifications (the 
central cylinder) made of vascular tissues 
directed to the areoles are irradiated. 

Themelocactus presents a wide discoid 
term.inal cephaliurri while : the 
Coleocephalocereus has a narrower 
cephalium. In both cases th.ey have no cladode 
buds because the cephalium is directly linked 
to the central cylinder. An organ similar to the 
cephalium, although more superficial, over 
the cauline buds (this is seen in a transverse 
cross-section), called pseudocephali um, occurs 
in theMicranthocereusclass, typical of Bahia 's 
"caatinga", and in thePilosocereuschrysostele 
from the states of Pernambuco and Bahia. 

As shown in figure 6, the perianth (set 
of the flower's protecting verticils) is poorly 
differentiated and gradually goes from sepals 
(thicker, green or cuprous andscall ierexternal 
segments) to petals (more delicate internal 
segments) . Such pieces are arranged in 
numerous helicoidal (spiralled) series. At the 
basal portion they are frequently welded i_n 
long tubes(hypanthium) with small scales and 
sometimes thorns. Stamens are abundant with 
long fillets. In a few cases (Nopalea, Tacinga) . 
they are excerpt and in certain species(such as 
Opuntia vulgaris) they are irritable: when 
touched, they bend to the center of the flower 
over the stigma and then return to theiroriginal 
position; small and bilocular anthers . Pollen 
has three germinal furrows, is globous, and 
often has the surface covered with minute 
thorns. ThePlatyopuntia sub-class presents a 
peculiar reticulate exine ( external tegument 

ofthepollengrain). ThevulgarCereusobtusus 
(C. pernambucensis), the grains of which 
measure 65 to 80 micrometers, present oily 
droplets called poltenkitt which cover the 
surface of the pollen grains and can be easily 
removed. , 

At the bottom of the flower, that is, at 
the floral tube (hypanthus), between1the ovary 
and the first insertion of the fillets, most 
species of this family have a somewhat longer 
or shorter hollow space: it is the -so-called 
nectariferous chamber where the nectar 
prodl,lcing glands are ,)ocated. These are tiny , 
so there is little, although sufficient, sweet 
secretion to nourish a large amount of small 
insects. Cdreusobtusus is an example: in a 23 
centimeter flower, the ovary is around 25 
~illimeters in height and the nectariferous 
chamber attains 45 to 55 mm, and the gland 
portion, 35 to 45 mm. The. fruits are fles,hy 

· berries which are frequently opened through 
pericarp rupture. Seeds have a typical format: 
kidney-shaped or helmet-shaped. 

Cacti are the prevailing succulent 
vegetables of the Brazilian flora. In spite of 
the relatively small number of species, their 
participation in the botanic scenario is very 
wide given the vast number of representatives 

· of each species. In austral fields or seaside, in 
forests or in the northeastern region, they 
~tand out because of the richness of individuals 
and the bizarre ·shapes which immediately 
catch the observer's eye,. There are other 
succulent plants in Brazil;but they are few and 
do not call attention. The large groups of. 
American kilophytes, in comparison, do not 
grow here or have only~ few representatives, 
such as the Euphorbia. Cactaceae are our 
native succulent plants . Their importance is 
expressed not only by the preference they 
receive from collectors, making them valuable 
objects but it is also expressed by the excellent 
material they provide to taxonomists and 
physiologists for scientific research. On the 
other hand, they stand out as relevant phito
geographicelements and as cattle forage during 
intensive droughts . Moreover, they are good 
paradigms for the study of the above-mentioned 
series of remarkable adaptations which involve 
extensive morphologic, anatomic and 
functional specializations. 

Metabolism Characteristics 
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The cactaceae have very peculiar substances in their tissues: · 
mucilages, organic acids, .silica crystals and alkaloids. 

The vulgar amyl appears mainly in the medulla, medullary 
rays and, in smaller amounts in the cortex . . Mucilages are 
encompassed in the large colorless and green parenchyma cells or 
in the channels existing in the chlorophilyan parenchyma (they ar~ 

· ·called lysigenous. channels because they are formed by lysis, or 
dissolution of intercellul.ar walls). They play an important water 
retention role, reducing its loss during droughts. When cutting and 
manipulating a cactus, hands become immediately greasy because 
of the presence of mucii'lage. Calcium oxalate is abundant and, in 
certain species, ~ake up 85 % of the ashes (their crystals, once 
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formed, are no longer dissolved). Silica is typical of old tissues of 
arborescent entities. Gums, such as the oopal 's, are present in some 
opunciae (genus of cactacea'e). 
· Organic acids, pa,rticularly abundant, are typical compounds 

of the cactaceae metabolism, as we will s·ee, in free state in the cell 
juice. They are mainly malic acid (figure 7) i~ addition to the oxalic 
acid deposited as unsoluble salt. 

There are several species of alkaloids. The famous mescal in, 
narcotic generating calmness and colored hallucinations should be 
pointed out; it is present in many Mexican cacti, among them 
Lophophora williams.ii, known as mescal or peyotl. It is a sacred 
plant for several Mexican tribes and are ingested in religious rituals 
already described in the literature. Finally, saponines and other 
glycosides are worth mentioning. 

All living cells contain adenosi ne-triphosphate (ATP) which 
stores, sends and transfers energy for critical chemical reactions. 
ATP has three phosphate molecules,arrange<:f as shown in figure 8. 

Thus the rem ova I of the third phosphate ( through hydro I ysis) 
rel~ases in the medium around 7 thousand calories per ATP 
molecule which is a relatively large amount of chemical energy. 
The rupture of the binding of the second phosphate transfers a little 
more than that. Such energy rates are appropriate for cell activity. 
We can see that the cells, in spite of their reduced dimensions, have 
within .them the energetic systems which govern their own biologic 
processes: Later, the ATP molecu_les reabsorb the .transferred 
energy or reload themselves. 

The main source 0f chemical energy for living beings are the 
glycides (such as glucose, saccharose and ~myl), followed by fats 
and proteins. Respiration is precisely the process through which the 
energy of carbon hydrates is transferred to the ATP -a universal 
molecule which transports and supplies energy. For most cells, the 
primary source of ~nergy is glucose (figure 9), respiration being the 

process through which it is oxidized, m,aking this energy available 
for immediate utilization. 

The general reaction of respiration is 

, C6~ 120 6 + 602 --> 6C02 + 6Hp + heat 

Hence, water and carbonic gas result from the oxidation of 
glucose and are eliminated byemunctories producing the necessary 
energy to keep the organism working. 

The other side of the coin is photosynthesis, the process 
through which the chlorophyl absor~s part, of the sun's radiation 
(light) and transforms it into chemical energy. Such energy is 
stored in compounds formed by the chlorophyl itself and will be 
further used for i:espiration. Its general reaction is: 

Thus, free oxygen escapes to the atmosphere. The energetic 
exchanges which keep beings alive are essential. 

In cactaceaeand mostsucculentplantthecarbon assimil,ation 
process is essentially different and peculiar because of the adaptive 
features of these sui generis vegetables. The plant itself. is a 
physiological adaptation to its habi"tat:. hot, dry and actinic. It is 
thanks to their carbon assimilatiom process that such plants can 
survive in environments which otherwise would be physiologically 
adverse, if not fatal, to them. 

Such a mechanism is known in the literature as crassulaceous . 
acid metabolism because it has been discovered within this family, 
o_r simply crassulaceous metabolism. It is present in around 25 
families, mainly in S0uth Africa and tropical _America: 
euphorbiaceae, cactaceae, . orchidaceae and crassulaceae are 
popular examples (see Ciencia Hoje, n° 28),. 

CAcTAcEAE IN BRAziL II 
The participation of ·cactaceae in the Brazilian landscape is extensive. The most common 

are xerophilous ,_ resistant to the absence of water - which inhabit the savanna where the rainy 
season is irregular and drought may last for more than one year. But, in addition to these, there . 

are also silvicolous, savanniculous1 coastal aQd campestrian species whi'ch spread from the 
austral fields to the Amazon forest. 

Until December, 1985, 235 species of 
cactaceae belonging to 52 classes had been 
catalogued in Brazil. By eliminating 25 twice 
described entities and two classes without 
satisfactory characterization, we come to 
around 50 classes, with 210 species. Their · 
distribution throughout our territory can be 
done, in summary, beginning with a 
classification based on types· of habitats and 
on the habits of such plants. 

majority is concentrated in the northeastern 
region and in the northeasternlypartofMinas 
Gerais. Next, on a smaller scale, come austral 
fields and rocky and sandy coasts. 

We can distinguish in Brazil the 
fol lowing groups of species according to their 
habitat: 

ent1t1es. The Rhipsalis classes dominate 
because of the number of representatives and 
Zygocactus and Epiphyllum stand out for the 
beauty of their flowers. R. cassutha, with 
hanging thn;ads, is the most disseminated 
cactus in parks and streets of Rio de Janeiro. 

The Amazon foFest, savanna, central 
fie.Jds and - in a lesser extent - the Atlantic 
forest are very poo~ in_ cactuses. The vast 
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I. Silvicolous species. These inhabit 
the two large rain forests, the Amazon and the 
Atlantic. In the first, only the Strophocactus 
wittii, an epiphyte with foliated branches, is 
peculiar and abundant. The Atlantic forest has 
<! fittle more than 50 epiphytic and small 

II. Savanniculous spe~ies. Among the 
rare strains found in the savannas, it is worth 
mentioning:Monvilleapiedadensis(Barbosa, 
SP, up to 5 meters high) andM. adelmari (Rio 
Cristalino, MT, with branches bent over 
term:itaries). In our savannas there are several 
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sillurian limestone formations with their own 
arborescent cactaceae which are very com man: 
one of these is Cereus calcirupicola, 3 to · 7 
meters in height. C. peruvianus is occasional 
in the savanna of Mato-Grosso, with 3 to 15 
(and even 18) meters in height. 

III. Wild species. In the fields of the 
central part of the country cacti are usually 
conspicuous; in the austral fields, on the other 
hand, they are in general reduced and not 
apparent. The two types of cactaceae bear no 
family or origin relationship to each other. 

In the fields of Bahia, 
Austrocephalocereus lehmannianus, one meter 
high, is very frequent Uncommon because of 
its bottle shape is the Pilosocereus 
luetzelburgii, measuring less than one meter. 
In Minas Gerais, wild cacti suchasCipocereus 
minensis (Pilosocereus minensis), measuring 
one meter and originating from the Cip6 and 
other mountain ranges, are more freq~ent. In 
Goias there is the Austrocephalocereus 
estevesii, with5 to6 meters and undivided like 
a tall stake. Widely spread throughout wild 
sands is the globous-tlatDiscocactustricornis 
with huge odoriferous flmyers, which grows 
in Diamantina and Grao Mogol (MG). Even 
more distributed over the savanna is the sma 11 er 
and blueish D. placentiformis. Uebellmannia 
is a genus of globous cactus discovered in 
1967in theDiamantina region; it comprises of 
five species related to meridional wild forms. 

The wild species include four classes 
common only in Rio Grande do Sul, which are 
members of the subandine flora of neighbor 
countries: Notoc_actus, Frailea, Wigginsia 
(Malacocarpus) and Parodia, which contain 
at least respectively 30, 11, 8 and 6 specific 
entities. They are globous cactuses with daily 
bell-shaped or funnel-shaped flowers, with 
small scales~n their tubes and wooly hairs and 
arrowheads in the axillae. Thus it is a sui 
generis and well-defined group among 
Brazilian cactaceae. 

· In the fields of Roraima, in the heart of 
the Amazon region, there is an isolated 
"cabe~a-de-frade" ,M elocactus neryi, not very 
diferent from the vulgar coastal form, M. 
melocactoides. 

IV. Coastal species. The area alongside 
the ocean-made of quaternary sandbanks or 
be it the first elevations of Serra do Mar-has 
a limited number of species. They, however, 
constitute a legion. 

Among the arenicolous one may find 
the "cabe~as-de-frade" M. melocactoides 
(Caba Frio, RJ, to Porto Segura, BA) and M. 
margaritaceus (Salvador to Feliz Deserto, 
AL) with small thorny globes. Among the 
ramous forms, Cereus obtusus (C. 
pernambucencis) is half prostrated (less than 
one meter) and Pilosocereus arrabidae 
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measures two to four meters in height; the first 
with 19 to 23 centimeter flowers and the latter 
with seven to nine centimeter fl.owers. It is 
worth mentioning here the national cactus par 
excellence: Cereushildmannianus, with wide 
yellow spots over a green background, widely 
grown in Rio de Janeiro (unknown in its 
spontaneous condition). 

One of my recent finding is an African 
species found in the sand bank of Barra de 
Marica (RJ). It is the Rhipsalis coralloides, 
native of Madagascar. There are no more than 
four African species of cacti, all from that 
island and of this genus. R. coralloides is 
chara_cterized for being terrestrian, reaching a 
remarkable size (around 1.70 meters in height) 
and conducting typical sericeous hairs, with 2 
to 3 milimeters in length, in the apical twigs. 
They have a short antl thick shape and they are 
disposed•in compact verticiles. 

The rupiculous are represented by C. 
obtusus and·P. arrabidae, also of a smaller 
size. We have, specifically: 
Coleocephalocereus fluminensis, very 
common on coastal rocks, with .up to one 
meter, presenting a huge rough cephallus; 
Pilosocereus brasiliensis, much rarer and · 
elegant, with one to two meters (and even 
four) is found on the peak of the Corcovado 
mountain (in the city of Rio de Janeiro) and in 
the state of Rio de Janeiro in general; and P. 
ulei, very frequent in Buzios, bµt hot in the rest 
of the municipality of Caba Frio. Glaucous, 
arborescent and with up to 6 meters in height, 
it is endemic to such area. 

Very common epidendrum species 
(growing on trees) are: Selenicereus rizzinii 
(Me..diocactus coccineus) and Hylocereus 
undatus, similar in habits and flowers, but 
different because of wi ngedarticules and horny 
edges, in addition to the defenseless fruits of 
the latter. 

V. Xerophilous species. Such 
subdivision comprises the majorityofBrazilian 
cactaceae. Its region is the northeast of Brazil 
and the northeast of Minas Gerais, where the 
savanna predominates. This is the real Brazilian 
xerophilous v.egetation which goes through 
periods of water shortage and is settled in 
compact, hollow or stony soils. The rainy 
season is irregular; drought may last more 
than one year. 

a) Northeast of Brazil. It is the richest 
territory in succulent plants. A great number 
is constituted of arborescent elements, some 
green,some gray or blue, with a slight layer of 
wax over such colors. The most notorious is 
the .. mandacaru" (Ce,:eus jamacaru), with 
small trunk and 25 centimeter flowers. The 
"facheiro" (Pilosocereus piauhyensis), which 
grows from Piauf to Pernambuco, stands out 
because the thorns, when touched with the 
flame of a match, burn quickly on the living 

plant. "Xiquexique" is the P. gounellei, 
recognizable for its smaller size (one to two 
m~ters), very scattered and with hard and bent 
branches. Also s~all is P. pentaedrophorus, 
with two to four meters and light blue color. In 
Bahia·, the P. glaucescens, higher (up to six 
meters), blue and with golden thorns, is one of 
the most common species. 

There are also not so numerous shrubby 
species, such as the vulgar Arrojadoa 
penicillata, the bra"nches of which measure 
one to two centimeters in diameter and two 
meters in height. Tacingafunalis, on the other 
hand, is a cactacea with branches reminding 
stretched ropes. As a prostrated plant,Opuntia 
inamoena is worth mentioning with colonies 
not exceeding 30 to 50 centimeters in height 
and extremely disseminated throughout the 
xerophilous region. 

Micranthocereus polyanthus is a small 
columnar cactus reaching30 to60 centi m~ters 
with a blue epiderm and luteos hairs; it is from 
Bahia. The globous species are widely 
disseminated throughout the savanna and have 
the usual name of "cabe~a-de-frade". They 
have long and reddish cephalous hairs, similar 
to a brush at the top. The most abundant are: 
Melocactus areas, with very long thorns and 
4 central thorns; M. macrodiscus, with short 
·and curved thorns and one central ;M. zehntneri, 
similar to the previous one but much larger; 
and M. salvadorensis, with straight and pink 
thorns. · 

b) Northeast of Minas Gerais. Several 
species mentioned above penetrate the part of 
the Minas territory bordering upon Bahia. 
They are: C. jamacaru, P. glaucescens, 0. 
inamoena, A. penicillata, M. oreas and T. 
funalis. This part of Minas Gerais is also rich 
in endemisms, some of them remarkable. The 
cactus research is recent; it was developed 
from 1965 to 1984 and several species were 
described from 1979 on. 

It is worth mentioning some endemic 
species of such region. Brasilicereus 
brevifl.orus, from ltaobim and ltinga, widely 
disseminated, usually reaches two tq four 
meters in height. Its flowers are slightly 
curved and scamous. Pilosocereus cenepequei 
comes from Pedra Azul where it is rare. It 
measures 2.5 to 3 meters in h.eight and is 
characterized by the long and dense wool over 
its blue epiderm. P. magnificus, typical of 
ltaobim, is ceruleous, with new golden thorns 
and two to four meters in height. P. 
quadricostatus, from ltinga, and P. 
multicostatus, from Medina and Pedra Azul, 
are diagnosed as indicated by their names, by 
~heir four branches and 19 to 27 buds, as 
edges. The first is very wooly; the second, in 
addition to that, has yellow thorns . 

Another endemic species is 
Pseudocanthocereus_boreominarum, living in 
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the shadow under the savanna in ltaobim 
and ltinga. It is more or less prostrated 
over the soil which is totally covered by it. 
Such species has 20 to 23 centimeter 
flowers. Pereskia aureiflora is equally 
peculiar as an endemic species because itis 
the only native one which produces yellow 
flowers and one of the few existing 
worldwide. 

Celocephalocereus aureus, 10 to 25 
centimeters in height, has yellow thorns, 

white cephallus and citrine flowers and C. 
purpureus, with 30 to 60 centimeters, red 
thorns and red cephallus and violet flowers are 
a nice pair of vicarious endemic species 
(similar species existing in contiguous but 
ecologically different areas such as savanna 
and forest). The distance between them is 
only 30 to 40 kilometers, but they never meet. 
The first is widely disseminated on the 
crystalline formations of ltaobim and rare on 
those of Pedra Azul; the second is limited to 
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certain cliffs of ltinga. 
Finally, the most common cabe<;a-de

frade from the northeastern part of Minas 
Gerais is the Melocactus lensselinkianus, 
defined by three central thorns and by the 
lowest radial thorn which is longer than the 
others. Apart from this area, it is only found 
in Presidente Jania Quadros (BA) were it is 
scarce. The ubiquous M. areas, on the other 
hand, is constantly at its side. 

Figure 1. Phosphoenolpiruvate. The enolsulfate binding is rich in 
stored energy. The~ indicates that fosfate chemical bindings contain 
abundance of energy. 

Figure 5. General structure of two types of cactaceae flowers. The 
longistile flower (a) presents an external stigma; the brevistile flower 
(b) has the stigma hidden inside it. In both cases there are hairs and 
thorns at the bottom. 

Figure 2. Variations of sugar (red line) and malic acid (green line) 
levels in isolated leaves of Sedum, a typical juicy plant. Figure 6. Pilosocereus sp flower in a longitudinal cross-section 

stressing stamens with and without anthers. 
Figure 3. Four DiscocactusHorstiithorns,enhanced approximately 75 
times. The numberless perforations indicate a certain level of 
orientation. 

Figure 4. Ruptured cell walls from the surface of a Discocactus horstii 
thorn, enhanced 1,100 times. The walls have parallel bars, in an array 
which gives origin to a porous net. Thus the thorn becomes able to act 
as a water absorption organ, phenomenon demonstrated with the help 
of radiactive phosphorus. 
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ABROtEA: OUR 'CODFISH 

The consumption of clry,salted fish is a habit 
of the Brazilian people, whether in the form of 
imported products, at high prices, or in the 
form of national product~, of uneven quality. 
While we import codfish at an annual cost of 
millions of dollars, we have, with one of the 
most extensive coasts in the world, an assured 
capability of substituting this fish for other 
varieties. Among fishes in abundance are 
sharks, which are found from the Oiapoque to 
the Chuf rivers, wit_h a potential of tens of 
thousands of tons: As an alternative, in season, 
we have, in the southern coast, the abrotea. 

, The general name shark is given to 
nearly 300 marine species of the 
Cho~richthyes class,Squalidae family, whose 
size can range anywhere from 15 cm to 15,m. 
Extremely ab~ndant, these fishes are seldom 
consumed by humans, especially because their 
muscles contain a high level of urea, which 
leads to the formation of large quantities of 
ammonia during stocking. Acc6rding to 
experts, however, this problem can · be 
minimized ' by adequate sanitary practices, 
evis'~ration and bleeding on board and the 
removal of urea by washing the fish in an 
acidified solution ( citric, acetic, ascorbic and 
factic acids). 

The abrotea belongs to the gadiformes 
order, from the family of the Moridae. Its 
liinits are not well defined : many classify the 
species as a simple subfamily of the Gadidae. 
Splendidly represented in the Northern 
Hemisphere, the abrotea i's also found in the 
southern parts of Brazil ,although fewer sped es 
are present. The most common abrotea, in 
view of its abundant quantity and of the 
economic importance of its industrialization -
once salted and dried - is the Gadus morhuci 
codfish, found in the Northern hemisphere-. In 
the south of Brazil, one finds the Urophycis . 
brasiliensis, popularly known as abrotea or · 
brotea. Its meat is usually light colored and its 
taste is milder than that of the codfish, Besides 
it contains little fat, which prevents the product 
from becoming stale when processed. 

The industrial pro~ssof preparing a product 
similar to the imported codfish preserves all 
the properties found in the meat in natura: 
only the water is removed. The first step in the 
conservation process, salting, is· based on the 
properties of common salt (NaCl), namely, 
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slowing or inhibiting bacterial activity, by 
reducing -the humidity present in the meat. It 
unleashes physical, chemical a~d 
microbiological reactions, involving the 
meat's protein, .that render it adequate for 
conservation and give it a specific aroma, 
texture, taste and color. 

Before adding salt, a 1 % aqueous 
solution of acetic acid is applied to the meat, 
in order to minimize the unwanted effects of 
the urea. Thesaltingobeysa traditional method: 
the stacking of the' raw materi.al, intercalated 
with sodium'chloride in a proportion of 30% 
relative to the weight of the fish. The process 
is extended until an equilibrium of salt in the 
exterior and interior tissues is reached, which 
usually takes from five to seven days. 

The next step is ~ehydration. 
Traditionally, natural methods,such as drying 
in the sun, are employed. With ' this method, 
ho_wever, the productivity is affected by , 
weather variations, humidity andwi nd velocity. 
The presence of insects and the large amount 
of labor required are other disadvantages. 
. Looking for other methods which would render 
the production oflarge quantities of conserved 
fish economically ~iable, while still meeting 
quality control criteria required by legislation, 
we have <level oped a drying process tha_t works 
independently of environmental conditions. 
We h;we opted for drying by cold dehydration 
- a process used in Europe-which permits 
·the selection of thermal and hygrometriclevels 
in accordance with the characteristics of the 
product to be benefitted and the consumers' 
market demands. For each product there is an 
optimat level, determined by technobiologjcal, 
sanitary and economical consideratidns. 

Having chosen the process' of cold 
dehydration, we have managed to develop a 
dryer with several unique characteri~tics. 
Operating in synchrony with variations in 
temperatures and in· relative humidity, the 
equipment, where the air circulates in a closed 
circuit, provides ideal conditions for drying. 
WiJh the temperature of27°C,employed in the 
research, no alteration in the sensorial aspect 
of the muscle fiber or degradation of protein 
or coloring was observed. Th~ humidity ·of 
35%, required by Brazilian legislation, was 
reached within 18 hours. Because the operation 

· of the dryer is independent of outside 
conditions, the industry can pick any timet!3ble 

for this activity. 
The_ product quality control includes 

all st!1ges of the process. A te~t of nutritional 
preference was conducted in supermarkets, 
amongS00persons, involvinganorganoleptic 
analysis of the relation between taste, aroma 
and product presentation. The results show~d 
acceptance by 93% of the consumers. 

The technological developments arising 
. from these results will permit the introduction 
of an alternative line of production which can 
be incorporate by thefishingindustries through 
simple adaptations, leading toa diversi ft cation 
that ·will certainly improve their output. In . 
locations where raw material is abundant, this 
process will render viable the implantation of 

. industries with prospects of rapidly rising 
production. The techno'logy developed is at 
the disposal of all those interested, ready to be 
immediately incorporated into the productive 
system. 

Egon Nort, Luiz Henrique Beirao, Sonia 
Christina Boeing and Mario I. Elias 
Nicolau · 
Departamento de Ciencias e Tecnologia de 
Alimentos, 
Universidade Federal de Santa Catarina 

Translation: Lise Ribeiro· Alves 
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Francisco M. Salzano 
Departamento de Genetica do Instituto de Biociencia, 

Universidade Federal do Rio Grande do Sul 

Probably no biological concept has been more explored for the purpose of economical and social do~ination that the ~oncept of race. 
That is why, not only its foundation, but also i~s utility have been the object of constant discussions. Many resea~chers, based upon the fact 
that the biological variability exhibited in man show all types of gradations, suggest the abandonment of the term race. Others suggest that 

· it be substituted by the expression "ethnic group" (which would be inadvisal?le, because the expression is usually employed tb designate a 
social unit). The North-American anthropologist.Stanley M. Garn emphasizes, however, that any name might be used, as long as .there is an 
international consensus. Nevertheless, the concept, despite its incorrect use in the case of human beings, is of great usefµllness in analyzing 

the evolutive processes. 

The first problem would be to question what · more homogeneous population by means of 
would be the so-called races. The famous isolation and limitation of cross-breeding of 
Russian (naturalized American) geneticist individuals from the s_ame race is based on 
Theodosius Dobzhanshky defined race as misconceived noti'ons about biological 
"populations of a same species that inhabit heredity through blood. Studies by Gregor 
different territories and that differ among Mendel {1822-1884) already indicated that 
themself in some genes or other genetic hereditary factors, when combined in the 
variations."The key idea to emphasize here is hybrid,do notmixorcontaminatethemselves. 
thattheyoccurindifferentterritories. Inspecies They are, therefore~ discrete elements, that . 
with crossed fertilization and sexual reproduce without modification (unless the 
reproduction, racial differences can only be rare phenomenon of mutation occurs) . 
formed due to geographical isolation. This is Another concept without any basis is 
the first step to . diversification. The races that of the "racial type". According to ancient 
which are formed in this manner, can develop anthropologists, each race had an ideal type, 
mechanisms of reproductive isolation or fail whichwouldencompassall thecharacteristics 
to do so. When the former occurs, we are faced within it. The modern concept of race is 
with incipient species. populational: members of a population can 

In man, the . racial process was ·also present different levels of what is considered 
formed through geographical isolation. A typical. This is inevitable, in view · of the 
problem arises, however, that is not found in nature of the reproduction process. 
the case of other organisms: racially different 
individuals can inhabit the same territory, One of the objectives of the genetic study of 
remaining isolated, however, due to cultural populations is to understand what happens to 
differences. A plausible definition of race for the characteristics originally present in the 
the human species could be: a group of forming groups when these are subject, in the 
individuals, more or less geographically and hybrid population,, to environmental, socio-
culturally isolated, whodiffergeneticallyfrom economical andculturalconditions,sometimes 
other similar groups. It can be emphasized in very different from those in which the original 
this case that one is before a mendelian stockwasmerged.Anexampleofthistypeof 
population (~ith sexual reproduction and process can be found in our country 's history 
crossed fertil.ization), predominantly (see "The Path of the Races in Brazil"). 
endogamic (maqiages occur more frequently Differing from specific family group studies, 
between individuals _within the population the research done in population genetics is 
than· with elements from outside), with geared towards how the genes {hereditary · 
individual genetic traces. units) behave at this level. One tries to observe 

There are no "pure races" in organis~s w_hether they are being elimin_ated, fixed or 
that have sexual reproduction. The idea that it maintained, and, in each case, the reason why 
might be possible to obtain an increasingly this occurs. Blood, because of the ease of its 
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availability, has been the preferred tissue.for 
these studies. Hundreds of hereditary 
substances have been identified through blood 
samples (see ' Ciencia Hoje n° 14). A 
considerable portion of these substan/ces 
presents variations that can be used in analysis 
related to inter-racial genetic fl.ow. 

The investigation of the products formed 
by·. these genes ( or of the · actual genetic 
·material) is performed by various techniques: 
imunological reactions (as i·s· done for blood 
types), electrophoresis ( observation of their 
behavior when subjected toan electriccurrent), 
or more sophisticated techniques of physical 
chemistry. 

Genetic tracers that are more common 
in some races are used in research a~out gene 
_dynamics in racial mixtures. Some examples 
can be mentioned: in the Rh blood type, there 
exists an unique combination of ingredients 
(denominated R0

) which is very common in 
African populations (74%) and very rare in 
caucasians (2% ); the a fadtor of the Diego 
blood type occurs only in Asians,Amerindians 
and Esquimos; the H 1 gene (haptoglobin, a 
serum protein) is piesent with a medium 
frequency of 56% in negros and only 38% in 
whites. The Gm, system of serum proteins 
(abbreviation of gamaglobulin) is especially 
favorable for these studies, because it is 
extremely polymorphic. It presents variants 
which occur with considerably frequency in 
specific races and a re absent in others. 

All the information obtained is later 
submitted to a statistical analysis. When one 
considers only one tracer, the calculation of 
the mixture is based on a simple dilution 
model (M=Fm-F8/FA-F8 ) where FA and F8 are 
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represented in 1500, took up an important role in the population • 
expansion. From 1890 to 1980, while thenumberof whitesincreased 
tenfold, the number of blacks showed only a factor 3.5 increase. On 
the other hand, the group of persons wit� traces of miscegenation, 
increased considerably (about 7.5 times). lt is obvious that the 
census takers make a subjective classificatioà, and that the 
classification criteria have changed throughout the years. The 
differences, however, are so striking that the figures should be. 
reliable overall. 

There are many reasons for the disproportionate evol ution of 
these races. ln the indigenous case, the disastrous efféds of their 
contac·t with the so-called "civilizers" have been · thciroughly 
documented and discussed, in particular in the pages of this 
magazine (See Ciencia Hoje n11 3, 6, and 14). Due to their self
imposed isolation, epidemiological conditions were formed, which· 
sometimes rendered lethal diseases that were harmless among non
indigenous populations. lf one also takes into account the violence 
which dominated the relations between indians and non-indians, as 
well as the progressive disaggregation of the quality of life of this 
population, of its community and environment, the decrease that 
occurred can easily be explai_ned. 

Africans arriv�d in Brazil as slaves, and this stigma is still 
carried by their descendents. Th�ir fate was somewhat similar to 
that of the indians, in terms of the brutal exploitation which they 
were subjected 1;,y the whites. A big difference, however, is that tbe 
blacks were able, in spi'te of all the problems, to increase their 
population; if not at the sarne rate as the white population, still in 
expressive numbers. The Africans and their descendents also had a 
more decisive participation than the indians in the formation of the 
great mass of mestizos that today make up a large part of the 
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Brazilian population. · 
The miscegenation and the increased population of the 

African descendants occurred despite the discrimination that they 
suffered and are still suffering today. lt is impossible to deny the 
presence of racial prejudice in the country. The most ílagrant proof 
of it is the existenee of law 1.390, issued on July 3, 1951, known as 
the .. Afonso Arino Law", which tried to repress racism. Flagrant 
suggestions of racist behavior were gathered, in the 60's, by 
reporters Narciso Kalili and Odacir de Mattos. A black man and a 
white �an,accompanied by a photographer, registered, for 20 days, � 
the unequal treatment they received in six state capitais. Their 
journey, containing both tragic and humorous features, was told in 
a news stóry which .also presented a series of documents, some of 
them historical, about racism in Brazil (Realidade, Oct. 1967). 

The effects of racial discrimination are also clearly reílected 
in official statistics. The illiteracy rate among negros and mestizos 
( 42% and 31.5% respectively) is more than twice the rate for whites 
(15,5), and the percentage of negros and mestizos, together, who 
have more than 11 years of schooling, is close to four times smaller 
than that of the whites. The latter group represents the majority df 
the white-collar labor, in professions regarded as "noble" (57%) 
a·nd receives 72% of the income they generate. 

The exploitation of the Brazilian negro was not done without 
resistance. Various "quilombos" -independentcommunities formed 
by .slaves who were able to escape slavery - prove this. Land 
donations to the free slaves rendered possible the formation, in 
some regions of the country, of predominantly African-origin 
communities. ln some communities, like those at Cafundó(SP) and 
Patrocínio (MG), important aspects of black çulture are preserved. 

Table 1. MIGRATIONS TO THE PRESENT BRAZILIAN N11 of Individuais 1,145,000 
TERRITORY Origin 

lndigenous Âncestors 
Period 8,SOOB.C.- l,S00A.C. 
Nº of Individuais ? 
Origin Mongolia, passing through the Bering Strait. 

Specially from Angola, mainly leaving 
from the Benguela port. 

Migrations through the Pacific.Ocean and South Table 2. MIGRATION TO BRAZIL 
America, however, should not be totaly discarded. 

Africans Europeans 
Period 1551-1701 Period 1500-1640 
Nº of Individuais 580,000 Nº of Individuais 65,000 
Origin XVl Century:· esp. area between São Tomé Origin . Portugal 

Island and Angola 
XVII Century: esp. Angol·a, through the PeriÓd,, 1640-1808 
Luanda and Benguela ports. Others from N11 of Individuais · 400,000 
the Costa da Mina. Origin Portugal. 

Period 1701-1810 
N11 of Individuais 1,891,000 Period 1808-1970 
Origin Approximately 2/3 carne from Angola, N11 of Individuais 5,100,000 

through the Luanda and Benguela ports, Origin· Europe in general 
from a region between Capes Lopez and 

Negro. The remaining carne from Costa Recent Asians 
da Mina and the region limited by 

• capes Monte and Lopez, with Ajúda as Period 1900-1970 
the main port. Nº of Individuais 248,000 

Period 1810-1857 Origin Japa_n 
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frequencies in the populations presumed to be 
parentals, and FM is that present in the 
miscegenated population. When more than 
two races are involved, the calculations become 
more involved, and a computer is needed. 

The analysis of hematological 
characteristics al lows not only the 
identification of typical genes from other 
races in apparently non-miscegenated groups,. 
but also the quantification of the level of 
mixture present in a specific group after 
centuries of coexistence between two or more 
races. In Brazil, studies with this objective 
were started by our research group 28 years 
ago. Some of the results obtained by us and 
and by other colleagues are shown on tables 4 
and 5. The bigger the number of genetic 
systems on which they are based - classifying 
variants of a same gene or intimately linked 
gene groups - the more reliableare the numbers 
presented here. ltis irriportantto note, however, 
that the G system, an excellent racial tracer, 
leads, in general ; to reliable numbers, even 
when applied in isolation. 

Table 4 shows that, in Porto Alegre, persons 
classified as white for their apparent features 
have, on the average, 8% of their genes of 
African origin, while the minimal and maximal 
estimates of the level of accumulated mixture 
were 4% and 11 % respectively. Approximate 
value- between 3% and 19%- were calculated 
for the whites in Curitiba. Studies with those 
identified as blacks and mulattos in Rio de 
Janeiro, Sao Paulo, Curitiba and Porto Alegre 
suggest that half of their genetic constituents 
are of caucasian origin. 

The analysis of North and Northeast 
population is more complex. The forming 
~lements there are three i nsteadoftwo, because 
in these regions, unlike what happens in the 
South or Southeast, the indian contribuition 

was significant. Five populations from the 
North were studied and theresultsare presented · 
on table 5. Oneofthem,ofCodajas(AM), was 
analyzed by low-efficiency systems (blood 

, types ABO and Rh), and the inferred 
constitution- 19% of white origin gene, 29% 
indigenous and 52% African- differs from 
those observep in other cities, studied with 
better tracers. 

In Manaus, Coari (AM), Parintins 
(AM), and Belem, various appraisals were 
made,and the table indicates the most probable 
composition. In the first three cities, we 
observed a uniform African contribution ( 13-
14% ), which is also the least expressive factor 
in the formation of the populations. In Coari, 
the percentage of white and indian genes 
seems to be equal (43%). In Parintins, the 
indigenous factor surpasses the white (51% 
and 36% respectively) and in Manaus the 
opposite is true. In -Belem, the African 
contribution i's mqre significant than the 
indigenous one. These results are compatible 
with what is known about the history of the 
population of these cities. Belem, as well as 
Sao Luis, were ports of entry of Africans. It 
was to be expected, then, to find in these areas 
a greater presence of the negro g~ne. 0~ the 
other hand, Manaus,especially after it became 
a duty-free zone in 1967, has absorbed lager 
number of elements of Caucasian origiri than 
the communities in the interior of Amazonas 
state, where the indigenous influence prevai Is. 

Genetic studies of the Northeastern 
population as a whole, and of the city of Natal 
in particular, indicate the following genetic 
composition: 60% of whjte origin, ,10% of 
indigenous origin and30% of African descent. 
The reduced indigenous influence and the 
increased black one in this region are also ' 
compatible with historical facts . 

Recent progress obtained in the field bf 
Genetics will permit one to better locate the 
origins of the black population that came to 
Brazil. Direct investigation of the genetic 
material, that is, of . deoxyribonucleic a'cid 
(DNA), has already led to the verification that, 
in adjacent regions of the gene responsible for 
hemoglobin production, one finds variations 
that, in Africa, correspond to populations of 
wel 1-defi ned geographic areas. The 
investigation of these DNA regions in our 
negro population could indicate, quite 
accurately, where there ancestors came from . 
Studies with this objective are already under 
way in Porto Alegre. 

How important are these studies? They 
are justified, in the first place, by the eminent 
historical nature of the evolution process. ltis 
the understanding of the past that alloes us to 
extrapolate to the future. Our genetic 
patrimony undoubtedly, is very important. It 
is our, duty to follow its alterations in the 
course of ti me. 

Certain questions arise, however, in 
this kind of studies . When racism· shows 
resistance to all pressures for its eradication, 
would such studies be dangerous? Could they 
not be exploited 0n the basis of preconceived 
prejudices? It is important to remember that 
scienti fie facts are not good or bad by 
themselves. It is our duty to prevent their 
improper use,as stated in the last paragraph of 
the UNESCO Declaration of 1964, of which I 

· was one of the signatoriys: 
''Biological data( ... ) openly contradict 

racist postulates. Racist theories cannot, on 
any account, claim any s6entific basis, and · 
anthropologists should try to avoid having 
their results used in a vicious manner or have 
them se·rve other purposes rather than purely 
scientific objectives ." 

The Path of Races in Brazil 
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The first inhabitants of what is Brazil today arrived in small 
groups, ten thousand years ago. They survived by hunting and 
planting, and the majority probably migrated from the territory 
which is now the Popular Republic of Mongolia, in Asia. There are 
still discussions about the entry of populations from other regions, 
especially from some islands in the Pacific Ocean. These groups 
were our indigenous population's ancestors. 

Portuguese immigration began immediately after the 
discovery of the new continent; 50 years later the African influx 
began. It is estimated that between 1551 and 1857 - the year of the 
abolition of the slave trade- nearly 3.5 mi Ilion African~ came to ou 
land. Their origin, which varied according to the period of their 
arrival, is known only in general terms, as shown on the map. The 
European immigration, however, is better documented. Until the 
opening of the ports, in 1808, only the Portuguese came in large 
numbers. After 1808, o_ther Europeans, especially from the Iberian 

Peninsula, began arriving in Brazil. Statistics from the Immigration 
Department of the Minis~ry of Labor show that, among the 
immigrants who arrived here between 1819 and 1970, 32% were 
from Portugal,29% from ltaly,and 13% from Spain. The remaining 
16% were made up of a numberofothernationalities. The massive 
entry of Chinese and Japanese happened only in the 20th century. 
These two groups made up 96% of all the Asians who immigrated 
to this country. Tables 1 and 2 reflect these migrations . 

What kind of participation drd these immigrants have in our 
ethnic composition? How did they reproduce in our territory? The 
enormous ethnic variation experienced by the Brazilian population 
through the years is shown on table 3, taking as landmarks 1500, 
the arrival date of the Portuguese, 1890, when the second national 
census was taken and finally to 1980, when the last census was 
completed. During these 480 years, the indigenous populations 
were drastically reduced while other elements, who were not 
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Period 
N° of Individuals 
Origin 

1900~1970 
10,500 
China 

Table 3. VARIATION IN BRAZILIAN ETHNIC COMPOSITION 
DURING 480 YEARS 

Ethnic or 
geographical groups 1500 
Indians 2,000,000 
Whites 
Mestizos 
Negros 
Recent Asians 

1890 
440,000 

6,302,000 
6,000,0Q0 
2,000,000 

1980 
200,000 

65,000,000 
46,000,000 

7,000,000 
755,000 

Table 4. RACIAL MIXTURE ACCUMULATED IN SAMPLES OF 
THE BRAZILIAN POPULATION 

Population Estimates on the accumulated level of the mixture(%)* 
Mean Minimum Maximum 

Whites 
Negroes and Mulattos 

FURTHER READING 

AZEVEDO T., Democracia racial. Petropolis, Vozes, 1975. 
BERGMANN M., Nasce um povo. Petr6polis, Vozes, 1977. 
FREIRE-MAIA N., Brasil: laborat6rio racial. Petropolis, V0zes, 1983. 

*Genes of African-origin in whites or genes of caucasian-origin in 
negroes and mulattos. 
**Gm system, which is expressed in serum protein and is especially 
adequated to the study ~f racial mixtures. 

Table S. ESTIMATES OF THE RACIAL COMPONENTS PRESENT 
IN THE POPULATION OF NORTHERN AND NORTHEASTERN · 
BRAZIL (GENE TRIHYBRID FLOW) 

Population Estimate of racial components(%) N11 of genetic 
systems utilized 

White Indian 

Northern Region . 
Northeastern Region 

*Gm system 

Negro 

Obs. In the cases where multiple evaluations occured, the most 
probable compositon is shown in red. 

NADALIN S.O., "lmigrac;aoalema no Brasil_: dois problemas",J//Col6quiodeEstudosTeuto-brasileiro. PortoAJegre, Editora da UFRGS, 1980. 
GOULART M., Escravidiio africana no Brasil (das origens a extinfiio do trafico). Sao Paulo, Alfa-Omega, 1975. 
SALZANO F.M., Pindorama, a inocencia perdida, Petropolis, Vozes, 1975. 
SALZANO F.M. Voce e sua heranfa. Rio de Janeiro, Civilizac;ao Brasileira. 1979. 

Translation: Lise Ribeiro Alves 
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:II EMAs NATIONAL PARK II 
Kent H. Redford 

Center of Latin-American Studies 
University of Florida 

For those who see it from afar - from the window of a car driving alohg the Belo Horizonte-Brasilia highway, for example- the 
cerrado (a typical Brazilian type of savanna, differing from the African savanna by its flora and fauna) may see'm monotonous. Low, 

s.tunted trees, covered by dust during droughts, constitute an even, brown and seemingly poor scenario. A closer look, however, will reveal 
not only a rare but unique richness which is now endangered because th~ Pianalto Central is beginning to be known as the "new agricultural 

frontier". The largest extension· of preserved cerrados is located in the Emas National Park,;in the state of Goias . There, an ecosystem 
unique to South America has survived all kinds of attacks: fire, pesticides and even government decrees. It is a place for those who like 

those animals that are becoming rare throughout Brazil, such as rheas (Brazilian ostriches) and seriemas, tapirs and giant anteaters. This is 
where, in September, at the beginning of the rainy season, one may see thousands of termitaries twinkling at nightfall. A place to be visited 

and studied. And, moreover, a place to be protected. 

I once heard a .farmer from the P~ntanal 
Mato-Grossense -were one finds one of the 
richest faunas in the world-complain ab~ut 
the non-existence of hippopotami in the 
landscape around him. As a matter of fact, 
Brazilians sometimes feel inferior because 
the Brazilia~ fauna, as opposed to the African 
one, has no large animals . How~ver, although 
lackingelephantsandgiraffes,Brazilian fauna . 
is rich in other species, some of which are 
found in the cerrado. 

Although large herds of wild animals 
are uncommon in the Brazilian cerrado, there 
is a region in the country where the ecosystem 
presents a very rich and easily observed fauna: 
the Emas National Park, located next to the 
source of the Araguaia River on the frontier ' 
between Goias and Mato Grosso do Sul (18° 
19' and 52° 45'). Created in 1961, the park 
received this name because it is the haven of 
a large number of rheas or Brazilian ostriches 
(Rhea americana), the biggest ,bird found in 
Brazil._ Located between the basins of the 
Amazon and Prata Rivers, to the East of the 
Pianalto Central, the park is limited on ,the 
North by the Jacuaba and on the South by the 
Formoso River, both having their sources 
within the park. 

Although Brazi I is developing an active 
program for the creation of national parks and 
biological reserves, these do npt properly 
represent the different types of prevailing. 
vegetation. Also, although the cerrado 
represents the country's second major 
vegetation area, covering approximately 15 to 
25 percent of the ,country's total surface 
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(estimatesvary),'only 11 percentofall national 
parks present such a type of vegetation. 

Grassy fields cover around 60 percent 
of the 131,868 hecta'res of the Emas Nat.ional 
Park; the rest is made up of cerrado or cerradiio 
(transitional vegetation between the forest 
and thecerrado), and this is the largest extension 
of Brazilian preserved cerrados. Narrow areas 
of gallery forests (so called beca~se they hang 
over the banks of wa ter courses) and swampy 
plains with buritis (palm tree of the Mauritia 
class) markthesourcesof several small streams 
which feed the Jacuba and Formoso Rivers 
(See Ciencia Hoje n° 16). The Jacuba River·. 
crosses an extensive flat, open _and swampy 
area with stretches of small forests which, 
before the arrival of farmers and squatters, 
spread much farther. The gallery'forest at the 
source of the Jacuba is one of the few dry 
forest areas in the park. The remaining gallery 
forests rise over marshy soil and the actual 
forest is surr'ounded by a narrow area of 
constantly flooded, grassy fields. Large open 
areas of flooded grassy fields occur in two 
areas of the park. · 
' From September to May, the rainy 
period of the region , precipitation attains 
roughly 1,500 mm. For the rest of the year 
tern pera tu res may exceed 35°C during the day, 
while droppin1~ at night. In recent years the 
park has been harmed by frost, which destroys 
the major part of the foliage . 

Visitors to the Emas National Park-one of 
the mostinteresti ng.Brazilian parks,according 
to Argentine researcher Francisco Erize-are 

amazed by the ease with which wildlife ~n be 
observed. It is not surprising that the park has 
become a mandatory stop for those touring 
natural Brazilian areas. · 

The "veado-campeiro" (Ozoceros 
bezoarticus) is probably the most visible 
mammal of the park. Herds of up to four 
animals are commonly seen in formations of 
open vegetation. Although they have a 
prolonged birth period, young deers can be 
seen more often in October and November. 
This is the only relatively large population of 
such species-endangered today-which is 
protected within a national park. In the last 
few years, a large number of male adults have 
been found dead, probably killed by bovine 
diseases and this is the reason why special care 
should be taken to preserve the health of these 
animals. ·· 

The population of giant anteaters 
(Myrmecophaga tridactyla) is equally large, 
and this is one of the most appropriate areas in 
Brazil to watch such animals. They eat at least 
14speciesof ants and termites, the latter being 
their most important food. Several other 
species of mammals can also be found, among ' 

· which at least five species of armadillos, two 
of white-lipped peccaries, the "cervo-do
pantanal" (Blastocerus dichotomus) and the 
tapir (Tapirus terristris), as well as 14 species 
of carnivores, including the "lobo-guara" 
(Chrysocyon brachyurus), the "cachorro-do
mato-\'.inagre" (Speothos venaticus), jaguars 
and two species of otters. However, in spite of 
such rich fauna, little is scientifically known 
about the animals inhabiting the par~. For a 
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better knowledge of the endangered species, 
population surveys and studies about habitat 
requirements are mandatory. Traps an_d nets 
are required to study mammals as it is possible 
that several species may not even have been 
described, such as spiny rats of the Clyomys 
and Carterodon species. 

During the dry season, the avifauna of 
the park is rich and diverse; between June and 
August, ornithologists registered at least 220 
species of birds. Biologist Paulo Antas, from 
the Brazilian Institute for Forestry 
Development (IBDF), reports that migrating 
birds such as the spoonbill (Ajaia ajaja) arrive 
during the rainy season. Rheas (Rhea 
americana), seriemas (Cariama cristata), 
pombinhas-das-almas or marias-brancas 
(Xolmis cinerea) and partridges (Rhynchotus 
rufesc,ens) are more commonly seen there. 
Among the rare species present are t.he 
"inhambu-carape" (Taoniscus nanus)-and the 
"bacura u-rabo-branco" ( Caprimulgus . 
candicans) . It was also in the park that the 
"ca bocl i nho-de-cos ta s-verm el has" 
(Sporophila hypochroma) was first registered 
in Brazil. 

Social insects are probably the most 
curious elements of the local fauna. Termitaries 
reign over formations of open vegetation: 
they were estimated at 25 million, scattered 
throughout the fields. In ope'n fields, 
Cornitermes cumulans termitaries replace the 
trees; they are good for nest-building, serve as 
shelter for several types of mammals, reptiles 
and invertebrate animals and are the home of 
at least 17 species of ants and other species of 
termites. Those same termitaries also house 
larvae of a species of glowworm of the 
Pyrearinus class, responsible for one of the 
most striking performances in nature: during 
a few weeks, at nightfall, at the beginning of 
the , rainy season, thousands of such larvae 
produce an intense greeny light, and the 
landscape becomes a myriadofshiningpoints. 
There are reasons to believe that such light 
attracts winged types of ants and termites 
which will be eaten by the larvae (see Ciencia 
Hoje, n° 16, p.92). 

Dominated by extensive areas of grass and 
cerrado, crossed by exuberant gallery forests 
and with an extremely rich fauna, the Emas 
National Park is an ecosystem unique to all 
South America. This wealth, however, is not 
secure, mainly bec.;ause of two factors: the 
fragility of its boundaries and fire. 

' When the park was created, the 
surrounding lands used for cattle pastures 
with a low animal density, remained vi'rtually 
untouched. This picture has changed: today 
the park is literally surrounded by soybean 
plantations. Empty pesticide cans scattered 
tnroughout its vicinity and aerial spraying of 
adjacent lands are contaminating the park. 
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A Decree Threatens The Park 

"At the time we came here, when groups of tame rheas could be seen beside the 
road, I had already been told what feather-pullers die{ to get close to them so as to b~ 
within•gunshot range ... " 

Carma Bernardes, For<;a da Nova (relembran<;as) 

In the early 1960's, a few cattle-breeders engaged in preserving .the fauna of the 
region next to the source of the Araguaia River, in the southwest of the state of Goias, 
launched the idea of creating a park. Preservation of the flora was out of question since, 
at that time, no one was thinking about the agricultural exploitation of thecerrado. Until 
the mid 1970's, when such exploration began, the fauna was varied and plentiful. Herds 
of rheas, veados-campeiros and white-lipped peccaries were common, as well as less 
sociable animals such as lobos-guaras,giantanteaters, small anteaters and several types 
of jaguars. 

The Emas National Park was created on January 11, 1961, by decree N° 49.874, 
enacted by President Juscelino Kubitschek. The area chosen for the park belonged to 
the states of Goias (the major part of the park) and tp Mato Grosso (currently Mato 
Grosso do Sul), where the sources of Formoso and Jacuba Rivers tributaries are located: 
the streams of Cupins, Rego d' Agua, Areia and Ribeira~zinho, among others. These 
lands were almost all unoccupied. Privately-owned land was expropriated on August 
4, 1962, by a decree enacted by the currentmayorofthemunicipalityofMineiros (GO), 
where the park is located. · 

Problems began eleven years after the creation of the park: a decree enacted by 
President Emilio Garrastazu Medici redefined the park's boundaries so that they 
excluded the sources of the tributaries on the left margin of the Jacuba River. 

In 1983, Kent H. Redford, who obtained his PhD at Harvard University (USA) 
with a paper on the Emas National Park published an article in Oryx magazine under 
the title of '·Emas National Park and the plight of the Brazilian cerrados"). He called 
the attention, among other things, to the hazards associated to uncontrolled burns 
promoted around the park and to the contamination of river sources outside the·park. 

Redford's paper affected the members of the Nature Preservation Committee of 
the town of Mineiros, chaired by Eric James Deitchman very strongly. Called for a 
meeting, the members of such committee-land owners of the region-met together 
to cooperate for the protection of the park, beginning with the construction of terraces 
to protect river sources. In addition to the above measure, the committee promoted a 
visit of the mayorofMineiros to the park in July, 1986, In August of the same year, they 
filed a request for the donation of equipment to protect the park from fire with Iris 
Resende Machado, Minister of the Agriculture. No funds whatsoever were forthcoming 
-the request was for Cr$ 400,000.00-and the protection terrac,es were never built. 

A great admirer and tireless protector of the Emas National Parle, Etelvino 
Bechara, of the Chemical Institute of the University ,of Sao Paulo, prepared a document 
listing several problems concerni'ng the park and proposing solutions which were 
different from those envisioned by the Nature Preservation C'..ommittee. According to 
Bechara, the supervision, protection and majntenance of , th~ park, as well as the 
assistance to researchers and tourists required at least 30 employees - number 
calculated by the Brazilian Institute for Forestry Development (IBDF), according to the 
Antas National Park handling project, published in 1981. 

Currently, the park has only three employees. In addition to inadequately 
payment-they receive·atound two minimum wages-the employees lack appropriate 
health care and have no schools for .their children. 

Although · the farmers of the region have the benefit of rural electricity, no 
electricity is available in t~e park and radio communications are poor. Among other 

· things, the park lacks firefighting equipment! obs~rvation towers and lodgings for 
visitors. 

Bechara believes, however, that the most severe - and also the ~ost difficult 
- problem faced by the Emas National Park are the river sources. Excluded from the 
park by President Medici's decree, he writes, .. the sources remained in private areas 
used for soya plantation and became regular pollutant channels for the Emas National 
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Park, potentially able to cause ecological disasters. In addition, soya plantations advance 
up to the park railings, totally disrespecting the buffer zone of approximately 1 km around 
the park. It is also very common today the presence of planes maneuvering over the park 
to apply pesticides on soya plantations. Brazilian ostriches and certain birds usually eat 
the grains of this cereal which fall from the trucks traveling through the roads of the park." 

pastures or rice plantations. The pampas in 
Uruguay and Argentina have already 
disappeared and the llanos in Colombia and 
Venezuela are about to become extinct. The 
cerrado, mainly due to the interest in 
developing extensive agriculture in the area, 
wi II be the next ecosystem to be destroyed (see 
Ciencia Hoje n° 33). In addition, the Brazilian 
government has been supporting development 
plans for agriculture, cattle breeding and 
s:lviculture within the cerrados .· 

The above reasons make it urgent to redefine, by a presidential decree, the .limits 
of the Emas National Park-the only way to recover the basins of Jacuba and Formoso 
Rivers. This implies the expropriation of private lands currently covered with soybean. 

Josias Dias da Costa 
Benedectine Monk 
member of the community of Mineiros, GO 

Although the decree which created the park 
determined that the sources of rivers crossing 
it should be protected, several have sources 
located outside the park's boundaries and are 
totally unprotected. Most of the gallery forest 
along the Jacuba River ( one of the park's 
boundaries) has been felled, thus jeopardizing 
a very important habitat for some specie's. The 
hydriccomplex bathing the park needs urgent 
protection, before it becomes even more 
polluted (see "A decree threatens the park•} 

Also urgent is the review of the park's 
boundaries. As we know, rivers a re i nadeq ua te 
as boundaries for parks. Roads are equally 
inadequate, and yet two unpaved roads, 
extensively used, play such a role. Worse still: 
plans are underway to pave these roads. 
Although a well-built fence closes its lateral 
sides, the invasion of the park by hunters 
coming from the roads is not uncommon. 

Another merciless enemy is fire. Huge 
"burnings·• (fires for clearing land) lit by 
farmers outside the park interested in 
improving the quality of the pastures and 
controlling cattle parasites invade the park 
and destroy extensive areas every year. Such 
uncontrolled burnings kill giant anteaters 
which, with their long and inflammable hair 
and incapable of quick reactions, are easy
victims. Once, after a very large burning, five 
such animals were found dead. The fire also 
attacks and occasionally destroys galle_ry 
forests, extremely important for the fauna of 
the cerrado: several species use them for 
shelter, water and food . A survey car~ied out 
by zoologist Gustavo Fonseca and myself, 
aiming at checking the habitat requirements 
of the cerrado's mammals, showed that at 
least one third of the classes would disappear 
if an area of the gallery forest was destroyed. 
As to birds, a similar pattern was observed. 

Limited burnings, however, have some 
advantages. In areas not submitted to fire, 
grasses may attain to 2.5 meters in height, thus 
forming an inadequate habitat for most of the 
fauna. The fires burn high vegetation such as 
this and promote resprouting, _ creating a 
favorable habitat for the veados-campeiros, 
rheas and several other species. It seems that _ 
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controlled burnings trigger the proliferation 
of termitaries and can be used as an adequate 
handling resource for the habitat of armadillos 
and giant anteaters. In addition, fire in the 
cerrados is a natural phenomenon and, if 
completely eliminated from the area, Would 
undoubted I y bring noxious consequences. 

Open vegetation formations in South 
America are rapi·dly disappearing or losing 
their characteristics, covered by a carpet of 

The int~grity of the Emas Nationa l Park -
the largest and best preserved cerrado within 
a national park - is being threatened . Since 
this is the only area where this typically 
Brazilian ecosystem is well represented, the 
struggle to enhance and preserve it is critically 
important. Our concern with the increasingly 
critical situation of the Amazon and of the 
Atlantic forest should not ignore the fact that 
other South-American habitats are equally 
threatened. 

. 

After all, What is Missing in 
National Parks? 

On March 16, 1987, the Folha de Siio Paulo newspaper published a statement by 
Angela Tresinari Quintao, director of the National Parks and Equivalent Reserves 
Department of the Brazilian Forest Development Institute (IBDF) . Talking about the 
fragile situation of the 28 Brazilian national parks, she observed : 

.. We are not short of money, as everybody thinks; we are short of people. We need 
personnel. We are even refusing the financial help of foreign institutions because there 
is no way of using the money without having people to work( ... )" The newspaper adds: 
"The situation tends to get worse: existing employees are retiring and moving to the 
private sector for better wages." 

On September 14, 1987, in answer to a letter sent by Etelvino Bechara to the 
President of the Republic in November 1986, Bngela Quintao said: 

•·we agree that the obvious solution is to improve this Preservation Unit, 
equipping it both with human resources and the equipment .required to protect and 
maintain it. We regret to inform, however, that the financial resources our Department 
is currently obtaining for investment.in national parks and biological reserves are much 
less than we needs ( ... )As for the need for more staff in our parks and for increased wages, 
( ... ) this issue is unfortunately outside the scope of IBDF." 

Still regarding the document sent by professor Bechara to the President of the 
Republic, Maria Lufsa Vicente Galante, an IBDF geographer, prepared a technical report 
from which some excerpts follow: 

..Professor Etelvino points out the huge problems facing the Emas National Park. 
He 'also indicates solutions, which would be to better equip the park with human, 
economic and equipment resources. As to the iss.ue of contamination of the park by 
pesticides, w~ recommend its redelimitation, increasing it to encompass the sources of 
the Jacuba and Formoso rivers. Professor Bechara is unfortunately right in all his 
reasoning. The Parks National Department is aware of everything but so far has been 
unable to obtain from the President the resources needed to solve such severe problems". 
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NON-NUMBERED FIGURES. (see Eco-Brasil pp.80-86) 

(p.82). Above, a giant anteater (Myrmecophaga tridactyla) eating in a 
termitary. Below, rheas(Rheaamericana) in a field,amongtermitaries 
formed after successive burnings. 

(p.83). Below, one of the frequent burnings which devastate the park's 
fauna and flora. To the right, a giant anteater,-defenceless victim of the 
fire. 

(p.84). The park is one of the most best places in Brazil to observe the 
giant anteater. 

FURTHER READING 

(p.85 ). Below, an arm a di I lo (Euphractus), represented by at least five 
species. Left, seriemas (Cariama cristata) among the most common 
birds observed in the park. 

(p.86). Soybean plantation next to the park. 
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Translation: Maria Esmene Comenale 

60 ECO- BRASIL SUPPLEMENT 



BLUE-MACAWS: 
THEY ARE ABOUT TO DISAPPEAR 

In 1819, German zoologist Johannes Baptist however, .the interest in the species intensified, 
von Spix encountered on the banks of the Sao and high prices were paid for the birds. Besides 
Francisco River, next to Juazeiro (BA), a nestlings,adultbirdswerealsocaptured. This 
small and still unknown macaw: its plumage eventually impaired the birds' reproductive 
was blue with a shade of gray, bare gray skin potential, and the population underwent a 
aroundtheeyesandatthelore,averylongtail quick decline. Eventually, of the five 
and a relatively small beak. The species, specimens we had be.en informed of in 1985, · 
popularly called blue-macaw, was classified one had disappeared aQd another. had been 
as belonging to . the Cyanopsitta genus, . . killed. Amongthethreeremainingspecimens 
intermediate between theAnodorhyncus-to there was a couple that, in 1985/86, had tried 
which the black-macaw (A. hyacinthinus) twice to raise nestlings - however, 
belong- and the Ara, which indudes most unsuccessfully, because the birds had been 
macaws and maracanas. disturbed. 

The bird was next seen in 1903, when The species then dedined, not because 
German collector and zoologist Otmar Reiser of the destruction of its habitat but due to their 
observed it in the Paranagua (PR) region. being trapped for commercial reasons. Such 
Since then, records are rare. In 1974, pursuit-has been carried out basically by two 
omithologistHelmutSicksawsevenspecimens groups of traders and bird catchers living in 
in the west of the state of Bahia. In a text Piauf. Attempts to take nestlings and even the 
published in 1980, American ornithologist couple from the nest, made in 1985, show that 
Robert S. Ridgely reports the occurrence of there is an interest in capturing _every single 
the species also in the states of northeastern possible bird, down to the_ last one. 
Goias and southern Maranhao. · 

In June 1985, with the support of the Common belief associated the blue-macaw 
Panamerican Section of the International to palm trees, especially to Brazilian wine 
Council for the Preservation of Birds (CIPA), palms (buritfs). There are no longer an,y such 
wemadeatriptostudythebiology,distribution trees in Juazeiro, the vegetation of which, 
and current status of the blue-macaw. We according to German botanist Kurt Hueck, is 
traveled along the south of Maranhao and the a type of caatinga (sparse forest), marked by 
southeast of Piauf for six weeks. Believing it the abundance of. euphorbiaceous plants. 
to beunlikelythatwewould be able to observe Streams and high trees are important for Sl!ch 
such rare birds, we concentrated our efforts on · birds. They more frequently settle on crai beiras 
interviewing people, especially hunters, (Tabebuia caraiba), which are apparently the 
poultry raisers and bird traders. We obtained only trees with hollow spaces large enough for 
no information about the existence of such the blue-macaws' nests. 
bird in those regions; not even in Paranagua The macaws fly in couples or in small 
where Reiser watched it in the beginning -of · flocks, emitting a characteristic cry from time 
the century. We learnt, however, from bird to time. Their flight is more similar to that of 
traders, about the existence of five specimens the large macaws-specially the black-macaw 
in the Juazeiro region, where they were first - than to the maracanas. The favela 
discovered. (Cnidoscoluspyllacanthus), the pinhao-brabo 

In April, 1986, we were able to watch (Jatrophasp),thejuazeiro(Ziziphusjuazeiro) 
what was left' of the population described by and the pau-de-colher(Maytenussp) are plants 
von Spix in Juazeiro: according to residents, reported as food eaten by the species. In the 
those birds had been relatively numerous areaclosetoJuazeiro,thereproductiveperiod 
some decades ago. At the time there were goes from November to March, varying from 
birds on both sides of the Sao Francisco River year to year according to climatic conditions. 
but they had not been seen in Pernambuco for It was in February that nestlings used to be 
some time. They told us that sometimes taken away from their nests (in general, each · 
nestlings were taken from the nests to be nest has two or three birds). 
raised in captivity. D~ring the 1960s and 70s, . . Are there any other populations of tl)is 
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species? Although Reiser and Sick report 
their presence in Piauf and in the west of 
Bahia, respectively, we were unable to obtain 
sound clues of the bird in such regions. If 
there are still populations of C. spixii in the 
area, they must be minimal and hidden from 
the eyes of most hunt_ers and residents. The 
indications given by Ridgely of their presence 
in the south of Maranhao and in Goias are 
indirect and, at least in the case of Maranhao, 
questionable. 
· At present there are about 40 C. spixii 

specimens in captivity,. roughly 20 of which 
in Brazil and the rest scattered throughout 
several countries. Almost all of them originally 
come from the Juazeiro region. 

Considering theabovesituation, urgent 
measures are mandatory. Birds of the known 
population must be watched and protected in 
a joint effort by the Brazilian Institute for 
Forestry Development (IBDF) and the local 
population. The World Wildlife Fund - WWF 
and the Zoologic Society for Species and 
Populations Preservation (Zoologische 
-Gesel lschaft fur Arten und Populationzschutz), 
located in Munich, are willing to fund such a 
project. On the other hand, the search for 
other populations must be intensified. In 
1987, The CIPA's Panamerican Section will 
fund another trip with this objective. 

A program for reproduction in captivity, 
if initiated soon, is probably the only means to 
avoid the extinction of the blue-macaw. 
Abroad, people are already trying to register 
all captive specimens and to collect a 
reproductive stock, under the interim 
coordination of CIPA International. In 
Brazil, raisers of blue-macaw, taking their: 

. responsibility for the species seriously, must 
create an association and prepare a program 
with the same goal. Christoph Imboden, 
director of CIP Alnternational, suggested that 
birds born as a consequence of such a program 
should be made available to the government 
~nd used only for reproduction or occasional 
reintroduction operations. Nestlings should 
not be sold. The survival of a species is at 
stake and this surmounts any financial value. 

Paul Roth 
Departmento de Biologia 
Universidade Federal do Maranhao 
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NON-NUMBERED FIGURE (see Eco-Brasil p. 87) 

(p.87). A rare photograph: three blue-macaws, the la.st ones in 
the region of Juazeiro. · 

Translation: Maria Esmene Comenale 
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PAEPALANTHUS, TERMITESAND 

SPIDERS 

Jose Eugenio Cortes Figueira 
Departamento de Biologia Geral, 

Universidade Federal de Minas Gerais 

Joao Vasconcellos Neto 
Departamento de Zoologia, 

Universidade Estadual de Campinas 

The need to survive in harsh environ □1ents stimulates the generation of interesting mechanisms of adaptation and associations 
between plants and animals, so that they form true microcosins. One example is th.e convergence of Paepalanthus bromelioides with 

bromeliaceous plants, though belonging to a completely different family, the Euriocaulaceae. This convergence allowed the species to 
colonize sandy soils with little water and few nutrients; spiders, termites and other small insects have associated themselves to the plant, 

feeding more easily and helping the plant to grow. 

Whoever walks in the rocky meadows of 
the Cip6 hills is sure to notice the presence of 
strange plants, similar to bromelias, growing 
on cilindrical masses of sand or earth. In some 
parts of the hills, they are grouped by the • 
hundreds and stand out from surrounding 
vegetation, made up mainly of grasses and 
small bushes. Those sandy and stony soils 
seem to be the key to the evolutionary history 
of these plants and their association to spiders 
and termites. 

The plant,Paepalanthus bromelioides, 
seems to be endemic to that part of the state of 
Minas Gerais and to its shallow soils poor' in 
nutrients and organic material (see Ciencia 
Hoje n° 25). Contrary to other species of 
Paepalanthus that have wel I-developed stems 
covered with a layer of hard sheath leaves, the 
stem of P. bromelioides is not developed and 
it is often covered with a cylindrical termite 
nest made of earth, up to 30 centimeters high · 
(figure 1). 

The largest ros~ttes of P. bromelioides 
are on large termite nests: the two develop 
together. The growth of the termite nest is a 
complex process involving erosion and 
accumulation of sediments by wind and rain. 
Erosion appears to -' carry away the soil 
unprotected by the rosette and the bundle of 
roots. This means that as it grows the ros·eue 
increases its protection capacity (figure 2) . 
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Sediments dropped by the wind or by 
raindrops accumulate below the rosette and on 
the walls of the termite hill, increasi ng its 
height and diameter. These sediments recei_ve 
organic material produced by termites and are 
used by them in the construction of galleries, 
cells and other structures of the termite nest. 

Internally, the termite nests are compact, 
with few galleries and cells that are not in 
direct contact with the stem (figure 3). 
Termites use the plant as food and shelter. 
External galleries are infrequent and appear in 
a small number of Vellocitermes nests. At 
least three other sorts of termites are found: 
Nasutitermes, Armitermes and Spinitermes. 
Apparently, these species of termite.share the 
termite nests and then feed off different parts 
of the plant. Foraging galleries were only 
observed with Vellocitermes, which may mean 
that these termites enrich the soil of termite 
hills with. nutrients collected around the plant. 

During the rainy period (Octobe.r
pecember), winged termites appear. They 
build towers on top of and on the side walls of 
the nest, with an exit from which to disperse. 
As they look for places to build nests, the 
termite couples may land in termite nests 

. inhabited by colonies of the same or of other 
species. The presence of termites in P. 
bromelioides associated to some pla~t species 
like N. rizzini shows th~t th½ plant provides a 

milder microclimate than the surrounding 
environment, with constant renewal of food 
for the insects. 

Rocky meadows are subject to periodic fires; 
of human an,d natural causes . After the fire has 
passed, destroying plant cover and exposing 
sandy soil, only the scorched stems of plants 
and grass roots remain. But veloziaceous 
plants resist well to the~e conditions, as do 
Paepalanthus whose stems are wrapped by a 
layerof sheath leaves that function as a kind of 
thermal insulation, protecting the plant's 
condu'ctive systems from fire. 

The large rosettes of P. bromelioides 
suffer less from fire than do the smaller ones. 
_Moreover, at ground level and on top of the 
highest termite nests. the rosettes are less 
damaged. Paepalanthus robustus, with a 
smaller-diameter stem presents the same 
patt~rn of burning, though it grows higher 
than the termite nests of P. bromelioides. 
Therefore, the termite nest under P. 
bromelioides plays the same role as the stem 
of P. robustus, attenuating the degree to which 
the rosette is exposed to flames. Because it is 
made of earth, the termite nest is even more 
effective. 

The termite nests of P. bromelioides 
and the stems of veloziaceous plants and other 
species of Paepalanthus (figure 4) appear to · 

63 



represent~ different evolutionary solution to 
the same problem: fire. In P. bromelioides, 
the association with termites and the capacity 
of the plant to hold onto the soil around its 
roots during erosion may turn the investment 
in stem growth and the layer of leaf sheaths 
unnecessary. 

Fire has an important role, as it 
diminishes the nutritional resources and shady 
areas of the nest, probably limiting the termite 
population that forage outside ~he nest. 
Because they feed off the dead parts of the 
plant protected by the termite nest, and 
therefore do not need outside sources of 
cellulose, the termites associated to P. 
bromelioides have an advantage over other 
species. 

The poverty in nutrients of rocky 
meadows is a direct result of erosion, which 
does notallow organicmaterial to accumulate. 
As soils are sandy, rainwater is soon lost. This 
characteristic, together with extremely 
compacted soil, submits the plants to hydric 
stress even during the rainy season. Thus, 
adaptations that help the plants capture. and 
conserve water- even mistwater- are common; 
the sheath leaves are one example. 

Paepalanthus bromelioides does not 
seem to have any special mechanism to scatter 
fruit and seeds. This means that new plants 
develop close to the mother plant and should, 
one would think, eventually saturate the area. 
However, this does not happen. There· is 
evidence of intra-species competition manifest 
in the spatial distribution pattern and in the 
produc tion of increasing numbers of 
inflorescences as the distance between one 
plant and its nearest neighbor of the same 
speci'es increases. , 

Competition within a species may be 
one of the factors that prevents saturation of 
individuals in the enyironment. Under these 
conditions, alternative ways of. obtaining 
nutrients and water are an advantage. The first 
is the enrichment of soil by termites and 
predatory fauna that take shelter under the 
rosette. The second is capture of water from 
mist and rain,of detritus blown in by the wind,1 

of animal products and remains that fall on the 
plant, decompose and are absorbed in the 
rosette. 

Soil analysis of termite nests associated 
to P. bromelioides shows · granulometric 
composition and nutrient content different 
from those found in surrounding soil. Termite 
nests are especially high in phosphorous, 
potassium, calcium, magnesium and .sodium 
content. As most termites do not forage 
outside the nest, the greate('. concentration of 
nutrients must result from decompositidn of 
the plant. However, termites enrich the soil 
with nutrients obtained from the plant that are 
then reabso'tbeq,by the roots. Predatory insects 
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that take shelter at the base of the rosette or 
seek food close to the plant contribute, with 
their residues, to enriching the soil in whichP. 
bromelioides grows. Scorpions, daddy-long
legs, spiders and ant? make up this population;_ 
some capture other invertebrates that use the 

. plant as shelter. 
The soil under plants without termite 

nests has low nutrient content when compared 
to that of the P. bromelioides termite nests 
although they shelter similar predatory fauna. 
The difference is probably caused by 
lixiviation, especially by the surface water 
that carries nutrients of the soil around the 
plant. This does not occur with the soils of the 
termite nests under the plant's rosette, about 
30 centimeters above the ground. However, 
the greatest concentration of nutrients does 
not make P. bromelioides invest more in 
reproduction (mea'sured by the biomass of 
inflorescences) or in the growth of the rosette. 

The association of termites toP. bromelioides 
is problably mutualist. Although part of the 
formation of the termite nest is due to a biotic 
processes (iri which live organisms are not 
involved, like erosion and thea·ccumulation of 
sediments by wind and rain), successive 
generations of termites may make a significant 
contribution tothe'cohesion of the nests . This, 
in addition to the fact that the termites reduce 
the amount of combustible material in the 
rosette and mix into the soil their nutrient-rich 
excrement, reduces the damage cause by fire 
and the loss of nutrients through lixiviation. 
On the other hand, termites obtain a constantly
renewed food supply from . the plant and a 
more stable and mild microclimate when 
compared to the surrounding environment. 

In clear fields where P. bromelioides 
grows, grasses and herbaceous plants 
predominate and tern pera tu rescan reach 50°C: 
Various kinds of animals use the rosette of the 
plant as a shelter from high temperatures. 
When they take shelter here, they are prey to 
spiders, scorpions and other predators . . P. 
bromelioides stands out from surrounding 
,vegetation because of its synchronic fl oration 
(all the plants flower at once - I once saw 700 
flowers on a single plant) and attracts insects 
in search of pollen (figure 5) and predators, 
among them spiders in search of insects. 

Four groups of spider with different 
strategies for capture are frequent visit9rs: 
Alpaida quadrilorata (Araneidae family), 
Latrodectus geometricus (Theridiidae) an_d 
representatives from the Thomisidae and 
Anyphenidae families. The first spins its web 
above the tank of the rosette, capturing insects 
that visit the inflorescences (figures 6 and 7). 
Latrodectus geometricusspins most of its web , 
between the leaves at the base and the inside of 
the tank; it generally captures insects and 

other arthr'opods that use the rosette for shelter 
or hunt under it. The Anyphenidae do not spin 
webs: they actively seek. their prey, moving 
quickly all over the inside of the rosette. The 

· Thomisidae await their prey immobile in the , 
inflorescences, fading into the background 
because they are white. They usually hunt 
insects that seek pollen. 

These predators let parts of the prey fall 
into the rosette .. Left-overs are added to the 
carcasses of arthropods that have died for 
other reasons, detritus blown in by the wind 
(leaves,stems, inflorescences), i nsectcocoons, 
spider sporangia (figure 8) and the secretions 
o,f all.of this small community. Once deposited 
in the l_iquid inside the rosette tank, the detritus 
begins to degrade. The liquid becomes dense 
and gelatinous. Its acidic pH (betwe.en 3.5 and 
5.2) must be at least partly the result of the 
process of degradation. 

Thus, the entry of nutrients into P. 
bromelioides is at least partially conditioned 
by the activity of predators and the plant's 
own capacity to attract prey. The concentration 
of animals in this microcosm (figure 9) 
represents a supplementary nutr.ient supply 
and an advantage over plants - bromeliaceous 
plants, for example - that intercept detritus 
passively, by chance, as they are blown in by 
the wind. 

Members of the bromeliaceous family 
became independent of the soil as a source of 
water and nutrients thanks to the collector 
shape of their rosettes and to their capacity to ' 

• absorb through trichomes (absorbent bristles). 
This allows them to spread through arid and 
·infertile habitats (see box, "The road to 
independence"). 

The similarity in ,shape of the P. 
bromelioides to other bromeliaceous plants 
suggests that selective pressures imposed by 
scarcity of water and nutrients has reinforced 
characteristics that allow them to obtain such 
resources by means other than roots. As in 
bromeliaceous plants, the open shape of the 
rosette of the P. bromelioides is favorable to. 
capture of light, water and nutrients. The , 
plant is, however, subjectto harm by excessive 
light radiation (especially ultraviolet), 
desication and loss of nutrients through 
overflow. • 

Ultraviolet light may be important to 
·attract prey to carnivorous plants. This kind of 

. attraction exists in environments where the 
background creates a contrast and absorbs 
these wavelengths. Sandy soil however does 
not offer this contrast and reflects ultraviolet 
ligh!. This leads to the belief that ultraviolet 
reflection· does not have the function of 
attracting animals to P. bromelioides. Its 
capacity to reflect ultraviolet radiation simply 
protects its leaves f~om excessive luminosity. 

Though the ability _of P. bromelioides 
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to absorb through trichomes has not been 
proved · (tests with radioactive tracers are 
nec;:essary for this), water ap,d nutrients can 
probably be absorbed in this way through leaf 
-surfaces or even roots. ln this process, the 

termite nest is also important as it intercepts 
the liquid that overflows the rosette. The 
liquid is not lost in drainage of surface water 
and the chances of survival are increased by 
the overflow for all parts of, the microco.sm: 

plants, termites and spiders: 

Revision of the portuguese text: Maria lgnez 
Duque Estrada 

On The Road. to lndepende~ce 
P. bromelioides may be following an evolutionary path 

analogous to that of bromeliaceous plants, occupying first arid and 
nutrient-poor areas and gaining a certain nutritional indepeAdence. 
In bromeliaceous plants, this step provided the basis for a ''leap'' 
towards the epiphytichabit-a habit oflivingon·other pl.ants without 
being parasitic. 

The coflector-shaped rosette of bromeliaceous plants, with 
its ability to absorb through trichomes and lea( surfaces,gives these 
plants a .certain independence from the soil as source of wat~r and 
nutrients. This allows them to colonise arid and infertile habitats 

NUMBERED FIGURES (See Eco-Brasil pp.88-93) 

Figure 1.Paepalanthusbromelioides in tl~wer, associated to a termite 
nest. 

Figure 2. All e\fide!')ce poi .nts to termite nests forming around already
establishedP. broinelioides. Fr.orp thatpointon, the twogro'wtogether. 

ground level 
"shade" of the rosette 
sediment accumulated by termites, wind and rain 
loss through erosion 
previous ground level 

Figure 3. Vertical section of P. bromelioides showing short stem 
surrounded by the termite nest which is, in this case, quite compact with 
few galleries and some cells. 

Figure 4. Rocky meadow with the presence of P. bromelioides and 
some veloziaceous (in the background). In the former, termite nests 
serve as insulation, protecting the plant from fire, while in the latter 
protection is assured by layers of sheath leaves. 

Figure 5. Inflorescence of P. bromelioides with a visiting dipteron. 
Visitors are. the usual prey of spiders that live in association with the 
plant -· thomisideae and A lpaida quadrilorata. 

. . I l 

Figure 6. The spider Alpaida quadrilorata selects plants·accordi'ng to 
the volume and size of.the rosette; There are two important factors of 
selection: the number of inflorescences (di,rectly related toithe size of 
the rosette) and,the lowest temperature inside it (inversely related to 
size). 

Vertical Axis: 
number ( or' frequency) of rosettes 
temperature at th'e base of the rosette (0 C) 
number o'r inflorescences ·produced per plant 
line of regression 

Horizontal Axis: 
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like swamps, tree trunks and rocky cliffs. Epiphytes in the Atlantic 
forest, for ·example, intercept rainwater arid detritus that fall from 
the forest canopy. Some species became carnivorous. They 
supplement the poor nutfilion provicl'ed by soggy soils by attracting 
prey into' their rosettes, where it is digested and abs·orbed .. 

The degree of independence of bromeliaceous plants is such 
that some· sp~cies (called "atmospheric") absorb water directly ' 
from the atmosphere. They occupy the forest canopy, an environment 

-considered very dry, and their roots absorb water in'tl:ie same way 
. as the vela men Qf orchids. 

temperature of the earth = 53° C 
. rosettes classified according to size 
size of rosette(*) 
r9settes occupied by Alpaida quadrilorata 

' rosettes ''available" for occupation 
(*) size is not measured but quantified by the area multiplied by the 
number of layers of leaves in the rosette. 

· Figure 7. A femaleA . .quadrilorata, which generally puts its web above 
the main reservoir, -capturing floral visitors and insects looking for 
protection under tile plant. 

Figure 8. Ma·i n resevoi r of theP. bromelioides with two oothecas of the 
Latrodectus geometricus spider. In the reservoir, parts of the victims 
are still found. Note the similarity to th.e bromeliaceae. 

Figure 9·. The microcosm of P. bromelioides (schematic section), -
showing the locations used by associated spiders and the internal 
structure of the termite nest. (a) sporangia of L. geometricus, showing 
the way out for the young. (b) an adult L. ,geometricus. (c) A. 
quarilo'rata and its web - wh~n disturbed this spider dives into the 
liquid accumulated in the rosette and can stay subme~ged up to three 
minutes. (cl) Hymeno~teron'Tiphiidae, pollen €ollector, a prey to the 
spiders that spin webs above the rosettes or hunt on the inflorescences, 
such as Thomisideae. ( e) Spider of the Anyphenidae family, that hunts 
by moving rapidly ardund the rosette and does not build webs. (t) 
Coleoptera scarabaeid (probably aBarybas), that shelters between the 
leaves of the rosette and is the usual · prey of L. geometricus. (g) 
Nasutitermes soldier termite. (1) External forageing gallery for 
termites; it stretches through surface soil to dead tree trunks, grass 
roots,etc. (2)'Plant roots. (3) Great empty spaces that can be attributed 
to termites. (4) Internal gallery that runs through the nest and may 
come out at its top, at the base of the rosette. (5) Tower for dispersion 
of winged termites. (6) Plant stem. (7) Gemmation of the plant, 
protected by the leaves that grow around it. (8) Remains of dead leaves 
at the base of the rosette, cut by termites. (9). Dead leaves. 

N.b. The.animals and plants are drawn on different scales. 
I , ' 
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II THE HISTORY OF ANCIENT BRAZIL II 
Pedro Ignacio Schmitz 

Instituto Anchietano de Pesquisas 
·sao Leopoldo (RS) 

When Portugal discovered Brasil, more than 500 generations of our species had already marked our territory with signs of their 
activities and their struggle for survival. Their history, not fanciful a.tall, can be learned through documents that only archeologists know 
how to read: primitively carved stones, left-overs from thousand year-old meals, rock paintings, remains offoneral rites, of campfires that 
went out long ago in almost imperceptible campsites. Twenty teams of archeologists scattered around the country have carefully selected 
and interpreted this material. New research and new data are added to the initial hypotheses every year, rendering history more concrete. 

The period between ten and five thousand 
years B.C. represents the first chapter in the 
populating of our present territory. The Earth 
was emerging from a period of intense cold 
that left marks on the landscape, flora · and 
fauna,andsettheconditions for human activity, 
This was the last to take place since man's 
appearance on Earth. Glaciations lasting tens 
of thousands of years have occurred in cycles, 
alternatingwith equally long hot periods, with 
temperatures much like present ones, though . 
genera 11 y higher. In the Northern Hemisphere, 
layers of ice thousands of meters thickcoveied . 
Europe during the last glaciation (ranging 
from the pole to the present location of 
Londo·n), as well as North America (down to 
present-day New York). In the Southern 
Hemisphere, glaciers were less extensive but 
their effects were not much different. Water 
fr9zen on land was not avai I able to the oceans, 
so that the sea level was correspodingly lower. 
Bands of vegetation on the globe followed the 
dislocation of the temperature and humidity 
bands, while animals adapted to existing 
climatic conditions. This period which 
included the emergence and -·development of 
man, and ended around ten ~thousand years 
B.C., is known as the Pleistocene epoch. It 
was followed by the Holocene, which has 
iasted until the present. 

In 1977, the Brazilian geographer Aziz 
Ab'Saber proposed a model of what Brazil 
must have been like at the end of the 
Pleistocene,between 16,000and 11,000B.C.: 
temperatures some degrees lower than present 
ones, with a generally arid climate. Since the 
sea level was much lower than it is today-:-
maybe 150 meters lower -_the continental 
shelf was exposed, broadening the coastal 
plain by 100 or even 200 kifometeres where 
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the sea is shallow. Only a small part of the 
territory was forested and open vegetation 
like savanna, bush, steppes and prairies 
predominated . On the highlands of present 
day South and Southeast regions, there were 
larger areas of pine groves. Huge animals 
were prominent: the ancestors of the horse, · 
llama, armadillo, sloth, tapir and deer. 

With the end of the ice age, and the 
increase of temperatures "nd rainfall, the 
oc~ans-reclaimed the continental shelves: The 
territory ,took on tropical features; the forest 
and savanna expanded at the expense of the 
bush, steppe and pine groves (figure 1). Most 
of the larger animals became extinct. During 
the transition, the present Brazilian territory 
was rapidly and systematically occupied by 
human populations, coming from Asia across 
the Bering Strait (according to most U.S. 
archeologists) or already established for 
thousands of years in the Northeast of Brazil 
(as some Brazilia·n archeologists want to 
prove). 

During the early Holocene these 
populations settled !n various parts of the 
territory and expanded. U.S. archeologists 
refer to a demographic explosion that would 
have occurred at this time in what now is the 
United States, as a result of the new and more 
favorable environmental conditions. Whether 
or not we accept the hypothesis that the 
Northeast of Brazil was already' populated 
during the Pleistocene, central Brazil certainly 
w,as. As for the rest of the country, we sti 11 do 
not have enough data to support the hypothesis 
of human settlement during the Pleistocene 
(see Ciencia Hoje n°47, p.78). 

The cerrado, characteristic vegetation 
of central Brazil, is rich in archeological sites 

from the early Holocene period. Many have 
been dated using carbon-14, others by 
comparison (see Ciencia Hoje n°19, p.39). 
Many research institutes are active in the area. 
Basic data come from Serran6polis in 
southwest Go'ias, where the Goias 
Archeological Program has worked on 45 

· shelters very rich in prehistoric remains (figure 
2). Near the VerdinhoRiverthere isa favorable 
confluenceofforest,cerradoand high prairies, 
with great abundance of fruit and medium and 
•small game (deer, capybaras, wolves, pacas, 
armadillos, rheas, turtles, large lizards, land
bound mollusks, small fish and honeybees). 

Silicified sandstones, that represent the 
layers between Botucatu sandstone and basalt 
in the Serra Geral formation , give rise to 
enormous, clean shelters, lit and heated by the 
sun, where people could live all year long. 
The. s~elters are very useful in the dry, cold 
winter and still more so during the very rainy 
summe·r. The same slabs that formed the roofs 
provided abundant raw materials to produce 
chiselled artifacts. 

The first human bases in this are? date 
back to 8,800 B:C. Deep layers of ash from · 
ancient campfires are continuous until about 
4,000 B.C., indicating that the area was 
habitually occupied or frequently visited. 
Between 8,800 and 6,500 B.C. there are 
countless food remains mixed with the ash, 
showing that the inhabitants were hunters that 
ate mostly deer,armadillnsand lizards. During 
a second phase they became accustomed to 
eating various species of land mollusks, 
abundant along the high, humid rockwalls , 
shaded by the forest. The various fruits of the 
cerrado may also have played an important 
role in thei-r diet. Among the chiselled stone 
artifacts there are small, well-finished, single-
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faced blades, which m·ust been have used with 
handles like those of our knives, to scrape, 
soften, cut or puncture skins, especially 
deerskins, and make them into cloaks or bags , 
The long bones of deer were converted i_nto 
spatulasfordifferentpurposes. Oddlyenough, 
they did not use stone or bone points on 
projectiles (although they were familiar wit~ 
them, since isoiated examples have been 
found) . The points of their darts may" have 
been made out of wood, but it is possible that 
they preferred clubs and other weapons arms 
for hunting. Among the rema1ns left by these 
peoples there are no vestiges of animals that 
became extinct at the end of the ice age. This 
fact,as well as theab~ence of projectile points, 
intrigued archeologists who have studied the 
coldest parts of the Americas, where both are 
common in si tes having the same age. They 
began to imagine that men of the tropical 
savanna had developed survival strategies 
different from those of their brothers in 
temperate and cold climates. 

The shelters are .decorated with 
paintings and engravings, which are clearer 
and more abundant in shelters occ·upied for 
longer periods: predominantly red paintings, 
employing mineral pigments, on tlat, hard 
parts of the walls, they combine geometric 
design with animal representations. The 
animals are drawn_ in static positions and are . 
juxtaposed without expressi11g rear scenes. 
Birds standing qr with their wings open are 
very common, as are lizards and mammals 
like armadillos and wildcats. Human figures. 
are rare. The softer parts of the sandstone are 
covered with simple engravings, made by 
scraping, where human and bird footprints are 
seen. These drawings, however, were probably 
not all made by ancient man: they accumulated 
over milennia, until the coming of white man 
(fi,gure 3). · 

The cerrado is a resistant vegetation that 
thrives on a particular kind of soil, temperature 
and rainfall pattern. It occupies most of the 
Midwest and parts of northeastern Brazil_. At 
the beginning of the Holocene, it is believed to 
have covered large tracts of land where the 
Amazon Forest now predominates. It 
accomodates a specific kind offauna, abundant 

· and varied. Archeological research shows 
that the cerrado was occupied by a single kind 
of human culture after the ice age. This is not 
a strange coincidence: after man adapts to a 
place, he easily extends his experience to 
other places with similar characteristics. Even 
in small enclaves of cerrado, or in areas with 
~imila'r vegetation, there are marks of the 
same culture. 

Such is · the environmental basis of a 
cultural horizon that emerged around 9,000 
B.C. and-persisted until 6,500 B.C., called by 
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archeologists the ''ltaparica tradition", after 
the place (between the states of Pernambuco 
and 8ahia),where it was first identified. Many 
sites with tbesamecultural horizon are known 
today, within a radius of a,t least a thousand 
kilometers, taking in all of the state of Goias, 
northern Mato Grosso do Sul, squthern Mato 
Grosso, western Minas Gerais, southwestern 
Bahia, southeastern Piauf and eastern 
Pernambuco. The earliest sites date back to 
the ninth millenium B.C. but it is not known 
when or where this cultural construction began. 
Earlier find in Piauf, Bahia and Mato Grosso 
(Shelter of the Sun) may indicate such an 
origin, but until now the connections between 
th_ese Pleistocene finds and the first Holocene 
culture have not been proved. It is i•mpossi,ble · 
to think that the "ltapari ca tradition" may have 
come from outside of what is now Brazil, 
since being .unique to South America it must 
have emerged here. 

· The remarkable continuity of territorial 
occupation implies that there was indeed a 
demographic growth, accompanied by the 
formation of new groups. The increase in the 
number of sites is not merely the result of 
forays, through thearea,of one or two unstable 
groups. Long stays at some sites, among them 
Serran6polis, have been confirmed by many 
carbon-14 datings; here, in a relatively small 
area,all theneressaryresources for the survival 
of hunters and gatherers were concentrated. 
In poorer areas the distances travelled were 
problably greater, and the groups may have 
been smaller. 

As for the organization and density of 
these groups, we can only work with analogies. 
Hunters like those of this period usually lived 
in sma ll groups o(up to SO adults and children, 
with no chief. Families were joined together 
or separated according to the availability of 
supplies. In the cerrado, the time of abundance 
is the rainy season, whenJizards and mollusks 
appear and plants bear fruit that feed man and 
game. Times of scarcity correspond t'o the six 
month-long dry season: fruit is rare, the game 
thin and many animals hibernate. This natural 
rhythm should have-set the calendar: at times 
of abundance, the group or several groups 
gathered for celebrations and conviviality. 
Large she I ters grouped together in Serra no polis 
and in parts of Mato Grosso do · Sul, with 
thousands of square meters of covered area, 
were places where several groups could come 
together during the rainy season, with no lack 
of food. During the dry season, the bands were 
forced to disperse 'and families must have 
looked for scarce food on their own. Hot dry 
weather allowed them to camp in the open, 
protected by rocky shelters. So far these 
movements are hypothetic~!, but we believe 
that they will soon be proved. 

It would be interesting to know the size 

of the cerrado population during this period. 
In the areas until now studied, several groups 
co-existed, whenever possible around a richer 
and more sheltered area, that would serve as 
camp (during the rainy season) and protection 
(during the dry season). We estimate that 
there was a population of between one and two 
thousand individuals in the ar~a studied. This 
population grew as new resources were found 
and different niches were explored with new 
technology. 

The population that occupied the.subtropical 
areas in southern Brazil was quite different. 
Though also hunters and gatherers, they used 
different tools. The earliest evidence of their 
existence is from the Pleistocene and date 
back to 11,000 B.C .. At that time the· climate 
must have been very arid and cold; the rivers 
were small .and huge animals still survived in 
the hilly fields of what is now the state of Rio 
Grande do Sul. Although vegetation was 
more sparse, the landscape must not have been 
very different from what it is now; steppes 
alternating with narrow riverbank woodlands 
and tree groves .in more humid places. The 
plateau as well as higher places like the 
mountains, in the Southeast, were covered 
with pine trees. SmaH stretches of subtropical 
forest persisted on the hillsides a.long ri\-'.ers. 
With the end of the ice age, the forest be~me 
denser and spread to the plateau slopes, 
forming the Atlantic forest on the flanks of the 
Serra do Mar. 

The first human bases are found along 
. the Uruguay River in southwestern Rio Grande 
do Sul, where a succession of campsites were 
brietly used during the hunting season, between 
11,000 and 6,Soo· BC, although less well
supplied with fruits than the campsites in the 
cerrado. This does not mean that no fruit was 
available: in the highlands, the exploitation of 
pine groves, whose fruit ripens during the fall, 

. provided months of abundant harvest. And 
fruit found in the prairies also supplied the 
need for sugar. 

Basic artifacts did not change for 
millennia, until the arrival of inc!igenous 
populations whose culture included farming 
of small plots and gardens. In the South, they 
also basically consist of projectiles used as 
darts, arrows or. spears, but their points are 
made of carefully carved stone (figure 4). We 
also found various kinds of chi-selled stone 

1 scrapers, used to process skins and make 
wooden tools. · · 

It must not have been pleasantto live on 
prairies, swept by cold-winds from the South, 
but it is here that the rare and scattered 
campsites .of these groups are usually found. 
Only later, between 4,000 and 2,000 B.C., 
when temperatures rose and rain became more 
ab~ndant, do we find hundreds of inhabited 
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shelters along the hillsides. As temperature 
and rain began to follow R_atterns closer to 
present-day ones, the growing population 
returned to the prairies, preferring the swampy 
areas along the lakeshores, marshes and rivers. 
Here, game and fish were more plentiful than 
elsewhere, although it was necessary to build 
embankments to avoid the humidity. 

Populations like these, known to· 
archeologists as the "Umbu tradition", did not 
originate in southern Brazil nor are they 
exclusive to the region: all open areas of the 
Southern Cone of America present similar 
adaptations, the earlier ones dating from the 
same period as those in Rio .Grande do Sul. 

Subtropical forests occupied quite smal I 
areas at the end of the ice age. They grew as· 
ihe environment heated up at the beginning of 
the Holocene epoch. It is not clear when man 

1 began to explore this new environment, but it 
was considerably after the prairies were 
occupied. The forest offered game and fruit 
resources, but demanded new survival 
strategies. Apparently, man invented them on 
the basis of the strategies used for hunting in 
open territory. 

The most ancient campsites, along the 
Uruguay and Paranapanema Rivers, date back 
no earlier than 6,000 B.C .. On the banks of the · 
Uruguay there are just campfires and few 
artifacts. The banks of the Paranapanema are 
richer in such finds. As the forest expanded 
along the major rivers and riverbanks, the 
campsites increased in number. They are 
found in the middle of the forest, under the 
trees and very rarely are based upon s.mall 
rocky shelters. Not used for long, they 
apparently belonged to migrant groups that 
learned to exploit the forest and the rivers. 
There are not many of them but they increased 
until they occupied all of the subtropical and 
part of the tropical forests. Archeologists say 
they are of the "Humaita tradition" (figure 5), 
which lasted 1,rntil the arrival of the 
horticulturists shortly after the beginning of 
the Christian era. 

The Atlantic Forest does not seem to 
have been populated very early. Ancient man 
had few resources to adapt himself to a very 
closed, humid and steep environment. Thus, 
it was surprising to find remains in the Ribeira 
Valley in Sao Paulo dating back 8,000 B.C .. 
Here, populations lived on riverbanks, eating 
mollusks and game like later groups in the 
subtropical forests. The fact that mollusks 
were part of the diet, as well as a certain 
proximity to the coast, suggests a comparison 
with sites used by collectors of marine 
mollusks, whose development began around 
4,0008.C .. 

Mollusk collectors are the best-know.n 
populations in prehistoric Brazil. Many readers 
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must have seen kitchen middens, common on 
the Brazilian coast from Cabo Frio, in the state 
of Rio de Janeiro, to Tramandaf in Rio Grande 
do Sul (see Cienda Hoje n°33}. Some are 
relatively tlat, only a few meters high, while 
others form walls more than 30 meters high 
and hundreds of meters long(figure6). Closer 
examination shows that they are made up of 
layers of shells and fish bones, separated by 
'levels of coal. In some there are many 
skeletons. Stone, bone and shell artifacts are 

· scattered _in the midst of the waste. They are 
actually immense dumps from indigenous 
camps specialized in gathering mollusks and · 
fishing in lakes or the ocean. They are found 
where resources were most abundant: on 
lakeshores and lagoons, deltas, swamps and 
bays, rarely on spits or near straight beaches 
next to the open sea. The oldest seem to have 
concentrated on mollusk-gathering; the most 
modern ones fished intensely and gathered 
other marine animals. They certainly picked 
fruit, but seem rarely to have hunted landbound 
mammals. 

Kitchen middens probably emerged and 
grew spontaneously from the accumulated 
waste of a camp. A small group of people 
stayed in the site, building temporary shelters, 
making fires to cook food, keep warm and 
ward off insects, making artifacts from local 
raw materials (stone, bone, wood, skins), and 
burying in the same ground the bodies of their . 
companions. Where resources were abundant 
and renewable, occupation was stable to some 
extent, and sufficient for a few dozen people. 
Thus, as centuries passed, ·a great hill of 
detritus was· formed. When resources were 
less abundant, occupation was occasional and 
the kitchen midden formedwassmaller(figure 
7). 

Some have thought, though this is not 
substantiated, that kitchen middens were burial 
ground~ or even primitive pyramids. Indeed, 
under one of the largest kitchen middens in the 
region of Laguna, in thestateofSanta Catarina, 
a dry clay sarcophagus was found whose cover 
had a simple red design all over it. All kitchen 
middens contain tombs, sometimes many and 
well-preserved, making it possible to make 
studies of the biology, health a·nd mortality 
rate of these peoples. Bodies were buried 
according to standard rituals: some stretched 
out, others bent, often covered with ochre and 
a~ompanied by ornaments (shell necklaces, 
teeth, worked bone and ear plugs), artifacts 
(axe blades, coconut crackers and rattles) and 
stone sculptures that archeologists call 
"zoolites"; These, which are about 30 
centimeters long, usually represent animals 
and, more rarely, men. Among very simple 
tools whose creation required very little labor, 
the "zoolites" stand out for their artistic design 
and fine finish. 

Adaptation to the coast seems to have 
been one of the most successful and stable 
ways of life; it lasted for more than four 
thousand years and, ·if compared to hunting 
and gathering on the prairies, cerrado and 
inland forests, supported a larger population . 
That is why mid-Holocene sites number in the 
thousands. Higher temperatures and humidity 
at this time were responsible for generating, in 
the narrow band between the beach and the 
spine of the Serra do Mar, the abundant and 
constan tly renewed resources that required 
only simple strategies to be employed. It is 
not yet clear whether this way of life was 
originated by inland groups, under pressure 
from the growth of the forest and consequent 
decrease in food s·upply, or by inhabitants of 
the coasta l platform pushed out by the rising 
sea level. The peoples that · specialized in 
using these resources were self-sufficient, and 
did not need to migrate constantly between 
coast and plateau. The culture of the kitchen 
middenpeopledisappearedasthemoremodem 
ways of life emerged in the interior, and 
populations that had farming techniques :of 
one kind or another took over the coast, kit I ing, 
expelling or modern izing the original 
inhabitants. 

It is now possible at least to sketch our 
ancient history (figure 8). Until the phase 
underexamination,all of our territory., except 
the Amazon Forest-was populated by mobile 
and sparse groups 
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of hunters and gatherers 
who exploited all spaces available to them. 
Survival strategies originated and spread within 
the boundaries of large homogeneous spaces, 
without going beyond them in any significant 
way. This diffusion was caused by steady 
demographic growth that did not create 
environmental impasses. The populations not 
only survived biologically, but worked with a 
whole representational world evident in 
hundreds of shelters, painted or carved in a 
profusion of styles. 

During the Holocene, a period of 
increasing tropicalization, there were no great 
cataclysms. From 4,000 to 2,000 B.C., 
however, increasing heat, heavy rains and 
rising sea levels must have created impasses 
everywhere, leading to new strategies for 
survival, such as gathering mollusks and 
similar inland adaptations; many shelters that 
had been inhabited were no longer used. · 

At the end of this period of high 
temperatures, followed by slow cooling and a 
more regular climate, the populations created 
ne\Y modes of subsiste·nce. They first · 
diversified their supplies and finally added the 
cultivation of gra in, root and tuber crops that 
made popula ti on growth possible. From this 
time onwards, inequalities on the continent 
became accentuated: while people in the 
Brazilian terri tory remained equalitarian 
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villagers, on the Pacific side highly stratified 
civilizations developed with tens of millions 

of members and populous cities. But that is 
anot.her story. 

NUMIJEREJ) FIGURES (see Eco-Brasil pp. 94-102) 

Figure 1. Between the Pleistocene (left) anq the Holocene (right) the 
distribution of vegetation on Brazilian territory changed. Forests (light 
green/green)and cerrado(gray) expanded while bush (yellow),steppes 
and prafries (orange) and pine groves (green) retracted. 

, . 

Figure 2. Serran6polis, state of Goias, j n 1975 wh€.Q.. research began. 
Below, the biggest shelter in the region with 1,300 m2 of covered area. 
It was first occupied around 8,500 B.C .. 

, Figure 3. All four photog·raphs show cave paintings in Serran6polis. 

Figure 4. Tool points in chiselled stone, characteristic of the Um bu 
tradition. 

FURTHER READING 

Figure 5. Artifacts typical of the Humaita tradition, active until the 
beginning of the Christian era. 

Figure 6. The great kitchen midden of Cami~ (in Laguna, Santa 
Catarina) being destroyed in 1958. Today, nothing is left of it. _ 

Figure 7. To the right, the kitch~n midden of B~lsina II (Imbituba,SC) 
which was occasionally occupied. 

Figure 8. Approximate distribution of the great pre-ceramic cultural 
transitions that existed on present Brazilian territory. 
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RHoPORNisARDESIACA, 

THE BIRD WHICH HIDES 

To observe one of the most interesting 
Brazilian birds, the formicarian Rhopornis 
ardesiaca,sometimes called Slender Antbird 
was the main objective of the trip made by 
photographer Luiz Claudio Marigo and 
a ma teurorni thologist Onl os Eduardo de Souza 
Carvalho(both members of the Bird Watching 
Club of Rio de Janeiro) to the city of Boa Nova 
in the state of Bahia. Following the orientation 
of observers Paulo Sergio Moreira da Fonseca 
and Jose Fernando· Pacheco, who visited the 
region sometimes before, the~ were finally 
able to get one of the few photographicaccounts 
of this bird. A feat which drew enthusiastic 
exclamations from Professor Helmut Sick, 
one of the world's leadin·g ornithology 
authorities . 

Not surprisingly, the Rhopornis 
ardesiaca remains, since 1831, when it was 
described by the prince Maxi mi lianovon Wied
Neuwied, a difficult species to be found. 
Inhabitant of the low and closed woods, in 
areas of great amounts of shade in t~rricolous 
and arboreal bromelias, whose flowers are 
regularly visited by the hummingbirds 
Chrysolampis mosquitus (see Helmut Siok; 
Ornitologia Brasileira, v. 11), these birds are 
discreet. Marigo points out the difficulties 
found to photograph the species: "The slender 
antbird lives in a thick woody region full of 
vines, climbing vegetation, branches, and 
bushes which are always in frontofthecamera! 
We .lured the bird with a tape recorder, 
reproducing its own voice which we had 
recorded before. Although it came near, we 
weren't able to see it at three or even one meter 
away. In four days we were only able to take 
six plotographs, but only one of them could l:Je 
used". 

Rhopornis ardesiaca eats small 
grasshoppers and other arthropods which are 
found in the terrestrial formation of bromelias 
(Aechmea sp) of the viny forest. It silently and 
ra•pidly goes through the lower branches and 
the ground, turning over leaves to capture its 
prey. Its churping sounds are similar to the 
ones of another ant-eating bird, thePyriglena 
leucoptera, which also inhabits the region, 
and can be heard hundreds of meters away, 
especially during early morning hours. The 
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territory occupied by a pair of birds has a 
diameter of aproximately 50 meters, and is 
separated from other pairs· territories by more 
than a hundred meters . 

In 1928, Rlwpornis ardesiaca was 
rediscovered in Boa Nova by Erpil Kaempfer, 
a collector from the American Natural History . 
Museum . It was studied in depth in December 
1974 by American orqithologist Edwin Willis 
and his wife Yoshika Oniki, living in Rio 
Claro (Sao Paulo). The following year Willis 
reported his observations to the author of''The 
Red Book of Birds Threatened by Extinction", 
from the International Council for the 
Preservation of Birds and the International 
Union for the Preservation of Nature. Since 
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then, .several journeys have been la ken to the 
restricted area of the slender antbird which 
extends mainly to the cities of Boa Nova and 
Jequie in the st~te of Bahia. The first 
observations about the species were published 
by Wili.is and Oniki in 1981. 

The rapid process of destruction of its habitat, 
with the· deforestation for cattle raising and 
agriculture, is a preoccupying factor in the 
preservation of the bird, because of the 
difficulty, or even impossibility, of the 
species being able to adapt to new 
environments ... What is important", says 
Carlos.Eduardo, "is to certify that locally, the 
bird is common, that is to say, it is not extinct 
in his habitat". There is no precise data about 
its distribution, nor about the condition of the 
woods in which it lives. But it is urgent and 
fundamental to conduct these researches and 
delimitate an area of conservation to preserve 
the bird and its environment, in such a way 
that the slender antbird continues itsevol ution. 

Thecreationof an area of environmental 
protection, or, better yet, an ecological station 
or biological reserve in the cities inhabited by 
the Rhopornis ardesiaca is a demand of the 
conservationists and ornithologists, supported 
by at least one Brazilian endemism (rom the.. 
Formicariidae family: Formicivora ihering. 

The Formicariidae family is the second 
largest bird family in South America, found 
from Mexico to Northern Argentina. It is 
formed basically by species of closed woods, 

which characterize them as "birds of secrets" 
du·e to the difficult access to study and observe 
them. They are not prone to flying very far. 

They prefer to occupy the medium and 
lower stratus of the forests and frequently go 
a9ross the ground in search of food which 
ra/1ge from insects tosalamanders,small mice 
a rid snakes, bi rd' s· and frog's you ngs or seeds, 
depending on the species. 

The nameantbird is common of various 
ant-eating birds and is derived from, according 
tciSick, "the factthatcertain species (relatively 
few) take advantage of the maneuvers of the 
legionary ants, which serve as 'scouts', to 
imprison them" (see 'Na trilha das formigas 
carnfvoras' in Ciencia Hoje n° 47). In reality, 
they do not.feed off ants, but off the abundance 
of insects and other arthropods which are 
scared away by the legionaries. Paradoxally, 
despite being denominated sometimes as 
slender antbird, the Rhopornis ardesiaca was 
not observed following the armies oflegionary 
ants. 

The preservation of the emdemisms 
found in the vi ny forests signifies the survival 
of an important branch oflife. Theonlyspecific 
manifestation (in the case of the Formicariidae 
family) dates back, according to the data 
found by paleontology, at least 20 thousand 
years in the Superior Pleistocene, as shown in 
the fossil found in the state of Minas Gerais. In 
Boa Nova and Jequie more than 11 species of 
this interesting family of birds live in various 
biotopes. And as Carlos Eduardo explains, "if 
two birds exist in that restricted area, who is to 
say thattherearen 'totherzoological threatened 
groups there, which could be preserved with 
the creation of an ecological reserve?" The 
suggestion is handed over to the responsible 
agency, the Brazilian Institute for the 
Environment and Renewable Natural 
Resources (IBAMA). 

Carlos Ribeiro 
fornalista, Salvador (BA) 

Translation: Lise Ribeiro Alves-
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SNAKES IN THE. CEMENT JUNGLE 

The possibility of running into an Indian, a 
jaguar, a monkey or a snake in the street of 
Brazilian cities was a common idea portrayed 
in Europe some years ago. While jaguars and 
monkeys are unlikely itis certainly possible to 
find snakes in Sao Paulo, the largest city fn tht! 
country and in South America . During the 
1988-89 period, theButantan Institute received 
an astonishing 309 specimens of snakes found 
by residents of the city of Sao Paulo distributed 
among 26 species as shown i_n figure 1. 

Sao Paulo is a rapidly growing 
megalopolis undergoingdrasticenvironmental 
changes. Elements of the native fauna well 
known to Sao Paulo residents can still be 
found in the urban region such as swallows, 
flycatchers and -black vultures . Other not so 
well known species like bats, possums .and 
some reptiles can also be found. In the latter 
group,several types of snakes can occasionally 
become a threat to public health. 

Vacant lots, wooded are~s, strips along the 
river margins and the roads (figure 2) 
surrounding the city are some of the 
environments which become " islands" 
harboring and feeding snakes. 

The small and harmless "blind snake 0
· 

(Liotyphlops beui) is common in backyards 
and gardens ·and is often mistaken for a worm 
(figure 3). This species which is widely 
distributed in the region, can reach 20 cm in 
length, feeding on insects. It lives underground 
and surfaces during rainy periods or during 
land excavations. Another common semi
underground snake in Sao Paulo is theAtractus 
reticulatus. 

The"sleeper" ,Sibynomorplu;smikanii, , 
is a nocturnal surface snake which feed on 
mollusks (snails). This snake is common in 
vacant lots·; backyards and wooded areas and 

represents 18% of the total amount of captured 
snakes (57 individuals), one of the highest 
frequency of incidence in two years of studies. 
A similar frequency was found for the coral 
snake, Oxyrhopus guibei, which is also a 
surface and nocturnat'species primarily feeding 
on rats (figure 4). Its colorful skin makes this 
snake very noticeable and when coupled to its 
docile behavior may account for the high 
number of captured individuals . 

Rats which constitute one of the serious · 
problems in urban environments are the prey 
of the pit viper (Bothrops jararaca). This is a 

, poisonous snake, like the coral a·nd the 
rattlesnake, with above surface and nocturnal 
habits. In the Capital the pit viper is restricted 
to areas which retain the native vegetation 
(figure 5). This species can cause ophidian 
accidents but its urban region incidence is less 
than that of in the suburban rural areas. It is our 
belief that this is true simply because 
agricultural activities make it easier to find the 
pit viper. · 

It is impprtant to remember that snakes 
(poisonous or not) almost invariably try to 
escape when perturbed. They only attack as a 
defense mechanism when there is ' no other 
alternative. The majority of them are harmless 
to men although the opposite is not always 
true. 

Some snakes living in the areas with 
vegetation still remanescent in the region of 
Sao Paulo amounted to only 3% of our 
sampling. They live in less accessible areas, 
they have arboreal orsemi--arboreal habits and 
they are difficult to find. These are day snakes 
and typically eat amphibians (toads, frogs and 
lizards). The tree snakes Cliironi bicarinatus 
and · Tropidodryas striaticeps are common 
examples. 

Two aquatic, or semi-aquatic, snakes 

NUMERED FIGURES (see Eco Brasil pp.104-105) 

which feed off fish and amphibians accounted 
for 8% of the total number brought to the 
Butantan: the water snakes liophis miliaris 
and Helicops modestus. We believe that this 
type. of snake suffers a great deal from the 
aquatic pollution which changes the 
environment as well as the population of 
animals ori which they feed. 

Among the 309 snak~s captured by re~idents 
of Sao Paulo and brought to the Butantan 
Institute in _1988-89 a large fraction (204) 
belonged to species with nocturnal 
underground or cave-like habits feeding on 
rodents or invertebrates:Attrac/us reticulatus, ' 
Bothrops jararaca, Liotyphlos beui, Oxyrhopus 
guibei and Sibynomorphus mikanii. With the 
exception of the pit viper they are snakes that 
have a wide distribution and live in open 
spaces - habit which ,helps their survival in 
urban environments. On the other hand, snakes 
more likely for 'local extinction in Sao Paulo 
are those living in aquatic or forest type 
environments. 

:i'he expansion of the city and the 
subsequent changes of the environment will 
decrease the animal diversify including that of 
snakes. The underground and nocturnal species 
feeding on ·rats and insects have a higher ' 
proba.bi I ity of overcoming these problems in a 
scenario that gets more desolate by the day 
and reminds us of the dar.k stories of science 
fiction. 

Guiseppe Puorto and Iara L. Laporta
Ferreira 
Instituto Butantan 

Ivan Sazima 
Departamento de Zoologia, 
Universidade Estadual de Campinas 

Figure 1.1YPES Os SNAKES CAPTURED IN SAO PAULO (1988-
89) 

Figure 4. The coral snake (Oxyrhopus guibei), docile and colorful, 
feeds on rats and is commonly found in Sao Paulo. , 

Figure 2. Wooded areas, vacant lots, strips along_ the rivers and 
highways allow the survival of snakes even in a megalopolis. 

Figure 3. The "blind snake" (Liotyphlops beui) is a small, harmless 
snake which lives u·nderground and feeds on insects. 

Translation: Jose M. Riveros·and Deborah E. Riveros 
Revision: Lise Ribeiro Alves 
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Figure 5. The poisonous pit viper (Bothrops jararaca) is restricted to 
the remaining forest areas in Sao Paulo. The above specimen was 
responsible for an ophidian accident treated at the Butantan. 
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II 'rHE TURTLES OF TRINDADE II 
Alexandre Filippini 

Projeto Tartauga Marinha, 
Instituto Brasileiro de Desenvolvimento Florestal 

On Brazilian territory, an isolated island with harsh geolo'gy and sandy beaches bathed by crystal clear water is the maj~r site for the 
marine aruana turtles (CheloniaMydas) to lay their eggs. There, roughly one·thousand-female turtles deposit 650 thousand eggs per season. 
The isolation of the island of Trindade and its, use by the Navy has protected this phenomena. In future, plans for handling the region will 

ensure the area's marine and terrestrial ecology. 

F ollowingthecoastlineofthestateof&pfrito · 
Santo, on the Atlantic, are a range of guyots 
(submarine hills with peaks close to the surface) 
and the under\\'.ater Vitoria, Jaseur, Montague 
and Davis volcanos, reaching out towards 
Africa. The peaks ~f these volcanos, all of 
which are extinct, are submerged cmly a fyw 
dozen meters from the surface. On the extremity 
of the range, extending for more than 1,100 
km, the only vestiges of the hills and volcanos 
that appear on the surface are the. rocks that 
constitute the archipelago of Martin Vaz and 
the island of Trindade (651 mil~s from the 
co·ast). 

On the island of Trindade, 8.5 km 2 in 
length and 620 m at its foremost peak, the 
Desejado, the greatest population of marine 
turtles in reproduction in Brazil can be found. 
These are the green Chelonia mydas or aruana 
turtles, as they are commonly known (figure 
1). 

The aruanas, the only reptile species on 
the island, lay their eggs on five sandy beaches 
that contours the island's abrupt geography. 
The transparent water (up to 40 m visi bi) i ty) is 
part of the Brazil current (27°C and salinity of 
37 parts per t-housand). There is no doubt th.at, 
in addition to the island's isolation and harsh 
geology, the great quantity of turtles that seek 
.Trindade's beaches · during the period of 
reproduction is perhaps its most remarkable 
feature. The· number of aruanas that come to 
the island during this season makes it the 
~ajar egg-1,aying site between the-islands and 
the Brazilian coast and one of. the most 
important ones in the world for the species. 

We arrived to thi°s conclusion after two 
rese,arch trips were conducted for an evaluation 
of the population and ecology of the Chelonia 
mydas found on the island. This research was 
undertaken in 1983 and ·1986 by researchers 

Cl~NCIA HOJE 

from the Marine Turtle Project - Tamar -
developed by the Department of the National · 
Parks and Equivalent Reserves of the Brazilian 
Institute for Forestry Development - IBDF -
and by the Brazilian Foundation for' the 
Conservation o~Nature (FBCN). the Oce.anic 
Station of Trindade Island (P0IT)., located on 
the northeastern part of the island, has faci I ities 
that permitted our stay in the area where the 
work with _the turtles was begun. 

With nocturnal habits, the aruanas, like aH 
other species of marine turtles, start laying 
during the late afternoon, when the air and 
sand temperatures .are cooler and nO' longer 
dangerous. _ 

Once on the beach each female, when 
found, was ma'rked with a tag attached by a 

. special pair of pliers. This was the beginning 
of the studies on the turtle population. The 
stainless steel tags (with, the initials BR -
identifying Brazil as the country responsible 
for the research-a number and the inscription . 
"advise Tamar: Cx07-0639 Brasilia-Brasil") 
were applied on ·tlie inside edge of the' right 
anterior flipper to identify each animal. The 
males were never seen outside thewater(figure 
2). 

:pue to their great number, ttie turtles 
were not always marked when laying, contrar.y 
to the methods adopted in areas where only a 
few specimens ar~ usually seen. The only care 
we took during markings was to appr~ach the 
reptiles when they were at least 30 m from the 
water. This procedure ensured us enough time 
to mark the turtles, guaranteeing that the tags 
were well attached, and also made it possible 
to take notes; otherwise the frightened turtles 
would quickly scurry to the water. In 1983 381 
female turtles were marked a~d in 1986, 379. 
Each year the work was conducted for two 

months(mid-Decemberto mid-February 1983 
and mid-February to mid-April 1986), within· 
the six months of the egg-laying season 
(November to Apri I). 

Research also included determini ng the 
·time for incubation, fertility assessments, 
number of eggs and births, as well as· the losses 
caused by predators, and mortality rates of 
hatchlings and adult turtles. All this researchs 
were dyveloped on the Andrade, Tartarugas, 
Tune) arid Prfncipe beaches. The beach of 
Cabritos, to the north, distant and of very 
difficult access, was only visited once, 
remaining outside the program. 

During the most _important months for , 
reproduction (January and February), between 

· fifty and sixty female turtles can emerge onto 
the beaches on a single night. At the end of the 
season, because of the number of turtles which 
come ashor, pratically every inch of these 
beaches have been dug and excavated. The 
impression given by the beaches of Andrade 
and Tartarugas (this latter the most important 
one), at the end of the night, is of a lunar 
landscape with old and ne~ craters entangled 
by tortuous tracks. Such an activity results in 
a huge quantity of eggs being laid close 

. together, frequently damaged by the passage 
of other females during the construction of 
egg pits. Estimates are that more than five 
thousand eggs are laid and incubate annually 
in the sands of the island. Buri.ed between 50 
and 90cm deep, ro.;ghly' 650, thousand egg~ 
among those laid originate embryos whrch 
will need, in addition to the heat of the sun, 
humidity, essential for,their hydration during 
the period of incubation; this is ensured by the 
"piraja", daily rainfall which generally l~sts 
less than five minutes. 

For the study of the egg-laying behavior 
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during the incubation process and the 
assessment of the percentage of hatching and 
failures (or losses), .on the Tartarugas and 
Andrade beaches, 45 already hatched pits 
were located. Average percentage of births 
were determined to be almost 82% of the·135 
eggs that one female of this species lays in 
Trindade. ' This percentage is considered 
excellent when compared to that of othet 
species which reproduce not only on the 
Brazilian coast but also in other parts of the 
world. 

Among the more than 18% failures 
(spoiled eggs, dead embryos and stillborns), 
the amount of stillborns (9.91 %) was higher 
than that of dead embryos and spoiled eggs 
together. This is evidence that hatching 
(edosion of the shell) and the hatchlings' 
search for the surface are the more dangerous 
phases. In other words, more hatchlings die 
during the hatching period and on their way to 
the surface than during the entire incubation 
process (figure 3). 

Interpreting the death of embryos 
(3.01 % ) is more difficult, as they are 
particularly susceptible to external variations 
of humidity and temperature, gases dissolved · 
in • the sediment, sand granulometry and . 
composition, as well as endogenous factors. 
Apparently, the larger the embryo, the more 
vulnerable it is in relation to the environment. 

Abioticfactorsresponsible for the losses 
are observed in those eggs laid closer to the 
surface than usual as a result of the removal of 
the superficial layer of sediment by other 
female turtles when the temperature rises and 
the humidity decreases. Another harmful 
abiotic factor is the tide, which can drown 
newborns on their way to the surface if the pit 
is too close to the sea (they take up to five days 
to emerge). On the other hand, the tide, 
apparently, does not hinder incubation of the 
eggs, as long as they are merely wet and not 
physically removed by the water. In such 
cases an above average percentage of eclosion 
was observed. 

Losses among adults were also 
registered. Sometimes latecomers, trying to 
return to the sea during early daylight and 
exhausted by the effort of building the pits and 
by the expulsion of the eggs, cannot tolerate 
the heat of the sun and the sand, and die mid
way to the sea. Bones of female turtles have 
been found on the beach of Tartarugas and 
similar stories are told by the military veterans 
who know the area. 

Another curious fact observed by the 
researchers was that some females, using a 
tiny beach at the end of a tunnel, attempted to 
reach the sea directly, not retracing their steps 
ahead. Once in this shortcut, they would 
invariably fall into holes in the rocks, and die. 
In one of these holes two females were found 

. 74 

still alive; they wer.e rescued by a Navy rescue lagostoma, of the gecarcinidean family, is the 
team and by researchers. Only bones were true owner of the isJand. This species of crab 
found in another hole. is found evetywhere: from the sandy beaches 

No algae pastures are to •be found in to the peak of the Desejado, 620m high. One 
Trindade; the island is exclusively an area for of the reasons for the species' excellent 
the reproduction of these chelonians. The adaptation to the island is their extensive 
e·nergy for migration and reproduction comes feeding range: theyeatorganicresidues,leaves, 
accumulated from still unknown feeding areas fruit,deadanimals and alsoaruanii hatchlings. 
for this population. The aruaniis, highly The second type of crab, Grapsus grapsus, of 
migratory, with well-developed phylopatric the Grapsidae family, lives on the rocks close 
abilities, when reproducing, lay an average of to the water. The two species are responsible 
five times, with a 13-day inter-nidal interval. for a loss of approximately 5 to 10% of the 
Thus each female remains on the island for at hatchlings .. 
least 52 days without eating. To this we can Still on land, but on a smaller scale, 
add the time required for migration to and there are the predatory "fragata" .birds of the 
from the feeding areas. • Fragata ariel and Fragata minor species. 

Ascension island-in the mid-Atlantic, However, due to the small number of birds and 
close to the line of the Equator-has the best to the fact that capture is restricted to sunrise 
studied population of Chelonia mydas since and sunset-when only a few hatchlings are 
Archie Carr begun his researchs in 1960. on the beach - is practically insignificant. 
Specimens.marked on Ascension island have Every day, two or three fragatas fly over 
been found in feeding areas all the way from Andrade and Tartaruga beaches attempting to 
Vitoria (ES) to Surinam,both south and north capture hatchlings, to the point of disputing 
in the same latitude of the island. The same them with the crabs. 
will probably happen to turtles in Trindade. But the greatest losses take place in the 
However, after their arrival on the coast, there water. Only those who have gone skin or scuba 
will probably.be a dislocation to the north of diving in Trindade have an idea of the amount 
the latitude, where the turtles would mix with of fish to be found in the region, creating a 
th.e population from Ascension islan.d. The virtual belt around the island. These potential 
fraction of the popul~tion that chose the south predators are responsible for the al most total 
as a feeding ground may perhaps move down decimation of hatchlings, making their 
to thestateofSanta Catarina. Marked by cliffs numbers difficult to assess. According to 
allthewaydowntotheborderwiththestateof reports by fishermen from the island, tiny 
Rio Grande do Sul, the coastline of Santa turtles can be found in the stomachs of every 
Catarina offers good feeding areas, although species of carnivorous fish after these reach a 
the low temperature may be a limiting factor. certain size. Ten hatch lings in different stages 
The coast of Rio Grande do Sul, with no of digestion were found amid the stomach 
feeding grounds, can be considered a natural contents of two "xareus-brancos", Hynnis 
barrier totheexclusivelyherbivorousC.mydas cubensi, of the Carangidae family, the result 
adults; this does not happen with the young of different meals. Th~ main predator species 
which are carnivorous during their first year. are the "xareu-branco" and the "xareu-preto", 

All along theBrazilian coastline a great respectively Hynnis cubensis and Caranx 
numberofillegal capturesoccur,~speciallyof lugubrix, of the Carangidae family; 
young aruanas, used as food by the low- Mycteroper~a sp (grouper) and Epinephelus 
income population living along the coast. sp (red grouper), of the Serranideous family; 
Trindade, in that case, would be extremely the Sphyraena barracuda, of the 
important from the social and economic Esesphyreneoid family; and sharks of the 
standpoint, as it generates and supplies such CarcharinusspandSphyrnasp genders.(figure 
organisms to the Brazilian coast. 4). 

The hatchlings emerge during the night, 
49 to 54 days after egg-laying (the incubation 
time observed for the pits in Trindade), 
depending on the temperature of the sarn;l and 
quickly find their way to the water. During the 
months of March and Aprit,'just after the peak 
of the egg-laying season, mass births of little 
turtles take place. In a mad'race for survival, 
every night hundreds of little turtles cross the 
beaches on their way to the sea. 

At that moment a threat appears: even 
before the hatchlings reach the water they are 
hunted down by two types of crabs. The first 
type, with terrestrial ·habits, Gecarcinus 

T bus the reproductive activities of turtles 
are vitally important for the entire .marine and 
terrestrial trophic chain on the island of 
Trindade, where during six months of the year 
a considerable biomass of hatchlings serve as 
food for fish, crustaceans and birds. 
· The hatchlings that manage to escape_ 

from· the predators will supposedly reach the 
so-called "lost year habitat" in more tranquil 
waters. The "lost year" is a period of 
approximately seven to 14 months during 
which the hatchlings supposedly vanish from 
human sight. There is scant evidence to confirm 

ECO· BRASIL SUPPLEMENT 



the hypothesis that the little turtles spend this 
period passively floating on pelagic algae, 
especially the Sargas_sum fluita,;,s and 
Sargassun natans algae types. 

Studies developed in 1983 and 1986 
estimate that approximately one thousand 
female turtles arrive annually at Trindade 
between November and April. Because adult 
turtles eat in feeding zones whjch can cover
extensive geographical areas and have 
reproductive migrations to tqe beaches for 
egg-laying at intervals of two to five years, the 
total population (sum of the annual 
populations) of females on the island is still 
unknown. Six turtles marked in 1983migrated 
back to Trindade in,1986. Return migrations 
to the islands for reproduction may be related 
to ecological variations in the feeding areas. 

Orie thousand females, 650 thousand 
'eggs and 550 hatchlings of Chelonia mydas 
generated each season woul9 already be a 

sufficient reasol) for the implementation, by 
the Brazilian Navy, of permanent research 
programs related to these turtles. In addition, 
Trindade is important for this population not 
only because of the wealth of specimens but 
als'o because it is located on the limit of the 
southern distribution area for reproduction of 
this species. · 

Trindade, being an isolated spot 
current! y used by the Navy, guards and protects 
very well this fantastic population of aruana 
turtles. But it is essential that occupation, 
strategic or otherwise, which may, sooner or 
later, modify the situation, be followed with 
plans which will ensure marine and terrestrial 
ecology. The idea of building an airport, for 
example, has to be very carefu_lly w½ighed so 
as to place the landing strip in the best position, 
thereforeavoidingproblemswhichcouldresult 
in reduction or disturbance of the egg-laying 
area as w<:;11 as other consequence& which 
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might be harmful to the turtles and to the 
entire island ecosystem, mainly in _its trophic 
chain. · 

The preservation of this marine 
phenomenon, unparalleled in the entire 
Brazilian territory, socio -economicaJly 
important and with a great potential for study 
and research, imposes real sacrifices and 
concessions. 

Research on marine turtles in the island 
of Trindade is still at initial stage, and several 
years of uninterrupted study will be req uired 
to assess the island's to tal population, 
migratory routes, feeding areas and overall 
ecology. Subsequent objectives should be the 
adoption of management projects and the 
rational exploitation of resources . . 

Becausewedonotknowwhatwemight 
be destroying and are unaware of our future 
needs, the island of Trindade and its turtles 
must be protected. 

Figure 1. The island of Trindade, with its characteristic topography 
and the beaches of Andrade, Tartarugas, Tune! and Prfncipe. 

Figure 2. Spot where the female turtles are marked by Projeto Tamar. 
Left; an oceanographer marks a specimen. 

hatchling (82%) 
spoiled eggs (5%) 
embryos (3%) 
stillborns (10%) 

Figure3.Mean percentile values found in Trirtdade for live hatch lings, 
spoiled eggs, dead embryos and stillborns, in 45 pits ~ampled. Observe 
the excellent percentage of successful births. · 

NON-NUMBERED FIGURES (see Eco-Brasil pp.106-115) 

(p. 108). The morning sun enhances the great density of pits on the 
Andrada beach. 

(p. 110). Above -The aruana covers the pit moments before returning 
to the sea. Th~ turtle's trajectory is shown on the left - note the 
quantity of tracks and older pi.ts. 

(p. 111): Ho!es are a danger female turtles have to face when they leave 
the sea to lay their eggs; two females had.fallen into this one, and were 
saved; in the hole on the left only bones were found . · 

(p.112). Right-Aerial view of Andrada beach and of the meteorological 
station of the Oceanographic Station of Trindade. Below, the capture 
of a small aruana by a Gecarcinus lagostans· crab, on the beach of 
Tartarugas. 
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Figure 4. Functional chart of the clusters, predation, incubation and 
birth of the turtles on Trindade island. 

(p. 113). Below, a Grapsus grasus crab that lives on rocks next to the 
water lies in wait for and seizes aruana hatchlings. 

(p.113). At sunset and dawn, another danger threatens the hatchlings. 
This particular threat comes from the air: the photograph shows a 
"fragata" waiting to catch its prey on one of the beaches of the island 
of Tri ndade. 

(p. 114). The larger ph<?tograph shows a barracuda in the transparent 
waters of the island; in the smaller, a "xareu-branco" is visible, next to 
another barracuda ,_ both fishes are major predators of aruana 
hatchlings. Immediately above, analysis of the stomach contents of the 
"xareu-branco" shows that five hatchlings had been eaten. 

(p. 115). View of 'the two major egg-laying areas on the island of 
Trindade; on the forefront, the beach of Tartarugas and, behind it, the 

· beach of Andradas. 
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II PHEROMONES IN PEST CONTROL II 
Evaldo Ferreira Vilela 

Departamento de Biologia Ani111al, 

Universidade Federal de Vi~osa 

· Jose Tercio B. Ferreira 
Departamento de Quimica, 

Universidade Federal de Sao Carlos 

Joiio Valentin Gasparotto 
Departamento de Quimica, _ 

Universidade Federal de Sao Carlos 

Jose Inacio L. Moura 
Divisao de Zoologia, Comissao 

Executiva do Plano da Lavoura 
Cacaueira . 

The Lord said to Moses: "Teli Aaron to strike the ground with his stick, a nd all over the land of Egypt the dust will change into 
gnats. So Aaron struck the ground with his stick,· and all the dust of Egypt was turned into gnats, which covered the people and the 

animals ... " 
Exodus, III, 12 

The use of synthetic pheromones to reduce the populations of pests that devastate crops may be likened to turni ng witchcraft against 
the sorcerer-. After all, these chemical messengers are the insects' main resource for essential survival fu nctions, such as mating and 

defense. 

It is not by accident that insects appear, 
al ready in the second book of the Bible, as one 
of the 'plagues of. Egypt'. In thousands of 
years of agriculture, man has always faced 
this scourge, and has long strived to keep it 
from destroying food and produce. The 
cultivation of a single or of only a few species 
in huge tracts of land - supplying insects 
with abundant and continuous biomass-has 
rendered their deleterious action even easier. 

Insecticides employed nowadays have 
been introduced relatively recently: they date 
back to the 40's, Their benefits -especially 

· in the control of disease-bearing insects-are 
undeniable. On the other nand, 50 years of use 
have revealed many disadvantages, including 
hazards that affect mankind and the 
environment. Several product~ have been 
prohibited in view of their extremely harmful 
effects (for an analysis of insecticide-related 
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problems, see Ciencia Hoje, n° 22). 
The hazards for man and nature arising 

from the use of pesticides -whether due to 
misuse or to.their inherent characteristics -
have become notorious, and they have led · 
researchers all over the world to look for 
methods for complementing, or even 
substituting, these toxic products by other 
techniques better fitted to harmon ious 
coexistence with human beings and tht 
environment. 

In the S0's, the discovery-especially 
through the work of the German researcher A. 
R. Bertenandt and his collaborators --- that 
insects communicate among themselves and 
often also with the vegetable world chiefly 
through a language of odours, was first 
associated with the cosmetics industry (see· 
Ciencia Hoje, n° 23). It was only latu that 
people thought about the possibility of 

employing the volatile substances that emit 
such odours - that have been called 
pheromones - to control the populations of 
crop-affecting pests, by interfering with the 
normal process of communication. The use of 
pheromones for this purpose was first reported 
in 1967; by L. K. Gaston and collaborators 
(Nature, n° 213). 

This approach looks promising: there is 
every indication that the use of pheromones 
will permit, if not the complete elimination of 
insecticides, at least a considerable reduction 
in the amount employed tpday. This is a 
powerful tactic among those that make up the 
integrated . pest-management strategy (see 
Ciencia Hoje, n°. 28). 

A specially successful application of this 
technique took place in Israel. There, in order 
to con trol the pink cotton bollworm, 
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Pectinophoragossypiela, adhesive traps were 
employed. Each one contained 2 mg of 
gossyplure, the sexual pheromone of the 
species, monitoring an area of 5 hectares; its 
action persisted for one month in the field. 
Before the introduction of this device, about 
30% of the cotton-tree 'apples' were lost, 
even though 10 or 15 insecticide applications 
during the growth cycle were made. By 
employing the new approach,as well as one or 
two insecticide applications at strategic ti mes, 
the damage was reduced to zero; Related 
research is .under way in Brazil, aiming at 
similar results. 

Pheromones are volatile substances 
through which individuals of the same species 
communicate (figure 1 ) . Though such 
substances probably act as chemical 
messengers throughout the animal realm, most 
of the accumulated knowledge about them 
arises from insect-related studies. The reasons 
are both the relative ease with which 
pheromone activity in insects can be 
demonstrated and the promising pr~spects for 
their use in pest control (see Ciencia Hoje, n° 
35). 

Chemical signals, in a broad sense, are 
a universal attribute of life. In one form or 
another, they· are present in all cells, acting 
within and among all living organisms. In 
insects, they are secreted by exocri nous glands 
and conveyed to other me·m bers of the species 
in the form of vapours. 

The efficiency of some insect .sexual 
pheromones is astounding: a very sma 11 number 
of molecules suffices to carry their action over 
long distances. In silkworms, for instance, the 
release by the female of one milligram of 
sexual hormone per second is enough to attract 
the male for mating. The male already begins 
to respond when the concentration reaches the 
extremely low figure of 100 molecules per 
milliliter of air. 

Pheromones are, in genera I, 
multicompound substances, producing an 
odour trail that contains a concentration 
gradient of its various components, which in 
turn have differentvolatilities. This allows the 
emission of complex messages, that 
simultaneously convey various · types of 
information. The volume that is produced 
varies according to the insect's diverse needs: 
feeding, reproduction and defense. 
Pheromones are also important for the 
pres~rvation of'communities' of social insects, 
such as ants and bees. 

A common feature of forefront research 
is to demand a superposition of various areas 
of knowledge. The study of pheromones is no 
exception. It requires joint efforts by a variety 
of experts, as occurs today among researchers 
at the Federal Universities of Vi~osa and Sao 
Carlos. In this case, chemists and entomologists 
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are investigating the communication 
pheromone among individuals of several 
important pest species, such as 'sauva' leaf
cutting ants (Atta spp), the 'lagarta-parda dos 
euca Ii pta is' (Thyrinteina arnobia), the 
'lagarta-do-cartucho-de-mi Ibo' (Spodoptera 
frugiperda), the 'laga rta-elasmo' 
(Elasmopalpus lignos;elus) and the 'lagarta
rosca' (Agrotis ipsilon). 

The study of pheromones of a given 
insect species should begin with the 
observation of its behavior, a task for 
specialized entomologists. For this purpose, 
they have to keep insect colonies, so that 
insects at various stages of development are 
available as required (see CienciaHoje n° 35). 

It is also necessary to have facilities for 
the study of communication among individuals 
and theintluenceof chemical substances upon 
the various stages of communication - for 
instance, sexual attraction and aggregation
that may lead to mating, guaranteeing the 
survival of the species. Such facilities include 
'wind tunnels' and olfactometers, sometimes 
employing synthetic air, where a controlled 
air tlow may be maintained, allowing the 
formation of pheromone trails, to which insects 
w1II always respond in the same way, when 
subjected to the same conditions. 

One obtains in this way a catalog of 
responses for individuals of the species under 
investigation. Once the role of a pheromone as 
a mediator in communication among them has 
been established, the next step is the isolation 
of the pheromone itself. 

At this stage, cooperation among 
entomologists and chemists is essential. After 
isolating one or more component substances 
of the pheromone, one tries to identify their 
chemical structure. This involves routine use 
of sophisticated techniquesl such as 
spectroscopy, proton magneti-c resonance, 
infrared, mass spectrometry coupled with gas 
chromatography. Chemical reactions 
involving minute amounts, belonging to the 
domain of microchemistry, must also be 
employed. In some cases, biological detectors 
are also · employed: the insect itself or its 
antennae - a technique known as 
electroantennography (see 'The sensitivity of 
antennae at the service of technology'). 

Once the chemical structure of the 
components of a pheromone has been 
determined and its synthetic equivalents have 
been obtained, there remains the task of 
ascertaining the efficacy of these equivalents, 
which can be tested either in the laboratory or 
in the field,soas to demonstrate unequivocally 
their biological action. The importance of 
synthetic organic chemistry in the study of 
pheromones, as a source of materials in the 
necessary amounts to perform such tests·, can 
hardly be overestimated. 

Initial tests are performed in the 
laboratory, where controlled conditions allow 
one to manipulate the factors that influence 
communication, e.g., betw.een the sexes. Field 
tests are then conducted, to check the 
effectiveness of synthetic pheromone as an 
attractor in adhesive traps for capturing the 
pest, or in other strategies to be discussed 
later. 

The useofsyntheticmaterial is required 
becau·se the amount of natural pheromone that 
can be extracted seldom exceeds a milligram; 
it is more often of the order of micrograms. 
Thus, a Dutch laboratory interested in obtaining 
pheromone from the roach (Periplaneta 
americana) had toemploy75 thousand females, 
all of them virgins, to get 200 micrograms of 
a mixture having as its main component B 
periplanone, that insect's sexual stimulant, 
shown in figure 3 [see: 'The hand and the 
glove (or: notions of stereochemistry) ' ]. 

Once a given synthetic pheromone having 
the correct chemical structure has been 
obtained, extensive studies are still required 
to ensure its correct employment for insect 
control in agriculture. Essential factors for the 
successful use of this methodology, among 
others,are thedevelopmentof a suitablesystem 
for controlled pheromone release in the field, 
as well as a model for trapping the targeted 
insect. 

Up to the present, two basic methods 
for pheromone use in pest control are known. 
The first one consists in monitoring the pest 
population through sexual pheromones, to 
provide elements for deciding when and where 
to apply control measures (possibly 
conventiona.1 insecticides). This technique 
utilizes traps, most often adhesive ones, 
containing as attractor, properly formulated 
and in minute quantities, the sexual pheromone, 
the aggregation one, or both (figure 9). 

Successive counts of the number of 
insects caught in the traps allow one to estimate 
where and when the p~st activity will be 
maximal; based upon these data one can decide 
which control measure to adopt next. This 
information is especially valuable for the 
choice of integrated pest management 
practices, allowing one to optimize pesticide 
applications and minimize losses. 

Traps are also useful to define the initial 
foci of pest infestations. Early detection of 
pests introduced into the area may allow one 
to eliminate a new infestation, as well as to 
preventitsdissemination. Thus, the migrations 
of the cotton boll weevil from Sao Paulo State 
to Minas Gerais have been successfully 
monitored through use of pheromone traps. 

After being attracted by the trail of 
synthetic pheromone, the insect must be 
caught. For this purpose;oneemploysadhesive 
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The Sensitivity of Antennae at the Service of Technology 
Although odour perception is still a poorly understood 

. subject, the peripheral sensory system of insects-their antenna
has been thoroughly investigated. Male-moth antennae are gene.rally 
coated with. thousands of olfactory hairs containing the so-called 
sensilla - sensory receptor cells that-respond to stimuli arising 
from female pheromone components. When it is exposed to them, 
the male antenna develops a physiological reaction that is translated 
into an electrical potential difference which can be measured with 
microelectrodes. This biodetector device, named antennograph, is 
extremely useful for the identification of active components in 
mixtures of volatile substances extracted from insects. 

In order to employ theelectroantennogram,one must prepare 
the antenna of a (normally male) insect, which is extracted and 
fixed in a physiological medium, so as to preserve its functional 
activity. Microelectrodes,coupled toan amplifier, are placed on the 

antenna tips. The substances obtained from material extracted 
from females, separated by gas chromatography, are then blown 
over the antenna, which is connected to a registering device. 

The chromatography apparatus is s~t up tosplitthe injected 
sample flux at the end of the column -one part is directed to the 
usual detector device and the other one to the biodetector. For each 
detected peak, this allows one to measure the insect 's biological 
response to the corresponding stimulating substance (figure 2). 

In this way, it becomes possible to identify the probable 
female pheromone components out of a mixture of substances, 
thus opening the way to the determination of its chemical structure. 

The electroantennogram is also extremely valuable for 
testing insect sensitivity to synthetic substances, yielding an 
effective contribution to the hard task of artificially reproducing 
the •bouquet' of a natural pheromone. 

The Hand and the Glove (or: Notions of Stereochemistry) 
The determination and synthesis of the correct pheromone 

structure are essential for the elaboration of the synthetic product. 
The relationship between structure and biological activity leads to 
crucial differences in the properties of some molecules. A tragic 
and well-known example of this fact was the utilization of 
thalidomide as a tranquilizer in pregnant women, resulting in the 
birth of countless children with teratogenicdeformities. ltwas later 
discovered thatthesecruel effects had originated from administering 
the drug in its racemic form, i.e., as a mixture in equal amounts of 
twostereoisomers, one of which was innocuous, while theotherone 
-(S)-(-)-was responsible for the deformities (its structure is 
shown in figure 4). . 

The carbon atom can form up to four bonds with other atoms 
or atom groups. When one carbon atom is bonded to four different 
atom groups (with the substituted tetra carbon in the center) there 
result two non-superimposable spatial atomic arrangements which 
therefore correspond to different substances. These substances, 
which are mirror images of each other, represent a pair of optical 
isomers, that are called enantiomers. The substituted tetra carbon 
is called a chiral.center. 

The two enantiomers, when they are pure, have the property 
of rotating the plane of vibration of a polarized light beam by equal 
amounts, but in opposite directions. 

lnordertodifferentiate unequivocally the twoenantiomorphic . 
structures, such as those of lactic acid, chemists have developed a 
nomenclature in which, depending on the spatial inter-relationship 
of the four substituents bonded to the chiral center, one enantiomer 
is called Rand the other one is called S. 

Normally, nature synthesize substances that possess only 
one of these configurations (R or S). On the contrary, in normal 
laboratory reactions, what one usually obtains is a mixture in equal 
amounts of the two enantiomers. It is for this reason that insects, 

like all other living organisms, generally recognize only one form 
- most often a spatial form - of the possible enantiomers. 

One explanation for this would be the fact that the enzymes 
.and proteins that are responsibl.e for metabolism are formed by 
ch'iral aminoacids. As a result, the active center of these substances 
would interact preferentially with one configuration of the two 
possible enantiomers. 

An analogy that may facilitate the understanding of this 
preferential interaction is the ease with which a right glove fits the 
right hand, as opposed to the difficulty to make it fit the left hand. 

Some examples may also help to understandstereospecificity 
and its consequences.Limolene, a natural constituent of several 
essential oils, may exist in two isomeric forms, one of which has 
a lemon odour while the other one has an orange odour (figure 6). 

But it is among pheromones that stereochemistry plays a 
particularly important role. In some cases, only one enantiomer is 
active-the other optical one has no biological act\on. One such 
case is that of the alarm pheromone for the Atta texana ant, the 
structure of which is shown in figure 7. 

In other pheromones, the presence of a small amount of 
another enantiomer causes a strong inhibiting effect. This occurs _ 
with the Japanese beetle (Popillia japonica), that has an 
exceptionally refined sense of smell. Its sexual pheromone is 
made up of a single component, with the structure of the (R) chiral 
center; the natural structure and its isomer are shown in figure 8 . 

·when this pheromone is synthesized in its racemic form
i. e., with equal amounts of the two optical isomers, Rand S-no 
male is attracted by the mixture. Attraction only takes place when 
just the R isomer is synthesized., The addition of a small amount 
of the other optical isomer to the active component produces a 
strong inhibitory effect. 

materials, water, electrocution or traps with 
no exit. If some component of the synthetic 
pheromone attracts an insect different from 
the target one, possibly even beneficial, one 
can add' a repellent substance for this specific 

insect to eliminate the problem. 
Besides its retaining surface, other 

factors that deserve attention in the trap are its 
· shape and its placement in the field, to be 
determined on the basis of factors associated 

with the habits of each insect species (figure 
10). 
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Another application of pheromones is 
in direct pest control, aiming to keep the 
population below levels that would produce 
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economic damage. This can ~e ·achieved 
through the use of two techniques: •mass 
collection' and 'confusion tactics'. Both aim 
at redu~ing the number of matings, so that the 
pest population is reduced to a low enough 
level to require little or no insecticide use to 
prevent damage. 

In mass collection one employs the 
same type of trap as in monitoring, but ·in 
much greater numbers per hectare, so as to 
remove from the crop a sizable number of 
individuals. The efficacy of this method 
depends upon the characteristics of the pest to 
be controlled. It wiH be assured, for instance, 
if females can be caught ·before laying. 
However, if only males can be attracted and 

. caught, or if the fraction of individuals 
withdrawn from the population is low, the 
next generation will not undergo an effective 
reduction (figure 11). 

A notable example of mass cpllection 
through pheromone use occurred in Norway, 
in the combat against the pine borer (fps 
typographus), whose modus vivendi renders 
conventional insecticides inefficient. In 1978 
and 1979, this insect_ was responsible for the 
destruction of six to seven million pine trees, 
leading the Norwegian government to 
formulate an emergency plan for its control, 
based upon pheromone traps and mass 
collection.Approximately 600 thous-and traps 
were distributed through the country's forests, 
resulting in the capture of about 2.9 billion 
insects. Were it not for this measure, the 
captured insects would have destroyed about 
1.5 million trees. 

The confusion tactics technique consists 
in impregnating the atmosphere with synthetic 
pheromone, originating from innumerable 
emitters (figure 12). Since the insect gets 
oriented for mating through the pheromope 
emitted by its sexual partner, excessive 
atmospheric impregnation with the pheromone 
prevents properorientation towards its partner. 
Copulation is thus avoided, leading to a 
decrease in' future pest populations, until the 
damage its causes becomes economically 
acceptable. 

The confusion tactics method was the 
first one to becommerdallyemployed,against 

the pink boll worm (Pectinophora gossypiela), 
a pest that infests cotton crops all, over th~ 
world. Theutilizationofthismethod in Bolivia 
led to a 67% reduction in the amount of 
conventional insecticide generally employed 
in cotton plantations. Studies concerning 
commercial application of this pheromone 
and confusion tactics in cotton growing are 
under way in Brazil, in Sao Paulo State and in 
the Northeast. 

More recent studies raise still another 
possibility: instead of a sexual pheromone, 
one can sprayovertheinfested area a substance 
capable of blocking the reception of the natural 
pheromone by the a.ntennae of individuals, or 
even of masking the action of the pheromone 
released by the pest. The ·aim of all these 
possibilities is to interrupt mating, with the 
consequent numerical reduction of the 
succeeding ·insect generation. The idea is to 
eliminate future generations without damaging 
the environment. 

· In Brazil, the utilization of pheromones for 
pest control is very recent. It began with 
material wh(Jse identification, synthesis and 
formulation took place abroad, for use against 
pests that are widely disseminated over the 
world. Figure 13 lists pheromone-based 
products already in use or shortly to be used in 
the country. · 

The first experiments in Brazil aimed·at 
pheromonedevelopment,includingextraction, 
i~olation, identification and field application, . 
took place at the University of Vi<Fsa, where, 
together with Professor~ Joao Sabino de 
Oliveira and Terezinha M. C. Della Lucia, we 
have worked with pheromones of leaf-cutting 
ants, a common polyphagous Latin-American 
pest. 

More recently, leading a joint effort of 
pheromone research groups· from the Federal 
Universities of Vi~osa (UFV) and Sao Carlos 
(UFSCar), we have investigated the practical 
application of pheromones in control Ii hg pests 
that affect corn, soybeans and tomatoes, 
collaborating with the Brazilian Agency for 
Agricultural and Cattle-Breeding Research 
(Embrapa), through the following National 
Research Centers: for Corn and Soybean, for 
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Agriculture Protection and for Genetic 
Resources and Biotechnology. Figure 14 
illustrat

1

es the pheromones that are currently 
being tested by the U_FV/UFSCarcooperation 
and by other Brazilian teams. 

In spite of the large number of papers 
published since 1970, this is still a very recent 
subject throughout the world; thus, it is to be 
expected that new possibilities for utilization 
of pheromones wi II ari_se. Expectations for the 
next few years include the inhibition of egg
laying in fruit tlies,as well as alarm/dispersion 
pheromones for acarids and aphids that,applied 
jointly with insecticides, would rerider the 
control of these pests more efficient, by 
promoting the displacement of sheltered < 

individuals and their consequent exposure to 
insecticides. 

With respect to possible significant 
applications of pheromones in Brazilian 
agricult~re, it should be emphasized that this 
will depend on its capacity for modernization, 
complying with the demands of society that · 
massive use of envfronmentally noxious 
substances be abolished. 

In view of their non-toxic character -
both because of the amounts employed and 
because of their rapid degradation in the 
environment - pheromones may play an 
important role within the range of methods 
that are employed in integrated pest 
management,as is already happening in various 
parts of the world . 

The obstacles to their use include the 
long period ·of time required to perform 
research for the identification, synthesis and 
biological testing of these substances and the 
high cost of trials to demonstrate their 
efficiency. On the other hand, their specificity 
and the small amounts that are required are 
advantageous features, chfetly with regard to 
preservation of the environment. A counterpart 
to these virtues is the need to develop a 
different product for each pest, besides 
procedures for handling microammmts -
features that certainly do not please the 
contemporary pesticide industry: Another 
problem is the licensing of products·. One 
hopes that it will be simplified, as is now 
happening in the First World. 

Figure 1. Mechanism of male. orientation by means of the pheromone 
trail left by the female. ' 

antenna in a physiological medium and the subsequent response 

Top left:. dominant wind; top right: male; middle: pheromone trail; 
bottom left: female. 

Flg~re 2. Electroantennography set-up, showing the injection of a 
mixture of chemical substances, their separation through 
chromat_ography, the blowing of volatile substances over an insect 
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record. . 
Top (left to right): electrodes; amplifier; antenna impulse recorder. 
Middle (right to left): mixture injection; chromatography apparatus; 
tlow towards the antenna; insect antenna. 
Bottom left(counterclockwise):physiological medium; wax for fixation; 
plate. 
Bottom right: tlow towards the detector; chromatography recorder. 
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Figure 3. Pheromone of the Periplaneta americana cockroach. 
Bottom: B-periplanone. 

Figure 4. Thalidomide structure: experiments have shown that only 
the (S) - (-) isomer is responsible for deformities. 
Left: (S) -(-)thalidomide. Right: R - (+) thalidomide . . 

Figure 5. Structure of the two enantiomers of lactic acid, illustra.ting 
·an object - mirror image relationship. 
Left:(-) lactic acid. Right: (+)lactic acid. 

Figure 6. The two forms that limolene can take, with their different 
odours. , 
Left: lemon odour. Right: orange odour. 

Figure 7: Alarm pheromone of the Atta texana ant. 

Figure 8. Structure of the na tura I pheromone of the Japanese beet I ea nd 
of its isomer. 
Top: structure of the natural pheromone. Bottom: isomer of the natural 
pheromone . . 

Figure 9. Adhesive trap containing sexual pheromone to capture male 
moths. 

Figure 10. Adhesive trap to capture the 'bicho-do-fumo' (Lasioderma 
serricornis). In the center; a tablet contai'ning sexual and aggregation 
pheromones, w_hich attract males and females of the ~pecies. 

Figure 11. Adhesive trap to capture the sorghum .fly (Contarinia 
sorghicola). What we see results from one morning's collection. 

J 

Figure 12. The sequence shows male orientation by the pheromone 
gi".en off by a female perched on a tree; the addition of plastic bands 

NON-NUMBERED FIGURES (see Eco-Brasil pp.116-123) 

(p. 117). Spodoptera latifacia female in attracting position with the 
pheromone sexual gland protracted. · 

FURTHER READING 

that give off synthetic pest pheromone; and disorientation produced by 
several pheromone trails, preventing mating and interrupting pest 

. population .growth. 

Figure i3. These pheromone-based products are already used or will 
soon oe used in Brazi I. 

PHEROMONES USED IN BRAZIL 
Pheromone Action . Pest Use 
Muscalure and sexual housetly poisoned baits 
Moscamone 
Gossyrl ure sexual pi·nk cotton- .traps (1) 

bollworm and fi bers(2) 
Grandlure· sexual and cotton boll traps (1) 

aggregation weevil 
Serricornin sexual and 'bicho-do-fumo' traps (3) 

aggregation 
(1) monitoring (2) confinement (3) monitoring and mass collec~ion 

Figure 14. List of pheromones current! y being studied at the following 
institutions: Federal University of \"i~sa (UFV), Federal University 
of Sao Carlos (UFSC-ar), Fersol, Brazilian Agency for Agricultural and 
Cattle-Breeding Research (Embrapa), National Council for Com and 
Soybean Research (CNPMS), Copersucar, Empasc (Santa Catarina 
Agency for Agricultural and C~ttle-Breedi ng Research), State l:J niversity 
of Campinas (Unicamp), Luiz de Queiroz School of Agriculture of the 
University of Sao Paulo (ESALQ-USP) and State University of Sao 
PauloatJaboticabal (Unesp-Jaboticabal). Colors characterize the work 
developed by different teams or institutions: synthesis (green), field 
tests (red), laboratory studies (yellow); extraction and isolation (blue), 
identification (violet). 

PHEROMONES CURRENTLY BEING TESTED IN BRAZIL 
Insects a-nd mites Team Work developed 
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THE BIOCHEMICALADAPTATION OF 

AMAZONIAN FISH 

· Vera Maria Fonseca de Almeida-ValandAdalberto Luis Val 
Depaitamento de Biologia Aquatica, 

Instituto Nacional de Pesquisas da Amazonia (INPA) 

The Amazon basin is a complex collection of ecological systems and of widely diverse ecological shelters formed by rivers, lagoons, 
temporary lakes, natural canals and different kinds of water. It hosts an enormously rich variety of species which survive due to inumerous 
strategies developed for adaptation. Research on the fish fauna, considered by many specialists as the richest in the world, is prominent in 
this natural laboratory. The study of the proteins and enzymes involved in the respiratory metabolism of Amazonian fish coupled with the 

factors controlling the modulation of their activity, and the investigation of the strategies for adaptation at the molecular level, lead the . 
authors to establish possible important genetic mechanisms of regulation which show the evolution pathway for this group of vertebrates 

and provide insight for breeding purposes. 

Fish are animals which raise some of the 
most interesting aspects in the investigation 
of adaptive processes among vertebrates. 
Besides their position in the evolution scale 
the interest in fish stems from their genotype 
features . These characteristics are responsible 
for the enormous "plasticity" in the selection 
of environments and for the ability of certain 
species to endure different conditions of 
temperature and pressure, highsalinecontents 
or low oxygen concentration. The scientific 
literature has witnessed an increasing number 
of studies dedicated to the biochemical 
adaptation of fish and the results confirm the 
peculiarities attributed to this process. 

The present study shows that fish display 
high genotype plasticity, a term referring to 
the ability of the genetic material to undergo 
alterations and to change the expression code 
according to environmental changes. Besides 
the large evolution diversity with regard to 
development and reproductive strategies, this 
study also confirms the ease with which fish 
produce hybrids allowing for greater exchange 
of genetic information among different 
species, and the existence of species which 
survived maintaining ·characteristics similar 
to their ancestors. 

Fresh water fish are the subject of 
particularly provocative research because they 
occupy variable ecosystems . Since 
geographical isolation has been considered a 
decisive factor in the process of group 
speciation, the study of fish requires 
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comparative analysis involving different types 
of environment and consideration of 
distribution alon·g different river basins. The 
Amazon basin is a complex collection of 
ecological systems formed by rivers, ,lagoons, 
temporary lakes, natural canals and different 
kinds of water (black, white and clear) where 
a diversity of species are present due to 
inumerous strategies of adaptation (figure 1). 

The richness of t.he Amazonian 
ichthyofauna can be verified by the large 
morphological variation observed among fish 
(figure 2). Some researchers in the field claim 
that almost two thousand different species 
have already been described ranging from 
cartilagineous fish (rays) to fish of primitive 
bone structure like the 'aruanas' and reaching 
families with highly specialized bone structure 
as in the case of the 'tucunares'. The Amazori 
hosts a considerable number of marine 
invaders, rays and hakes, species with aerial 
respiration like the 'pirarucu' as well as species 
with an alternative aerial .respiration system 
like the 'jeju' or the 'acaribod6', and even 
extremely primitive species like the 
'piramb6ia' a fish provided with lungs. Thus, 
it is no exaggeration to consider the Amazon 
basin as a valuable natural laboratory for the 
investigation of the genetics and evolution of 
this grdup of vertebrates. 

Wolfgang Junk, a German scientist, 
believes that this diversity can be explained by 
the fact that the system has existed for a long 
time without drastic changes. In his view, the 

existence of inumerous sh~lters including 
geographical', ecological, temporal and 
ethological isolation, was responsible for the 
joint survival of several species. This 
hypothesis comprises the full ·range , of 
variations encountered in the Amazon basin. 
Likewise, the different strategies observed in 
the group can be considered adaptations which 
induced the effective occupation of the 

1cological shelters. 
The study of the adaptation strategies 

to extreme,ly variable environments at the 
mole·cular level is one approach towards the 
elucidation ·of the evolution pathway of a · 
given group. The study of the proteins and 
enzymes involved in the metabolism of 
respiration of Amazonian fish, the factors that 
control the modulation of their activity and 
the 1nvestigationofthestrategies for adaptation 
at the molecular level lead the authors to 
establish the possibility of important genetic 
mechanisms of reg1,1lation capable of showing 
the evolution pathway for this group of 
vertebrates and providing insight for their 
breeding. 

The respiratory metabolism of an animal is 
in intimate relation to its livin-g habitat. 
Adaptations imposed on this metabolism are 
reflected in different levels of cell organization. 
Thus, a study aimed a.t the elucidation of 
biochemical mechanism for th~ adaptation to, 
hypoxic media (low oxygen levels) cannot be 
carried out along a single direction. It must 
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consider the mechanisms directly related tQ 
animal respiration as well as the factors that 
influence the environment where they are 
located. ' 

Respiratory processes ' are commonly . 
divided in two stages. One involves the intake 
.of oxygen from the media (aerial or aquatic), 
its transport through the. blood stream and 
deposition in the tissues, while the other 
involves the utilization of that gas at-the tissue 
level. This latter aspect is the metabolic 
pathway fol lowed by the eel I de pending on the 
·availability of oxygen (aerobic or anaerobic 
metabolism). The simultaneous study of these 
two stages is recommended in order to achieve 
a genetic-ecological outloo~ of the problem: 

The main proteifl involved in the first 
stage of respiration is hemoglobin (Hb). This 
protein usually occurs in fish under multiple 
forms leading to the assumption that a larger 
number of genetic sites are involved in their 
production when compared .with higher 
vertebrates. Several hypothesis have been 
advanced to explain such a phenomenon. The 
main proposal argues that each hemoglobin 
fraction has specific functional properties and 
that regulation of their synthesis confers · 
animals a higher chance of survival in 
diversified environments. Several species of 
the Amazon basin, notably the 'tamoata' 
(Hoplosternum littorale), the thick scam 
'jaraqui' ·(Semaprochilodus insignis) and the 
'tambaqui' (Colossbma macropomum), have 
been studied in this respect. It has been verified 
that each hemoglobin fraction can indeed 
display disntinct functional properties. 

Another important factor in the process 
of adaptation is related to the modulation 

, which hemogl9bin can undergo due to 
allosteric_ effectors. ' These agents whose 
concentrat_ions are pl)ysiologically and 
metabolically regulated can interact, with the 
protein leading to a decrease in oxygen affinity 
and easing the liberation of oxygen to tissue 
cells(see 'Modulation of hemoglobin by intra
erythrocitic phospates). 

The second stage of the process involves 
a large-nU1pber of proteins and al I the enzymes 
ofthe respiratory metabolism can be explored. 
The particularly important ones are glycose-
6-phosphates dehydrogenase (G-6-POH), 
phosphoglycomutase (PMG), phosphoglyco
isomerase (PG.I), creatin kinase (CK), malate 
dehydrogenase (MOH) and l"actate 
dehydrogenase (LOH). The latter has been 
well studied'among vertebrates arid is known 
to participate in the final stages of glycolisis 
tr~nsforming pyruvate into lactate (or 
viceversa) with the subsequent -oxidation of 
thecoenzym.eNADH. This mechanism allows 
for the breaking of glucose and formation of 
ATP (the essential species in the cellular 
energetic balance) during the periods of low 
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oxygen concentration or absence in tissue 
cells. It is thus believed that the oxygen level 
in tissue, in the• blood stream and also in the 
environment' regulates the participation of 
this enzym~ making it a prime -subject for 
studies involving bio·chemical adaptations in 
hypoxic environments. ·· 

The use of electrophoresis coupled to 
histochemical techniq,ues has be(?n responsible 
for impressive progress in the elucidation of 
the genetic mechanisms involved in the 
codification and regulation of the activity of 
hemoglobin and the LOH enzyme. Starch gel 
electrophoresis has particularly contributed 
to higher resolution for this type of study and 
has become ~idel y accepted in research studies 
of subjects similar to the present on~. · 

The enzymes codified by different 
genetic sites can occur in multiple forms 
(isozymes). They can appe~r as one, two, 
three or more isozyme~ .depending on the 
number of chains present, defining them as· 
monomeric, dimeric, tetrameric, etc., and on 
the number of structural genes involved in 
their synthesis. These isozymes genera~ly bear 
different electronic charges which results in 
different · relative mobilities under 
electrophoresis . . 

TheLOHenzyme(a tetramer) is codified 
in the majority of vertebrates by the genetic 
locus Ldh-A and Ldh-8, responsible for the 
appearance of the subunits A ar~d B 
respectively .The ra Adorn com bi nation of these 
subunits generates five different isozymic 
forms A

4
, A

3
B, A

2
B

2
, AB

3
, and 8

4
• 

In fish, LOH can occur in isozymes 
rang'ing from one to five. The number of 
tetramers formed between the subunits A alild 
B results from such factors as the degree of 
divergence betw€:ren the structural genie locus, 
tetrameric instability and genie regulation. A 
third locus, Ldh-c: has an unspecified 
dis tribution in tissue in species regarded as 
primitive on the phylogenetrcscale. This third 
locus displays strong genicregulation in groups 
of advanced teleost fish and presents specific 

· relative electrophoretic mobility · and high 
tissue res tri cti on. 

' -

I 

The choice of species to be studied is very 
important under a genetic-evolution or genetic
a da pta ti on outlook. Several adaptation 
strategies have already been described for fish 
of the Amazon basin under hypoxic 
environments. Some families include species 
of aerial respiration resulting from anatomic 
modifications of internal organs, like the 
swimming bladderofthe 'pirarucu'(Arapaima ' 

· gigas), the stomach in the 'acari-bod6' 
(Pterygoplichthys multiradiatus)'or the mouth 
cavity of the mu~um (Symbr.anchus 
marmoraius). 1he 'piranib6ia' (Lepidosirem 
paradoxa) is an extreme example of this type 

of adaptation since real lungs have been 
developed during the evolution process. 

S:pecies derived from families without 
aerial or alternative aerial respiration are able _ 
to remain in extremely po_oroxygen containing 
waters due to the development of a different ' 
morphologica l modification. An example is 
the expansion· of the lower lip found in the 
'tambaquf', a ·species which has received 
special attention by researchers interested in 
the physiology of respirati on and ecology 
(figure 5). This species ca,n survive during 
certain periods in areas _of intense hypoxia 
through the development of this new structure 
which surprisingly occurs few hours after the 
animals are expo~ed to low oxygen 
concentrations: This allows the fish to r~ach 
for oxygeri from the more superficial water 
layers. While the explanations for the 
phenomenon have become a matter of 
speculation, it is possible to consider this as an 
adaptive convergence ,whose understanding 
requires detailed studies of the biochemical 
mechanisms involved in the process. 

Four metabolic factors·become evident 
during exposure offish to hypoxic conditions: 
a) oxygen intake through an extrabranchial 
mode; b) transient acidosis; c) high anaerobic 
capacity, and d) changes in the isozymic 
paftern. Our studies .of the lactate 
dehydrogenase enzyme from C. macropomum 
reveal that the species present at least changes 

. in the isozymic patt~rn. It is also worthwhile 
-to pointoutthat in spite of the expansion of the 
lower lip the gills continue to perform their 
traditional function of capturing oxygen from 
the aquatic medium. The new structure is only 
convenient for the intake of more oxygenated 
water without interfering in the functional 
mechanism of the gills. _ 

Our analysis of the LOH enzyme reveals 
that the isozymic components vary according 
to the time of the year. Oensitomete'r readings 
of zymograms (graphical represen_tation of 
electrophoresis in which the isozymes becom,e 
noticeable after electrophoreticseparation and 
hystochemical treatment) indicate an increase 
of the product of locus Ldh-A in the heart 
tissue during certain times of the year pointing 
to a change of metabolism of the organ. 

It has already been mentioned that the 
product oflocus Ldh-A predominates in tissue 
enduring anaerobiosis as in the skeletal muscle. 
Thus, it is possible to conclu_de that the heart 
can respond anaerobically at a given time. The 
role of the enzyme in the presence of different 
substrate concentrati~ns was studied in order 
to verify these results. LOH present in raw 

· extracts from the heart was investigated 
.spectrophotometrically a'nd measurements 
were made of the time required for the 
transformation of the coenzyme NAOH 
(reduced form) to NAO (oxidized form). This 
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experiment ultimately reflects the rate of 
transformation of pyruvate to lactate. 

The experiments were performed with 
a constant concentration ofNADH (0.20 mM) 
and two concentrations of pyruvate, 0.30 mM 
(low)and 10.0mM(high). A high concentration 
inhibits the action of the enzyme except in the 
cases where anaerobic metabotism is activated 
and predominates over an aerobic one. The 
ratio of the rate of reaction at low and high 
concentrations, defined as low/high (UH), 
can therefore point out the predominant type 
of metabolism in the tissue of interest. When 
L/H > 1.0, the metabolism is aerobic, and if U 
H < 1.0, the metabolism is anaerobic. The 
results show in fact that during the periods of 
product increase at locus Ldh-A in the heart 
tissue, the enzyme is no longer inhibited by 
the substrate and very likely leads to an 
activation of anaerobic metabolism in these 
tissues (figure 7). 

The metabolism of the heart cannot 
withstand situations of muscular stress induced 
by a decrease in pH due to theaccummulation 
of lactic acid. The picture can be ·reverted by 
the diversion of lactic acid through the blood 
stream (blood can act as a buffer) or by 
reduction of its concentration due to a drop in 
the level of LDH enzyme which is strongly 
inhibited at pH 6.0 in C. macropomum. A 
slight lowering of the tissular pH can inhibit 
the action ofLDH and thus reduce the synthesis 
of lactic acid. It is assumed that the species 
maintains the cardiac tissue in anaerobiosis 
during certain periods of the year by a 
combination of both factors. 

The percentage of individuals with 

developed lower lips (and consequently with 
adequate levels of 0

2 
to meet the cardiac 

requirements) was extremely higb from 
January to March coinciding with the period 
of low oxygen concentration (2.0 ppm) in the 
investigated areas (figure 8). The results 
obtained with LOH reflect the predominance 
of aerobic metabolism. During the months of 
July, September and November, the 
concentration of the product from the locus 
Ldh-A of the heart tissue increases indicating 
an activation of anaerobic metabolism which 
is further confirmed by the UH values in 
September and November with complete lack 
of inhibition by the substrate. The increase of 
dissolved oxygen in water during this same 
period may notrepresenta normoxiccondition 
for the 'tambaqui '. These values are much 
below those accepted for normoxia in 
temperate regions (approxiIT!ately 25 ppm). 
Thus, the activation of anaerobic metabolism 
through an increase of the product of locus 
Ldh-A in the heart tissue can be considered a 
biochemical adaptive strategy for situations 
of low hypoxia. The month of July 
characterized bya small increase of the product 
of locus Ldh-A, high inhibition of the enzyme 
by the substrate, simultaneous increase of the 
oxygen concentration and complete absence 
of individuals with expanded lips, can be 
considered a transition period. 

The high inhibition presented by LDH 
(80 % ) provides evidence .that aerobic 
metabolism is activated in spite of the factthat 
the oxygen concentration is still very low. 
However, the absence of individuals with 
developed lower lips may indicate the search 

for another type of strategy since a small 
increase in the concentration of the locus Ldh
A is observed. The effort of the animal in 
search of metabolic homeostasis can be related 
to the increasing number of individuals with 
developed lower lips (during the month of 
September) and activation of anaerobic 
metabolism (in September and November). · 

The activation effect of anaerobic 
metabolism with the subsequent liberation of 
lactic acid and drop in pH is . still to be 
investigated. The hypothesis that this drop in 
pH in the blood stream, responsible for the 
increase in cellular permeability, can function 
as a metabolic sign for the appearance of lips 
will be tested through experiments involving 
theacclimatizationof.animals. Theexplanation 

· for the synthesis of new subunits A in the heart 
tissue as a consequence of the increase of the 
product of gene Ldh-A could lie in the system 

. of regulating genes. 
On the basis of these results, the proposal 

was advanced that at a given geological 
moment and as the final product of an evolution 
process there was a selection of adapting 
factors which allowed the survival of certain 
species in environments adverse to their 
metabolism. It can then be concluded that as a 
response to environmental pressures ( as in the 
case of hypoxia or anoxia) key enzymes of the 
respiratory metabolism can act in different 
waysamongspecies giving them better chances 
in the exploration of ecological shelters which 
would in principle be unfavorable to their 
nature. 

Modulation of Hemoglobin by Intra-Erythrocytic Phosphates 
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The appearance of the same individual with more than one 
type of hemoglobin (multiple hemoglobins or isohemoglobins) has 
been· frequently described among fish. The isolated study of 
isohemoglobins derived from different species has revealed some 
important features. For example, they display distinct functional 
properties and their relative concentrations can be regulated 
adaptively according to the environmental conditions. This is 
noticeable in the 'tamoata' (Hoplosternum littorale) where two 
hemoglobin fractions are found: one with a normal Bohr effect and 
the other with a reverse Bohr effect. This is also the case in the 
'tambaqui 'whi~h features five hemoglobin fractions which undergo 
large seasonal variations in their relative concentration depending 
on the oscilation of the water level. The Bohr effect refers to the 
influence of pH on the oxygen saturation of hemoglobin. The 
affinity between these elements is low at acidic pH and high at 
alkaline pH (normal Bohr effect). · 

Hemoglobio is a tetrameric protein synthesized from genetic 
information available in the organism. It is symmetric in higher 
vertebrates and has four equal chains ·two apiece codified by the 
genes Hb-a and Hb-j3. Some fish species can present asymmetric 
hemoglobins and other genes responsible for the synthesis of the 

chains. 
Each polypeptide chain which makes up the hemoglobin is 

bound to a prosthetic group called heme which has a porphyrin 
structure. The heme group contains protoporphyrin IX and an iron 
atom in its ferrous form (Fe++) which is responsible for the binding 
of hemoglobin to molecularoxygen(Oz). The process of oxygenation 
of hemoglobin occurs through the motion of the iron atom and 
trapped into the heme group. The hydrogen ion concentration (pH) 
and the intra-erythrocyte phosphates behave in such a way as to 
modify the spatial configuration of hemoglobin, and thus called an 
allosteric effector,and exerts an important influence in the formation 
of the Hb-O

2 
complex (figur~ 3). 

The 'matrinxa' (Brycon cf erythropterum), an economically 
important species in the Amazon, exhibits an electr9phoretic pattern 
with five isohemoglobins which suffer .strong pH modulation and 
display a normal Bohr effect (cj,=~ log P

5
J~ pH). In this species, 

ATP as well as GTP (the latter a more negative modulator than the 
. former) are found in erythrocytes and display an effective modulating 

capacity of the oxygen affinity of hemoglobin. As the tissular pH 
becomes slightly acidic the action of ATP and GTP on hemoglobin 
eases the liberation of oxygen to tissue. Both have an influence on 
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the binding of Hb with oxygen at the branchial level (figure 4). 
As we know, fish are constantly exposed to significant 

variations (daily and seasonal) of oxygen availability in their 
habitats. This is the reason why the qualitative and quantitative 
regulation of the intra-erythrocyte phosphates represents an 
important adaptive strategy for the groups. It should be emphasized 
that this regulation can be fast since ATP and GTP are separated 
from ADP and GDP respectively by a single metabolic step. 

Our studies with the 'pacu' (Mylossoma duriventris) reveal 
· that the chromatographic p"rofi leof the intra-erythrocyte phosphates 

varies seasonally. This variation is supposedly related to the water 
level and the amount of dissolved oxygen making it evident that the 
species is capable of regulating adaptively the erythrocyte 
concentration of those metabolites. During the periods of low 
oxygen availability in the environment, theMylossomaduriventris 
has approximately 65 times less GTP than in the pe~iods of larger 
oxygen availability. On the other hand, ATP is only four times 

NUMBERED FIGURES (see Eco-Brasil, pp.124-129) 

Figure 1. Several types of aquaticenvironm'ent of the Amaz<?n region: 
(a) lake in the floodlands (Marchantaria Island, Solimoes River, 
Manaus); (b) waterfall, igarape of Tarumazinho (Mana us); (c) view of 
the Amazon River with the Island of Marchantaria in the background. 

· Figure 2. Captured fish in the region of the floodlan.ds of the Amazon 
on the IslandofMarchantaria (a) acari-bod6; (b) twoacaras; ( c) mandi; 
(d) two piranhas; (e) aracu; (t) jeju, a fish of aerial respiration; (g) 
piramboia, a species with lungs. 

Figure 3. Schematic repres~ntation of the bonding ofhemoglob_i n with 
~n~ . 
polypeptide chain heme group 
hystidine residue bound to iron plane of the heme group 
The fit of the atom of Fe in the heme group to aBow bonding to the 
oxygen molecule. 

Figure 4. Thebehavioroftheaffinity between hemoglobin and oxygen 
at different pH for the Brycon cf erythropterum (Matrinxa). 

· hemoglobin without modulators (stripped) 
hemoglobin+ ATP 
hemoglobin + GTP 

P
50 

= 0
2 

pressure necessary to saturate 50% of the hemoglobin. At 'the 
acidic pH common in tissue there is low Hb-0

2
affinity. In alkaline pH, 

typical of the branchial region, there is high Hb-0
2 

affinity. The 
, modulators ATP and GTP increase the values of log P

50 
in acidic pH, 

decrease the Hb-0
2 

affinity a~d ease the liberation of 0
2

. 

n
50 

= Hill coefficient. This refers to the interaction between the heme 
groups of the heomgl obi n a;iol ecul e during the processes of oxy gena ti on. 
n

50 
> 1.0 indicates the presence of positive heme-heme interactions. 

FURTHER READING 

lower. Since GTP is a more negative regulator than ATP, its 
decrease during hypoxic periods facilitates the intake of oxygen at 
the branchial level while ATP eases the liberation of oxygen to 

· tissue. In the case of the 'acari bod6' ( Pterygoplichthys mu It iradiatus), 
a species with alternative aerial respiration, there is no intra
erythrocyte GTP under hypoxic conditions. However, the 
concentration of GTP increases and surp~sses that of ATP (GTP/ 
ATP= 1.43) i'nindividuals of this species acclimatized to normoxic 
conditions. · 

ATP and GTP are most commonly found intra-erythrocyte 
phosphates in fish. The existence of other phosphate compounds 
and their effect on the oxygen affinity of hemoglobin is still under 
investigation. The studies carried out so far allow to conclude that 
the control of the concentration of the erythrocyte phosphates is an 
important adaptive strategy since it allows fish to compensate in a 
virtual.way the changes of available oxygen level in the environment. 

FigureS~AspecimenofColossomamacropomum(tambaqui) measuring 
52 cm captured in the region of Marchantaria Island (Solimoes River) 
during the period of low oxygen availability. · 

Figure 6. Percentage of individuals with developed lower lips(...,.__...) 
and concentration of dissolved oxygen in water in parts per million 
(.,____.) du~ing five different months in 1984. 

Figure 7. Relative concentration(%) of the product of locus Ldh-A in 
cardiac muscle (.,____.) an.d values of BIA* observed for the LDH 
enzyme of this same tissue (pH 7.0) during five different months of 
1984. *BIA= rate of reaction ofLDH in low pyruvate ·concentration 
(0.30 mM)/ rate of reaction of LDH in high pyruvate concentration 
(10.0 mM). 

Figure 8. Relationship between collection period, morphological 
modifications and inhibition of the LDH enzyme. The dominant type 
·of mechanism for each situation is particularly noticeable. 

.Month of % of individuals % of inhibition of type of 
collection with lips of LDH in high metabolism 

cocnentration of 
substrate 

January 88 40 aerobic 
March 88 40 aerobic 
July 0 80 aerobic 
September 20 0 anaerobic 
November 0 0 anaerobic 

ALMEIDA-VAL V.M .F.,Lactato desidrogenase de duas especies de peixes daAmazonia: Mylossoma duriventris e Colossoma macrop0mum 
( C haraciformes). Aspectos adaptativos ( doctora I thesis). Mana us, I nsti tu to Naci ona I de Pesqu isas da Amazonia/ Funda~a o U niversi dade do 
Amazonas, 1986. · 

HOCHACHKA P.W. and SOMERO G.N.,Biochemical adaptation. Princeton, New Jersey-Princeton Univ. Press, 1984. 
MONTEIROP.J., VALA.Land ALMEIDA-VAL V.M.F., 'Biological aspects of Amazonian fishes. Hemoglobin,hematology,intraerythrocytic 

phosphates and whole blood Bohr effect of Mylossoma duriventris'.. Canadian Journal of Zoology, n° 65, 1987. 

€1eNCIA HOJE 85 



SALATI E., SCHUBART H.O.R., JUNK W. and OLIVEIRA A.E.,Amazonia: desenvolvimento, integrafiio e ecologia. Sao Paulo/Brasilia, 
Brasiliense/Conselho Nacional de Desenvolvimento Cientffico e Tecno16gico, 1983 · ' 

SIOLI H., The Amazon-limnology and land_scape ecology of a might tropical river and its basin. Dordrecht, Dr. W . Junk publishers, 1984. 
VAL A. L., Hemoglobinas de Colossoma macropomum Cuvier, 1818 (Cltaracoidei, Pisces): aspectos adaptativos (Ilha de Marchantaria

Manaus~Am) (Doctoral Thesis). Manaus, Instituto Nacionalde Pesquisas da Amazonia/Funda~ao Universidade do Amazonas, 1986. 
VAL~'. L., SCHWANTES AR. and ALMEIDA-VAL V.M.F., 'Biological aspects of Amazonian fishes. Hemoglobins and whole blood 

properties of Semaprochilodus species (Prochilodontidae) at two phases of migration'. Comparative biochemistry and physiology, n° 83B, 
1986. 

BARTLETT G.R., 'Phosphates compounds in vertebrates red blood cells ' . American zoologist, n° 20; 1980. 
RIGGS A., 'Studies of the hemoglobins of Amazonian fishes : an overview' . Comparative biochemistry and physiology, n° 62A; 1979. 

Translation: Jose M. Riveros and Deborah E. Riveros 
Revision: Lise Ribeiro Alves 

86 ECO ·- BRASIL SUPPLEMENT 



THE CERRADO AND 

THE ECOLOGY OF FIRE * 

Leopoldo Magno Coutinho 
Departamento de Eco)ogia Gera), 

Instituto de Biociencias 
Universidade de Sao Paulo 

The disorderly occupation of the central region of the country aiming at expanding agricultural production, is 'to blame for the 
accelerated devastation of one of the richest and largest Brazilian ecosystems: the cerrado. The adoption of measures, taking steps to 

preserve existing resources there and manage them rationally requires a greater scientific understanding of the many factors involved in the 
region 's ecology. The ancient presence of fire, for example, makes it necessary to determine to what extent the cerrado vegetation has 

adapted to this condition, and how f~r can the use of controlled burning can help to protect the ecosystem. 

. Anyone who has travelled through states 
such as Minas Gerais, Goias, Bahia, Mato 
Grosso or Mato Grosso do Sul, has certainly 
crossed the vast plateaus, covered with 
vegetation of small twisted trees, scattered i~ 
a carpet of grass - the cerrado. During the hot 
summer months, when the rains are 
concentrated and the days are longer, 
everything there is green. During winter, on 
the contrary, the grass turns yellow and dries 
up; almost all the trees and bushes change 
their aging foliage for totally new one. 

During this period -of slightly lower 
temperatures, increased hydric stress and 
shorter days, we find some trees still bearing 
their old yellow leaves, others which appear to 
be dry, since they have totally lost them, and 
still qthers already sporting their riewclothing, 
green and vigorous. 

Despite the apparent monotony of the 
vegetation, the flora of the cerrado is 
enormously rich. In number of species, it is 
surpassed only by the tropical rain forests, like 
those of the Amazon region and the coastal 
jungles. Around 800 distinct species of 
arboreous and shrubby plants are known in the 
cerrado. Among herbaceous ones, it is assumed 
that.a much greater number of species exist, 
perhaps over twic;e as many. Even in the 
absence of an accurate survey, it can be said 
that at least 2,500 species of higher vegetation 
are present in the cerrado. 

The 'barbati mao' al um bark tree 
(Stryphnodendron barbatimam), 'pau-terra' 
(Qua/ea cordata), hollywood lignum vitae 
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(Guajacum sanctum), 'perobinha-do-campo' 
(Sweetia elegans), 'araticum' ( custard apple 
family), ' murici' (Byrsomina), 'pequi' 
(Caryocar sp.) and caesalpinia, are some of 
the common! y found trees in our cerrado. The 
Uruguaian needlegrass (Stipa neesiana), 
tanglehead grass (Heteropogon contortus), 
'cajuzi nho-do-ca mpo' (Anacardium 
pumilum), Andira faxinfolia, golden plover 
(Pluvialis apricaris apricarius) and 
goldentrumpet (Anemopaegna glauca) are 
some of the plants commonly found among 
the herbaceous flora. Unlike the Northeastern 
'catingas ' (dry savannas), the cerrado is very 
poor in fleshy or spiny species. Vascular 
epiphytes (plants that grow nonparasitically 
upon othe·rs) and woody di mbing plants (liana) 
are not very common there either. 

As for animals, there does not appear to 
exist a fauna ofvertebratesspecificorendemic 
to the cerrado. In protected areas, like the 
Emas Nacional Park(Rheas National Park), in 
southwest Goias, it is still relatively easy to 
-spot rheas, pampa deers, giant anteaters, 
Brazilian tapirs and maned wolves (figure 1). 
The fauna of invertebrates (which is certainly 
rich but little known), is very likely to reveal 
strong endemisms in especially the insects 
group, with its numerous species of termites, 
ants and beetles . 

The vegetation is made up basically of 
two strata: arboreal/ shrubby ofligneous type, 
and the herbaceous/sub-shrubby, formed by 
grasses, other herbs and sma II sub-shrubs. 
This vertical structure of the cerrado, however, . 

is not unique or uniform. It can vary quite a 
lot~ in short distances from one cerrado to 
another, depending on the density of the two 
strata. 

The 'caboclo'(inhabitant of the area) 
recognizes, and science accepts the existence 
of various physiognomies of the cerrado. In 
popular terms, it includes the 'campo limpo' 
(basically a grass field), 'campo sujo' (field 
with some shrubs), 'campo cerrado' (field 
with shrubs and scrubs), cerrado stricto sensu 
as well as the 'cerradao' (field with a greater 
frequency of trees). The first presents only a 
herbaceous or sub-shrubby stratum stripped 
of trees and bushes. In the other three , the 
woody strata gradually attains n:iore 
importance in the landscape. The 'cerradao' 
is a forest with the tops of the trees touching 
and producing shade, while the herbaceous/ 
sub-shrubby stratum is very poor and thin. 

At the one extreme, therefore, we have 
the features of a field; at the other, those of a 
forest. The intermedi.ate forms of ' campo 
sujo', 'campo cerrado ' and 'cerrado stricto 
sensu' have the appearance of savanna. 
Ecocline (figure 2) is the name given to this 
biological gradient, determined by physical 
environmental conditions,such as soil and the 
frequency of the burnings. In the wild, the 
various types of cerrado do not appear like 
this, in an orderly fashion. In reality, they 
form a big vegetation mosaic. It is possible 
then, when one travels through the cerrado to 
cross a 'campo sujo', afterwards a cerradao, 
then a 'campo limpo', a cerrado stricto sensu, 

• Cerrado, a typical Brazilian type of savanna, differing from the Africim savanna by its nora and fauna. 87 
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etc.- This mosaic layout reflects the (mosaic 
distribution of soil types) irregularoccurrence 
of burnings and other forms of anthropic 
action. 

The physiognomical complex depicted by 
the cerrados, covered, until a few decades 
ago, an estimated land area of 1.8 million 
square kilometers (figure 3) equivalent to 
three Frances, six Italys, or forty Hollands. 
There would be enough space in this huge area 
of Brazil to fit, all together West Germany, 
Austria, Belgium, Spain, France, Holland, 
Italy, Switzerland and Portugal. Such 
subcontinental size alone is a sufficient reason 
for recognizing the importance of cerrados as 
one of the main Brazilian biomes. Add to this, 

· the enormous biological diversity, the potential 
in medicinal plants, native grazing stock and 
different types of fruit plants. 

Natural resources such as these still 
need more concern from the people as well as 
from the B_razilian government, through 
scientific research and development of the 
most appropriate technology. While this does 
not happen, however, the cerrados are being 
rapidly devastated with the use of the land in 
the cul tiva ti on of soya and other grain products. 
This form of taking advantage of the natural 
resources provided by the cerrado is short
term and irrational: One should call attention 
to the need for preserving the other resources 
it offers which, when used up, will never be 
recovered. 

To see the cerrado simply as a huge 
extension ofland, appropriate for agricultural 
expansion, is a narrow-minded attitude, if we 
take into account all the potential which is 
offered there. It is nonsense to destroy - in 
exchange for a few more tons of soya - a whole 
flora and fauna still hardly known. In this area, 
there may be present; besides the grazing 
plants already identified, others with great 
nutritional value for man as well as species 
which, phytochemically studied, would allow 
research into drugs against cancer, AIDS, and 
other illnesses which affect humanity and 
threaten its future. Why waste all this 
tremendously elaborate genie potential which 
took millions of years to evolve and which we 
will have no way of recreating? 

As serious as the destruction of the 
cerrado is the total lack of control of the 
occupation process and of what remains of 
those natural resources. This destruction has 
already reached a much more advanced phase 
than that of the Amazon region: only 1.5% of 
cerrado area is protected by government 
preservation units. There is an urgent need to 
increase its protection through the creation of 
·more nati"onal parks, biological reserves and 
ecological stations in different parts of the 
COUQtry. 
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Most of the cerrados develop in tropical 
climates. The average monthly temperatures 
do not vary much over the year, but the 
occurence of rains shows a strong variation 
over the seasons (figure 4), with a greater 
concentration from November to March. From 
May to September a dry period occurs which 
coincides with the cooler, winter months. The 
short duration and the average intensity of this 
period make it possible to include most of the 
cerrado in the group of humid tropical 
savannas, according . to the international 
classification of the savanna. 

To those herbaceous/sub-shrubby strata 
plants, which in general have superficial roots 
distributed right in the first 10-20 cm of soil; 
the hydricstress ends up causing the desiccation 
and death of their aerial parts. Because they 
develop much deeper roots, which explore 
permanently humid layers of the soil -5, 10 or 
up to 20 meters deep - the shrubs and trees do 
not suffer the same effects in such a significant 
way. As proof of this, they sprout, grow and 
often bloom in the height of the dry season. 

Senescence and falling leaves of trees 
and shrubs, which occur before the sprouting 
observed during this time of year, may be 
explained by thermal and/or photoperiodical 
reasons (related to the length of day, shorten end 
in the winter) and not by hydric stress. 
Minimum absolute temperatures, positive but 
below 10° C, usually accelerates the aging 
process of the entire foliage of the cerrado, 
including the herbaceous species. The 
occurrence of frosts, sometimes at the 
beginning of winter, causes rapid and intense 
shedding of tree and shrub leaves, as well as 
the drying up and dying of the aerial phytomass 
of the grass and shrubs. The accumulation of 
all these dry leaves on the ground inc~eases the 
risk of accidental fires in the cerrado. 

The low fertility of the cerrado soil has been 
known since the time of the initial settlement 
of our inland areas. Until a few decades ago, 
nobody would offer anything at all for an acre 
of its land. The value of the old farms was 
based on the fertile forest lands they 
emcompassed. The cerrado was of no use for 
agriculture and theonlyway of getting benefit 
from it was the extraction of firewood and the 
free-range cattle raising of\he hardier varietie,s,_ 
especially the 'caracu' (a breed of native 
Brazilian cattle) and the zebu. 

With the exhaustion of forested areas, 
the expansion of agricultural frontiers, the 
agronomic research and the development of 
the fertilizer industry, an increased demand 
for the cerrado has· be.en noticed, since this 

· land was cheap,easilyoperated by machinery, 
near the main consumer centers and, because 
of the very size of the area, which allowed 
huge properties to be established, a great 

amount of money was, and continues to be, 
invested to transform the cerrado into soya 
and other cereal plantations. 

The difficulty of utilizing the cerrado 
soil stems much more from its chemical 
properties than from its physical nature, with 
a flat or slightly hilly topography. Deep and 
al most comp le tel y lacking in rocky structure, 
the soil helps in the use of agricultural 
implements. There are,of course, areas where 
the presence of solid compressed layers of 
iron ore (cangas) on the surface or slightly 
below ground prevents, for simple mechanical 
reasons, its use for agriculture. As for texture, 
the soil is predominantly clay-sandstony or 
sandstone-clayee with reasonable degrees of 
permeability, porosity and airiness. 

High acidity, low cationic exchange 
capacity (ability of humus and clays to 
exchange positive ions with the a·queous 
solution of the soil), low total bases and high 
aluminum content are some of the ch_emical 
characteristics which determine the poor 
nutritional qualities of the cerrado. A serious 
problem is related to the high proportion of 
aluminum ions, very toxic to most cultivated 
species. With the inclusion of limestone and 
fertilizers and with addition of the necessary 
macro and micronutrients one can correct 
these characteristics: the pH is raised, the 
level of aluminum is reduced and the soil is 
enriched with those components essential for 
the growth and development of the plantations, 
resulting in abundant and profitable harvests 
(figure 5). If irrigation is carried out during 
the dry season and the few hot days of January, 
two good harvests a year are possible. 

The native flora of the cerrado is well 
adapted to this poor soi I, known as dystrophic 
or oligotrophic. The plants do not show, as far 
as one can tell, signs of nutritional deficiency. 
Some analysis of the mineral contents of their 
organs did notindicatelevels much lower than 
normal as compared with other plants. The 
cerrado species certainly possess efficient 
mechanisms to allow them to overcome the 
nutritional difficulties of the soil and to absorb 
what is essential for survival. 

This nutritional limitation of the soil, 
however, is considered an important 
determining factor of the cerrado in many of 
its distribution areas. For plants to ·produce 
tons of leaves, trunks and roots per hectare, 
building the great biomass which characterizes 

. a tropical forest, tensofkilogramsofnitrogen, 
phosphorus, calcium, potassium, magnesium 
and other elements are required to be available 
.in that same hectare. Al though the predominant 
climate there allows dense forests to exist, 
with trees up to SO meters high and 4 meters in 
diameter, the nutritional poverty of the soil 
may prevent .the development of this type of 
vegetation, allowing only the existence of 
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cerrados. 

Burning is an aspect of the ecology of the 
cerrado treated by different authors with no 
scientific experimental basis. To examine 
this issue adequately, it would be necessary to 
carry out experimental burnings, ·which are 
considered a crime. Our conservationist 
institutions are afraid to authorize burnings on 
their reserves and· parks, even in restricted 
areas and for scientific purposes. Hence, very 
little is known on the effects of fire in the 
cerrados and forests, even though our nation is 
one of the active in burning its natural 

· vegetation. 
Despite these di ffi cul ti es, we have over 

the· last 20 years been able to carry out a 
number of experimental burnings in cerrado 
areas belonging to the Minis try of Agriculture,. 
in Pirassununga in the state of Sao Paulo. We 
have, thus, managed to gather some data 
concerning the effects-of fire on the soil and 
vegetation. Some recent research, carried out 
by the University of Brasflia, also included 
observations on accidental fires in thecerrado. 

One question, which frequently arises 
when people discuss the origin of the burnings, 
is whether there are natural burnings or they 
are all caused by man. These days, most of the 
burnings are undoubtedly caused directly or 
indirectly by man, maybe the farmer, to open · 
up new agricultural fronts, or the cattle grower 
who burns the dry grass in the winter, forcing 
it to sprout, in order to obtain fresh forage for 
his cattle. There are premeditated burnings 
aiming, for example, at controlling the 
thickening of the bushes, eliminating toxic 
plantsorfightingti<;:ks. There are also burnings 
of a criminal nature,almostalways motivated 
by the wish for land occupation. The accidental 
burnings caused by small hunters' fires, by 
balloons during the June festivals, e_tc. areal so 
common as for smokers, studies show that 
cigarrette butts are not to blame for acidental 
burnings but the lit match, thrown away, is. 

Natural burnings can r~sult from 
different causes: volcanism, electrical 
discharge, friction between rocks caused by 
crustmouvements, or falling boulders in steep 
areas. Electrical discharges are the most 
important cause, as proved by the extensively 
documented Ii tera ture related to the tern pera te 
forests, the Californian chaparrals, and the 
South African and Australian savannas. It is 
quite probable that this type of fire also occurs 
less frequently in the cerrados. According to 
Antonio Malheiros da Cruz, director of the 

. Emas Nacional Park ,several natural burnings 
caused by lightning which were not 
scientifically recorded were obswerved. 

Vegetation burpings have always 
existed on the Earth's surface. There are signs 
thatthey occurred naturally, affecting extensive 
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forests _in the Paleozoic era, mi Ii ions of years 
. ago. In the Pleistocene, about 500,000 years 

ago,.Homo erecius already knew .how to use 
and control fire. Neolithic man from northern 
Europe made use of fire to open up clearings 
in the pine forests. 

Digging a trench in Pirassununga's 
cerrado, I accidentally discovered fragments 
of charcoal about 2 meters deep. Using the 
carbon 14 method, the age of the fragments 
was fixed at 8,600 years, proving the presence 
of fire in the area at that time. Even today, the 
Indians use fire for controlling their fields, for 
hunting and even for war. The Kadiweu used 
itduringdroughts, believing they would attract 
rain. 

From an · ecological point of view, 
several aspects of a burning need to be 
considered. Three types of burnings or fires 
exist: those of the top, with great intensity and 
more common in the forests where fire spreads 
from one treetop to another; those of dry grass, 
frequent in more open vegetation and in which 
the grassy strata acts as the main flame 
spreading agent (figure 6); and the ·mantle 
ones, in which the vegetation itself is not 
reached. In the latter, the blanket formed by 
the mixture of leaves, branches and earth, 
accumulated on the ground, burns slowly. In 
the 'c~rrad6es', the most common burnings · 
are those ofth~ mantle or treetop ones. In other 
types of cerrado, dry grass fires predominate. 

Wind is another factor to consider as it 
inf! uences the spreading of the fire. When t~e 
flames move in the same direction as the wind, 
they are quicker and their effect tends to be 
more intense; when they go against the wind, 
the burning · is slower and will sometimes 
reach higher temperatures .' F.lame height, 
temperatures, and degree of biomass 
combustion are parameters to be considered in · 
evaluating the effects of fire. 

Extremely important to the ecology are 
the burning regimes, their frequency and-the 
season in which they take place. Obviously, 
the ecosystem is not indifferent to burning the 
vegetation every two, five or ten years. 

. Furthermore, depending on the season, 
different structures wi 11 be destroyed, varying 
in accordance with the development stage of 
each one. Burning a plant when it is in bloom 
is different to burning it when it has already 
borne fruit and spread its seeds, thus ensuring 
the reproduction of the species. Normally the 
cerrados are burnt in August, although 
accidental fires can occur even during the few 
hot days of January, as happened this year in 
the En1as Nacional Park. 

One of the effects of burnings is the 
immediate raising of the local temperature. In 
a 'campo sujo' burning, carried out by a 
University of Brasflia post-graduate student, 
Heida Lenz Cesar, the air temperature at the 

site of most intens~ fire reached levels of 
around 800° C. As for the measurements made 
in the soil, very close to the surface, w:hat few 
available data there is, varies frpm one reading 
to another an~ from author to author. In the 
same experiment, Heida Cesar discovered a 
maximum level of 280° C, while .in 
Pirassununga, we only observed 74° C (figure 
7). These variations can and should actually 
occur due to their dependence on the fire's 
intensity, which in its own turn will vary 
according to the existing phytomass fuel, the 
speed and direction of the· wind, the soil 
humidity level and other factors. 

At shallow depths, from 2 to 5 cm 
below the surface, the temperature only rises 
a few degrees. The superficial layer acts a.s a 
perfect' thermal insulator, protecting the 
subterranean plant systems. This explains 
why these structures manage to survive and 
resprout a few days after the fire has passed. 

Another very important effect of the 
burnings on the ecology of the cerrado is the 
acceleration of the biomass remineralization 
and the transfer of existing mineral nutrients 
from the biomass to the surface, in the form of 
ashes. In a cerrado, we estimate that after 
burning,approximately 300-400 kilograms of 
ashes are deposited on the soil, per hectare. 
This ash is made upof calcium(Ca),potassium 
(K), magnesium (Mg), and other essential 
elerpents. 

For an ecosystem with such poor soil, 
as the cerrado, the deposits of ash represent a 
precious source of nutrients. In her doctoral 
thesis at the University of Sao Paulo, Laise de 
Holanda Cavalcanti measured the variation in 
the quantity of certain mineral nutrients in the 
soil, after burning, noting that after 20, 40, 60 
days the enrichment of the surface tended to 
disappear (figure 8). 

The study also showed that nutrients 
were not leached to depths beyond 20-30 
centimet~rs, where the quantity measured of 
each did not vary significantly; the · ionic 
aluminum disappeared from the surface layers 
right after the fire passed, reappearing slowly 
after 40 days. These results sQggest that 
nutrients deposited with the· ashes are 
reabsorbed during this time by the predominant 
plants in the herbaceous stratum, the roots of 
which are more superficial. 

Based on these observations, we can 
form the following hypothesis, when 
incinerating structures such as herbaceous/ 
sub-shrubby strata as well as the arboreous/ 
shrubby ones a'?d.depositing their ashes on the 
ground, the fire would in fact be transferring 
nutrients from one strata to the other, since · 
trees and bushes have much deeper radicle 
systems. This assumption, however, needs 
confirmation through experiments. If proven, 
it would explain partially why the frequent 
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burnings end up opening the densest forms of 
cerrado, transforming them into ' campossujos ' 
and 'campos limpos '. 

The sauvas (any of a number of leaf
cutting ants of the Atta genus), whi ch live in 
immense subterranean colonies -seem to play 
an antagonic role to that of the fire: they cut 
and use pieces of plants from both strata and 
then carry the remains of their colony to 
'garbage pans' (cavities used to store their 
refuse, some meters deep), where this material 
decompo~es, letting out the mineral nutrients. 
At that depth, "these nutrients can only be 
recycled by the roots of trees and bushes. 
Thus, the sauvas benefit this stratum of the 
cerrado to the detrim~nt of herbs and sub
shrubs _(figure 9). 

Those links among sauvas, fire and 
vegetation strata can be revealed by means of 
ecological surveys. It is through this mesh of 
correlations that ecology manages to 
understand the way an ecosystem works, 
enablingittoproposesuitablewaysofhandling 
it. Carrying out studies like these ·is a 
fundamental condition for the practice of a 
scientifically-based as opposed to a solely 
emotionally-based conservationism. 

During burning, not all the nutrients will 
necessarily come up to the earth's surface·in 
the form of ash . Most of them are lost to the 
atmosphere in the form of smoke. In. her 
master's thesis at USP (University of Sao 
Paulo) Vania Regina Pivello observed in six 
burnings that almost all the nitrogen and 
practically half the phosphorous, calcium, 
magnesium and sulphur were transferred from 
the biomass to the atmosphere (figure 10). 
They finally returned to the earth, through the 
action of gravity or rain. · 

The quantification of this process made 
it possible to establish that this return took 
place at the end of the third year. This 
suggests that, if that cerrado in Pirassununga 
had been burned at three-year intervals, the 
ecosystem's pool of nutrients might not have 
been affected. Shorter intervals would result 
in theemp~verishmentofthewholeecosystem. 
Curiously, the 'caboclo' (inhabitant of that 
area) born and raised in the cerrados, is aware 
of this, and explains that he does not burn his 
pasture land more often "because it would 
become weak". 

As for the biotic effects of fire on the 
cerrado, one of the most noteworthy is its role 
in transforming the physiognomical features 
and structure of the vegetation. This fact had 
already been noted in the last century by 
Auguste Saint-Hilaire, when he was travelling 
around the countrysides of Brazil. Peter 
Wilhelm Lund, the same person who 
discovered the caveman of Lagoa Santa (State 
of Minas Gerais), said: "It was the burnings 
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that transformed the 'catanduvas' (an Indian 
term forcerradoes) intocerrados and 'campos 
limpos' and those burnings were not only 
practiced by the immigrant population, but 
were also a practice among the Indians a long 
time before". 

Felix Rawitscher, USP's first chairman 
of Botany, attributed the scarcity of vegetation 
in the southern cerrados not to the lack .of 
water but to the anpual burnings. Alba 
Evangelista Ramos, in her master's thesis at 
the University of Br~sflia, proved by means of 
quantitative data that fire causes different 
types of damage to the trees of the cerrado, 
ranging from wilting and defoliation of the 
crown to the total death of branches and 
trunks. Thus, frequent burnings reduce 
substantially the maintenance and renovation 
of trees, the density of which decreases 
progressive! y. For this reason, when subjected 
to frequent burnings, the cerradoes finally 
open up and are transformed into 'campos 
sujos' and 'campos limpos'. 

The species of the herbaceous/shrubby 
stratum of the cerrado adjust better to fire than 
tho~e of the arboreous/s.hrubby stratum. The 
recurrence of burnings in the 'cerradao' areas 
end up causing their transformation into 
savannas and finally intocampos limpos. Thus, 
parallel to the physical feature changes in the 
vegetation, this 'selection by fire' will produce 
phytosociological changes. Protection from 
fireof'campossujos' has led them totr~nsform 
into denser types of 'cerrado', or even into 
'cerradao'. 

This result can be observed ifwe look at 
another experiment begun approximately 40 
years ago. Areas which have been protected 
for less time like the Campininha farm, in 
Mogi-Guac;u (state .of Sao Paulo) and in the 
Brazilian Institute for Geography and Statistics 
(IBGE) ecological reserve, in the Federal 
District, seem to be following the same route. 
Nevertheless,otherenvironmental factors like 
the extreme nutritional poverty of the soil, the 
presence of superficial lateriticcuirass, which 
renders the soil impermeable, thus hindering 
the penetration of the roots, can halt the process 
of physiognomical feature change, resulting 
in the stabilization of a vegetable community. 

A noteworthy feature of the cerrado 
trees, which could be explained by fire, is their 

. pronounced tortuosity(figure 11),aboveall in 
the campos sujos and campos cerrados, where 
the burnings are more frequent. In the dense 
cerrados and cerradoes the trees are straighter. 
The mechanism responsible for the tortuosity 
appears to be that trunks and branches resist 
fire better due to the thick layer of cork 
covering them. If the terminal bud, which is 
more exposed, dies, lateral buds will appear, 
allowing continuity of growth. In this way, 
successive burnings would lead to successive 

lateral resprouting, causing the development 
of the twisted shape. 

The speed and vigor with which certain 
cerrado trees put out new buds, right after 
burning, is · impressive. In a few weeks the 
trees are already very green and leafy. The 
'barbatimao' alum bark tree i~a good example 
of this incredible regenerative capability. In 
the herbaceous/sub-shrubby stratum, we also 
find this vigorous growth after burnings. In a 
few days the underground organs begin to bud 
again. Curiously, many of these species begin 
rebudding with flower production. A little
while after the fire, the cerrado turns i o a 
true garden, where different species come :nto 
bloom each on its turn.(figure 12). 

This effect of fire, stimulating or 
inducing many he.rbaceous and sub-shrubby 
species to come into bloom, is not always 
achieved through thermal stimulus, as one 
might think. In many cases, it is the wiping 
out of the aerial part of plants which makes 
them bloom. The floral answer to fire plays an 
important role for populations with these 
characteristics, because synchronizing the 
production oftlowers enables cross pol Ii nation 
to occur. Should there be no burning, those 
plants will not flower or will do so with much 
lesser intensity and in an unsynchronized way. 
Many cerradospecies have their seeds scattered 
by wind. In eliminating the dry straw 
accumulated on the ground, the fire helps in 
the propagation of the species because it 
removes the high, dry grass which hinders 
seed movement. 

Arter burning, polliniferousand nectariferous 
insects benefit from the flpral response of the 
plants, where they find high availability of 
pollen and nectar. Some time later, these 
flowers will produce fruit and seeds, which 
wiil feed other animals. The vegetative 
sprouting itself is very important for those 
which feed off leaves and tender buds, as it is 
the case of the pampa deer. This explains why 
the density of these animals is greater in burnt 
areas, which act as an oasis in the middle of the 
dry season. 

For this reason, suitable management 
of fire on our cerrado reserves can be an 
efficient means of preserving the fauna. 
Rotating burnings in small areas and with 
suitable periodicity would reduce the risks of 
huge accidental burnings, allow the plants to 
complete their biological cycles, accelerate 
the cycling of mineral nutrients and increase 
the productivity of the ecosystems, as well as 
supplying the animals with food during the 
difficult dry months. 

It is said that the cerrado vegetatio_n is 
made. up of pyrophytic species, adapted to 
environmental conditions which include the 
presence of fire. This means that burning in 
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the cerradodoes not cause the same damage as 
· it would to a tropical rain forest, which has no 
tolerance for fire and dies completely. The 
cerrados are a type of ecosystem very different 
from that of the Amazon forest. They have 
lived with fire throughout their evolution. In 
the cei:'rados, fire selected the pyrophytic 
species, which require the occurrence of 

anteater and its offspring were found dead, the 
same that appeared on television and in the 
newspapers. It seems that animals flee to the 
clearings and the woods along the rivers, hide 
in holes in the earth or in the case of birds, fly 
to areas which have already been burnt. 

Botanical Garden, an excellent project for tire 
control is to begin in 1991, in an experimental 
area of 300 hectares of cerrado, divided into 
30 sections. The effect of different regimes of 
burning will be analyzed in twophysiognomic 
types of vegetation . 

burnings at specific time intervals. · 
Of course the various physiognomical 

features of cerrado do not have the same 
needs. Cerradao, a seasonal type of forest, has 
little tolerance of burnings. If we wish to 
preserve it, we must not use fire. Acamposujo 
or a cam po limpo, on the other hand, may need 
burnings for its stability and preservation. 

Research findings on the effect of. fire 
on cerrado fauna are insufficient. The number 
of large vertebrates found dead right after the 
accidental burnings is not as numerous as 
imagined. After the disastrous burnings in the 
Emas Nacional Park, in 1988, only one female 

As there is no satisfactory estimate on 
the size of the animal popula tion in the area, 
it is difficult to establish whether the number 
of individuals killed by fire has any significance 
in terms of population dynamics. We do not 
know if these populations are growing, as a 
result of protection, ·or decreasing as a result 
of illnesses, hunting, inbreeding and other 
reasons. The a priori assumption that they are 
well only because they are enclosetl, can be 
the cause of their demise. 

This subject calls for urgent research, 
so that the fauna in our national parks may be 
cared for efficiently. Fortunately there is an 
awareness of the problem. At the IBGE 
Ecological Reserves and the Federal District 

Under the coordination of IBGE 
researcher, Professor Braulio F. de Souza 
Dias, the project will bring specialis~s from 
various teaching and research institutions 
together, to form a multidisciplinary team 
able to investigate different aspects connected 
with the ecology of fire in cerrado ecosystems 
(see 'Fire Made to Measure'). The results 
obtained will, undoubtedly, bring valuable 
help for improving knowlegde of this Brazilian 
biomeand, as a result, for appropriate handling 
of its conservation units. 

Revision of the portuguese text: Ricardo Menandro 
It is known that fire is not as harmful to 

the cerrado as it is to the rainforests and that it 

Fire Made -to Measure 
can contribute to its revival. But little is known about the conditions 
i·n which the fires are harmful or beneficial to the scrubland 
vegetation. Only experimental controlled burning of limited areas 
make it possible to determine the effects of the different burning 
regimes and the impact of fire on the cerrado, supplying parameters 
for maintaining th~ protected areas . 

Ten years ago studies related to this subject began at the 
University of Brasilia, but only in 1988 was an integrated research 
program created: the Effects of Different Burning Regimes on the 
Dynamic Structure of the Scrub Land Communities program, 
developedby 30 researchers. The first controlled burning took 
place in 1989, in the IBGE (National Statistics Institute) and 
Brasilia 's Botanical Garden reserves. In May 1991, more extensive 
burnings will be initiated within a 400 hectare area of the Botanical 
Garden. 

The burning will take place in separate areas and during 
different seasons, according weather conditions: at the start of the 
dry season, simulating premature fires (end of May and beginning 
of June); then at the height of the dry season (August) and just after 
the first rainsfall there will be a simulation of late fires (end of 
September and beginning of October). 

One of the assumptions which the investigation will test is 
that an annual fires cause severe damage to the environment, 
whereas burning carried out every two years guarantee the growth 
of good pasture, as the empirical knowledge of the cattle ranchers 
of the cerrado tells. 

According to biologist Braulio Ferreira de Souza Dias, the 
project coordinator, the idea that a fire every four years would avoid 
excessive accumulation of intlamable biomass ( dry leaves and 
kindling lying on the ground) which facilitate accidental fires and 
would.enable aerial growth of certain plants, will also be tested. 

The group involved in the research contests the theory that 
total suppression of fire is the best strategy for preservation. "This 
may be good for the south of the country and for the rainforests, but 
for the cerrado it is utopic", comments Braulio Dias, University of 
Brasilia (UnB). Current knowledge appears to confirm his words: 
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the cerrado meets all the conditions for natural breaking out of fire, 
which these days are more likely to happen due to the activities 
carried out there. 

It is believed that, before.the arrival of the indians, lightning 
was the main source of natural ignition of the cerrado. In its subsoil 
coal was found originating from various ages (over40000year-old 
samples were found in some collections). With the presence of the 
indians, in the area for at least 10 000 years, the cerrado began to be 
subjected to intentional fires for clearing the land. Starting in the 
16th century, the Portuguese settlers continued this practice on their 
farms, encouraging burning for clearing so as to introduce grazing 
and plantations. 

Largely after the building of Brasilia, however, occupation 
of thecerradocontributed to fires reaching a frequency and intensity 
incompatible with protection of the environment. The Brasilia 
National Park and the Emas National Park, for example, suffered 
fires almost every year. The total suppression of fire, on the other 
hand, could lead to a reduction in the genetic wealth of the cerrado, 
eliminatinga largenumberofspecies which depend on the burnings. 
Braulio Dias is in favor of seeking an intermediate frequency of 
fires, which would allow for the maximization of the species, thus 
avoiding accidental fires and preserving the cerrado rationally. 

He recalls the unsuccessful experience of the United States 
where a pol.icy for the suppression of fires was attempted between 
19 l0and 1970. After heavy expenditure for protecting the sequoias, 
it was found that their seeds depend on fire to germinate. Nowadays, 
to preserve Yellostone Park (already affected by a fire which 
destroyed a million hectares and consumed 120 million dollars), the 
practice of periodical controlled burnings is adopted to consume the 
accumulated biomass which favors uncontrolled and devastating 
fires. 

Margareth Mannori 
Ciencia Hoje, Brasilia 
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NUMBERED FIGURES (see Eco-Brasii pp.130-138) 

Figure 1. The fauna of the cerrado includes the pampa deer, the giant 
anteater and the maned wolf. 

Figure 2. The cerrado presents different ph ysi ognom y according to the 
presence and sizes of sh·rubs and trees. 

Altitude (mt) 
Campo Limpo Prairie Formation 
Campo Sujo 
C.ampo Cerrado Savanna Formation 
Cerrado SS 
Cerradao 

Forest Formation 

Figure 3. Distribution of the cerrados in Brazil. The continuous large 
area corr~sponds to the central area. 

Figure 4. Tropical climate typical of the cerrados area . The graph is 
based on meteorological data recorded over 19 years in Parana, a to~n 
in the state of Goias (altitude:260 m). The annual average rainfall is 
1,580 mm and the average temperature 22.8° C (average daily 
temperature: 20.2° C). Average peak temperature in the hottest month: 
35° C (absolute maximum temperatur~ of the hottest month: 40.6° C); 
average minimum temperature of the coldest month: 8.9° C (absolute 
minimum of the coldest month: 2.8° C). 

Figure 5. Avocados growing in the cerrado region. 

Figure 6. In the dry season fire transforms the grass into ash giving the 
cerrado a desolate appearance. 

Figure 7. Soil -temperature variation at different depths during the 
passing of the fire. 

Vertical - Soil temperature (0 C) 
Horizontal - Time (in minutes) 

Surface 
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10 mm below the surface 
20 mm below the surface 

SO mm below the surface 

Vertical - e111g/100 g of earth 
· Horizontal - Days following the burnings 

Figure 8. Variation of mineral and aluminum content in the soil after 
burning, at three different depths. 

Figure 9. Model of the sauva/fire/nutri-ent cycle relationships. 
Atmosphere 
Fire Sauva 

Figure 10. Loss of nutrients. to the atmosphere duri ~g a cam po cerrado 
burning 

Nutrients kg/ha·1 % of total · 

present in the 
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N 20,6 
95 

p 1,6 
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44 

Ca 12,0 
62 

Mg 2,9 
42 

s 3,2 · 
59 

Figure 11. A branch of a Caryocar brasiliense 'pequizeiro' with 
extre.me tortuosity, characteristic of the cerrado trees. 

Figure 12. Many species of the cerrado, such as Lantana montevidensis 
(a) and Calea cuneifolia (b) tlower after the burning. 
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Large forest areas have been converted into pastures in the Amazon basin in the last decades. These pastures generally remain 
productive for a short period, four to eight years, before they are abandoned. There are already millions of hectares of abandoned pastures 

in the Amazon. These areas, though, can frequently return to the condition of a forest after a few years of abandonment as secondary 
forests through the natural process of ecological succession. The rate of flora regeneration depends on the duration and intensity of the land 

use. Under prolonged and abusive usage and coupled·with frequent burnings, a new type of vegetation is formed, namely a kind of open 
field of little economic value. 

The forest species encounter many difficulties to settle in these open spaces. Many species do not display di_spersion systems capable 
of transporting their seed to the pastures. Ev~n when seeds do arrive, the probability is very high of their being devoured by predators, 

mostly ants apd rats which are abundant in abandoned pastures. This further ignores the hydric stress and competition with other species 
which are important factors as obstacles for these species to settle in the environment of degraded pastures. Fortunately, locations showing 
difficult regeneration are still rare in today's Amazon region. However, the indiscriminate use of fire and the abusive use of the l~nd in the 

region lead to the prediction of substantial increases in the e~tension Qf degraded areas in the near future. 

A project i·nvolving interdisciplinary 
research is presently under way in abandoned 
pastures of the eastern Amazon Region with 
the objective of developing strategies aimed 
at the recovery of forests in degraded areas 
based on the principle of low use of chemicals 
and high biological information (figure 1). 
The implementation of such strategies.requires 
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that human beings act as the seed dispersal 
agent of the forests in the degraded pastures. 
The vegetal species to be dispersed also display 
certain essential features: unpala ti bility of the 
seeds to avoid consumption by animals; large 
size capable of storing enough energy and able 
to compete with the existing vegetation during 
the settling period; requirement of few 

nutrients so that they may grow in the poor 
soils of the abandoned pasture; and, ability of , 
deep rooting to allow them to search for 
trapped water deep down during the summer. 

Farms are responsible for 70% of the 
areas which have undergone deforestation in 
the Amazon, according _to a research · report 
presented by J. O. -Bowder .to the World 
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Resources Institute under the ti tie of Subsidies 
to deforestation and the forest sector in the 
B;azilianAmazon. The effects of de forestation 
on the Amazon region cannot be determined 
yet with regard to tlow and storage of water, 
carbon, nitrogen and energy, but the ·potential 
effects are enormous. The conservation and 
regulation of the functions performed by the 

. Amazonian forest with its extraordinary 
biodiversity require that the strategies must 
also take into consideration the res_toration of 
the forest areas which were cleared out and the 
preservation of the pure forest reserves. 

This study is addressed to ways of 
managing already disturbed ecosystems so 
that, instead of further degradation, recovery 
may be possible. The analysis of the natural 
regeneration of abandoned pastures in the 
region of Paragominas reveals thatthey can be 
returned to the condition of forests in most 
cases. However, there is a tendency for part of 
the landscape to be transformed into unstable 
fields dominated by weeds and grass of no 
economic value. This will happen if excessive 
pressure continues to mount on the soil and if 
fire is used indiscriminately. The emphasis of 
this study is centered on strategies for 
recuperation of degraded areas and restoration 
of fores t coverage. The other alternative, 
namely renova tion of the degraded pastures 
by the adoption of more appropriate grazing 
practices and handling techniques for the 
region, are not discussed here although they 
can also be a valid strategy. 

HISTORY OF THE REGION 

The area used as the basis for this study 
is located in the Victoria Farm, seven 
kilometers north of the city of Paragominas, in 
the state of Para. The average annual rainfall 
is 1,750 mm. The monthly average rainfall 
from July to November is less than 50 mm. 
The soil is an oxysol (Haplustox) containing 
80% kaolinite and 20% gibbsite. 

The history of Paragomi nas (2° 55 'S 
47° 35'W) started in 1959 when two investors 
bought 720 thousand acres of vacant land in 
Para. This land was divided into lots of 3,600 
hectares and sale of these lots were offered 
throughout Brazil. The value of the lots rose 
conside·rably with the opening of the Belem
Brasflia highway. The first buyers came from 
regions traditionally connected tocattleraising 
and naturally influenced the kind of activity of 
the new city . The name of Paragominas stems 
from the combination of land from Para, cattle 
from Goias and people from Minas. • 

Reports rapidly spread the word of 
vigorous grass production a few years after 
the forest was converted to pasture. This 
convinced the Federal Government to 
encourage the formation of new pastures in 
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areas dominated by forests like Paragominas. 
The concession of fiscal incentives was the 
instrument of choice for this purpose. 
Nowadays, Paragominas is characterized by a 
high concentration of land in the hands of a 
few owners. Half of the established farms 
have less than 100 hectares and occupy only 
3% of the exploited area, while the other half 
is represented by farms larger than 100 hectares 
and occupying 97% of the total area. Large 
forest areas have thus been transformed into· 
pastures. The results of such processes have 
nevertheless been unfavorable. By 1988, 25% 
of the total area of the county had already 
undergone deforestation . 

The production of grass declined 
dramatically from four to eight years after 
deforestation of the land. The invasion of 
weeds, the low phosphorous levels and the 
high density of animals per unit area resulted 
in rapid degradation followed by the 
subsequent abandonment of many pastures. 

THE RESTORATION OF THE FOREST 

Is itpossible to reestablish forest species 
in the abandoned pasture of the Amazon? 
And, if so, at what rate? The vegetal 
composition and the structure and biomass 
accumulation of 13 sites in Paragominas were 
studied to answer these questions . These sites 
had been cleared off, burned, used as pastures 
and later abandoned. The sites were classified 
into three large categories depending on the 
intensity of land use (figure 2). 

The first category comprised of land of 
ligh t usage in locations with precarious 
settlement of grass subject to little grazing an.d 
short peri_ods of use (a situation typical of 
approximately 20% of the pastures in the 
region) . The second category comp"riseof land 
of moderate use in locations with good grass 
settlement, medium exposure to grazing, 
frequent cutting and final! y abandoned after a 
period of six to ten years (typical of70% of the 
pastures of the region). The third category 
comprised ofland of intensive use in locations 
with good grass, frequent use for grazing, 
control of harmful weeds with machinery and/ 
or herbicides and abandoned after a period of 
12 to 20 years (typical of 10% or less of the 
pastures of the region). 

The abandoned pastures (four sites of 
study) previously exposed to light use showed 
vigorous forest regeneration. The aboveground 
accumulation of biomass (figure 3) reached an 
·average of ten tons per hectare/year or 80 tons 
after eight years (almost a third of the level of 
biomass in mature forests). The abundance of 
tree varieties was high with approximately 20 
species of trees present in every 100 m2 with 
many indi:viduals appearing from sprouts . 

Pastures which had been subjected to 

moderate use(six sites of study) also developed 
forest characteristics but the accumulation of 
biomass was only five tons per hectare/year 
(half of that found in places of light usage). 
The individuals originated from sprouts, seed 
banks or by seeds dispersed from other 
locations. Nevertheless, the variety of 
arboreous species was less than in the locations 
of I ight usage and the number of trees was also 
less. 

Pastures abandoned after intensive use 
(three locations of study) ptesented relatively 
slow succession patterns (figure 4). The only 
eight year old site was dominated by 
gramineo'us species and weeds with less than 
one tree per 100 m2 and an above ground 
accumulation of biomass of only 0.6 tons per 
hectare/year. This value represents only6% of 
that found in locationsoflightuse. The majority 
of the colonizing plants were started from 
seeds dispersed from other locations. These 
regions of slow regeneration were dominated 
by a rustic type of gramineous species 
(Paspalum virgatum, P. paniculatum, P. 
millegrana) and weeds (Stachytarpheta 
cayennensis and Rolandra argentea) of low 
forage value which gradually substituted the 
domesticated species used for forage like 
Panicum maximum and Brachiyaria type of 
grass. 

In general, the Amazo~ian ecosystems 
can be reverted to forest structures after a 
major di'sturbance such as the conversion of 
forests into pastures. Naturnl reforestation 
becomes uncertain only in cases where the 
land bas been used in an abusive manner for 
long periods of time . At this point, less than 
10% of the Amazonian pastures have reached 
this level of degradation. However, the 
continuous pressure on the land may increase 
the number of areas with extreme difficulties 
for regeneration . 

The biggest problem of pastures is their 
high tlammability. Fire can periodically draw 
back the process of forest restoration (figure 
5). In this way, there is still the possibility that 
ihe forest regions of Paragomi nas which turned 
into pastures could be reduced to useless 
fields . This process has already happened in 
other parts .of the world . The best example is 
in Indonesia where there are presently 200,000 
km 2 of land from lmperata cylindrica grass 
where Dipterocarpus forests used to exist. 
The Amazonian forest seems to be less 
susceptible to the substitution by gramineous 
species than in Indonesia because of the high 
resprouting capacity of the species. 
Nevertheless ,' land derived from highly 
degraded pastures must be recognized as a 
great threat which could expand in the region 
and which. requires preventive action to 
safeguard the situation. 

ECO- BRASILSUPPLEMENT 



OBSTACLES to REFORESTATION 

Since 1984 we have been studying 
(figure 6) ecosystems of highly degraded 

·pastures previously exposed to intensive use 
in Paragomi nas with · the o bject ive of 
developing techniques to ac celerate the 
regeneration of the fores ts. Our research 
emphasized the need to es tabli sh forest species 
due to the absence of plantlets of forest trees 
in these pastures. We observed the dispersion 
of seeds, the predatory actio n on seeds and 
plantlets, the competition between species 
and the seasonal droughts as limi ting fa c tors. 
Since the work involved a group of ecological , 
physiological and morphologica lly di verse 
species we associated the characteri sti cs of 
the seeds and the plantlets with their success at 
different stages of their settlement in these 
highly degraded ecosystems. 

The first barrier is the dispersion of the 
seeds, a strong filtering factor, wh ich can 
eliminate many species of trees w ith potentia l 
capacity to colonize the abandoned pastures . 
Research on the mechanisms of dispersion of 
the forest species in our area of study revealed 
that only seeds scattered by animals and wind 
could arrive at the abandoned pas tures . 
Notwithstanding the fact that many trees of 
the primitive forest have seeds dispersed by 
animals, very few seeds of the primitve forest 
were observed arriving in the pastures of o ur 
study. The study of birds and bats showed that 
few species of these important group of animals 
helped in the dispersion of seeds as they 
mewed from forest to pasture(figures 7 and 8) . 
Thus, the lack of potential d ispersion agents is 
an important factor to be considered. The 
wind remained as a possibl e sourceof dispersal. 
However, less than 11 % of the prim iti ve forest 
tree species of our areas had seeds which could 
be dispersed by the wind. Our studies also 
showed that few seeds of those species arrived 
at the pastures. 

Unlike the primitive fores t, the scrub 
growth (secondary forest) seems to be 'the 
main source of tree seeds for the abandoned 
pastures. We identified ten species of birds 
and eight type of frugivorous bats w hi ch 
occupied both the scrub growth and the pasture . 
Feces analysis of these species revealed them 
to be active agents in the dispersal of seeds 
from one vegetation to another. The majori ty 
of seeds found in the feces of captured bi rds 
and bats were small (less than 0.1 g). T hey 
were the seeds of the pioneers of scrub growth 
of the genus Cordia, Banara, Cecropia, 
Solanum, Vismia andRollinia. This is proba bly · 
due to the .fact that the kind of bi rds and bats 
flying between these habitats is small and 
weigh less than 60 g (figure 10). 

The large majority of tree seeds 
transported to the pastures are deposited by 
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the feces of the birds and bats underneath 
bushes like the Cordia multispicata and 
Solanum crinitum. After a year observing of 
the "rain of seeds" in the degraded pastures we 
found 400 times more seeds of trees and 
bushes, representing a total of 22 species, in 
trays placed in areas only covered with grass. 
Thus, seeds arriving at the pastures are not 
randomly distributed but · are concentrated 
under certain types of plants which generally 
display some special attraction for the 
dispersing agents (a perch, food, location for 
building a nest, etcJ: 

The second barrier is the predatory 
action on the seeds. The probability of survival 
and germination of seeds deposited on the 
pastures isa function of the powerof attraction 
they may exert on the animal communities. 
Experiments carried in our · area of study 
showed that very small seeds, i.e . smaller than 
0 .5 g, suffer larger predatory activity than 
bigger seeds : Th~s, the seed size is a good 
indicator of the probability of the removal of 
the seed . Animals feeding on seeds are quite 
abundant in the grass (figure 11). In our area 
of study, the main species were small ants like 
Pheidole and Solenopsis sp, sauva ants (Atta 
sexdens) and rocJents (mainlyAkodon lasiarus 
.and Oryzomys microtus). 

The attractiveness of the seed also 
depends on the substances present on its 
surface . Ou_r experiments indicate that oily 
seeds or those which retain fragments of pulp 
on the surface are most rapidly removed than 
those with an external dry, hard layer. Seeds 
w ith hard external layers can last long periods 
of time on the soil surface without removal. 
However, some seeds of this type were 
consumed by rodents after water absorption 
through cracks in the external layer of the 
seed . T he animal community of the pasture 
acts in this way as a second filter limiting 
fu rther the number of trees spec ies which can 
be es tablished in the degraded areas . 

T he third barri.er is predatory action on 
pl antlets. Even if seeds are transported to the 
pastu re, escape their predators and germinate 
they must stil l survive and grow as plantlets 
be fo re they become trees . This s tage is again 
influenced by predators of plantle ts like sauva 
ants and rodents (figure 12). Animals resi9ing 
in abandoned pastures select the plants to be 
atta·cked. We ca rried~ out an experiment to 
compare the damage caused by herbivorous 
anima ls in 'plantlets o f nine different tree 
species and invading weeds placed on the 
pastures after being raised in nurseries . We 
verified that afte r th ree weeks 30 to80% of the 
pla ntl ets of the tree speci es had been attacked 
as opposed to only 3% of gramineous species 
and weeds. it is confirmed the old suspicion 
that sa uva and ants and rodents are important 
agents which interfere in the process of 

succession in degraded pastures because th~y 
are respons ibl-e for a high rate of both 
herbivorous activity a·nd seed removal. 

The fourth barrier is hydric stress. In 
fact, the humidity ava ilable in the soil is the 
limiting factor in the survival of tree plantlets 
in the abandoned pastures. The water available 
in the soil during the five summer months (dry 
season) in the degraded pastures is greatly 
reduced . A comparison was made between the 
availabil_ity of water in the abandoned pastures 
with that in the pri mitive fo rest to understand 
the effect of wa ter reduction. The amount of 
water was found to be very d ifferent in both 
cases. The main reason for this difference 
apparently lies in the root system of these two 
kinds of vegetation. Although the mass of 
roots down to 50 cm of depth is three •times 
bigger in the fore st'than in the pasture, the root 
density (length of root per volume of soil) is 
four times higher in the pasture than in the 
forest. As the min imum water availability of 
the soil during the dry periods is primarily a 
function of root density the gramineous 
ecosystem can reduce the humditity close to 
the ,surface of the soil much more than the 
forlst system. 

· A lesson to be extracted from this 
information is that for a plant to have a high 
survival rate in abandoned pastures it must 
also be very tolerant to d rought (or otherwise 
needs to have a very negative foliar osmotic 
potential). More than 90% of the plants of 
Radkoferella macrocarpa, Maximiliana 
maripa and Orbygniaphalerata established in 
the pastures duri ng the rainy season remained 
alive until the end of the dry season. By 
comparison, the survival of plantlets of tree 
species with low tolerance to drought was less 
tha_n 10%. The most vul nerable species to 
hydric stress are in general those with small 
seeds (those which on the other hand have a 
higher chance of reaching the pastures) and 
which require appreciable amount of sunlight. 

OVERCOMING THE BARRIERS 

The size of the seed of the trees appears 
to be the best individual indi~torin the success 
of col oniza ti on of the degraded areas as shown 
in figure 14. Ifone mi ll ion seeds each of a big
seed tree ( for example Radkoferella 
macrocarpa with 7 .1 g) and a small seed 
species (for example Bagassa guaianensis 
with 0.004 g) were di spersed in a degraded 
pasture, 40 thousand pla ntlets ofR. macrocarpa 
would become established while only 500 
plantlets of the B. guaianensis. would survive 
the predators. 

The big seeds have a higher probability 
of surviving all the phases for fixation. 
However, the B. guaianensis seeds are the 
only ones to have a dispersa'I vector in the 
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pastures. Weare unaware of any forest species 
which combines all the necessary 
characteristics to successfully invade degraded 
pastures. 

As a result of this situation, species 
with smal I seeds can ti nd natura I opportunities 
for settling .in these areas even though the 
seeds anp plantlets are subject to high rates of 
predatory action and face strong competition 
from gramineous species and weeds. Large 
seed species will rarely be found in_ the first 
stages of ecological succession of degraded 
pastures since they have no natural means to 
reach these areas. 

These are the resason why in the first 
stage, small seed species are the only _ones 
which become established in degraded areas. 

. These depend on seed vectors whose motion 
"- . 

occurs from the secondary forest to the pasture. 
As the vegetation of the forset is restored in 
these areas new elements of the forest will 
come into play in the process. Good examples 
~ere are provided by medium siz~ birds and 
mammals which act as vectors of bigger seeds. 
In this case, new opportunities will arise for 
theestablishmentofspecies ina less degraded 
ecosystem (figure 15). 

STRATEGY FOR RESTO~TION 

There are many obvious ways in which 
man can facilitate the settlemen( of trees in 
degraded pastures dominated by harmful 
weeds. It is possible, for example, for human 
beings to act as vectors in the transport of 

' seeds to the pastures. Barriers for the survival 
of seeds can be overcome by planting plantlets 
or'stakes instead of simply planting the seeds. 
The effect of predators on the survival of 
plantlets can be defeated by fighting the sauva 
ants. _The limitations for survival and growth 
imposed on the.plants by the dry season can be 
overcome by using species with deep roots 
and planted in deep large pits. The probability 
of success in establishing the trees increases 
with each additional phase in the degraded 
pastures. 

The problem of course lies in the high 
costs involved in the implementation of these 
techniques. An alternative strategy to 
encourage forest recovery in degraded areas is 
to make use of the information obtained in our 
studies in Paragominas. We outline here an 
alternative based on high biological 
information and low cost. 

How is the area to be prepared? 
Degraded pastures are unfavorable 
environments for the growth of plantlets of 
tree species. The arboreal species which are 
prone to invade degraded pastures naturalty 
can in fact do so if the vegetation of the pasture 
is removed. We verified in a field experiment 
that Solan~m crinitum (jurubeba) settled in 

the area only after cutting and burning off the 
vegetation of the degraded pasture. The first 
step in reforestation would then involve 
burning the degraded pastu,re. 

A single burning should be made to _ 
prepare the location for introduction of seeds 
of trees and plantlets. Further burnings may be 
undesirable because they could kill young 
trees already established. The preparation of 
the area must therefore include the installation 
of barriers against fire. In our areas of study in 
Paragominas, fire barriers were established 
by ·cutting and killing the vegetation of the 
pasture of a strip as wide as 5 meters around· 
the location of the experiment. 

The sauva a·nt (Atta sexdens) was the 
biggest obstacle to the fixation of trees in our 
site of studies in Paragominas. This variety is 
probably an important predator of seeds and 
plantlets in abandoned areas throughout 
tropical America. This insect is responsible 
for careful consideration i~ the preparation of 
the area. Since the arrival of the colony of ants 
is easily recognizable ·after the burning, baits 
can be made with fungicide (Mirex for 
example) to poison the fungus cultures of the 
colonies. Nevertheless, this pµison has an 
unknowrilong range effect and its use must be 
kept to the necessary minimum. We ar~ 
studying the possibility dfusing theSolenopsis 
ants' nests as places for the settlement of 
arboreal plantlets. The reason is simple: 
Solenopsis ants tend to exclude from their 
surroundings cutter ants like thesauva. Further 
experiments are still necessary to check out 
this possibility. 

Some criteria must be used in the 
selection of the tree species to be introduced in 
the prepared location. Species of interest must 
have large seeds (bigger than five grams) with 
a hard skin because only these have a chance 
to escape predators. The larger the size of the 
seed, the larger the capacity to sprout again 
after defoliation and the faster the speed of 
root penetration after germination. The species 
of interest must also be tolerant to high 
luminosity. 

The incentive to · plant · trees in the 
degrade pastures may also be estimulated in 
the case of trees of special economic interest. 
TheOrbygniaphalerataspecie~ (baba~u) is in 
a sense an ideal candidate for using in degraded 
pastures because their seeds are high ori oil 
content and the skin o(the fruit can be used to 
produce coal. Their seeds are further protected 
bya thick and lay-er making them invulnerable 
to many predators. They produce deep roots 
and tolerate dry periods. The disadvantage of 
this species is its slow maturing time requiring 
several years to form a trunk and at least 14 
years to bear fruit. There is also the possibility 
of this species turning into a harmful plant 
upon invasion of neighboring areas: 

. There are also techniques to aid the 
establishment of trees. A mixture of 
reforestation tree species can have better results 
if the planting techniques are known for each 
species. Some type of trees like the baba~u · 
require dispersal of-the fruit to be established 
and can in fact originate from fruit thrown in 
degraded pastures. Seeds or plantlets 
vulnerable to thesauva ants can be individually 
protected by PVC tubing, or tubing made from 
plastic bottles with seven centimeter trims 
and slippery plastic tapes. 

The majority of species benefit from 
practices which reduce competition for 
resources of the soi I. The root competition can 
be substantially reduced by burning off the 
vegetation of the pasture as part of the 
prepartion of. the area. The ashes could also 
provide some nutrient to the soil. This effect 
is nevertheless temporary. In the long run, a 
reduction in root competition for plantlets of 
tress cari be obtained by planting the young 
plants in pits limited by plastic material or by 
clearing ar9und the plant during the first two 
years. This technique also allows for rapid 
root penetration. 

The idea that several trees of economic 
value could be established at low cost in 
degraded pastures was tried out in an 
experiment assembled in our area of study in 
1989. The site of the experiment was an area 
abandonedafter 18yearsofuse. We introduced 
27 species in that are.i of study in two different 
approaches: (a) planting in small pits without 
chemicals and clearing around the base of the 
plant; (b) planting in big pits with chemicals 
consisting of manure and phosphatecontaining 
fertilizer and clearing around the base of the 
plants. After two years, growth was good for 
cashew (Anacardium occidentale), bean plant 
(Parkiasp),mahogany(Sweteniamacrophila), 
anatto.tree(Bixaorelana), mango(Mangifera . 
indica), muruci (Byrsonima crassifolia) and 
taperaba (Spondias mombim); reasonable for 
bi_riba (Rollinia mucosa), cedar (Cedrela 
odorqta), cumaru (Dipterix odorata), genipap 
(Genipa americana) and lemon (Citrus 
limonia) (figure 16). In many cases, growth 
was better under intensive care treatment 
whereas in about ten species growth seemed to 
be promising under low intensity treatment 
without chemicals. In other species (cashew, 
muruci and the bean tree) there are noatJparent 
differences between both treatments. In 
conclusion, it is not necessary to grade or 
fertilize the a11eas for them to become 
economically productive. 

The nuclei of forest regeneration are 
also important. The survival and the growth of 
plantlets can be considerably improved by 
simply planting them amongst a thicket of 
Cordia multispicata, a naturally occurring 
bush in degraded pastures, and where root 
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competition can be considered less than in 
areas dominated by gramineousspecies. Much 
can also be learned from natural experiments 
taking place in the abandoned pastures. A six 
meter tall specimen of Stryphonodendron 
pu/cherimum,growingnaturallyinotirlocation 
of study, became a· nucleus of forest 
regeneration through thesettlementof plantlets 
of other woody species and by the entrance of 
new individuals produced by budding of the 
root. We observed 12 kinds of trees and 85 
new buddings of S. pulcherimum in a ten 
meter radius surrounding the original tree. 

The ·Transformation of The Amazon into 
a Cattle Raising Region and The 

Extinction of Species 

These islands of natural forest illustrate 
the large · potential available for forest 
regeneration in the degraded pastures (figure 
17). Once a tree is established, the natural 

· processes of succession b~gin. Reforestation 
then becomes a process of multiplication of 
the islands of forests through the settlement of 
trees which attract dispersal agents and create 
favorable conditions for the fixation of 
plantlets of the arboreal species below their 
canopy. Pramineous species would be shaded 
naturally reducing perhaps the population of 
sauba ants and rodents . In t~e dry season, 
deficits in soil humidity and competition for 
nutrients decrease the dense root structure of 
the ~cosystem of·degraded pasture reclaimed 
by-the new forest. The new forest would then 
be formed by the joining of several "islands" 
of forest. 

The question .that remains to be 
answered is how can the restoration be 
promoted. There is a great vacuum between 
implementation and development of a strategy 
for reforestation. Even though a solution to 
the cultural and economic barriers for 
implementation is beyond our reach we' feel 
that a certain point could be raised to help in 
the_ discussion. It is easy to imagine that 
farmers will join in the process of planting the 
trees. Farmers who are at the forefront of 
innovation have already started to diversify 
their farms and interest wi ! I increase if research 
can show an economic potential in reforestation 
in the degraded pastures. 

A small producer can also play an 
important role in the process of planting trees 
in degraded areas. Several authors have 
outlined alternative proposals. to allow for 

The primary forest is much richer in 
species and consequently in unique 
biological phenomena than the degraded 
pastures and the scrub growth which take 
over these areas. This extraordinary 
biodiversity of the Amazonian forests is 
the product of millions of years of 
continuous and troubled evolution molded 
by the successive geological· and climatic 
changes of the Earth. The changes which 
took place in the past in the vegetation of 
the Amazon cannot and should hot be 
compared with the recent man-made · 
transformations. The present forces of 
modification are extremely fast and can 
take place in only decades or centuries 
uni i ke the ancient sl.ow changes demanding 
thousands or millions of years. Thus, the 
species of today have short time and little 
chance to develop adaptation, patterns to 
face this new type of environmental 
disruption. 

The disturbances proYoke a selection 
"against" the species unable to develop a 
pattern of adaptation to resist and survive 
in the language of evolutionists. On the 
other hand, there is a selection "in favor" of 
the specie~ wpich have a demonstrated 
capacity to · wit~stand these new 

sustainable agriculture based on systems 
displaying high diversity to revert the picture 
of economic and ecological degradation 
observed in small size agriculture in the Eastern 
Amazon region. In these systems there is a 
significant participation of arboreal trees and 
bushes either as a means to enrich the scrub 
growth with trees which can yield commercial 
products (wood, fruits) or in the form of 
permanent cul tu res, or even in the tom bi nation 
of trees and shrubs with pasture. 

If research can verify the type of 
economically valuable trees which can be 

NUMBERED FIGURES (see Eco-Brasil pp. 140-149) 

F-lgure 1. A newly formed pasture with the forest in the background. 
live and dead 

Figure 2. Total live and dead biomass ( dry weight in tons per hectare) biomass 
in two sites of virgin forest and five locations of eight year old 
abandoned pastures previously exposed to three types of u:sage: light 
(2 locations), moderate (2) and intensive (1) in the vicinity of 
Paragominas, Para : Forest 
Above ground 
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disturbances. 
The known procedures of man-made 

disturbances would give few chances of 
survival to species which for example are 
rare,haves'low growth rate, valuable wood 
and complex system of pollinization, bear ' 
large fruits and have seeds dispersed by 
ani ma Is and are further uni i kel y to penetrate 
modified environments. This situation can 
lead to extiction of a species. On the other 
hand,a common species without economic 
value but of a fast growth pattern, capable 
ofundergoingautopollinization, with small . 
seeds easy to be dispersed, and ability to 
resprout and resist fire will have excellent 
chances to survive and become more 
common in the future. 

Based on the knowledge-·of the 
biology of Amazonian plants, itis possible 
to predict that a large number of forest 
species have small chances for survival 
against the process of human perturbation 
unleashed in the region. There is the 
possibility of a massive extinction of 
vegetal and animal species. The ultimate 
result would be that species which benefit 
from theses conditions would eventually 
become thedominantfigure~ in the regional 
scenario. 

established at low cost in the abandoned· 
pastures, the direction of economic 
development may signify a return to the use of 
the land in a way which prevents regional 
degradation. Degraded pastures can easily be 
elimnated or reformed through the combination 
of trees with grass, thus br~akingthe processes 
of forest degradation induced by burning. The 
regulatory functions of the forest can also be 
recovered if restoration of trees is achieved in 
the pastures. 

Live biomass 

Dead biomass 

Light use Moderate use Intensive use 

Abandoned pastures ·_ 
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Figure 3. Picture of an eight year old abandoned pasture previously 
subjected to light use (80 t/ha of above ground biomass). · 

Figure 4. Picture of an eight year old abandoned pasture previously 
subjected to intensive use (less than 5 t/ha of above ground biomass). 

Figure 5. The possible routes of degradation and return to forest stage 
after clearing in the Amazon to make room for pastures. 

Mature forest 
Cutting and burning · light use: fast return to forest 
Pasture moderate use: slow return to forest 

Abandon merit 
Secondary forest 

Cleaning ' 
with tractors 

mechanized formation fire 
of pastures 

Use of herbicides Abandoned land 

Intensive use: 
very slow return 
to forest 

and fertilizers Degraded ecosystem 
fire 

Figure 6. Field workers who help in the research project. 

Figure 7. Abrupt discontinuity between forest and openings to the 
pasture. Many bird species are ~nable to cross this barrier. 

Figure 8. Capture of bats and birds with fog nets. 

Figure 9. Observationtower at the edge of the scrub growth of a pasture 
from which the dispersal of seed by birds is observed. 

Figure 10. Birds and bats are placed in sacks after being captured for 
the collection of fezes. 

Figure 11. Ramphocelus carbo, an important species in the transport 
of seeds between the scrub growth and the pastures. 

Figure 12. The sauva ants which feed on seeds and cut plantlets 
represent an obstacle for the settlement of species on the pastures. 

Figure 13. Hydric stress is common during the dry season. 

Figure 1'5. The size ofthe seed is a unique indicator of colonization 
success. 

Figure 15. Mechanism for the settlement of trees in abandoned 
pastures dominated by gramineous.species in Paragominas, Para. It is 
noticeable that the settlement of plants is dependent on the for-ms of 
dispersal in the absence of seeds and residual roots. 

FURTHER READING 

Forest Dispersal 
Abandoned pasture Seed population Residual seeds 

Predators 
Adult trees Fructitication 

Sprouting 
Germination 

Predators 
Growth Sterile Dry Plantlet population Residual roots 

Figure 16. A summary of field experiments showing the behavior of 
one mill ion seeds of Radlkoferella macrocarpaandBagassaguaianensis 
planted in an abandoned pasture full of gramineous species. Notice that 
the species with big seeds (R. macrocarpa of 7 g) was not seriously 
affected by predators or drought, while the species with small seeds(B. 
guaianensis, 0.004 g) displayed the opposite behavior at all stages of 
development. 
Number of remaining individuals 

Predatory action Predatory action Drought 
Seeds Germinated seeds New plantlets One year old plantlets . 

Stages of settlement 

Figure 17. Two year growth of 27 low cost species planted in a 
degraded pasture in the Vitoria Farm in Paragominas,"Para . 

Growth as measured by height (cm) 
Small pit(clearing only at the base of the plant); no fertilizer 
Big pit (manure, Pp 5, cl~aring at the base of the plant) 

Figure 18. (a) obstacles to forest regeneration in pastures used 
intensively and later abandoned in the Eastern Amazon region; (b) the 
importance of the presence of bushes like Sof~·num crinitum 
concentrating seeds and favoring the growth of woody plants; (c) 
forrr;iation of islands of arboreal regeneration catalyzed by the favorable 
conditions created by the first woody type colonizers. 

(A) Two year old abandoned pastures 
Obstacles to forest regeneration 
-Small drop of seeds· 
-High predatory action on seeds and scions by ants and rats 
-High root competition 
-Low concentration of nutri~nts in the soil 
-Low quantity of water available on the ground surface 

(B) Five year old abandoned pasture 
Favorable conditions established by colonization by woody species 
-High drop of seeds 
-Reduced rate of predatory action on seeds . 
-Reduced ra.te of root competition 
-Increase of nutrient concentration on the ground 
-Increase in the quantity of the water available on the ground surface 

(C) 20 year old secondary forest 
Formation of islands of arboreal regeneration. 

FLORSCHULTZ G. and KITAMURA P.C., 'A pequena agricultura na Amazonia Oriental' in Pesquisas sabre a utilizaqiio e conservaqiio do 
solo na Amazonia Oriental - Relat6rio final do convenio EMBRAPA/CPATU, EMBRAP A, Belem, 1986. 

SERRAO E.A.S. and TOLEDO J.M.,' A procura de .sustentabilidade em pastagens amazonicas' in ANDERSON, A.B. (ed.) Alternatives to 
deforestation: coexistence of humans and the A_mazon Forest, New York, 1989 .. · 

98 ECO • BRASIL S l/PPLEMENT 



d BUSCl:-IBACHER R., 'Queimada: o carte que' atrai' in Ciencia Hoje, v0I. 7, n'0 

d VIEIRA LC., 'Sele~o predat6ria' in CienciaHoj~, vol, 10, n° 55, i989 

99 



· INTERVIEW 

NIEDE GUIDON 

TRACING THE FOOTSTEPS OF THE 

AMERICAN MAN 
Interview by Vera Rita C.osta, Ciencia Hoje 

In Sao Raimundo Nona to, in the State of Piauf, more than 300 archaeological sites reveal a surprising story: man already inhabited 
the region at least 50 thousand years ago, among forests and strange animals. These findings and the controversies which they have caused 

and discussed here by Niede Guidon, the archaeologist who began this research, two decades ago. 

- What led you to carry out research work in Piaui? 
- In 1963, when I was working at the Museu P:;iulista (Paulista 

Museum) as an archaeologist, the mayor of a city in the interior of the 
State of Piauf paid me a . visit. ~e showed me some pictures of · 
rupestrian paintings in the region. I noticed they were different from 
the paintings that had been discovered in Lagoa Santa (Minas Gerais) 
and I became very interested, but couldn't visit the sites, as I was 
moving to France. When I returned, in 1970, I went to that town-Sao 
Raimundo Nonato. I got in to·uch with the then former mayor and, with 
some help from the local people, found the places h~ had shown. 

- How do the paintings from Siio Raimundo Nonato differ from 
the paintings found in Lagoa Santa? 

- In form and motif. The style is completely different. There are 
drawings of men, deer and rheas, however, the composition, the way 
they are arranged are altogether different from those of the Lagoa 
Santa paintings. 

In 1970, I took pictures of the two caves the mayor had shown 
me and of another two caves.that were a further distance away from the 
town. I.asked the local people to make a special note of the locations 
of the caves they found, so that I could visit.them on my return. When 
I went back in 1973, 50 new caves had been found. Today, we have 
identified 3~0 sites. 

- So, it was the local people who found the sites and made a 
survey of the area? 

- Yes. They are hunters who know the region very well. I made 
a deal with them: I would pay them a certa_in amount for each site they 
showed me. These people still work with us. They are our guides. So 
far we have not had to make any prospecting of the area, for we still 
have only been able to work in roughly 10% of the sites found. There 
is still much to be discovered in the region: 

- What kinds of materials have you found? 
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- There are caves that were exclusively occupied by hunters. 
These men did not engage in agriculture nor did they know anything 
about pottery. In these caves, it is possible to find only chipped sto_nes. 
Som·e caves however, belonged to ceramists and others to farmers·, here 
we have found tombs, corn, nuts and bottle gourds. 

- To what can one attribute the preservation of these materials? 
- The type of land relief. Sao Raimundo Nonato is situated in a 

very uninhabited, mountainous region. Perhaps the same situation 
-occurred in Sao Paulo atone time, but, extensive agriculture, excessive 
contruction, and cities destroy archaeological sites .. Destruction is only_ 
just now beginning ip Sao Raimundo Nonato. The commercial 
exploitation of limestone in the last 5 years, has endangered many of 
these sites. There has also been an intensification of soil erosion, 
mainly due to the exploitation of the forest and the catinga. 

An analysis of the findings in the excavations show that, not 
very long ago, (and we are just now trying to establish dates), the 
regional landscape was quite different. Valleys with sedimentary rock 
formation (the mountain range has a sedimentary formation), were in 
fact, rain forests and there were prairies and woods in the Sao Francisco 
depression. The latter is a region of contact between the sedimentary 
rock system of the Devonian period, the Maranhao-PiaufBasin and the 
crystalline rocks of the Precambrian period-the Brazilian coat of arms. 
There were several ecosystems and an abundant fauna in this region. 
We found several fossil remains of horses, gigantic slots, mastodons 
and llamas here. This location offered extremely favorable conditions 
for the hunt_ers and food-gatherers who arrived at least 50 thousand 
years ago. 

- How was this date established? 
- We were able to establish dates by examining the remains · 

found: chipped stones, hearths and artifacts. Radioactive carbon (14C) 
datings of coal found in bonfires built with pebbles and blocks, reveal 
· that man already inhabited the region 50 tho.usand years ago. The 
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technological evolution of these communities can be traced from the 
examination of their artifacts and bonfires. 

Much of, the information that we have gathered allows for the 
reconstruction of prehistoric.man in this area. Dating back, at least 50 
thousand years, man arrived in the region and remained isolated until 
about 17 thousand years ago; from .there on, there were changes that 
seem not to have been a mere internal evolution, but the result of 
contact with other societies; between 12 and 6 thousand years ago, this 
society expanded. New technologies emerged, rupestrian art appeared 
and predominated in the region; after this period, other groups seemed 
to have arrived. This society continued its existence and suddenly, it 
disappeared and was substituted by another. The region became 
occupied by several ethnic groups and we know that farming and 
pottery existed in the area at least 3 thousand years ago. On the other 
hand, we have been able to prove that one of the regional traditions of 
rupestrian art has spread all the way to the states of Rio Grande do 
Nort�, Bahia. and Mato Grosso. 

- Nevertheless, there is a controversy in relation to the dating. 
Were other methods besides 14C used? 

- The radioactive carbon method for dating was discovered in 
1950 and it is considered the most precise method. (See Ci_encia Hoje ' n°19, p.39.) This was the method that was used worldwide for dating 
ancient history. If such a method is wrong for Sao Raimundo Nona to, 
then it must be wrong for the rest of the world too. Our material wa� 
dated in Europe, in the United States and at the Federal University of 
Ceara. The results presented very few differences .. 

- So why is there a controversy? 
- As far as the method is concerned, there are no doubts. There 

are those who believe that the coal we used for dating could have been 
the result of a ,spontaneous fire. These people obviously have not 

, visited the site where the coal was taken from. It is 19 meters above the 
valley, in a depression, probably caused by erosion on the rock wall. 
The valley had a vegetation cover and due to the sedimentation, it most 
probably.was deeper that it is today. It was on those rocks that man 
settled - there was no vegetation that could have ca·ught fire. 

To understand how that shelter could have been formed, we 
excavated below the level of the findings. We were able to verify that 
man settled i·n a corner, on a rock,shifting other rocks to.the side. They 
must have chosen that place because it was protected;mainly from the 
fauna. We also verified that great blocks of stone must have fallen 
because of the erosion. ( ·The shelter is embedded on a 200 meters high 
wall). It was due to this phenomenon and the retention of the 
sedimentation that we were able to come across 50 thousand year.old 
remains. Another i_mportant factor is that it does not.rain in the region 
and there are no possibilities of stones being blown into the area. The 
sediment found comes from the disintegr:atiori of the rock wall and the 
stones must have been brought by man. 

Geological studies have also played an important role in helping 
us assert that we are standing before the remains of man's past. 
Stratigraphic studies were conducted and· the materials found were 
analyzed in laboratories so that we could be sure that nothing had been 
swept into the region by a water torrent. The dated coaJ came from 
bonfires built on typical structures; if they had been the result of a 
spontaneous fire, _they would have been spread all ,over the ground. 

- What are other findings. that can prove the presence of man in 
the region? 

-We hav�found chipped stones, wherewe can see a clear human 
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attem·pt to gt\'e them a shape. These are not stones that fell and were 
chipped with ,the_ impact of hitting the ground. These stones were 
deliberately chipped-a proof that man already had a technology. We 
have typical shapes, pronounced types of chipped stones, proving a 
certain differentiation in the industry of prehistoric man: 

- Were animal fossils found? 
- Not where we found the coal, because the soil in these shelters 

is very sandy and corrosive, rendering the preservation of organic 
matter impossible. It was only on the upper layers of the last 8 thousand 
,years that we found some organic matter. Sand has this advantage: 

· because it is extremely dry, it does not permit the decomposition of the 
matter;"however; no organic matter was preserved in the lower layers. 
In fact, this is one of the dues that leads us to believe that the climate 
in the region has undergone tremendous change, going from humid to 
dry. . 

-Palaeob9tany could help recortstruct the prehistoric landscape 
and vegetation of the region: Has this been attempted? 

-We have a sample collection of p.oll'en for referensce, however 
the sedi men ta ti on of the sites we work on, does not favor the preservation· 
of this mater:ial. Now, I-believe it will be easier because we have signed 
an agreement with Petrobras. It has iabs, and very advanced technologies 
in this field. We have also obtained funds to purchase a large power 
excavator that will permit us to analyze the sedimentation of the 
lagoons. We most probably will find several types of pollen, for the 
black sedimentation present in these lagoons, suggests that organic 
material was preserved. We will then be able to establish correlations 
between the prehistoric fauna, flora and climate of the Northeast. 

• There were- recent reports that .a human bone fragment was 
found ... 

- Due to the fact that we could not find bones in the more ancient 
layers of the shelters, we began to look in the limestone caverns on the 
plains. There, we had already found skeletal remains of rain forest 
animals -mastodons, giant sloths, llamas, deer etc. -and a large 
amount of chipped stones, proof that man inhabited the area with the 
animals. Among t�e animal fossil remai.ns, we found a fragment of the 
right temple of a human skull. It is possible that prehistoric man look 
advantage of th� moment the animals stopped to drink water from the 
lagoons that were formed on the limestone, to hunt them. 

- When was this discovered? 
- In June 1989,-but we only reported the matter in November. 

This was because w� wanted to wait for the result of the analysis to 
confirm that the bone was actually human. The results of the exams at 
the University of Lyons (France) and at the University of Campinas 
(SP)confirmed.the fact. 

· · 

- Was this material dated? 
, - Under normal conditions, this bone could have been dated by 

the radioactive carbon method, but.it was fossilized in a very humid 
environment and lost almost all its organic· matter. We sent the 
material to Oxford Univen�ityin England, to Gif-sur-YvetteLaboratory 
in France and to Beta-Analytic in the United States. These laboratories 
considered that the organic matter was insufficient for dating - the 
error margin would have been too big. 

Nevertheless, now we are in th� possession of an extremely 
valuable material. In July 1990, a whole human skeletal remain was 
found in a limestone shelter. A rock mass of approximately 6 tons, (ell 
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about 50cm away from a person who seemed to have \)een sleeping 
right next to a fireside. The air shift caused the severance of his head 
and a leg. Studies are just now beginning on this material. -' 

- Is it not important to try not to Oary the methods too much? 
- Yes, but not always, because radioactive carbon dating has· 

setbacks. Among these-setba�ks, is the fact that it can only date up to 
60 thous.and years. It cannot be used for the materials beyond that ti me. 
This is not so with the hu1pan bone fragment that we found, because 
the layers we'are working on, are more recent. Our problem is the lack 
of organic matter in the material found. · 

Due to these difficulties, we are beginning to work with 
thermoluminescence dating, which is based on the radioac_tivity of the 
inorganic material. It is a recent method, but very well accepted. It, was 
used to date the ·most ancient Homo sapiens sapiens 'known, whose 
discovery was published in 'Nature' in February 1989. The material, 
found in Syria and in Israel, was dated to be 93 thousand years old. The 
person who dated this material, Helene Valadas, from the Gif-sur
Yvette Laboratory, is also responsible for our thermoluminescence 
dating. This is a slow method. It began about one and a half years ago 
and we are only going to have the results in 1991. 

-Do you have any dating inaication for the caves? 
- It was -only possible to date a small piece of coal found near 

some.animal bones, however I still have not made this result public, 
because it is very revolutionary. Only when I have·at least three datings 
that confirm the n;sults and some certainty on the matter, will I report 
the fact. 

- What would this dating change? 
- It would revolutionize the historical reconstruction of the 

climate and the landscape that was proposed for the Northeast of 
Brazil. The climatic reconstruction suggest that the region has been 
arid for at least 18 thousand years.' According to our dating, if it is 
confirmed, this climatic change would have occurred more recentJy. It 
is an extremely important fact that, for example, allows one to verify 
the speed with which the climate has changed. The new datings will be 
able to indicate that the region's process of transformation_i nto a desert 
has been much faster than one can suppose. 

- Can the climate's evolution in the Northeast of Brazi I serve as 
a-model for other ecosystems? 

- Even today, in the stateof Piauf, in certain humid spots, one can 
see trees that have been preserved from the rain forest. There is also 
fossil evidence of extinct forest animal and vegetable species. The 
whole region, mainly the valleys, whi�h was a rain forest, is now 
becoming a desert. It is important to have information on this process. 
We are all concerned with the_ Amazon region. The Northeast is right 
next to it and it is being transformed into a desert. The changes of the 
Brazilian Northeastern landscape, the rhythm with which they have 
occurred, can be a prediction of what is still to come. 

This fact leads me·to believe that we must pay careful a-tten'ti'on 
to conservation. Natural processes w�re the main cause of the 
Northeastern arid climate. This occurred at, a time when man still did 
not have techniques that were capable of interfering with the climatic 
evolution. Today, several predatory hum1n activities can speed up this 
process to an extremely fast pace., "" 

-If these datings are confirmed, it will most probably question 
th� theory of man's arrival in America,. , 
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- This theory is already being questioned, because the 48 
thousand year dating that we obtained is'absolutely correct. There is no 
possibility of error: man was in Sao Raimundo· Nonato at !_east 50 
thousand years ago. The dates estimated before, for this arrival, ranges 
from 30 thousand, the furthest back, to a more recent, 12 to 15 thousand 
years ago. It is also important to q:msider that the arrival in Brazil and 
settlement in the continent must have been il very slow process, taking 
at least 70 thousand yea;s. One of our hypothesis is that America might 
have been colonized by different waves of population, which, pa_rtly 
.explains the different datings obtained. 

- To what do you attribute the reluctance in accepting the new 
evidence? 

- The generally .accepted theory was established in the 50's. 
Since then, many new fac� have been discovered. Europe{lnarchaeology 
itself has undergone many changes: it was believed thatthe Neanderthal 
man.dates back to 60 thousand years and the Homo sapiens sapiens, 
40 thousand years. Today, it is accepted that the sapiens is 93 thousand 
years old. New facts wer_e <tdded to the theory and, as a result, it has 
changed. 

Regarding this issue, I believe that those who are responsible 
for the theory do not want to lose their authority on the matter. I think 
this is siliy, because they contributed enormously to science by 
proposing an explanation that served as a milestone for other research. 
1hey were responsibl·e for providing the first elements that enabled us 
to test the theory. There were no mistakes in the hypothesis -theirs, 
was the best procedure, according to the facts available at the time. The 
fallacy is to refuse.to accept the new facts. We are 11ot better; we simply 
have more data, such as the ones obtained from the oil prospecting 
research, which suggests that_ the sea level went as far down as 150m. 
This means a lot of uncovered land and the formation of innumeral;,le 
islands; a whole new range of migration possibilities for prehistoric 
man. 

·-In other words, man's entrance in America was not necessarily 
across the Bering Strait. 

It is possible that prehistoric man c_rossed the Berin_g Strait to 
arrive- in America. The sea iff that location is very shallow and 
glaciatii:m, might have forther lowered the level of' the waters, 
transforming the Strait into plains. Nevertheless, there· might have 
been other passages. Another hypothesis is that the Bering Strait might 
have been completely dry at times and so .there might have occurred 
several moments of passages. 

- It seems that the data obtained from Sao Raimundo Nonato 
contradict the cu;rently ·accepted theory, however it does not confirm 
a new one. 

- True, we have facts �ut not-a theory. The only certainty is that 
man was in Sao Raimundo_NonatoS0 thousand years ago. We still need 
more research to assert anything after that. At this moment we are 
beginning to make a comparative analysis between the rupestrian art 
in Piauf and Pernambuco, so that we can obtain more information on 
the possible migrations of preh-istoric man. We also intend to compare 
excavations.in Rio Grande do Norte, Minas Gerais and other states to 
our fieldwork here in Sao Raimundo Nonato, to establish these 
relationships. We probably will only be able to confirm a theory wpen 
enough informati•o·n on the evolution of the climate, the level of the sea, 
the Northeastern landscape and the migrations of prehistoric man, have 
been.gathered. Even so, this will not be the sole theory, for others mos_t 
certainly will emer,ge -th�t is t�e natural proc€!ss a� science. 
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- Have you published the data you have obtained in Piaui? 
- We have puplished some articles and reports, but not an 

extensive monograph. This is still not possible. We have excav_ated 
700m2, to a depth of approximately 6 meters; the quantity of material 
that we have collected for study is enormous - roughly 15 thousand 
chipped stone tools from this site· alone. We finished this excavation 
in 1987, at the 'boqueirao 9a Pedra Furada', where we obtained the 
prehistoric dates. All the tools had to be cleaned, labeled, 

, macroscopically and microscopically analyzed,selected and classified. 
The information was stored in a computer. It is a huge work that is still 
no·t finished. We still need, for example, the results from the 
electromicroscopic . analysis and analysis by thermoluminescence. 
Theseareslowandexpensive methods. We cannot publish a monograph 
before obtaining all the information. 

- You mentioned the destruction caused by the li;,,estone 
extraction. Is any measure being taken to prevent this? 

- In 1979, the National Park of Serra da C.apivara · the only 
catinga park of the country was created. This was rendered possible due 
to an agreement with the Brazilian Environmental and Renewable 
Natutal Resources Institute (IBAMA). The 'Fuoda~ao Museu do 
Homem Americana' (the American Man Museum Foundation) was 
entrusted with the elabor.ation of a plan for the ecological coh~ervation ' 
and management of the park. Our greatest concern is to obtain funds to 
purchase certain neighboring areas that are being devastated. These 

, areas have the most beautiful caverns with stalactites and stalagmites, 
prehistoric paintings and fossils that are being destroyed: the people 
from the region break the limestone with a sledgehammer and burn .it, 
to transform the black marble into lime. Our intention is to buy these 1 

lands, transform them into protected areas by having environmentally 
sound activities there, such as the breeding of species for the 
replenishment of the park's fauna and flora. 

It is useless to speak of environmental protection iri regi·ons such 
as Sao Raimundo Nona to. A region where people starve to death and 
have no working alternatives. Hunting and limestone extraction a(e the 
only options for survival. One must offer these people non predatory 
alternatives. This is what we are currently tryi'ng to do: we signed an 
agreement with TerraNova,an Italian institution fordevelopment,a.nd 
we are trying to obtain aid from other institutions. We have started an 
apiary and introduced some more resistant agricultural species. The 
idea is to prepare the local people in the fields' of agriculture and 
beek~eping, teach .them simple technologies that are adapted to the 

· region's conditions. 

·_ Do you have other plans? 
- We intend to use the Park, the archaeological sites and the 

museum that we are beginning to organize to encourage tourism in the 
region. Sao Raimunfo Nonato is situated in an extremely beautiful 
region. ltiis still one of the few well preserved catingas of the country. 
The potential for tourism is great. In Australia there are National Parks 
that are similar to Serra da Capivara. These Parks have three or four 
sites with rupestrian paintings that are touristically very well exploited . 
This in turn, has brought development to the region and provided work 
for the local people. The conditions for a similar plan in Sao Raimundo 
Nonato are even more favorable. 

. If our plan works out, we will be able to prove that basic 
scientific research, as well as the provision of knowledge about certain 
regions of the country also can be a factor of economic development. 
In Sao Raimundo Nona to, when it rains, the people live from farming. 
When it does not rain and this can mean 2 to 3 years of droug~t, they 
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live in misery. _ 
We are also concerned wi_th the future of the regional landscape. 

The damages that our own work ca n cause in the region. For example, 
the site that we are currently excavati ng, (the lagoon whe~e the anima l 
fossi -1 remains and the chipped stones were found) , when we finish,that 
site will become a pit, 200m in length,30m wide with a depth of at least 
8m. Instead of filling it up, we intend to transform it into a dam. It will 
help solve the water shortage problem in the region . 

We obtained funding from the Funda~ao Banco do Brasil (Bank 
of Brazil Foundation) to transform the Pedra Furada river mouth cave, 
currently the oldest archaeological site in North and South America, 
into an open air museum. We have kept the proof of its stratigraphy, 
samples of the findings and we have preserved the r·upestrian paintings. 
We will use the funding to make headwalls to avoid landslides and we 
plan to leave the excavated, clean area, open to the public. It will be 
possible to see the pa.in tings and thesoil,just as it was, the moment man 
arrived there to search for water. (In the e~cavation, we found a water 
spring that was complet~ly fille~ up). 

- How many people are currently involved with the fieldwork? 
-The project began with the archaeological team . A French and 

Br~zilian mission. The French part of the mission obtained financing 
from the Foreign Ministry and from the School ·of Advanced Studies 
in Social Sciences. The Braziljan part of the mission was financed by 
the Ford Foundation in Brazil, by the National Counci l for Scientific 
and Technological Development (CNPq) and by the Agency for 
Financing -Studies and Projects (Finep). 

In 1978, we realized that we knew nothing about the geological, 
botanical nor zoological aspects of the region, so we called in other 
disciplines. Now we have and interdisciplinary team: how can one 
reconstruct prehistoric societies, the climate and the ecosystems, 
without l:Javing _some current parameters? We began with twelve 
Frenchmen and two Brazilians in the team . Now, wehave32 specialists, 
and only five are French. The mission gradually engaged more 
Brazilians a?d prepared local workers. 

- How is the project administered? 
- In 1986, we founded The American Man Museum Foundation, 

an entity that involves all the professionals in the project - the local 
workers, the people from the French and Brazilian universities and its 
various aspects. It is a non-profit, private foundation, which in turn, · 
allows us to have more flexibility to obtain and invest funds. The 
Foundation has two types of activities: the first is scientific research, 
which also involves preparing and qualifying people for the job; the 
second is the application of the research results in local development. 

The researchers administer only a part of the research. The local 
people, some who were prepared by us, are the managers. They do the 
accounting and store the data. The administration of the developmental 
aspects of the project is carried out by specialists who are financed by 
the Terra Nova Agreement. 

, - How long do you imagine the project will take? 
-The problein is that-a new site is discovered everyday. I believe 

that tbe research in Sao Raimundo Nonato will take a_t least 50 years. 
Unless all the sites are destroyed, the material for research is 
inexhaustible. 

. - ls there a similar project in South America? Do other datings 
confirm your hypothesis?. · 

- In Chile, there is an American team that has dated a site back 

103 



INTERVIEW 

to 33 thousand years. However, only one dating method was used and 
there were very few chipped stone findings on tne layer that was dated. 
In our case, we found 600 pieces on the la.yer that we dated back to 50 
thousand y~ars. Still, this is a technical aspect and the area we 
researched was much more extensive. 

Many researchers, because they ·believe that settlement in 
America occurred much later in time, excavate only to the 8 to 12 
thousand year old layers . These people really believe in the theory! In 
the Amazon region, for example, nobody had researched below the 
black earth layer. A researcher, Anna Roosevelt, is currently conducting 
thi~ research and has discovered many new aspects . The reconstruction 
and dating of pottery in the Amazon, for example, have been proved 
wrong. 

- Where does the material gathered in Piaui go to? 
- The material remains in Sao Raimundo Nonato. We intend to' 

create an Archaeological . Museum in the excavation areas. It is 
senseless to distribute them or to deliver them to institutes that do not 
have the infrastructure nor speciaiists that can neither treat nor handle. 
the material. We have ourown specialists . This in~ludes a student who 
is working on her Phd in museology in Paris .. Her thesis, among othe.r 
aspects, touches upon the social role that an archaeological museum in 
the interior of Brazil can have. 

-How do you compare the quality of the archaeological research 
carried out in Brazil in relation to the research in Europe? 

- Although there are professionals who are doing a good job I 
believe that our technology is outdated. We are still in the S0's. We 
have not made any significant progress . Several people left the country 
in .the 60's to study. These people are back now, but they have not done 
any kind . of recycling. Others are well known, but they are not 
specia lists in prehistoric archaeology: they studied classic archaeology, 
are very cultured, they graduated from USP (Sao Paulo University). 

However they do not have any specific knowledge about Brazilian 
archaeology and, above all, these people lack practice. Compare 
archaeological development in the South with the Northeast of Brazil: 
we started to work there ·much . later, but already; it is possible to 
reconstruct the history of man in the area of Sao Raimundo Nona to. The 
archaeology in the area provides us with a global vision. The archaeology 
in the South is still, what we call 'site archaeology': a site is excavated 
and the stones and pottery found are described, but relationships 
between the various sites are not established. At the moment, jtis 
impossible to make a synthesis of archaeological knowledge in Brazil. 
It is still a very individualistic discipline . 

In other countries, the research is based on t9e knowledge one 
already has .. A working hypothesis is established, which means that 
one simply tries to fill in the missing e_lements of a predetermined 
structure. I believe the Piauf project is the first attempt to reconstruct 
man's history in the Northeast and, based on this knowledge, the rest 
of Brazil. Some people think our project is very ambitious, butthereare 
several of us working on the project a_nd we do have aid ... so why not 
carry it out? We can simply turn around and go away, but we have been 
committed with this project for20 years, including the people from Sao 
Raimundo Nona to who have been working with us all this time. Some 
of these people were illiterate peasants and today they manipulate 
theodolites and write down information; they have 'learned enough 
trigonometry to work on the regional topography and draw plants of 
a site. This is very rare in Brazil. I have people who learned to excavate 
and they carry out this function with expertise. Others have becdme 
specialists in collecting and ca~ting bones with extremely modern 
resins . When the museum is inaugurated, we can perhaps sell this type 
of service to other countries in South America . Ours1 is the only country 
that has specialists in the technique. I believe this should be a part of 
what the researcher should return to the society, above all in poorer 
regions, such as the Northeast of Brazil. The price is not very high at 
all. Just a little more work and our know how on obtaining funding. 

. i 

From The Giant Sloth to The Three-Banded Armadillo 
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The prehistoric inhabitants of the Southeast region of the 
state of Piauf dwelled in an environment that was completely 
different from the present one. The grasslands and savannas.on the 
plains and tableaus alternated with the forests in the valleys, on the 
foothill and the alongside the rivers '. Giant sloths, mastodons and. 
saber-too'thed tigers, llamas and other animals used to roam freely 
in this landscape .. Today, th~se animals are either extinct or have 
completely disappeared from the region . The banks of the then 
perennial rivers and nearby lagoons thrived with capybaras, 
crocodiles, pantanal deer and the briba (Dracaenasp), a large water 
lizard that feeds on snails and today is confined to the Pantanal and 
the Amazon Basin. 

The present landscape is different. The prevailing vegetation 
is the catinga, which is very well adapted to the semiarid climate 
and has manyendemicspecies. Here, the rivers tlowonly during the 
rainy season: during droughts, they are reduced to a few puddles or 
dry up altogether. Nevertheless, here and there, one can still find 
traces of the past: there are semideciduous forest 'islands' and 
stretches of woody pastures on the Serra da Capivara 's vast 
lowlandsandcanyons;Caimancrocodi/us.crocodilesandfreshwater 

turtles Phrynops geoffroanus, still remain in certain lagoons and 
reservoirs nearby the Piauf river, even though, their habitat may, at 
times, completely dry up during the dry spells . 

Although the existent fauna mi:ght no longer have such 
exoticspeciesas the.saber-toothed tiger, itisstill,justas interesting'. 
It was only in the beginning of the 80's that one began to have a 
zoological interest in the -southeast region of Piauf. Researchers 
from the Americari Man Museum Foundation (Fundham) and the 
Funda~ao Oswaldo Cruz, University of Campinas (Unicamp) and 
Brazilian Agency for Agriculture and Cattle Raising Research 
(Em bra pa) soon disc:overed new species such as; the nectarivorous 
bat of the Lonchophylla kind (currently being described by Maria 
Fatima B. de Souza from Embrapa) and a lizard of the Tapinurus 
kind (described by Paulo Roberto Manzani, from University of , 
CampinasandAugustoAbe,Sao Paulo State University. Until very 
recently scientifically ignored, this lizard is perhaps the most 
common animal in the ' serra da Capivara' and, as it seems, is 
co'nfined to this region. 

This research is being carried out, in and around Serra da 
Capivara National Park and the data gathered has served as aid for 
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the elaboration of the park's sustained management plan . This plan 
was rendered possible through an agreement between·Fundham and 
the Brazilian Environmental and Renewable Natural Resburces 
Institute (Ibarna) . The.final objective is to recover the biological 
communities that existed in the region before colonization and · 
maintain the feasible population of species that belonged to them. 

Many mammal species inhabit , the park. One 'important 
group is represented by 5 armadillo and 3 anteater species, 'the latter 
being native to the region . As it has occurred with all the larget 
species, these animals have been fiercely hunted and their 
populations .are being drastically reduced. 

. The three-banded armadi I lo Tolypeutes Tr;cintctus, former! y 
very common, above all, ·in the catinga, is rare . The giant armadillo 
(Priodontes ma.ximus) has not been seen for more than. 15 years and 
only a few individual great anteaters (Myrmecophaga trydactyla) 
seem to remain, but the anteater Tamanduatetradactyla is still very 
common. Thedeer(MazamaamericanaandM. gouazoubira) have 
become rare and so have the collared peccary Tayassu tajacu . The 
white-lipped peccary Tayassupecari, known as 'tenent-pig', because 
of his bravery, seems to be extinct. 

The predators of these animals are the jaguar Panthera onca 
(whose footmarks, we ca.n sometimes see) and the cougar Fe/is 
concolor. The latter is morecommonand because i,tmaysometimes 
attack the cattle in the region, it is fiercely ,hunted and killed, often 
through tr~ps. Other predators are the ca ta mounts (F eli~ tigrina and 
F. yagouaround,), the foxes (Dusicyon thous and D. vetulus) and · 
the skunks Conepatus simistriatus. 

On the various trees of the mimosa family, one can find the 
marmoset Callithrix jachus and in the can)\ms - the capuchin 
monkey Cebus appela. The guinea-pig Kerodon rupestris and the 
rodent Trychomys apereoides are very common on the outcrop and 
palisades. The latter is endemic to the catinga. 

Birds however, are the most abundant species. Among these 
are rare species such as: the 'jacucaca' Penelope jacucaca, the 
'zabele' Crypturellus noctivagus zabele, the 'bico;-virado-da
caatinga' Mega.xenops parnaguae, the hummingbird Phaethornis 
gounellei and the 'choca' Herpsilochmus pileaius. 

The king vulture Sarcoramphus papa, the great-horned owl 
Bubo virginianus, the buzzard eagle Geranoaetus melanoieucus, 
the parrotAmazona aestiva, the maca~ Ara maracana and the red 

macaw Ara cliloroptera build their nests on the canyon palisades. 
In 1986, the region in the park.inhabited by the macaws, was set on 
fire by hunters and burned down completely. Today there remains 
no more than 20 macaws. · 

On any c;mtcropi one can easily find the lizards Tapinurus 
spp, Cnemidophorus spp and Tropidurus hispidus. The teju 
Tupinambis tequixim and the chameleon Iguana iguana are rarer. 
The pit viper Bothrops erythrqmelas and the small lizards Vanzoia 
klugei and Briba brasilia.na, endemic to the catinga, can be found 
there too. The rattlesnake Crotalus durissus and the boa Boa 

· constrictor are common . 
There is still much to learn about the amphibian fauna. The 

best known species are the great frogBufo marinus and the 'gias' 
Leptodactylus spp, that thrive during the rains and use the puddles 
and the res~rvoirs to reproduce. 

The invertebrates have not yet been systematically studied, 
however, interesting species are not lacking, such as, the . great 
s·corpioµ Rhophalurus sp and th~ various species of butterflies of 
the pierfdeo~ family, which appear by the millions when the first 
rains fall. 

The park's fauna has suffered tremendously from the negative 
effects of human action. Hunting which has always been a source 
of livelihood in that extfemely poor region, is a gn~at problem. The 
peopl,e a're not at ~II concerned with preservation; hunters for 
example, have the habit of setting fire to the habitat of their prey. 
Added to thisJ is the destruction caused by the cattle who graze on 
the canyons and around the few water springs. Also, the use of 
wood for stoves to manufacture 'lime, contribute to this devastation. , 

Having been funded more then 10 years ago; the Park of the 
Serra da Capivara has never had a permanent s~pervision. Issues 
such as demarcation and expropriation of inhabited lands have only 
recently began to be considered and there are still people living in 
this reservation. 

We hope that the collaboration between .(BAMA and 
Fundham wi II lead to objective and coordi na·ted.actions, which will 
save, not only the largest archaeological· heritage of Brazil but also 
a proof of the abundant biological heritage of the c~tingas. 

F.abio Olmos 
Funda~ao Museu do Homem Americana 

Prehistory Registered .on The Rocks 
In the archaeological sites of Sao Raimundo Nonato - a 

n::iountain region with several field turn outs - one can often find 
prehistor,ic rupestrian paintings and engravings. 

The different drawings and the techniques that were used, 
allowed for a preliminary classification of these manifestations 
that, in turn, permitted their correlation to the different ethnic 
groups and chronological periods. Although the classification of 
the more ancient drawings is almost impossibl e, because the figures 
depicted are unrecognizable, we know today, that, this graphic 
activity was done at least, 25 thousand years ago. 

1 

The group of rupestrian paintings which prevail in numbers, 
in the region, is the so called 'Northeastern .tradition', that dates 
from l2,000to6,000. Most of these paintings are centralized in Sao 
Raimundo Nonato, however, they have been found all over the 
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"North,east, specially, in the region of Serind6, in the state of Rio 
Grande do Norte, where an important collection of this tradition can 
be found. 

The 'Northeastern tradition' paintings have specific traits 
and thus are easily recognized. They often represent the daily life 
scenes or rituals of the groups that inhabited the region at that time. 
It is possible to recognize animals, objects and plants and human 
figures performing various activities, such as hunting, gathering 
food, having intercourse and even performi ngactivities like dancing. 
There are also figures representing unrecognizable, yet very 
repetitive activities. 

As a whole, these paintings represent, for the anthropologist, 
a vast and wealthy sphere'of action. Because they are so abundant, 
they are a true, visual doc~mentation of prehistory, a privileged 
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source of information for the reconstruction of the life of the 
American man. The different procedures used for the study of these 
paintings, their association to the information derived from the 
analysis ofotherfindings, leads to several hypothesis that transcend 
the restrictions that occur when each source is studied separately 
and are altogether more interesting for the prehistoric research in 
the region. 

The identification of graphic standards on these paintings, 
corresponding to different human groups in different prehistoric 
moments, allows for the description of the ethnic groups that were 
responsible for their elaboration. The determination of graphic 
standards is possible because each society has specific cultural 
traits that either differentiate or identify it to other groups. Nowadays, 
due to the homogenization caused by the media, these differences 
seem to be minimum in Western society. However, this is a very 
recent process; the differences, then, were drastic and can be seen 
from their bearing, their gestures, cloths, objects, in short, a whole 
combination of customs, in the ample sense of the term, involved 
in the spheres of their daily lives and rituals. Such group behaviors, 
typical or"any culture, comprised the symbolic universe of each 
society and was expressed in their graphic activity. 

The study of the 'Northeastern tradition· paintings permitted 
the identification of two graphic standards that correspond to 
different moments of the region's prehistoric period: one corresponds 
to the first manifestations of this tradition and the other to the final 
period. These would have been the work of two groups that would 
have had a common origin. However, substantial differences 
between the groups can be perceived by the techniques used and the 
components of the symbolic world depicted. Specifically, one can 
see theabandonmentofone type of dynamic narrative,predominant 
in the first phase to simpler, more static representations in the 
second - even though these still have, unindentifiable, elaborate 
ornamentation. 

Very little can be stated about the meaning of these graph,ic 
expressions. Caution is fundamental here, for one is dealing with 
prehistoric facts and information on the context, decisive for the 

NON-NUMBERED FIGURES (see Eco-Brasil pp. 150-
160) 

(p. 153). The archaeological area of Sao Raimundo Nona to. 

Translation: Maria Alice de Mendon~a Lima 
Revision: Lise Ribeiro Alves 
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explanation of the meaning, is lacking. Possible meanings can beas 
many as the mind can conceive - the possibilities are such, that 
they become useless for the prehistoric research. Thus, instead of 
a theoretical and uncertain search for a meaning, it is up to the 
researcher to attempt to identify the graphic standards related to the 
different ethnic groups and also, to consider, the traits of the other 
findings. 

In Sao Raimundo Nonato, another group of rupestrian 
paintings, apparently as ancient as the 'Northeastern tradition' was 
identified: the so called • Agreste tradition,' which dates back 10 
thousand years. These drawings represent often huge, recognizable 
but static figures. The technique used is not as refined nor as 
meticulous as techniques of the ·Northeastern tradition'. With this 
tradition, one also can identify, different standards, however, these 
have not yet been studied in detail A curious fact is that in the sites 
containing the manifestations of both traditions, the 'Agreste 
tradition' paintings tend to be overlapping the paintings of the 
'Northeastern tradition', despite the fact that there was plenty of 
space available for drawing. 

The rupestrian manifestations are complemented by the 
paintings of the 'Geometric tradition' and the engravings of the 
'Itacoatiara de Leste and Itacoatiara do Oeste traditions'. In both 
cases, the figures represented are unrecognizable. Here, technical 
analysis is necessary to establish the different graphic standards. 

Rites have a very deep-rooted persistence with the different 
ethnic groups, for as they are transmitted by observation and 
imitation, they are spontaneously and not conscientiously 
incorporated. These are the most important aspects of reference for 
communication between membersofthesameethnicgroup. Research 
of these graphic representations demands a more detailed analysis 
of the relationships and not so much of the descriptions. This 
interdisciplinary work is a pathway to a comparative study of the 
rites, thus expanding the perspectives of prehistoric studies. 

Arine-Marie Pessis 
Funda~ao Museu do Homem Americano 
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